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ABSTRACT

The thermoregulatory behaviors of white~footed

mice (Peromyscus leucopus hoveboracensis) and woodland

deermice (Peromyscus maniculatus gracilis) were investigated.

Mice were live-trapped during summer and winter near the
northern and southern limits of their respective ranges.
Laboratory experiments were conducted within 1-7 days

after trapping so that the mice would still be acclimatized
to natural climatic conditions. Mice were also tested
after acclimation for at least 2 months to a variety of
constant laboratory environments. Three types of behavior
were investigated: seasonal surface activity in the wild
and in the laboratory, temperature selection in a gradient

and nest-building behavior.

The winter catch of mice per 100 trap-nights
increased from the most northern area trapped, in Quebec,
to the most southern, in Virginia. P. m. gracilis appeared

to be less surface-active in the winter than P. 1. noveboracensis.

The summer trapping results did not show these same patterns.
Thus the northern mice appeared to reduce their surface activity
levels from summer to winter to a greater extent than those

from southern areas. Only in Virginia were more mice caught

per 100 trap-nights in the winter. This was also the only

area where winter breeding was evident. In Quebec, summer

trapping success was relatively poor and no Peromyscus was
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caught in winter in spite of considerable effort.

P. m. gracilis selected higher mean temperatures

than P. 1. noveboracensis after all categories of acclimation

or acclimatization. Within each subspecies, the mice from
the more northern locality selected higher temperatures
than those from the south in otherwise similar experimental

groups.

When tested after winter capture or after acclimation
to 2°C, mice of both subspecies and from all study areas
selected higher temperatures than they did after summer
capture or acclimation to 22°C. Thus exposure to colder
environments caused the elevation of mean selected temperatures.
This elevation was always more pronounced in P. m. gracilis

than in P. 1. noveboracensis.

In the fall the mean temperatures selected by

Ottawa P. 1. noveboracensis rose prior to the drop in winter

temperatures for which they tended to compensate. These
mice alsc selected higher mean temperatures after exposure
for 2 months to high (95%) relative humidity, short

(8 1/2 hr. daily) photoperiod, isolation and lack of nesting
materials in the 2°C room, or even sometimes after certain

changes in handling or experimental techniques.

P. m. gracilis always built better nests than

P. 1. noveboracensis. Either acclimation at 2°C or

conducting experiments in the 2°C room accentuated this
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interspecific difference. 1In addition, pairs of P. m.
gracilis of either the same or opposite sexes were more

compatible and built better nests than P. 1. noveboracensis.

All 3 types of behavior indicated that

P. m. gracilis are better adapted than P. l. noveboracensis

to live in a colder, more northern environment. Being less
surface-active in the winter means that P. m. gracilis are
exposed less often to the severity of the northern winter
climate. Their selection of higher temperatures and
building of better nests both indicate a greater drive to
escape ambient cold. These behaviors are very important

to the success of small mammals such as Peromyscus in a

cold climate.
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INTRODUCTION

Small mammals can extend their geographic
ranges into areas of inhospitable climate only by making
maximal use of nests and other means to avoid exposure
to environmental extremes that they cannot physiologically
tolerate (Hart, 1971:12). Hayward (1965) stated that in
a small mammal such as Peromyscus the selection and
modification of a suitable microclimate are of major
temperature~adaptive significance. King (1968b) remarked
that Peromyscus frequently abandon intolerable conditions
of temperature and humidity by moving until suitable

conditions are encountered.

In spite of the fact that several reviews
briefly discuss behavioral thermoregulation (Fraenkel
and Gunn, 1940; Bodenheimer, 1941; Viand, 1955; Fry, 1947,
1967; Ivlev and Leizerovitch, 1960; Whittow, 1970, 1971),
in most cases with mammalian studies it has been considered
secondary to physiological processes. Bligh (1970)
emphasized the fallacy of this approach by stating that
behavior is the primary means by which animals survive in

inhospitable places.

A study of comparative behavioral thermoregulation
in two closely related species of mammals that overlap
throughout part of their geographic range, but that

experience quite different local climates throughout the



rest of their ranges, could provide valuable information
as to how behavior helps small mammals survive despite a

severe climate.

