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CRITICAL PERIODS AFFECTING THE DEVELOPMENT OF
NORMAL AND MAL-ADJUSTIVE SOCIAL
BEHAVIOR OF PUPPIES* •
Division of Behavior Studies, Roscoe B. Jackson Memorial Laboratory

J. P. SCOTT AND MARY-'VESTA MARSTON*
A. INTRODUCTION
In 1945 the Roscoe B. Jackson Memorial Laboratory began an extensive
program of research designed to test the relationship between heredity and
social behavior, particularly in dogs. One'^of the important aspects of this
work was the opportunity to study the interaction of environmental and
hereditary factors in producing so-called "abnormal" behavior.
As necessary groundwork to the total program two things were done:
(a) A descriptive and experimental study of the development of behavior
was made under standard and as nearly optimal conditions as. possible, out of
which has come the conclusion that there are certain natural periods in development during which the puppy is unusually susceptible to environmental
influences. It is with this study that the present paper is concerned. ( £ )
Dogs have been studied under more or less free and natural conditions ( 3 0 ) ,
from which it was possible to conclude that the behavior patterns exhibited
by dogs toward human beings are essentially the same as those exhibited toward dogs, and that one sort of social relationship which can be set up between men and dogs is essentially similar to the parent-offspring relationship
in either species.
Taken together, these two findings should form a firm foundation for
experimental studies on the genesis of maladjustive behavior in dogs, the way
toward which has alread}' been pointed out by 'Levy's studies on sucking
behavior (12).
.
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ing theory. In considering the effect of time in relation to the commonly
accepted theory that the past experience of an animal determines in part his
present behavior, it is possible to make three alternate assumptions: (a) that
the same experience at any time of life will have the same effect, (£) that the
same experience will have a greater effect early in development and in proportion to the youth of the subject, and (c) that there are certain critical periods
in development (some of which may occur early in life), during which the
same experience may have a much more profound effect than at other times.
The first of these assumptions is too nai've in view of certain well-established
principles of learning. What has been loosely called learning can be situationally divided up into at least three categories (7). All behavior may be
thought of as a process of solving problems of greater or lesser difficulty. The
difficulties may lie in the sensory cues (as in problems of perception), or in
carrying out an obvious solution '(as in problems of acquiring skills). If both
sorts of difficulties are reduced nearly to zero, there remains a very simple
sort of learning in which the chief process is the formation of a bond between
the situation and the response. This appears in development before the more
complex problem solving abilities are present and therefore is very important
in young animals. It was extensively studied by Pavlov (22) in conditioned
reflexes, and Woodworth (34) has pointed out that studies of simple verbal
memory give much the same results.
Both CR and verbal memory experiments stress the importance of primacy
and recency. A CR may be extinguished by later training, but still show
spontaneous recovery. The earliest and the latest training in any situation
are more important than intermediate training, and this simply will not fit
the first assumption that the same experience at different times has equal
effects. Nor is the principle of recencjr consistent with the second assumption
that effects of experience are directlj'' proportioned to youth.
On the other hand, learning theory fits very well with the third assumption.
The interaction of innate and social factors affecting development of behavior
should create new situations which make it possible both for the principle of
primac}'- to operate more than once and to limit its action to a relatively few
special periods.
The second assumption, however, may rest on other processes than learning, and has been associated with supposed physiological trauma resulting
from experience, assuming that the younger an organism is the more tender
it is. Such conceptions have been extended by certain writers of the psychoanalytic school even to postulating prenatal experience as the most important
psychological event in the life of a human infant. Experiments with genetic
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physical, and chemical agents on early embryological development show that
the resulting injuries are not proportional to time but depend upon the developmental processes going on at any particular time (27). There are
critical periods in the development of any organ, which are usually periods of
unusually rapid growth.
Any hypotheses concerning development which assume processes which either
remain uniformly the same or which vary in direct proportion to time are
closely related to the hypothesis of preformation of the embryo, long discarded by biologists and more recently abandoned by psychologists (23).
This applies equally to hypotheses based on physiological processes and learning
theory. Physiological processes do not develop with uniform speed, nor do
the fetus and infant have the same mental capacities as an adult.
Thus from a theoretical point of view the most probable assumption of
those listed above is that of critical periods. From a more inductive standpoint, it may be concluded from the facts of the present study that the development of social behavior in the puppy falls into several natural periods,
and that in certain of these the puppy is much more responsive and appears
to show more lasting effects from its experiences. It follows that the chance
of a so-called "traumatic experience" occurring is greater during certain critical periods than at other times. The practical importance of this conclusion
as a basis for research is obvious, and some attempt is made in this paper
to check it on a comparative basis so that its possible connection with clinical
results can be estimated.

B. METHODS
The system of rearing (see Table 1) is described here in considerable
detail as it is only in this way that any comparison with animals raised elsewhere can safely be made. Furthermore, because of the fact that the system
is simplified, certain behavior traits are inevitably suppressed or reduced.
The plan of the rearing rooms or nursery is given in Figure 1. Since
the temperature in the rooms was always kept at approximately 70° F it was
possible to leave the side of the nest box open for observation. Besides the
nest box the room includes a bench on which the mother could rest and a
feeding platform which helped prevent contamination and wastage of food
as well as providing something on which the puppies could climb. Otherwise,
the only objects in the room were a hanging strap made out of a piece of
automobile tire and a similar strap which was left lying in the pen. Both
of these could be used as play objects by the puppies.
Pregnant females were wormed at 5 and 7 weeks of gestation, then bathed
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FROM BIRTH TO 16 WEEKS OF ACE: CONTENTS DRAWN TO SCALE
and placed in the rearing room as soon as possible. After being put in the)'
were given supplementary feedings of milk fortified with vitamin extract
such as was given to the pups. All scheduled dates for the care of puppies
were based on the date of birth. Gestation in the dog is usually considered
to be 9 weeks long, although there is considerable variability.
The two principle threats to the health of young puppies come from
ascarid worms and distemper. Since the worms come from the mother, the
above mentioned treatments of the mother help a great deal. However, it
was found advisable to worm the puppies at 4, 8 and 16 weeks of age, using
appropriate doses of N-butyl-chloride. No lasting effects of these treatments
were observed, and puppies appeared to be fully recovered on the following
day.
With regard to distemper, puppies are considered to be immune until
about 8 weeks of age. At 8 and 10 weeks of age puppies were given 10 cc.
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TABLE 1
SCHEDULE FOR CARE AND TESTING OF PUPPIES FROM 0-16 WEEKS OF AGE: TESTS DONE
AS NEARLY AS POSSIBLE ON EXACT DAY
Week

