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It was hypothesized that following seventeen years
of laboratory breeding, a semi-domestic stock of deermice

(Peromyscus maniculatus bairdii) would show decreased re-

activity (sensitivity, responsivity) to novel or unfamil-
iar stimuli. Genetic modifications, resulting from the
change in selection pressures accompanying the transition
from nature to captivity, were postulated as the determi-
nants of this change in behavior. A total of 360 subjects,
including the semi-domestic stock and offspring of a repre-
sentative sampling of wild-caught animals, were used in
testing the behavioral responses to several selected novel
situations. A first test measured the tendency to enter
an unfamiliar arena (open-field) and approach a caged
predator and a second test measured the effect of being
placed in an unfamiliar environment (activity wheel) on
body weight, food consumption and activity. This latter
test was expanded to study the effect of total water
deprivation on the body weight, food consumption,

activity and survival time of the two strains. To deter-
mine the effect of early environmental experience upon
reactivity to novel situations, young mice were reared by
mothers of the opposite strain (maternal influence) or

were reared in a semi-natural outdoor enclosure in contrast
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to the laboratory (place of rearing influence).

The results indicated that the semi-domestic strain
differed from the wild strain: (1) in its significantly
shorter latencies to approach and investigate both the
open field and the predator, (2) in its faster habituation
to the open field and (3) in its unaltered food consumption
when placed in unfamiliar living quarters.

The behavior of the wild strain tended to be con-
sistent whether reared in the laboratory or in the outdoor
enclosure. On the other hand, the behavior of the semi-
domestic strain could be modified by experience. Given
experience in the semi-natural environment of the species,
the semi-domestic strain displayed "wild type" responses
to novel stimuli.

Fostering wild offspring on semi-domestic females
and vice versa had no effect on the behavior of either
strain.

Total water deprivation produced no differential
strain effect on body weight loss, food consumption,
activity or survival. Enclosure-reared subjects and a
control group for handling and isolation showed greater
tolerance to water deprivation than mice reared in the

laboratory by their own mothers.
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It was postulated that the decreased reactivity of
the semi-domestic strain to novel situations is a result
of: (1) a relaxation of natural selection (present in
nature), (2) decreased reproductive success among highly
reactive animals and, (3) unconscious artificial selec-
tion by man. The genetic changes resulting from these
selection phenomena may have favored an upward shift in
the response threshold for reactivity to novel stimuli.
Its modifiability following domestication may be due to
a broadening of the range of environmental influence

(decreased genetic control).
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INTRODUCTION

A shift in selective pressures accompanies the trans-
ition from nature to captivity resulting in profound modi-
fications of the species gene pool during the domestication
process (Darwin, 1875; Spurway, 1955; Lerner, 1958;
Muntzing, 1959; and Hale, 1962). Climate, predation, food
and water availability, for example, are no longer critical
for survival, but psychological factors associated with a
reduction in the quantity and quality of space, forced
social groupings and human interference may determine fit-
ness. This shift in selection pressures will, in time,
result in genotypic and phenotypic modifications of many
significant biological and psychological factors.

Whereas captive wild animals may acquire behavior
patterns (Hediger, 1954), the process of domestication is
an active evolutionary process (Lerner, 1958; Hale, 1962).
The genetic changes accompanying domestication result, in
part, from the interplay of three selective phenomena:

(1) the relaxation of natural selection, (2) "natural

1
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selection"” in the laboratory (Lerner, 1958), and (3) arti-
ficial selection by man (Price & King, 1967). Genetic
drift, the random loss or fixation of genes in small
populations, and inbreeding may also influence the composi-
tion of the gene pool of captive populations.

Lerner (1958) points out that the term "natural
selection" implies that certain genotypes leave more re-
producing offspring than others. In contrast to artificial
selection, its effects can only be measured "ex post
facto." Natural selection does not purposefully bring
about differences between individuals in their capacity to
leave progeny but merely denotes this end result. On the
other hand, artificial selection is a purposeful process.
It can be the direct cause of differences between individu-
als in regard to their capacity to leave offspring when the
criteria for "fitness" are determined by man.

Although artificial selection is excluded by defini-
tion from nature,natural selection almost always occurs in
the captive environment along with artificial selection.
Breeders may be chosen from a captive population solely for
some morphological, physiological or behavioral character-
istic; however, some of these selected individuals may be

sterile or some may cannibalize their young. Others will
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be culled out by disease and leave no progeny. Natural
selection usually accompanies artificial selection and
only when the fitness of the selected breeders does not
vary can it be said that pure artificial selection has
occurred.

Under artificial selection man's demands may be
capricious and arbitrary and selection for a certain
character may cause a reduction in fitness. Selection for
the Rex hair color in rabbits has resulted in certain
metabolic and endocrinic disturbances, increasing mortal-
ity and susceptibility to specific diseases (Muntzing,
1959) . While selective advantage under artificial selec-
tion may be determined by the presence or absence of a
certain visible or measurable phenotypic characteristic,
under natural selection the totality of all phenotypic
expressions determine selective advantage with subtle
differences at the biochemical or physiological level
often playing major roles.

Although the phenotypic changes in many of our common
domestic animals have been well documented (Zeuner, 1963)
little is known about the relative speed at which the
domestication process works and what modifications are first

seen in the animals involved. In one notable exception,
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King (1939) reared over 25 generations of Norway rats in
captivity to observe changes in morphology and reproduction.
However, no systematic attempt was made to study behavior.

In studying the domestication process from an evolu-
tionary standpoint, it is necessary to isolate the genetic
and acquired components of the factors measured. All be-
haviors involve both genetic and experiential factors to
some degree but by keeping the environment constant for all
groups studied one can learn much about the influence of
genetic factors. It is difficult to obtain a constant en-
vironment, particularly when social interactions are involv-
ed. For instance, the young of a captive wild-caught female
may not receive the same maternal care as the young of a
female (same species) which is many generations removed from
the wild. The drastic change in the environment of the
wild-caught female may affect her treatment of young. The
semi-domestic female, coming from stock well adapted to
conditions in captivity, may treat her offspring differently.

Genetic and experiential factors are also confounded
when two populations behave similarly in one environment
but differently in another. Animals born to wild-caught
parents may behave the same regardless of the physical en-
vironment in which they were raised, whereas a domestic

animal reared in nature might display extremely abnormal
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behavior. Thus, the potentialities of a given population
may not be completely tapped in any one environment. In the
first case the behavior is relatively "fixed:;" in the
second, the behavior can be modified by experience.

One approach to the study of domestication is to re-
cord changes in a population of animals over successive gen-
erations in captivity (King, 1939). The other approach is
to compare a long-captive strain with a group representing
their wild ancestors (assuming living ancestors are not
available). The present study used the latter approach by

comparing the offspring of wild-caught Peromyscus manicula-

tus bairdii with a semi-domestic stock approximately 20-25

generations and 17 years removed from the wild (Harris,
1952) . It was hypothesized that this many generations of
breeding in captivity coupled with the drastic shift in
selection pressures has resulted in sufficient genetic
change in the semi-domestic strain to modify their behavior.
Although all behavior may undergo some modification
during domestication, the reaction to a strange or novel
stimulus has been thoroughly investigated (Farris and
Yaekal, 1945; Richter, 1953; Barnett, 1956 and 1958; Welker
and King, 1962; Chitty and Shorten, 1946; Thompson, 1948

and 1953; and Chitty, 1954). Most investigations have
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6
concluded (see Lit. Review) that domesticated varieties of
rats and mice tend to investigate new or unfamiliar stimu-
li, whereas wild forms show a pronounced tendency to avoid
novel stimuli (exhibit "neophobia") in a familiar environ-
ment.

The display of "neophobia" by wild animals in nature
presumably has some significance. Obviously, total avoid-
ance or total attraction to all novel stimuli would be
maladaptive. Although acute "neophobia" would be advantage-
ous in avoiding predation, it could be disadvantageous in
locating mates, food or nesting sites. One can surmise
that the greatest fitness will be ascribable to those in-
dividuals which regularly avoid potentially detrimental
stimuli and approach stimuli favorable to their survival.

The present study is concerned with the reaction of
deermice to unfamiliar stimuli. The reaction of animals to
novel stimuli has been discussed in terms of sensitivity,

attentiveness, emotionality, "neophobia," responsivity and
a host of other behaviors and abstractions (see Lit.

Review) . These characteristics cannot be measured directly
and must be described operationally. Broadhurst (1960) has

used the term "reactivity" to describe the so-called

"emotional" behaviors of rats. "Reactive" rats exhibited
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decreased ambulation and increased fecal depositions in re-
sponse to being placed in an unfamiliar environment. "Non-
reactive”" animals were less affected by changes in their
environment and, thus, showed greater ambulation (investi-
gatory behavior was not suppressed) and fewer fecal boluses
per unit time. In the present study, "reactivity" is
measured by such variables as the latency to enter, activi-
ty within, and habituation to an unfamiliar arena (open-
field) and natural predator. In addition, the reactivity
to being placed in a novel living environment (activity
wheel) with no opportunity for escape is measured by
changes in body weight, food consumption and activity. A
reactive mouse will exhibit: long latencies, low activity,
slow habituation, loss in body weight, and decreased food
consumption. Thus, the non committal terms "reactive,"
"non-reactive” and "reactivity" will be used to describe
the animals' response to novel stimuli in terms of the
previously defined dependent variables.

One may postulate that a certain degree of reactiv-
ity to novel stimuli is selected for in nature. High re-

activity could retard the ability to adapt to a changing
environment. On the other hand, weak reactivity could
increase the animal's vulnerability to predators, poisons,

traps, etc. Each novel stimulus encountered, then, must
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elicit both elements of approach and withdrawal (Schneirla,
1965) . Certain stimuli such as the odor of a predator may
elicit a strong degree of withdrawal or avoidance while
other stimuli may be more neutral or positive (approach) in
character (Sund, 1958; Roeder, 1963; Martin and Melvin,
1964) . The experience gained at the initial encounter with
a novel stimulus will influence the reaction to this stim-
ulus on subsequent encounters. Therefore, by reinforcement
of the approach or withdrawal responses (or habituation, as
the case may dictate) an animal learns to respond appro-
priately.

In the laboratory, however, animals are seldom
exposed to novel situations and even when provided, they
usually have little or no survival value. Consequently, a
relaxation of natural selection for reactivity to novel
stimuli can be predicted during domestication (assuming that
selection for this behavior occurs in nature).

Several behavioral characteristics are either direct-
ly or indirectly concerned with the reaction of an animal
to novel stimuli: (1) reactivity to stimuli, including
arousal levels and response thresholds, (2) physical capac-
ity to perceive stimuli in the environment, (3) intehsity

of the exploratory or investigatory drive, and (4) general
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9
activity. Of these four characteristics reactivity to
novel stimuli would be most likely to be affected by
"natural" and/or artificial selection in the laboratory,
through decreased reproductive success of the more re-
active individuals. The three other characteristics are
more predisposed to change by the relaxation of natural
selection present in the wild.

In the present study an attempt will be made to
demonstrate the extent to which a semi-domestic stock has
diverged from a wild strain in its reaction to novel stimu-
li. Two distinct test situations have been designed to
measure this reaction: (1) the tendency to approach a novel
stimulus when given a choice, and (2) the reaction to an
unfamiliar living environment forced upon the animal.

The open-field apparatus is well suited to study
this first reaction (Hall, 1934). An open-field is an en-
closed (and in this case, unfamiliar) arena designed to
test reactivity by an animal's defecation, activity and

latency to enter responses. Since Peromyscus rarely defe-

cates in an open-field the two primary dependent variables
in this test were propensity to enter the open-field and
activity therein. Reaction to the open-field, both initial-

ly and following 48 hours habituation, comprised the first
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phase of the open-field tests. In the second phase both
the initial and habituated reaction to a caged predator
(least weasel) within the open-field was measured. The
tests following habituation to the open-field and predator
were administered to determine if the strains differ in
latency to approach stimuli after equal opportunity to
habituate to them.

In the second test the reaction to a novel living
environment was measured by placing the mice in activity
wheels and obtaining daily measures of body weight, food
consumption and activity. Whereas, in the open-field test
the animal was given the choice of either investigating the
novel stimulus or remaining in a "safe" area, in this test
the animal is placed within a strange environment with no
means of escape.

In addition, the mice were totally deprived of water
following the first five days in the activity wheel, in
order to study strain differences in reaction to severe
physiological stress. The rates of change in body weight,
food consumption and activity were measured in addition to
survival time in days.

Since the degree of reactivity to novel stimuli is

relatively unimportant for survival in captivity and
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reproductive success in a strange environment is enhanced
by low reactivity, it was hypothesized that a strain of
deermice bred in the laboratory for 17 years (approximately
20-25 generations) would be lesé reactive to unfamiliar
stimuli than wild counterparts. Non-reactivity would favor
decreased inhibition (disinhibition) of the investigatory
response while reactive subjects would display stronger
withdrawal responses and greater caution in approaching and
investigating a novel stimulus. The tendency to approach
and investigate an unfamiliar arena (open-field) was stu-
died. When compared with wild deermice, the semi-domestic
subjects were expected to exhibit the following: (1) a
greater percentage of individuals entering the open-field
during the two-minute test period; (2) shorter latencies to
enter the open field; (3) greater investigatory activity
within the open-field; (4) greater total time in the open-
field during the two-minute test trial; and (5) fewer re-
treats to the start box per unit time in the open-field.

It was reasoned that once familiarization had occur-
red, withdrawal responses associated with a new environment
would be extinguished. The following question was raised,
"Would the two strains show a similar tendency to enter and

investigate a relatively new environment once adequate
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opportunity for habituation had been provided?" To answer
the question, it was hypothesized that following 48 hours
habituation, the more reactive wild strain would not differ
from the semi-domestic subjects in regard to: (1) percent-
age of subjects entering the open-field; (2) latency to
enter the open-field; (3) activity therein; (4) total time
in the open-field during the two-minute test period; and
(5) retreats to the start box per unit time in the open-
field.

The reactivity of wild animals to novel physical
stimuli is probably not as critical for survival as their
reactivity to certain biological stimuli such as con-
specifics and predators. Consequently, the response to a
natural predator was measured following habituation to the
open-field. The hypotheses tested were identical to those
postulated for the initial reaction to the open-field

When forced to occupy an unfamiliar living environ-
ment the natural balance of approach-withdrawal tendencies
is initially disrupted by the inability to show withdrawal.
This conflict is often reflected in physiological mechanisms
associated with appetite or hunger (see Lit. Review).