The present study involved 3 types of behavior:
related to thermoregulation: seasonal activity levels,
temperature selection, and nesting. The investigation of
seasonal changes and changes brought about by adaptation
to controlled laboratory environments, as well as the
interspecific and geographic nature of the study mean that
behavioral thermoregulation has been looked at to a degree
never before approached. Hopefully this will further
elucidate an area of research that at present entails too

much speculation and too little experimentation.

I. The Animals

Rodents of the American cricetine genus
Peromyscus are perhaps the most ideal small mammals for
studies of natural phenomena either in the laboratory or
in the wild. They can be obtained with relative ease and
in adequate numbers almost anywhere in North America,
and are quite amenable to laboratory culture (Blair, 1968).
Of the 57 species recognized by Hall and Kelson (1959),

Peromyscus maniculatus and P. leucopus have the widest

geographic ranges, the greatest number of subspecies and
according to Blair (1956) we know more about the former
than about any other species of wild mammal. The

representatives of these two species found in southeastern



Ontario, southern Quebec and most of northeastern United

States are P. m. gracilis (Le Conte) and P. l. noveboracensis

(Fischer). These are the animals studied in the present
thesis and will usually be referred to simply as "gracilis"

and "noveboracensis" hereafter. Appendix I contains a

discussion of the study made in an attempt to verify the
identity of the Quebec form of Peromyscus used in this
research. King (1968a) has edited a book that reviews

extensively all the information known to date about Peromyscus.

Figure 1 shows that the ranges of gracilis

and noveboracensis overlap extensively from Minnesota

eastward through southeastern Ontario and parts of Quebec

to New Hampshire and southern Maine (Hall and Kelson (1959)
as modified by Waters (1962) and D.A. Smith (personal
communication)). In this area of sympatry, the two forms
resemble each other quite closely in size and other external
features (Baker, 1968) as well as in breeding habits (Layne,
1968), feeding habits and food preferences (Cogshall, 1928;
Klein, 1960). Both forms have been trapped in the same
forest habitats within the area of overlap, often being
caught in the same or adjacent traps (Trebella and Bradshaw,
1969; Smith and Speller, 1970). The apparent close ecological
relationship between these two similar forms has given rise
to much speculation as to whether the "competitive exclusion
principle", which states that "complete competitors cannot

co-exist" (Hardin, 1960), holds true. There do appear to be



Fig. 1.

Ranges of Peromyscus maniculatus gracilis
(broken line) and P. leucopus noveboracensis
(solid line) in eastern North America.
Hatched area indicates the area in which
the ranges of the two subspecies overlap.
Numbers represent the 4 trapping locations
used in this study:

1) Westmoreland County, Virginia, 2) Ottawa,
Ontario, 3) Algonquin Park, Ontario, and

4) Lac St. Jean-Saguenay River Area, Quebec.
The map is reproduced from Didow (1972).
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numerous small but significant behavioral, ecological, and
physiological differences between the two forms (Miles, 1965;

Smith and Speller, 1970; Didow, 1972).

In detailed studies of habitat selection in areas
of mixed populations, Klein (1960) felt that the gracilis
in New York had a more restricted habitat, generally being
associated with a cooler, hemlock-birch-northern hardwood

type of climate, while the noveboracensis, although not

showing as clear a preference, tended to be found in the
warmer oak-chestnut forests. Clark (1964) trapped both
forms in southeastern Ontario in all the wooded habitats

that he studied, with the exceptions that only noveboracensis

were found in one particular warm, dry, deciduous woodlot,

and noveboracensis were caught more often than gracilis

along forest peripheries. Wrigley: (1969) found that in
southern Quebec, gracilis were caught in all types of wooded
habitats but were most abundant in the cool, damp conifer

and mixed forests while noveboracensis abounded in warm, dry,

lowland forests and were absent in the boreal forest habitats.
Smith and Speller (1970) agreed that one population of

noveboracensis in southeastern Ontario avoided mixed and cedar

forest associations while they found that gracilis inhabited

the whole study area, co-existing with noveboracensis in

the upland hardwood section.