Feeding

Veterinary
care

Cleaning
of pens

0
1
2
3
4

Relationship
tests

Performance
tests

Group dominance begun
Solid food
available
Milk feeding
begun

First worming

Steam
cleaning
Handling;
individual
dominance
Barrier test
Handling

Second worming, distemper serum

Steam
cleaning

•9
10

Handling
Mother
removed

Distemper
serum

Group dominance ended
Handling;
individual
dominance

11

12

13
14

Distemper
vaccine

Steam
cleaning
Handlim

Distemper
virus

Maze test
Maze test
continued

Handling;
individual
dominance

15

16

Undetermined
test

Third worming

Steam
cleaning

doses of anti-distemper serum. At 12 weeks this was followed by an injection of distemper vaccine and at 14 weeks a single injection of distemper
virus.2 Aside from the discomfort of the injections no toxic effect has been
observed and there have been no cases of distemper in puppies so treated.
2 Anti-distemper products were furnished through the courtesy of the Lederle Company without whose support such a large scale program of protection would have
.been impossibe.
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The schedule of cleaning was coordinated with veterinary care. The
floors of the nursery rooms were kept covered with wood shavings, and feces
and wet shavings were removed once daily. Each room was thoroughly
steam cleaned once every four weeks. During this time the puppies were
removed from the rearing rooms and necessarily subjected to considerable
noise and disturbance. As noted above, the puppies when wormed could be
put back into clean rooms. At the same time, small amounts of DDT powder
were sprinkled around the room in order to prevent the appearance of fleas.
Purina Laboratory Chow was kept on the food stand at all times. At the
age of three weeks a dish of Purina kibbled meal was placed in the nest box
so that puppies could take this dry food at any time. At four weeks the
puppies were started on the same milk mixture as the bitches. An attempt was
made to keep the intake of milk within the 10 per cent limit advised by
McCay, and the amount was gradually increased to approximately l/> pint
per pup as they grew older. If lactose diarrhea appeared, the amount of milk
was cut down. After removal from the rearing room at 16 weeks of age,
the puppies were fed only on laboratory chow. Growth curves indicated that
this system of feeding was satisfactory, and most puppies gave ever}'- indication of normal health.
Caretakers •were instructed not to handle the pups except when necessary
and both caretakers and experimenters were instructed not to make special
pets of any animals.
Daily 10-minute observations were made of each litter of puppies except
on Sundays. Preliminary observations by Smith (32) indicated that puppies
were inactive during a great part of the day and that most significant observations could be made during the morning hours while the feeding and cleaning was disturbing the puppies. Observations were made inside the room
until the puppies first began to notice the observer (at about three weeks of
age) and were thereafter carried on through an observation window. All
behavior was recorded and a special attempt was made to look for the first
appearance of important behavior items and physical changes.
More detailed- observations were made once per week in connection with
weighing the animals. The pulse rate of the puppy was taken as soon as it
was picked up. It was then weighed (both these measurements give indication as to whether the animal is in good health), and reactions on the
scale noted for one minute. During early life these reactions are largely
symptoms of discomfort, whereas later on they chiefly indicate the reaction
of the animal to inhibitory training. After one minute the animal was removed from the scales and the heart rate taken again. During the first four
weeks simple tests of the use of the sense organs followed this routine.
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A short period test of activity using a spring suspended cage was first
included in the period of weekly observations, but since this was time-consuming and indicated no consistent individual differences, it was later given
up. Behavior on the scales was recorded and graded on two scales which
indicated degrees of activity and degrees of timidity in this situation.
An attempt was made to fit specific tests into this rearing program in such
a way that they would not be influenced by veterinaty treatments and cleaning. These tests may be divided into two classes: relationship tests and
performance tests. The principle relationships concerned are those between
litter mates, between mother and offspring, and between puppies and human
beings, particularly those persons giving the tests.
One of the most important relationships between dogs themselves appeared
to be that of dominance, and an attempt was made to test the dominance
which appeared as a result of playful fighting, at the same time allowing the
test itself to influence the development of dominance as little as possible. Starting at two weeks of age, each litter was given a fresh bone for a period of
15 minutes (later cut to 10) and the resulting behavior recorded. At 5,
11, and 15 weeks a similar test was given to each possible pair within the
litter in order to determine the dominance rank. A similar test was given
to the mother and puppies at seven weeks of age. It now appears that a
test should be made of epimeletic behavior by the mother in this same relationship, and this will probably be added in the future.
A test of the relationship between the experimenters and the dogs was
given regularly at 5, 7, 9, 11, 13, and 15 weeks of age. This test consisted
of standardized handling procedures similar to those ordinarily used by dog
owners.
This schedule allowed the inclusion of three performance tests. Although
these could not be standardized at first, they were so designed that all puppies
would be subjected to approximately the same sort of treatment at corresponding ages. At six weeks of age the puppies were given a test involving
barriers in a strange situation. The test at nine weeks involved developing
and changing a goal-oriented habit in the rearing room. At 13 weeks of age
the animals were given a maze test.
It should be pointed out that the above routine is an ideal system and that
certain accidental departures were inevitable. However, whenever departures
have been made this has been noted down in the behavior record of the individual concerned. When two procedures were in conflict, as for example
a test and veterinary treatment, the test was always given before the veterinary
treatment. Whenever possible, tests were given on the exact day scheduled,
but there were, of course, some slight departures from this.
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TABLE 2
LIST OF PUPPIES STUDIED
Breed

No. litters

No. individuals

Observational data only used
Beagle
Cocker Spaniel
Scottish Terrier
Shetland Sheep Dog
Wire-haired Fox Terrier

2
1
1
1
1

9
3
2
4
2

Both test and Observational data used
Basenji
Beagle
Cocker Spaniel
Dachshund
Shetland Sheep Dog
Wire-haired Fox Terrier
Total

1
3
2
1
1
3
17

8
12
10
5
4
14
73

Reference to Table 2 will show that a total of 7 breeds, 17 litters, and 73
individuals have been studied. The first six of these litters have been used
for observational studies only as most of the tests were being developed
on these litters and the test results are not comparable. Considerable variability in development was observed between individuals and between litters,
particularly in the time of appearance of certain traits. However, the fact that
an animal is not observed to perform a certain act does not mean that he
is incapable of this act, and the present paper attempts to describe a pattern
of development which appears to be common to all dogs.
The development of the puppies has been classified into various periods
based on definite and important changes of behavior which in most cases
coincide with important changes in social relationships. The complete definition of these periods is discussed below in the section on comparative data,
and the classification of behavior patterns is essentially the same as that used
in earlier papers (28).

C.

