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Abstract

Torymus flavigastris Matsuo sp. nov. (Hymenoptera: Torymidae) is described as a parasitoid of unidentified gall midges
(Diptera: Cecidomyiidae) that induce galls on Litsea acuminata (Blume) Kurata (=Actinodaphne acuminata (Blume)
Meisner) (Lauraceae), Machilus pseudolongifolia Hayata (L auraceae), and Eurya chinensis Robert Brown (Theaceae) in
Taiwan. Thisisthe first record of Torymidae associated with gall midges on Lauraceae and Theaceae. Redescriptions of
T. aiolomorphi and T. orientalis and a key to species of Torymus known in Taiwan are provided.
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Introduction

Torymus Dalman (Hymenoptera: Torymidag) contains at least 400 species worldwide (Grissell 1995; Noyes 2011;
Matsuo & Yukawa 2009a, 2009b; Matsuo 2010). Nevertheless, only two species of Torymus have been known
from Taiwan up to the present. One is T. aiolomorphi Kamijo that is known as an inquiline inhabiting galls induced
by Aiolomorphus rhopal oides Walker (Hymenoptera: Eurytomidae) on Phyllostachys heterocycla (Carriére) Mat-
sumura and P. bambusoides Siebold et Zuccarini (Poaceae) (Takahashi & Mizuta 1971; Yukawa & Masuda 1996;
Shibata 2001), and the other is T. orientalis (Masi) attacking larvae of Hypsipyla robusta Moore (L epidoptera:
Pyralidae) (Kazmi & Chauhan 2003).

Earlier studies have demonstrated that most Torymus species are ectoparasitoids of cecidomyiids (Diptera) or
cynipids (Hymenoptera) that induce galls on various plant families in the West Palearctic and Nearctic Regions
(Grissell 1995; Graham & Gijswijt 1998; LaSalle 2005). In contrast, the host association and species diversity of
Torymusislargely unknown in the East Palaearctic Region.

The purposes of this study are 1) to describe a new species of Torymus reared from cecidomyiid galls on Lau-
raceae and Theaceae in Taiwan, 2) to redescribe the two known congeners, and 3) to provide a key to Taiwanese
species of Torymus.

Material and methods

Collecting, morphological studies, and depository of specimens. Cecidomyiid galls on L auraceae were collected
from various localities in Taiwan from 2008 to 2011. Adult parasitoids emerged from the galls were preserved in
70-75% ethanol for morphological observation. For microscopic study, the ethanol-stored specimens were dried
out as described in Matsuo & Yukawa (2009b). Dried specimens were observed under a binocular microscope
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(LEICA SBAPO) and with a scanning el ectronic microscope (HITACHI S-3000N). Antennae and fore wings were
mounted on slides in Canada balsam using ethanol and xylene. Drawings were made with the aid of adrawing tube.
High resolution images were taken using a digital camera (CANON EOS 600D). Illustrations were obtained by
merging an image series, covering different focal planes into a single in-focus image through the freeware Com-
bine ZM (Hadley 2008). The fina illustrations were processed for contrast and light levels in Adobe Photoshop
CS4 software to crop the subject and enhance clarity. Figures were assembled using Adobe Illustrator. Adult mor-
phological terminology follows Gibson (1997) and that for additional characters of head follows Jansta & Boucek
(2006).

For describing morphological characteristics, torymid specimens in the collections of the Natural History
Museum, London, UK (BMNH), Hokkaido University Museum, Japan (HUM), and Deutsches Entomol ogisches
Institut, Germany (DEI) were examined. The holotype and some paratypes of the newly described species are
deposited in the collection of the Department of Entomology, National Chung Hsing University, Taiwan (NCHU),
and the remaining paratypes are in the collection of the Entomological Laboratory, Faculty of Agriculture, Kyushu
University, Japan (ELKU).

