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Abstract

Wasps of the genuseptopilina(Hymenoptera: Figitidae) are larvo-pupal paradgiof
Drosophilaspecies. Here, we report three putative thelytelgpecies of this genus from
Japan, with description of two new spediesokioensisaandL. tsushimaensithat have been
recorded from central Japan and Tsushima, respdctAnother thelytokous specieslis
longipesoccurring in northern Japan, although its Eurogegsulations are assumed to be
arrhenotokous. Preliminary phylogenetic analysggest the present three species are
diversified from each other and also from the otlegtopilinaspecies. These three
thelytokous species are infected by B-supergigibachiaas in European thelytokous
speciesl.. clavipesandL. australis The evolution of these thelytokous species iswudised
based on the present and previous results, arattherence and distributions of

Leptopilinaspecies in Japan and surrounding regions ardybreafiewed.
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INTRODUCTION

Parasitic wasps of the genlusptopilinaFoérster, 1869 (Hymenoptera; Figitidae) are
associated witlbrosophilaspecies, and used as model systems in the study of
parasitoid-host interactions and coevolution (Rfeatral 2009; Kraaijeveld & Godfray
2009; Leeet al 2009; Esliret al. 2009; Prévostt al 2009). Furthermoré,eptopilina
wasps are excellent materials for the study of chenary interactions between insects
andWolbachiabacteria, which occur in up to 66% of insect speend often induce
parthenogenesis, cytoplasmic incompatibility, anif@zation in host insects (Werren al.
1995; Stouthamest al 1999; Hilgenboeckest al 2008; Vavreet al. 2009). To date, 27
Leptopilinaspecies have been described from Europe, AfricahNamerica and Asia
(Nordlander 1980; Quinlan 1988; Beardsley 1988;dNorder & Grijpma 1991; van Alphen
et al 1991; Allemancet al. 2002; Novkow et al. 2011), and at least two species,
clavipes(Hartig) andL. australis(Belizin), reproduce thelytokously due\éolbachia
infection (Vet 1983; Cartoat al 1986; Driessert al. 1991; van Alphert al 1991;
Pannebakkeet al 2004; Vavreet al 2009). However, faunal survey of this genusils st
incomplete, especially in Asian regions (Nordlanti@B0; Novkowt et al 2011).

Here, we report three (putative) thelytokous speoieeptopilinafrom Japan,
with description of two new specieme new species from Tokyo, central Japan, and the
other from Tsushima located between Kyushu isldnthpan and Korean peninsula.
Thelytoky ofL. longipes(Hartig) from Sapporo, northern Japan and the bbeptopilina
species from Tsushima is indicated by the abseho®les in their laboratory stocks
(personal observation), while that of another npecges from Tokyo is assumed by the

absence of male in the field sample (Kasetyal 2013; cited akeptopilinasp. TK1). We



further analysed their phylogenetic relationshighvatherLeptopilinaspecies using partial
nucleotide sequences of the mitochondrdbchrome oxidase subuni{CO1) gene and
ribosomal internal transcribed spacer 2 (ITS2paddition, we preliminarily determined the
infection withWolbachiabacteria in the present putative thelytokous amdesother
Leptopilinaspecies by checking the presence/absence #f/tiigachiasurface protein gene
(wsp and the filamenting temperature sensitive gefigsZ), since B-supergroup
Wolbachiahave been reported to cause thelytokly.inlavipesandL. australis(Vavreet al

2009). We also give a brief review on the distridwg ofLeptopilinaspecies in Asia.

MATERIALSAND METHODS

Sample collection

The wasps were collected from three localitiesajpah; Sapporo (SP: 4398, 141°21E) in
August, 2012 (4 times), Tokyo (TK: 35°4N, 139°46E) in September and October, 2009
(8 times), and Tsushima (TS: 34°1N 129°17E) in June, 2011 (one time). In Sapporo and
Tsushima, traps baited with the banana were detaists and domestic environments
(around areas) for a week, and banana in the wap$rought back to the laboratory and
placed in plastic containers. When drosophilidd&rin banana pupated, they were collected
and placed in Petri dishes. Parasitoid individtizdé had emerged from drosophilid puparia
were collected and reserved in 100% ethanol oeceiaxrthe laboratory. In the laboratory
rearing, wasps were placed in vials contairdmgsophilamedium and 100-200 host larvae,
and wasps that emerged frohe vials were transferred into new vials wittosophila
medium and host larvae. As host in the laborateaying,D. simulansSturtevant was used