DEVELOPMENT OF SOCIAL BEHAVIOR IN PUPPIES: DESCRIPTION BY
PERIODS
1. Period I, Neonatal: From Birth Until Eyes Open

a. Sense organs. The newborn puppies predominantly employ the thermal
and tactile senses, reacting principally to cold and touch. Smell and taste
are probably also present, since most puppies will taste fish if offered to
them and react negatively to strong smelling substances such as oil of anise.
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However, these senses are little used because the puppy takes in no food
except milk and has little use for smelling objects. Puppies placed a few
inches away from their mothers apparently did not detect her presence by
smell, showing no unusual actions or orientation. Since the eyes are closed,
sight, of course, is not used. The external auditory meatus is closed, and we
have no evidence that hearing is present. Puppies do not react in any way to
loud sounds or to high pitched sounds produced by the Galton whistle. The
startle reaction is therefore missing, as is any fear response to falling (i.e.,
when lowered suddenly). On the other hand, they will extend the forelegs
and sometimes whine when slipping off the edge of the scales.
b. Psychological abilities. We have no direct evidence in favor of conditioning, but judging from puppies that have been raised on the bottle,
animals of this age gain facility in nursing or become used to rejecting the
bottle. Animals which are well fed act quite differently from those not
receiving an adequate milk supply, but this does not imply learning. There
is no evidence regarding their ability to solve problems, but because of their
limited motor and sensory abilities it would be very difficult to ascertain
whether or not this ability was present.
c. Motor abilities. The puppies are able to crawl forward and to right
themselves if turned upside down. They can lift their heads and move
them unsteadily. The wink reflex in response to touch is present in some
animals even though the eyes are closed. While sleeping the puppies show
typical twitching reactions of the limbs. Periods of activity while eating are
interspersed with long periods of quiet in which the animals may be presumed to be asleep.
d. Social behavior.
( 1 ) . Inyestive behavior. The newborn puppies in contact with the
mother's breast suck at various points until they reach a nipple. As soon as
feeding begins they push against the breast with the head, alternately push
with the fore paws and hold themselves against it by pushing with the
hind legs. The tail is held down and slightly out from the perineal region.
This tail posture is typical also of adult dogs while feeding.
(2). El'nninative behavior. While feeding the puppies, the mother
noses and licks the under side of the puppies, removing feces and urine. This
apparently sets off appropriate reflexes in the young puppies. These same
reflexes may occasionally be called forth by the handling of an experimenter.
(3). Investigative behavior. When cold or hungry the puppies typically crawl forward swinging the head from one side to another and stopping
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when the head touches some warm smooth surface such as provided by the
mother or other puppies. Another investigative pattern which appears very
early is that of sniffing.
(4). Et-epimeletic behavior. This has been previously defined as calling or .signalling for care or attention (28). In connection with investigation,
which is usually stimulated by discomfort of some kind, the puppies frequently
whine, a reaction which often has the effect of attracting the attention of
the mother. Increasing amounts of discomfort may cause these whines to
increase in loudness to yelps. There is very seldom any other type of vocalization in puppies during the neonatal period.
(5). Contactual behavior. When the pupies are cold or wet they tend
to crowd close to the mother or to pile themselves closely together if she is
absent.
( 6 ) . Agonistic or conflict behavior. This is limited to escape behavior
and yelping in reaction to pain. There is no allelomimetic behavior except
that several puppies may react to the same stimulus at the same time, as when
the mother offers to nurse. There is no recognizable sexual behavior, aggressive fighting, or epimeletic behavior.
In general, the stimuli responded to appear to be cold and pain externally and hunger internally. Behavior of the "emotional" sort is largely
confined to the whining or et-epimeletic behavior described above. Neonatal
puppies show signs of discomfort and satiation, but nothing that could be
called fear.
All evidence seems to indicate that there is little development during this
period except in growth and strength and that all of the above patterns of
behavior are present both at birth and at the end of the period. Smith (32)
found that there is a much higher correlation between genetically different
litters of puppies during this period than in later periods.
Just as thermal and tactile reactions dominate in the sensory field, it may be
said that et-epimeletic behavior is predominate in the social field, exclusive
of ingestive and eliminative behavior which are essential to life. All types
of social behavior present at this time will be profoundly modified later.
2. Period II, Transition: From the Opening of the Eyes Until Leaving the
Nest
This is a fairly short period in which rapid changes take place in sensory
and motor capacities. The period generally lasts from 10 days to two weeks,
usually ending while the animal is between three and four Aveeks of age.
a. Sense organs. The time of the opening of the eyes is quite variable and
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has been recorded as occurring as early as 11 days and as late as 19. Since
the gestation period is variable this probably reflects the fact that puppies
may be born more or less immaturely, as well as exhibiting genetic differences
in rates of development. The eyes are apparently used at once, as the puppies
tend to crawl backwards as soon as they are open. However, it is probable
that the puppies have to learn to use their eyes as has been reported in chimpanzees (25), since the wink reflex can be elicited by touch and not by
moving objects and apparently has to be conditioned.
The pupillary reflex is present as soon as the eyes are open, as is nystagmus,
although some individuals show at first simple rolling motion instead of quick
jerks.
The first definite auditory reaction, the startle reflex to loud noises, has
never been observed earlier than three weeks of age. This reaction usually
consists of withdrawal and flattening of the bod}'', although some animals
merel}'' erect the ears.
By the end of the period all sense organs are obviously functional, and
tactile and thermal reactions are no longer dominant, their place being taken
by responses given to visual, auditory, and olfactory stimuli.
b. Psychological abilities. There is no further evidence regarding conditioning. The same applies to the puppy's ability to solve problems, and until
the end of this period' the puppy is incapable of doing enough things so that
satisfactory tests of this sort can be applied.
c. Motor abilities. Most puppies begin to walk in an unsteady fashion
at about 18 days of age, although some have been recorded as early as 12
•days. Along with this, the animal stands erect and crawling disappears.
The puppies are more active and spend less time sleeping. They also begin
to chew on each other, an action which seems to be correlated with the eruption of the teeth, beginning with canines and incisors.
d.

Social Behavior.

( 1 ) . Ingestive behavior. Nursing is continued, but toward the end
of this period the mother may nurse the puppies in a sitting position instead
of lying down, and the periods of nursing appear to be shorter. Solid food is
first taken at about three weeks of age, at approximately the same time as
the teeth erupt. However, the teeth still cannot be used for masticating
the food.
(2). Eliminative behavior. During this period the puppies begin to
•eliminate independently of the mother's actions, leaving the sleeping corner
to do so, and at the end of the period regularly eliminate outside of the nest.
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(3). Investigative behavior. The neonatal pattern of swinging the
head from side to side disappears and investigation is apparently accomplished with eyes, nose, and ears. No definite adult patterns of investigation
have appeared as yet. Movements are definitely oriented toward distant
objects.
(4). Et-epimeletic behavior. The early pattern of whining is continued but is much less frequent. The tail wagging pattern of behavior does
not appear yet.
(5). Contactual behavior. The puppies continue to crowd together
when sleeping but apparently are much less sensitive to cold than in the early
period.
(6). Agonistic behavior. Fighting play (the first aggressive form of
conflict behavior) first appears near the end of this period and includes
clumsy pawing and biting of the litter mates or portions of the mother's body.
Growling is occasional!}'' present but not barking. As noted above, the
startle reaction is given to loud noises such as the growling of the mother,
but not earlier than about three weeks.
There is still no allelomimetic, sexual, or epimeletic behavior present, and
most of the neonatal patterns of behavior are still present, although in a
weaker form. The period is primarily one of change in physiological capacities, both sensory and motor, which are reflected in changes in social behavior
during the next period. At the end of this period, the puppy gives its first
reactions which indicate a differentiation of social environment; e.g., it first
pays attention to an observer. It also gives the first behavior and attitudes
which indicate timidity or fear responses. The end of the period is also
the time when the puppy begins to frequently leave the comparatively sheltered and uniform environment of the nest.
3.