The large zone of overlap between the two forms
and the fact that each extends considerably either to the
north or south of this area has led to several theories
involving habitat selection or the physiological ability
of the mice to adapt to the differences in the habitats
involved. Klein (1960) felt that the selection of habitat
depended largely on differences in soil temperature with
the gracilis living in cooler areas. Ogilvie and Stinson

(1966a) found that under laboratory conditions noveboracensis

selected higher temperatures than gracilis. Other
comparative studies have concluded that gracilis preferred
cooler, damper coniferous forest macrohabitats, whereas

noveboracensis prefer warm, dry deciduous areas (Osgocd,

1909; Clark, 1964; smith and Speller, 1970) in the areas
where they overlap. It must be noted that none of these
authors was investigating actual microhabitats. Dice and
Sherman (1922) caught gracilis more often in dry hardwood
than in damp coniferous areas when trapping north of the

range of noveboracensis. This means that the habitat

separation of the two forms in the zone of overlap is
probably due to more than just habitat selection, with some
other type of competitive behavior keeping the gracilis

out of the hardwood areas.

The present study was designed to investigate
behavioral thermoregulation in these two forms of mice

taken from near their northern and southern limits and



from their zone of overlap. The mice were tested after
either natural seasonal acclimatization or constant

temperature acclimation in the laboratory. It was hoped
to gain further insight into the ecological significance
of thermoregulatory behavior to the actual microhabitat

preferences, survival and distribution of these animals.

II. Seasonal Activity

A number of authors have compared the success
of trapping small mammals in the summer to that in the
winter (Beer, 1961; Beer and MacLeod, 1966; Fuller et al.,
1969; sSmith, 1971; Forcéham, 1971). However, many of these
studies have included only one species and almost all have
been conducted in only one geographic area. Hart (1971: 21)
concluded that behavioral mechanisms would tend to reduce
the rate of energy expenditure of small mammals that could
avoid environments of high cooling power. One way of
avoiding such environments would be for the mice to remain
for longer periods in their nest at times of the year when,
or in geographic locations where, cold weather is prevalent.
Comparing the results of trapping two species of Peromyscus
during summer and winter and in several geographic areas
would give an indication of the relative differences in the
surface activity levels of these mice. This could relate

to their relative success in surviving in a cold climate.




III. Temperature Gradient Experiments

A. Temperature Selection

When exposed to a gradient of temperature animals
tend to move towards and spend more time within a particular
temperature zone. Such movement is one of the simplest
methods of evading unfavorable environmental conditions.
Observation of these movements is one of the easiest <
methods to quantify behavioral thermoregulation. Viaud (1955)
noted that the selection of the temperature zone within
which animals spend the most time, hereafter referred to as
the "selected temperature", is the psychological behavior.
corresponding to the physiological optimal temperature for
the particular animal. It should be noted, however, that
the "comfortable" environment chosen by an animal is quite
often cooler than that which would be optimal for the

animal's health (Lowry, 1969).

Temperature selection was first demonstrated by
Mendelssohn (1895) who studied the temperature gradient
response of protozoans. Since then this phenomenon has
been studied in a wide variety of animals including mites
(Madge, 1961), insects (Barlow and Kerr, 1969), fishes
(0gilvie and Anderson, 1965), amphibians (Lillywhite, 1971),

reptiles (Herter, 1940), and birds (Ogilvie, 1970a).



Herter (1934, 1936, 1940) was the first to investigate
mammalian temperature selection, experimenting with European
bats and rodents. Since than it has been studied in a
number of small mammals including Chiroptera (Herreid, 1967),
Carnivora (Ponomarev, 1944), and Rodentia (Bodenheimer, 1941,
1949; Smith and Fisher, 1956; Sinichkina, 1962; Ostbye, 1970;
Eedy and Ogilvie, 1970). Several preliminary studies have

also been done on Peromyscus maniculatus bairdii (Stinson

and Fisher, 1953), P. leucopus noveboracensis (Scribner,

1956) and P. m. bairdii, P. m. gracilis and P. 1. noveboracensis

(Ogilvie and Stinson, 1966a).