for L. longipes andD. auraria Peng oiD. lutescen®©kada was used for theptopilina



species from Tsushima. In Tokyo, collections wemedticted in forests and groves in the
same way except that mushrooms were used as baiK@suyat al 2013 for details of
collection methods). As above, adult parasitoidpsaamerged from the drosophilid puparia

were immersed in 100% ethanol. We failed to re@rgpecies in the laboratory.

Taxonomic analyses
The external structure of the dry-mounted waspispats was studied with binocular
stereomicroscopes (model SZ60, Olympus, Tokyo,rlapadel MZ12, Leica, Solms,
Germany, fitted with model DS-L1, Nikon, Tokyo, da), and the lengths of the forewing
and hind tibia were measured using an ocular mietemSome specimens were
gold-coated with a sputter coater and examined avgbanning electron microscope (model
JSM-5600LV, JEOL, Tokyo, Japan). The forewing éémale wasp was slide-mounted in
Euparal.

The following morphological abbreviations are ugéd:, length of mesosoma;
HH, head height; ED, diameter of compound eye; R postocellar line (the distance
between the inner edges of the two lateral oc&IL, the ocular-ocellar line (the distance
from the outer edge of a lateral ocellus to the ponmd eye); and LOL, the lateral-ocellar
line (the distance between lateral and anteriollipd#élorphological terminology follows
Richards (1977), Ronquist & Nordlander (1989), bQazallaet al (2002), Forshage &
Nordlander (2008), and Liljeblagt al (2008), and cuticular surface terminology follows
Harris (1979). Three carinae on the metapleuromedegred to as ridges I, II, and IlI

following Nordlander (1980).

Molecular analyses



The phylogenetic position of the present threeytb&bus species was determined based on
theCOland ITS2 sequences. In additidolbachiainfection was examined for these three
species and some otHezptopilinaspeciesl(. japonica japonicaNovkovi¢ & Kimura from
Tokyo, L. japonicaformosanaNovkovi¢ & Kimura from TaipeiL. ryukyuensisNovkovi¢
& Kimura andL. pacificaNovkovi¢ & Kimura from Iriomote-jima) by checking the
presence/absence of the tWwlbachiagenesvspandftsZin DNA samples from them (i.e.,
whether the specific primers for these genes sstdgsamplify these genes or not). Two
individuals were examined for each species.

Extraction of genomic DNA and PCR were performdtbieing Novkovic et al.
(2011). Amplification ofCO1, ITS2 andvspfragments was performed using the following
primer sets: 5SGGTCAACAAATCATAAAGATATTGG-3' (LCO) and
5-TAAACTTCAGGGTGACCAAAAAATCA-3’ (HCO) forCO1 (about 600 bp) (Folmer
et al 1994), 5-TGTCAACTGCAGGACACATG-3' and
5'-AATGCTTAAATTTAGGGGGTA-3' for ITS2 (448564 bp), and
5-TGGTCCAATAAGTGATGAAGAAAC (81F), 5-AAAAATTAAACGCTACTCCA
(691R) forwsp(about 600 bp) (Braigt al. 1998). For samples for which the 81F-691R
primer pair failed to amplify in PCR, the followimgimer pairs were used to judge whether
the samples were infected Wplbachia
5-GGATCCGGGTCCAATAAGTGATGAAGAAAC-3'(wspl) and
5-GGATCCTTAAAACGCTACTCCAGCTTCTGC-3'(wsp2) fawsp(about 600 bp), and
5-GTATGCCGATTGCAGAGCTTG-3' (fts1) and 5-GCCATGABTTCACTTGGCT-3'
(fts2) forftsZ (about 750 bp) (Kondet al. 1999). The DNA sequencing reaction was

performed using an ABI BigDye Terminator Cycle vens3.1 sequencing kit (Applied



BiosystemsFoster City, CA, USA) following manufacturer’s instructions and analyzed
on an ABI PRISM 3100, using the same primers a® @R amplification.