Period III, Socialization or Social Adjushnent, Leaving Nest Until
weaning (The Period May Also be Said to Begin When the
Puppies First Notice the Observer)

During this period the puppies first come into extensive contact with people
and animals other than the mother and litter mates, and they explore the
immediate environment of the nest. Under the conditions of rearing, this
means that they come into contact with feeders and experimenters, and explore
the entire nursery room. By the end of the period they have developed, at
least in playful form, all of the main types of social behavior but epimeletic.
The puppies make considerable progress in physical development, but even
at the end of the period are still comparatively slow, helpless, and dependent
compared to adults.
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FIGURE 2
COCKER SPANIEL PUPPIES IN THREE STAGES OF DEVELOPMENT (PHOTOGRAPHS ENLARGED
FROM 16 MM. MOTION PICTURE FRAMES)
A. Neonatal stage, nursing. B. Neonatal Stage, investigative behavior. The
puppy crawls, swinging the head from side to side. C. Early Socialization Stage
(27 days), reaction to handling. Note posture of withdrawal, and compare with E
below. D. Same stage, startle reaction to sound of metal sheet struck against box.
E. Early Juvenile stage, reaction to handling. The puppy approaches with wagging
tail and attempts to lick the hand. F. Same stage, conflict behavior in presence of
a bone. The puppy on the right succeeded in dominating the others in the litter,
and barks at the more subordinate animal on the left.
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a. Sense organs. All the sense organs appear to be functional, and the
puppies apparently learn to recognize and differentiate objects. At first the
puppies are very sensitive to sudden movements or loud noises, crouching down
in reaction to them. By six weeks of age the}'' apparently try to follow
scent trails, and new objects are investigated with nose, eyes, and mouth.
b. Psychological abilities. Puppies can solve simple problems, such as the
way around barriers, as earl}'- as six weeks. The stages usually include investigation, failure followed by random movements and whining, further investigation and solution.
There is some evidence that puppies are able to
generalize from one situation to another, and definite evidence of conditioning. By nine weeks puppies remember a feeding place after one trial.
c. Motor abilities. Puppies learn to run, although in a relatively awkward fashion, and the amount of chewing gradually increases so that coarser
food can be utilized.
d.

Social behavior.

(1). Ingestive behavior. Nursing is continued but it is less frequent
and takes a shorter time. The mother often stands while allowing the pups
to nurse. At the end of the period this pattern is, of course, discontinued.
Throughout this period the pups drink water and milk, take solid food, and
chew it more extensively.3
( 2 ) . Eliminative behavior. In this period (at SjX> weeks, according to
Ross ( 2 6 ) ) , the puppies begin to defecate in a definite place, usually at a
distance from both the sleeping place and the food. This habit is common
to both dogs and wolves. Along with this behavior the pups show interest
in feces.
( 3 ) . Investigative behavior. By six weeks of age the puppies make definite attempts at trailing, and the general adult patterns of investigation are
established, although not necessarily in the adult form typical of the breed.
(4). Et-epimeletic behavior. The puppies are still dependent and whine
and yelp if frustrated in any way, whether by barriers, lack of food, etc.
Added to the vocalization, a new pattern of behavior appears under this
category. The pup approaches another dog or a human being with wagging
tail and will lick the face and gently paw the other animal. This reaction
occurs more often if the pup is hungry or if the other animal has recently
"According to Martins (16), three mothers fed at a distance from the pups began
disgorging behavior at the beginning of Period III (22-24- days), the pups feeding
from the vomited material. This reaction occurs regularly in wolves ( 3 5 ) . However, under our conditions of feeding disgorging behavior occurred regularly in
only one female, a basenji.
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been eating, and is probably primitively a food begging reaction. This pattern appears earl}' in the period and increases as the period goes on.
(5). Contactual behavior. Under the nursery conditions the puppies
are often seen sleeping apart, although they may crowd together if the temperature happens to fall.
(6). Agonistic behavior. There is a gradually increasing amount of
playful fighting. The puppies throw themselves on each other, pawing, growling and chewing each other's ears. A puppy which is underneath may
roll over on its back and extend the paws (pattern of extreme subordination
in playful form). Dominance in fighting gradually develops but no marked
dominance postures are present until the end of the period. The puppies
begin to bark early in the period and this becomes gradually more frequent.
In the latter half of the period it is frequent for two or three puppies to
surround and playfully attack one individual. This pattern is usually evoked
by a scuffle between a pair of animals. One of them runs away and the
rest follow and attack. Toward the end of the period a playful fight may
occasionally become more serious, marked by louder growling and harder
biting. This usually ends quickly, with the losing pup assuming a subordinate attitude.
(7). Allelomimetic behavior. The first evidences of coordinated group
activity are seen in the group attacks referred to above (first observed about
6l/2 weeks) and in the tendency of puppies to rush together to the door of
the pen when it is entered.
( 8 ) . Sexual behavior. No complete sexual behavior is present but
puppies may show the "playful" attitude characteristic of courtship, and
mount and clasp each other during their play. This behavior may be seen
rather early in the period and becomes gradually more common, apparently
as the testes descend in the male. This behavior is always interrupted if an
observer is noticed, in contrast to adult sexual behavior.
By the end of this period the neonatal patterns of behavior have almost
disappeared and all the main adult types of behavior are present, at least in
playful form. From now on development is largely a matter of growth and
learning of skills with but faw sudden changes in behavior. By the end of
this period most basic social relationships have been established.
4.

