
INTRODUCTION

The evolution of parental care is a central issue in evolu-
tionary biology. Parental care has evolved numerous times in
many taxa (Clutton-Brock, 1991) and in at least 13 orders of
insects (Tallamy & Wood, 1986; Tallamy, 1994, 1999). Prime
movers of parental care are rich but ephemeral resources and the
threat of predation (Wilson, 1971). Parental care in insects
include protection of offspring, securing resources needed by
offspring and feeding offspring (Clutton-Brock, 1991; Tallamy
& Wood, 1986).

The complex biparental care of burying beetles (Silphidae:
Nicrophorinae: Nicrophorus) is well known and has received
considerable attention (reviewed in Eggert & Müller, 1997;
Scott, 1998). Nicrophorus exploits small vertebrate carrion as a
source of food for their young. Typically a male-female pair
prepares a carcass by burying it, removing hair, and rounding it
into a ball (Pukowski, 1933). Eggs are laid in the soil adjacent to
the carrion ball. After hatching, larvae crawl to the carrion ball
where they feed on parental regurgitations.

Despite extensive study, the origin of parental care within the
Nicrophorinae is still a mystery. Since all Nicrophorus species
studied to date show similar parental behaviour such as burying
carcasses, maintaining a nest, feeding young, and defense,
parental care is likely to be a synapomorphic character in this
genus (Eggert & Müller, 1997). The comparative method has
been a powerful tool in assessing the origin and evolutionary
history of parental care in many insect groups (Halffter &
Edmonds, 1982; Nalepa & Bell, 1997; Tallamy & Schaefer,
1997; Lin et al., 2004). The comparative method could not be
employed for silphid beetles, however, because no close rela-
tives of Nicrophorus are known to show parental care.

Ptomascopus and Nicrophorus are thought to form a mono-
phyletic group, with Ptomascopus apparently retaining more
ancestral traits than Nicrophorus (Peck & Anderson, 1985;
Dobler & Müller, 2000; Szalanski et al., 2000). Ptomascopus is
reported to lack developed parental behavior (Peck, 1982;
Trumbo et al., 2001). Ptomascopus exploits small vertebrate
carrion, like Nicrophorus, but does not bury or round the
carcass, or feed its larvae (Peck, 1982; Trumbo et al., 2001).

Trumbo et al. (2001), however, noted that Ptomascopus morio

Kraatz stayed on or near carcasses even after their larvae
hatched and their presence reduced competition with fly larvae.
We hypothesize that this behaviour is resource guarding and
may have additional positive effects on the brood. If this inter-
pretation is correct, P. morio demonstrates a simple form of
parental care, which may shed light on the origin of parental
care in Nicrophorus. In this paper, we test (1) whether P. morio

parents guard carrion and/or brood against competition from fly
larvae, and (2) guard their brood against a predator.

MATERIAL AND METHODS

All Ptomascopus morio beetles were caught in Naebo Forest
Park in Otaru, near Sapporo, situated in southwestern Hokkaido,
northern Japan using hanging traps baited with rotten meat. For
the experiments, a polyethylene container (15 × 15 × 15 cm)
was half-filled with soil and 15 g chicken meat was placed in
the center. These containers were placed in scavenger-proof
cages on the forest floor.

Guarding against carrion fly larvae

To test the effectiveness of care by single male and single
female beetles, male-female pairs were first established in con-
tainers with 15 g of chicken meat. Next, the male and female
were removed and individually placed in a new container either:
(1) several hours after (N = 23); (2) after oviposition had begun
(N = 22); or (3) after the larvae had hatched (N = 18). Each
male and female was provided a new carrion source (15 g fresh
chicken meat). When P. morio larvae hatched on the original
carrion, half of them were carefully transferred to new carrion
along with male parent and half with the female parent. Ten car-
rion fly larvae were also placed on the chicken meat at this time
(the carrion fly larvae were collected from chicken meat
exposed in the field on warm, sunny days). As a control, 10 car-
rion fly larvae were placed on 15 g of fresh chicken meat in a
container without a P. morio adult (N = 11). The number of fly
larvae was counted two days later.
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Guarding against predators

A pair of P. morio, along with chicken meat (15 g), was
placed in a container and checked daily. After P. morio larvae
were observed on the meat, both parents were either removed (N
= 18), or left in the containers (N = 20). The rove beetle,
Ontholestes gracilis, which is a common species at this site
(Ohara, 1995), was placed on each container at this time. To
increase the hunger of the rove beetles, they were starved for
3–4 days before the experiment (rove beetles were previously
fed on fly larvae). Two days after the introduction of the preda-
tor, the numbers of P. morio larvae were counted. Survival and
injuries of P. morio parents and rove beetles were also noted. As
a control, the number of P. morio larvae was also recorded in
containers with P. morio parents but no rove beetles (N = 16).

RESULTS

Almost all the fly larvae survived in the control trials. The
number of fly larvae that survived in the trial with the male P.

morio 3–4 h was not significantly different from the control
(Fig. 1). In the presence of the male parent there were fewer fly
larvae present at the time oviposition occurred (Fig. 1). When
the flies were introduced later, the parents were more vigilant,
especially the females and the number of fly larvae was signifi-
cantly reduced (Fig. 1; Holm’s method over U-test, P < 0.05).

Guarding against predators

No rove beetle predators died in trials without P. morio par-
ents, but 6 out of 20 died in the trials with parents present (P
=0.028, Fisher’s Exact test). No P. morio parents were injured
in trials with or without rove beetle predators.