This conflict is reduced for non-reactive individuals

and psychological distrubance in response to the above
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treatment is minimal. It was postulated that the reactiv-
ity of the semi-domestic strain had become so reduced during
domestication that only minimal stress was experienced when
placed in an unfamiliar environment. More specifically, an
initial drop in food consumption was predicted for the wild
strain whereas no change in feeding behavior was expected
for the semi-domestic subjects. Body weight was predicted
to follow the same trend as food consumption.

Consideration was given to the fact that strain dif-
ferential changes in food consumption and body weight could
merely reflect differential changes in general activity.
Running time in the activity wheels was measured. Since
strain differences in regard to food consumption and body
weight were believed due to genetic changes during domesti-
cation, no strain differential activity response was pre-
dicted.

Total water deprivation was administered to deter-
mine the extent to which the semi-domestic mice had diverg-
ed from their wild counterparts in response to severe
physiological stress. Since a drop in food consumptio$ and
body weight was assured (see Lit. Review), attention was
directed to the rate of decrease.

Although wild animals are seldom confronted with
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total water deprivation, periods of severe drought are com-
mon in nature. Natural selection has favored those in-
dividuals best adapted for survival under minimal water
rations. On the other hand, water had been readily avail-
able to the semi-domestic stock during its 17 years in
captivity, allowing the relaxation of selection. It was
hypothesized that the wild strain would be more tolerant of
total water deprivation than the semi-domestic subjects.
The wild strain was expected to show a slower rate of
decrease in food consumption and body weight and longer
survival time. In keeping with the literature, an initial
increase in wheel-running time was predicted for both
strains. Again, no strain-differential activity response
was expected.

The effect of environmental factors on the behaviors
tested were assessed by: (1) fostering within and between
strains and (2) rearing in the laboratory versus the natural
environment. In the present study the offspring of wild-
caught individuals were used to represent the genotypically
wild strain, since the early experience of the trapped
parents was unknown. The importance of maternal care in
shaping offspring behavior is a controversial subject at

the present time (see Lit. Review). If the experimental



15

animals were influenced differently by the type of maternal
care they received, these effects should be revealed by
cross-fostering the offspring of wild-caught females on
semi-domestic females and vice versa. Due to discrepancies
in the literature and the fact that the major hypothesis
points to genetic rather than environmental effects on be-
havior, no maternal influence was predicted.

A second factor which could affect the behavior of
animals during domestication is the place of rearing (in
nature versus the laboratory: see Price and King, 1967).
If the gene pools of wild and domestic strains differ, wild
animals might react differently to laboratory conditions
than domestic animals and vice versa in the wild. The lim-
itations imposed by the laboratory on the genetically-
determined "wild" behavior of wild animals or their im-
mediate descendents could lead to heightened reactivity to
novel stimuli and slower adaptation to unfamiliar situations.
The domestic animals, on the other hand, having been under
selection for characteristics favorable to captivity should
be less affected by laboratory induced restriction on
behavior.

Both wild and semi-domestic deermice were given

early experience (between 21 and 55 days of age) in a
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semi-natural outdoor enclosure to test this variable. Few
studies are available which test the place of rearing
factor (see Lit. Review). Barnett (1963) notes that albino
rats allowed to "run free" become more "savage" and "diffi-
cult to handle" than those maintained in close association
with man. A laboratory stock of deermice will successfully
choose the natural field environment of the species only
when given early experience in the wild (Wecker, 1963).

The major hypothesis of this dissertation states
that genetic change has reduced the reactivity of the semi-
domestic strain to novel stimuli. The questions arise,
"Can the level of reactivity be modified by the place of
rearing?” and "Is the modification different in the two
strains?" Although the modifiability of behavior is under
genetic control, an answer of "yes" to only the second
question points to strain differences in genotype. An
answer of "yes" to either question indicates that reactivity
to novel stimuli is not a genetically "fixed" character.
For purposes of this study, it is hypothesized that the
place of rearing has no influence on the responses stu-
died, that reactivity to novel stimuli is a genetically

"fixed" behavior.



LITERATURE REVIEW

The behavior patterns involved in the reaction of an
animal to a novel stimulus contain many components consider-
ed characteristic of emotional behavior. Thus, a review of
the literature in this general area will provide a founda-

tion for subsequent discussion.

Changes in Emotionality

Emotional characteristics and their role in do-

mestication. One character which seems easily disposed to

genetic change under domestication is emotionality. The
latter is a term used loosely and often synonomously with
the term "temperament." The first studies on differences
in emotionality between wild rodents and their domestic
counterparts (Yerkes, 1913; Coburn, 1922; and Stone, 1932)
were concerned with quantitative differences in so-called
"wildness," "savageness" and "timidity" in rats and mice
as determined by specific tests. Today, emotionality is
used (as a convenient wastebasket) to categorize a complex
of responses which occur in situations which the

17
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experimenter deems stressful in character. Emotionality,
in regard to the behavior of rats and mice, has often been
measured operationally by differences in defecation and
ambulation (Hall, 1934; Broadhurst, 1958; Denenberg and
Whimbey, 1963), avoidance conditioning (Spence and Maher,
1962; Owen, 1963; Tobach and Schneirla, 1962; and Levine and
Broadhurst, 1963), latency to approach an unfamiliar area
or object (Barnett, 1958; Welker, 1959; Denenberg, Carlson
and Stephans, 1962; Joslin, Fletcher and Emlen, 1964) and
consummatory behavior following deprivation (Levine, 1957;
Lindholm, 1962; Spence and Maher, 1962). The fact that
different species or strains may react differently when
under stress has tended to confuse our understanding of
emotionality and made comparative work very difficult.
Despite the pitfalls involved in the use of the term
"emotionality," when operationally defined it is probably
the best term available.

Keeler and King (1942) reported a rapid change in
temperament associated with the genetic system controlling
coat color. They state, "the tame albino rat, at least the
strain studied, was probably not domesticated by selection
over long periods of time, but was modified in behavior

principally by the introduction (by mutation) of the black
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gene (non-agouti) in which savageness and wildness have been
considerably reduced." They also point out that from a sur-
vey of 18 stocks of domestic albino rats used in American
scientific laboratories today, most have been derived from
animals carrying the black gene, the coat color not expres-
sed because of albinism.

In testing the Keeler-King hypothesis of coat-color
gene effects on emotionality, Broadhurst (1958) subjected
five pure strains of rats to an open-field test for emotion-
al defecation. He failed to find any correlation between
coat color and scores in this mildly stressful test. How-
ever, it is not certain that the open-field test adequately
measures emotionality as it is involved in the domestica-
tion process (Tobach and Schneirla, 1962; Bindra and
Thompson, 1953; Hunt and Otis, 1953). Another point which
Broadhurst (1960) raises is that the Keeler-King hypothesis
can only be properly investigated against a homogeneous
background of other genetical characteristics, otherwise
alternative genetical determinants of the behavioral
response studied may mask or exaggerate the effect of the
coat-color gene. To test this hypothesis, Broadhurst
crossed two strains known to differ with respect to the

agouti-nonagouti gene, bred the Fl and F, generations and
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observed the effect of the segregating gene among the lat-
ter. No coat-color effect was found in the open-field
test (Broadhurst, 1960). He concluded, then, that docil-
ity in the rat, at least, is probably not due to a major
gene effect operating through pleitropy but rather "a
linkage effect of perhaps several major genes, probably in
association with a polygenic system determining behavioral
responses."

Artificial selection for emotional characteristics.

Successful selection for emotional and non-emotional albino
rats as measured by defecation and ambulation in Hall's
open-field test has been obtained by Hall (1951) and Broad-
hurst (1960). Although selected specifically for maze
learning, Tryon's maze bright rats were found to be more
emotionally disturbed in non-maze situations and less
emotionally disturbed in the maze proper than the maze-dull
rats (Tryon, 1942). Not only does successful selection for
emotional characters indicate that these traits are at
least partially determined by heredity but it also provides
an estimate of the differential response of emotional and
non-emotional traits to selection pressures. Hall (1951)
found that the maximum effects of selection for non-

emotionality are realized in the first generation while it
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took nine generations for the emotional strain to become
stabilized. He also discovered that the hybrid offspring
of emotional and non-emotional parents are usually non-
emotional in behavior. These two factors led Hall to
postulate that the genes for non-emotionality are dominant
over those for emotionality. Likewise, Broadhurst found
that selection for emotional non-reactivity was faster than
selection for emotionally reactive characters. Ten genera-
tions of selection resulted in a mean increase of one unit
of ambulation in the reactive strain while the non-reactive
line showed a mean decrease of 2.29 units. To the extent
that defecation and ambulatory scores in the open-field are
valid indices of emotionality, the greater responsiveness
of non-emotional characters to selection, at least in the
rat, and the increasing docility usually accompanying do-
mestication suggests that non-emotionality is a character
selected for in captivity. I propose that this reduction
in emotionality results principally from a change in
selection pressures associated with the transition from
the natural environment into captivity.

Natural selection for non-emotionality in the

laboratory. It is well known that psychological stress can

severely reduce reproductive success (Southwick, 1955;
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Jenkins, 1961; Eleftheriou, Bronson & Zarrow, 1962; and
Christian and Davis, 1964) by means of pregnancy blockage,
greater loss of embryos, smaller litter size and an in-
crease in cannibalism. If wild animals experience some
sort of stress when brought into the laboratory one would
expect lowered reproductive success (relative to their
domestic counterparts) to accompany any attempts at breed-
ing.

The stress experienced by a wild animal in captivity
is probably influenced by its general emotionality. To the
extent that greater emotionality results in greater stress
following this environmental change any reduction in repro-
ductive success in captivity is a result, at least in part,
of the emotional characteristics of that species. It fol-
lows, then, that probably the less emotional individuals
of a species, which are stressed less by captivity, will
leave the bulk of the offspring for the wild-caught genera-
tion and in essence selection for non-emotionality will
have occurred. Furthermore, the greater the stress of con-
finement the more intense will be selection for non-
emotional characteristics. Consequently, in a highly
emotional species strong selection for non-emotionality can

be expected, particularly among the wild-caught animals
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themselves.

The information obtained by King (1939) on changes
in reproductive success of the Norway rat over successive
generations of laboratory breeding has given credence to
the latter hypothesis. Of 20 wild-caught female rats, only
six bred in captivity and only one female successfully
reared her offspring. The other five breeders either can-
nibalized or neglected their young. In the second genera-
tion the majority of females were fertile and successfully
reared their progeny. During the first eight generations
sterility in females decreased from 37.3 to 5.9 percent
and by the tenth generation sterility and low fertility of
females ascribable to the effects of captivity had all but
disappeared. Only five of 161 females reared in the tenth
to the twelfth generations did not breed and in these cases
sterility was caused by diseases of the reproductive organs.

The average number of litters produced by each fe-
male during her reproductive life increased from 3.5 lit-
ters in the firsf generation to 10.2 litters in the
nineteenth generation. This was partially due to an eight
month increase in the average length of the reproductive
period by the twenty-fifth generation (also reported by

Richter in 1959). 1In this time, however, litter size had
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not changed.

The failure of wild pintail ducks to breed in cap-
tivity led Phillips and Tienhoven (1960) to study the
gonadal development of ducks caught as young in the wild
and of ducks reared from the eggs of wild parents. The ar-
resting of gonadal development in the wild-caught birds was
found to be due to a lack of gonadotrophic hormones from
the pituitary. This was confirmed by the fact that injec-
tions of chicken pituitaries produced normal ovarian devel-
opment. Furthermore, gonadal development and pituitary
gonadotrophin content was greater in birds handreared from
eggs of wild parents than in the wild-caught birds, indi-
cating that early behavioral experiences may be involved in
the reproductive failure of the captives.

Leopold (1944) found that in captivity the wild
turkey is much less tolerant of disturbances than either
domestic or hybrid birds. Although the three genotypes did
not differ in regard to clutch size, egg fertility or
hatching success, the domestic turkey, like the domestic
rat and hand-reared pintail duck, is a more precocious
breeder than the more emotional wild bird. Wild turkeys
seldom breed in their first year while first-year domestic

birds are considered the most vigorous breeders.
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Furthermore, the domestic birds start breeding activities
in the spring two months before their wild counterparts.

These examples serve to illustrate that the failure
of wild animals to breed in captivity or the reduced re-
productive success experienced is in essence natural selec-
tion for those individuals best able to tolerate the
captive environment. If such toleration capacity is pro-
portional to the relative non-emotional characteristics of
an individual, it follows that domestication for most
species necessarily will be accompanied by natural selection

for high emotional thresholds.

General Dependent Variables

Reaction to novel stimuli. As stated previously,

the behaviors involved in reaction to novel stimuli to a
great extent reflect the general emotionality of the ani-
mals involved. The tendency of domesticated strains of
rats and mice to investigate new or unfamiliar stimuli is
well documented (Farris and Yaekel, 1945; Richter, 1953;
Barnett, 1956 & 1958; Welker, 1957; Welker and King, 1962).
On the other hand, wild rats have been found to consistent-
ly avoid novel stimuli in a familiar environment. Farris
and Yaekel (1945) showed that rats 43 generations removed

from the wild were significantly more emotional or fearful



26
in an open-field test than an established domestic strain
of albinos. Chitty and Shorten (1946) found that wild
Norway rats exhibited a pronounced "neophobia" to strange
objects in a familiar situation such as a block of wood
placed between a home site and an established feeding area.
Automatic recorders showed that this avoidance of novel
stimuli occurred even in complete darkness. Thompson
(1948) , studying the feeding habits of wild rats, discover-
ed that prolonged fasting would often preclude the ap-
proach of an unfamiliar stimulus at a feeding site. Other
rats would run out, seize a mouthful of food and return to
cover to consume it. Barnett (1956) employing first gener-
ation laboratory and albino rats in a test for food pre-
ference found that the initial activity of the wild genotype
animals was inhibited by the presence of unfamiliar food
and food containers. The laboratory albinos investigated
the new food and commenced eating as soon as it was avail-
able, whereas the movements of the wild animals were
determined by the two opposing forces of investigation and
avoidance. Barnett (1958) further reported that food con-
sumption in wild rats would cease or decrease drastically
for several days when the position of food or its container

was changed. In every case, the wild animals initially
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avoided the unfamiliar stimulus and the laboratory albinos
immediately began to explore or investigate it.