Period IV', Juvenile: Weaning Until Sexual Maturity
Detail to 16 Weeks)

(Studied in

The time at which the puppies are shifted outside the nursery environment
was arbitrarily chosen as one at which the puppies could take care of them-
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EVENTS WERE FIRST OBSERVED IN A LITTER. NOTE RELATIONSHIP
TO THE STAGES OF DEVELOPMENT.
selves in the more rigorous outdoor environment. However, this choice had
a slight natural basis, as four months is approximately the time that the
second set of teeth appear. Thus there is some justification for making a
minor division of the period. The length of this period varies considerably.
The earliest date of .fertile sexual behavior observed at this laboratory has
been six months (both male and female), but many animals do not mature
until well over a year.
a. Sense organs. No change.
b. Psychological abilities. In problem solving it appears that the puppies
are still handicapped by inability to inhibit themselves and give a long attention span, but it is apparent that this ability develops gradually throughout
the whole period. Puppies tested on a maze with a pattern consisting of one
right, two left, and three right turns have so far never shown perfect scores
after 10 trials at 13 weeks.
c. Motor abilities. At the beginning of the period the puppies are com-
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para'tively slow and awkward but by the time of sexual maturity are almost
as capable as adults. Dogs are usually considered to reach maximum physical development at about two years of age.
d. Social behavior.
(1). Ingestive. The adult pattern of eating and drinking is present
during all this period. There is no opportunity for adult dogs to feed
the juvenile animals, although this might take place under other conditions.
(2). Eliminative behavior. According to Martins (15), the adult pattern of leg lifting in the males is developed at 5-8 months. Likewise; scratching after defecation appears during this period. The tendency to urinate at
"scent posts" appears along with this pattern.
However, under our conditions these patterns are rarely seen unless
strange animals are admitted to the pens.
(3). Investigative behavior. By the beginning of this period the puppies are alert to noises outside their own room and differentiate between
stimuli having some significance and those which do not.
(4). Et-epimeletic behavior. The food begging reaction described
above is still very prominent during this period and probably increases at
least up to 16 weeks.
( 5 ) . Contactual behavior. No change.
( 6 ) . Agonistic behavior. By 15 weeks of age the playful fighting has
been pretty well organized into a dominance system and there is, therefore,
less actual bodily contact. By the end of Period IV the definite bodily postures of dominance (tail erect, growling, and placing fore feet on the
other animal), and subordination (crouching with tail between legs or rolling
on back with paws outstretched) have been developed. Severe fighting in
which the animals actually hurt each other has been observed in only 2 out
of 17 litters (both Foxterriers).
( 7 ) . dilelo mimetic behavior. The litter tends to react more and more
as a unit to any stimulation. If one animal is attracted by a noise or a movement and runs to investigate, the rest usually follow.
(8). Sexual behavior. The playful patterns described under the preceding period are continued but are not frequently seen unless the pups
are unaware of the observer. Marking the end of the period, of course,
aie the first estrus periods of the females and the appearance of adult sexual
patterns in both sexes.
In summary, this period is primarily one of growth and the development
of skill in motor patterns already present in other periods. In free living
animals this is the period which would be spent in learning to hunt and
become self supporting.

ffl"
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Other periods, with which this paper is not concerned, are the adult reproductive period and the period of old age.
D.

DEVELOPMENT OF SOCIAL BEHAVIOR IN PUPPIES: CHANGES IN
OBJECTIVE TESTS

The above general description of behavior can be supplemented by a
briefer description of test results which extend over more than one period
of development and so give an index of the validity of the periods (see
Figure 3).
I.

i
!

Body Weight

The puppies were weighed once a week in a routine manner, and the
gains in weight reflect differences in nutrition, differences in health (although
any puppies which were observedly sick have been removed from this analysis), and routine differences in growth rate. Referring to the figure in which
the average gains in weight are plotted, it will be seen that up to two weeks
of age there is a relatively uniform growth rate, followed by a slight fall in
the third week. At this point, extra food is made available, which is reflected in a steady rise in the curve up to the 8th week. The fall in the
following week reflects the fact that certain mothers wean their puppies
about this time, and a similar drop at the l l t h week reflects the fact that all
mothers have been removed. The gains then remain at approximately the
same level until the 15th week when there is a decline, which probably
indicates. either teething difficulties or that certain animals are beginning
to have a levelling off period in growth. Another possibility might be aftereffects of distemper innoculation at 14 weeks, but no other symptoms have
been seen.
Although these changes reflect changes in the source of nutrition, the
fact that they also occur at the dividing points between the periods objectively confirms the reality of these periods,
2.

Changes in Heart Rate

i

As pointed out in the introduction, the heart rate is taken before and
after the weekly weighing. This experience is quite a different one for
puppies in the different periods. In Stages I and II the puppies are usually
asleep or nursing before being picked up, and they often seem to go to sleep
in the hand. Being placed on the cold surface of the metal scale appears
to be exciting and disturbing to them. On the other hand, puppies in the
later periods may be running around excitedly before being picked up, and
since they stand on th° scales, the situation is not uncomfortable. Their move-

J. P. SCOTT AND MARY-'VESTA MARSTON
Aqe in weeks

6

3

8

•

10

/£

/4

16

WifKout regard to iig
:% ammaJi sKovyitxg
positivt

X'Cha ngein
'Heav4 RaieAffer

nmg

Accivl iy cm Scales
(React
Inrupdo

Ti m Lch iy on. Sccxl
Gcor ed i n

Relal ionsK
imerd
Cfrlee S'LT
-Other reactions

;=

I

_L
FIGURE 4
AVERAGE CHANGES IN VARIOUS BEHAVIOR INDICES IN RELATION TO PERIODS OF
DEVELOPMENT (SCALES ADJUSTED TO MAKE MAXIMUM RANGES

OF VARIABILITY APPROXIMATELY EQUAL)
ments are mildly restrained in order to facilitate weighing, and this results
in their being given training in standing still under this situation.
In the figure the heart rate change without regard to sign shows two
peaks, at two weeks and approximately 6-8 weeks, with a valley at 4-5
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weeks. After the second peak the curve falls off rapidly and reaches a plateau
at about 12 weeks. This can be interpreted by reference to the other curve
of the per cent of animals showing increases in heart rate at any one age,
which shows a peak at two weeks and falls off rapidly to a plateau from
6 to 9 weeks, then rising to a slightly higher level during Period IV.
During Period I the rise in heart rate for most animals probably represents a reaction to discomfort. By Period III the usual reaction is one
of timidity and inhibition with a characteristic decrease in heart rate. As
the animals become accustomed to the situation, there is less change in rate.
In this measure of change in heart rate there is again objective confirmation of the reality of the different periods of development, the principal changes
coming near the beginning and end of Period III.
3.

Activity Ratings

As indicated above, placing the puppy on the scales amounts to giving
him mild training to stand still. Up to the age of four weeks of age all
the puppies are likely to be rated as active on the scales, and since it is
difficult to compare crawling activity and walking activity, the former has
been omitted. The graph shows peaks of activity in Periods III and IV
with evidence of valleys at 5 and 9-10 weeks. This curve, incidentally,
may be partly related to the heart rate curves. Activity is one measure
which seems to show breed differences, and the rise in Period IV is probably
the result of certain individuals whose activity increases, rather than that
of the whole population.
4.