The obtained sequences were aligned and manuaigoted using MEGA ver5.1
(Tamuraet al. 2011). Neighbor-joining (NJ) trees (Saitou & N&iB7) were constructed
using MEGA based on Kimura’s two-parameter distaaaura 1980). In the NJ analysis,
indels were excluded by the partial deletion optigth the site coverage cutoff value of
90% implemented in MEGA. On the other hand, maxintiksiihood (ML) analysis and
Bayesian inference (Bl) were performed without egmn of indels. The model selection
for ML and Bl was performed according to the AkaikBbrmation criterion (AIC) in
JMODELTEST?2 ver2.1.3 (Darribet al 2012).The best-fit substitution model was General
time reversible model (GTR) with a heterogeneityhaf rate among sites modeled using a
gamma distribution (F) and a proportion of invariable sites (+l) for ®1 dataset, and
transversional model (TVM) F for the ITS2 dataset. The model paramet€RYITS2)
were as follows: nucleotide frequencies, A=0.32&783, C=0.1219/0.1254,
G=0.1408/0.1389, T=0.4085/0.3624; substitutiong#€=0.082/0.8081, AG =
5.377/2.0375, AT=1.4664/1.7448, CG=0.8625/0.153B;1°6135/2.0375. GT=1.00/1.00;
P-inv=0.381/-; gamma shape =0.657/0.646. ML treeewenstructed using PHYML ver3.0
(Guindon & Gascuel 2003) with NNI for tree searear NJ and ML trees, bootstrapping
was performed with 1000 replicates. Bl analysesvperformed using MRBAYES ver3.2.1
(Ronquistet al. 2012). The general GTRI+model (nst=6; rates=gamma) was used for the
ITS2 dataset because the TVM model is not impleateimt MRBAYES. Bl analyses were
executed for two replicates of 2000,000 generateath (four chains per replicate run) with
trees sampled every 1000 generations. The first @5te trees were discarded as burn-in

periods by default. The sequences of otleptopilinaspeciesGanaspis xanthopoda



(Ashmead) (an outgroup species) and oWetbachiastrains were obtained from the NCBI
database, and used for the reconstruction of pbyleiic trees (the accession numbers of the
sequences are shown in Figs 14, 15). When mukgdeiences were available for a species,

two sequences were chosen for each species to @chiddancy of the trees.

RESULTS

Taxonomy

Leptopilina longipeqHartig, 1841) (Figs 1-13, A)
Cothonapsis longipedartig, 1841, Z. Ent. (Germai3; 356.
Leptopilina longipes- Forster, 1869, Verh. zool. -bot. Ges. Wi, 348.

Specimens examine®l? , Sapporo, Hokkaido, Japan, viii.2012, leg. M. Tmkra.

RemarksIndividuals from Sapporo coincide with the degston and illustration of

European specimens of this species by Nordlan@80)1 In Europe, males were frequently
collected (Nordlander 1980), but no male was ctdléen Sapporo (personal observation),
and no male was produced in our laboratory reasfrigis species from Sapporo. This is the
type species dieptopilina

Host. Natural host specid3rosophila nigromaculat&ikkawa & Peng.

Leptopilina tokioensidNachi & Kimura, sp. nov. (Figs 1-13, B)
Type specimensiolotype %, Tokyo, Japan, in vi.2009, leg. N. Kasuya; Parasy8% ,
same data as holotype. The specimens are deposi&ggtematic Entomology, Hokkaido

University Museum, Hokkaido University, Sapporgpda (SEHU).



Diagnosis.This species is distinguished from otheptopilinaspecies by a combination of
the following characteristics; elongated oval skutbe plate, the lack of ridge | on
metapleuron, and the presence of projection gbdiseerior margin of metapleuron.
Holotype FemaleHead dark brown to black except for light brovadel, scape, and
flagellomeres 1-5; mesosoma light brown exceptlBok brown mesoscutum; metasoma
brown anteroventrally, dark brown posterodorsally.