Richter (1953) showed that wild Norway rats (but not
domestic albinos) will develop a "refusal response" to
poisoned food by consuming food containing the toxic sub-
stance in sub-lethal doses. Both odor and taste aided the
wild rats in detecting the poisoned food which apparently
had become associated with the deleterious effects of the
sub-lethal doses consumed previously. When the poison was
placed at random in one of two food receptacles, a number
of rats showing refusal responses literally starved to
death while others often displayed a catatonic-like be-
havior. An interesting fact uncovered in this study was
that young rats develop "toxiphobia" more rapidly than the
adults.

Howard (1949) estimates that in nature only one o%t
of five deermice born will reach sexual maturity and that
the heaviest losses occur on dispersal from the nest. If
selection is most severe on the juveniles during dispersal
and the latter is the time when animals are exposed to
many stimuli in their environment for the first time, then
it seems reasonable that selective factors would favor

those individuals which, at this young age, most readily
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discriminate between beneficial and harmful stimuli in their
environment and make the appropriate approach or withdrawal
responses to them. Thus, if the capacity to make (or learn
to make) appropriate responses to novel stimuli is impor-
tant for survival, the findings of Howard give special
significance to Richter's discovery that young rats develop
"toxiphobia" more rapidly than adults.

Activity. The influence of general activity on an
animal's behavior is nearly as all-pervading as its general
emotionality. Often in animal behavior studies it is dif-
ficult to determine whether or not quantitative differences
in scores on a given test are truly representative of the
behavior measured or merely reflect differences between
individuals and groups in regard to activity. In order to
assess the influence of general activity on the tests
administered in the present study, "spontaneous" activity
in running-wheel cages was measured to specifically in-
vestigate: (1) strain and treatment differences in
activity, and (2) changes in activity due to terminal water
deprivation.

Genotype-correlated activity in the Norway rat has
been studied by both Rundquis? (1933) and Brody (1942).

The former established two strains on the basis of high and
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low activity in running wheels. Brody, using the high and
low activity strains of Rundquist, concluded that selec-
tion for low activity was more easily obtained than selec-
tion for high activity. The extremely active individuals
from the low strain had virtually been removed by the sixth
generation but in the active strain a few inactive in-
dividuals were found in each generation. Brody was of the
opinion that the two strains were separated primarily by
single gene differences although this conclusion has been
challenged by Robinson (1965). Price (1963) found that

wild-trapped Peromyscus maniculatus bairdii were signifi-

cantly less active in a tilt box than both their own off-
spring, born and reared in the laboratory, and the semi-
domestic stock used in the present study. No difference
in activity was found between the latter two groups, how-
ever, suggesting that the differences observed were due to
environmental rather than genetic effects. Richter and
Rice (1954) reported that the normal running-wheel activity
in laboratory and wild Norway rats was similar but that the
activity of wild rats was significantly higher under condi-
tions of fasting.

The effects of total water deprivation on activity

is a somewhat controversial subject. Wald and Jackson
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(1944) , Campbell (1964), Stevenson and Rixon (1957) claim
that lack of water increases activity in a running-wheel
while Treichler and Hall (1962) found no change. When
activity was measured in stabilimeter cages, Campbell and
Cicala (1962) and French (1956) found no change and a
decrease in activity, respectively, in rats and mice de-
prived of water. A subsequent study by Campbell (1964)
showed that while activity in a stabilimeter normally did
not change when water was removed, if the stabilimeter was
raised so as to wobble excessively with movement of the
subject, activity increased as it did in running-wheels.
Campbell, consequently, suggested that some sort of
response-produced feedback system produced the increase in
activity.

The relationship between wheel running and body
weight has received attention by several investigators.
Brobeck (1945) found a negative correlation between running
wheel activity and body weight in rats. Active rats lost
as much as five grams in five days. By locking or unlock-
ing the wheels, Brobeck was able to control weight gain or
loss. Premack and Premack (1963) noted that the daily food
intake of ;ats was temporarily reduced by the introduction

of an activity wheel and later increased by removal of the
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wheel. Perhaps, this could, at least partially, account
for the loss in body weight with increased wheel running
noted by Brobeck. Spear and Hill (1962) showed that rats
placed on a 24 hour feeding schedule lost more weight liv-
ing in activity wheels than in normal living cages. Thus,
one can conclude from these studies that running-wheel
activity may result in a decline in body weight either by
an increase in normal activity or by a decrease in food
consumption.

The effects of water deprivation. In the present

experiment, survival time under terminal water deprivation
together with activity and food consumption was measured for
mice housed in activity wheels and a control group deprived
in their home cages (activity was not measured in this
group) .

The physiological variables and behavioral adapta-
tions of animals to severe water shortage have been review-
ed by Schmidt-Nielson (1952) and Chew (1961). Although
these reviews adequately cover the genetic determination
of water-related behavior at the species level, within-
species adaptations have been seldom explored (O'Kelly,
1963) . One exception to this is Lindeborg (1952) who ex-

amined the water requirements of closely related species
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and subspecies within the genus Peromyscus. In southern

Michigan periods of nearly 50 days with only 0.25 inches or
less of rainfall sometimes occur. Lindeborg found that
only approximately 50 percent of the P. m. bairdii tested
could survive this length of time on severely reduced water
rations. The lull in the breeding activity of this mouse
during the summer months could, thus, be adaptive in that
the increased water requirements (2 fold) of nursing P. m.
bairdii females could easily bring about a negative water
balance. It is a possibility, then, that selection favors
those animals which are best able to survive periods of
water shortage and which restrict breeding activity to the
months when temperature is lower and moisture is higher.
Furthermore, Lindeborg noted a significant difference in

water consumption between two stocks of Peromyscus

maniculatus gracilis captured in similar habitats only 65

miles apart in upper Michigan. If selection for water re-

quirements does occur among populations of Peromyscus in

Michigan, a relaxation of such selection could be expected
in the laboratory. Consequently, it would not be surpris-
ing to find that genotypically wild mice would show longer
survival times under conditions of severe water deprivation

than their semi-domestic counterparts. Under conditions of
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stress, however, this phenomenon could be reversed.

The decrease in food consumption during severe water
deprivation has been well documented (Chew, 1951; Chew and
Hinegardner, 1957; Beck, 1964; Bing and Mendel, 1931;
Kleitman, 1927; Lepkovsky, et. al., 1957; and Strominger,
1947) . Chew (1951) found that when suddenly deprived of

water, Peromyscus leucopus would exhibit a 63 percent drop

in food intake during the first 24 hours together with a
14.6% loss of body weight. This 14.6% loss may be due to a
small tissue water loss plus a reduction in contents of the
alimentary tract but as Chevillard (1935) has pointed out,
in the white mouse body weight may vary from 6 to 12% in
one day simply to alimentation. For this reason body
weight determinations in the present study were made at
approximately the same time each day at the end of the in-

active period. French (1956) showed that Peromyscus

maniculatus sonoriensis, a desert species, reduced its food

consumption to about 50% normal intake on the first 24
hours of total water deprivation. He suggested that the
decreased food intake may be due to lack of saliva and
digestive secretions for the ingestion and digestion of the
dry food available. Adolph (1947) in a study employing the

domestic rat, noted that food intake declined progressively
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with days of total water deprivation and after the third
day was less than one-tenth the normal intake. On the
other hand, Chew and Hinegardner (1957) found a sharp drop
in food consumption of white mice on the first day of total
water deprivation followed by a relatively constant intake
thereafter, at this low level until death, despite the pro-
gressive decrease in body weight. The authors concluded
that the drive to eat had not been reduced but rather that
the lack of water interfered with swallowing because of
insufficient saliva.

Naturally, with a decrease in food intake during
terminal water deprivation, body weight will show a pro-
gressive decline. Chew and Hinegardner (1957) determined
that the amount of weight lost prior to death (when total-
ly deprived) was largely determined by the initial weight
of the animal (on ad 1lib intake), according to the equation
Y = 15.517 plus 0.166X with r = 0.612 and C = 7.4% (Y =
minimum weight; X = initial weight; r = correlation coef-
ficient; C = coefficient of variation). Variation was
greater among females than among males but no apparent dif-
ferences in variation due to age were discovered.

Chew and Hinegardner (1957) cite references to the

physiological effects of inadequate water intake or excessive
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water loss. Their findings in regard to lipid content,
body water content, and blood water content are particular-
ly informative. When deprived of water, white mice will
utilize body fat to make up the deficit resulting from de-
creased intake of food and water. Because fat reserves
are completely exhausted at death, it was suggested that
starvation plays an important part as a causative factor.
Body water content expressed as percent of fat-free body
weight (fat does not store water) showed a statistically
significant decrease during terminal water deprivation,
indicating a progressive dehydration of body tissues.
Likewise, the water content of whole blood was significant-
ly reduced, a change restricted to the blood cells but not
the plasma.

Lindeborg (1952) found that P. m. bairdii on a
daily water ration of only 0.2 cc. (normal is 2.66 cc. per
day) lost an average of 43% of its initial body weight by
the time of death, which occurred at an average 24 days
after initiating the test. Although Chew and Hinegardner
(1957) report survival times of 3-8 days for white mice
without water, no data have been found comparing the sur-
vival times of wild and semi-domestic strains of the same

species in regard to total water deprivation. Richter and
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Rice (1954) found no difference in average survival time
for wild and domestic Norway rats placed on total food
deprivation, but water deprivation was apparently not

studied.

Independent Environmental Variables Tested

Maternal influence. The importance of controlling

for pre- and postnatal maternal influences in studies on
genotypically-correlated behavior in rats and mice has been
stressed by Thompson (1957), Broadhurst (1961), Denenberg,
Ottinger and Stephans (1962), Barnett (1963), Ottinger
(1963), Ressler (1963) and others. In the present study
prenatal effects were not studied but laboratory-reared
subjects were cross-fostered to test for a possible post-
natal maternal influence.

The data available regarding postnatal maternal ef-
fects have been somewhat contradictory. Broadhurst (1961)
failed to find significant effects on open-field behavior
from cross-fostering emotional and non-emotional rats.
Likewise, negative results were found in mice for aggres-
sive behavior (Fredericson, 1952) and social dominance
(Ginsburg and Allee, 1942). Foster (1959), in comparing
the reciprocal F; hybrids between the field-dwelling

Peromyscus maniculatus bairdii and the semi-arboreal P.
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maniculatus gracilis and their reciprocal backcrosses, fail-

ed to find a maternal influence of either parent on the
behavior of its offspring. On the other hand, Denenberg
and Whimbey (1963) have shown that the behavior of rats may
be modified by the experiences their mothers had while in-
fants. Similarly, Ottinger, Denenberg aﬁd Stephans (1963)
report that both rotation of mothers and cross-fostering
between low and high emotional strains have demonstrable
effects on the open-field behavior of offspring. They con-
clude that "offspring emotionality is directly related to
both pre-natal and post-natal emotionality of the mothers."
Ressler (1963), likewise, found a significant post-natal
maternal effect between two inbred strains of mice in re-
gard to visual exploration, weight at weaning and at 60
days, and survival to weaning. These results may be cor-
related with differential parental handling (Ressler, 1962)
influenced both by the strain of parents and the strain of
young. Finally, Griesel (1964) reports that rats reared
by inactive foster mothers were significantly more active
in an activity wheel than those reared by active foster
mothers. However, a comparison of these two groups in the
open-field did not reveal consistent differences in ambula-

tion or defecation.
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The rearing environment (laboratory versus nature) .

Although the differences between wild and domestic strains
under constant laboratory conditions has been explored
(Yerkes, 1913; Coburn, 1922; Richter, 1954; and Barnet,
1963), practically no one has made similar comparisons on
wild and domestic strains born and reared in nature. One
exception is a study by Wecker (1964) in which it was found

that Peromyscus maniculatus bairdii born to parents some

15-20 generations removed from the wild, would successfully
choose a field over a woods-type environment only after
early experience in the field, whereas their wild counter-
parts chose the field environment even when born and reared
in the laboratory. Thus, domestication had, in this case,
resulted in the loss of an innate propensity for habitat

selection.



GENERAL METHODS

Subjects

Wild genotype. The 180 wild genotype subjects em-

ployed were the offspring of wild-caught deermice trapped
in the vicinity of East Lansing, Michigan, from three
separate, non-isolated areas. Some 50 pairs of wild-
caught individuals were mated following capture in November
of 1964 and April of 1965. To avoid inbreeding, an effort
was made not to mate those individuals caught in close
proximity.

Semi-domestic genotype. The ancestors of the 180

semi-domestic mice to be employed were trapped in the
vicinity of Ann Arbor, Michigan (approximately 60 miles
from East Lansing) in 1948 by Van T. Harris (1952). They
were first maintained by Harris at the University of
Michigan and later kept at the Detroit Cancer Institute by
William Prychodko. In 1955, John King transferred about 12
pairs to the Roscoe Jackson Laboratory at Bar Harbor,
Maine, and in 1962 brought a breeding stock of about 50

pairs to Michigan State University where the present stock

39
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is approximately 20-25 generations removed from the wild.
During the period since 1948, no conscious inbreeding has
been practiced and in most cases a conscious effort to avoid
inbreeding has been made. The only selection employed has
been selection for fast and slow eye-opening which is now
in its fifth generation. Provided that selection for eye-
opening speed has exerted no pleiotropic effect on the
factors determining reactivity to novel stimuli, it may be
said that no conscious selection for this behavior has been
made during 17 years in captivity. In reality, little is
known about the genetic constitution of the mice in either
stock. The extent of inbreeding in the wild for P. m.
bairdii has been estimated at 4-10% (186 litters - Howard,
1949) but still little can be said regarding the relative
heterozygosity of the gene pool for either strain employed.
Furthermore, the intensity of natural and unconscious
artificial selection on the semi-domestic strain is un-
known.

Evidence is available that individuals of a popula-
tion differ in their capturability (Young, et. al., 1952;
Wiegirt and Mayenshein, 1966). It is conceivable that the
wild-caught parents of the first generation stock were not

truly representative of the native stock. However, if some
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selection for trapability occurred in obtaining the wild
stock, it probably occurred when the ancestors of the semi-
domestic stock were trapped in 1948. It is assumed that
the founder populations of both stocks were equally repre-
sentative of the native populations from which they were

derived.

Treatment Groups

In the present study wild and semi-domestic mice were
used as the basic experimental groups (genetic effects)
while subgroups were differently treated to provide tests
for maternal influence and place of rearing experience (en-
vironmental effects). The experimental and control groups
employed in the present study are diagramatically represent-
ed in Table 1.

