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This
relationship
of bat hairs

Renfrew Mine

ABSTRACT

study was undertaken to determine the mouse-bat
in Ontario caves and mines. The identification

in the feces of Peromyscus maniculatus at the

(Renfrew County, Ontario), showed that these

mice used bats as food. Other investigations have shown

that the mice occur in other caves and mines in Ontario and

Kentucky, and that the mouse-bat interaction is possibly

widespread.

Trapping studies, particularly at the Renfrew Mine,

showed that although the .bats were available only in the

winter, Peromyscus maniculatus rarely left the mine. Feed-

ing studies were also made to determine the nutrient value

of bat tissue to P. maniculatus.

It was determined that, although not the sole supply

of food for Peromyscus, bats can play an important role in

the winter survival of these mice.



TABLE OF CONTENTS

List Of TADleS v.cceseecoccccasescccssnaoaccececccccccsan
List Of FIiQUTES +eeceeeccceossscnccccssccacocecccacccncs

INTRODUCTION tccoceecccsccaccscccnncncs ceevecacans

MATERIALS AND METHODS ..... teeresecesseasessscssnasason
Study LOCations ....ceveceecceccocaracccrrtaccccenes

The Renfrew Mine (Renfrew County, Ontario) ......
Webbwood Mine (Sudbury District, Ontario) .......
Tyendinaga Cave (Hastings County, Ontario) ......

The Study Animals ....ccccecceceecncnccccnocccccccces
Tracking cceeceoceccccocccces teeessesesessescecnanonns
ObSCTVALIONS soeeessoccsscsnosscssssssascnscancssoonns
Trapping Studics ...eceeieeenccosencceceacoenccccens

Trapping at the Renfrew Mine ...........cc0ccece.
Trapping at Webbwood Mine and Tyendinaga Cave ...

Feeding Studies ....... ceseceescssensescvsssasannans

RESULTS AND DISCUSSION ..cceeeecrcasoccccccnsnaccccnocs
Activity of Peromyscus in Ontario Caves and Mines ..
Activity of P. maniculatus at the Renfrew Mine .....

Signs of ACtivity .eccececeoccrreceecncancenceens
Winter Isolation of P. maniculatus in the Renfrew
Mine ...ccececccecccccecs Ceesecescsesesecnsesas
Winter Occupancy of the Mine ..........cc.0.0.
Summer Trapping Regime ........c.ceccococcccccees
The Renfrew Mine as Focus of Spatial Utiliza-
£IiOM < evecoesecccosscsosnccsscssssscsnnscs
The Renfrew Mine as Focus of Population
Radiation .ceeeececssscscasscasscsanccscscs
Activity Within the Renfrew Mine ............... .
The Activity of Peromyscus at Tyendinaga C.ve and
Webbwood MiNE ......cccececccscccsscncosscscasse
Why Bats are Found Dead at the Renfrew Mine ........
Bat Mortality: Due to Predation by P.
maniculatus? ..eccececenccsscccccnse cecescasense

OO nNhHAK W W =

-
- o

[y
e

-
(4]

bt
o tn

=t
©o

NN
N O O

22

27
29

32
32

32



viii
page
Mortality as the Result of Dislodgement ......... 34
The Role of Animal Tissue in the Winter Diet of P.
MANICULATUS .ovvveeeeoecsosnssessosnseasssascsscsne 40
Weight Changes during Test Period ............... 40
Food Intake and Diet .....c.cccieciirrireennenennns 41
Long Term Weight Change ............... beoeoseans 44
Use of Bats by Mice ....cciteererccescencecancccenns 45
GENERAL DISCUSSION ...cveveeerecssssencsscnncaconns eee. 48
Peromyscus as an OmMNivoTre .......ccveeeeceenccccenas 48
The Survival Advantage of Caves and M1nes to
PEYOMYSCUS covevevecncecacossccsosncnsssacssnnnes 50
Access to Bat CarcCasSSeS .ceeeecaccscccccncccansns . 50
Temperature .......ccieeiieerncecccascncccccnnnns 51
Conservation of Winter Stores .......cceceeeccens 52
Predation .....iceieeiecrracesscccescccacoassansas 53
Winter Mortality of Myotis lucifugus ........cccc... 54
Rabies Transfer Via the Oral Route ...........ccc..n 55
CONCLUSIONS s tvivevencocsonssssssscseacescsascosnsacconnns 57
BIBLIOGRAPHY ....tcieececsencsscecosscsnosasocasocnnsnans 107
APPENDIX 1: DETERMINATION OF THE "DRY WEIGHT"
EQUIVALENT ...cievceccccoscsnacccnscannnon 113
APPENDIX 2: DESCRIPTIONS OF THREE BAT CLUSTER AROUSAL
SEQUENCES ..ccveecesccenccsocnnns esamecanes 115

