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fl oribunda (Caprifoliaceae; Sugiura & Yamazaki, 2006; Yamaza-
ki & Sugiura, 2008), while C. vittata consumes the leaves, stems 
and underground structures of several orchid genera, including 
Gastrodia and Epipactis (Kato et al., 2006; Suetsugu, 2013a; Su-
giura, in press). Such interactions between fl ies and orchids are 
not unique, with at least fi ve families of Diptera, including the 
Agromyzidae, Cecidomyiidae, Psilidae, Scathophagidae and Syr-
phidae known to feed on orchids (Hering, 1957; Sasakawa, 1961; 
de Jong, 1999; Kato et al., 2006; Uechi et al., 2011). Indeed, 
some agromyzid and cecidomyiid species are well-known pests 
of orchids, infesting their fl owers and fruits, and causing harmful 
damage (Hasegawa et al., 1987; Sugiura et al., 1997; Tokuda et 
al., 2002; Suetsugu 2013b, 2015; Suetsugu & Fukushima 2014). 
While the latter three dipteran families are less studied in this 
context, it is important to understand the interactions between or-
chids and their feeders, because of the endangered status of most 
orchids. The current study reports C. vittata feeding on the stems 
of the mycoheterotrophic orchid Yoania japonica in Japan, which 
was recorded by chance during an investigation of its pollination 
biology.

MATERIAL AND METHODS
The fi eld study was carried out in Tateshina city, Kita-Saku 

county, in the Nagano prefecture of central Japan in mid-June 
2012. The study site was in a cool, temperate area at an altitude of 
approximately 1600 m in a forested habitat dominated by Betu-
la platyphylla with a sparse cover of understory plants. The Y. 
japonica population at this location was a mixture of the rosy 
pink fl owered form Y. japonica f. japonica and the creamy yellow 
fl owered form Y. japonica f. lutea (Suetsugu & Yagame, 2014), 
hereafter both of which are simply referred to as Y. japonica. The 
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Abstract. Chyliza vittata is known to utilize leaves, stems and underground parts of several leafy and leafl ess orchids. Compared 
to the well-recorded feeding habits of C. vittata in Europe, its feeding habits in Japan are poorly studied. Thus, further records of 
its host plants and the habits of its larvae in Japan are likely to reveal the similarities and differences in its feeding habits in Europe 
and Japan. The current study reports C. vittata feeding on the stems of the mycoheterotrophic orchid Yoania japonica in central 
Japan. This study also showed that in spite of the small size of Yoania its reproductive success is not severely reduced when 
infested with C. vittata, whereas the robust stems of Gastrodia elata, which is its main host plant in Japan, are thought to be a 
defence against infestation by C. vittata.

INTRODUCTION
The Psilidae is a small family of acalyptrate Diptera in the su-

perfamily Diopsoidea, which includes about 400 described spe-
cies (Freidberg & Shatalkin, 2008). The family can be divided into 
three subfamilies: the Belobackenbardia, Chylizinae and Psilinae 
(Shatalkin, 2002; Freidberg & Shatalkin, 2008). The genus Chyli-
za is the largest genus in the Psilidae (subfamily Chylizinae) with 
approximately 120 species (Freidberg & Shatalkin, 2008). Spe-
cies of the genus Chyliza are distributed throughout the Afrotropi-
cal and Oriental Regions but also to a lesser degree in the Pal-
aearctic Region (Shatalkin, 1997; Freidberg & Shatalkin, 2008; 
Bygebjerg et al., 2011; Shatalkin, 2014).

The genus Chyliza includes mainly medium-sized fl ies, which 
can be identifi ed by a combination of the following characteris-
tics: head not deltoid in profi le, face concave in profi le, antenna 
normal, occiput not swollen, cell cup clearly shorter than cell 
bm, swelling on anatergite, 6 distinct scutellar bristles, postcoxal 
bridge well developed, and male genitalia with well-developed 
surstyli (Iwasa, 1989; Freidberg & Shatalkin, 2008; Bygebjerg 
et al., 2011). In common with all members of Psilidae, the larvae 
of the genus Chyliza are phytophagous (Steyskal, 1987; Iwasa, 
1989), feeding on various organs and tissues of plants belong-
ing to at least 10 different families, both angiosperm and gym-
nosperm (reviewed by Sueyoshi, 2013). For example, the larvae 
of Chyliza extenuata induce the formation of galls on the stems 
of holoparasitic plants belonging to the genus Orobanche (Giard, 
1900; Chandler, 1975) and the larvae of Chyliza annulipes occur 
under the bark of Picea and Pinus sp. (Lyneborg, 1987).

Although seven species of Chyliza fl ies are reported in Japan, 
ecological data is only available for two species. Larvae of C. 
splendida feed on galls induced by the ampelopsis fruit midge As-
phondylia baca Monzen (Cecidomyiidae) in the buds of Weigela 
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the study site (Association of Wildlife Research & Envision Con-
servation Offi ce, 2012). Only three stems were collected and the 
underground structures of the plants were not excavated in order 
to minimize any negative effects on the Y. japonica population 
investigated. The stem samples were placed in plastic containers 
fi lled with vermiculite and incubated at 15°C under wet condi-
tions for ca. 1 month before the temperature was reduced to 5°C 
during the period from October to the following March when they 
were removed from the incubator and inspected.