Treatments for maternal influence. The literature

reviewed on the subject of maternal influence points out the
discrepancies found in this area. A test for the effects

of this variable in the present study was made possible by
fostering wild-genotype offspring on semi-domestic mothers
and vice versa. The effect of fostering, itself, was deter-
mined by exchanging litters within a strain. Fostering was
only employed with laboratory reared animals. Mice given

early experience (five weeks) in the outdoor enclosure were
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Table 1. Basic experimental and control groups employed,
tests taken separately.

Test One (Open-field)

Wild Genotype
A. Born and reared in the laboratory

1. Natural mother (N = 10 88 and 10 29)
2. Within-fostered (N = 20)
3. Cross-fostered (N = 20)
B. Early experience in outdoor enclosure
1. Natural mother (N = 20)

Semi-Domestic Genotype
A. Born and reared in the laboratory

1. Natural mother (N = 10 d8 and 10 $9)
2. Within-fostered (N = 20)
3. Cross-fostered (N = 20)
B. Early experience in outdoor enclosure
1. Natural mother (N = 20)

Test Two (Unfamiliar living environment)

Wild Genotype
A. Born and reared in the laboratory
1. Natural mother

(experimental) (N = 10 88 and 10 $9)
2. Within-fostered (N = 20)
3. Cross-fostered (N = 20)
4. Natural mother
(Control) (N = 20)
B. Early experience in outdoor enclosure
1. Natural mother (N = 20)

Semi-Domestic Genotype
A. Born and reared in the laboratory
1. Natural mother

(experimental) (N = 10 83 and 10 $9)
2. Within-fostered (N = 20)
3. Cross-fostered (N = 20)
4. Natural mother

(control) (N = 20)

B. Early experience in outdoor enclosure
1. Natural mother (N = 20)
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all reared by their own mothers (see section on care and
handling) .

Treatments for place of rearing. As stated pre-

viously it is conceivable that the place of early rearing
experience may be of great importance in determining sub-
sequent behavior. A test for this factor was provided by
comparing laboratory reared animals of both wild and semi-
domestic strains with those given five weeks of experience
(following weaning) in an outdoor enclosure (see section on

care and handling) .

Numbers Employed

Twenty animals, ten males and ten females, were test-
ed in each of the experimental and control groups employed.
A total of 80 animals per strain were used in the open-
field test while 100 subjects of each strain were employed
in the second test measuring the reaction to a novel en-
vironment forced upon the subjects. Thus, a total of 360

animals were used as subjects in both tests combined.

Care and Handling

All mice (including those given early experience in
the outdoor enclosure) were born in the laboratory in

clear plastic cages (5" x 11" x 6" deep) with removable
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wire lids. Wood shavings were used to cover the bottom of
the cages and cotton was provided for nesting material.
Food (Purina Mouse Breeder Chow) and water were provided ad
libitum.

Litters containing less than three young were re-
jected for testing purposes and all litters consisting of
more than four young were reduced to four (2 males and 2
females, when possible). When a 2:2 sex ratio was not
obtained two mice of the predominant sex were saved at
weaning, and the others discarded in that only siblings of
the same sex were raised together. All fostering was com-
pleted at three days of age or younger.

Litters were weaned at 21 days of age, and the mice
to be used as subjects were numbered by a system of toe and
ear clipping and placed either by groups of two (keeping
sexes separate) into standard laboratory cages or, in the
case of the mice to be given early experience in nature, by
groups of four (same sex) into one of the 16 areas in the
outdoor enclosure.

Following weaning the animals in both the outdoor
enclosure and laboratory were left undisturbed except for
periodic cleaning of the laboratory cages. After five

weeks' experience in the outdoor enclosure the mice were
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removed by live trapping and brought into the laboratory
where they were maintained in standard cages in groups of
two (like sex) until the day of testing.

All handling prior to testing (except where other-
wise stated) was accomplished by grasping the tail with 12"
metal forceps (tips covered with rubber hose). The
handling technique is described more fully in the sections

discussing procedure.

Outdoor Enclosure

The outdoor enclosure was located on the MSU farm
approximately 1/4 mile SE of the horse barns. As indicated
in the photo (Figure 1) the enclosure was located in an
abandoned section of grassland similar to the natural
habitat of the species employed. The outside dimensions
were 100 feet by 25 feet with internal partitions dividing
the pen into 16 equal areas 12% feet square in size. One-
fourth inch mesh hardware cloth fastened along its length
to 14 inch aluminum flashing provided the escape-proof
walls. The free side of the hardware cloth was folded over
along its length about four inches to form a perpendicular
shelf. This shelf side was buried in the soil about 4-6
inches deep so that the shelf projected toward the inside,

thus, preventing the mice from digging out. The walls were
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Figure 1. Outdoor enclosure used in testing for effects
of place of early rearing experience.
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strengthened around the periphery by wooden 2 x 4 posts.
Each area in the enclosure was equipped with a nest
area made from a 12" piece of 4" drain tile buried in the
ground and covered with a piece of 1" pine. Standard
laboratory food plus ear corn was provided to supplement
the natural foods present in each area and water was pro-

vided ad lib. during the dry months.



TEST-SPECIFIC MATERIALS AND METHODS

Open-Field Test

Subjects and Treatment groups. The eight treatment

groups outlined in Table 1 were employed in this test, to-
gether comprising 160 subjects. The laboratory reared
subjects were tested in ten blocks of 12 animals each, with
two animals of like sex from each treatment group compris-
ing a block. Tests began when the mice in a given block
averaged 60 days of age. Due to heavy mortality from local
predators, at first, the testing of the enclosure-reared
subjects was delayed until most of the tests on laboratory
reared subjects had been completed. Tests on the former
began five days following removal from the outdoor enclos-
ure, at approximately 60 days of age.

Aggaratus.

Open-Field - Six open-field boxes, 10" wide,

30" long and 22" deep, were constructed with plywood sides
(natural finish) and hardware cloth floors. The floor was
divided by colored wire into 5 equal sections of 6 inches

each. Midway along the long (30") side, a 1%" hole was

49
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made which served as the point of entry for the mice being
tested. A 7% watt bulb placed over each open-field provided
light from 6:00 a.m. to 6:00 p.m. daily. A blind concealed
the experimenter during the tests.

Nest box - During habituation the entry hole
in each open-field led to a nest box with inside dimensions
of 4" x 4" x 4" constructed of plywood with a removable
Plexiglas l1lid and a hardware cloth floor. A wooden plunger
was constructed as a false side to the nest box to facili-
tate removal from the latter with a minimum of handling.
Each nest box was fitted with an interlocking device permit-
t%ng easy attachment and detachment from the open-field.
Food pellets were strung on a thin wire across the front of
the nest box and water was provided by means of a spout
projecting through the Plexiglas lid.

Start box - A start box was constructed for
each open-field having inside dimensions of 2%" x 2%" x 5"
high. The sides and top were made of plywood and the bot-
tom masonite. A sliding sheet metal door formed the front
side and an interlocking device permitted easy attachment
and detachment from the open-field.

Predator - A least weasel (Mustela nivalis)

was placed in each open-field in a plywood and hardware
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cloth cage of dimensions 4" x 8" x 6" high. The cages con-
taining weasels were placed directly opposite the entrance
hole so that the shortest distance from the entrance hole
to the cage was 6 inches. During the tests the weasels
were generally active but did not elicit any audible sounds
or sudden movements. However, they usually would watch the
mouse as it moved about the open-field. The predators were
well fed when employed in the tests.

Procedure. One day before the beginning of testing,
nest boxes were placed in the home cages of each of the six
pairs of mice in a given block. On the initial test day
the nest box was removed from the home cage and one of the
two animals was prodded into its respective start box by
means of the wooden plunger described previously. The
start box was then placed in front of the entrance hole of
the open-field and after 8 minutes of habituation, the door
on the start box was raised and the time clock started.

The door to the start box remained open during the test.
During the two minute test period the following data were
obtained: (1) percent of subjects entering the open-field
within the two minute test period, (2) latency to enter the
open-field (when all four feet are outside the entrance

hole, (3) activity as measured by the number of sections
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crossed per unit time in the open-field, (4) total time in
the open-field during the test period, and (5) the average
time spent in the open-field per entry (total time in the
OF divided by the number of retreats to the start box).
All time measurements were obtained with stop-clocks and
counteré located outside the experimental room which the
experimenter controlled by a silent manually operated
mercury switch keyboard. After testing, the animal was
forced to return to the start box by means of movable
partitions.

Each pair of littermates was tested in the same
open-field and they alone remained in that OF for the re-
mainder of the 6 day test period. Before beginning tests
on any given day all mice were removed from the experi-
mental room (while in their nest boxes) to an adjacent room
where they remained until all tests had been completed for
that day. Mice of each pair were tested in their respective
open-field to keep room cues and odors as nearly constant
as possible. The tests were conducted at approximately the
same time each day (1:00 - 3:00 p.m.) and neither strains
nor litters were mixed during the test period to eliminate
the influence of differential strain or treatment effects

(if any) on subsequent behavior.
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Two relatively sound-proof rooms were employed in
the test administration. Three open-fields were placed in
each room making it possible to have one subject in start-
ing position while another was being tested in the other
room. This alternation of rooms for testing purposes al-
lowed the mice 8 minutes without disturbance immediately
before testing as opposed to a maximum of 4 minutes if only
a single room had been used. At approximately one and one-
half minutes before each test the next subject to be tested
was placed in starting position before its respective open-
field in the adjacent test room. The only disturbance, if
any, during the 8 minute pre-test period occurred when the
experimenter entered the test room approximately one
minute prior to test administration.

The test sequence is summarized diagrammatically in
Table 2. Each subject was administered all four tests in
the sequence described.

It was hypothesized that as a result of 17 years of
laboratory breeding the reactivity of the semi-domestic
strain to novel stimuli had declined so that, when compared
with the genetically wild strain, they showed: (1) a
greater proportion of subjects entering the open-field dur-

ing the time alloted, (2) faster latencies to enter, (3)
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Table 2. Basic experimental procedure of the open-field
test including test sequence, days administered
and measurements involved.

Dependent Variables

Test Day Measurement (Each Test)

1 0 Initial Reaction to 1. Whether or not
Open-Field O.F. was entered.

2 2 Habituated Reaction 2. Latency to enter
to Open-Field open-field

3 3 Initial Reaction to 3. Activity (no. of
O.F. plus Weasel blocks crossed)

4 5 Habituated Reaction 4. Total time in
to O.F. plus Weasel O.F. (2 min.

trial)

5. Number retreats
to start box.

greater activity, (4) more total time in the open-field,
and (5) fewer retreats to the start box. Furthermore, it
was postulated that the presence of the least weasel would
bring about a greater change in the behavior of the wild

strain than the semi-domestics.

Unfamiliar Living Environment Test

Subjects and treatment groups. The eight treatment

groups outlined in Table 1 were employed, including a con-
trol group (reared by their natural mothers in the labora-

tory) for each strain making a total of ten groups or 200
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subjects. The animals used in the eight basic experimental
groups were all adult naive subjects which had not been
handled or disturbed for at least three weeks prior to
testing and which ranged from 90 to 110 days of age. Body
weight and food consumption of the control animals were
measured four days prior to testing to obtain a base line
response for these variables. Likewise, these subjects
ranged from 90 to 111 days of age.

AEEaratus.

Activity wheels - Twelve 8" activity wheels

were custom-made by the metal shop at Michigan State Uni-
versity and each consisted of a single circular backing
disc of heavy galvanized sheet metal to which was attached
the runway made of perforated sheet metal 3" wide, leav-
ing one side of the wheel open. One end of a bicycle hub
was attached to the backing disc of the wheel and the other
end was fastened to a flat sheet metal plate 12" x 12" so
that approximately %" clearance was obtained between the
plate and the edge of the runway on the open side, thus,
allowing the wheel to run freely but not permitting the
animal to escape. A water bottle was attached to the back
of the main plate so that the metal spout projected through

a hole in the plate into the wheel. Food was provided by
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stringing blocks of Purina lab chow (1/64" holes drilled
through the center of each block) on fine wire and looping
the free end of the wire around the bicycle hub so that the
food remained stationary as the wheel turned.

Activity records were obtained by pen deflections on
an Esterline Angus Event Recorder running at 3" per hour.
Magnetic reed switches were attached to a piece of heavy
Plexiglas fastened in a stationary manner to the bicycle
hub. A magnet was glued to the backing disc of each
activity wheel 2" from the center and closed the reed
switch at each revolution, thus, completing the electrical
circuit to the event recorder. Because of the slow speed
at which the paper drive was set, continuous wheel-running
appeared as a solid block of pen deflections.

Procedure.

Experimental groups - On the initial day of

testing the subjects were removed from their home cages,
weighed and placed in activity wheels where they remained
throughout the test period. Each day between 2:00 and 6:00
p-m. (usually between 4:00 and 5:30 p.m.) the animals were
removed from the wheels (detaching wheels from plates) and
weighed. At the same time food consumption for the 24

hours previous was determined by weighing the food remaining
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and subtracting from the previous weight. A small per-
centage of the food handled was lost through the wheel as
crumbs. The food wasted by ten animals from each of three
treatment groups per strain (within fostered and control
groups excepted) was determined by twice collecting the
crumbs lost on paper toweling beneath the wheels and ex-
pressing this wastage as a percent of the total food
handled during the previous 24 hour period. Food consump-
tion data adjusted for wastage could, thus, be obtained for
all subjects.

The mice were maintained on this schedule for 5 days
during which food and water were provided ad libitum. Af-
ter five days the water was removed from the water bottles
of all subjects reared by their normal mothers, and the re-
sulting change in body weight, food consumption and activity
was measured until death in addition to survival time in
days. Fostered animals were not tested for survival. Dur-
ing this phase a check was made at 9:00 a.m. each day to
obtain greater accuracy in determining survival time.

Gross activity data collected by the Esterline Angus
event recorder were quantified by taking each daily 20 hour
period, from 6:00 p.m. to 2:00 p.m., and determining the

number of ten minute periods (6 per hour, 120 in all) in
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which the animal was active.