A variety of methods of studying temperature
selection has been employed. These include counting the
number of bar-pressing responses that a rodent will produce
to obtain a hot or cold reinforcement while being kept in
an uncomfortable environment (Weiss and Laties, 1961;
Panuska and Popovic, 1963; Epstein and Mileston, 1968;
Carlisle, 1970). The problem with this method is that
although comparisons can be made with the results of other
experiments in the same apparatus, no absolute values or
ranges for selected temperature can be determined. Also
one has to train the animals to respond in these tests; this
takes time, causes changes in the behavior of fhe animals,
and makes it impossible to test animals soon after capture
in their natural environment. Many authors have inferred

temperature selection by simply observing the behavior of



the animals in their natural habitat. Licht and Leitner
(1967), Daan and Wichers (1968) and Gaisler (1970) have
used this technique with bats. One can catch or shoot
reptiles, take their body temperatures immediately, and

assume these to be the same as those of the preferred

microenvironment (Myhre and Hammel, 1969; Brattstrom, 1971).

Perhaps the best and most frequently used method
of determining the selected temperature of small mammals
involves the use of a thermal gradient apparatus in which
the animal is given the choice of a continuous range of
many temperatures and observed to see in which range it
settles most frequently. This is the method used by all
the authors mentioned prior to the immediately preceding
paragraph. Various types of gradient apparatuses have come
into use. Gumma and South (1970) have used a multiple
T-maze device that gave their hamsters a choice of 5
predetermined temperatures. This, however, does not give
a continuous range of temperature and places too much
emphasis on the subjective selection of the experimenter
who decides which temperature choices to give the animals.
Some authors (e.g. Kreiner, 1954) have given the animals a
choice of air temperatures in a crontinuous gradient, but
most authors feel that the temperature of the substrate is

most important.

10
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The greatest number of authors have used a linear
floor-temperature gradient apparatus, modified after the
design of Herter (1924). Their apparatuses have included
the flat metal-floored gradients used by Eedy and Ogilvie
(1970) and the tubular metal apparatus used by Stinson and
Fisher (1953) and by Smith and Fisher (1956). These
are heated at one end and cooled at the other by a variety
of methods. Some parallel multi-gradient devices have
come into existence and in one case such a system has been
incorporated with digital output for direct computer analysis

‘(Morrison and Warman, 1967).

Perhaps the latest modification to the Herter
type of gradient is the circular gradient device first
constructed by Kruger (1952). This apparatus solves the
problem inherent in all the linear gradients that the ends
of the runways form perfect retreats for positively
thigmotactic animals such as small rodents,which tend to
spend a large amount of time there. These so-called
"end-effects" have been noted by almost all authors using
linear gradients (Scribner, 1956; Ogilvie, 1965; Eedy, 1969).
The type of apparatus utilized in this study will be

described in more detail later.

B. Changes in Temperature Selection

Several authors have investigated factors causing
changes in the mean selected temperatures of animals. It

has been found in a variety of young mammals that the selected
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temperature is quite high at birth and slowly lowers to
adult levels as the animal matures (Baccino, 1935;

Herter, 1936; Ogilvie and Stinson, 1966b; Eedy and Ogilvie,
1970). Eedy (1969) reported that treating shaven house
mice with a local skin anesthetic caused a significant
reduction in the precision of temperature selection with
the mice being relatively insensitive to all but extreme
temperatures. Smith and Fisher (1956) reported a similar
lack of response from lemmings whose feet were protected
by a thick layer of insulating fur from the temperatures
of the gradient floor. Intraspecific genetic differences
in house mice have been shown to cause a wide variation
in mean selected temperatures,and breeding experiments
have been run to determine how temperature selection
behavior is inherited (Herter, 1936; Eedy, 1969). Ogilvie
and Stinson (1966a) found that each of 2 different species
of Peromyscus and each‘of 2 different subspecies of

P. maniculatus selected a different temperature and with

a different degree of precision. It is thus not surprising

to find significant variation among the results of different
experimenters, who determined selected temperatures for the

same species, using a variety of apparatuses and techniques.
In fact Hart (1971: 17) emphasized that although thermoregulatory
behavior is very important as an ecological and behavioral
characteristic of a species, owing to the variation caused

by environmental as well as experimental conditions, temperature
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selection has limited use as a tool in precise taxonomic

studies.

