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Carcass maintenance and biparental brood care in
burying beetles: are males redundant?
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Abstract. 1. Burying beetles inter small vertebrate carcasses that ultimately serve
as a food source for their developing young. The male remains with the female on
the carcass after the brood has been produced, purportedly to aid in the feeding and
protection of larvae. However, numerous laboratory experiments have failed to
demonstrate a beneficial effect of the male on the growth and survival of offspring.

2. A potential difficulty with laboratory studies is that beetles are typically held
under relatively benign conditions, protected from the biotic and environmental
challenges that they normally encounter. In nature, males may enhance offspring
survival by aiding the female in ridding the carcass of mould, and by helping to
preserve the carcass through the secretion of antibiotic substances in the beetles’
saliva. To examine more rigorously the potential benefits of male parental care, an
experiment was conducted under field conditions in which the reproductive output of
male—female pairs was compared to that of single females.

3. Beetles were induced to bury carcasses in soil inside rigid plastic tubes that had
been inserted into the ground. The experiment was a paired design involving pairs of
sisters reproducing in adjacent tubes; one sister reproduced alone, whereas the other
reproduced with the assistance of a male. Soil cores were recovered about 1 month
later, and examined for viable pupae.

4. There was no significant difference in the number of offspring produced by
single females and those reproducing with the assistance of the male, nor was there
any significant difference in total brood mass. These results suggest that any benefits
of extended male residency on the carcass do not stem from male participation in
carcass maintenance or provisioning young.

Key words. Burying beetlesNicrophorus vespilloidesparental care, reproductive
success, sexual selection.

Introduction processed further by the beetles, who strip it of its fur or
feathers and gradually form it into a tightly compacted carrion
Burying beetles (Coleoptera: Silphidadlicrophorug inter ball (Pukowski, 1933). Larvae hatch from eggs laid adjacent
small vertebrate carcasses that ultimately serve as a food sourceo the carcass, and make their way to the carrion ball where
for the developing young (Fabre, 1899; Pukowski, 1933). they are fed by the adults, who regurgitate partially-digested
Carcasses are often located by multiple individuals of both food directly into their mouthparts (Pukowski, 1933). The
sexes, but aggressive interactions typically lead to control of adults also excise a small opening in the integument of the
the carcass by a single male—female pair (Pukowski, 1933). carcass, allowing the larvae direct access to the interior of the
The resident male and female bury the carcass by passingcarcass. As the larvae continue to feed directly on the carrion,
underneath it repeatedly, creating a cavity into which the they gradually excavate a cavity in the carcass within which
carcass eventually falls. Once underground, the carcass iSthey reside. Both parents are present throughout the majority
of larval development, but the female remains on the carcass
Correspondence: S. K. Sakaluk, Ecology Group, Department of until larval development is complete (1-4 weeks), whereas the
Biological Sciences, lllinois State University, Normal, IL 61790-4120, male typically abandons the brood a few days earlier (Bartlett,
U.S.A. E-mail: sksakal@rs6000.cmp.ilstu.edu 1988; Scott & Traniello, 1990; Trumbo, 1991).
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The post-copulatory behaviour of male burying beetles has west Germany. Burying beetleNjcrophorus vespilloidesare
long been regarded as an exemplar of paternal care, butnaturally abundant at the site, but no other nicrophorine species
empirical evidence to support this interpretation is equivocal were active at the time of the study. Experimental subjects
(review in Eggert & Miler, 1997). In identifying potential were the offspring of beetles collected at the study site, and
benefits to males of their extended residency with the brood, reared under standardized conditions in the laboratory (e.g.
it is useful to distinguish between fitness benefits that arise Miiller, 1987; Miller & Eggert, 1990; Eggert, 1992). This
because of the improved defence of the carcass afforded byprotocol permitted selection of experimental subjects of known
the male’s presence, and those that arise through behavioursparentage, age and mating status; beetles used in experimental
that appear to be designed to enhance the health and nutritionakrials were all virgin and between 49 and 56 days old beyond
status of offspring, such as feeding of the young and the the adult moult. Two experimental treatments were established,
removal of mould from the carcass. Take-overs of buried gne in which a female was allowed to reproduce with the
carcasses by conspecific rivals or congeneric competitors posegssistance of a male, and the other in which a female was
a serious risk to the reproductive success of resident males, aggiven the opportunity to reproduce without the assistance of a
intruders invariably kill any larvae present on the carcass upon mgle, The experiment was a paired design involving full sibs:
its usurpation (Scott, 1990; Trumbo, 1990a). Field studies of for each female employed in one treatment, a full sib of that
Nicrophorus defodienandN. orbicollis have shown that male—  female was employed in the alternative treatment. In addition,
female pairs have a lower frequency of take-overs than do femgles of each full-sib pair were inseminated by males that
single females (Trumbo, 1990b, 1991; Robertson, 1993); in \yere themselves full sibs, but unrelated to the females. These
other studies, however, there was no difference in the retention ,aasures were taken to control for any genetically derived
of carcasses by pairs and single females at natural densities, 4 jation in reproductive output, and to increase the probability
and a difference emerged only when potential COMpetitors ¢ yetecting any differences attributable to treatment should
were confined experimentally over buried carcasses (Scott, such exist. A total of forty-six replicates was established