Control group - Because of the confounding

effects of handling and being isolated from their rearing
partner on the response to a novel stimulus (activity
wheel) and the confounding effect of being placed in a
strange environment on survival time during water depriva-
tion, a control group containing mice reared by their own
mothers was set up for both strains. To start, the sub-
jects were moved in their home cages from the colony room
to the adjacent test chamber where the activity wheels and
experimental animals were found. To get a base-line for
food consumption and body weight, a record was kept of
these variables for four days while the animals were still
paired. Two strings of food were placed in each cage to
prevent competition between the individuals of a pair. Be-
cause there was no way to determine how much food each
mouse of the pair consumed, the total amount consumed by
both was used as a base-line for any given pair. On the
fifth day the mice were isolated from one another into
cages containing bedding material from the original home
cage. The effects of isolation on body weight were deter-
mined for each mouse and the effects on food consumption

were found for each pair. Following five days under this



59
regime water was removed from the water bottles, bedding was
removed from the cages (to correspond to the lack of bed-
ding in the activity wheels) and food consumption and body
weight were measured until death. No measure of activity
was taken with this group.

All test animals were maintained in a relatively
soundproof room at 70-72° F. (air conditioned) and on a
12:12 light-dark cycle (6:00 a.m. to 6:00 p.m.). The
Esterline Angus recorder was kept outside the test room in
order to keep sound within to a bare minimum and to enable
one to examine the activity record without disturbing the
mice.

The following tables (3 and 4) indicate the basic
testing procedure employed along with the principle de-
pendent variables measured. Due to the loss in reactivity
of the semi-domestic strain to unfamiliar stimuli, it was
hypothesized that this strain would show no change in body
weight, food consumption and activity upon being placed in
an unfamiliar environment. Food consumption and, therefore,
body weight were expected to be below normal for the
genetically wild subjects during the perio? immediately
following placement in the activity-wheel cages. Wheel-

running activity of the wild and semi-domestic strains was
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Table 3. Basic experimental procedure of the "unfamiliar
living-environment” test including test sequence
and days administered. NM = natural mother,

WF = within-fostered, CF = cross-fostered, OP =
outdoor enclosure, C = control.

Days wild Semi-Domestic

C NM WF CF oP C NM WF CF OP
A X X
B X X
C X X
D X X
1l X X X X X X X X X X
2 X X X X X X X X X X
3 X X b 4 X X X XX X X X
4 X X X b 4 b 4 X X X X b 4
5 X b 4 X X b 4 X X X X b 4

Water Deprivation Begins

6 X X X X b 4 b'q
7 X X b 4 b 4 X X

Table 4. Dependent variables tested in the unfamiliar
living-environment test in relation to test days.

Variable A-D 1-5 6-7 7 Plus

1. Body weight X X X X

2. Food consumption/
gram body weight X X X X

3. Activity X X X
(Controls excepted)

4. Days until death X
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expected to be similar prior to deprivation. Following
total water deprivation both strains were postulated to
exhibit increased activity (based on literature). The
semi-domestic subjects were expected to show a faster
decline in food consumption and body weight during water
deprivation than the wild mice and, thereby, a shorter sur-

vival period.



RESULTS

Test One - Open Field

In order to facilitate statistical analysis (for
reasons discussed later), the data were divided into two
parts: (1) a comparison of the responses of the laboratory
reared subjects over test days, and (2) a comparison of
those natural-mothered groups reared in the laboratory
versus the outdoor enclosure (test day one only). Of the
five dependent variables measured (see Table 2) three were
discarded in the statistical analysis. The variable "number
of retreats into the start box" was discarded due to the
large number of zero scores resulting from non-entries and
because it was difficult to determine if the subjects re-
entered the start box to explore the latter or escape from
the open-field. The "total time spent in the open-field"
variable was discarded in that, in most cases, it merely
represented the inverse of the latency to enter since most
subjects remained in the open-field once they had entered.
Activity, taken as the number of blocks crossed per unit

time in the open-field, was invalid. Some subjects, once
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having entered the apparatus, ran around in a frenzied man-
ner and then quickly returned to the start box, amassing
extremely high activity scores.

Laboratory reared groups only. Since a much higher

than expected proportion of subjects did not enter the open-
field during the two minute test trial the "entry versus
non-entry" variable, in many respects, answered the biolog-
ical questions asked in this test. The nature of the data,
however, did not lend these scores to adequate statistical
analysis. Nevertheless, the percentage of entries were
plotted in Figure 2 for all four test days with treatment
groups combined. A simple X2 test for "entry versus non-
entry" with treatment groups combined indicated that on all
four test days the semi-domestic strain showed a signifi-
cantly higher proportion of entries than did the wild
strain. The percent entries and x2 values are presented in
Table 5.

The scores for latency to enter, being parametric in
nature, were more amenable to statistical analysis. A
three-factor analysis of variance was conducted involving
strains, treatments and days. In this analysis sexes were
combined, since they obviously did not differ. Test day

four (habituation to the weasel) was not included because
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Figure 2. The percentage of laboratory reared subjects
(treatments combined) which entered the open-
field (test days taken separately).
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Table 5. The percentage of laboratory reared subjects
(treatments combined) which entered the open-
field and the results of the statistical
analysis (test days taken separately).

Strain
Test Day wild Domestic x2 d.f. Prob.
1 60.0% 85.0% 8.19 1l .005
2 55.0% 86.7% 15.50 1 .005
3 26.7% 68.3% 20.88 1 .005
4 24.3% 60.0% 9.42 1 .005

the within-fostered subjects were not given this test and
an equal number of scores were desired for each subsample.
The latency scores were transformed to logs in order to
meet the assumption of homogeneity of variance. Because of
the large number of maximum (120 sec.) scores obtained in
some groups due to non-entries, the within-group variabili-
ty was lower than normal in these groups and the probabili-
ty of rejection was, thus, increased. 1In order to reduce
this chance of error, the probability needed for rejection
was set at the .01 level.

Table 6 includes the log mean latency to enter scores
for the first three test days. Figure 3 presents the
median latency to enter (non-log) scores for the six
groups over the four test days even though only the first

three test days were included in the analysis. The "F"
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Figure 3. Median latency (seconds) to enter the open-field
for all laboratory-reared groups.
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Table 6. Long mean scores for latency (seconds) to enter
the open-field for all laboratory-reared groups
(test day four excepted).

Within Cross
Natural Mother Fostered Fostered
Test Day Wild Domestic Wild Domestic Wild Domestic

1 1.76 1.51 1.69 1.35 1.78 1.59
2 1.65 1.29 1.71 1.15 1.74 1.33
3 1.84 1.37 1.92 1.46 1.94 l1l.46

values and associated probabilities obtained for the three
factors tested and their possible interactions are sum-

marized in Table 7.

Table 7. Results of the statistical analysis of the
latency to enter data (laboratory-reared sub-
jects only).

Sum Mean
Factor Sq. d.f. Sg. V. F Prob.
Strain 13.74 1/342 13.74 68.57 .005
Treatment 0.54 2/342 0.27 1.36 N.S.
Days 2.22 2/342 1.11 5.54 .005
Strain x days 0.80 2/342 0.40 1.99 N.S.
Strain x treatment 0.17 2/342 0.08 .42 N.S.
Treatment x days 0.31 4/342 0.08 .39 N.S.
Strain x treatment
x days 0.33 4/342 0.08 .41 N.S.

Error 68.53 342 0.20
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As pointed out in Table 7, significant strain and
day effects were obtained. The wild strain exhibited
significantly longer latencies to enter the open-field
whereas no significant differences were obtained between
those subjects reared by their own mothers and those fos-
tered both within and between strains. A multiple range
test conducted on the day factor with treatments combined
indicated that at the .0l level of significance, the semi-
domestic strain significantly habituated to the open-
field (Test 2) whereas the wild strain did not. In addi-
tion, the latency scores of both strains increased in
response to the weasel (Test 3) although the absolute
increase in latency seconds was more than seven times
greater for the wild strain than for the semi-domestics.

Rearing in the laboratory versus the outdoor en-

closure. After tests on the fall enclosure-reared subjects
had been completed it was evident that a slight sex dif-
ference had been obtained among the semi-domestic animals.
In order to determine the reliability of this result and
since mortality or dissertion was extremely high among
these enclosure-reared samples (76% in the semi-domestic
strain and 64% in the wild strain) a second sample of

outdoor enclosure-reared animals was made, this time in the
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early spring. The loss of animals was considerably less
in this sample (19% for the semi-domestics and 18% for the
wilds), providing for greater confidence in the samples
from these groups. However, only the initial reaction
(day 1) to the open-field was tested with the latter
samples.

It was found that the behavior of the spring-reared

semi-domestic mice did not differ significantly from that

of the fall sample and the sex difference was repeated.
However, the fall and spring samples of wild subjects show-
ed significantly different behaviors (x2 = 6.46; d.f. = 1;
P¢.02) . Unfortunately, a third sampling of wild individ-
uals was not possible in order to determine which of the
two previous samples was not representative. But since

the spring sample suffered fewer losses in the outdoor en-
closure this group was used in preference to the fall
sample in determining the effects of the physical rearing
environment. Therefore, the fall sample of enclosure-
reared semi-domestic subjects (chosen to keep an equal sub-
sample number for analysis) and the spring sample of wild
subjects were compared in regard to their initial reaction
to the open-field. These groups, in turn, were compared

with comparable groups of animals given no experience in
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the outdoor enclosure (reared in the laboratory).

The genotypically wild subjects displayed the same
"wild type" behavior regardless of their place of rearing.
The percentage of entries for the enclosure-reared wild
subjects was nearly identical to that of the wild
laboratory-reared animals. On the other hand, only 40% of
the enclosure-reared semi-domestic males entered the open-
field during test one as compared to an 80% entry for the
laboratory-reared males (X2 = 5.15; d.f. = 1; P<.05).
Seventy percent of the enclosure-reared semi-domestic fe-
males entered during the two minute trial, a 20% reduction
from the 90% entry for the laboratory-reared females. This
difference was not significant, however (X2 =1.04; d.f. =
1) . The sex difference obtained in the enclosure-reared
semi-domestic animals was not significant (x2 = .808;
d.f. = 1), therefore, sexes were combined in a comparison
of enclosure-reared wild and semi-domestic strains. In this
comparison, 60% of the wild subjects had entered the open-
field whereas a 55% entry was obtained by the enclosure-
reared semi-domestics. This non-significant difference
obviously points to the conclusion that the semi-domestic
deermice had reverted to a typical "wild-type" behavior

when given early experience in the natural environment of



73
the species.
Table 8 presents the mean latency to enter scores on
initial encounter with the open-field (sexes separate).
A three way analysis of variance of latency to enter
scores enabled tests for strains, sexes, treatments and
interactions. Table 9 summarizes the results of this anal-

ysis. No significant main or interaction effects were found.

Table 8. Mean latency to enter scores (seconds) on initial
presentation of open-field for laboratory and
enclosure-reared subjects (sexes separate).

Male Female
Outdoor Outdoor
Laboratory Enclosure Laboratory Enclosure

wild 68.2 69.0 92.4 87.8

Domestic 58.6 83.9 41.2 67.3

As determined previously in the entry versus non-entry
comparison, once having been given early experience in its
natural environment the semi-domestic strain displayed be-
havior comparable to the genotypically wild subjects.
Failure of the main effect of treatment to be significant
in this analysis was difficult to interpret. The fact that

the behavior of the wild strain did not differ under the
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Table 9. Results of the statistical analysis of the laten-
cy to enter data (Lab. versus outdoor enclosure
rearing).

Mean
Factor Sum Sqg. d.f. Sqg. V. F Prob.
Strain 5,491.30 1/72 5,491.30 2.79 N.S.
Sex 103.52 1/72 103.52 .05 N.S.
Treatment 2,832.20 1/72 2,832.20 1.45 N.S.
Strain x Sex 7,411.24 1/72 7,411.24 3.77 N.S.
Strain x Treat. 3,795.02 1/72 3,795.02 1.93 N.S.
Sex x Treatment 24.64 1/72 24.65 .01 N.S.
Strain x Sex
X Treatment 47.74 1/72 47.74 .02 N.S
Error 141 ,646.72 72 1,967.32

two rearing conditions could partially account for this
result. A strain-treatment interaction was certainly not
a causal factor. These relationships can be seen more

clearly in Figure 4.

Test Two - Unfamiliar Living Environment

Preliminary analyses. Two preliminary analyses,

initial body weight and food wastage, were conducted before
testing the major dependent variables involved in this

test. The initial body weight of all groups employed in
this section was treated in regard to sex, strain and treat-
ment in a three factor analysis of variance. This was done

in order to obtain a base line for the various groups on
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Figure 4.

Mean latency (seconds) to enter the open-field
for natural-mothered groups reared in the
laboratory (open columns) and a semi-natural
outdoor enclosure (striped columns) .
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which to assess future changes in body weight aﬁd the val-
idity of food consumption per gram body weight (rather
than absolute food consumption) as a measure of food in-
gested. Secondly, a test of body weight over days using
the same animals violates the assumption of independence
of data in analysis of variance treatments, making an ac-
curate comparison of body weights somewhat unreliable.
Table 10 gives the mean initial body weights for all
groups employed. The results of the analysis of initial
body weight are presented ianable 11. As expected the
males were significantly heavier than the females (P¢.005).
Since this relationship is a regular occurrence, in future
comparisons of body weight over days the sexes will be
treated separately. The semi-domestic strain was found to
be significantly heavier than the wild strain (P<.01).
Since food consumption per gram body weight was still high-
er in the semi-domestic mice, greater significance was
given to the use of a food consumption measure that was
adjusted for body weight. Body weight was not affected by
treatments, however, even though treatments interacted
significantly with strains (P<.025).

The data on food wastage, expressed as a percentage

of the total food handled (chewed off the string of food
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Table 10. Mean initial body weight (grms). (C = control;
NM = natural mother; WF = within fostered; CF =
cross-fostered; OP = outdoor enclosure)

C NM WF CF (0]
Male l16.7 16.2 17.9 17.6 18.6
wild
Female 15.0 15.1 l4.6 16.0 14.3
Male 17.0 19.0 18.2 16.9 18.3
Domestic

Female 15.2 16.0 l16.7 15.1 17.5

Table 11. Results of the statistical analysis of initial
body weight.