Head 1.k as broad as high in anterior view (Fig. 1B), asabras mesosoma in
dorsal view. HH: ED: ML=3: 2: 4. POL: OOL: LOL=14: 5. Area between antennal rims
with sparse setae; distance between antennal grbsad as distance between antennal rim
and inner edge of compound eye, vertical distaet@den antennal rim and ventral margin
of clypeus 2.8 as long as distance between antennal rim and@anoeellus; vertical carina
adjacent to ventral margin of antennal rim abseatiar sulcus present; ventral area of
clypeus with long setae (Figs 1B, 2B). Antenna &é8nsented; relative lengths of
flagellomeres 1-11: 0.8, 1, 0.8, 0.9, 0.9, 1, 11,11, 1; flagellomeres 5-11 clyndrical, wider
than flagellomeres 1-4 (Fig. 3B).

Pronotum with long setae anteriorly (Fig. 4B); prtai plate 0.8 as wide as
mesonotum in anterior view; anterior flange of mtah plate protruding and transversely
strigate; submedian pronotal depressions lateogign; dorsal margin of pronotal plate
distinctly emarginate; ridges extending from lak@enargin of pronotal plate distinct, but not
extending to the dorsal margin of pronotum (Fig).38esoscutum smooth and polished;
notaulus absent; parascutal carina present; seotellith two foveae at base, reticulate
except for scutellar plate; scutellar plate eloadaival with four setae from sockets;
posterior one-thirds of scutellar plate with anigke glandular pit (Figs 4B, 6B).

Metapleuron with one ridge, ridge | absent, ridigerésent but indistinct, ridge Il distinct



in posterior half; metapleural triangle indistiteterally; posterior margin of metapleuron
projecting posterolaterally in middle. (Figs 7B,)8Bropodeum pubescent; propodeal
carinae nearly parallel (Fig. 9B).

Marginal cell of forewing closed on anterior marg2ix as long as broad, wing
surface closely ciliated, ciliation on outer martging (Fig. 10B).

Metasoma shiny; petiole with a posterior rim; metaal tergum Il with hairy ring
having wide break dorsally (Figs 11B, 12B).

Length of forewing 1.45mm, of hind tibia 0.45mm.
Male. Unknown.
Variation. Length of forewing (mean = SD): 1.25-1.45 (1.41.&¢M®) mm (n=9); length of
hind tibia: 0.38-0.45 (0.41 + 0.037) mm.
EtymologyNamed for its occurrence in Tokyo, Japan. Tokianslternative spelling for
Tokyo.
Host. Natural host speciddrosophila bizonat&Kikkawa & Peng.

RemarksThis species has been treatetl@stopilinasp. TK1 by Kasuya et al. (2013).

Leptopilina tsushimaensi$Vachi & Kimura, sp. nov. (Figs 1-13, C)
Type specimensliolotype %, Tsushima, Japan, in vi.2011, leg. H. Mitsui; Bgras: 57,

same data as holotype. The specimens are deposiB&tHU.

Diagnosis.This speciess distinguished from othédreptopilinaspecies by a combination of
the following characteristics; ridges | and Il oetapleuron distinct in posterior half,
posterior margin of metapleuron without process, metasomal tergum Il with hairy ring
having wide break dorsally.

Holotype FemaleHead dark brown to black except for brown antermhl@own mandible;
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mesosoma dark brown to black except for brown Ieggasoma dark brown to black.

Head 1.k as broad as high in anterior view (Fig 1C), asadras mesosoma in
dorsal view. HH: ED: ML=10: 7: 12. POL: OOL: LOL=32: 3. Area between antennal rims
with sparse setae; distance between antennal rifrrsa8 broad as distance between
antennal rim and inner edge of compound eye, \&rtiistance between antennal rim and
ventral margin of clypeus 3x4as long as distance between antennal rim andi@anter
ocellus; vertical carina adjacent to ventral maafiantennal rim present; malar sulcus
present; ventral area of clypeus with long setags(EC, 2C). Antenna 12-segmented;
relative lengths of flagellomeres 1-10: 1.2, 0.8,0.9, 1, 1, 1, 0.9, 1, 1.1, flagellomeres
5-10 clyndrical, wider than flagellomeres 1-4 (RB§).

