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Abstract A positive correlation between the parental effort
of a male and female should promote stable biparental care.
Risk-taking (as assessed by injuries) against infanticidal
intruders by Nicrophorus pustulatus females was expected
to be low when females had a low probability of successful
defense of the young. I tested the hypothesis that when the
presence of a male partner increased the probability of
successful defense from low to moderate that female risktaking would increase. Single females and pairs with first
instar larvae were confronted by potentially infanticidal
male and female conspecific intruders. Male intruders
routinely took over nests from unpaired females (30 of 36
trials). Unpaired females and male intruders were injured
infrequently, indicating less intense fights despite the high
probability of infanticide. A resident female defending
against a male intruder was injured more often when paired
than unpaired, suggesting greater risk-taking. A male parent
that delays desertion, therefore, receives fitness benefits not
only from his own defense of the young, but from greater
female defense against male intruders as well. It is hypothesized that the threat of infanticidal takeovers by males
promotes extended biparental care in burying beetles. When
the intruder was female, on the other hand, a female parent on
her own had a moderate probability of successfully defending
the brood (22 of 36 trials). The presence of a male partner
against female intruders almost guaranteed successful defense
(35 of 36 trials) and female intruders did not appear to contest
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pairs vigorously. Against female intruders the presence of a
male partner did not significantly change injury rates of the
defending female.
Keywords Parental care . Brood defense . Infanticide .
Parental effort . Cooperation

Introduction
Parental defensive effort and willingness to take risks, like
other contest behavior, will vary with resource-holding
potential (Parker 1974) and the relative value of winning a
contest by the two contestants (Houston and McNamara
1988). A parent defending against a potentially infanticidal
intruder might be expected to take few risks when the
probability of a successful outcome is low and defensive
effort of the parent is unlikely to alter the outcome (reviews
in van Schaik and Janson 2000). Similarly, if the intruder
has low resource-holding potential or the reproductive
value of committing infanticide is low, then the intruder is
not expected to take risks. In both cases, injuries are
expected to be infrequent. The greatest escalation of
potentially infanticidal encounters and the highest probability of injury are expected when both the parent and
intruder place a high value on a successful outcome and
both individuals assess that the probability of winning is
non-trivial (Palombit 1999; van Schaik and Janson 2000).
Our understanding of contests between two individuals
(Enquist and Leimar 1987, 1990; Riechert 1998) can be
an important starting point to understand the dynamics of
biparental defense of the young.
The way that each parent responds to the presence and
effort of its partner will affect the parenting system and the
success of the brood. Because parental effort exacts costs
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on the individual providing care while benefits accrue to
both parents (Lessells 2006), we anticipate conflicts of
interest over how much care each provides (Houston et al.
2005; Trivers 1972). Our typical expectation is that greater
parental effort by one parent will lead to less effort by its
partner (Chase 1980; Houston and Davies 1985).
If, on the other hand, the presence of a second parent can
increase the probability of success from low to moderate
then risk-taking by the first parent might be expected to
increase. In this case, the defensive effort of the two parents
would be positively correlated; when the second parent
delays desertion and defends it receives fitness benefits not
only from its own effort but also from greater defensive
effort by its partner. This would be expected to promote a
stable biparental association.
The necessary conditions to test this hypothesis are met
in burying beetles. Unpaired females or male–female pairs
produce broods on a small vertebrate carcass (Eggert and
Müller 1997; Müller et al. 2007; Scott 1998a). An
infanticidal intruder of either sex might discover the
resource and attempt to kill the brood, mate with the
opposite-sex resident, and use the resource for a replacement brood (Trumbo 1991; Trumbo and Valletta 2007).
Infanticidal takeovers in burying beetles are a regular
occurrence in the field (Nicrophorus orbicollis, Robertson
1993; Scott 1990; Nicrophorus vespilloides, Suzuki 2000)
and produce direct genetic benefits for intruders (Trumbo
1990b). Both heterospecifics and conspecifics, and both
males and females exhibit infanticide (Koulianos and
Schwarz 2000; Suzuki 2000; Trumbo 1990a, 2006; Wilson
et al. 1984). Unpaired females are especially vulnerable to a
takeover by a conspecific male (N. orbicollis, Robertson
1993; Scott 1994; Trumbo 1990b). After the brood reaches
the second instar, the value of the resource for an intruder
declines rapidly and contests are infrequent (Trumbo and
Valletta 2007).
Burying beetles are facultatively biparental with females
remaining near the nest until larvae disperse. The male
typically leaves earlier, but the timing of male desertion
varies with the vulnerability of the brood (N. orbicollis,
Scott 1998b; Trumbo 1991). The male and female partners
recognize each other by a “parental” pattern of cuticular
hydrocarbons and will attack any nonparental intruder (N.
vespilloides, Müller et al. 2003). The added presence of a
male reduces the probability of a takeover (N. orbicollis,
Robertson 1993; Scott and Gladstein 1993; Trumbo and
Fiore 1994), but the effect of the male’s behavior on female
defense of the brood, critical information for understanding
why biparental care is maintained, is not known for any
species of Nicrophorus.
Nicrophorus pustulatus Herschel, the subject of the
present study, will breed readily on carcasses or snake eggs
in the laboratory (Blouin-Demers and Weatherhead 2000;
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Trumbo and Valletta 2007). In the field, N. pustulatus is
readily trapped at well-rotted carrion on which it feeds but
the primary resource for breeding is likely snake eggs (Smith
and Trumbo, unpublished data). Nicrophorus pustulatus is
apparently undergoing a remarkable host shift while retaining the ancestral ability to prepare carcasses for breeding.
Despite this host shift, N. pustulatus exploiting carrion has a
very low rate of brood failure and a high conversion
efficiency of resource to offspring compared to other
Nicrophorus spp. Nicrophorus pustulatus is also very
aggressive, protecting larvae and contesting for carcasses
(Trumbo 2007), making it an amenable subject for testing
hypotheses of parental defense of offspring.
In this study, I test the hypothesis that there are competitive
interactions where the effort of one parent will be positively
correlated with the presence of a second parent; specifically,
that a single female with a low probability of preventing a
takeover and infanticide against a male intruder will not risk
injury defending the brood, but that risk-taking will be higher
when she is paired with a male who also defends. I will also
show that this positive correlation of male and female effort
cannot be explained sufficiently by a third variable such as
similar responses to changing brood value (e.g., Carrillo and
Aparicio 2001) or to an altered level of threat (e.g., Itzkowitz
et al. 2005). Interactions with female intruders were also
examined in which the presence of a male partner was
expected to increase the probability of successful defense
sufficiently that intruders would not vigorously contest for
the resource.