1990, 1994). . involving twenty-three paired females and twenty-three
Although the presence of a male may enhance offspring single females

23:1\2\/2'(:#::;3322 ;?g:g;’:: 25;‘?:25mOfetﬁ?(frsczzecr?esfise;griiTt Experimental beetles were transported to the field site, and
P P P ’ Y induced to bury 25-g mouse carcasses in soil inside rigid

from the male’s participation in parental care_and Carca_ssoplastic cylinders (15 cm diameter 20 cm long) that had been
maintenance are much less clear. Several studies have faile . - - g
inserted into the ground prior to introducing the beetles.

to demonstrate a beneficial effect of the male’s presence, .~ . . . -

. . . Cylinders were inserted into the ground with minimal
measured in terms of the number and size of offspring IC”Oducec}l’disturbance to the surface litter and without disturbing the
when ntial competitors and rivals were excl Bartl . ) . -

en potential competitors and rivals were excluded (Bartlett, integrity of the soil beneath. A small plastigrosophilatube

1 ; tt, 1 ; Reinki M 1 ;T 1991). . . . -
988; Scolt, 1989; Reinking & Niler, 1990; Trumbo, 1991) inserted into the soil core facilitated the recovery of adults that

One criticism that can be made of all these studies, however, had leted qucti d left th ; h
is that they have been conducted in the laboratory where the ad compieted reproduction and feft the carcass to search Tor
taddltlonal reproductive opportunities; adults emerging from

beetles have been held at a constant temperature in sterile peat; . - . 2

free of the normal environmental and biotic challenges. For 1€ S0il would invariably walk around the inside wall of the
example, it is known that both members of a breeding pair cylinder, falling |r_1to the plastic tube pos_ltloned along this
continually smear the carrion ball with oral and anal secretions Pathway. The cylinders were checked daily and any beetles
(Pukowski, 1933) that appear to inhibit the growth of fungal found_ln the plastic vials were removed from the apparatus.
hyphae and may also act as an antibacterial agent, retardingExPerimental adults were prevented from flying away by
the rate of decomposition (Halffteet al, 1983; Wilson & securing a metal strainer tightly over the top of each cylinder.
Fudge, 1984; Bartlett, 1988). If such behaviour serves to The mesh size of the strainer (1 mm) precluded access by
enhance the growth and survival of offspring, it is not likely ~conspecific intruders and hence the possibility of take-overs.
to be particularly relevant in a sterile laboratory environment. The mesh size was, however, sufficiently large to allow access
Moreover, in soil where carcasses are normally buried, parents of small carrion flies, which were observed on many of the
must contend with a number of other smaller arthropods that carcasses prior to their burial. The forty-six cylinders were
constitute potential parasites and predators of eggs and larvaearrayed in a grid pattern with five cylinders per row; the rows
(Pukowski, 1933). A fair assessment of the benefits of the and cylinders within rows were spaced 5m apart. Full-sib
male’s participation in brood care and carcass maintenancefemales were assigned to adjacent cylinders, minimizing
requires an experiment, conducted under natural conditions, environmental effects across treatments.