The changes that seasonal acclimatization to
natural conditions and laboratory acclimation to controlled
conditions (as defined by Folk, 1966) cause in the
thermoregulatory behavior of small mammals have been
investigated. Herter and Sgonina (1938) found that the
selected temperature of house mice decreased after they had
been kept for several weeks at warm temperatures. A
similar inverse relationship between selected temperature
and acclimation to cold temperatures has been reported
for house mice (Falls, 1956; Eedy, 1969), Mongolian
gerbils (Eedy, 1969), and deermice (Stinson and Fisher,
1953; Ogilvie, 1965). It should be noted, however, that
this inverse relationship may not be applicable to all
small mammals since the opposite results have been obtained
with voles (Wolburg, 1952) and lemmings (Falls, 1956).

Eedy (1969) found that warm-acclimation caused a somewhat
fluctuating rise in the selected temperature of house mice,
but this was under conditions of abnormally high humidity,
leading one to think that more than just temperature was

involved.

In addition to these rather conflicting results
concerning the effects of laboratory acclimation on temperature

selection, a few reports are also available on variations of
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selected temperature caused by acclimatization to seasonally
changing outdoor conditions. For example Sinichkina (1962)
reported that wild Norway rats selected higher temperatures
when trapped in the summer than in the winter. Eedy (1969)
reported that both wild~caught house mice, and white mice

kept outside over a period of 1 1/2 years selected temperatures
that varied inversely with the environmental temperatures

at the times of experimentation. Ogilvie (1965) found that

P. 1. noveboracensis trapped in June selected higher

temperatures than those trapped in November.

Thus, in view of the conflicting data regarding the
effects of prior thermal experience of mammals on their
temperature selection, it was felt that this area of research
could bear further investigation. This is especially true
when looking from a comparative point of view at mammals
taken from their natural habitats. All previous acclimatization
studies have been either very preliminary, using small
numbers of animals, or else the animals have been semi-domestic

or kept under semi-natural conditions.

In almost all studies of temperature selection the
only environmental parameter investigated in connection with
acclimation or acclimatization has been the ambient temperature.
Many other variables can be equally important. A report of
the National Research Council (1971) listed the most
important climatic factors influencing animal behavior and
physiology as temperature, humidity, wind velocity, solar

radiation, precipitation and barometric pressure. Lowry (1969)
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reported that in insects the behavioral reaction to &
temperature gradient is inseparable from the reaction to
the associated humidity gradient. Weihe (1971) stated
that changes in the cooling power of air caused by wind
velocity variation can be just as important to the
behavior of a mouse as changes in ambient temperature.
Photoperiod changes have long been known to influence
mouse behavior (Falls, 1968). Also, solar radiation can
have a profound effect on the energy budget of an animal
(Gates, 1968). Precipitation has been found to cause
increases in the activity levels of Peromyscus (Gentry
et al., 1966). Studier and Baca (1968) stated that
precipitation could cause changes in the relative concentrations
of the atmospheric gases within a rodent burrow. I found
no references indicating behavioral changes that were

exclusively related to changes in barometric pressure.

cC. Behavior Associated with Temperature Selection

Besides the fact that mice select a certain zone
while in a temperature gradient apparatus, their other
behavior in a gradient of temperature is important. The
relative amount of activity has been noted to change not
only the metabolic rate, and thus the heat production of
mice, but also the conductance and thus heat loss (Hart,
1971: 41). The activity level could thus be expected to

affect temperatures selected. Falls (1956) reported that
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more active mice selected lower temperatures to compensate

for the increase in metabolic heat production.