Materials and methods
General methods
A colony of N. pustulatus was established from wild-caught
beetles baited with well-rotted carrion in the research forest
of Berea College, Kentucky. Experimental subjects were
maintained on a 15 L: 9D cycle at 21±1°C and fed scraps
of chicken liver for 25–35 days before experimental trials.
Pronotal width was measured at the widest point with
digital calipers. Subjects were isolated in a small container
(9 cm diameter) with water the day before a trial. All
individuals (residents and intruders) were uninjured at the
start of the trial.
Subjects for a particular replicate were of the same age.
Mean pronotal size of residents was held equal across
treatments because body size is related to competitive
ability (Otronen 1988). Pronotal size of an intruder was 5–
10% greater than the resident(s) for that particular trial to
avoid the possibility that the resident(s) would always win
(Trumbo and Valletta 2007). All trials were run in covered
plastic containers (30×18×11 cm), 3/5 filled with soil, with
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a mouse carcass partially covered by a paper towel.
Intruders were introduced on the carcass without handling
(direct transfer from an isolating container to breeding
container). All carcasses were Mus musculus L., frozen
shortly after death, and thawed 24 h before experimental
trials. Mean carcass mass was equal across treatments.
Single females and pairs confronting an intruder
There were four treatments (N=36 per treatment): resident
female/male intruder, resident pair/male intruder, resident
female/female intruder, and resident pair/female intruder.
All trials began with a male–female pair established on a
24- to 29-g carcass. On day 4, trials were checked to
determine whether first instar larvae were present. If not, the
setup was checked for larvae again on day 5 (two of 144
setups did not have larvae by day 5; these were excluded and
replaced with beetles from the colony to maintain the original
sample size). Once larvae were present, the male resident was
removed in one-half of the trials (single female trials); the nest
was similarly disturbed, but no parents were removed in trials
with a defending male–female pair. In this way, broods
defended by pairs and single females had received equivalent
parental care, and would be of equivalent value just before the
manipulation.
A male or female intruder was then introduced during
their inactive period and covered with soil (the intruder
would typically discover the carcass about 6–8 h after
experimental removal of the male parent). After 2 days
(day 6 when the manipulation occurred on day 4), the
setups were checked again to determine whether any larvae
were present. The absence of any larvae and the presence of
the intruder on the carcass was scored as an infanticidal
takeover. The resident(s) and intruder were also checked for
injuries on legs and antennae. If larvae from the original
brood were present, the resident male (in trials with pairs)
and the intruder were removed (the resident male would
normally disperse about this time); removal prevents
injuries between male and female partners that are confined
beyond the normal paternal period. If larvae were not
present 2 days after the intruder introduction (evidence of
an infanticidal takeover), a defeated resident of the same
sex as the intruder was removed. Trials continued until the
original or replacement brood dispersed from the carcass.
Within 24 h of dispersing, the larvae were counted and
weighed.
Statistical analysis
Statistical analysis followed SAS (2000). Tests of frequency
employed a 2×2 contingency table analysis unless small
expected cell frequencies indicated Fisher’s exact test (all
reported values for Fisher’s exact test are two-tailed).
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Frequency data relating an outcome from an encounter to
two experimental variables were analyzed using a 2×2×n
log-linear analysis. Values for the interaction between
experimental variables are reported for frequency tests
whether or not the interaction was significant, following
Cox and Snell (1989). Two-way analysis of variance
(ANOVA) was used to compare the brood size and brood
mass after tests for homogeneity of variance.