Mean
Factor Sum Sq. d.f. Sq. V. F Prob.
Strain 30.73 1/180 30.73 7.95 .01
Sex 217.99 1/180 217.99 56.39 .005
Treatment 32.18 4/180 8.04 2.08 N.S.
Strain x Sex 4.93 1/180 4.93 1.28 N.s.
Strain x Treat. 45.86 4/180 11.46 2.97 .025
Sex x Treatment 6.08 4/180 1.52 .39 N.S.
Strain x Sex
X Treatment 43.70 4/180 10.92 2.83 .025

Error 695.81 180 3.87
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blocks) , were subjected to a two factor analysis of vari-
ance, treating strains and treatments (within-fostered
animals excluded). The data were transformed to common
logs in order to meet the assumption of variance homogene-
ity. The log mean percent food wasted for the various
groups is presented in Table 12. The transformed data are
presented in Figure 5, and the results of the statistical
analysis, in Table 13. The main effect for strains was
significant (P<.005 ) with the semi-domestic animals wast-
ing more food than the wild subjects. Treatment, itself,
did not significantly influence this variable but it did
interact with strains in a significant manner (P<.0l). As
a result of this finding the absolute food consumption for
each strain was corrected for wastage by subtracting the
mean percent wastage for each strain from the absolute

amounts handled.

Table 12. Long mean percent of food wasted (NM = natural
mother; CF = cross-fostered; OP = outdoor en-
closure.) .

wild 4.77 4.65 6.13

Domestic 6.60 7.92 6.01
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Table 13. Results of the statistical analysis of food

wastage.

Mean
Factor Sum Sqg. d.f. Sg. V. F Prob.
Strain .413 1/54 .413 22.23 .005
Treatment .037 2/54 .019 1.01 N.S.

Strain x Treat-

ment .290 2/54 .145 7.79 .01

Error 1.004 54 .019

Handling and isolation. To determine the effect of

handling and isolation (from rearing partner) on body
weight and food consumption per gram body weight, two con-
trol groups were employed (wild and semi-domestic) and a
two-factor analysis of variance was conducted on these
variables using strains and days as the factors tested.
The means and results of the statissical analysis are pre-
sented in Tables 14 and 15, respectively. The means are
presented diagrammatically in Figures 6 and 7 (body weight
and food consumption, respectively) .

Despite the slight increase in body weight following

isolation, no significant day effect in regard to body

weight was obtained for either the males or females.
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Figure 5.

Log mean percent food wasted (NM = natural
mother; CF = cross-fostered:; OP = outdoor en-
closure-reared) .
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Figure 6. Mean body weight (grms.) of control groups for

handling and isolation (Open circles = domestic
strain; solid circles = wild strain:

solid line =
males; broken line = females; I = initial wt.;
letters = days pre-isolation; numbers = days
post isolation).
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Figure 7. Mean food consumption (grms. food/grm. body

weight) of control groups for handling and
isolation (open circles = domestic strain;
solid circles = wild strain; letters = days

pre-isolation; numbers = days post isolation).




N -

LM AQOS8 ‘WH¥9/03WNSNOD 4004

SNVY9

DAYS

FIGURE 7




87

G8T°
6LT"®

€61
98T"*

102"
vLT®

80c¢-
6LT"

1ce:
88T°

OLT"®
9¢T"

08T*
9GeT"

9LT"®
9¢T"

oT3sawoq
PTTM

uot3ydunsuo) pood °d

OT3ssuoq saTewad
PTTM

oT3sawoq soTeW
PTTM

3ybteMm Apog ¥

"Hv

(-uotjerost-3sod sdep = siaqumu
{uotjerosTt-9xd sdAep = sx9339T {3ybtom TeI3TUT
-eTosT pue buripuey 1oz sdnoxb Toxzuod jo (ybtam Apoq -wab

‘uoT3

/poo3 *swzb) uotrzdumsuod poojy pue (°swib) jybtem Apoq uesw “‘HT oTqel



88

Table 15. Results of the statistical analysis of body
weight and food consumption (control for
handling and isolation).

Mean

Factor Sum Sqg. da.f. Sg. V. F Prob.
A. Body Weight

1. Males
Strain 41.86 1/180 41.86 41.86 .005
Days 6.95 9/180 .77 .77 N.S.
Strain x Days 3.39 9/180 .38 .38 N.S.
Error 498.96 180 2.77

2. Females
Strain 5.35 1/180 5.35 5.35 N.S.
Days 11.34 9/180 1.26 1.26 N.S.
Strain x Days 2.07 9/180 .23 .23 N.S.
Error 365.08 180 2.03
B. Food Consumption
Strain .017 1/162 .017 22.50 .005
Days .034 8/162 .004 5.55 .005
Strain x Days .004 8/162 .0005 .63 N.S.
Error .123 162 .0008

Nevertheless, in keeping with the results discussed earlier,
the semi-domestics tended to be heavier than the wilds.
Food consumption was a different situation in that a sig-
nificant day effect was obtained (P¢.005). The new mul-
tiple range test showed that a significant increase (P<.0l)

in food consumption was experienced by both strains on
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being brought into the experimental chamber and isolated
from their rearing partner for the first time. Despite the
corrections for greater food wastage and body weight in the
semi-domestic strain, the latter still showed a significant-
ly greater (P<.005) level of food consumption than the
wilds.

Reactivity to unfamiliar living environment. Body

weight and food consumption were measured for all experi-
mental groups. Three factor analyses of variance, employ-
ing days, strains and treatments, were conducted for the
body weight data (sexes separate) whereas a four factor
analysis involving days, sexes, treatments and strains
treated the food consumption data. The mean scores are
presented in Tables 16 and 17 (body weight and food con-
sumption, respectively). The results of the analyses are
summarized in Tables 18 and 19 (body weight and food con-
sumption, respectively) and represented diagrammatically
in Figures 8, 9 (body weight) and 10 (food consumption) .
No significant change in body weight was observed over the
five test days in response to being placed in the un-
familiar environment. Significant effects were obtained,
however, for both strains (8% - P¢.005; $$ - P<.005) and

treatments (8 - P<.005; $9 - P<.05) as well as the strain
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Table 16. Mean body weight (grms.) for test days (sexes
taken separately). (NM = natural mother; WF =
within fostered; CF = cross fostered; OP =
outdoor enclosure)

A. Males

Days
0 1 2 3 4 5
NM 16.2 15.9 15.7 15.9 l6.0 l6.1
Wild WF 17.9 17.4 17.3 17.5 17.5 17.5
CF 17.6 l6.4 17.2 17.4 17.2 17.3
OoP 18.6 18.2 18.2 18.2 18.2 18.1
NM 19.0 18.9 19.2 19.2 19.1 19.2
. WF 18.2 17.8 18.2 18.3 18.3 18.3
D t
omestic CF 16.9 16.7 17.0 17.2 17.0 17.2
oP 18.3 18.1 17.8 18.2 18.1 18.2
B. Females
Days
0 1 2 3 4 5
NM 15.1 14.8 14.9 15.1 15.0 14.9
Wild WF 14.6 14.4 14.3 14.6 14.6 15.0
CF 16.0 15.9 15.7 15.8 15.7 15.6
OP 14.3 14.2 14.4 14.4 14.5 14.6
NM 16.0 16.0 16.2 16.2 16.1 16.2
Domestic WF 16.7 16.8 16.6 16.8 16.7 16.7
CF 15.1 14.9 14.9 15.1 15.0 15.0
oP 17.5 17.7 17.5 17.5 17.2 17.7
treatment interactions (89" - P<.005; $$ - P<.005). The new

multiple range test on treatments indicated that the wild

male group

reared in the laboratory by their own mothers

weighed significantly less (P<.05) than the wild male
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Table 17. Mean food consumption (grms. food/grm. body
wt.) during 24 hour test intervals (sexes
combined) . (NM = natural mother; WF = within
fostered; CF = cross-fostered; OP = outdoor
enclosure) .

Dazs
1 2 3 4 5

NM .194  .201  .223  .228  .232

CF .190  .234  .249 .227 .23l

op .185 .205 .218 .208 .217

NM .247  .242  .242 .234 .25l

. WF .245 .232  .248 .251  .254

D

omestic CF .256  .260 .259  .252  .256
op .225  .198  .212  .220 .210

group reared in the outdoor enclosure. In addition, the
male domestic cross-fostered group weighed significantly
less (P<.05) than the domestic strain reared in the labora-
tory by their natural mothers. 1In the case of females, no
wild treatment groups differed at the 0.05 probability
level whereas the semi-domestic cross-fostered individuals
weighed significantly less (P¢.0l1) than outdoor-enclosure-
reared animals of the same strain. All possible within-
strain comparisons not mentioned did not reach the .05

level of significance.
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Table 18. Results of the statistical analysis of body
weight for all experimental groups in response
to an unfamiliar living environment.

Mean
Factor Sum Sq. d.f. Sqg.V. F Prob.

1. Males

Strain 92.84 1/432 9%.84 23.96 .005

Treatment 79.89 3/432 26.63 6.87 .005

Days 8.29 5/432 1.66 .43 N.S.

Strain x Treatment 221.05 3/432 73.68 19.01 005

Strain x Days 3.36 5/432 .67 .17 N.S.

Treatment x Days 4.18 15/432 28 .07 N.sS.

Strain x Treatment

x Days 3.22 15/432 .22 .06 N.S.

Error 1674.17 432 3.88

2. Females

Strain 236.74 1/432 236.74 89.23 .005

Treatment 21.26 3/432 7.09 2.67 .05

Days 1.14 5/432 .23 .09 N.s.

Strain x Treatment 253.36 3/432 84.45 31.83 .005

Strain x Days .97 5/432 .19 .07 N.S.

Treatment x Days 3.44 15/432 .23 .09 N.s.

Strain x Treat.x Days 3.05 15/432 .20 .08 N.S.

Error 1146.07 432 2.65
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Table 19. Results of the statistical analysis of food
consumption for all experimental groups in
response to an unfamiliar living environment.

Mean
Factor Sum Sqg. d.£f. Sg.Vv. F Prob.

Days .044 4/720 .011 4.62 .005
Sex .058 1/720 .058 24.00 .005
Treatment 117 3/720 .039 16.29 .005
Strain .085 1/720 .085 35.58 .005
Days X Sex .017 4/720 .004 1.75 N.S.
Days x Treatment .019 12/720 .002 .67 N.S.
Days x Strain .049 4/720 .012 5.12 .005
Sex x Treatment .010 3/720 .003 1.33 N.S.
Sex x Strain .002 1/720 .002 .62 N.S.
Treatment x Strain .017 3/720 .006 2.38 N.S.
Days x Sex x Treat. .019 12/720 .002 .67 N.S.
Days x Sex x Strain .003 4/720 .001 .33 N.S
Sex x Treatment

X Strain .008 3/720 .002 1:04 N.S.
Day x Treatment

X Strain .010 12/720 .001 .33 N.S.
Day x Sex x Treat-

ment x Strain .055 12/720 .005 1.92 .05
Error 1.70 720 .002
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Figure 8. Mean body weight (grms.) of male subjects of

all experimental groups for days in an un-
familiar living environment. (Open circles =
domestic strain; solid circles = wild strain:
solid line = natural mother; dotted line =
within fostered; dash-dot line = cross-

fostered; broken line = outdoor enclosure.)
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Figure 9.

Mean body weight (grms.) of female subjects of
all experimental groups for days in an un-
familiar living environment. (Open circles
domestic strain; solid circles = wild strain;
solid line = natural mother; dotted line =
within fostered; dash-dot line = cross-
fostered; broken line = outdoor enclosure.)
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Figure 10.

Mean food consumption (grms food/grm. body
weight) of all experimental groups for suc-
cessive 24 hour intervals in a novel living
environment (NM = natural mother; WF =
within fostered; CF = cross fostered; OP =
outdoor enclosure) .
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As indicated in Table l?, all the major effects
tested in regard to food COﬁsumption were significant at
the .005 level of probability. The only interaction de-
clared significant was that of strains versus days (P<.005).
The two most significant findings in this test were: (1)
food consumption among all groups of wild subjects was con-
siderably lower during the first 48 hours in the novel
environment than thereafter (whereas it did not differ
over days in the semi-domestic strain) and (2) of the vari-
ous treatment groups employed, food consumption was lowest
in the enclosure-reared animals of both strains.

The multiple range test indicated that food con-
sumption in the semi-domestic stocks did not differ in
regard to days. In fact, in this strain, mean food con-
sumption was highest during the first 24 hours. Food con-
sumption by the wild strain, on the other hand, was
significantly lower (P<.0l) during the first 24 hour
period than for any other day. The second 24 hour period
of food consumption was still significantly lower (P<.05)
than that of the third day in this strain. Thus, being
placed in an unfamiliar environment with no escape had a
depressing effect on food consumption in the genotypically

wild animals (a result similar to that found by Barnett in
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wild Norway rats) while this "neophobic" response had been
lost during 20-25 generations of breeding in captivity.

In regard to treatments the multiple range test in-
dicated that in the semi-domestic strain, the group given
early experience in the outdoor enclosure showed a signif-
icantly lower (P<.0l) food consumption level (days combined)
than the other three domestic experimental groups. Like-
wise, the outdoor enclosure group of the wild strain ate
significantly less (P<.0l) than both wild fostered groups.
Although early depression of food consumption was not ob-
tained in the semi-domestic outdoor enclosure group, the
general depression of food consumption in this group, when
compared to the laboratory-reared groups of the same
strain, suggests, as in the open-field tests, that early
experience in nature causes genotypically domestic animals
to display "wild type" behavior.

Due to a flaw in the event recorder a large amount
of activity data had to be discarded. 1In order to obtain
equality of sub-sample numbers, valid data were randomly
discarded, in some cases, so that each treatment group had
a sampling of eleven scores (instead of the intended
twenty) . The mean activity units for the first five days

in the activity wheels are presented in Table 20.
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Table 20. Mean activity units for all experimental groups
during the first five days in the unfamiliar
living environment (sexes combined). (NM =
natural mother; WF = within fostered; CF =
cross fostered; OP = outdoor enclosure.

Daxs
1 2 3 4 5
NM 70.5 62.7 66.4 66.2 70.1
Wild WF 78.5 72.6 69.6 65.3 70.4
CF 80.5 74.5 70.5 6l.9 65.5
opP 72.3 60.9 56.8 54.5 51.5
NM 77.5 66.5 69.8 67.5 65.4
Domestic WF 76.5 72.5 66.2 76.9 70.0
CF 68.5 69.5 67.8 71.5 70.9
oP 70.7 60.1 67.8 64.9 64.5

These data were analyzed by a three factor analysis of
variance treating strains, days (pre-deprivation) and
treatments. The results of this analysis (Table 21) point
out that the activity of the two strains did not differ in
response to being placed in an unfamiliar environment with
no opportunity for escape. Significant day and treatment
effects (both P<.005) were obtained, however, despite the
lack of significant interaction factors (see Figure 11).
Multiple range tests indicated that both strains were
significantly more active (P<.0l) during the first 24 hour

period in the activity wheels than on the other days (which
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Table 21. Results of the statistical analysis of wheel-
running activity for all experimental groups
prior to water deprivation.

