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Abstract—Subsociality involving provisioning for offspring has been reported for one shield
bug and three burrower bug species (Hemiptera: Pentatomoidea: Parastrachiidae and
Cydnidae: Sehirinae). We present the first report of subsocial behaviour in the burrower
bug Adomerus variegatus (Signoret), focusing on manifestations of maternal-care, specifically
the production of trophic eggs, guarding of offspring, and progressive provisioning. In our
study, each female produced an egg mass that included some trophic eggs. Prior to nymphal
hatch, females remained in their nests and showed egg mass guarding behaviour. Mothers
started provisioning behaviour a few hours after nymphal hatch. Each mother dragged a seed
(larger than her body) with her proboscis to the nest as food for the nymphs. These findings
suggest that A. variegatus shows maternal-care behaviours similar to those reported in some
other pentatomoid species and that trophic egg production and nest provisioning have evolved
as interrelated processes.

Résumé—On a signalé de la subsocialité comprenant de l’approvisionnement des rejetons chez
une espèce de punaises à écusson et trois espèces de punaises fouisseuses (Heteroptera:
Pentatomoidea: Parastrachiidae et Cydnidae: Sehirinae). Nous fournissons une première
attestation d’un comportement subsocial chez la punaise fouisseuse Adomerus variegatus
(Signoret), nous intéressant surtout aux manifestations des soins maternels, en particulier la
production d’œufs trophiques, la surveillance des petits et l’approvisionnement progressif.
Dans notre étude, les masses d’œufs de chaque femelle d’A. variegatus contiennent quelques
œufs trophiques. Avant l’éclosion des larves, les femelles demeurent au nid et ont un
comportement de garde de la masse d’œufs. Les mères commencent leur comportement
d’approvisionnement quelques heures après l’éclosion des larves. Chaque mère traı̂ne vers le
nid une graine (plus grande que son propre corps) avec son rostre comme nourriture pour les
larves. Ces observations indiquent qu’A. variegatus possède des comportements de soins
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maternels semblables à ceux signalés chez d’autres espèces de pentatomoı̈des et que les patrons
de production d’œufs trophiques et d’approvisionnement au nid se sont développés comme des
mécanismes associés.

[Traduit par la Rédaction]

It is surmised that subsocial behaviour,

characterized by parental care for offspring,

promoting offspring survival, growth, and

development (Tallamy and Wood 1986),

has evolved independently several times in the

true bugs (Hemiptera) (Melber and Schmidt

1977; Tallamy and Schafer 1997). Females of

some species of burrower bugs (Cydnidae:

Sehirinae) and the closely related shield

bugs (Parastrachiidae) display maternal-care

behaviours, including egg guarding, produc-

tion of trophic eggs, protection of nymphs

against predators, and progressive provision-

ing (Filippi et al. 2001, 2008; Costa 2006).

Interestingly, the patterns of these behaviour

components vary somewhat among the closely

related species investigated thus far. It is

important to examine the range of variation

in such behaviour patterns to gain an under-

standing of the evolution of subsociality,

including provisioning, in the true bugs. In

this study, therefore, we studied the repro-

ductive behaviour of the sehirine burrower

bug Adomerus variegatus (Signoret) in the

field and laboratory, focusing on the produc-

tion of trophic eggs, protection of offspring,

and progressive provisioning. Prior to our

study, no information existed on parental care

in this species.

Adomerus variegatus inhabits deciduous

forests in northern Japan and Russia (Lis

2006); in Japan, it feeds solely on the winged

seeds of the Japanese elm, Ulmus davidiana

Planch. var. japonica (Rehder) Nakai (Ulma-

ceae) (Sato 2003). Bugs were collected and

observed in Shobugahama and Senjyuga-

hama, near Tyuzenji Lake, Tochigi Prefecture,

Japan (36u439N, 139u299E), on 5 May and 6–9

and 30 June 2008. Specimens were reared in

an incubator in the laboratory at 18 uC and

16L:8D. Approximately 10 males and 10

females were mixed in each of three clear-

plastic cups (13 cm 6 6 cm) containing a

moist Kimwipe. Five egg-guarding females

were transferred with their eggs to individual

clear-plastic cups (8 cm 6 4 cm) and fed seeds

of the host plant under the same conditions.

Just before nymphal hatch, females and their

egg masses were transferred from the cups

to rectangular plastic containers (26 cm 6
18 cm 6 5 cm) large enough to allow provi-

sioning behaviour to be observed, and kept at

23 uC under natural light. We prepared nests

by covering one corner of the bottom of the

container with a Kimwipe; the feeding site was

at the opposite corner. We provided the bugs

in each cup and each container with fresh host

seeds and water daily. Three females with their

egg masses were filmed with a video camera.

Eggs were laid in a spherical mass (Fig. 1a).

Eyespots were observed after 12 days and

synchronized nymphal hatch occurred 14 days

after oviposition. To count the viable eggs and

trophic eggs (nonviable eggs that served as

food for the nymphs), we carefully separated

the masses into small pieces. Some eggs in

each egg mass never developed eyespots. We

observed nymphs trying to insert their mouth-

part stylets into the eggs that had no eyespots.

These eggs shriveled and (or) disappeared

within 24 h, so we concluded that they were

trophic eggs prepared by the females before

nymphal hatch (Crespi 1992).