Results
Single females and pairs confronting intruders
When a single female or pair was challenged by a male or
female intruder on day 4, the probability of a takeover and
complete infanticide of the brood was related both to the
number of residents defending and to the sex of the intruder
Fig. 1; G2No: of residents¼21:30, 1 df, P<0.0001, G2Sex of intruder ¼28:36,
1 df, P<0.0001, G2No: of residentsex of intruder ¼7:42, 2 df, P=0.02,
2×2×2 log-linear analysis). When considering only trials
involving a resident pair, the male resident was injured more
often than the female resident, and injuries to residents were
more common when the intruder was male rather than female
(Fig. 1; G2Sex of resident ¼4:36, 1 df, P=0.04, G2Sex of intruder ¼9:90,
1 df, P=0.002, G2Sex of resident  sex of intruder ¼0:88, 2 df, P =0.94,
2×2×2 log-linear analysis).
The results indicate that males may be more competitive
as intruders (Trumbo 2006) and may be more willing to risk
injury as parents. The behavior of the female parent appears
to be more context specific. When defending against a male
intruder, a female was more likely to be injured when
paired with a male than when alone (Fig. 1; P=0.025,
Fisher’s exact test). The higher injury rate when paired
occurred even though her brood was at less risk than when
she defended alone. The relative risk of injury to the
resident female when paired versus alone was 3.25 (1.26–
8.57, 95% CL) when confronting a male intruder. The
lower intensity of conflict between a single female resident
and male intruder was also indicated by a much lower
frequency of injuries to male intruders when facing single
females rather than pairs (P<0.001, Fisher’s exact test).
A low rate of injury for defending parents may be due to
either limited risk-taking by parents or to intruders that do
not vigorously attempt to take over resources and commit
infanticide. It is therefore revealing to examine injuries in
only the subset of trials in which a takeover and infanticide
occurred. When pairs defended against either male or
female intruders, or when single females defended against
female intruders, at least one resident was injured in 30 of
31 (96.8%) trials in which a takeover occurred. In these
three contexts, it is almost certain that the intruder will have
to fight intensely and injure a resident for the opportunity to
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Fig. 1 The number of trials (out of 36) in which a takeover and
infanticide occurred, and the frequency of injuries, when single
females and pairs were challenged by an intruder