APPENDIX 3: QUANTITIES OF FOODS CONSUMED BY INDIVIDUAL
‘ MICE FED THREE DIETS ........... ceececcces 126

.- RV RS S

e g -

e o - e



Table

LIST OF TABLES

Dates and duration of trapping periods

undertaken at the Renfrew Mine ............

Evidence of Peromyscus activity in caves

ANA MINES +eveeeeceeecssneoenscscoaccasnces

Evidence gathered between 20 and 28
February of the winter presence of Pero-
myscus spp. and their act1v1ty on bats at

several Ontario caves and mines .....cceee.

Record of captures of P. maniculatus with
respect to season, Section and the per-
centage of total seasonal captures made

PET SECtION .t vecuieeeeneeecenacanacsscsanses

The occurrence of P. maniculatus. at the
Renfrew Mine during three 'w1nters' and

the fate of residents ....ccceceececccceccans

Success among the quadrate traps relative
to that among the peripheral traps; summer

trapping regime, 1972 ......iieiiiiiiaennn

The response by P. mahiculatus at the
Renfrew Mine to three different bat baits
and the incidence of death among M. luci-
fugus made to fall from the mine ceiling,
compared to that of bats placed on the

F1lOOT i eeveosecasoeeoansncssaceascaccssnscass

Weight change (average of first and last
two weighings) among P. maniculatus fed

three diets ......... eeoseoosececsccscosssas

Average food consumption recorded from
individual P. maniculatus of Group I, fed
beef; of Group II fed beef and Lab Chow;

and of Group III fed Lab Chow .............

page

59

60

61

62

63

64

65

66



10.

11.
12.

LIST OF FIGURES

The distribution of Ontario study sites .....

The major topographical features and vegeta-
tional zones outside the Renfrew Mine;
trapping grids deployed during 1971 and 1972

(@)-(b). Typical drift and stope; Renfrew Mine ....

(a)-(b). Maps of the interior of the Renfrew Mine
showing trap locations, sites of P. manicu-
latus utilization, major topographical
features and the Sections into which the mine
was divided ...ttt it ittt e e

The major topographical features, vegeta-'
tional zones and the location of traps
employed at Webbwood Mine .........ccvvuun...

The major topographical features, vegeta-
tional zones and the location of traps
employed at Tyendinaga Cave .........eeeuon..

Semilogarithmic plot of growth of P. manicu-
latus versus time ..........0 o o

Temperatures in various parts of the Renfrew
Mine between October 1966 and May 1967 ......

Temperatures in areas of the Renfrew Mine
with the largest concentrations of bats, and
at the entrance, between September 1967 and
June 1968 ...... .ttt it it ittt

(a)-(e). Record of success among individual
traps of the external trapping grid at the

Renfrew Mine; summer trapping regime, 1972 ..
Bat mortality at the Renfrew Mine ......... .o

(a)-(1). The sequence of arousal of 13
clustered M. lucifugus .......... cecsecceacaan

page

67

69

71

73

75

77

79

81

83

85
89

91



Figure

13.

14.

15.

16.

17.

18.

19.

20.

Average food consumption by P. maniculatus
of Group I, fed beef; Group 1I, fed beef and
Lab Chow; and Group III, fed Lab Chow ......

Graph of the average weight of P. manicula-
tus used in feeding experiments and waich
survived to 15 June 1973, versus time ......

The remains of a bat offered to a mouse fed
on beef and Purina Lab Chow ....ccevenceenns

The remains of a bat offered to a mouse fed
on Purina Lab Chow only .....ccceevceececenn

Dorsal view o% the right lobe of the inter-
scapular brown fat gland in M. lucifugus
and the superficial muscles of the back
(left side) .cveeeeenneeeneeceasesosssnncnesns

(a)-(e). A sequence of arousal in a bat
cluster in which the focus of arousal
occurred near the middle of the cluster ....