Confidence-Timidity

Rating

While being weighed, the body and tail posture of the pups is recorded
and this is afterwards converted into a score where a low figure indicates
timidity and a high figure the lack of it. This rating cannot be accurately
done before five weeks. As inversely plotted in the graph, the average confidence-timidity rating takes the general form of a learning curve, with a
rapid rise from five until seven weeks and a general levelling off thereafter.
All of the change in this rating takes place during the period of socialization,
and it seems to show considerable resemblance to the curves obtained from
the tests of relationships with people discussed below.
5. Dominance
As described in a previous paper (31), dominance develops in a litter
of puppies in connection with playful fighting. At five weeks (in the first
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part of the period of socialization), 31 per cent of the relationships between
puppies can be recognized as dominance, whereas by 11 weeks this percentage
has risen to 95 per cent. If it were possible to draw a curve for dominance,
it would probably very closely follow that for timidity and confidence. However, about one-third of the dominance relationships observed at 11 weeks are
changed by 15 weeks, which indicates that strong habits of dominance have not
yet been formed. In certain litters where there have been no changes as a
result of mating behavior, the dominance order at one year of age has remained the same as at 15 weeks, which indicates that the dominance order
may in some cases be fairly well fixed at 15 weeks. Most of the change
from non-dominance to dominance occurs within the period of socialization,
although in some cases the relationship established is not stable.
6.

Tests of Relationships with Handlers

There is not space enough in this paper to describe these results in detail, a
task which will be attempted in another publication. However, it is obvious
from the graph of the scores, which indicate timidity and other types of reactivity to people, that the biggest changes occur from 5 to 7 weeks during
the period of socialization, and that there is a levelling off period later. It
' may be thought that this change is caused by the fact that the performance
tests are first given at six weeks of age and are the first extensive training
in handling which the puppy gets. In this connection the confidence and
timidity ratings are useful, since they also show the same trend from 5 to 6
weeks, before extensive handling is done. In conclusion, this test also tends
to confirm the reality of the periods of development which were developed
from descriptive data.
E. DISCUSSION- AND CONCLUSIONS: THE HYPOTHESIS OF CRITICAL PERIODS
In this paper the viewpoint has been presented that the development of
puppies falls into several natural periods, which were first obtained by
descriptions of social behavior and then confirmed by objective ratings of
behavior traits, as well as by certain physiological and physical measurements. In reviewing these data, it would appear that there are distinct
dividing lines between all of the periods except between the neonatal and
transition periods. The opening of the eyes is a dramatic event but it does
not as dramatically change the behavior of the puppies, and in some way it
might be better to think of Period II, the transition period, as being the
end of the neonatal period or at least very closely allied to it.
If this is done, it will be seen that all of the remaining periods are set
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off by changes in social relationships which naturally occur in the normal
development of the puppy. This, together with certain observational data,
leads to the idea that there are critical periods in development which correspond to the times when new social relations appear.
For example, a puppy at the beginning of the period of socialization is obviously extremely fearful, shrinking away from loud sounds and sudden
movements of any kind. In one litter the mother became ill at this time and
soon died. The puppies were much upset and became unusually attached to
the human handlers. On the other hand, there is almost no evidence of
disturbance in litters where the mothers are removed at the usual weaning
time of 10 weeks.
In several litters of puppies, the tails have been removed during the
neonatal period, as is usually done for certain breeds of dogs. There has so
far been no evidence of gross differences in behavior between these animals
and their litter mates. In short, where environmental disturbances have
occurred, the evidence does not support the commonly held view that these
should be more effective in the earlier stages of development, but rather
leads to the hypothesis that disturbances are most important and effective when
they occur at periods when new social relationships are being developed. In
addition, the newborn animal is far from being sensitive. He appears to be
emotionally undeveloped, and from a sensory point of view, protected from
the environment, since he can neither see nor hear.
Thus there appear to be two major factors which determine which periods
of life will be critical in the development of social behavior. One of these
is the time at which any new social adjustment is made, which is almost inevitably important because of the well-known influence of primacy and successful adjustment on learning.
The other is the factor of maturation of the nervous system. In the
dog, the greatest changes of this sort appear to coincide with the beginning
of social adjustments outside the nest, which makes the period of socialization
(III) a doubly critical one. At this time the puppy first shows something
like complete emotional capacities, and simultaneously first becomes aware
of potentially dangerous or helpful features of the environment. From the
standpoint of learning, the puppy should have no standards of comparison as
to what constitutes, for example, a dangerous experience, and no control of
emotional reactions should have been built up through conditioning in nondangerous situations. The puppy therefore over-reacts, giving all indications
of extreme fear to loud but harmless noises and sudden but innocuous movements.
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Applying these h}'potheses, it may be stated that the critical periods of
development in the early life of a puppy should be: (a] birth, at which the
adjustment to nursing is a matter of life or death but not of psychological
trauma; (b] the early part of Period III when the puppies develop social
relationships with dogs outside the litter or with people, and establish new
relationships within the litter, and during which the factor of maturation of
the nervous system exerts its greatest effect. A third critical period, of
course, should be that of sexual maturity, when new relationships with the
opposite sex should be established.
These hypotheses have important implications for the study of abnormal
behavior and for mental hygiene because from them it may be concluded
that so-called "traumatic experiences" should be most effective during certain critical periods, particularly in Period III. This statement, of course,
needb repeated experimental verification, some of which is being undertaken
in this laboratory at the present time. It also implies that those hypotheses
may be widely extended, and this possibility may be briefly examined in the
light of available comparative evidence.
F.