Posture is also an important thermoregulatory
behavior. Didow (1972) remarked that variation in posturing
behavior was one of the differences that caused laboratory,

warm-acclimated noveboracensis to be less efficient at heat

conservation than either noveboracensis acclimatized outside

to summer or winter conditions, or than either acclimated
or acclimatized gracilis. Mice lying fully stretched out
on the floor of the gradient apparatus would greatly
increase their body-surface area affected by the temperatures
of that floor when compared to those curled up or sitting.
Since the air above the floor has a much lower conductance
than the metal floor, mice could be expected to be less
affected by the thermal gradient while running, sitting,

or grooming than when lying in close contact with the floor.
Smith and Fisher (1956) reported that the frequency and
location of a number of non-locomotory activities (voiding,
grooming, attacking and resting) in normal lemmings were

different in the temperature gradient than at room temperature.

IV. Nest-building Behavior

Nest-building and huddling are important heat

conservation behavior patterns in Peromyscus (Thomsen, 1945;
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Thorne, 1958; King et al., 1964; Hayward, 1965). Nest
temperatures measured with thermocouples have been found
to be as much as 20 to 24°C higher than ambient in the
winter (Johnson, 1926; Eedy, 1969). Nicholson (1941)

found that P. 1. noveboracensis frequently nested together

throughout the winter. He felt that the extra warmth
provided by the group must be important to the survival
of these mice during severe winter weather. Sealander
(1952) noted that nest-building in P. leucopus was poorer
in summer-caught mice than in winter-caught animals.

Thorne (1958) found P. maniculatus built much better nests

when kept at 8°C than when kept at 33°C. Kinder (1927)
reported similar results with white rats. Gebczynska and
Gebczynski (1971) found that at low temperatures the
presence of a nest was more important in permitting a

decrease in the energy consumption of voles (Clethrionomys

glareolus) than was the number of animals grouped, although
both huddling and nesting produced complementary reduction

in the food consumption per wvole.

From a comparative point of view, King et al. (1964)
stated that the highly significant difference between species
of Peromyscus in their utilization of nesting material
provided correlates well with the north-south distribution
of the animals, and the mean January temperatures of their
habitats, with the animals from cooler areas using more

nesting material. They found no significant differences
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between sexes within each species. Layne (1969) and Wolfe
(1970) also found no sex differences in nest-building
behavior, each having studied three species of Peromyscus.
However, both of these authors found distinct interspecific
differences. They both said that microclimatic differences
among their respective habitats were most important in
causing these variations in nesting behavior. Wolfe thought
that burrowers need not build as good a nest as tree-

or surface-dwellers owing to the better insulation
protection the soil gives to an underground nest. Layne
stated that better nest-builders can survive in a more

fluctuating climate.

V. The Present Study

Although there have been several studies of
thermoregulatory behavior in small mammals, these have usually
been rather superficial. The changes in this behavior occurring
with seasonal, specific or geographic variation in animals
have not been adequately covered. Most authors have treated
seasonal acclimatization as equivalent to laboratory
temperature acclimation. This study attempts to investigate
changes in thermoregulatory behavior and most possible causes

under both natural and artificially controlled conditions.

As nest-building may be the most important natural
method of behavioral thermoregulation, it is important to

compare changes in this behavior to those in temperature
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selection in the same two species of mice adapted to similar

environments.

By studying three different types of thermoregulatory
behavior: seasonal activity levels, temperature selection,
and nesting behavior, one might gain insight into the
importance of these behaviors to the survival of small
mammals. By using two similar forms of Peromyscus whose
ranges overlap in one geographical region, but that other-
wise inhabit areas differing both latitudinally and
climatically, the ecological significance of these
variations in behavior can also be investigated. Further,
by trapping mice at each end of their respective geographic
ranges in both summer and winter seasons, and also by
acclimating them to various constant indoor environments
prior to experimentation, one can hope to elucidate the
importance of geographic, seasonal, and genetic differences
in the thermoregulatory behavior of small mammals. No
previous study has approached this problem with the
thoroughness warranted by the importance of thermoregulatory

behavior to the survival and distribution of small mammals.