The numbers of total, viable, and trophic

eggs in an egg mass were 77.0 ¡ 1.0 (mean ¡

SE), 73.3 ¡ 2.3, and 3.7 ¡ 2.0, respectively

(n 5 3). The mass of the egg mass remained

constant during the egg-guarding period. This

suggests that after initial oviposition, no further

eggs are laid. We found no eggs in ovarioles

dissected out of five mothers 13 days after

oviposition. Thus, the pattern of trophic egg

production by A. variegatus is similar to that by

the shield bug Parastrachia japonensis (Scott)

(Parastrachiidae) (Hironaka et al. 2005).

During the egg-guarding phase, each female

remained in her nest with the eggs (Fig. 1b).

At the time of observation, we never observed

females feeding or found evidence (e.g.,

endosperm denaturation) that they had fed
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upon the seeds. Accordingly, we concluded

that the females guarded the egg masses

continuously for 14 days without feeding.

During the egg-guarding period, each female

held its egg mass under its abdomen with its

legs and exhibited defensive guarding beha-

viour, using its back like a shield in response

to stimulation with forceps. This behaviour

was only seen during the egg-guarding period.

We observed the provisioning behaviour of

three females in the laboratory and counted

the daily changes in their provisioning fre-

quency. Provisioning started immediately

after nymphal hatch (Fig. 2), peaked in

frequency at the 2nd nymphal moult, and

declined in the middle of the 3rd stadium. The

seeds were larger than the female’s body; each

female carried a seed by attaching its probos-

cis to the seed stalk, thus preventing the seed

wings from interfering with leg movement

(Fig. 1c). Under the rearing conditions

employed, nymphs gradually became inde-

pendent in the middle of the 4th stadium,

when they were approximately 12 days old.

On 30 June we observed nesting and

provisioning behaviour in the field. The nests

were located 1–3 cm under leaf litter or moss

(Fig. 1d). The numbers of nymphs and host

seeds in seven nests were 38.3 ¡ 15.3 (mean ¡

SE) and 5.1 ¡ 2.3, respectively. The seed-

carrying behaviour of 31 provisioning females

observed in the field for 1 h between 1500 and

1600 was similar to that of the females in the

laboratory.

Fig. 1. Female, eggs, and nymphs of Adomerus variegatus: a, egg mass just before hatch; b, female guarding

egg mass in the nest; c, female carrying Ulmus seed; d, female (arrowhead) with 1st-instar nymphs (dotted

circle). Photographs b, c, and d were taken under natural conditions.
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In Hemiptera, a detailed quantitative

assessment of the daily provisioning pattern

in the laboratory has only been reported for

Canthophorus niveimarginatus Scott (Cydni-

dae: Sehirinae): during the 1st stadium,

nymphs feed solely on pre- and post-hatch

trophic eggs, and maternal provisioning beha-

viour begins at the start of the 2nd stadium

(Filippi et al. 2008). It is also known that

P. japonensis (Tsukamoto and Tojo 1992) and

the burrower bugs Sehirus cinctus (Palisot)

(Sites and McPherson 1982; Kight 1997) and

Adomerus triguttulus (Motchulsky) (Nakahira

1994) begin provisioning in the 1st instar.

While P. japonensis (Hironaka et al. 2005) and

A. triguttulus (Nakahira 1994) may produce a

high number of prehatch trophic eggs (up to

one-third of the egg mass), none of these

species are known to provide posthatch

trophic eggs (data for these species and

A. variegatus are summarized in Table 1).

In our study, female A. variegatus produced

a few prehatch, but no posthatch, trophic eggs

and actively provisioned their nests during the

Fig. 2. Daily changes in the frequency of provisioning of three nests by female Adomerus variegatus under

laboratory conditions. The seeds carried into the nest were counted daily. Each line represents one female.

The duration of each stadium is indicated.

Table 1. Patterns of trophic egg production and provisioning in five species of pentatomoid Hemiptera.

Sehirus

cinctusa

(Cydnidae)

Adomerus

triguttulusb

(Cydnidae)

Canthophorus

niveimarginatusc

(Cydnidae)

Parastrachia

japonensisd

(Parastrachiidae)

Adomerus

variegatus

(Cydnidae)

Timing of trophic

egg production

Not known Prehatch only Pre- and

post-hatch

Prehatch only Prehatch only

Start of provisioning 1st stadium 1st stadium 2nd stadium 1st stadium 1st stadium

Clutch size (mean ¡

SE)

120–150e 69.2¡5.7 64.0¡3.1 130.5¡5.1 77.0¡1.0

No. of trophic eggs

(mean ¡ SE)

—f 31.6¡1.7 6.2¡1.2 (prehatch);

26.1¡0.4

(posthatch)

41.7¡1.8 3.7¡2.0

Note: Standard errors were calculated by H.M.
aFrom Sites and McPherson (1982) and Kight (1997).
bFrom Nakahira (1994).
cFrom Filippi et al. (2008).
dFrom Tsukamoto and Tojo (1992); Hironaka et al. (2005).
eMean and SE not available.
fData not available.
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1st nymphal stadium. These findings, taken in
the context of previous reports on related

species (Table 1), suggest that patterns of

trophic egg production and provisioning have

evolved as interrelated processes. However,

the ecological and physiological conditions

under which provisioning behaviour evolved

in pentatomoid bugs remain unclear. Com-

parison of maternal-care behaviours among
these subsocial bugs will contribute signifi-

cantly to our understanding of why progress-

ive provisioning evolved in this group.
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