When the predator was present, the number of P. morio larvae
that survived was greater when protected by their parents than
when unprotected (Fig. 2; one-way ANOVA, Turky-Krammer
method, F = 20.84, P < 0.0001). When protected, the number of
P. morio larvae that survived was not significantly different
from the control (no predator introduced).

DISCUSSION

Competition between Nicrophorus and carrion flies for car-
casses can be intense. Nicrophorus removes fly larvae during
carcass maintenance (rolling the carrion ball, treating the carrion
with oral and anal secretions) (Pukowski, 1933; Wilson 1983;

Wilson & Knollenberg, 1987; Scott, 1994). Trumbo (1992)
recorded that the number and mass of larvae of N. orbicollis

broods were smaller on fly-infested carcasses than on those not
infested with fly larvae. Suzuki (2000) reported that Nicro-

phorus reduces fly infestation in two ways: carcass burial and
carcass maintenance.

Trumbo et al. (2001) found that P. morio reduces the negative
effects of carrion fly larvae. Since P. morio does not bury or
maintain carcasses (Peck, 1982; Trumbo et al., 2001), it can
only control fly larvae by directly killing them. The present
study indicates that this behaviour reduces competition with fly
larvae and that female P. morio are more effective in this than
males. We consider that females may be more effective because
they are more often near the carcass after their larvae eclose
(Trumbo et al., 2001).

Nicrophorus parents also guard against predators and have
been shown to specifically reduce predation by rove beetles
(Scott, 1990). Similarly, we found that P. morio parents reduced
the predation on their brood and in some cases killed the preda-
tor. Since P. morio parents had access to a large quantity of car-
rion in the days before the introduction of the predator, their
aggressive behavior is unlikely to be due to hunger. Trumbo et
al. (2001) reported that P. morio do not protect their brood
against predators, but they only used conspecific beetles. Suzuki
et al. (2005) also found that P. morio females did not guard
against conspecifics. The present study indicates that P. morio

parents are more aggressive towards heterospecific predators.
The body lengths of P. morio and O. gracilis are similar. The

pronotal widths however, are quite different (P. morio mean =
4.3 mm, Nagano & Suzuki, 2003; O. gracilis mean = 2.9 mm,
Suzuki, unpubl. data). The broader P. morio may have a distinct
advantage in agonistic encounters; no P. morio adult were
injured in this study, whereas six of 20 rove beetles were killed.

Behavioural studies indicate that female Nicrophorus stay
close to their brood after their young hatch (Fetherston et al.,
1990; Rauter & Moore, 2004). A single female is sufficient to
protect a brood against predators (Scott, 1990). Since we used a
male-female pair of P. morio in the predation experiments, the
experimental design did not directly compare male versus
female defense of the brood. Since females are observed more
often near the carcass after the larvae hatch (Trumbo et al.,
2001) we suggest that most protection is provided by females.
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Fig. 1. Mean (± SE) number of fly larvae in the control
(hatched bar), in trials with the male parent (solid bars) and the
female parent (open bars). Bars with the same letter are not sig-
nificantly different (P < 0.05, Holm’s method).

Fig. 2. Mean (± SE) number of P. morio larvae in the control
(no predator, P. morio parents present) and in trials with a
predator in which the parents were present or absent. Bars with
the same letter are not significantly different (P < 0.01, Turky-
Krammer method).



Male and female P. morio differ in their pattern of association
with a carcass; males stay closer to the carcass before and
females after the larvae hatch (Trumbo et al., 2001). We have
evidence that males stay near and defend the carcass against
other males (Suzuki et al., 2005). Since female P. morio are not
aggressive to conspecifics (Suzuki et al., 2005), there must be
other reasons for females staying close to carcasses, especially
after the larvae hatch. Our results suggest that P. morio parents
reduced both fly competition and predation. We suggest that this
behaviour is a simple and possibly primitive form of parental
care within the nicrophorines. While the reduction in the
number of fly larvae might be attributable to simple predation
by P. morio, protection of their larvae against predators is
clearly parental care. This is the first record of parental care in a
silphid other than Nicrophorus.

Competition for resources and predation may be the eco-
logical factors leading to the evolution of parental care (Tallamy
& Wood 1986). “Bonanza” resources, in particular, may pro-
mote subsociality (Wilson, 1975). Since Nicrophorinae beetles
use small, defendable carcasses as food for their young, selec-
tion may favour parental investment. The origin of this parental
care has been intensely debated. Most silphid beetles use larger,
fly-infested carcasses for reproduction and do not show parental
care. Trumbo et al. (2001) suggested that clearing carcasses of
fly larvae and emission of a pheromone by males might be early
adaptations for exploiting small carcasses. Peck (1982) and
Trumbo et al. (2001), however, observed no parental behavior in
P. morio. Eggert & Müller (1997) hypothesized that parental
care in Nicrophorus evolved subsequent to the evolution of
burying small, manipulable carcasses. Our results indicate that
P. morio guard small carcass and their broods against both com-
petition from flies and predators, but do not bury carcasses.
Since killing fly larvae and defense against predators are also
found in Nicrophorus, our study indicates that a prolonged resi-
dence time and defense of the carcass and brood are plesiomor-
phic. These findings provide a new insight into the evolution of
parental care in Nicrophorinae beetles.
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