Results
Species group affinities

Two concepts of species groups have been proposed that cover species in Europe (Graham & Gijswijt 1998) and
North America (Grissell 1976). Because many species are common between Asia and Europe, we followed the
European species-group concept for assignment of the Taiwanese species. Based on Graham & Gijswijt (1998), all
three species from Taiwan belong to the cupreus species-group, which is distinguished from other species-group by
having three teeth on the mandible, aventral tooth on the hind femur, and two apical spurs on the hind tibia.

K ey to Taiwanese species of Torymus

1 Frenal areaindicated by a distinct frenal line, smooth (Fig. 25). Hind coxa bare in basal one-third; hind tibia yellow in basal
half. Metasoma bluish green . ... . T. orientalis (Masi, 1926)
Frenal area absent or indicated by an indistinct frena line (Figs 5, 16). Hind coxa pilose throughout; hind tibia yellowish
brown or dark brown. Metasoma laterally with yellowish brown area extending from base to middle of metasoma. .. ... ... 2
2 Frenal area absent (Fig. 5); dorsellum with median carina; propodeum with superficial striae, smoother medially (Fig. 6).
Antenna clavate (Fig. 3); scape not reaching anterior ocellus; each segment bearing longitudina sensilla arranged in one row.
Ovipositor sheath 1.4-1.6x aslongashindtibia .............. ... ... .. i ... T. flavigastris Matsuo, sp. nov.
Frenal areaindicated by an indistinct frenal line, which is strongly sinuate (Fig. 16); dorsellum without median carina; propo-
deum with median elevated area (Fig. 17). Antennanot clearly clavate (Fig. 14); scape reaching anterior ocellus; each segment
bearing longitudinal sensilla arranged in two or three irregular rows. Ovipositor sheath 2.4-2.6x aslong ashind tibia .. . .. ..
............................................................................ T. aiolomorphi (Kamijo, 1964)

Torymus flavigastris M atsuo, sp. nov.
Figs 1-9

Etymology. The specific name, flavigastris, is derived from coloration of the metasoma.

Material examined. Holotype: ¢, emerged on 26 March 2009 from a cup-shaped gall on Litsea acuminata
collected by S.-F. Lin from Chinshuiying, Pingtung, Taiwan (NCHU).

Paratypes: 14, emerged on 26 March 2009 from a cup-shaped gall on Litsea acuminata collected by S.-F. Lin
from Chinshuiying, Pingtung, Taiwan (NCHU); 19, emerged on 26 March 2009 from a slender club-shaped gall on
Machilus pseudolongifolia collected by T.-C. Chiang and W.-N. Chen from Chinshuiying, Pingtung, Taiwan
(NCHU); 29, emerged on 26 March 2009 from slender club-shaped galls on M. pseudolongifolia collected by T.-
C. Chiang and W.-N. Chen from Chinshuiying, Pingtung, Taiwan (ELKU); 19, emerged on 26 March 2011 from a
spindle-shaped gall on Eurya chinensis collected by G.-S. Tung from Shindian, Taipei, Taiwan (NCHU); 27,
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emerged on 26 March 2011 from a spindle-shaped gall on E. chinensis collected by G--S. Tung from Shindian, Tai-
pei, Taiwan (ELKU).

Description. FEMALE (Fig. 1). Body length excluding ovipositor sheath 2.1-3.0 mm. Head bluish green.
Scape brownish yellow, darker apically; pedicel and all flagellomeres dark brown. Mesosoma bluish green. Fore
wing sometimes with brownish marking apically. Fore and mid coxae brownish yellow; hind coxa bluish green in
dorsal half; all femorabrownish yellow; fore and mid tibiae brownish yellow; hind tibia dark brown. Metasoma lat-
erally with yellowish brown area extending from base to middle of metasoma.

FIGURE 1. Holotype female of Torymus flavigastris.