that permits the recovery of offspring of beetles allowed to  About 20 days after experimental beetles had buried their
reproduce in the field, and eliminates conspecific rivals and carcasses, the soil cores were recovered from the field. Cylinders
congeneric competitors as a confounding factor. The results of were readily extracted from the ground with their soil cores

one such study are presented here. intact. These were transported back to the laboratory where
the soil was slowly scraped away, thin layers at a time, to
Methods expose any beetle pupae without damaging them. The pupae

were rinsed with water to remove any soil clinging to them,
The study was conducted from September to November 1994 then weighed individually to the nearest milligram. Two
in the Mooswald, a forest preserve near Freiburg in south- correlated components of fitness, total number of offspring
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produced and total brood mass, were determined for each1991; Adams & Anthony, 1996), so power estimates must
replicate. Whenever a pupa was damaged upon its extractionbe regarded as conservative. Paitddsts had low statistical
from the soil, the mean mass for the remaining intact members power at small effect sizes, but moderate to high power at
of the brood was determined, and this value was assigned tolarger effect sizes (Table 1). Approximately 400 replicates
the damaged pupa; this same protocol was adopted for larvae(200 in each treatment) would be required to obtain a power
that had not yet pupated. Together, such cases accounted foof 50% at the observed effect size, which was less than the
less than 5% (34/722) of all offspring recovered. small effect size as defined by Cohen (1988).

Differences across treatments in the number of offspring  Of the eight females that failed to produce any offspring,
produced and total brood mass were analysed using both pairecthree (all single females) opted not to bury the carcass with
t-tests and randomization tests; the former are more familiar which they had been provided. Since a female’s decision to
to animal behaviourists, but the latter have greater statistical bury a carcass may be predicated, in part, on her assessment
power (Manly, 1991). Randomization tests were conducted of whether a given reproductive attempt is likely to succeed,
usingRrT, a statistical program for personal computers designed which in turn may hinge on the assistance provided by a male
to perform a variety of randomization procedures (Manly, partner, it seemed prudent to include these cases in the
1991, 1992). Specifically, a one-sample, paired-comparison testcomparison of the reproductive output of single and paired
was used, in which the sign (negative or positive) of each females. Strictly speaking, however, the study was designed to
observed difference between members of sibling pairs was identify the benefits of a male’'s extended residency following
assigned randomly, and the resulting differences summed. carcass burial. Accordingly, the data were re-analysed, deleting
The randomization procedure was repeated 5000 times, asvalues for the three sibling pairs in which the single female
recommended by Adams & Anthony (1996). The proportion failed to bury the carcass. Differences between treatments
of sums generated by these multiple randomizations that wasremained non-significant (number of offspring: paired
further from zero than the observed sum of differences, yielded 18.0*+ 2.4 vs. single = 16.8* 2.8; total brood mass (g):
the two-tailed probability associated with the test. paired= 4.4+ 0.6 vs. single= 3.9+ 0.7; allP = NS for both

pairedt and randomization tests).

Results
Discussion

Paired females produced, on average, 2.3 offspring
(£ SE) (= 23, range = 0-35), whereas single females Male and female burying beetles fly independently in search
produced 14.6- 2.7 (= 23, range = 0-41). A greater of carrion and if a female locates a carcass that has not attracted
proportion of single females (6/23) than paired females (2/23) any prospective mates, she may opt to bury it herself, using
failed to produce any offspring, but this difference was not sperm from previous matings with which to fertilize her eggs
significant (Fisher's exact testP = 0.24). A frequency (Pukowski, 1933; Mlier & Eggert, 1989). In such instances,
distribution of the difference in the number of offspring females tend the larvae without the assistance of a male.
produced by paired females and their single siblings is shown Experimental treatments accurately reflect therefore the
in Fig. 1. There was no significant difference in the number of uniparental and biparental breeding arrangements commonly
offspring produced across treatments, as assessed either by thebserved in nature (e.g. Scott & Traniello, 1990; Trumbo,
paired t-test ¢ = 0.71, P = 0.48) or the randomization test 1991; Eggert, 1992).
(P = 0.25). In the present study, there was no difference in the

