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Abstract: While studying the nesting ecology of black rat snakes (Elaphe obsoleta [Say]; Serpentes: Colubridae) in eastern
Ontario, we discovered that their eggs regularly contained larvae of the burying beetle Nicrophorus pustulatus (Herschel)
(Coleoptera: Silphidae). The beetle appears to be a parasitoid of the snakes, which may make this the first documented case
in which a vertebrate is the host of a parasitoid. Up to 100% of snake eggs in a nest were destroyed by beetles, indicating that
N. pustulatus may be a significant, and heretofore unrecognized source of egg mortality for oviparous snakes. Evidence
suggests that the association between these two species is well established, and that the beetle may also attack other species
of oviparous snakes. Identification of snake eggs as the substrate for reproduction by N. pustulatus solves the mystery of
where this species breeds. Also, the large amount of available biomass in communal black rat snake nests may explain why
N. pustulatus is so fecund relative to its congeners.
Keywords: black rat snake, Eiaphe obsoleta, burying beetle, Nicrophorus pustulatus, parasitoid, eggs.

Resume: Au cours d'une etude ecologique de la nidification de la couleuvre obscure (Elaphe obsoleta [Say]; Serpentes:
Colubridae) dans l'est de l'Ontario, nous avons decouvert que leursreufs contenaient regulierement des larves du scarabee
enfouisseur Nicrophorus pustulatus (Herschel) (Coleoptera: Silphidae). Le scarabee est un parasitoide des serpents et nos
observations semblent mettre en lurniere Ie premier cas oil un vertebre est l'hote d'un parasitoide. Jusqu'a 100 % des reufs
de serpents contenus dans un Did peuvent etre detruits par les scarabees, demontrant que N. pustulatus peut representer
une source de mortalite importante, precedemrnent insou~onnee, des reufs de serpents ovipares. Plusieurs observations
suggerent que l'association entre ces deux especes est bien etablie et que les scarabees attaquent sans doute d'autres especes
de serpents ovipares. L'identification des reufs de serpents comrne substrat de reproduction pour N. pustulatus resout Ie
mystere entourant Ie lieu de reproduction de cette espece. De plus, l'importante quantite de biomasse disponible dans les nids
comrnunautaires des couleuvres obscures explique pourquoi N. pustu.iatus est si fecond comparativement a ses congeneres.
Mots-cles : couleuvre obscure, Elaphe obsoleta, scarabee enfouisseur, Nicrophorus pustulatus, parasitoide, reufs.

in the wild (Robertson, 1992; Scott, 1998). Also, N. pustulatus
is approximately three times more fecund than congeners
on large (rat-sized) carcasses in captivity (Trumbo, 1992).
This high fecundity has led to the hypothesis that N. pustu-
latus must breed on large carcasses in the wild, although no
evidence in support of this hypothesis has been obtained
(Trumbo, 1992; Scott, 1998). The observations we report
here solve both the mystery of where N. pustulatus breeds
and why it is so fecund.

Material and methods
Observations on the association of N. pustulatus with

snake eggs were made as part of a long-term study of
the population biology of black rat snakes at the Queen's
University Biological Station, approximately 40 km north of
Kingston, Ontario. From 1997 to 1999 we implanted radio
transmitters in a total of 35 adult female black rat snakes
captured between emergence from hibernation in late
April to early May (Blouin-Demers, Prior & Weatherhead,
2000) and egg laying in July. To implant transmitters we
modified the surgical technique described by Reinert &
Cundall (1982). This involved using sterile techniques to
surgically implant a radio-transmitter in the body cavity of
the snake, suturing the transmitter to a rib to prevent its

Introduction
Identifying and quantifying the impact of major mor-

tality factors is fundamental to understanding the biology
of animal populations. The mortality factors affecting snake
populations are generally poorly known, particularly those
affecting snakes early in life (Parker & Plummer, 1987). The
black rat snake (Elaphe obsoleta [Say]) is no exception, and
because this species is in need of conservation (Prior, Gibbs
& Weatherhead, 1997), identifying its principal sources of
mortality is particularly important. Here we report evidence
suggesting that the burying beetle Nicrophorus pustulatus
(Herschel) may be an important cause of egg mortality for
black rat snakes.

