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Abstract

Nymphal characters of the ant-mimetic plant bug genus Pilophorus Hahn, 1826 are reported, based on examina-

tion of the immature forms of nine Asian congeners. All developmental stages were successfully reared and

investigated for two Japanese species, P. okamotoi Miyamoto & Lee, 1966 and P. typicus (Distant, 1909). A unique

structure which currently is considered a synapomorphy shared by Pilophorus congeners is recognized on the

nymphal scutellum, or metanotal area, and is herein documented as the «metanotal ridge».
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Resumen

Una valoración preliminar de caracteres ninfales en míridos mirmecomorfos del género

Pilophorus (Hemiptera: Heteroptera: Miridae: Phylinae)

Se registran caracteres ninfales del género de míridos mirmecomorfos Pilophorus Hahn, 1826 con base en el

examen de las formas inmaduras de nueve congéneres asiáticos. Gracias a su cría exitosa, en dos especies japo-

nesas, P. okamotoi Miyamoto & Lee, 1966 y P. typicus (Distant, 1909), se han podido investigar todos sus estadios

de desarrollo. En el escutelo, o área metanotal, de las ninfas se ha identificado una estructura singular que se

considera una sinapomorfía compartida por los miembros de Pilophorus, y que aquí registramos como «cresta

metanotal».

Palabras clave: Hemiptera, Miridae, Phylinae, Pilophorus, formas inmaduras, morfología, biología, Japón.

Laburpena

Ninfen karaktereen behin behineko balioztapena Pilophorus mirido mirmekomorfoen generoan

(Hemiptera: Heteroptera: Miridae: Phylinae)

Pilophorus Hahn, 1826 mirido mirmekomorfoen generoko ninfen zenbait karaktereren berri ematen da, Asiako

bederatzi kideren forma heldugabeen azterketan oinarrituta. Hazkuntza arrakastatsua dela medio, P. okamotoi Miya-

moto & Lee, 1966 eta P. typicus (Distant, 1909) espezie japoniarren garapen-estadio guztiak ikertu ahal izan dira.

Ninfen eskuteloan, edo metanoto-eremuan, paregabeko egitura bat aurkitu da, zeina Pilophorus generoko kideek

konpartitzen duten sinapomorfiatzat hartu eta «gandor metanotala» izenez ezagutzera ematen baitugu.

Gako-hitzak: Hemiptera, Miridae, Phylinae, Pilophorus, forma heldugabeak, morfologia, biologia, Japonia.



Introduction

Pilophorus Hahn, 1826 is one of the most speciose

genera within the plant bug subfamily Phylinae

(Schuh, 2002-2013). The genus is composed of more

than 130 species (Aukema, 2018; Schuh 1984, 1995,

2002-2013), most of which have an ant-mimetic

body form and ecologically more or less obvious

relationships with ants (Schuh, 1989, 1991; Yasunaga

and Schuh, 2013; Yasunaga et al., 2014; Yasunaga

and Duwal, 2016). As argued by some works (e.g.,

Yasunaga et al., 2001; Yasunaga and Duwal, 2016),

several potential biocontrol agents are considered

to be utilizable for integrated pest management (IPM)

programs, or nature friendly farming (cf. P. typicus;

see Ito et al., 2009, 2011).

We initiated the present observation while screening

suitable candidates of biocontrol agents within Asian

Pilophorus species. During breeding and subsequently

observing the immature forms of some congeners,

unique morphological structures were found on the

thoracic scutellar area, which possibly represents a

synapomorphy shared by some members of the

genus.

Nymphal characters and the natural history of

Pilophorus species have hitherto been documented

only briefly in a few publications (cf. Yasunaga et al.,

2001; Yasunaga and Schuh, 2013). Because of their

unique myrmecomorphy, the nymphs of Pilophorus

species are characteristic in shape from those of

other mirids (cf. Wheeler, 2001; Yasunaga et al., 2001;

Yasunaga and Schuh, 2013). The present paper

reports a preliminary result of some observations on

the immature forms, with emphasis on the unique

unknown character exhibited on the nymphal meta-

notum, or scutellar area.

Material and methods

Immature forms of the following Pilophorus species

(with localities and hosts) were examined:

P. erraticus Linnavuori, 1962 - Locality: Nagasaki West

High School, Nagasaki City, Nagasaki Pref., Japan

(32.765907, 129.859517) - Host association: Ficus

superba (Miq.) Miq. (Moraceae).