Head 1.9-2.0x aswide aslong in dorsal view; temples narrow, about 0.1x aslong as dorsal length of eye; POL
1.6-1.8x OOL; OOL 1.1-1.2x OD. Head 1.2-1.3x as wide as high in frontal view (Fig. 2); eyes separated
0.8-0.9x by their height; malar space 0.2-0.3x height of eye; mouth 2.4-2.6x malar space; clypeus with apical
margin truncate; mandible with three teeth. Antenna (Fig. 3) clavate; scape 0.6-0.7x as long as height of eye, not
reaching anterior ocellus; combined length of pedicel and flagellomeres 1.0-1.2x width of head; pedicel 1.6-1.8%
as long as wide; andllus transverse, 2.0-2.5x as wide as long; F1-F3 quadrate; F4-F5 1.1-1.3x as wide as long;
F6—7 1.3-1.5% aswide as long; each segment bearing longitudinal sensilla arranged in one row.

Mesosoma 1.6-1.8x as long as wide; mesoscutum (Fig. 4) with distinct piliferous punctures; sculpture on
mesoscutum in anterior half transversely reticulate; notauli distinct; scutellum (Fig. 5) 1.1-1.2x as long as wide,
sculptured as posterior part of mesoscutum; dorsellum with median carina; propodeum (Fig. 6) with superficial
striae, smoother medially; lower mesepimeron 1.0-1.1x as long as wide. Fore wing 2.3-2.6X as long as wide (Fig.
7); costal cell 8.5-10.0x as long as wide, on upper surface with a setal row which becomes double apically, on
lower surface with scattered setae; basal cell closed below, hairy; speculum very small, closed below; relative
length of marginal vein: postmarginal vein: stigmal vein = 6.5: 2.4: 1.0; stigmal vein petiolate. Hind coxa 1.8-2.0x
as long as wide, dorsally with carina at base and pilose throughout; hind femur (Fig. 8) with a slender tooth ven-
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trally in apical part, 4.4—4.5x as long as wide; hind tibia with longer spur 1.1-1.3%X as long as width of hind tibia,
about 0.5% length of basitarsus, and shorter spur 0.6-0.7x length of longer spur.

M etasoma as |ong as mesosoma; posterior margin of metasomal tergum five entire; tip of hypopygium situated
at about 0.7 length of metasoma, with a few setae; ovipositor sheath aslong as metasoma, 1.4-1.6x aslong as hind
tibia

MALE. Differsfrom female as follows. Body length about 3.0 mm. Antenna stouter (Fig. 9); F1 and F2 quad-
rate; F3—F7 1.5-1.7x aswide as long. Hind coxa about 2.3x as long as wide.

25, 0KVI X120, 250um
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FIGURES 2-9. Torymus flavigastris: 2, Q head, frontal view; 3, @ antenna; 4, ¥ mesoscutum; 5, ¢ scutellum; 6, ¢ propo-
deum; 7, Q@ fore wing, upper surface; 8, ¢ hind femur; 9, & antenna. Scale bars: 2-6, 90.2 mm; 7, 8 0.5 mm.
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FIGURE 10. A cup-shaped gall induced by an unidentified gall midge on Litsea acuminata.
FIGURE 11. Slender club-shaped gallsinduced by an unidentified gall midge on Machilus pseudolongifolia.

Distribution. Taiwan.

Host information. The new species was reared from cup-shaped galls on Litsea acuminata (Blume) Kurata
(=Actinodaphne acuminata (Blume) Meisner) (Lauraceae) (Fig. 10), slender club-shaped galls on Machilus
pseudolongifolia Hayata (Lauraceae) (Fig. 11), and stem galls on Eurya chinensis Robert Brown (Theaceae)
induced by unidentified gall midges. Thisisthe first record of Torymidae associated with gall midges on Lauraceae
and Theaceae in the world (Fulmek 1968; Grissell 1995, 1999; Matsuo & Yukawa 2009a, 2009b; Matsuo 2010;
Noyes 2011).

Remarks. T. flavigastris has no indication of afrenal area on the scutellum whereas other species belonging to
the T. cupreus—group have a distinct frenal area. Torymus flavigastris can be distinguished from other congeners by
the cupreus—group features and the following: temple narrow, about 0.1x as long as dorsal length of eye; antenna
clavate; scutellum wholly scul ptured; propodeum with superficial striae, smoother medially; fore wing sometimes
with brownish cloud apically; and speculum of fore wing very small.