use the resource for reproduction. The one context in which
an infanticidal takeover occurred and yet the parent was
infrequently injured was when males intruded on single
females. In this context, only three of 30 (10%) single
female parents were injured, significantly less often than in
other contexts (P<0.001, Fisher’s exact test). When a
male–female pair defended against a male intruder, there
were nine trials in which only one parent was injured. This
would be expected to be more often the male parent as
62.9% of injuries to defending pairs were on males. Taking
account of the higher injury rate on males, it is still unlikely
that by chance all nine cases of injury on just one parent
would be on the male (P=0.02, Binomial test; Fig. 2a). The
male parent has more to lose in this context. If a male
intruder takes over the carcass, the resident male will
achieve almost no reproductive success. The female parent,
however, has the opportunity to pair with the intruder and
to produce a replacement brood. When the intruder was
male, it was clear that females did not take risks unless her
partner took risks. In all 13 trials in which the female was
injured, the male parent was also injured (Fig. 2a). When
the intruder was a female, there were three trials in which
the female parent was the sole parent injured (Fig. 2b).
Although the presence of a male parent decreased takeovers, there was no effect of the male on brood production in
trials in which a takeover did not occur. Both brood size and
total mass of the brood were significantly related to the sex of
the intruder (brood size: F1,80 =4.11, P=0.05; brood mass:
F1,80 =12.69, P<0.001; Fig. 3), but not to whether a single
female or pair cared for the brood (brood size: F1,80 =0.52,
P= 0.47; brood mass: F1,80 = 0.002, P= 0.96, two-way
ANOVAs). The finding that brood production was smaller
when successfully defending against a female rather than a

Fig. 2 The number of injuries (out of 36) to male and female
residents in pairs when challenged by a male (a) or a female (b)
intruder

male intruder is consistent with an earlier study demonstrating greater interference by defeated female intruders
than by defeated male intruders (Trumbo and Valletta
2007).

Discussion
The hypotheses that single females with a low probability
of preventing infanticide should take few risks, and that the
presence of a defending male would increase female risktaking were supported in the context of male intruders. The
susceptibility of unpaired females of Nicrophorus to takeovers by males has been shown to be ecologically
important in the field in N. orbicollis (Robertson 1993;
Trumbo 1990b) and is likely the most common context for
a takeover. The female has an important incentive to deter
takeovers by male intruders when successful defense is
possible. A replacement brood after infanticide of first
instars by a male intruder will be approximately one-half
the size of her original brood (Trumbo and Valletta 2007).
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Fig. 3 The mean (± SE) brood mass produced by successful single
females and pairs that prevented takeovers when challenged by a male
or female intruder (sample sizes are at the base of the bars)

The behavioral response of the female to an intruder should
influence male desertion behavior.
A male that stays and provides care receives fitness
benefits not only from his own care, but also from greater
female effort against male intruders. A positive correlation
of female effort and male presence is hypothesized to
promote extended, biparental care.
Beyond the nest initiation phase, a positive correlation of
effort between the two parents is typically only expected
when the effort of both parents is correlated with a third
variable. For example, both parents may expend more effort
in defense as the value of the brood increases with age
(Carrillo and Aparicio 2001). Brood value was controlled in
the present study by keeping all females paired until shortly
before the introduction of the intruder. Broods from both
the single female and paired treatments had received similar
levels of parental care and were of similar value at the time
of the experimental manipulation, and again at the time
larvae dispersed from the nest in trials in which the intruder
was repelled (Fig. 3). A positive correlation of defensive
effort may also result when the effort of both parents
increase together in response to an increasing threat, or
decrease together to a decreasing threat (Itzkowitz et al.
2005; Taborsky and Foerster 2004).
In the present study the threat level (male or female
intruder) was controlled across the single female and pair
treatments, and all intruder introductions occurred at the
same stage of larval development. A low level of threat
cannot explain infrequent injuries to single females defending against a male intruder. When defending against males,
females were injured less often when defending alone and
the brood was most at risk (83.3% takeovers), and injured
more often when the male partner was present and the
brood was less at risk (44.4% takeovers). When the intruder