P. lucidus Linnavuori, 1962 - Agri-Hills Park, Yotsue

Town, Nagasaki City (32.810000, 129.796255) -

Castanea crenata Sieb. & Zucc., Quercus acutissima

Carruth. (Fagaceae).

P. okamotoi Miyamoto & Lee, 1966 - Hiyoshi, Izuhara

Town, Tsushima Island, Nagasaki Pref. (34.209555,

129.291200) - Artemisia sp. (Asteraceae).

P. typicus (Distant, 1909) - Nagasaki West High School

Garden, Nagasaki City (32.766222, 129.859222) -

Herbaceous vegetation dominated by Artemisia sp.

For sampling the material in Nagasaki, Japan, sweep-

netting was mostly applied; an engine-vacuum-netting

method (cf. Yasunaga et al., 2019) was also effective

to capture Pilophorus typicus (both adults and nymphs)

in good numbers. The live samples were reared in

acrylic petri dishes (9 × 2 cm) (Fig. 1a). Breeding

methodology mainly followed Miyazaki et al. (2020)

and Yasunaga et al. (2018); a folded tissue paper was

immersed in a diluted fermented milk beverage

(e.g., Yakult), several dried red-worms (chironomid

larva) and dried brine-shrimp eggs (all commercially

available), were placed in each dish as diet (Fig. 1a-b).

Young wormwood (Artemisia spp.) or Kalanchoe

daigremontiana Raym.-Hamet & H. Perrier (Crassu-

laceae) were used as host plants to collect eggs

(Fig. 1c-d).

Images of 5th instar nymphs, taken by one of the

authors (Yasunaga), were also examined for Pilophorus

setulosus Horváth, 1905 [from Aoyama, Tobetsu Town,

Hokkaido, Japan (43.2977, 141.5611) - Artemisia sp.

(Fig. 5b)]; P. barbiger Yasunaga & Schuh, 2013 and

P. maculatus (Schuh, 1984) [Sakaerat Environmental

Research Station (SERS), Wang Nam Khieo, Nakhon

Ratchasima, Thailand (14.5099, 101.9300) - uniden-

tified broadleaf tree (Fig. 5d)]; and P. miyamotoi Linna-

vuori, 1961 [Kibi-Hills, Okayama Pref., Honshu, Japan

(34.8255, 133.7635) - Pinus densiflora Sieb. & Zucc. (Pi-

naceae) (Fig. 5a)]. Dried specimens of the 5th instar

nymphs of two Oriental species were also examined

for comparison: Pilophorus barbiger Yasunaga & Schuh,

2013 [Sakaerat Environmental Research Station, Na-

khon Ratchasima, Thailand -Gardenia sootepensis Hutch.

(Rubiaceae) (Fig. 5c)] and P. palawanus (Schuh, 1984)

[MacRitchie Reservoir, Bukit Timah Hills, Singapore

(1.3434, 103.8255) - flower of unidentified broad-

leaf tree (Fig. 7n)]. Fourth and 5th instar nymphs of

Pherolepis sp. (possibly an undescribed taxon) were

further examined for comparison [from Saga City,

Kyushu, Japan (33.296777, 130.309085) - Salix sp.

(Salicaceae) (Fig. 5e-f)]. Examined specimens are

deposited in Nagasaki West High School or T. Yasu-

naga Collection, Nagasaki, Japan.

Scanning Electron Micrographs were taken with a

Hitachi Tabletop Microscope® TM3030; some par-

ticular structures (Fig. 6a-b) were also observed using

a Nikon Eclipse Ci upright microscope, with a photo-
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phase unit. Measurements are given in millimeters;

for some of the SEM images, scale bars are shown

in micrometers (µm).

A new term «metanotal ridge (MR)» is provisionally

given for the unique structure on the metanotum,

or scutellar area. The following abbreviations are

used to indicate some structures in the text and

figures:

AS abdominal segment

AW mesonotal (anterior) wing-pad

MR metanotal ridge

PW metanotal (posterior) wing-pad

SG abdominal scent gland opening

Results and discussion

During our recent attempts to clarify the life history

and immature forms of Pilophorus species, we could

confirm the nymphal characters for the following

four species: P. erraticus Linnavuori, 1962 (3rd to 5th

instar nymphs), P. lucidus Linnavuori, 1962 (3rd to 5th

instar nymphs), P. okamotoi Miyamoto & Lee, 1966

(all immature stages, from egg to adult) and P. typicus

(Distant, 1909) (all immature stages, from egg to adult).

All of these were verified as predominantly carnivo-

rous insects but sometimes sucked plant sap from the

host leaves or stems during laboratory observation.

