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Across their range, Raccoons (Procyon lotor) will opportunistically exploit bats (Chiroptera) roosting in caves as a source
of food. During a significant mortality event associated with white-nose syndrome (WNS) at a cave in eastern Canada, we esti-
mate that Raccoons consumed 3169-3827 dead and dying Little Brown Bats (Myotis lucifugus) and Northern Long-eared
Bats (M. septentrionalis) infected with white-nose syndrome, equivalent to 62.0-74.9% of the total bat mortality at this site.
However, the generally small dispersal distances of Raccoons and their reduced activity during the period when bats are hiber-
nating suggest that Raccoons are likely not a significant vector for moving the fungus associated with white-nose syndrome,
Geomyces destructans, between most caves at this latitude. Nevertheless, since we show that significant numbers of bats can
be consumed in hibernacula through opportunistic feeding by Raccoons, estimates of in-cave mortality due to white-nose syn-
drome should incorporate any evidence of consumption of bats by Raccoons and other predators.
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White-nose syndrome (WNS) is a disease of hiber-
nating vespertilionid bats first identified at Howes Cave,
Albany, New York, in 2006 (Blehert et al. 2009). Since
then, the U.S. Fish and Wildlife Service has estimat-
ed that 5.7-6.7 million North American cavernicolous
bats have died following infection with the causative
agent, the recently described ascomycete, Geomyces
destructans (Lorch et al. 2011). Geomyces destructans
is a slow-growing, psychrophilic (cold-adapted) fungus
particularly well adapted to the cool, humid conditions
characteristic of bat hibernacula. The disease has been
described as the first sustained epizootic affecting bats
in recorded history, with deaths far exceeding the rate
and magnitude of any previously known natural or
anthropogenic mortality event in bats (Cryan et al.
2010). The disease has spread rapidly from its appar-
ent epicentre at a single cave and as of December 2011
has been confirmed in 17 U.S. states and 4 Canadian
provinces.

Currently, the means of transmission and spread of
Geomyces destructans are unknown (Foley et al. 2011).
Although bat-to-bat contact appears to be the most
likely means of routine dispersal (Lorch et al. 2011),
ectoparasites have also been suggested (Foley et al.
2011). Wildlife managers currently have few strate-
gies for controlling WNS that might reduce mortality
(Foley et al. 2011). Nevertheless, in an effort to slow the
spread of the disease, the U.S. Fish and Wildlife Serv-
ice and state agencies have closed caves on public lands
to recreational caving, and a detailed biosecurity proto-
col for those entering caves is now recommended

(U.S. Fish and Wildlife 2011%*). In New Brunswick, the
Department of Natural Resources is asking people to
avoid entering caves and abandoned mines that are
known overwintering sites for bats (New Brunswick
2011%).

Here we examine the implications of opportunistic
predation and scavenging by Raccoons on dying and
dead bats (Myotis spp.) for estimates of mortality due
to WNS. We also comment on the possibility that bat
mortality coupled with opportunistic feeding by Rac-
coons (and other mammals) on bats infected with WNS
could play a role in cave-to-cave transmission of Geo-
myces destructans.

Methods

WNS was first confirmed on hibernating vespertil-
ionid bats (Myotis lucifugus and M. septentrionalis)
in New Brunswick (Canada) at Berryton Cave
(45'52.524°N, 64'52.271°W), south of Moncton, on 15
March 2011. We made multiple visits to the site (six
visits between October 2010 and June 2011). During
our first encounter with bats with WNS (15 March
2011), we estimated mortality at 20% among the 6084
bats present in the hibernaculum. On the third and
fourth visits (20 and 21 April 2011), with bat mortality
estimated at 83%, we noted large quantities of Rac-
coon (Procyon lotor) feces at several sites starting at
the cave entrance and extending to 150 m into the cave,
which is 300 m long (Arsenault et al. 1997). Most of the
faeces were concentrated within 50 m of the entrance
in latrines, with scat of uniform diameter and blunt-
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ended, features typical for Racoon. The state of the
feeces (some fresh, some frozen into ice in the front of
the cave) and the overgrowth of fungi suggested one
or more animals had been resident in the cave or had
visited on multiple occasions over the previous month.
Tracks evident on the cave floor suggested much recent
Raccoon activity at the site (Figure 1). On 21 April we
collected 3100.3 g of Raccoon faces. On 10 June,
with only a small amount of ice still present in the
cave, we removed a further 1266.9 g of Raccoon feces
from the cave.