RESULTS
Five males and seven females of C. vittata were observed visit-

ing fl owers of Y. japonica at the study site. The females could eas-

study site, which was approximately 20 m by 40 m in area, con-
tained about 30 fl owering plants of Y. japonica. Observations dur-
ing the 20-h study period were made by walking around the study 
area or sitting near fl owering plants and monitoring the intrafl oral 
behaviour of insect visitors. Floral visitors were carefully ob-
served, with some being captured immediately after they left in-
fl orescences for detailed identifi cation. The study site was revis-
ited in early September 2012, when most of the Y. japonica fruit 
had matured, to investigate the stems of the Y. japonica plants that 
C. vittata females laid eggs on during the fl owering season. Great 
care was taken when collecting the samples because Y. japonica 
is designated nearly threatened or endangered in 26 of the 47 pre-
fectures in Japan, including Nagano Prefecture, the location of 

Fig. 1. A – fl owering plant of Yoania japonica f. lutea; B – a copulating pair of Chyliza vittata on a fl ower of Y. japonica; C – fruiting plant 
of Y. japonica whose stem is infested with Chyliza vittata; D – magnifi cation of the enclosed parts of C. Puparia in the stem are indicated 
by arrows.
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ily be distinguished from the males because their wings were usu-
ally held erect and half-open (Sugiura, in press). The female fl ies 
were found on various plant structures and were observed walk-
ing between them. In addition, the females were also observed 
laying eggs on the plant surface, often gradually changing their 
abdominal position in order to place the eggs on different parts 
of the fl ower, including the inner portions of the fl ower, the outer 
surface of the sepals and petals, or the pedicels. Food-searching/
feeding behaviour was not recorded for either the males or fe-
males, although it was apparent that the plants on which the fe-
males laid eggs were used as an encounter site for the males, as 
is often the case with G. elata (Sugiura, in press). Indeed, males 
were sometimes observed grasping the females with swollen ab-
domens after oviposition, during which time copulation occurred 
(Fig. 1). When the site was revisited during the fruiting season 
(September), the puparia of C. vittata were found just beneath 
the epidermis of the basal stem (Fig. 1). Even the heavily infested 
stems of Y. japonica were still capable of producing well-devel-
oped fruit capsules with numerous viable seeds (Fig. 1). Adult C. 
vittata fl ies emerged from the pupae in the rotten stems collected 
the following March, indicating that C. vittata overwinters in Y. 
japonica as a puparium.

DISCUSSION 
The present study clearly demonstrates that the mycohetero-

trophic orchid Y. japonica is one of the host plants of the larvae of 
C. vittata. Furthermore, as in G. elata (Sugiura, in press), male C. 
vittata fl ies exhibited mate seeking behaviour on fl owering plants 
of Y. japonica to which females were attracted to lay eggs, which 
resulted in copulation. These facts indicate that Y. japonica can be 
used as a mating site for C. vittata.

Until recently, the only documented host of C. vittata in Japan 
was G. elata, of which both the buds and stems can be infested 
(Kato et al., 2006; Sueyoshi, 2013). However, European popula-
tions of C. vittata are known to be leaf or stem miners and root 
borers of at least fi ve genera of European orchids. For example, it 
is reported that the larvae of C. vittata can mine the leaf sheaths 
and stems of Cephalanthera damasonium, Epipactis helleborine 
and Epipactis purpurata and pupate in their roots (Pitkin et al., 
2012). In addition, the larva of C. vittata also tunnel in the tubers 
of Neottia nidus-avis, and are associated with three other genera, 
including Dactylorhiza, Himantoglossum and Orchis, although 
the species of these plants were not identifi ed (de Meijere, 1940; 
Hering, 1957). With the exception of G. elata, all of the hosts uti-
lized by C. vittata have relatively short stems of less than 50 cm 
in length. In contrast, the stems of G. elata are robust, growing 
to a height of approximately 1 m, and sometimes as high as 2 m. 
Such long fl ower stems are unusual amongst mycoheterotrophic 
plants and it is suggested by Kato et al. (2006) that the long stems 
of G. elata protect them from infestation by C. vittata. 

Although the association between G. elata and Japanese popu-
lations of C. vittata appears to be exceptional compared to those 
recorded in Europe it is suggested that further research is need-
ed to identify other host plants in Japan in order to determine 
whether Kato et al.’s (2006) hypothesis is well supported (Sue-
yoshi, 2013). A recent study by Suetsugu (2013a) indicates that 
Japanese populations of C. vittata utilize other species of hosts, in 
particular they oviposit in the fl owers of E. helleborine var. papil-
losa. Taken together with the results of the current study, these 
fi ndings suggest that the association between C. vittata and G. 
elata is not specifi c, even in Japan. In addition, even though the 
stems of Y. japonica are much shorter than those of G. elata, usu-
ally being less than 30 cm (Suetsugu & Yagame, 2014), it seems 
that infestation by C. vittata does not severely reduce the repro-
ductive success of Y. japonica. The infested stems of Y. japonica 

were still capable of producing mature fruit capsules with numer-
ous viable seeds, indicating that the larvae of C. vittata mainly 
consume the pedicels and stems, but not the developing ovaries. 
Such observations indicate that the robust fl ower stems of G. 
elata may not be a counter-adaptation to herbivory by C. vittata, 
but may have evolved for another reason, such as increasing pol-
linator attraction. Further research on the selection of host plants 
by C. vittata in Japan is required to gain a fuller understanding 
of the similarities and differences between their feeding habits in 
two geographically disjunct regions: Europe and Japan.
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