Pronotum with long setae anteriorly (Fig. 4C); mtah plate 0.8 as wide as
mesonotum in anterior view; anterior flange of ptah plate protruding, central area
transversely strigate; submedian pronotal depresdaierally open; dorsal margin of
pronotal plate almost flattened; ridges extendnogflateral margin of pronotal plate
distinct, but not extending to the dorsal margipafnotum (Fig. 5C). Mesoscutum smooth
and polished; notaulus absent; parascutal carggept; scutellum with two foveae at base,
reticulate except for scutellar plate; scutellat@loval with 3 setae from sockets; posterior
half of scutellar plate with a large grandular(pitgs 4C, 6C). Metapleuron with three ridges,
ridge Il complete, ridges | and Il distinct in pesgor half, metapleural triangle present
(Figs 7C, 8C). Propodeum pubescent; propodealaariearly parallel (Fig. 9C).

Marginal cell of forewing closed on anterior marg2nbx as long as broad, wing
surface closely ciliated, ciliation on outer martging (Fig. 10C).

Metasoma shiny; petiole with a posterior rim; metaal tergum Il with hairy ring

having wide break dorsally (Figs 11C, 12C).
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Length of forewing 1.13mm, of hind tibia 0.50mm.
Male. Unknown.
Variation. Length of forewing (mean = SD): 1.13-1.75 (1.48.2d) mm (n=6); length of
hind tibia: 0.45-0.60 (0.51 + 0.045) mm.
EtymologyNamed for its occurrence in Tshushima Island, NakjeRrefecture, Japan.
Host.Natural host specid3rosophila lutescenandD. auraria Peng.
RemarksYorozuya (2006) collected several individuals dfifidae from Tokamokai,
Hokkaido, northern Japan, and assigned the@aamspissp. Our morphological
examination of his samples indicates that two efitlare probabli. tsushimaensjs
although they are smaller in size and lighter idyboolor than individuals from Tsushima.
In a previous paper (Kasughal 2013), the authors assigned these two indivicasls
Leptopilinasp. TK1 (i.e.L. tokioensiy but this might be miss assignment. It is notidea
that all specimens from Tsushima and Tomakomaillkzasegmented antenna in the female

(females of the othdreptopilinaspecies have 13-segmented antenna).

Phylogeny and/Nolbachia infection

Figure 14 shows the phylogenetic treeslfeptopilinaspecies based on the part€D1
sequence (520 bp), and Figure 15 shows those basthe ITS2 sequence (324-596 bp).
The species tree topology differed by ger@®1and ITS2) and by analysis methods (NJ or
ML/BI), but theL. victoriae-L. japonica-L. ryukyuensigsindL. heterotomal. spp. affi.
heterotomaclades were supported in all of the four tree® present three species

longipes L. tokioensisandL. tsushimaensiwere diverged from each other and also from
otherLeptopilinaspecies in all of the four tredseptopilinalongipesfrom Sapporo and

Netherlands had similar ITS2 sequences.

12



The present three thelytokous species were infdnté&tiolbachiabacteria having
thewspsequences of B-supergroup; i.e., Wspsequences alolbachiafrom them were
clustered together with those \Wblbachiafrom not onlyL. clavipesL. australisandL.
victoriae Nordlander but alsDiplolepis rosagLinnaeus) (Hymenoptera: Cynipoidea:
Cynipidae;wRos),Tagosodes orizicolu@/uir) (Homoptera: DelphacidagOri) and
Ephestia cautelldWalker) (Lepidoptera: Pyralidaa/CauB) (Fig. 16). Th&vspsequences
from the present species were diverged to someefkten each other and also from that of
Wolbachiafrom L. clavipesor L. australis In the other study specigsj. japonicafrom
Tokyo, L. j. formosandrom Taipei,L. ryukyuensigrom Iriomote-jima and.. pacificafrom
Iriomote-jima,Wolbachiawas not detected by the present three primerisetsno

amplification occurred in PCR for DNA samples framesel_eptopilinaspecies.