Mean
Factor Sum Sq. d.f. Sq.V. F Prob.

Days 4365.52 4/400 1091.38 4.38 .005

Strains 525.82 1/400 525.82 2.11 N.S

Treatments 5577.89 3/400 1859.30 7.46 .005

Days x Strains 1421.95 4/400 355.49 1.43 N.S

Days x Treat-

ments 1168.99 12/400 97.42 .39 N.S.

Strains x

Treatments 788.84 3/400 262.95 1.06 N.S
Days x Strains

x Treatments 2472.53 12/400 206.04 .83 N.S
Error 99632.00 400 249.08

did not differ among themselves).

Likewise, in regard to

treatments, the subjects of both strains given early ex-

perience in the outdoor enclosure were significantly less

active (P<.0l) than the laboratory-reared treatment groups

(which did not differ among themselves) .

Thus, while

activity may be used to explain the longer latencies of

the outdoor enclosure-reared semi-domestic animals in

entering the open-field, it cannot account for the
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Figure 1ll1l. Mean activity (wheel-running) units for all
experimental groups during the first five
days in the unfamiliar living environment.
(NM = natural mother; WF = within fostered:;
CF = cross-fostered; OP = outdoor enclosure.)
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differential initial food consumption of the two strains in
response to the strange environment.

Effect of total water deprivation. As stated in the

section on procedure, following five days exposure to the
novel environment, all but the fostered animals were total-
ly deprived of water until death. Since the subjects began
to die 48 hours after deprivation, the effects of water
deprivation on body weight, food consumption and activity
were considered for these two 24 hour periods only. 1In
this manner constant subsample numbers were maintained for
purposes of statistical analysis.

Since a drop in body weight and food consumption is
inevitable during total water deprivation, these measures
were expressed as a percentage drop (from the pre-
deprivation levels) for purposes of strain comparison. In
the case of body weight, the value obtained for each animal
immediately prior to deprivation (Day 5) was considered
100%. The body weight following 24 hours of deprivation
was expressed as a percentage of this predeprivation
weight and so on for the second day of deprivation. Since
body weight would be expected to drop with successive days
of deprivation, days post-deprivation were treated separate-

ly in the analysis. Fostered groups are excluded from this
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and all subsequent analyses.

The mean percent body weight and food consumption of
the pre-deprivation level (100%) and activity scores for
the first two days of total water deprivation are presented
in Tables 22, 23, and 24 and Figqures 12, 13, and 14,
respectively. The results of the statistical analyses of
the data for these variables are given in Tables 25 (body
weight), 26 (food consumption) and 27 (activity). As
Table 25 indicates, a significant treatment effect for body

weight was obtained on both days (both P{.001l) whereas the

Table 22. Body weight for the two days following total
water deprivation expressed as the mean per-
cent of the pre-deprivation level (NM =
natural mother; OP = outdoor enclosure; C =

control) .
Daz
6 7

wild

NM 79.5 69.9

OoP 82.7 73.1

C 84.3 75.3
Domestic

NM 79.5 69.6

OP 80.9 71.4

C 84.0 73.7
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Table 23. Food consumption for the two days following
total water deprivation expressed as the mean
percent of the pre-deprivation level (NM =
natural mother; OP = outdoor enclosure; C =
control.

Day
6 7

wild

NM 40.9 28.6

OP 90.2 62.4

C 47.6 33.9
Domestic

NM 45.6 19.9

OP 49.9 26.2

C 50.7 25.5
Table 24. Mean wheel-running activity units on test days

5 (pre-deprivation), 6 and 7 (2 days following
total water deprivation). (NM = natural
mother; OP = outdoor enclosure).

wild

Domestic

Day
5 6 7
NM 69.6 65.7 56.8
OP 52.2 57.2 57.3
NM 66.4 72.3 67.9

OP 64.1 65.3 55.0
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Figure 12.

Mean percent of the pre-deprivation body weight
for the two days following total water depriva-
tion. (Open circle = semi-domestic strain;
solid circle = wild strain; solid line =
natural mother; broken line = outdoor enclosure:;
dash-dot line = control group)
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Figure 13.

Food consumption for the two days following
total water deprivation expressed as the
mean percent of the pre-deprivation level.
(Open circle = semi-domestic strain; solid
circle = wild strain; solid line = natural
mother; broken line = outdoor enclosure;
dash-dot line = control group.)
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Figure 14.

Mean activity units for the day (5) prior to
total water deprivation and the two days

(6 & 7) following. (Open circle = semi-
domestic strain; solid circle = wild strain;
solid line = natural mother; broken line =
outdoor enclosure group.)
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Table 25. Results of the statistical analysis of the rate
of body weight loss due to total water depriva-
tion.

l. First day following deprivation

Mean
Factor Sum Sq. d.f. Sqg.V. F Prob.
Strain 15.91 1/114 15.91 1.59 N.S.
Treatment 424.14 2/114 212.07 21.21 .001
Strain x Treat. 20.28 2/114 10.14 .47 N.S.
Error 1142.34 114 10.02

2. Second day following deprivation (includes first
day's loss).

Mean
Factor Sum Sq. d.f. Sq.V. F Prob.
Strain 46.13 1/114 46.13 3.55 N.S.
Treatment 453.98 2/114 226.99 17.46 .001
Strain x Treat. 12.10 2/114 6.05 .47 N.S.
Error 1481.62 114 13.00

strains did not differ. The multiple range test applied
to these data pointed out that the mice reared by their
natural mothers and placed in the activity wheels lost
weight significantly faster (P{.0l) than the control
animals (same effect for both strains) whil% the outdoor

enclosure mice occupied an intermediate position.
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Table 26. Results of the statistical analysis of the de-
crease in food consumptioq due to total water

deprivation.
Mean
Factor Sum Sq. d.f. Sg.V. F Prob.
Strain 154.72 1/228 154.72 1.00 N.S.
Days 21848.51 1/228 21848.51 141.89 .001
Treatment 1392.43 2/228 696.21 4.52 .025

Strain x Days 2014.34 1/228 2014.34 13.08 .005

Strain x Treat. 73.06 2/228 36.53 .24 N.S.
Days x Treat. 4.54 2/228 2.27 .01 N.S.
Strain x Days

X Treatment 33.91 2/228 16.96 .11 N.S.
Error 35108.22 228 153.98

Food consumption during water deprivation was analyz-
ed similarly except that the factor days were included in
the analysis. In this comparison the mean food consumption
per gram body weight for the three days prior to depriva-
tion was taken as the 100% level and, as in the case of
body weight, deprivation levels were expressed as a per-

centage of these values. Again, the strains did not differ.
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Table 27. Results of the statistical analysis of wheel-
running activity on test day 5 and the two
days following total water deprivation.

Mean
Factor Sum Sq. d.f. Sg.VvV. F Prob.
Strain 1040.1 1/132 1040.1 2.46 N.S.
Days 847.6 2/132 423.8 1.00 N.S.
Treatment 2264.2 1/132 2264.2 5.35 .025
Strain x Days 75.0 2/132 37.5 .09 N.S.
Strain x
Treatment 9.50 1/132 9.5 .02 N.S.
Days x Treatment 79.40 2/132 39.7 .09 N.S.
Strain x Days
X Treatment 1212.3 2/132 606.2 1.43 N.S.
Error 55877.9 132 423.3

However, significant effects for days (P{.00l1), treatments
(P¢.025) and the strain-day interaction (P<.005) were ob-
tained. As expected, food consumptio? decreased with
days. Again, the natural mothered mice experienced the
fastest drop, although this drop was significantly faster
only between the domestic natural mothered group and the
wild control group. The significant interaction between

strains and days pointed out that whereas the wild strain
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tended to show a faster initial drop in food consumption
(not significant) on the second day of deprivation, food
consumption was lowest in the semi-domestic strain
(P<.01 - Multiple Range).

Contrary to the rather typical response of the
white rat (see Literature Review) the mice employed in
the present study (control groups not included) showed no
change in wheel-running activity in response to total
water deprivation. Again, some data of certain groups
were randomly discarded to achieve an equal subsample N
of 12 per treatment group. Since no consistent change in
activity was observed due to deprivation, the actual raw
data, rather than percent changes, were used in this
analysis. The only significant factor obtained (see
Table 27) was that of treatment (P¢.025). As seen in
Figure 14, the mice given early experience in the outdoor
enclosure were less active than those reared in the
laboratory. This is probably indicative of the decreased
general activity of this group found previously.

Survival time in days is presented in Figure 15.
Table 28 gives the mean survival time in days for the
three treatment groups involved. The results of the

statistical analysis, involving strains and treatments,
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Figure 15. Mean survival time in days following total
water deprivation (C = control; NM = natural
mother; OP = outdoor enclosure group) .
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Table 28. Mean survival time in days following total
water deprivation (C = control; NM = natural
mother; OP = outdoor enclosure group) .

Treatment
c M op
wild 3.6 2.8 3.6
Semi-Domestic 3.6 3.0 3.9

are given in Table 29. Log scores rather than raw data
were used to attain homogeneity of variance. Again, no
strain differences were found although a significant treat-
ment effect (P¢.001l) was obtained. This was due to a
shorter survival time of the natural mothered group, a re-
sult not surprising considering that this group showed the
fastest drop in food consumption and body weight following
water deprivation.

Table 29. Results of the statistical analysis of survival
time in days following total water deprivation.

Mean
Factor Sum Sq. d.f. Sqg.V. F Prob.
Strain .68 1/114 .68 .46 N.S.
Treatments 146.40 2/114 73.20 49.13 .001
Strain x Treat. .70 2/114 .35 .23 N.S.

Error 170.03 114 1.49




DISCUSSION

The behavioral responses of wild and semi-domestic
strains of deermice to a novel open-field stimulus are sum-
marized in Table 30. All strain differences indicated are
statistically significant.

Table 30. Summarization of the results obtained in the
open-field test.

Subjects Latency to Enter O.F.
Wild Genotype Slow Fast

Laboratory-Reared

Natural Mother b 4

Within Fostered b4

Cross Fostered b4
Enclosure-Reared

Natural Mother X

Semi-Domestic Genotype

Laboratory-Reared
Natural Mother X
Within Fostered X
Cross Fostered b'e
Enclosure-Reared
Natural Mother X
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The following conclusions can be drawn from these
results. First, due to 20-25 generations of laboratory
breeding, a semi-domestic strain has diverged (genetically)
from a strain representing its wild ancestors to the point
that it displays significantly less caution in approaching
or investigating a novel stimulus. Secondly, whereas the
behavior of the wild strain is relatively "fixed" (remains
the same whether reared in the laboratory or in nature) the
behavior of the semi-domestic strain is relatively "unfixed"
(can be modified by experience). The semi-domestic strain
must have experience in the natural environment of the
species in order to display the typical "wild type" response
to unfamiliar stimuli in its environment. Third, the ex-
perience of fostering semi-domestic young on wild-caught
females and vice versa had no effect on the behavior of
the offspring of either strain.

The "neophobia" of wild animals to novel stimuli
is difficult to extinguish (Chitty and Shorten, 1946;
Thompson, 1948; Richter, 1953; Menzel, 1964). After 48
hours habituation to the open-field, the wild subjects
showed no significant decrease in the "latency to enter”
scores. On the other hand, a significant decrease in

latency scores following the habituation period was
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observed for the semi-domestic mice. On the initial reac-
tion to the least weasel, the scores of the semi-domestic
subjects were reversed. The wild subjects also experienced
an increase in latency scores to the weasel, an increase
that was almost seven times greater than that experienced
by the semi-domestic animals. If the mice were responding
specifically to the weasel, these results suggested that
natural selection operates directly on those responses which
enable animals to avoid specific detrimental stimuli in
their native habitat. Night-flying moths respond specifi-
cally, to the high frequency sounds emitted by bats which
hunt them (Roeder, 1963). Escape responses in the sea ane-
mone; Stomphia, (Sund, 1948) are known to be elicited by
specific chemical stimuli from predatory starfish. Models
resembling hawks will elicit escape responses from several
bird species (Tinbergen,1951) while the bobwhite quail ex-
hibits distinct escape responses to a live red-tailed hawk
rather than its model (Martin and Melvin, 1964).

In the open-field test, the animals were free to
choose whether or not to approach the novel stimulus. The
second test was designed to answer the question, "how do
the strains differ in their reactions to novel stimuli when
suddenly placed in an unfamiliar environment with no oppor-
tunity for escape?" This study was expanded to answer the
question, "how do the strains differ in their reaction to
total water deprivation?" The results of these tests can
be summarized as follows. First, activity did not vary

differentially with the strains over days in response to
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either the novel environment or total water deprivation.
Activity was significantly higher for both strains during
the first 24 hours in the wheels than thereafter. This may
have been the result of an initially high exploratory drive
and/or it may represent initial attempts to escape from the
novel living quarters. Secondly, body weight did not change
in either strain prior to deprivation. In response to water
deprivation, the strains showed no differential rate of
weight loss. Thirdly, food consumption was significantly
lower in the wild strain during the first 48 hours in the
new environment than thereafter, while the amount of food
consumed by the semi-domestic strain did not change over
days (prior to water deprivation). This "neophobic" response
of the wild subjects to their new environment was confirmed
by observing that the wild controls, when moved to differ-
ent cages with familiar cues, showed a significant increase
rather than decrease) in food consumption. Both strains ex-
hibited a drop in food consumption in response to water de-
privation but the difference between strains was not signif-
icant until the second day of deprivation when the semi-
domestics consumed significantly less food.

As in the open-field test, the type of maternal care
produced no significant effect upon activity, initial body
weight or food consumption.

Early experience in the natural environment (as op-
posed to the laboratory) seems to have a depressing effect
on activity in the laboratory. This was shown by Price

(1963) in a simple tilt-box test for activity, whereby
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wild-caught prairie deermice were significantly less active
than either their own offspring (born and reared in the
laboratory) or a semi-domestic stock. In the present test,
wheel running activity was found to be depressed in mice
given early experience in nature, regardless of the strain.
The decreased activity of these subjects could serve as a
possible explanation for the following observed phenomena:
(1) the higher "latency to enter" scores for the enclosure-
reared semi-domestic animals employed in the open-field
tests, (2) the somewhat higher body weight of these animals,
(3) the lower level of food consumption when housed in ac-
tivity wheels (less food needed to maintain physiological
homeostasis than a highly active mouse), (4) the slower de-
crease in body weight and food consumption under conditions
of total water deprivation and (5) the longer survival time
during this deprivation.