(a)-(c). A sequence of arousal in which
the focus of arousal occurred at the peri-
phery of the cluster .......ccceviveeennn.e

(a)-(b). The antics of several-bats which
had lost their grip on the ceiling, result-
ing in the eventual fall of about half of

the CluSter ...civeereeeecncccescanccceaoonns

xi

page

97

99

101

103

105

117

121

124



INTRODUCTION

Landry (1970), discussing the dietary habits of the
Rodentia, paraphrased the common acceptance of the vegetarian
habit in this order as follows (Landry, 1970, p. 352): "any
insectivorous or carnivorous propensities to be found in
individual populations or species are, in the traditional
view, to be regarded as freakish events--regrettable lapses
in good taste as it were." In this review, he demonstrated
that the eating of animal tissue is widespread among the sub-
orders Myomorpha and Sciuromorpha.

In 1965, Hitchcock suggested that mice of the genus

Peromyscus preyed upon bats hibernating in Craigmont Mine

(Renfrew County, Ontario). Fenton (1970) later showed that

Peromyscus maniculatus fed on hibernating Myotis lucifugus

in the Renfrew Mine (Renfrew County, Ontario), and, based on
the number of mouse-eaten bat carcasses in that mine, pro-
posed that the mice relied on the bats as a regular food
source during the winter.

In January 1971, I live-trapped mice inside the
Renfrew Mine and collected feces from them. Identificati&n
of bat hair in the feces confirmed Fenton's (1970) observa-

tion concerning the usage of bats as food by P. maniculatus.

The objective of the present study was to investi-

gate various aspects of this bat-mouse relationship. 1In



particular, I have attempted to answer the following ques-
tions: (1) What role can animal tissue play in the winter

diet of Peromyscus? (2) What role does bat tissue play in

the diet of mice which consume it at the Renfrew Mine?
(3) How do bats become available to the mice at the Renfrew
Mine and in what quantities? (4) How widespread are the

phenomena observed at the Renfrew Mine among the mines and

caves of Ontario?



MATERIALS AND METHODS

Study Locations

The present study was conducted between January 1971
and March 1973 and involved work at several caves and aban-
doned mines (Fig. 1). The majority of the field work was
performed at the Renfrew Mine, the Webbwood Mine and
Tyendinaga Cave. The following is a brief description of

those three sites (chrunological details from Fenton, 1969):

The Renfrew Mine
(Renfrew County, Ontario)

The Renfrew Mine (Figs 1 and 2) was worked for
molybdenite between 1900 and 1918. In 1965 operations were
resumed for a short period and then abandoned.

Presently, the mine has five openings (Fig. 2). Two
adits, one flooded, enter at £he base of a hill and three
shafts open near the top of the hill.

The vacuity consisted of drifts which average 2.5 m?
in cross section (Fig. 3a) and stoped areas (Fig. 3b) of
varying sizes. The floor nf the mine is for the most part
flat and clear of debris except for concentrations of rubble
(Fig. 4).

For descriptive purposes, the interior of the mine

was divided into the regions shown in Figure 4a. Almost all



of the bats found hibernating in the winter were in sections
B, C and F.
The external landscape in the immediate vicinity of

the mine was wooded, the dominant plants being Acer rubrum

(red maple), Acer saccharum (sugar maple), Betula lutea

(yellow birch), Ostrya virginiana (ironwood), and Quercus

borealis (red oak). There was a rather sharp ecotone between
the wooded hillside and the grassy hill top which was domin-

ated by Danthonia spicata (poverty grass), Juniperis communis

(common juniper) and Poa pratensis (Kentucky blue grass). A

large mass of mine tailings supported no plant life while

the former site of the mine mill bore only the occasional

patch of Danthonia spicata. The wooded hillside was typical

of the habitat preferred by P. maniculatus (Baker, 1968)

which is found in cool, moist forest conditionms.

Webbwood Mine
(Sudbury District, Ontario)

Operations at this gold mine were terminated between
1930 and 1940.

This mine consisted of a single drift, about 100 m
in length. The adit was located at the base of a very steep

hill (Fig. 5) dominated by Acer spicatum (mountain maple),

Picea rubens (red spruce), and Pinus resinosa (red pine).

The vegetation at the base of the hill was very similar to

that of the slope for a distance of about 30 m. There was a



sharp transition to low herbs as the result of herbicides
used under electrical cables. The vegetation of this area

consisted mainly of Pteridium aquilinum (American bracken),

Agrostis lyemalis (bent grass) and Phalaris arundinacea

(reed phalaris).