Torymus aiolomorphi (Kamijo, 1964)
Figs 12-20

Diomorus aiolomorphi Kamijo, 1964: 16.
Torymus aiolomor phi; Graham & Gijswijt, 1998: 11.

Material examined. Holotype: ¢, emerged on 29 May 1962 from a gall of Aiolomorphus rhopal oides collected by
F. Kobayashi from Kyoto, Japan (HUM).

Paratype: 19, emerged on 5 May 1963 from agall of Aiolomorphus rhopaloides collected by S. Yoshidafrom
Kagawa, Japan (HUM).

Other specimens: 17, collected by I. Togashi on 5 June 1973 from Bessho, Kanazawa, Ishikawa, Japan
(ELKU); 19, collected by S. Kamitani on 5 June 1996 from Hakozaki, Fukuoka, Fukuoka, Japan (ELKU); 19, col-
lected by |. Togashi on 3 June 1973 from Kanazawa, Ishikawa, Japan (ELKU); 39 and 27, collected by S. Okudera
on 27 May 2010 from Kumura, Taki, Izumo, Shimane, Japan (ELKU); 29, collected by F. Takahashi in May 1969
from Kyoto, Japan (HUM); 19, collected by A. Matsunaga on 18 May 2001 from Motooka, Fukuoka, Fukuoka,
Japan (ELKU); 17, collected by K. Kubo on 2 June 2002 from Yokohama, Kanagawa, Japan (HUM).

Redescription. FEMALE (Fig. 12). Body length excluding ovipositor sheath 4.5-5.5 mm. Head bluish green.
Scape yellowish brown, darker apically; pedicel and flagellomeres black. Mesosoma bluish green. Fore wing with
brownish marking around stigmal vein. Fore coxa yellowish brown, darker at base; mid coxa concolorous with
mesosoma; hind coxa yellowish brown in apical one-third; femora and tibiae yellowish brown. Metasoma laterally
with yellowish brown area extending from base to middle of metasoma.
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FIGURE 12. Female of Torymus aiolomorphi.

Head 2.3-2.4x as wide as long in dorsa view; temples about 0.2x as long as dorsal length of eye; POL
1.3-1.4x OOL; OOL 1.2-1.3x OD. Head 1.2-1.3x aswide as high in fronta view (Fig. 13); eyes separated about
1.1x by their height; malar space 0.3-0.4% height of eye; mouth 1.9-2.1x malar space; clypeus with apical margin
truncate; mandible with three teeth. Antenna (Fig. 14) not clearly clavate; scape 0.6-0.7x as long as height of eye,
reaching anterior ocellus; combined length of pedicel and flagellomeres 1.2—1.3x width of head; pedicel 1.5-1.6x
as long as wide; anellus transverse, about 2.0x as wide as long; F1-F3 1.3-1.5% as long as wide; F4-F7 1.0-1.1%
as long as wide; each segment bearing longitudinal sensilla arranged in two or three irregular rows.

Mesosoma 1.7-2.0x as long as wide; mesoscutum (Fig. 15) with large piliferous punctures; sculpture on
mesoscutum transversely wrinkled; notaulus distinct; scutellum (Fig. 16) about 1.3 as long as wide; frenal line
indistinct, strongly sinuate; frenal area with sparse piliferous punctures, smoother posteriorly; dorsellum without
median carina; propodeum (Fig. 17) with median elevated area which is longitudinally striate; lower mesepimeron
1.3-1.5x as long as wide. Fore wing 2.6-2.8% as long as wide (Fig. 18); costal cell 8.5-9.1x as long as wide, on
upper surface with a setal row, which becomes double apically, on lower surface with scattered setae; basal cell
closed below, hairy; speculum small, closed below; relative length of margina vein: postmarginal vein: stigmal
vein = 5.1: 2.7: 1.0; stigmal vein petiolate. Hind coxa 1.6-1.7x as long as wide, dorsally with carina and pilose
throughout; hind femur (Fig. 19) with a slender tooth ventrally in apical part, 3.5-3.8x as long as wide; hind tibia
with longer spur 1.1-1.3x as long as width of hind tibia, 0.4-0.5x length of basitarsus, and shorter spur 0.7—0.8x
length of longer spur.

