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INTRODUCTION

Despite the passage of time on a geologic scale,

relatively few animal species have achieved a truly
cosmopolitan distribution. Tolerance limits, evoln-
tionary history, and geographic barriers have inter-
acted to limit the majority to more or less well defined
ranges.

Moreover, even within the confines of these geog-
raphi¢ boundaries, random or uniform patterns of
dispersion are the exception rather than the rule.
Over a broad area, loeal populations of a species tend
to be restricted in distribution by their behavioral and
physiological responses to the environment. These re-
actions result in the oceupation of suitable habitats,
although not all of the potentially habitable areas
oceurring within the geographic range may he utilized
at any given time. Both capacity tor dispersal and
internal population pressure are important factors
in determining the extent to which a species oceupies
the more tavorable portions of its environment.

It follows that animals with restricted ecological
requirements must possess efficient mechanisms which
enable them to locate their optimal habitat. The
methods by which they accomplish this, however, are
so numerous and varied that it is diffieult to make
meaningful generalizations concerning habitat selee-
tion.

On the one hand, many small organisms of other-
wise low vagility have evolved the means to utilize
natural agencies such as currents of air and water in
promoting the dispersal of their species (Wolfenbar-
ger, 1946). The ultimate result of this passive and
City
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essentially random  dissemination of individuals i<
that a small percentage eventually reach environ-
ments conducive to continued survival and repro-
duction.

For the majority of animals, on the other hand.
habitat selection is a more active process. This does
not imply that individuals of most species make a
critical  evaluation of the entire constellation of
factors confronting them. More probably, only an
automatic  reaction to kev aspects of the
environment is involved.
groups, habitat may be the
result of a tactic or kinetic response to a particular
physico-chemical gradient in the environment (Andre-
wartha and Birveh, 1954: p. 220). While such stimuli
may lead an animal to avoid the wrong habitat, these
n=ually act as warning signals and are not in then-
selves injurious (Klton, 1927).

An apparently more complex form of stereotyped
hehavior is involved in the choice of oviposition sites
by many inseets. In certain beetles, butterflies, and
wasps, the gravid ftemale demonstrates an innate
capacity to seleet plant or animal hosts that will
satisfy the requirements of the developing larvae.
This is carried out whether or not these requirements
happen to coincide with her own (Andrewartha and
Birch, op. eit: p. 522).

Not all of the responses leading to selection of
habitat appear to be entirely adaptive, however. The
ahsence of certain specific environmental cues may
account for the exclusion of a species from apparent-
ly suitable areas within its geographiec range. Lack
(1933) concluded that a bird’s choice of habitat i
frequently based on certain conspicuouns features of

certain
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the environment. These often showed little correlation
with the essential physiological requirements of the
species.

In shrub and forest dwelling birds, habitat oc-
cupation has been associated with the height, spacing,
and life form of the vegetation, and with the presence
of suitable song perches (Lack, 1933; Kendeigh,
1945 Gullion, 1960). Pitelka (1941) concluded that
the distribution of birds in relation to certain biotie
commuuities was influenced more by the structure of
the dominant vegetation than by the species composi-
tion of the stands.

Apparently, a bird’s behavioral response to
various struetural cues presented by its environment
may provide the hasis for the oceupation of favorable
habitat~, This has been referred to as the “psycho-
logical factor” in habitat selection by Lack (op. cit.),
and may be fully as important in explaining habitat
preferences as stimuli more directly related to the
physiological tolerance limits of the species. Tt is
possible, however, that many apparently “psycho-
logieal™ faetors could be explained in physiological
terms it more precise information were available.

Other  ecologists have been interested in the
analysi- of the physical and biotic factors which
cause mammals to oceupy certain habitats and avoid
others (Grinnell, 1917; Dice, 1922; Johnson, 1926;
Iooper. 19425 Odum, 1944; Harris, 1952; Pruitt,
19535 Brand, 1955; Getz, 1961). As in birds, high
vagility, homoiothermism, and soeciality make it un-
likely that the distribution of these animals is limited
solely by physico-chemical factors. There is little
mformation, however, concerning the role of psy-
chological factors in mammalian habitat selection.

Because  they are widely distributed, readily
trapped, and easily handled, rodents and lagomorphs
have heen the most frequent subjeets for ecological
mvestication. Mice of the genus Peromyscus are
espeeially  well  suited for study, as these small
animals oceupy a number of diverse environments
throughout North and Central America. One or more
of the 55 named species oceurs in almost every part
ol this region (Blair, 1950). Within the more widely
ranging  groups, subspecifie differences in  habitat
preference are eommon.

Pevomysens maniculatus, the deer mouse, is one of
the mos=t variable North American rodents, 66 sub-
speeies having been deseribed within its geographic
range (Hall and Kelson, 1959). These are divided
mnto two ecologically adapted types: the long-tailed,
long-cared forest form, and the smaller, short-tailed,
~hort-cared grassland form.