Nicrophorus species typically reproduce by laying
eggs in the soil near small vertebrate carcasses they have
buried and prepared (Scott, 1998). Nicrophorus species
have been well studied because of their interesting commu-
nal and parental care behaviours. However, N. pustulatus
remains enigmatic. Typical of the genus, N. pustulatus
buries small mammal carcasses in the laboratory and
reproduces successfully. However, the species has never
been found to bury similar carcasses placed experimentally
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TABLE I. Incidence of parasitism by Nicrophorus pustulatus in black
rat snake eggs. Missing values for 1998 are for nests found in 1999

, .,Nest Percent parasitism Nwnber of adult
(Nwnber of eggs per nest) beetles per nest

Old eggs New eggs 1998 Neweggsl999 1998 1999
1-' 100.0 (12) 22.7(22) 16.0 (25) 3 4
2 66.7(12) 12.0 (25) (0) 2 0
3 30.4 (46) 30.8 (52) (0) 2 0
4 (0) 0.0 (15) (0) 0 0
5 27.3(11) 0.0(15) 0.0(12) 0 0
6 16.7 (72) 0.0 (Ill) 0
J"", () 0.0 23 "'...j( Q

migration inside the coelom, and leaving the antennae
between the epidermis and the outer body wall. For the
surgery we anesthetized snakes using isoflurane delivered
via a precision vaporiser. Fourteen of the 35 females repro-
duced in the year they were tracked, allowing us to follow
them to their nesting sites. Because female black rat snakes
often lay their eggs in communal nests, many of the females
tracked led us to the same nests.

Of the eight nests we discovered, seven were accessi-
ble. We excavated these seven nests in 1998 and 1999 and
removed both freshly laid eggs and egg shells remaining
from previous years. We initially excavated a nest when the
female we had tracked to the nest emerged and a sharp
decline in her body weight indicated she had laid eggs. We
subsequently excavated nests on a regular "basis to obtain
eggs laid by other females. Following each excavation we
returned nests as close to their original condition as possible.
Subsequent egg laying in these nests indicated that the dis-
turbance did not deter other snakes from using these nests.

Our original purpose in excavating nests was to obtain
information on black rat snake clutch sizes and to incubate
eggs to collect data on juvenile rat snakes. How~ver, upon
discovering beetle larvae in rat snake eggs and adult beetles
in the nests, we systematically documented the occurrence
of the beetles. We examined a total of 300 fresh snake eggs
and 153 egg shells from previous years. Beetle damage to
fresh eggs was evident from holes (12.5 :t 4.6 mm in diame-
ter) and larva in eggs, or smaller holes (2.6 :t 0.8 mm in
diameter) possibly made by adult beetles to feed and/or to
allow larvae access to eggs. We dissected 11 eggs containing
beetle larvae. We considered old eggs to have been
destroyed by beetles when shells had small circular holes
instead of large tears produced by the egg tooth of hatching
snakes. We collected several specimens of both larval and
adult beetles for identification. All animals were handled
and cared for in accordance with the principles and guide-
lines of the Canadian Council on Animal Care and our
experimental procedures had been approved by the Carleton
University Animal Care Committee.

Note: Nests 1-3 were located in hollow, standing dead trees, nest 4 in a
fallen dead tree, and nests 5-7 in piles of decaying vegetation. Nests with
more than 15 eggs represent more than one clutch. In each beetle assem-
blage found, there was always a single male and one or more females.

dipterans) and their hosts are arthropods, the definition of
parasitoid is often restricted to those taxa (Godfray &
Hassell, 1991; May, 1991). Thus, a burying beetle that is a
parasitoid of black rat snakes is a novel association, and to
our knowledge represents the first documented evidence of
a vertebrate being the host of a pilrasitoid.

Identifying rat snake eggs as a food source for N. pus-
tulatus not only solves the mystery of what N. pustulatus
uses as a breeding resource, but may also explain why the
species is so fecund. Rat snakes often nest communally, and
with an average clutch mass of 152 g (N = 41: G. Blouin-
Demers, unpublished data), the egg biomass in a nest with
the clutches of only two female rat snakes easily exceeds
the 230 g carcasses that produced large N. pustulatus broods
in captivity (Trumbo, 1992). It may be noteworthy that, at
least for our observations of freshly laid eggs, only nests
with more than one clutch of rat snake eggs were attacked
by the beetles. If further observations substantiate this
pattern, then the question arises as to whether communal
nests are more easily located by the beetles, or whether they
prefer these nests because they contain more resources.

N. pustulatus may have become parasitic by fIrSt exploit-
ing snake eggs that failed to hatch. Digging 15-45 cm in
loose organic material to access snake eggs is consistent
with digging exhibited by members of the genus when
digging to locate and access carcasses that have been buried
and prepared by other beetles (Trumbo, 1994). Our observa-
tions, the failure of N. pustulatus tp come to small carcasses
placed experimentally in the field, and N. pustulatus' high
fecundity in the laboratory, all indicate that the evolution of
N. pustulatus as a parasitoid of oviparous snakes is not a
recent event. In addition, reports of beetle larvae in black rat
snake eggs in Illinois (L. Keller, pers. comm.) and in fox
snake (Elaphe vulpina) eggs in southern Ontario (R.
Willson, pers. comm.) are sufficiently similar to our observa-
tions to suspect they also involve Nicrophorus species, and
most likely N. pustulatus. Thus, N. pustulatus may not only
be a specialist parasitoid of rat snake eggs, but may attack
the eggs of many oviparous snake species. However, some
of the northern distribution records of N. pustulatus fall out-
side the range of oviparous snakes (Anderson & Peck,
1985). Thus, N. pustulatus may still exploit vertebrate car-
casses in parts of its range, explaining the performance of
ancestral behaviours in captivity. Alternatively, turtles
might serve as hosts where snakes are unavailable.