COMPARATIVE DATA
1. Dogs

A pioneer study on the development of puppies was published by Mills
(18) in 1898. He worked chiefly with one litter of St. Bernards, but also
raised a litter of Bedlingtons and one mongrel for comparison. He appears
to have been an excellent observer, although his interpretation is often more
inteiesting as history rather than science. The best recent studies of the
development of behavior in puppies have been done by Baege (1) and the
two Menzels (17). The former studied a litter of five puppies which were
a cross between an Airdale female and (probably) a male German Shepherd.
Menzel's studies on the other hand were done on a large population of purebred Boxers.
Baege followed the plan of studying sensory and motor development, as
well as what he called emotions. The Menzels followed Baege's outline in
general, but have added to it a consideration of social behavior and periods
of development.
a. Sense organs. All authors agree on the general picture of sensory
development, that the neonatal puppies respond principally to tactile and
thermal stimuli, but are also able to smell and taste. The Menzels report
that some Boxers gave evidence of hearing as early as 15 days, but that this
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appeared in most animals around 21 days. Mills reports hearing about the
18th day.
b. Psychological abilities.
No effective tests have been developed which will give a true picture of the
psychological development of young puppies. A point of considerable theoretical interest is the question of whether or not puppies can be conditioned
in the neonatal stage. Baege states that on the 15th day of development a
puppy failed to learn not to crawl off the edge of a table. He states that
these puppies can only learn by association, but gives no evidence. The
Menzels report one case in which a bottle fed puppy 13 days old apparently
tried to search for the bottle after failing to find a place at the mother's
breast. Mills, like the present authors, could not get the wink reflex to movement in the transition period, and definitely reports it first on the 21st day.
Bahrs (2) found changes in two reflexes occurring at the same period, but
the alterations appeared to be physiological rather than the effect of learning.
In general, it must be concluded that more critical experiments are needed
to determine whether or not the neonatal puppy is affected by experience, as
this has considerable importance both with regard to critical periods in development and the possibility of doing experimental work on psychological
trauma. In any case, the power of learning of these puppies must be extremely limited because of the limitations of sensory and motor capacitiesc. Motor abilities. Our work confirms the observations of Baege and
Menzel.
d. Social behavior.
( 1 ) . Ingestive behavior. All authors are in general agreement with,
regard to the development of ingestive behavior. Martins (16) has recentlydescribed the vomiting behavior of the bitch, which seems to coincide with,
the taking of solid food by the young.
(2). Eliminative behavior. This has been the subject of considerable
special study by Berg (3) and Martins (15) because of its significance in
endocrinology. In general, all authors agree. Menzel says that the leg.
lifting of the male has been seen as early as 67 days (9 weeks) but that
it tends to disappear and show up again later on at about five months. All
authors also agree that the puppies begin early to defecate in a special spot,
away from the bed. However, there is some suggestion by Baege (1) and
Ross (26) that urination is not done in special places until the leg lifting,
reaction appears. If this is true, it would have considerable importance with,
regard to house training.
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(3). Investigative behavior. The description of this is similar in all
accounts.
(4). Et-epimeletic behavior. The Menzels and Baege consider this
under two headings: the emotion of "joy," which corresponds to our
description of the food begging reaction somewhat exaggerated, and under
vocalization. The general descriptions of patterns of behavior agree with
ours.
(5). C onto dual behavior. All descriptions agree.
( 6 ) . Agonistic behavior. Baege was influenced by the work of Watson and attempted to find Watson's primary emotions in the puppy. Actually,
the neonatal animals show only defensive or escape mechanisms, which are
given in response to pain or discomfort. Baege found that the puppy would
give a "rage reaction" when tightly held. This probably was simply the
puppy trying to escape when held, and this may also be the reason why others
have been unable to repeat Watson's results with children (Dennis, 5). Unless the babies are hurt while held, they give no escape reaction, and, in fact,
seem to enjoy it. This corresponds to our results with newborn puppies.
Although neonatal puppies will right themselves when turned over, we
obtained no response to a sudden drop in which the puppy was not hurt.
Baege (and earlier Mills) found that a puppy coming to the edge of a table
showed signs of distress when not completely supported. Our observations show no anticipatory reaction to falling when the head or paw comes
over the edge. Once the puppy starts to fall (with fore parts not supported
and hind parts still supported), it extends the fore legs and draws back the
head, and may start to whine.
All authors agree on the development of fighting play and dominance
as far as it is described.
(7). Allelomimetic behavior. Our results here agree with those of
other authors. Mills reports "suggestive behavior" indicative of imitation
on about the 40th da}', a few days earlier than our first observation of group
attacks.
(8). Sexual behavior. The Menzels report that mounting behavior of
male puppies may be seen as early as eight weeks, which corresponds to our
observation that this behavior tends to appear toward the end of Period III.
Menzel divides the development of the puppies into five periods: (I)
a vegetative period up to two weeks; (II) the period of "awakening to the
environment," including the third to the sixth week; (III) the whelp period,
including the 7th week to the end of the 4th month; (IV) the pre-pubertal
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stage, from the end of the 4th to the end of the 6th month; and (V) the
pubertal stage from the end of the 6th month to the end of the 10th.
It will be seen that these periods in general coincide with those of which
we have used. Menzel's Period II includes our Periods II and III, and he
has placed the end of it slight!}' sooner than ours. However, this time does
coincide rather well with some of the changes in reaction to tests which are
largely completed by seven weeks of age. These differences in classification
are not important and are chiefly the result of the fact that any definite
division has to be to some extent arbitrary.
Mills ( I S ) , who studied development up to the 60th day, found the same
periods as in our own work and like us, named the second one "transition."
With regard to critical periods it is interesting to quote Mills' remark:
"The period between the 17th and 45th days is that of greatest importance
in the life of the dog" (p. 167). He also states, without describing the experiments in detail, that electrical stimulation of the motor areas of the cortex
and associated grey matter does not have any effect before the eyes are open,
and ablation at this time produces no effect on locomotion. This indicates
some experimental evidence in favor of a maturation factor which produces
a critical period.
The work of David Levy (12) on the sucking reflex also provides evidence on critical periods. He deprived four Collie puppies of sucking from
the 10th to the 30th day of life. It is interesting to note that this overlaps
the major critical period (the beginning of Period I I I ) , and he found that
the frustrated dogs continued to show accessory sucking, as well as the fact
that the b.ottle fed dogs were unable to readjust to nursing the mother.
Similar unpublished experiments by Lindzey ( 14) on Beagle puppies during the neonatal period gave negative results. More evidence is needed, but
on the whole this work tends to agree with the hypothesis of the critical
period.
All anatomists are agreed that dogs are most closely related to wolves
(particularly Canis lupus} of any wild animals, and it is therefore of interest to compare and contrast the behavior in the domestic and various wild
species. This throws a great deal of light on the adaptive nature of many
features of puppy development.
The development of wolf puppies has not been studied in such detail as
has that of dogs, but sufficient observational material is available to show
that essentially the same course of development is followed. The general
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accounts of Young and Goldman (35) agree very well with the detailed
observations of Murie (20), who studied both the behavior of a wild wolf
pack and the development of a young captive wolf.
a. Neonatal period. This appears to be very similar in the dog and wolf,
although the eyes may open somewhat earlier, according to Young and Goldman.
b. Transition period. At about three weeks of age wolf puppies emerge
from the den for the first time, which corresponds closely to the tendency of
puppies to leave the nest at the end of the transition period.
c. Period of socialization. As with dog puppies, the beginning of this
period is marked by extreme sensitivity to environmental stimuli, the wolf
puppies being very easily frightened by loud noises, etc. This is also the
time when the young wolves are fed vomited food by the adults. According to Young and Goldman, weaning takes place from 6 to 8 weeks of age,
which, suggests that 8 weeks comes closer to being the average natural time
for weaning for dogs than does 10 weeks.
d. Juvenile period. The wolf puppies and their parents leave the den
at any time from the end of Period III up to three months of age. During
this time the parents make the kills but lead the puppies to the food rather
than carrying it to them. About four months of age the wolf puppies begin
to hunt by themselves, which again argues for a natural subdivision of this
period at about 16 weeks of age. However, the puppies still accept food
from their parents, and since they stay with the parents until at least one
and sometimes two years of age, and since wolves share their kills, there is
no abrupt point at which food dependency ceases. Sexual maturity in female
wolves comes at two years of age, and is always seasonal, occurring in March.
Male wolves are considered to be fully grown at three years of age. This
is the biggest difference between development in the two species. Apparently
in the dog there has been a tendency to select for early sexual maturity, just
as in many other domestic animals.
In summary it may be said that as far as described, wolf and dog puppies
show very similar courses of development with the exception that the wolves
appear to be much more hardy, and that the dogs show earlier and irregular
sexual maturity, independent of season. As anticipated, the different periods
of development are closely related to the natural social organization of the
wild species.
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3. Other Mammals
Detailed and accurate descriptions of the development of behavior in
mammals are few in number and largely consist of occasional naturalistic
observations and certain detailed studies of development under conditions of
extreme domestication. For purposes of comparison we have selected three
widely varying and reliably studied types of mammals for the purpose of
sampling the possible range of variability of development under more or less
natural social conditions. Since the behavior patterns involved are so different
there is .little point to making detailed comparisons on this basis, and we have
confined our discussion to the periods of behavior. As examples we have
chosen the mouse (33), representing the nest building rodents, the sheep
(28), representing the herd animals, and the howling monkey (4), representing the arboreal primates, in addition to the wolf and dog (representing
highly social carnivores).
a. Neonatal period. This period may be defined as one in which the
locomotor and ingestive patterns of behavior are adapted for infantile life
only. In the case of mice, the newborn animals are even more immature
than the puppies, not even possessing hair. Sheep, on the other hand, show
a profound contrast, as the newborn animals are already able to walk and
Mouse
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FIGURE 5
RELATIVE LENGTHS OF THE FIRST FOUR PERIODS OF DEVELOPMENT IN VARIOUS MAMMALS,
BASED ON APPROXIMATE TIME OF SEXUAL MATURITY OF FEMALES
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learn to eat adult food within 10 days. For lambs, life may be said to begin
with the transition period. In the howling monkey, the newborn animals
do not eat adult food and are constantly carried by the mother so that
adult locomotor patterns are not present. However, as contrasted with the
dog and mouse, the senses of sight and hearing appear to be present at birth.
In general, the importance of the neonatal period appears to be. correlated
with maternal protection, and the degree of immaturity seems in part to depend on the numbers of young born at the same time.
b. Transition period. This may be defined as the time in which the
adult locomotor and ingestive patterns are developed at least in unskilled
forms, in addition to the infantile ones. In the nest building or lair dwelling
animals the end of this period coincides with leaving the nest, whereas in
the primates the end comes when the infants leave their mother's arms. In
the mouse the transition period runs from about 12 to 16 days. Sheep are
born in the transition period, as stated above, and it ends within 10 days. In
these animals there is less of an abrupt change at the end of the period.
In the howling monkey, the transition period is a very gradual one running
over several months, although the relative length is not so pronounced considering the total length of life of the animal.
c. Period of socialization. This may be defined as that period during
which the young animals first come into contact with other individuals than
their parents but a period during which some infantile behavior patterns are
still present. In the mouse the period of socialization runs from about 16 to
28 days, when the animals are weaned. During this time the young mice
leave the nest and at its end (under wild conditions) completely break up
connections with the parents. With sheep, on the other hand, the period
of socialization is a long one, lasting through all of the first summer and
resulting in establishment of the habit of following the adults. In the
howling monkey the period lasts from about 12 months up to the age of
21 months, when weaning takes place.
d. Juvenile period. This may be defined as running from the time when
the last infantile patterns (nursing) disappear until the time when adult
sexual behavior patterns appear. In the mouse this lasts a relatively short
time, approximately 26 to 45 days. In the sheep sexual maturity appears
in the first autumn, although in the wild species it does not pccur until the
animals are in their second year. In the howling monkey this period ends
at about four years. The relative length of this period compared to earlier
ones is probably correlated with the longevity of the species.
There is little evidence concerning the existence or non-existence of critical
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periods except in the sheep where it has been shown that removal of the young
lamb at birth will produce lasting effects on social adjustment, particularly
if the lamb is kept isolated from other sheep bej'ond the beginning of Period
III (28). The concept of critical periods explains why similar experiments
in the dog produce no comparable effects unless the beginning of Period III
is involved, which comes much later in this species. It is also reported (35)
that wolf puppies taken from the den after they have reached Period III
cannot be tamed.
4.