The prairie deer mouse, Peromyscus maniculatus
huairdi, is a field-inhabiting subspecies that avoids
forested areas—even those with a grassy herbaceous
stratuni (Dice, 1925; Blair, 1940; Howard, 1949).
Moreover, the eateh of these animals  diminishes
<harply as trap lines approach woody or brushy field
horders (Harris, 1952).

Studies comparing food preferences (Cogshall.
19285 Williams, 1959) and temperature requirements
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(Stinson and Fischer, 1953) of grassland and forest
forms of Peromyscus have not revealed differences of
sufficient magnitude to account for the observed
habitat restrictions. During an investigution of the
factors influencing prairie deer mouse distribution,
Dice (1922) found the animals fully able to tolerate
simulated forest conditions in the laboratory. He
concluded, therefore, that this subspecies’ absence
from forested areas within its range was primarily
a behavioral response.

In an effort to evaluate some of the environmental
cues involved in habitat selection by these small
mammals, Harris (op. cit.) presented individual
prairie deer mice, Peromyscus maniculatus bairdi,
and woodland deer mice, P. m. gracilis, with a choice
between an artificial “woods” and an artificial “field”
in the laboratory. Iis data revealed that the animals
exhibited a preference for the artificial habitat more
closely resembling the natural environment of their
own subspecies. Since the physical conditions were
essentially  uniform throughout the experimental
room, Harris concluded that the mice were reacting
to the form of the artificicl vegetation. While . m.
bairdi was seemingly attracted to the “field”, a nega-
tive reaction to the “woods” may also have been
involved. The apparent avoidance of trees and shrubs
by wild populations of this subspecies lends support
to this hypothesis.

A question now arises concerning the underlying
nature of the response which ultimately leads bairdi
to seleet the field habitat. Since laboratory-reared
animals  with no outdoor experience chose the
artificial “field” as readily as their wild counterparts,
Harris coneluded that this behavior had a genetic
hasis. But his experiment was not designed to investi-
gate the possibility that learning might also be
involved in habitat selection.

[t has been established that early experience can
play an important part in the development of adult
hehavioral characteristies (King, 1956, 1957; King
and EKleftheriou, 1959; Scott, 1962). Moreover, there
is often a eritical period during which such experi-
ence must be realized if conditioning is to occur
(Tinbergen, 1961). Lorenz (1937) discovered that
the soeial hehavior of young goslings was irreversibly
determined during a eritieal period occurring shortly
after hateching. He exlled this type of rapid and rigid
conditioning “imprinting.”

Thorpe (1945) extended these ideas in an attempt
to explain the restriction of most animal species to
specific habitats. Presumably, an individual’s early
experience in a particular environment will determine
its subsequent preferences.  Thorpe termed  this
phenomenon “habitat imprinting.” The hypothesis has
experimental support in both the changed habitat
preference of adult Drosophila melanogaster and the
modified host specifieity of Nemeritis canescens atter
controlled conditioning ot the larvae (Thorpe, 1939,
1940). :

Sinee young prairvie deer mice are normally horn
and reared under field conditions, one would expect
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their carly experience to reinforce any hereditary
response to habitat. If it eould be demonstrated
empirieally that conditioning of this type actually
plays a role in habitat %electlon, two interesting
questions would arise:

(1) TIs such experienée, in itself, sufficient to
bring about selection of the field habitat?

(2) Can the innate response normally result-
ing in a preference for field conditions be
overridden if an animal is given early
experience in a different environment?

The answers, if ascertained, could have con-
siderzble  evolutionary significance, as they are
directly related to the problem of ecologieal segre-
cation,
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METHODS AND MATERIALS
THE STUDY AREA

The study wias conducted on the Edwin S. George
Reserve of the University of Michigan, located in
southern  Livingston County, three miles west of
Pinckney, Michigan. The property, cnclosed by a
game fence, consisted of 1268 acres of rough, glacia-
ted terrain. Oak-hickory woodlots eover ahout one-
fourth of the area.These are flanked by abandoned
fields, swamps, and marshes.

Before its establishment by Colonel Edwin S
Gieorge in 1927, the Reserve comprised several small
farms. By the carly years of the twentieth century.
however, depletion of the soil had already rendered
most of the fields unsuitable for cultivation. Follow-
ing the decline in value of the farmland, there was
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some utilization of the woodlots and marshes for
pasturage, with oceasional ' cutting of timber and
harvesting of marsh hay (Rogers, 1942).

Col. George presented the Reserve to the Uni-
versity of Michigan in 1930. It has remained relative-
ly undisturbed since, although browsing by a
controlled herd of 50-60 deer probably has retarded
the extension of the forested tracts.