Results and Discussion
We found adult beetles in three of the seven nests we

excavated, and beetle larvae and/or evidence of beetle dam-
age to eggs in six of seven nests (Table I). Dissection of
eggs containing beetle larvae confirmed that the snake
embryos were still alive in some of the eggs, so otherwise
viable eggs were being attacked. Overall damage levels
were high (up to 100% of eggs destroyed), and average
levels could have been higher had we not removed intact
eggs when we excavated nests. All adult and larval beetle
specimens were identified as N. pustulatus by Dr. Robert
Anderson of the Canadian Museum of Nature.

The association between the beetles and the snakes
appears to satisfy the criteria of being a parasitoid-host
relationship. Parasitoids differ from other parasites because
they are only parasitic as a larva, they are relatively large in
comparison with their host, and they always kill their host;
they differ from predators because each parasitoid larva or
group of larvae only attack and kill a single host individual
rather than several (Noble & Noble, 1971). Because known
parasitoids are insects (primarily hymenopterans and
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N. pustulatus is widespread in eastern North America
but is considered rare relative to other Nicrophorus species
(Anderson & Peck, 1985). Our observations suggest that
this species is not rare in nests of black rat snakes. Thus,
this species may be recorded more frequently as researchers
begin to look for it in association with snake nests. Should
this be the case, then N. pustulatus may prove to be an
important factor in the population biology of some snakes.
Establishing the importance of N. pustulatus is particularly
relevant for species such as Elaphe obsoleta, which are of
conservation concern (Prior, Gibbs & Weatherhead, 1997).

Acknowledgements
We thank R. Anderson of the Canadian Museum of Nature

for identifying the beetles, C. Godfray, S. Peck, R. Shine, I.
Robertson, S. Trumbo, and M. Scott for providing natural history
information, Queen's University for use of their Biological Station
facilities, and the Natural Sciences and Engineering Research
Council of Canada for financial support.

Literature cited
Anderson, R. S. & S. B. Peck, 1985. The Insects and Arachnids of

Canada, Part 13. The Carrion Beetles of Canada and Alaska.
Agriculture Canada, Ottawa, Ontario.

Blouin-Demers, G., K. A. Prior & P. J. Weatherhead, 2000.
Patterns of variation in spring emergence by black rat snakes
(Eiaphe obsoleta obsoleta). Herpetologica, 56: 175-188.

Godfray, C. & M. P. Hassell, 1991. Encapsulation and host-parasitoid
population biology. Pages 131-147 in C. A. Toft, A. Aeschlimann
& L. Bolis (ed.). Parasite-Host Associations: Coexistence. or
Conflict? Oxford University Press, Toronto, Ontario.

May, R. M., 1991. The dynamics and genetics of host-parasite
associations. Pages 102-128 in C. A. Toft, A. Aeschlimann &
L. Bolis (ed.). Parasite-Host Associations: Coexistence or
Conflict? Oxford University Press, Toronto, Ontario.

Noble, E. R. & G. A. Noble, 1971. Parasitology: The Biology of
Animal Parasites. Third edition. Lawrence Er1baum, Philadelphia,
Pennsylvania.

Parker, W. S. & M. V. Plummer, 1987. Population ecology. Pages
253-301 in R. A. Seigel, J. T. Collins & S. S. Novak (ed.). Snakes:
Ecology and Evolutionary Biology. MacMillan, New York.

Prior, K. A., H. L. Gibbs & P. J. Weatherhead, 1997. Population
genetic structure in the black rat snake: Implications for man-
agement. Conservation Biology, 11: 1147-1158.

Reinert, H. K. & D. Cundall, 1982. An improved surgical implanta-
tion method for radio-tracking snakes. Copeia, 1982: 702-705.

Robertson, I. C., 1992. Relative abundance of Nicrophorus pustu-
latus (Coleoptera: Silphidae) in a burying beetle community,
with notes on its reproductive behavior. Psyche, 99: 189-198.

Scott, M. P., 1998. The ecology and behavior of burying beetles.
Annual Review of Entomology, 43: 595-618.

Trumbo, S. T., 1992. Monogamy tl;) communal breeding: Exploita-
tion of a broad resource base by burying beetles (Nicrophorus).
Ecological Entomology, 17: 289-298.

Trumbo, S. T., 1994. Interspecific competition, brood parasitism,
and the evolution of biparental care in burying beetles. Oikos,
69: 241-249.

'1""