Pure cultures of G. destructans from samples collect-
ed from the Berryton Cave were established on mod-
ified (without oxgall and sodium propionate) dextrose-
peptone-yeast extract (DPYA) agar (Papavizas and
Davey 1958) and incubated at 7°C in a low-temperature
incubator. About 8 g of Raccoon feces collected from
the cave were sterilized in an autoclave and inoculat-
ed from lab cultures with G. destructans and tracked
to observe growth and sporulation.

Samples of Raccoon feces collected from the cave
were macerated in water under a dissecting microscope
and examined for content. All feces collected were then
washed through a 36-mesh/cm? sieve (No. 40 USA
Standard Test Sieve), oven-dried (~60°C), and weighed
to the nearest 0.1 g, after the method of Greenwood
(1979).

We used the wet weight digestibility coefficients
presented by Greenwood (1979) for small mammals
(based on Peromyscus sp. and Microtus sp.) and a song-
bird (Agelaius phoeniceus) to convert the dry weight
of faecal residue to estimated total wet weight (g) of
bat tissue consumed. Using this conversion, we esti-
mated the actual number of bats consumed, based on a
mean body weight of 5.7 g (SD £ 0.82), derived from
a sample of 366 Myotis lucifigus/M. septentrionalis
collected from the floor of Berryton Cave on 17 March
2011.

Results

We examined collected faecal samples under a dis-
secting microscope and found them to be composed
entirely of Myotis spp. hair, bone, fragments of wing,
and tail membrane. Rarely was a near-intact or only
partially digested bat found in the faeces. Some feces
were moist and appeared fresh, some were dry and
dehydrated, and others supported extensive fungal
growth (mostly Mucor sp. and Mortierella sp.). Geo-
myces destructans grew readily on autoclaved samples
of Raccoon feces, sporulating at 7°C in <21 days.

Greenwood (1979) found food residues (i.e., faeces)
were usually expelled by Raccoons within two days.
Although phalanges and radii-uln@ were common in
feecal remains (demonstrating that bat wings were con-
sumed), we also observed many wings scattered on the
cave floor, indicated that a scavenger was sometimes
preferentially eating the bodies and leaving the wings.
Table 1 provides the results of converting wet weight
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of fecal material collected in Berryton Cave to bat
numbers and suggests that Raccoons consumed 3169—
3827 individual Myotis spp., or an estimated 62.0—
74.9% of the calculated total bat mortality for Berry-
ton Cave in 2011.

Discussion

Across their range, Raccoons will opportunistically
exploit bats as a source of food at cave sites. Winkler
and Adams (1972) found Raccoons the most frequent,
among several predatory mammals, utilizing Brazilian
Free-tailed Bats (Tadarida brasiliensis) at roosts in
Texas. Evidence presented showed that fallen bats were
a major seasonal food item for Raccoons in the vicin-
ity of the four caves studied. Munson and Keith (1984)
demonstrate a long-term predator-prey relationship be-
tween Raccoons and Myotis spp. in Wyandotte Cave,
Indiana, suggesting a consumption rate of 1150 bats/
year over a period as long as 1500 years.

Although we have occasionally observed Raccoons
using bat hibernacula in New Brunswick as winter den-
ning sites (i.e., Markhamville Mine in 2010), we have
not previously observed predation on or scavenging of
bats overwintering in New Brunswick caves or mines.
This is probably because bats, which normally roost
high on the ceiling or walls, are not easily accessible
to predators in the hibernacula we have visited, and
winter mortality of bats is normally low. However, with
the onset of WNS in Berryton Cave, the roosting behav-
iour of bats during the winter changed dramatically, a
feature of the disease reported more generally (Foley
et al. 2011). Large numbers of bats moved to the front
50 m of Berryton Cave (in part, to an area near the
entrance where winter temperatures dropped below 0°C
and considerable ice was present). The bats were ob-
served roosting low on the walls, some at floor level.
In these areas, dying and dead bats also littered the
cave floor. The most significant deposits of Raccoon
faeces were found within this first 50 m of the passage
at the cave entrance, suggesting that Raccoon presence
in the cave was associated with the availability of food.
Scattered piles of isolated wings were likewise found
in this area. Bats were also observed flying from the
cave into the still snow-covered landscape. Although
approximately 50 bat carcasses were recovered outside
the cave near the entrance, no signs of scavenging were
observed there.