Tyendinaga Cave
(Hastings County, Ontario)

The entrance to this limestone cave located at the
edge of a corn field (Fig. 6) was surrounded by a hedgerow

of Prunus serotina (rum cherry), Tilia americana (American

linden), Vitis riparia (wild grape), and Zanthoxylum ameri-

canum (prickly ash) (Fig. 6). The vegetations of the fields
in the vicinity of this cave entrance were quite different:

field I contained Bromus inermis (brome grass) and Medicago

sativa (alfalfa); field II, Agrostis alba (red top), Cirsium

vulgare (common thistle) and Medicago lupina (hop medic);

and field III, Solidago canadensis (Canadian goldenrod) and

Juniperus virginiana (red cedar).

The Study Animals1

The genus Peromyscus constitutes an

extremely diversified species group which; save for one

species, is restricted to North America. Hall and Kelson

1Except where otherwise cited, the information pre-
sented here is taken from Peterson (1966).



(1959) 1list 79 species. They are found in almost every
possible habitat within their range where they are usually
the most abundant of all mammals (Walker, 1964).

Two species of this genus occur in Ontario: P.

maniculatus and P. leucopus. Peromyscus maniculatus, the

major subject of this study, occurs throughout Ontario
except for the north-western James Bay area. The
northern limit of distribution of P. leucopus extends to a
latitude roughly equivalent to that of Ottawa.

There are 5 bat species which hibernate in Ontario: Myotis

leibii, Myotis lucifugus, Myotis keenii, Pipistrellus subflavus and

Eptesicus fuscus. Since Myotis lucifugus constitutes the

vast majority of the bats which hibernate in Ontario, this
study has dealt with them.

Myotis lucifugus begins to visit hibernacula in late

July, probably to become familiar with suitable winter sites
(Fenton, 1970). Hibernation commences during September and
continues into April. Bats do not use hibernacula as roosts
during the summer months because temperatures are too low to

permit activity.

Tracking
By modifying Justice's (1961) and Sheppe's (1966)
techniques, "smoked sheets" were employed to monitor winter
[

activities of mice and bats at the Renfrew Mine. A thin

layer of soot was applied to sheets of aluminum using a



"kymograph smoker". Initially (1970-71), 30 cm? sheets of
aluminum foil were '"smoked" at the study site but when this
was found to be time-consuming, inconvenient and difficult,
especially if there was any wind, the following procedure
was adopted. During the winters of 1971-7Z and 1972-73,
rigid sheets of aluminum, 46 cm?, were smoked under a fume
hood in the laboratory and then transported to the mine in a
wooden box. The smoked sheets were placea in vertical
grooves in two opposite walls of the box, making it possible
to transport them without having the soot rub off. When the
sheets were placed on the mine floor, smoked side up,
evidence of mice or bats travelling over the sheets was

clearly discernible.

Observations

A "Zoomar Night Vision Scope" (Zoomar Inc., Glencoe,
Long Island, New York) was used to observe winter behaviour
of M. lucifugus at the Renfrew Mine. This instrument per-
mitted observation at very low light intensities, thus
minimizing disturbance to the bats due to light.

Although the minimum light amplification of this
unit is 35,000x, the profound darkness of the mine made a
supplementary light source necessary. A "Minespot" miner's
lamp (Mine Safety Appliances Co., Toronto, Ontario) covered
by two layers of heavy brown paper was used.

Photographs of bats used in this thesis were taken



through the Night Vision Scope using a Pentax Spotmatic 35mm
camera and Kodak Tri-X film. By using Baumann Acufine
developer, the effective ASA rating of the film was raised
from 400 to 1,400, thus substantially reducing light require-
ments. I photographed the bats at 1/60 sec since slower
shutter speeds resulted in blurred images of moving bats.

Photographs taken through the Night Vision Scope are
"grainy", reflecting the nature of the instrument and the
use of low light intensities in an effort to minimize dis-
turbance to the bats.

Where necessary to facilitate interpretation, fea-
tures have been outlined on these photographs.

In the past, studies of bat behaviour were impeded
by the artificial conditions created by the light required '
for observation. While some introduced light was required
for this study, the amount required was reduced by several
orders of magnitude from other studies in which a Night

Vision Scope was not used.