20

METHODS

I. Field Studies

A. Live-trapping

A modified version of the Sherman live-trap
(7.7 x 7.7 x 30.5 cm.) was baited with peanut butter. 1In
the winter traps were supplied with terylene batting
and Purina mouse chow to help the captured animals survive
until collected. These supplements were omitted in the
summer trapping as they became too easily fouled in wet
weather. Traps were set at intervals of approximately
20 meters and were usually placed under logs, brush piles
or beside trees in positions found by experience to be
most successful. If the traps remained in a forest for
several days without success, they were cleaned, rebaited
and reset elsewhere. Captured Peromyscus were tagged
with numbered monel fingerling tags in the ear for
identification purposes. These mice were returned to the
laboratory for experiments and breeding. Skulls and skins
of all the Peromyscus that died were preserved in the

Carleton University Museum of Zoology.

B. Trapping Areas

The two forms of Peromyscus were trapped both in
the summer and winter at the northern and southern limits

of their respective ranges (see Fig.l). In the overlapping
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area (Ottawa) both noveboracensis (near the northern limit

of its range) and gracilis (near the southern limit of its

range) were caught in the same localities in some cases and
in different ones in others, but the localities had similar
climates. Descriptions of the 4 trapping areas used in this

study follow.

1. Virginia

Traps were set near Leedstown (about 14 km south
of Colonial Beach) in an area of Westmoreland County bordered
by Virginia Secondary Highways 637, 640 and 641 (38° 7' N,
76° 58' W). Trapping dates were February 17-21 and June 30-
July 6, 1970. This primarily agricultural land on the
northeast side of the Rappahannock River has an elevation
of about 30 m and is similar to the western shore region of
Maryland, about 30 km to the north, described by Paradiso
(1969). Trapping was done in bushy hedgerows with pines

(Pinus spp.), white oak (Quercus alba), tulip-tree

(Liriodendron tulipifera), sweetgum (Liquidambar styraciflua),

sassafras (Sassafras albidum), red maple (Acer rubrum),

black walnut (Juglans nigra), laurel greenbriar (Smilax

laurifolia), hazelnut (Corylus sp.), dogwood (Cornus sp.),

dwarf juniper (Juniperus communis), staghorn sumac (Rhus

typhina), grape (Vitis sp.), honeysuckles (Lonicera spp.),

trumpet creeper (Campsis radicans) and raspberry (Rubus sp.).

These lines of trees and shrubs bordered and served as



22

windbreaks between adjacent fields of corn, soybeans and wheat
which provide abundant food supplies focxr small rodents

that inhabit the bushy hedgerows and nearby woodlots.

The climate of this area is moderate because of
its proximity to the ocean and many tidal creeks and rivers.
Mean monthly temperatures range from 1°C in January to 25°C
in July, and Fig. 2 shows that the mean monthly minimal
temperature falls below 0°C only from December to February.
Thus this has the mildest climate of the 4 study areas
selected. The average annual snowfall is only about 0.3 m,
but as snow seldom remains on the ground for more than a
few days, it is of little importance as insulative cover
for small mammal microhabitats or as a possible deterrent

to foraging.

2. Ottawa, Ontario

The several localities trapped were within 48 km
of Ottawa (45° 25' N, 75° 42' W) in Ottawa-Carleton, Ontario.
This area is in the Upper St. Lawrence Section of the Great
Lakes - St. Lawrence Forest Region (Rowe,1959) and is either
under cultivation or wooded. Trapping was done in two forest
types: (a) Cedar area: This area was located along Ottawa-
Carleton Road 3 about 43 km SSW of Ottawa, between Dwyer
Hill Station and Burritts Rapids. Periods of trapping in this
area were March 2-18, March 24-31, August 4-13, and September 1-5,

1971 and January 13-24, 1972, Traps were set in low-lying,



Fig. 2:

The monthly mean minimal ambient temperatures
in the four areas studied. These were taken
from U.S. Department of Commerce (1969, 1970)
and Canada Department of Transport (1969,
1970, 1971) meteorological records. The
temperature data for the four areas are
depicted as follows: Quebec (0),

Algonquin Park (®), Ottawa (Q), and
Virginia (A), while the (o) points
represent months when the values for the
Quebec and Algonquin Park areas were
identical.
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