Rather than think of activity, per se, as a causal
explanation for these phenomena, it is possible that de-
creased activity in this case, is merely a side effect of a
general increase in emotionality or sensitivity to changes
in its environment. This could be engendered, on one ac-
count, by the complete change in environment when these ani-
mals were brought into the laboratory for purposes of test-
ing. The change from an environment in which nearly com-
plete freedom of movement was possible to one where movement
over only 55 square inches was possible stands in sharp con-
trast to the constancy of the laboratory environment experi-

enced by animals born and reared therein. The change from
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a situation where conspecifics could be avoided to one
where a conspecific was always present, could likewise,
have significant consequences, not to mention those associ-
ated with a sudden loss of climatic fluctuations. Such
changes are bound to have important consequences on the be-
haviors of the animals involved. Postulation of increased
reactivity to unfamiliar stimuli in these animals seems
especially appropriate considering that decreased ambulation
has often been used as a correlate of heightened emotional-
ity in the standard open-field test used commonly in stu-
dies on the rat (Hall, 1936; Weininger, 1956: Broadhurst,
1958; Denenberg 1962) . On the other hand, an animal living
in a constantly changing environment might be more resistant
to environmental change and show a decreased sensitivity to
novel stimuli. Levine, Alpert and Lewis (1958) have shown
that rats handled early in life showed a much earlier ma-
turation of the adrenocortical response to stress. Levine
postulated that the laboratory environment provides insuf-
ficient opportunity for proper stimulation of the animal's
hormonal system. This hypothesis is further substantiated
by the superior development of the adrenal glands of wild
Norway rats as compared to their domestic counterparts
(Richter, 1959). Whereas this postulated hypersensitivity
of unstimulated animals to unfamiliar environmental stimuli
could account for the inferior resistance of the natural-
mothered groups to total water deprivation, the lack of an

initial depressed food consumption in response to being
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placed in the activity wheels indicates a relative insens-
itivity to novel stimuli. A hormonally controlled response
however, would serve well to explain the sex difference
obtained among the enclosure reared semi-domestic animals
in reaction to the open-field. Although this difference
was found to be non-significant in the statistical analysis,
larger samples might well establish this difference as
significant.

Since food consumption most adequately displayed the
strain differential "neophobic" response to an unfamiliar
environment, the results of the first 24 hour test period
are summarized diagrammatically in Table 31. All differ-
ences indicated are statistically significant. Although
the food consumption of the enclosure-reared semi-domestics
was significantly lower than that of the laboratory-reared
groups it is questionable if this actually represents
"wild type" behavior in that food consumption did not rise
with days as it did with the genotypically wild animals,
but rather stayed at a constant low level.

It was first thought that the decreased food con-
sumption of this semi-domestic group was made possible
by a reduction in activity. This probably is not the

case, however, since the wild enclosure-reared subjects
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displayed the same activity phenomenon but still showed the
initial depression of food consumptio?. Accepting the
depressed food consumption of the semi-domestic enclosure-
reared animals as representing "wild type" behavior, a

comparison of Tables 30 and 31 reveals that the conclusions

Table 31. Initial food consumption in response to being
placed in a strange environment with no op-
portunity for escape.

Subjects Food Consumption
Wild Genotype High Low
Laboratory-Reared
Natural Mother X
Within Fostered X
Cross Fostered X
Enclosure-Reared
Natural Mother X

Semi-Domestic Genotype

Laboratory-Reared
Natural Mother X
Within Fostered X
Cross Fostered b4
Enclosure-Reared

Natural Mother X
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warranted by the results of these two tests are essential-
ly the same and, therefore, will not be repeated. In both
cases the genetically wild deermice displayed a definite
"neophobic” reaction to novelty in their environment, a
behavior which was not altered by early rearing experience
(in the laboratory versus the natural environment). On the
other hand, the response of the semi-domestic animals to
unfamiliar stimuli was minimal and involved behavior which
was modifiable by the type of early experience received.

These same conclusions were reached by Wecker (1963)
who studied the role of early experience in the habitat
selection in prairie deermice. In this study he showed
that a wild stock of mice correctly chose the field en-
vironment whether reared in nature or in the laboratory.
A semi-domestic stock (related to the one used in the
present study) about 15-20 generations removed from the
wild, failed to choose the field habitat unless given
early experience in the natural field environment. In
seeking a genetic explanation for this loss of the innate
capacity for habitat selection, Wecker (op. cit.) proposed
the "Baldwin Effect” (Baldwin, 1896) to explain the
genetic acquisition of habitat selection in this species.

One explanation for the "Baldwin Effect" merely states
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(Simpson, 1953) that random mutations, which genetically
determine responses previously acquired in each genera-
tion, will be selected for and in enough time will be re-
presented by the entire population. 1In the writer's mind
this is merely stating the mechanism by which "natural
selection" works. Therefore, Wecker's explanation of the
loss of a "predetermined" habitat selection response in
the semi-domestic stock by a "reverse Baldwin Effect,”
merely postulates the relaxation of natural selection.
Such relaxation undoubtedly occurs in captivity and
could, in part, account for the loss of the genetic pre-
disposition of this response in a mere 20-25 generations.

Another interpretation of the "Baldwin Effect”
that recognizes the importance of genetic systems in the
"acquisition" of behavior is one advanced by Schmalhausen
(1949) . In this interpretation he postulates that selec-
tion operates on the ability to acquire characters and not
on specific genetical characters, themselves. An acquired
character necessarily occurs within a genetically-
determined reaction range, with natural selection determin-
ing the breath or narrowness of this range of reactivity.
If a broad reaction range is selected for, many adaptive

responses are possible. If the range is narrow few
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alternatives are possible. Thus, the evolution of the
genetic predetermination of a response, such as habitat
selection, can occur by a progressive reduction in the
number of possible alternatives available in the behavior-
al repertoire of the species. A response formerly depen-
dent on a combination of genetic and environmental factors
may become genetically fixed. The possible responses to
novel stimuli, for example, may be pre-determined by the
range of species' reactivity to these factors. If a high
degree of reactivity to novel stimuli is favorable for
survival in nature, the range of responses to unfamiliar
stimuli may be narrowed by selection so that high reactivity
becomes genetically predetermined. If the reactivity range
becomes broader by a relaxation or reversal of natural
selection, the degree of reactivity to novel stimuli may
depend, in part, on responses acquired or modified by the
environment. Thus, this mechanism exists as a possible
explanation for the loss in reactivity of the semi-
domestic strain to unfamiliar stimuli in its environment
and the modifiability of this behavior tempered by the en-
vironment in which the individuals of this strain are
reared.

A somewhat similar mechanism called "Genetic
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Assimilation" has been proposed by Waddington (1961). This
theory states that in response to environmental change,
the genetic systems making possible an adaptive response
will become subject to selective forces, thus, increasing
the incidence of the response with time. As Mayr (1963)
points out the use of the term "genetic assimilation” for
this phenomenon is unfortunate since the hereditary
materials are present in the population from the start.
Mayr proposes the term "threshold selection" to describe
this phenomenon in that, according to the scheme proposed
by Waddington and his co-workers, environmental change
merely lowers the response threshold below that of pheno-
typic expression so that, now, natural selection is free
to work on the genes governing the response by increasing
or decreasing their frequency in the gene pool of the
population. Thus, the environmental change merely "reveals
which individuals in the population already carry polygenes
or modifiers of the desired phenotype."

Genetic assimilation may be summarized as a four-
step phenomenon involving: (1) a change in the environ-
ment; (2) subsequent lowering of the threshold for a
specific adaptive response; (3) discharge of this response

by those individuals already possessing the capacity to
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respond; and (4) the influence of natural selection, favor-
ing those individuals which emit the adaptive response in
the right situation. The lowering of reactivity to novel
stimuli during domestication can result from this sequence
of events in reverse. The transition from nature to the
laboratory, where reactivity to unfamiliar stimuli is no
longer important for survival, causes a cessation of
natural selection on the behaviors determining the degree
of reactivity. The relaxation of natural selection allows
competing responses to develop so that the response thres-
hold to novel stimuli is raised. The capacity to respond
adaptively in novel situations will lie dormant until a
sufficient change occurs in the environment to cause the
response to be reinstated. The "wild type" responses of
these deermice to novel factors in their environment have
been lost during domestication by the elevation of the
response threshold. Early rearing experience in a semi-
natural outdoor enclosure so lowers the threshold that
"wild type" responses to novel stimuli are elicited.

Both of the proposed explanations are based on the
assumption that a relaxation or a reversal of natural
selection occurs in regard to reactivity to novel stimuli

when a population of animals is taken from the wild and
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placed in captivity. Whether the reduction in reactivity
observed is due to a broadening of the reaction rang? or
a shifting of the response threshold, the fastest altera-
tions in behavior during domestication will involve re-
sponses where "reverse selection" is involved. As stated
in the introduction, a high reactivity to novel stimuli
might be highly a%vantageous in nature while the same be-
havior could be disadvantageous in captivity. Hence,
selective forces may be reversed in regard to certain
behaviors during the transition from nature to the labora-
tory.

Since the reproductive potential of animals under
psychological stress is severely reduced (see Literature
Review) one can assume that the least reactive individuals
of a wild-caught population in captivity will leave the
bulk of the offspring. If low reactivity to environmental
change is positively correlated with reproductive success
in captivity, one can positively assert that "reverse
selection" favoring this behavior does occur during domesti-
cation. Correlation studies of the behavior of wild-
caught individuals with subsequent reproductive performance

would test this relationship. Although this was not done,
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the reproductive performance of some 50 wild-caught females
was compared with the performance of 75 semi-domestic fe-
males (Price, 196_). It was found that only 60.0 percent
of the wild-caught females had given birth in the labora-
tory by four months following pairing as opposed to 90.7
percent of the semi-domestic females (X2 = 14.90; d.f. =
1l; P<.005). If the non-breeding wild group represents
the highly reactive individuals of the population, then,
in this first generation in captivity, severe selection
for non-reactive behavior will have occurred. By the
process of reverse selection, rapid changes in behavior
will occur among populations involved in the process of

domestication.



SUMMARY

A stock of prairie deermice, 17 years and approxi-
mately 20-25 generations removed from the wild, was com-
pared with a genotypically wild population for their
reactivity to several selected novel situations. It was
postulated that a loss in reactivity to unfamiliar stim-
uli had accompanied the domestication process as a result
of genetic modifications caused by a change in selection
pressures in the laboratory. A total of 360 subjects,
including the semi-domestic stock and offspring of a
representative sampling of wild-caught animals was used
for this comparison. The first test measured the tendency
to approach an unfamiliar arena (open-field) and a
natural predator (least weasel), before and after habit-
uation. It was hypothesized that when compared with wild
subjects the semi-domestic mice would exhibit: (1) shérter
latencies to enter the open-field and greater activity
therein; (2) similar latencies and activity following

adequate opportunity for habituation to the open field;
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and (3) shorter latencies and greater activity in response
to a natural predator caged in the oéen field.

The second test measured the effect of being placed
in an unfamiliar living environment (activity wheel) on
body weight, food consumption and activity. This latter
test was expanded to study the effect of a severe physio-
logical stress, total water deprivation, on the body weight,
food consumption, activity and survival time of the two
strains. It was postulated that (1) being placed in the
novel environment would inhibit the feeding behavior of
the wild subjects and not affect the food consumption of
the semi-domestic mice; (2) the suppressed feeding of the
wild strain would result in a loss in body weight; and
(3) differences in wheel-running activity would not ex-
plain the initial drop in food consumption by the wild
mice.

Furthermore it was postulated that in response to
total water deprivation the wild genotype subjects would
show: (1) a slower rate of body weight loss; and (2) a
slower decrease in food consumption than the semi-domestic
strain. An increase in wheel-running activity was pre-
dicted for both strains. Lastly, it was hypothesized that

the wild subjects would outlive the semi-domestics.
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To determine the relative roles of genetic and en-
vironmental factors in the behavior tested, young neo-
nates were fostered on mothers of the opposite strain
(maternal influence) and young weanlings were reared in a
semi-natural outdoor enclosure in contrast to the labora-
tory (place of rearing influence). The hypotheses tested
were that: (1) fostered animals would display the be-
havior of the maternal strain, and (2) the place of rear-
ing (laboratory versus outdoor enclosure) would not in-
fluence the reactivity level to novel stimuli.

The results indicated that when compared with wild
subjects the semi-domestic strain showed: (1) significant-
ly shorter latencies in approaching and investigating the
open field; (2) habituation to the open-field whereas the
wild strain did not; and (3) shorter latencies in approach-
ing and investigating the predator.

The second test revealed that: (1) food consumption
of the wild strain decreased when placed in unfamiliar
living quarters whereas the consumption level of the semi-
domestic subjects did not change; (2) neither strain
changed in body weight; (3) the strains did not exhibit
differential activity in the novel environment; (4) both

strains had the same rate of body weight loss, food
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consumption and survival time in response to total water
deprivation; and (5) water deprivation had no initial
accelerating effect on wheel-running activity. Enclosure-
reared subjects and a control group for handling and iso-
lation showed greater tolerance to water deprivation than
mice reared in the laboratory by their own mothers.

Fostering had no major effects. Whereas the be-
havior of the wild subjects was not affected by the place
of rearing, the behavior of the semi-domestic mice given
experience in the outdoor enclosure became similar to
that of the wild strain. It was concluded that the
behavior of the wild mice was relatively "fixed" but the
behavior of the semi-domestic subjects could be modified
by experience.

The factors contributing to the decreased re-
activity of the semi-domestic strain to novel situations
were discussed. It was proposed that this change in be-
havior has resulted from: (1) a relaxation of natural
selection (present in nature), (2) natural selection in
the laboratory caused by decreased reproduction among
highly reactive animals and, (3) unconscious artificial
selection by man. The genetic changes resulting from

these selection phenomena may have favored an upward
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shift in the response threshold for reactivity to novel
stimuli. Its modifiability following semi-domestication
may be due to a broadening of the range of environmental

influence (decreased genetic control).
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