Trapping Studies

Live-trapping studies were used to monitor the acti-

vities of the three populations of Peromyscus in and around

Renfrew and Webbwood Mines and Tyendinaga Cave. The most
intensive study was made at the Renfrew Mine (January 1971
to March 1973), while summer activity (1972) was examined

at the Webbwood Mine and Tyendinaga Cave.



Collapsible (8x8x23 cm) and noncollapsible (8x8x30
cm) Sherman traps were baited using peanut butter, set in
and around the sites and serviced twice each night, at mid-
night and again at dawn. During extremely inclement weather,
the midnight servicing was not performed (less than 15% of
nights trapped).

Captured animals were identified (sex, age) and
marked (toe-clipping or ear-tagging) for future identifica-
tion and the position of the capture was recorded.

Numerous studies have shown that weight is a reliable
indicator of age to adulthood (Dice and Bradley, 1942; McCabe
and Blanchard, 1950; Bendell, 1959; Carmon et al., 1963;
Layne, 1968). Bendell (1959) found that P. leucopus raised
in captivity displayéd statistically similar weight to age |
ratios as wild mice, and that these ratios conformed with
published values. Therefore, the ages of mice presented
here are estimates interpolated f: om their weights. The
age/weight values are taken frsm those presented by Layne
(1968) who generated the graph shown in Figure 7 using his
own and previously published values.

Commencing 28 November 1971, mice captured for the
first time during a particular trapping period were weighed
at a centrally located station inside the cave or mine. An
Ohaus triple-beam balance (1600 series) with cage attached,
accurate to 0.1 g, was used to weigh the mice.

Traps outside of the mines and cave were placed in
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15 m grids which were surveyed using chain and compass (Figs
2, 5, 6). Traps were placed more subjectively within the
mines and cave, since they varied from largely linear

passages to chambers (Figs 4, 5, 6).

Trapping at the Renfrew Mine

The frequency and duration of trapping periods are
shown in Table I. During the first and second winters;
trapping was undertaken at least every second weekend. 1In
the light of a sharp reduction in the population of hiber-
nating bats, probably attributable to this study, the fre-
quency of trapping periods during the third winter was
reduced to once per month for conservation reasons.

During the snow-free period of 1971, an external
trapping grid of 1.5 hectares was laid out (Fig. 2). During
the snow-free period of 1972, an external trapping grid of 3
hectares was employed. The grid was expanded primarily into
wooded areas which are preferred by P. maniculatus (Baker,

1968) (Fig. 2).

Due to the steepness of the slope outside of the
mine, servicing of the external trap grid was not possible
in winter. However, between 8 and 10 traps were set directly
outside of the adit entrance during winter-season trapping
periods, to supply an index of mouse activity in and out of
the mine. During the mild winter of 1972-73, five traps

were set outside each of the shaft openings during trapping
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periods (Table 1). These traps were not serviced at midnight.

Trapping at Webbwood Mine and
Tyendinaga Cave

Mice were trapped at these sites during three periods
at five-week intervals during the summer of 1972. The sizes
of the external trapping grids were determined by the number

of traps available for this study (Figs 5 and 6).

Feeding Studies

Experiments were undertaken to examine the role of

animal tissue in the diet of P. maniculatus. For this pur-

pose, mice were trapped during August of 1972 and brought
into the laboratory. The mice were placed into controlled
environment chambers on' 25 August 1972. Fenton (1970) found
that the temperatures within the Renfrew Mine (other‘than at
the entrance) during December'1966 through March 1967 varied
between -10°C and 7°C (Fig. 8). The temperatures in the
areas of the mine with the largest concentrations (Fig. 9)
of M. lucifugus during the same period of 1967-68 ranged
from -1°C to 6°C. Thus, to simulate mine conditions, the
lab mice were maintained at 2°C, in the dark.

The captured mice were acclimatized in the controlled
environment unit for 90 days prior to the start of the
experiment. The period of cold experienced by mice in the

lab before experimentation was approximately equal to that



12

experienced by mice in the mine before bats are known to
become available to them.

On 23 November 1972 the cold-acclimatized mice were
caged individually, provided with terylene batting for
bedding and divided into groups of ten individuals on the
basis of diet. '"Extra" mice were assigned to each group1 so
that should mortality occur during the test period, data
from ten individuals would be available. Data from 10 mice
only were used in calculations.

