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Abstract

Suzuki

Provisioning the young is an important form of insect parental care and is believed to improve
the survival and growth of the young. Anisolabis maritima Bonelli (Dermaptera: Anisolabididae)
is a cosmopolitan species of earwig that shows sub-social behavior in which the females tend
clutches of eggs in soil burrows. The defensive and provisioning behaviors of these females
were examined in this study. When disturbed, maternal individuals abandoned the nest less than
non-maternal individuals. Females brought food to the nest after their eggs hatched, and the
survival of the nymphs was increased by provisioning. Even when mothers were removed,
providing food to the nymphs increased survival as well as when the nymphs were provisioned
by the mother. These results show that A. maritima mothers provision the nymphs and that this

provisioning improves their survival.
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Introduction
|

Parental care has evolved considerably across
several taxa of animals (Clutton-Brock 1991).
In insects, parental care is not common, but it
is known in different lineages. Several insect
species have developed parental care that
varies in its form and degree of sociality
(Tallamy and Wood 1986; Costa 2006).
Guarding of eggs and early-stage nymphs is
the type of parental care most frequently
observed, and is believed to have evolved in
response to intense arthropod predation
pressure (Costa 2006). Provisioning, an
advanced form of parental care, has been
reported for several insect species (Scott
1998), and progressive provisioning, parents
repeatedly transporting food to their young,
has also been reported (Filippi-Tsukamoto et
al. 1995; Filippi et al. 2001). Although
progressive provisioning would enhance the
survival of young, there have been few
reports on species showing progressive
provisioning other than in Hymenoptera and
Isoptera.

All earwig (Dermaptera) species studied to
date exhibit parental care (Lamb 1976),
however, the extent of care varies greatly
from species to species (Vancassel 1984). For
example, Tagalina papua shows only egg
guarding (Matzke and Klass 2005), but the
hump earwig, Anechura harmandi, mothers
guard and clean the eggs and are killed and
eaten by the first-instar nymphs before they
disperse from the nest (Kohno 1997; Suzuki
et al. 2005). Although nearly 2,000
Dermaptera species have been described
(Haas 2003), parental behavior has been
examined in only a handful of these species.
Furthermore, the mothers of some species
have been reported to provision their nymphs
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(Shepard et al. 1973; Lamb 1976; Rankin et
al. 1996; Kolliker 2007), but the effect of
provisioning on the survival of the nymphs
remains unknown.

Anisolabis maritima Bonelli (Dermaptera:
Anisolabididae) is a cosmopolitan species
that shows sub-social behavior in which the
females tend clutches of eggs in soil burrows
(Bennett 1904). Mothers of this species bring
food to the nest (Guppy 1950). The present
study examined the maternal behavior of A.
maritima and focused on whether mothers
provision their nymphs progressively and
whether provisioning improves the survival
of the nymphs.

|
Materials and Methods
|
All A. maritima individuals were caught in a
field on the coast of Izumozaki, Niigata
Prefecture, Japan (138° 42’ 10” N, 37° 32
117 E) between late April and early May in
2008 and 2009. All females were coupled
with a male for 1-2 days prior to the start of
the experiment. After body length was
measured, the females were placed together
in a polyethylene container (12 x 8§ x 5 cm)
with some sand and a small stone as shelter.
The containers were maintained under dim
light conditions, at room temperature, and
under sufficient humidity. All individuals
were fed turtle food pellets ad libitum. All
containers holding a female with an egg mass
were checked daily. When hatched nymphs
were found, the containers were assigned to
an experiment.
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Observation of defending behavior

Some females before first oviposition were
assigned as non-caring females. Both non-
caring (n = 20) and caring (attending nympbhs,
n = 24) females were approached from the
front and gently touched on the back with
forceps three times. The initial responses
shown by the females during these
disturbances were recorded.

Observation of provisioning behavior

Bottle caps (25 mm in diameter, 10 mm in
depth) placed at a distance of 2-3 cm from the
burrow were used as food containers.
Immature (before dispersal) nymphs were not
able to enter the bottle cap to eat (S Suzuki,
personal observation). The food provided was
10 turtle food pellets (average 0.07 g total).
Each container (n = 16) was checked daily;
the number of remaining pellets were
counted, and pellets were added as necessary
to again keep a total of 10. When more than
half of the nymphs left the nest, or some
nymphs were found in the bottle cap, the
brood was considered to have dispersed.

Effects of provisioning on nymph survival

All containers holding a female with an egg
mass were checked daily, and when hatched
nymphs were found, the containers were
assigned randomly to an experiment. In the
mother-removal group (n = 14), mothers were
removed just after hatching and their nymphs
were maintained without food. In the feeding
group (n = 13), mothers were removed, and
10 food pellets per day were provided in the
nests as food. The leftover food was replaced
every day. In the non-feeding group (n = 14),
nymphs were maintained with the mother but
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no food was provided. In the control group
(n = 15), nymphs were maintained with the
mother and 10 food pellets per day were
provided in bottle caps to allow provisioning
by the mother. After eight days, the number
of surviving nymphs was counted.

|
Results
|
Observation of defending behavior
When disturbed by forceps, the females
showed three different response types: (1)
remaining immobile, (2) counterattacking, or
(3) running away. When a female ran away
from its initial position before the three taps
with the forceps were completed, it was
recorded as “escaped.” Since caring females
without disturbance always stay in the nest or
cover their nymphs, remaining immobile can
be regarded as a defensive behavior. Fifteen
out of 20 females not attending nymphs
escaped after three taps, but 19 out of 24
females attending nymphs did not (P=0.0006,
Fisher’s exact test, Table 1). Counterattacks
were observed in 3 cases of females attending
nymphs.