As pointed out by some applied entomologists,

P. typicus is regarded as an effective candidate for an

indigenous natural enemy against various agricultural
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FIGURE 1. Pilophorus okamotoi, breeding samples: (a) Rearing unit; (b) 3rd instar immature feeding on brine-shrimp egg; (c) A female
ovipositing into stem of Artemisia sp.; (d) Exposed operculum on the host stem.

(a)

(b)

(c)

(d)



pests (both insects and mites) injurious to econom-

ically important vegetables (cf. Ito et al., 2009). Recent

PCR-RFLP analysis of mitochondrial DNA by Ito

et al. (2009, 2011) recognized what has been conven-

tionally identified as P. typicus in Japan consists of two

genotypes and may have two morphologically cryptic

species. Therefore, we carefully selected a population

(found in the above mentioned locality) exactly fitting

«true typicus» (more thermophilic and known to occur

in southwestern Japan including Ryukyu Islands and

the whole Oriental Region). The two populations are

currently separable only by dissecting the male and

female genitalic structures; Schuh (1984) and Yasuna-

ga et al. (2014) figured the male genitalia of definitive

P. typicus. The other (northern) population, found in

the mainland of Japan (Ito et al., 2009), is obviously

different from P. typicus in having a widened left para-

mere, more elongate endosoma, and denser spinules

on the female interramal lobe (Yasunaga, pers. obs.).

Although the northern population is considered to

represent an undescribed species, a conclusive treat-

ment of the northern population is beyond the scope

of this study.

In the immature forms of Japanese congeners we

have examined (either with images or specimens),

the MR seems whitish, well-polished and very shiny

(Figs. 2-5). Nonetheless, this structure is irregularly

sutured or concave-convex, and densely covered with

micro-pilosity when observed by SEM (Fig. 7c, g, k).

Such microstructure may induce a structural colora-

tion (cf. Yasunaga et al., 2018).

The eggs and early instars (1st and 2nd) were observed

for in Pilophorus okamotoi (Fig. 3) and P. typicus (Fig. 4),

which were successfully reared and most developed

into adults in the laboratory. The eggs were oviposited

into host stems and the opercula were exposed (cf.

Fig. 1c, d). The first instar nymphs are tiny (less than

1.0 mm in total length) (Fig. 7l) and the metanotal

ridges (MR) are pale (sometimes semitransparent) but

minimally significant. The 2nd instars (1.0-1.4 mm)

have a creamy white MR (Figs. 3-4).

From 3rd to later instar stages, the MR becomes

conspicuous and somewhat inflated (Figs. 2a-b, d-e,

3-4, 5a-b). In Pilophorus okamotoi (Fig. 3), P. lucidus

(Fig. 2a-b) and P. erraticus (Fig. 2d-e), the MR is devel-

oped as crescent-shaped, whereas it is oval and pro-

duced in P. typicus (Fig. 4). The MR in the final instar

nymphs of these Japanese species is evidently covered

with complex microstructure (Fig. 7c, g, k). The MR

appears to exhibit interspecific variation in shape and

may be applicable to species identification for early

forms.

We have also examined available dry-preserved spe-

cimens of the final instar immatures of two Oriental

species, Pilophorus barbiger Yasunaga & Schuh, 2013

(Fig. 5c) and P. palawanus Schuh, 1984 (Fig. 7n) for

comparison; both of them are categorized as «strik-

ingly antlike members» with remarkably modified

thoracic shape (sensu Yasunaga and Schuh, 2013),

in addition to P. maculatus (Schuh, 1984) (image exam-

ined, Fig. 5d).

Yasunaga and Schuh (2013) included the following

14 species exhibiting prominent myrmecomorphy:

Pilophorus barbiger, P. borneensis (Carvalho, 1986), P. cas-

taneus (Zou, 1983), P. culion (Schuh, 1984), P. giraffoides

Yasunaga & Schuh, 2013, P. josifovianus Duwal & Ya-

sunaga, 2008, P. kathleenae (Schuh, 1984), P. maculatus

(Schuh, 1984), P. myrmecoides (Carvalho, 1956), P. pala-

wanus (Schuh, 1984), P. pleiku (Schuh, 1984), P. prolixus

Schuh, 1989, P. sumatranus Poppius, 1914, and P. sundae

(Schuh, 1984); all of them are restricted to the warm

temperate, subtropical, and tropical zones of the

Oriental Region (Schuh, 2002-2013). The late instar

immatures of the species (barbiger, maculatus, palawanus)

that we could examine in this work have evidently

reduced MR and mesially constricted prothorax (Figs.