1721

was male, increased female risk-taking was related to the
presence of a male partner, not to a greater threat or higher
brood value.
Female parents were not injured more frequently when
paired if the intruder was female. Even without the help of
a male, a defending female had a moderately high
probability of preventing a takeover (22 of 36 trials). The
low incidence of injuries to pairs defending against a
female intruder likely reflects the low threat that female
intruders presented to pairs (only one takeover in 36 trials).
Pairs had three important contest asymmetries in their favor
against female intruders: two competitors versus one, the
intruder was of the less competitive sex (Trumbo 2006),
and the original brood had nearly three times the value of a
replacement brood by a female intruder (Trumbo and
Valletta 2007). In the majority of these trials (Fig. 2b), no
beetle (resident female, resident male, intruder female) was
injured. Residents were certainly ready to take risks against
female intruders. In the one trial in which a takeover
occurred, both the male and female parents were injured; in
13 of 14 trials in which a female took over a nest from a
single female, the resident female was injured.
In general, we expect a negative correlation of effort by
the male and female parent (Dawkins and Carlisle 1976;
Houston et al. 2005; Trivers 1972; Westneat and Sargent
1996), which is just one aspect of sexual conflict between
unrelated males and females (Arnqvist and Rowe 2005).
Conflict over care is accentuated with diminishing benefits
for increasing parental effort (Ratnieks 1996), incorporated
into almost all our models of biparental care (Chase 1980;
Houston and Davies 1985; McNamara et al. 1999; Winkler
1987). A competitive situation represents a discrete event
for which a threshold may have to be reached for benefits to
accrue (Trivers 1972). Parents should be sensitive to
situations in which one parent cannot meet the threshold.
The penalty for underinvesting can be far more severe for a
threshold model of parental effort as opposed to models
incorporating diminishing benefits.
McNamara et al. (2003) noted that with diminishing
benefits, a parent may be selected to withhold care even if
benefits from the next increment of care exceed costs, if
such effort makes it more likely that the partner will desert
or withhold care. When a threshold must be reached to
produce benefits, conversely, a parent may be selected to
provide care even if costs from the next increment of care
exceeds benefits, if such effort makes it more likely that the
partner will continue care.
The effect of group size on both the probability of
winning contests and the motivation to defend the young
need to be incorporated into studies of parental care. It
should not be surprising that in social groups, the critical
number of individuals participating in group-beneficial
behavior can have profound effects on the behavior of

1722

other group members (Valencia et al. 2006). In burying
beetles, it is likely that the greater success of pairs against
male intruders is a consequence of a synergism resulting
not only from having two defenders, but from having at
least one parent more motivated as well. Analyses of
models of contests in nonparental situations suggest that an
individual with a low probability of winning may not
compete intensely, despite a high value for a contested
resource (Enquist and Leimar 1983). Primates may represent a very different system in which the motivation to
defend young may depend on the presence of others willing
to defend. Female primates that are unaided may not
confront a potentially infanticidal male and are rarely
injured in such situations.
Defense may be more active if there is support from
other females or a male partner (see reviews in van Schaik
2004; van Schaik and Janson 2000). The threat of
infanticide has been proposed as a selective force for group
behavior (Sterck et al. 1997; Wrangham 1979) and
monogamy (Palombit 1999; reviews in van Schaik 2004;
van Schaik and Janson 2000). For logistical and ethical
reasons, it is difficult to perform controlled experiments on
infanticide in these groups. Among social insects, cooperation in competitive situations is thought to be a strong
binding force favoring the evolution of group behavior.
Even in incipient social groups, one task where the
effectiveness per capita may be higher in groups than for
solitary individuals is defense (Hölldobler and Wilson
2005).
Parental care in burying beetles is complex, not only
because it takes many forms but because of the mixture of
binding and dissolutive forces affecting the biparental
association. There are known conflicts over feeding the young
(Fetherston et al. 1994; Rauter and Moore 2004; Smiseth et
al. 2005); despite male participation in feeding young, his
presence does not increase the brood size or brood mass in
the absence of intruders (Jenkins et al. 2000; Sakaluk et al.
1998; Scott and Gladstein 1993; Smiseth et al. 2005; Trumbo
and Fernandez 1995, this study). Increased female risktaking in the presence of a male partner in high-threat
contexts may help to counter the dissolutive forces destabilizing biparental care in burying beetles. This is not to say
that there are no potential conflicts over defense as well. We
might expect conflict when the effort of one parent can easily
exceed a competitive threshold.
Given that a burying beetle with a brood intensely
attacks a same-sex intruder, the behavior of the partner
should be more nuanced. Important selective factors are
expected to be the relative value of the original brood
compared to a replacement brood for a resident that can pair
with the intruder, the difference in effectiveness of two
parents versus one, and the abilities of the male and female
parents to defend. Although conflicts over care exist for
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parental care in burying beetles, sexual conflict within the
biparental group may be moderated in a high-threat context
when the presence of a second parent increases the parental
motivation of its partner.
Acknowledgments NSF grant 9981381 and the UConn Research
Foundation supported the research. Richard Valletta assisted on the
project and was supported by an NSF REU supplement. I am grateful
to Claudia Rauter for supplying the Nicrophorus pustulatus to start a
lab colony. Camilla Hinde and Michelle Scott provided helpful
comments on the manuscript. Permission to collect was kindly granted
by the South Central Connecticut Regional Water Authority.
This research complies with current federal, state, and local law.