Group I was fed lean ground beef; Group III was fed
Purina Lab Chow (hereafter referred to as Lab Chow); and
Group II was given both foods. Food(s) and water were not
limited.

Lab Chow was chosen to represent the '"conventional”

diet of P. maniculatus that do not have access to bats during

the winter. Lab Chow has been widely used for quantitative

work with Peromyscus (Chew, 1951; Dice and Bradley, 194Z;

Sealander, 1951, 1952) and is known to be of constant and
homogeneous constitution. It has also been used success-
fully for over 10 years in the Biology Department of Carleton

University for the maintenance of P. maniculatus and P.

leucopus at low temperatures. For these reasons and because
of its availability for future comparative investigation,

the ration provided a useful "control" or "natural diet

1Two each for Groups II and III, and one for Group I.
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analogue'.

Because of its availability and homogeneity, lean
ground beef was used to represent bat tissue. The meat was
purchased in two large quantities totaling 8 kg. To make
the meat uniform in constitution (distribution of adipose
and muscle tissue) it was fed through a mincing machine five
times and mixed thoroughly between mincings.

For the purposes of this experiment, it would have
been preferable to have used bat tissue. However, since the
winter weight of M. lucifugus averages about 10 g to 7 g
(Fenton, 1970), more than 1000 individuals would have been
required and this was unacceptable from a conservation
standpoint.

The mice were allowed 4 to 5 days to become accus-
tomed to their new diet, and data were collected for 20 days.
Every second day, half of the population was checked. Each
check included: (1) collecting uneaten food, (2) cleaning
cages, (3) supplying fresh p}eweighed quantities of food(s)
and (4) weighing each mouse using a Mettler P1210 top-
loading balance. To limit movement during weighing, each
mouse was placed in a small (6 f1. oz.) can vith a perfor-
ated 1id. Weights obtained were accurate to 0.1 g.

To determine how much food was eaten per two-day
period, the weight of food collected after each two days was
subtracted from the original weight of food placed in the

cage. Dry weights were used to determine the quantities of
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meat eaten. A numerical conctant (a Dry Weight Equivalent
Constant, dK) was used to convert the wet weights to corres-

ponding dry weight values (see Appendix 1).



RESULTS AND DISCUSSION

Activity of Peromyscus in Ontario
Caves and Mines

During the summer of 1971, 6 mines and 11 caves in
Ontario (Fig. 1) were surveyed to determine if they were

inhabited by Peromyscus. The survey included collection of

feces and general searches for signs of occupancy (charac-
teristic bat carcasses, etc.). Where practical, the sites
were live-trapped. The results are shown in Table 2.

In Table 2 two headings are given under the category

Peromyscus skulls: "fragments or mandibles" and "intact".

It is possible that the Peromyscus bones might have been

excreted in the feces of some carnivore. However, when 1/3
or more of the very delicate brain case was found, it was
considered evidence that the remains were not deposited by a
carnivore, since rarely does the skull survive mastication
and digestion intact.

When skulls of Myotis lucifugus having the posterior

portion destroyed (as per Fenton, 1970; see also page 46
of this thesis) were found, activity of Peromyscus was

deduced.

Peromyscus spp. were captured in all 5 of the caves

that were trapped (Bruce, Moira, Rockwood, Stonehouse,

Tyendinaga--Table 2) and 4 of the 6 mines (Alona Bay,
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Gowganda, Wawa, Webbwood). The fact that as many as 11
individuals were caught per location during the two nights
that the traps were deployed, suggests that the presence of
the mice was not accidental. No other species of rodents
were captured in any of the caves or mines.

Of the 6 caves that were not trapped, 3 (Cavern Lake,

Plantagenet, and Hope Bay) produced definite evidence of the

presence of Peromyscus.

Signs of consumption of bats were found at one cave
(Plantagenet) and two mines (Webbwood, Gowganda).

Between 20 and 28 February 1972, 5 mines and 4
caves were again visited to examine for further evidence of
winter mouse activity and bat consumption. These locations
(Table 3) were chosen on the basis of their accessibility
during the winter and their diverse locations. Fresh carcasses of
the sort found at the Renfrew Mine and in the laboratory
(see page 46 of this thesis, Fig. 15) were found in three locations
(Gowganda Mine, Webbwood Mine and Dorion Cave--Table 2).