Observation of provisioning behavior

The females did not carry any food until after
hatching, when they began to carry food with
their mouth to the nest. The number of
instances of food carrying and dispersal days
are shown in Figure 1.

Nymphs dispersed from the nest in 5.9 + 0.9
days (mean + SD). There was leftover food in
most nests, though the pellets were crumbled
and could not be counted. Mouthpart-to-

Table I. Response of females to disturbance (3 taps with forceps).

Female response
condition escaped not escaped P*
caring 5 19 0.0006
not caring 15 5

*Fisher’s exact test
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mouthpart contact was not observed between
mothers and nymphs, and the nymphs ate the
food themselves in the nest.

Effects of provisioning on nymph survival
Fewer nymphs were observed in the broods
in both the mother-removal and non-feeding
groups than in the control and feeding groups
(Figure 2, F =20.3, d.f. =3, p < 0.01, Tukey-
Kramer method).

Suzuki

Discussion

|

Nesting and brood attendance are found
throughout the order Dermaptera (Costa
2006). Previous studies have reported food
provisioning to nymphs by earwig parents in
some species, based on observations of
mouthpart-to-mouthpart contact (Lamb 1976)
and direct evidence (Staerkle and Kolliker
2008). However, to the author’s knowledge,
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Figure 2. Effects of the presence of the mother and food provisioning on brood survival (mean + SE). Bars with
different letters are significantly different (Tukey-Kramer method, p < 0.05). High quality figures are available online.
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no research has been conducted to examine
the effect of provisioning on the survival of
the nymphs. The results of the present
experiments demonstrate that when mothers
are removed, fewer nymphs survive. When
food was provided to the nymphs whose
mother was removed, however, they survived
as well as when the mother was present. In
contrast, fewer nymphs survived under the
mother-removal  treatment (no  food).
Although the mortality factor was not directly
observed, the absence of dead nymphs in the
mother-removal treatment suggests sibling
cannibalism. Food con-sumption could be
quantified only on the family group level,
confounding  food  provisioning  and
larval/female self-feeding. Larval feeding and
self-feeding by mother could not be
distinguished in this study. However, since
nymphs before dispersal cannot enter a bottle
cap to eat, this result is direct evidence of
food provisioning by the mother. These
results indicate that food being provided for
the hatched nymphs is a prerequisite for their
survival.

Progressive provisioning is well known in
organisms from higher taxa such as birds and
mammals (Clutton-Brock 1991) and is
essential for the survival of young in these
altricial species. In contrast, reports of
progressive provisioning are rare among
insects other than species in Hymenoptera
and Isoptera. For example, the burrower bug,
Parastrachia spp., feed their nymphs fallen
drupes (Filippi et al. 2001; Kolliker et al.
2006), and crickets (Anuro gryllus spp.) breed
in underground burrows to which the mother
brings food for the young (Walker 1983).
Since A. maritima females brought food back
to the nest for several days (Figure 1), this
behavior can be regarded as progressive
provisioning. In another Dermaptera species,
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Forficula auricularia, females regurgitate
food (Staerkle and Kolliker 2008), but the
nymphs of A. maritima were not observed in
any mouthpart-to-mouthpart contact in the
present study. Since A. maritima mothers
provision food only by placing it in the nest,
food allocations to individual nymphs have
not been confirmed. However, since the
mothers provision increasing amounts of food
with increasing days from hatching (Figure
1), they could control food mass according to
the needs of the nymphs.

The results of the feeding group indicate the
self-feeding ability of the nymphs. Even in
the European earwig, which is reported to be
fed directly by the mother (Staerkle and
Kolliker 2008), nymphs are able to feed
directly, which is important to survival
(Kolliker 2007). The present study was
conducted under no predation risk and with
artificial food. In cases where there may be
no food for the nymphs in the nest, the
nymphs must leave the nest to feed without
provisioning by the mother. Sub-social insect
species showing progressive provisioning
often face a high predation risk of nymphs
(Filippi-Tsukamoto et al. 1995). Earwig nests
also suffer high predation pressure from
various animals (Kohno 1997; Kélliker and
Vancassel 2007). Many females attending
nymphs stayed in the nest even when
disturbed by the forceps (Table 1). Since this
can be regarded as defensive behavior,
reduced predation pressure is expected with
maternal attendance. Nymphs will suffer
from predation pressure and starvation
without mother attendance. Filippi et al.
(2000) demonstrated that in the sub-social
shield bug, Parastrachia  japonensis,
progressive provisioning enhances nymphal
survival  in  high  predation-pressure
environments by inhibiting nymphal dispersal
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from safe nesting sites. Staying in the nest Filippi L, Hironaka M, Nomakuchi S, Tojo S.

decreases the risk of predation, and 2000. Provisioned Parastrachia japonensis
provisioning by the mother decreases the risk (Hemiptera: Cydnidae) nymphs gain access
of starvation. to food and protection from predators. Animal

Behaviour 60: 757-763.
It is difficult to distinguish provisioning from o . .
young/female self-feeding. The present study  Filippi-Tsukamoto L, Nomakuchi S, Kuki K,

confirmed provisioning by A. maritima Tojo S. 1995. Adaptiveness of parental care
females by providing food using a barrier that in Parastrachia japonensis (Hemiptera:
nymphs can not cross and showing an Cydnidae). Annals of the Entomological
improved survival rate in the presence of Society of America 88: 374-383.

food. This provides evidence in favor of the
effectiveness of progressive provisioning and
defensive behavior by 4. maritima mothers
under laboratory conditions. Food
provisioning was the primary aspect of care
that influenced the benefits of maternal

attendance in the present study.
|
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