The area selected as the site tor this study (K-9
on 1950 Reserve grid map) .is characterized by a
relatively sharp boundary between one of the wood-
lots and an adjacent field. The former is a relatively
open stand of second growth oak-hickory forest,
dominated by black oak, (Quercus relutina), white
oak (. alba), shagbark hickory (Carya ovata), and
sweet pignut (C. ovalis). There ix a well developed
understory of wild cherry (Prunus serotina) and sas-
safras (Sassafras albidim ), with the latter partie-

ularly concentrated at the woods' edges. Bracken
(Pteridium  aquilinwm), a  goldenrod  (Solidago

Juncea), Kentueky bluegrass (Poa pratensis), a sedge
(Carex pensylvanica) and various tree seedlings con-
stitute the important ecomponents of the herbaceous
stratum. A well developed accumulation of leaf litter
18 present.

The adjacent grassland is a typical sterile old

F1e. 1. The ﬁel(l (above) and \VOO(lb (below) aspects

of the experimental enclosure. The metal bands were
attached to the trees to discourage climbing by the miece.
Note the relatively sharp boundary between the two
habitats. (May, 1961. J. Alley).
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field of a variety commonly found in southeastern
Michigan. Detailed descriptions of this community
type on the George Reserve have been published by
Blair (1940) and Evans and Dahl (1955). In terms
of both cover and abundance, Canada bluegrass,
(Poa compressa, and goldenrod, Solidago juncea,
are the dominant species, although scattered clones of
Rubus flagellaris cover a considerable area. An ex-
tremely dense growth of Kentucky bluegrass, I.
pratensis, occupies most of the depressions. On the
clevated portions dominated by P. compressa there
wre often small patehes of bare soil.

DESCRIPTION OF THE EXPERIMENTAL ENCLOSURE

To facilitate the study of habitat selection by
prairie deer mice, I constructed a large rectangular
pen (100 x 16 feet) with its long axis perpendicular
to the woods-tield boundary. The enclosure was
situated so that halt lay within the woods, half within

TasLe 1, A. Cover estimates of plant species in
compartments of the experimental enclosure. The seale
(see text) is slightly modified from Evans and Dahl
(1955).

Compartments
(Field) (Woods)
12345 678910

Species

Herbaceous stratum
Anemone cylindrica Gray. ... ..
Lactuca sp....................
Rumex acetosella L.. .. ........
Lespedeza capitata Michx. ... ..
Helianthemum sp..............
AsterlaevisL.. ... ... .......
Antennaria neglecta Greene. . ...
Panicum oligosanthes Schultes. .
Erigeron strigosus Muhl.. ... ...
Ceanothus americanus L.... . ...
Polygala polygama Walt..... ...
Solidago nemoralis Ait..........
Poa compressa L...............
Euphorbia corollata L.. . .......
Rubus flagellaris Willd.. . . .. ...
Solidago juncea Ait............
Pterdium aquilinum (L.) Kuhn..
Rosa carolina L............. ...
Poa pratensis L................
Carya ovata (Mill.) Koch. ... ..
Prunus serotina Ehrh...........
Carex pensylvanica Lam..... ...
Sassafras albidum (Nutt.) Nees..
Helianthus divaricatus L. ... ...
Quercus velutinag Lam....... ...
Rubus occidentalis L.. . ........
Amphicarpa bracteata (L.) Fern.
Acerrubrum L............. ...
Lysimachia quadrifolia L.. . . ...
Geranium maculatum L.. ... ...
Chenopodium album L.........
Galium circaezans Michx.. ... ..
G.boreale L..................
Smilacina racemosa (L.) Desf....
Sanicula marilandiea L.. . ... ...
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the field (Fig. 1). It was assembled by stapling sheets
of one-third inch hardware cloth to a previously
erected wooden framework.

A series of partitions parallel to the habitat
border subdivided the enclosure into ten equal com-
partments (Fig. 2). To determine the vegetational
structure within, a complete list of the vascular plants
was first compiled. The per cent cover contributed
by each species was then estimated, using the follow-
ing ten point scale (slightly modified from Evans
and Dahl, 1955) :

4+ =oceurring as a single individual with re-
duced vigor; no measurable cover.

1 = occurring as one or two individuals; no
measurable cover.

2 = occurring as several
measurable cover.

3 = cover less than 4 percent of the total area.

4 = cover 4 to 10 per cent of the total area.

5 = cover 11 to 25 per cent of the total area.

6 = cover 26 to 33 per cent of the total area.

7 = cover 34 to 50 per cent of the total area.

8 = cover 51 to 75 per cent of the total area.

9 = cover 76 to 90 per cent of the total area.

10 = cover 91 per cent to complete

individuals; no

Of the 48 species listed, only 11 were comomn to
hoth the woods and the field (Table 1). Even in these
cases, however, the cover values were usually con-
siderably higher on one side of the boundary than on
the other. The data, therefore, confirm the existence
of two highly contrasting habitat types within the
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F1a. 2. The experimental enclosure.
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