5c-d, 7m-n).

Yasunaga and Schuh (2013) also suggested that the

prominent modifications of the adult thoraces found

in the 14 species are assumed to be simply autapo-

morphic. A phylogenetic analysis of the tribe Pilopho-

rini based on both morphology and DNA sequence

data may support the conclusion (Schuh and Menard,

2011). Yasunaga and Schuh (2013) considered that

such unique thoracic shape may derive from close

association with certain ant species. Further ecolog-

ical surveys will be required to verify coevolution

between the mirids and ants. On the other hand,

complexity reduction of the nymphal MR appears

to be correlated with morphological specialization of

the adult thorax.

Recently, Yasunaga and Duwal (2019) reported that

the adults of Hypseloecus species (Pilophorini) usually

have two pairs of «pleural glands». This microstruc-

ture is assumed to function as a secretion organ and

is reminiscent of the nymphal MR (Fig. 7c, g, k) in

Pilophorus congeners. However, the true function of

MR requires further physiological and ecological

investigation.

Hypseloecus Reuter, 1891 is considered as one of the

sister taxa related to Pilophorus (Schuh and Menard,

2011, 2013), but the immature scutellar area does

not have any recognizable modification like as MR,

judging from dorsal habitus images of immature
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FIGURE 2. Habitus images of Japanese Pilophorus species, live individuals: (a)-(c) P. lucidus; (d)-(f) P. erraticus; (g)-(h) P. okamotoi:
(a), (d) 4th instar nymph; (b), (e), (g: left) 5th instar nymph; (c), (f), (g: right), (h) Adult.

(a) (b)
(c)

(d)

(f)

(g) (h)

(e)



forms provided by Yasunaga and Duwal (2019) and

Yeshwanth (2014).

In the tribe Pilophorini, Pherolepis Kulik, 1968 is

assumed to have a closer relationship with Pilophorus

(Yasunaga and Duwal, 2016). Although the late instar

immatures of Pherolepis sp. has a pale posterior margin

of the metanotum (Fig. 5e-f), no significant structural

modification is recognized on their scutellar area in the

present observation (Fig. 7o). Further, neither the MR

nor any similar structure is present in the (at least

late instar) nymphs of some other pilophorines, such

as Chimairacoris Yasunaga, Schuh & Cassis, 2015 (Ya-

sunaga et al., 2015), Druthmarus Distant, 1909 (Yasu-

naga et al., 2001), Lasiolabops Poppius, 1914 (Yasunaga

and Duwal, 2019), and Aloea Linnavuori, 1975

and Sthenaridea Reuter, 1885 (present observation).
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FIGURE 3. Every instar immature form of Pilophorus okamotoi, dorsal habitus images of live individuals.
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Therefore, we currently consider the MR as a synapo-

morphy shared by Pilophorus members. Accordingly,

the presence of the MR is herein suggested as an

additional diagnostic character to define the genus

Pilophorus. Nonetheless, our present result is cur-

rently provisional. There are more than 60 described

congeners known in Asia (at least 16 species in

Japan), and a broader survey treating immature forms

for much more pilophorine species is required.

Incidentally, both adults and immature forms of

Pilophorus erraticus were found on a subtropical broad-

leaf tree, Ficus superba, which had been planted for
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FIGURE 4. Every instar immature form of Pilophorus typicus, dorsal habitus images of live individuals.
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landscaping at a high school garden. Since P. erraticus

is known to be associated with temperate or sub-

boreal deciduous trees (e.g., Salicaceae, Ulmaceae;

cf. Urayama et al., 2019), this evidence may support

that quite a few species of Pilophorus are not host plant

specific (cf. Yasunaga and Schuh, 2013; Yasunaga et al.,

2001, 2014). Two Pilophorus species collected at Naga-

saki West High School (see above) have apparently

been introduced or due to subsequent migration from

other regions after the World War II, since almost all

organisms at the sampling sites were once extirpated

by the atomic bomb and/or lethal radiation on

August 9, 1945 (Urayama et al., 2019).
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FIGURE 5. Habitus images of live individuals of: (a)-(d) Pilophorus; (e)-(f) Pherolepis: (a) P. miyamotoi (from Honshu, Japan);
(b) P. setulosus (Hokkaido, Japan); (c) P. barbiger (central Thailand); (d) P. maculatus (central Thailand); (e) Pherolepis sp., 4th instar
(Kyushu, Japan); (f) Same, 5th instar.

(a)

(b)

(c) (d)

(e) (f)
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