Feces of Pcromyscus were found at Stonehouse Cave, but they

did not contain bat hair, and it is not known at what time
of year they were passed. It is also not known when the
tracks at Rockwood Cave were made although they must have

been made after my visit of 7 August. One Peromyscus was

seen for a brief moment inside Tyendinaga Cave.

¢ As might be expected, no signs of mice eating bats

were found where hibernating populations were low (under 100;
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Bruce, Desbarats, Rockwood, Stonehouse, Tyendinaga and West-

port Caves). Since signs of Peromyscus were found in four

of these caves, bat tissue cannot be the sole inducement to
winter habitation in caves and mines in Ontario.

I was unable to find reference to Peromyscus using

caves and mines other than those of Hitchcock (1965) and
Fenton (1970). 1In November 1972, I received permission
from the park authority of Mammoth Cave National Park,
Kentucky, to undertake live;trapping at three caves within
that park. At the same time, Museum Special traps were set
in 3 other caves near Bowling Green, Kentucky. The traps
were in operation for 48 hours and those in the park were
serviced every 12 hours. Unfortunately, the live-traps were
all sprung by pPackrats (Neotoma sp.). However, at 2 of the

.other caves, Peromyscus leucopus was captured. At the third,

a young Peromyscus SP. was observed by Dr. S.B. Peck and

myself. Since Peromyscus occurs in subterranean habitats

throughout Or.tario and a trapping expedition of two days
resulted in the capture of this genus in Kentucky, its occur-
rence underground is likely widespread and Possibly common
within the range of the genus.

In summary, of 11 caves and 7 mines (including
Renfrew Mine) examined, 8 caves and 7 mines were shown to

harbour Peromyscus during the summer and at least 2 caves and

4 itines gave evidence of winter habitation by Peromyscus.

One cave and 4 mines contained remains of bats which
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indicated that they had been eaten by Peromyscus. P.

leucopus was found in 2 caves in Kentucky.
Renfrew Mine, Webbwood Mine and Tyendinaga Cave were
studied in more detail to document the nature of this

phenomenon.

Activity of P. maniculatus
at the Renfrew Mine

Signs of Activity

A survey was made of the locations in the mine that
were clearly used by mice, as evidenced by concentrations
of bat carcasses. These were found in large numbers and
in distinct aggregations (Fig. 4) in two types of
locations: drill holes and '"shelf areas'". The latter
were regions of near-horizontal outcroppings of the mine
walls 0.3 m to 1.5 m in width and ranging from 1 m to 2 m
above the mine floor. Bat carcasses which had been eaten
by mice were found in all shelf areas of the mine as well
as most drill holes, apparently accessible to the mice.

I excavated the soil which had accumulated on one of
the shelf areas in Section B (Fig. 4b) to its full depth
of about 3 cm and found large numbers of bat bones through-

out this deposit. Based on the present use of the shelf by P.
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maniculatus and the nature of the remains, this accumulation

appeared to represent activity of the mice. While it is
impossible to determine the rate of mine-soil deposition,
the presence of the large number of bones (estimated to have
represcnted at least hundreds of bats) in an area of about 5
cm? throughout the depth of the soil indicates that the phen-
omenon of mice eating bats at the Renfrew Mine is not a new

one relative to the age of the mine.

Winter Isolation of P. maniculatus
in the Renfrew Mine

During the three winters of this study, no P. mani-
culatus tracks were found in the snow around the entrance to
the Renfrew Mine. Fenton (personal communication), during
the course of his study of the Renfrew Mine between 1965 and
1969 never observed tracks in the snow at the adit entrance.
Although trap success was relatively high inside the mine,
traps set at the entrance during each of the winter trapping
sessions yielded no mice which were also caught in the mine.

Traps set at the shaft openings during the last
winter yielded the same results.

Understandably there is little information concern-

ing winter spatial utilization of Peromyscus spp. in areas

of the continent where winters are severe. In general,
activity varies directly as temperature (Falls, 1968). How-

ever, while activity is lowest in winter, Peromyscus is by
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no means quiescent during this season. Bendell (1959) found
P. leucopus to be active in winter and seeking out food
placed for it on islands in Lake Opinicon (southern Ontario).
Beer (1S561) in Minnesota showed that P. leucopus had a winter
home range of about 200 feet and that temperatures of -19°C
did not prevent activity at considerable distances from the
nest. Drs. D.A. Smith and W. Eedy informed me that during
the course of their trapping studies in various parts of
Ontario and Quebec, they found both P. leucopus and P. mani-
culatus to be '"'quite active" above the snow.