References
Arnqvist G, Rowe L (2005) Sexual conflict. Princeton University
Press, Princeton
Blouin-Demers G, Weatherhead PJ (2000) A novel association
between a beetle and a snake: parasitism of Elaphe obsoleta by
Nicrophorus pustulatus. Ecoscience 7:395–397
Carrillo J, Aparicio JM (2001) Nest defence behaviour of the Eurasian
kestrel (Falco tinnunculus) against human predators. Ethology
107:865–875
Chase ID (1980) Cooperative and noncooperative behavior in animals.
Am Nat 115:827–857
Cox DR, Snell EJ (1989) The analysis of binary data. Chapman &
Hall, New York
Dawkins R, Carlisle TR (1976) Parental investment, mate desertion
and a fallacy. Nature 262:131–133
Eggert A-K, Müller JK (1997) Biparental care and social evolution in
burying beetles: lessons from the larder. In: Choe JC, Crespi BJ
(eds) Social competition and cooperation in insects and arachnids: vol II. Evolution of sociality, vol II. Princeton University
Press, Princeton, New Jersey, pp 216–236
Enquist M, Leimar O (1983) Evolution of fighting behavior: decision
rules and assessment of relative strength. J Theor Biol 102:387–
410
Enquist M, Leimar O (1987) Evolution of fighting behavior: the effect
of variation in resource value. J Theor Biol 127:185–207
Enquist M, Leimar O (1990) The evolution of fatal fighting. Anim
Behav 39:1–9
Fetherston IA, Scott MP, Traniello JFA (1994) Behavioural compensation for mate loss in the burying beetle Nicrophorus orbicollis.
Anim Behav 47:777–785
Hölldobler B, Wilson EO (2005) Eusociality: origin and consequences. Proc Natl Acad Sci 102:13367–13371
Houston AI, Davies NB (1985) The evolution of cooperation and life
history in the dunnock Prunella modularis. In: Sibley RM, Smith
RH (eds) Behavioural ecology: ecological consequences of
adaptive behavior. Blackwell Scientific, Oxford, pp 471–487
Houston AI, McNamara JM (1988) Fighting for food: a dynamic
version of the hawk–dove game. Evol Ecol 2:51–64
Houston AI, Székely T, McNamara JM (2005) Conflict between
parents over care. Trends Ecol Evol 20:33–38
Itzkowitz M, Santangelo N, Cleveland A, Bockelman A, Richter M
(2005) Is the selection of sex-typical parental roles based on an
assessment process? A test in the monogamous convict cichlid
fish. Anim Behav 69:95–105
Jenkins EV, Morris C, Blackman S (2000) Delayed benefits of
paternal care in the burying beetle Nicrophorus vespilloides.
Anim Behav 60:443–451

Behav Ecol Sociobiol (2007) 61:1717–1723
Koulianos S, Schwarz HH (2000) Probability of intra- and interspecific encounters, and the duration of parental care in Nicrophorus
investigator (Coleoptera: Silphidae). Ann Entomol Soc Am
93:836–840
Lessells CM (2006) The evolutionary outcome of sexual conflict.
Philos Trans R Soc Biol Sci 361:301–317
McNamara JM, Gasson CE, Houston AI (1999) Incorporating rules
for responding into evolutionary games. Nature 401:368–371
McNamara JM, Houston AI, Barta Z, Osorno J-L (2003) Should
young ever be better off with one parent than with two? Behav
Ecol 14:301–310
Müller JK, Eggert A-K, Elsner T (2003) Nestmate recognition in
burying beetles: the “breeder’s badge” as a cue used by females
to distinguish their mates from male intruders. Behav Ecol
14:212–220
Müller JK, Braunisch V, Hwang W, Eggert AK (2007) Alternative tactics
and individual reproductive success in natural associations of the
burying beetle, Nicrophorus vespilloides. Behav Ecol 18:196–203
Otronen M (1988) The effect of body size on the outcome of fights in
burying beetles (Nicrophorus). Ann Zool Fenn 25:191–201
Palombit RA (1999) Infanticide and the evolution of pair bonds in
nonhuman primates. Evol Anthropol 7:117–129
Parker GA (1974) Assessment strategy and the evolution of fighting
behaviour. J Theor Biol 47:223–243
Ratnieks FLW (1996) Stable and unstable biparental care. Behav Ecol
7:490–493
Rauter CM, Moore AJ (2004) Time constraints and trade-offs among
parental care behaviors: effects of brood size, sex and loss of
mate. Anim Behav 68:695–702
Riechert S (1998) Game theory and animal contests. In: Dugatkin LA,
Reeve HK (eds) Game theory and animal behavior. Oxford
University Press, New York, pp 64–93
Robertson IC (1993) Nest intrusions, infanticide, and parental care in
the burying beetle, Nicrophorus orbicollis (Coleoptera: Silphidae). J Zool Lond 231:583–593
Sakaluk SK, Eggert A-K, Müller JK (1998) The ‘widow effect’ and its
consequences for reproduction in burying beetles. Ethology
104:553–564
SAS (2000) JMP statistics and graphics guide v. 4. SAS Institute, Inc,
Cary, North Carolina
Scott MP (1990) Brood guarding and the evolution of male parental
care in burying beetles. Behav Ecol Sociobiol 26:31–39
Scott MP (1994) The benefit of paternal assistance in intra- and
interspecific competition for the burying beetle, Nicrophorus
defodiens. Ethol Ecol Evol 6:537–543
Scott MP (1998a) The ecology and behavior of burying beetles. Ann
Rev Entomol 43:595–618
Scott MP (1998b) Facultative adjustment of the duration of parental
care by burying beetles. J Insect Behav 11:597–603
Scott MP, Gladstein DS (1993) Calculating males? An empirical and
theoretical examination of the duration of paternal care in
burying beetles. Evol Ecol 7:362–378