The mean total brood mass of paired females was reproductive success of females reproducing with or without
412+ 0.61g 6=23, range= 0-9.65), compared to the assistance of a male. This result suggests that under natural
3.36 £ 0.65 g for single femalex(= 23, range= 0-8.97). A conditions, a single parent is sufficient to maintain the carcass
frequency distribution of the difference in total brood mass of and provide the level of provisioning needed for larval
paired females and their single siblings is shown in Fig. 2. development. It is possible, however, that the apparatus used
There was no significant difference in total brood mass across to confine the beetles may have resulted in the exclusion of at
treatments, as assessed by either the paitedt ¢ = 1.10, least some potential competitors, thereby reducing potential
P = 0.28) or the randomization tes®? & 0.15). benefits of a male’s participation in parental care. Because

Thomas & Juanes (1996) recommended the use of power each plastic cylinder formed an impenetrable sidewall around
analyses as a supplement to statistical tests that result inthe brood chamber, competition or predation could only have
non-significant results. The power of the pairgdests come from soil arthropods initially inside the plastic wall, or
was determined at small, medium and large effect sizes, those climbing under or back up through the cylinder. The
respectively, as defined operationally by Cohen (1988). strainers placed over the plastic cylinders permitted access of
Cohen (1988) provides no power tables for randomization small carrion flies but could have been a barrier to larger
tests, nor are such tests incorporated in the power analysisspecies. However, large carrion flidsu€ilia spp.,Sarcophaga
software currently available (see Thomas & Krebs, 1997). spp.) readily oviposit or larviposit through the mesh of the
However, computer simulations have shown that strainers, leading to the production of viable larvae (personal
randomization tests have the same or greater power thanobservation), so it seems doubtful that the design of the
their parametric and non-parametric counterparts (Manly, apparatus reduced competition from flies.
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Single female favoured Paired female favoured

Difference in number of offspring produced

Fig. 1. Frequency distribution of the difference in the number of offspring produced by paired females and their single siblings. Bars to the right
of the zero represent cases where the paired female produced more offspring; those to the left of the zero represent cases where the single female
produced more offspring. There was no significant difference between the two treatPents Z5).
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Difference in total brood mass (g)

Fig. 2. Frequency distribution of the difference in total brood mass of paired females and their single siblings. Bars to the right of the zero represent
cases where the total brood mass of the paired female was higher; those to the left of the zero represent cases where the total brood mass of the
single female was higher. There was no significant difference between the two treathen@15).

The potential benefits of parental care may vary according Male burying beetles remain with females on the carcass
to spatial and temporal variation in the number of competitors. for extended periods, even in populations where congeneric
With respect to the level of competition realized in the present competitors are absent and the occurrence of conspecific take-
study, it appears that a male’s presence does not appreciablyovers is rare or absent (review in Eggert & Néw, 1997).
enhance offspring fithess beyond that accruing through the Under such circumstances, the extended residency of the male
improved defence of the carcass against conspecific rivals appears to be paradoxical, given the absence of any benefits
and congeneric competitors. However, the ubiquity of this afforded by his presence. Given the scarcity and ephemeral
conclusion must await the results of other field studies nature of carrion, it could be argued that costs of an extended
conducted at other times and locations. male residency are minimal, as a male would be unlikely to

© 1998 Blackwell Science Ltdzcological Entomology23, 195-200



Paternal care in burying beetles 199

Table 1. Power analysis of pairetitests used to analyse differences majority of brood development has been completed may

in reproductive output of paired females and their single siblings. jncrease a male’s fertilization success in subsequent batches of

Effect sizes are as operationally defined by Cohen (1988). eggs laid by females upon the location of other carcasses. This
would be especially important in those cases in which the

Number of offspring Total brood mass (g) female locates a carcass on which no male is present, because
Difference in females readily bury carcasses in the absence of a mate, using
number of Difference in stored sperm from previous matings to fertilize .their eggs
Effect size offspring Power brood mass Power (PUkOWSkl, 1933, Muer & Eggert, 1989) |n COﬂC|USIOn, Untl|
the potential benefits to males of multiple matings have been
Small 2.4 0.12 0.60 0.14 assessed, efforts to assign a parental care function to male
Medium 6.0 0.55 1.50 0.58 postcopulatory behaviour should be regarded as premature.
Large 9.6 0.90 2.41 0.94
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