M etasoma as long as mesosoma plus head; posterior margin of metasomal tergum five incised; tip of hypopy-
gium situated at about 0.6 length of metasoma; ovipositor sheath as long as metasoma plus half of mesosoma,
2.4-2.6x aslong as hind tibia.
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FIGURES 13-20. Torymus aiolomorphi: 13, 9 head, frontal view; 14, 9 antenna; 15, € mesoscutum; 16, ¢ scutellum; 17, 9
propodeum; 18, ¢ fore wing, upper surface; 19, ¢ hind femur; 20, & antenna. Scale bars: 0.5 mm.

MALE. Differs from female as follows. Body length 2.1-3.7 mm. Temple about 0.3 aslong as dorsal length
of eye; OOL 1.5-1.6% OD; eyes separated 1.2—1.3x by their height. Antennal (Fig. 20) scape dark green, not reach-
ing anterior ocellus; pedicel 1.2—1.3x aslong as wide; F1-7 quadrate. Metasoma dark green.

Distribution. This species has been recorded from Japan (Honshu, Shikoku, Kyushu), Taiwan (Kamijo 1964),
and People’s Republic of China (Sun et al. 1994).

Host information. Torymus aiolomor phi is an inquiline of Aiolomorphus rhopaloides inducing galls on Phyl-
lostachys heterocycla and P. bambusoides (Takahashi & Mizuta 1971; Yukawa & Masuda 1996; Shibata 2001).
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Remarks. Among other members of the T. cupreus—group, T. aiolomorphi is most similar to T. cupreus
because of the following shared features: dorsal surface of hind coxa pilose throughout, dorsellum without median
carina, antenna not clearly clavate, and each funicle segment bearing longitudinal sensilla arranged in two or three
irregular rows. Females of T. cupreus have a straight frenal line and a polished frenal area on the scutellum, large
depressions on the propodeum, and a shorter antennal scape that does not reach the anterior ocellus. Torymus aiol-
omorphi is distinguished from T. cupreus by the following features: frenal line strongly sinuate, frenal area with a
severa setae, propodeum with median elevated area which is longitudinally striate, and scape reaching anterior
ocellus.

Torymus orientalis (Masi, 1926)
Figs 21-29

Diomorus orientalis Masi, 1926: 2; Boucek, 1988: 147.
Macrodontomerus silvifilia Girault, 1927: 555.
Diomorus silvifilia; Baltazar, 1966: 136.

Material examined. Lectotype: 19, collected by H. Sauter on 7 July 1911 from Taihorin, Taiwan (DEI).

Paralectotypes: 17, same data as the Lectotype (DEI); 12, collected by H. Sauter from Taihorin, Taiwan
(DEI); 17, collected by H. Sauter in 1912 from Kankau, Koshun, Taiwan (DEI).

Other specimens: 12, collected by M. Hayat on 29 March 1966 from Aligarh, India (BMNH); 19, collected by
Y.-C. Lin on 5 January 2010 from Hsinchu Co, Cyonglin, Taiwan (ELKU); 29, collected by R. Turner from Mac-
kay, Queendand, Australia(BMNH); 1<, collected by Z. Bougek on 20 December 1982 from Port Moresby, Papua
New Guinea (BMNH).

2]

FIGURE 21. Female of Torymus orientalis.
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FIGURES 22-29. Torymus orientalis: 22, @ head, frontal view; 23, © antenna; 24, @ mesoscutum; 25, ¢ scutellum; 26, 9
propodeum; 27, @ fore wing, upper surface; 28, ¢ hind femur; 29, & antenna. Scale bars: 22-26, 29 0.5 mm; 27, 28 1.0 mm.

Redescription. FEMALE (Fig. 21). Body length excluding ovipositor sheath 4.6-5.0 mm. Head bluish green.
Scape yellow; pedicel and flagellomeres black. Mesosoma bluish green. Fore wing with brownish cloud around
stigmal vein. All coxae and femora concolorous with mesosoma; fore and mid tibiae yellow; hind tibia yellow in
basal half. Metasoma bluish green.