1723
Smiseth PT, Dawson C, Varley E, Moore AJ (2005) How do caring
parents respond to mate loss? Differential response by males and
females. Anim Behav 69:551–559
Sterck EHM, Watts DF, van Schaik CP (1997) The evolution of
female social relationships in nonhuman primates. Behav Ecol
41:291–309
Suzuki S (2000) Changing dominant–subordinate relationships during
carcass preparation between burying beetle species (Nicrophorus:
Silphidae: Coleoptera). J Ethol 18:25–28
Taborsky B, Foerster K (2004) Female mouthbrooders adjust
incubation duration to perceived risk of predation. Anim Behav
68:1275–1281
Trivers RL (1972) Parental investment and sexual selection. In:
Campbell B (ed) Sexual selection and the descent of man.
Aldine, Chicago, pp 136–179
Trumbo ST (1990a) Interference competition among burying beetles
(Silphidae, Nicrophorus). Ecol Entomol 15:347–355
Trumbo ST (1990b) Reproductive benefits of infanticide in a
biparental burying beetle Nicrophorus orbicollis. Behav Ecol
Sociobiol 27:269–273
Trumbo ST (1991) Reproductive benefits and the duration of paternal
care in a biparental burying beetle, Necrophorus orbicollis.
Behaviour 117:82–105
Trumbo ST (2006) Infanticide, sexual selection and task specialization
in biparental burying beetles. Anim Behav 72:1159–1167
Trumbo ST (2007) Can the “challenge hypothesis” be applied to
insects? Horm Behav 51:281–285
Trumbo ST, Fernandez AG (1995) Regulation of brood size by male
parents and cues employed to assess resource size by burying
beetles. Ethol Ecol Evol 7:313–322
Trumbo ST, Fiore AJ (1994) Interspecific competition and the
evolution of communal breeding in burying beetles. Am Midl
Nat 131:169–174
Trumbo ST, Valletta RC (2007) The costs of confronting infanticidal
intruders in a burying beetle. Ethology 113:386–393
Valencia J, de la Cruz C, Carranza J, Mateos C (2006) Parents increase
their parental effort when aided by helpers in a cooperatively
breeding bird. Anim Behav 71:1021–1028
van Schaik CP (2004) Sexual selection in primates. Cambridge
University Press, Cambridge
van Schaik CP, Janson CH (2000) Infanticide by males and its
implications. Cambridge University Press, Cambridge
Westneat DF, Sargent RC (1996) Sex and parenting: the effects of
sexual conflict and parentage on parental strategies. Trends Ecol
Evol 11:87–91
Wilson DS, Knollenberg WG, Fudge J (1984) Species packing and
temperature dependent competition among burying beetles
(Silphidae, Nicrophorus). Ecol Entomol 9:205–216
Winkler DW (1987) A general model for parental care. Am Nat
130:526–543
Wrangham RW (1979) On the evolution of ape social systems. Inf Sur
Sci Soc 18:335–368