DISCUSSION

Of 29 described species loéptopilina(including the present two species), the five sp&ci
clavipes L. australis L. longipesL. tsushimaensiandL. tokioensisave been indicated to
reproduce thelytokously by the laboratory rearinghe absence of males in the field
samples (Vet 1983; Cartat al. 1986; Driessept al. 1991; van Alphenteal. 1991;
Pannebakkeet al 2004; Vavreet al 2009; Kasuyat al 2013). Among theni,. clavipes

has been reported to show geographic variationdmiode of reproduction; i.e.,

populations from Netherlands and mid-France argtihious, whereas those from Pyrenees
and further south are arrhenotokous (Pannebadtkar 2004). The mode of reproduction

also seems to vary inlongipes individuals from Sapporo reproduce thelytokously,
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whereas samples from Europe have been reporteditale both females and males
(Nordlander 1980).

According to the present and previous moleculatqignetic analyses using
nucleotide sequences of t8®1gene and ITS2 (Schilthuizex al. 1998),L. clavipesandL.
australisare closely related with each other, while theeothree thelytokous species are
rather distantly related from each other and froendther_eptopilinaspecies, suggesting
that the four thelytokous lineages (ilengipes tokioensistsushimaensjsand
clavipes-australissplit off at an early phase of theptopilinadiversification.

All of the five thelytokoud_ eptopilinaspecies were infected by B-supergroup
Wolbachia a group most commonly found among arthropod ggexs well as
A-supergroup (Werreat al. 1995). InL clavipes in addition, thelytokous populations are
infected by B-supergroup, whereas arrhenotokousilptipns are not (Pannebakledral
2004; Vavreet al. 2009). Thus, infection of B-supergroWolbachiaplays an important role
in the evolution of thelytoky in thieeptopilinaspecies. However, an arrhenotokous species,
L. victoriag is also infected by B-supergroMyplbachia(Guegueret al 2012), revealing
that infection of B-supergroup/olbachiadoes not always cause thelytoky.

Except forlL. victoriag infection with B-supergroujolbachiahas not been
reported in arrhenotokoleptopilinaspecies. In thaeterotomaspecies group to whidh
victoriae belongs, infection of A-supergroWgolbachiais known inL. heterotoma
(Thomson) and.. guineaensid&\llemand & Nordlander (Vavret al 2009), whereas
infection of Wolabchiahas not been detectedlinjaponica L. ryukyuensisandL. pacifica
These results may suggest thavictoriaehas acquired B-supergroMyplbachia

horizontally from other insect species not verticatherited from the ancestor.

14



Wolbachiastrains from the closely related spedieslavipesandL. australisare
also closely related (Vavet al, 2009), suggesting that the infection occurrddteethese
two Leptopilinaspecies speciated. On the other hand, it is mtdinavhen the four major
thelytokous lineagesdngipes tokioensistsushimaensjsaandclavipes-australiswere
infected. In the present study, it is revealed Walbachiastrains from the four major
thelytokous lineages are diversified from each ioésewell as the hosieptopilinalineages.
This may suggest that the infection have occureddrb the diversification of the four
lineages.

Through our survey in Japan, eight described Ih@es recorded ibeptopiling L.
japonica L. ryukyuensisL. victoriag L. heterotomal. pacifica L. longipesL. tokioensis
andL. tsushimaensi@Mitsui et al 2007; Novkou et al 2011; Kasuyat al 2013; the
present study). The first three species form a rpbyletic lineage in the phylogenetic trees
based on th€01gene and ITS2. Among theiln, japonicais adapted to the temperate
climates, whild.. ryukyuensigndL. victoriaeare adapted to the tropical and subtropical
climates (Murataet al. 2013).Leptopilina pacificais an oriental species occurring in the
subtropical and tropical regions of Asia as welLasyukyuensigNovkovic¢ et al 2011).
Leptopilina longipesas been recorded only from Europe and northgran)and therefore
assigned as a Palearctic species. The presenttwsepecies have been recorded only from
JapanL. tokioensiccurs in Tokyo (Kasuyat al 2013), and.. tsushimaensis Tsushima,
islands located between Kyushu island of JaparkKamelan peninsula, and probably in
Sapporo (se&axonomy.