Head 2.4-2.5x as wide as long in dorsa view; temples about 0.2x as long as dorsal length of eye; POL
1.5-1.7x OOL; OOL 1.3-1.4x OD. Head 1.2-1.3x as wide as high in frontal view (Fig. 22); eyes separated by
their height; malar space 0.3-0.4% height of eye; mouth 1.7—2.1x malar space; clypeus with apical margin truncate;
mandible with three teeth. Antenna (Fig. 23) not clearly clavate; scape 0.5-0.6x aslong as height of eye, not reach-
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ing anterior ocellus; combined length of pedicel and flagellomeres about 1.2x width of head; pedicel 1.3-1.5% as
long as wide; anellus 1.1-1.3% as wide as long; F1-F5 1.0-1.2x as long as wide; F6 and F7 quadrate; longitudinal
sensilla numerous, each segment bearing longitudinal sensillaarranged in three or four irregular rows.

Mesosoma 1.9-2.0x aslong as wide; mesoscutum (Fig. 24) with distinct piliferous punctures, transversely stri-
ate; axilla smooth with distinct piliferous punctures; notaulus distinct; scutellum (Fig. 25) 1.1-1.3X as long as
wide, with large piliferous punctures; frenal area indicated by a distinct frenal line, smooth; dorsellum without
median carina; propodeum (Fig. 26) smooth; lower mesepimeron 1.0-1.3x aslong as wide. Fore wing 2.5-2.6x as
long as wide (Fig. 27); costal cell 7.0-8.5x as long as wide, on upper surface with a setal row in distal half, on
lower surface with a setal row and scattered setae apically; basal cell completely open below, bare; speculum
widely open below; relative length of marginal vein: postmarginal vein: stigmal vein = 6.8: 4.2: 1.0; stigmal vein
weakly petiolate. Hind coxa 2.4-2.7% as long as wide, dorsally with carina extending half length and with sparse
setae, bare in basal one-third; hind femur (Fig. 28) with atooth ventrally in apical part, 4.2—4.5x aslong as wide;
hind tibia with longer spur 0.8-1.1x as long as width of hind tibia, 0.3-0.5x length of basitarsus, and shorter spur
about 0.8x length of longer spur.

Metasoma dlightly shorter than mesosoma; posterior margin of metasomal tergum five entire; tip of hypopy-
gium situated at about 0.5 length of metasoma; ovipositor sheath as long as mesosoma, 1.3-1.5% aslong as hind
tibia

MALE. Differs from female as follows. Body length 4.0-4.2 mm. POL about 2.0x OOL; OOL 1.0-1.2x OD.
Antenna (Fig. 29) not clearly clavate; combined length of pedicel and all flagellomeres 1.3-1.6x width of head.

Distribution. This species has been recorded from Australia, Papua New Guinea (Boucek 1988), India
(Farooqi 1986), Philippines (Girault 1927), and Taiwan (Masi 1926).

Host information. Torymus orientalis attacks larvae of Hypsipyla robusta (L epidoptera: Pyralidae), which is
one of the most serious pests of the Australian red cedar, Toona ciliata Max Roemer (Meliaceae) (Kazmi & Chau-
han 2003; Cunningham et al. 2005; Cunningham & Floyd 2006).

Remarks. Torymus orientalis is most similar to T. cupreus because of the following shared features. antenna
not clearly clavate and scape not reaching anterior ocellus. Females of T. cupreus have two or three irregular rows
of longitudinal sensilla on the each funicle segment, dense setae on the dorsal surface of the hind coxa, a ventrally
closed and sparsely setose basal cell, asmall and ventrally closed speculum, and brownish hind tibia. Torymus ori-
entalis can be distinguished from T. cupreus by the following features: each funicle segment with longitudinal sen-
sillaarranged in three rows; dorsal surface of hind coxa with sparse setae, except bare in basal one-third; basal cell
of fore wing completely open below, bare; speculum widely open below; and hind tibia yellow in basa half.
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