In the light of the evidence listed above I con-
cluded that the residents of the Renfrew Mine seldom if ever
leave it during the period of snow cover.

On this premise, the summer and winter activities of
these mice are considered separately. In the context of
this study, winter shall be considered to be the period of
complete snow cover (between }ate November to mid-December
and the last half of March). This differs somewhat from the
"summer" and "winter trapping regimes" since the external

trapping grid was used only during the summer.

Winter Occupancy of the Mine

Trapping of mice was initiated in January 1971
(Table 1). During that period of snow cover, Section E was
not trapped because of dangerous ice conditions which made

most of this area inaccessible. Similarly, traps were not
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placed in Section A because water dripping from the ceiling
rendered the traps inoperable in about two hours.1

Mice were considered winter mine-residents if
caught inside the mine in the course of more than one
trapping period during the period of complete snow cover.
Ten (at ieast), 11 and 11 winter residents inhabited the
Renfrew Mine during the first, second and third seasons of
complete snow cover respectively (Table 5). The total number
of winter residents during this season of 1970-71 1is
uncertain because, of 15 individuals caught (16 January
through 27 March), 6 died in traps.2

During the subsequent two periods of snow cover, no
new winter residents were recruited after 12 December 1971
and 9 October 1972. Except for one capture (23 January
1971) no non-residents were caught inside the mine after mid-

December.

Peromyscus does not radically change its home range

once it is established (Metzgar, 1973; Stickel, 1968).

1These conditions may have been the result of the
record snow fall experienced in 1970-71.

2It was thought that traps were being left open
after trapping periods. Animals caught subsequent to our
departure would have died of starvation. However, some time
after the tcrmination of this series of trapping periods,
Dr. D.A. Smith informed me that Peromyscus was able to open
the spring-loaded door of Sherman traps and gain entry.
Once inside, they could not escape. Precautionary measures

were taken, and mortality of the sort described was elimin-
ated.
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Since none of the mice captured early in the winter trap-
ping regime, but not later, was ever captured again either
in or out of the mine, it is safe to say that these indivi-
duals died.

During the second and third periods of snow covér,
the number of mine residents dropped from 11 and 11 res-
pectively to 9 and 10 respectively during mid-season, to 8
and 8 respectively at the end of these periods (Table 5).

Thus the data indicate that the over-wintéring popu-
lation at the Renfrew Mine was relatively stable during the

period of this study but that it did suffer mortality.

Summer Trapping Regime

The Renfrew Mine as Focus
of Spatial Utilization

During the summer trapping regime of 1971, a total

of 43 P. maniculatus was caught. Of these, 23 were caught
~more than 4 times and all but 2 were caught at least once
inside the mine.

A minimum of 19 captures is required to indicate the

full home range of Peromyscus (Blair, 1940; Stickel, 1968).

Since 4 of the 20 P. maniculatus caught less than 4 times

were captured at least once inside the mine, it is probable
that some of the other 16 mice caught less than 4 times did
in fact use the mine.

It was my impression that success of the trap grid
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centered around the mine openings early in the season but
spread radially as the season progressed. To determine if
my observation had some validity, the external trap grid was
doubled in size to 3 hectares during the summer trapping
regime of 1972, and the frequency of trapping periods was
increased to once every three weeks. Thus, a more complete

picture of the developmert and activity of the P. maniculatus

population in and around the Renfrew Mine was gained.
Trapping was undertaken between 19 May and 29 October (Table
1).

The conventional method of expressing spatial utili-
zation among small mammals is by the calculation of home
range. This type of analysis was not useful for the present
study since its objective is to determine relative activity
levels near to and distant from the mine entrances. Conse-
quently, I have examined activity outside of the mine in
terms of levels of total population activity.

Eighty-five P. maniculatus were captured during the

summer trapping regime of 1972. Forty-one were caught more
than 4 times and all but 2 were captured inside the mine at
least once. Of the 44 mice caught less than 4 times, 6 were
captured inside the mine.

Figure 1l0a-e shows the success of individual traps
which comprised the external trapping grid, 1972. Data from
trapping periods were grouped into pairs except for the last

period. Notice that in the first pair of trapping periods