The ratio of pelage to muscle, bone, and viscera is
certainly higher in a bat than it is in either Peromyscus
or Microtus (probably even when bat wings are not eat-
en), meaning that when equivalent amounts of whole-
body bat and small rodent are consumed, a larger quan-
tity of bat fur and bone than small rodent fur and bone
should appear in the feces. This suggests that the Per-
omyscus-Microtus coeffiecient of Greenwood (1979)
will likely lead to an overestimation of the quantity
of bat tissue consumed. However, none of the coeffi-
cients for whole vertebrates reported by Greenwood
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FiGURE 1. Tracks evident on the floor of a passage in Berryton Cave, New Brunswick, in April 2011 suggest much Raccoon
activity in the cave following an outbreak of white-nose syndrome in hibernating bats (Myotis lucifugus and M.
septentrionalis).

(1979) are below 18.3; even using the lower songbird
coefficient to reflect the suggested lower digestibility
of bats still indicates a consumption rate of bats infect-
ed with WNS by Raccoons in Berryton Cave of >60%.

Clearly, significant numbers of bats can be removed
from hibernacula through Raccoon predation and/or
scavenging during WNS outbreaks. Had we not made
multiple visits to this site to track the progress of the
disease and to count bats, we would likely have signif-
icantly underestimated bat mortality. Estimates of in-
cave mortality due to WNS should therefore incorpo-
rate any evidence of predation on or scavenging of bats
by Raccoons and other predators. Accurate estimates

appear to require at least three visits spread across the
hibernation period. Although Raccoons do not range
widely during winter, it is also possible that not all
faeces derived from bats in Berryton Cave were deposit-
ed in this cave, so our lower consumption estimates
may be conservative.

We determined that Raccoon feces provide a suit-
able growth medium for Geomyces destructans in the
laboratory. In the cave habitat, however, fast-growing
fungi, such as Mucor sp. and Mortierella sp., were
prominent on the older feeces and had overgrown (but
not necessarily destroyed) slower growing fungi such
as Geomyces destructans. Although it has yet to be

TaBLE 1. Estimated number of Myotis lucifugus and M. septentrionalis infected with white-nose syndrome consumed by Rac-
coons in Berryton Cave, New Brunswick, between March and May 2011.

Faecal Faecal Coefficient of Approximate wet Approximate
wet dry feecal dry weight weight of Myotis number of Myotis
weight (g) weight (g) to whole prey! spp. consumed (g) spp. consumed?
4367.2 987.1 18.3 (songbird) 18 063.9 3169.1
4367.2 987.1 22.1 (mouse) 21 814.9 38272
!Greenwood (1979)

2Based on a mean body weight of 5.7 g (SD + 0.82)
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determined whether the spores of Geomyces destruc-
tans can survive passage through the Raccoon gut, the
significant consumption of bats infected by WNS
documented here suggests that Raccoons foraging in
multiple caves could play a role in transporting Geo-
myces destructans on their pelage across karst land-
scapes. Although Raccoons have been observed to
move several hundred km (Lotze and Anderson 1979),
most Raccoons disperse short distances (<3 km), with
only a small proportion moving distances >20 km
(Cullingham et al. 2008). In addition, Raccoon activity
and movements are reduced during the winter months
at northern latitudes (Peterson 1966), where resident
bats hibernate and when opportunistic consumption of
bats infected by WNS can occur. Although a small
number of long-distance Raccoon dispersers could
move WNS cave to cave, it would appear that WNS
dispersal by Raccoon predators would be important
only where bat hibernacula are clustered within 20 km
or less of each other and where Raccoons remain rel-
atively active during the winter months. This would not
include eastern Canada or the northeastern U.S., where
the Raccoon is near the northern limit of its range
(Forbes et al. 2010). Although the means of transmis-
sion and spread of WNS are still unknown, bat-to-bat
contact remains the most likely avenue.
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