The taxonomic status and distributiondoheterotomaand its relatives are still
uncertain. As shown in Fig. 14, specimens colle@tech Sapporo and identified &s

heterotomaby their external morphology have almost ident€@l1 nucleotide sequence
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with L. heterotomdrom France, indicating they are conspecific (Novik et al. 2011). On
the other hand, Nordlander (1980) assigned a sgecaollected from the Philippines and
described akrisphagia philippinensiby Kieffer in 1916 a&. heterotomaln Iriomote-jima,
a subtropical island of Japan, we have collectsgegimen that is morphologically close to
L. heterotomaut shows an 8.9% difference in lG®1 nucleotide sequendem the
Sapporo specimens bf heterotomgFig. 14; cited as “Iriomote-h” in Novko¥iet al 2011).
Except for these specimens from Iriomote-jima, tlepindividual that is close fo.
heterotoman morphology or th€O1 nucleotide sequence has not been collected from
subtropical or tropical Asia. This Iriomote specimmaay be conspecific or closely related to
the individual collected by Kieffer from the Philimes.

From Tokyo, we have also collected two differerdugrs ofLeptopilina
individuals that are morphologically closeltoheterotomaut show 6.7-10.2% differences
from the Sapporo and Iriomote-jima specimens inGBE nucleotide sequence (Fig. 14,
cited as Tokyo h2 and Tokyo h3 in Novkéet al 2011). The two groups show also a 5.6%
difference from each other in tld¥1 nucleotide sequences. To date, however, only a few
individuals of “Tokyo h3” and “Iriomote-h" have bee&ollected. Further sampling is needed
to clarify their taxonomic status.

From tropical Asial.. rufipes(Cameron) andl. cupulifera(Kieffer) have been
recorded (Nordlander 1980), but these species halvieeen collected after the type
specimens were collected in the beginning of thé 26ntury. Except for the study by
Kimura and Suwito (2012) in Java (Indonesia), fdsnavey ofLeptopilinaspecies has not
been carried out in tropical Asia. Further sun@geeded in this region to understand the

diversity and evolution in the genusptopilina
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Figure L egends

Figures 1-2 Head (scale bar = 100uni)Anterior view;2 Dorsal view. (A)Leptopilina

longipes (B) L. tokioensis(C) L. tsushimaensis

Figure 3 Antenna (scale bar = 200uneptopilina longipes(B) L. tokioensis(C) L.

tsushimaensis

Figures4-6 4 Mesosoma, dorsal view (scale bar = 100u&Bronotum, anterodorsal
view (scale bar = 100pumg;Scutellum, dorsal view (scale bar = 50 um). (&ptopilina

longipes (B) L. tokioensis(C) L. tsushimaensis

Figures7-9 7 Mesosoma, lateral view (scale bar = 100u8iylelapleuron, lateral view

(scale bar = 100 um9, Mesosoma, posterodorsal view (scale bar = 100(&h)eptopilina

longipes (B) L. tokioensis(C) L. tsushimaensis

Figure 10 Forewing (scale bar = 500 um). (Beptopilina longipes(B) L. tokioensis(C) L.

tsushimaensis

Figures11-12 11 Metasoma, lateral view (scale bar = 100ui2)Petiole and metasomal

base (scale bar = 100um). (Bgptopilina longipes(B) L. tokioensis(C) L. tsushimaensis

Figure 13 Lateral habitus of female. (A)eptopilina longipes(B) L. tokioensis(C) L.

tsushimaensis
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Figure 14 Phylongenetic trees fareptopilinaspecies based on the parttdD1 sequences
(A: NJ, B: ML and BI). NJ bootstrap values (>80paviL bootstrap values (>80)/BI
posterior probabilities (>0.8) are given at nodedach treeThe sequences akptopilina

longipesfrom Sapporol.. tokioensisandL. tsushimaensiare indicated by arrows.

Figure15 Phylongenetic trees fdueptopilinaspecies based on the ITS2 sequences. (A:
NJ, B: ML and BI). NJ bootstrap values (>80) and btiotstrap values (>80)/BI posterior
probabilities (>0.8) are given at node for each.fféne sequences akptopilina longipes

from Sapporol. tokioensisandL. tsushimaensiare indicated by arrows.

Figure16 NJ tree foMolbachiabacteria based on the partiedpsequence. Bootstrap

values (>80) are given at node. The sequencesnebtfiomLeptopilina longipesL.

tokioensisandL. tsushimaensiare indicated by arrows.
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