Man

Consideration of the above material and especially of Figure 5 will heLp
to put human .social development in its true perspective. As a source for
scientific data on human development we can use Gesell's well known
studies (8, 10, 11). These originally emphasized sensory and motor development but were later extended to detailed descriptions of certain forms of
social behavior which can be used for determining the length of the different
periods. Reference may also be made to various chapters of Carmichael's
Manual of Child Psychology (9, 19, 23).
a. Neonatal period. This appears to last about four weeks in the human
infant (23). During this period there is considerable evidence to the effect
that conditioning takes place only with considerable difficulty and without
lasting effects. In this respect the human infant is similar to the neonatal
puppy, but is, of course, more advanced in sensory capacities, being able to
both see and hear.
b. Transition -period. In this period the human infant attempts walking
and other forms of locomotion relatively sooner than the arboreal primates.
Some estimate of what course human development and maternal care might
follow if not influenced by culture may be obtained from a consideration of
certain motor responses. Reflex grasping, once thought to be a relic of
arboreal ancestry (arboreal primate infants obviousl}' grasp their mothers
rather than trees), may be considered an indication of a period in which the
infant is almost constantly carried, as may the Moro or clasping reflex. .The
first disappears by the fourth month and the second between four and six
months (23). The first signs of true locomotion (creeping) appear about 3^2
months (9). It would appear that a "natural" mother would begin to carry
the child less constantly about this time. It would also be a "natural" time
to begin supplementary feeding, since the first teeth appear about six months.
The end of Period II may be placed on the average as around 15 months,
when the child begins to walk.
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c. Period of socialization. This begins at about 15 months, but it is very
difficult to locate its end, due to the cultural processes which affect the age of
weaning. A full set of milk teeth is developed at about 18 months.
The
natural period of weaning would probably not be before this time and might
extend still later, considering the difficulties which children of this age have
with digesting adult foods. Even the howling monkeys are n o t ' weaned
before 18 months. It is possible that the end of Period III should be placed
as late as three years, often considered the end of infancy. Average growth
curves show the beginning of a slight upturn at this time, which may indicate
that the body is physiologically capable of dealing with adult foods.
This period in human beings is complicated by the process of language
learning, which is always imperfect at this time and may come later than
the first social contacts. The period of socialization in man contrasts with
that in dogs in that it involves siblings of )rounger and older ages rather than
litter mates. There is almost no evidence of natural sibling rivalry in the
dog during this period, though similar phenomena may be seen in older
animals.
d. Juvenile period. In man this lasts from approximately 3 to 12 years.
In the middle of it there is time when (at least in our society) there occurs
a tendency to throw off parental and teacher authority and to join up with
gangs (11). This occurs around eight j^ears of age, and probably corresponds
to the 16-week-old period in dogs, when the animals are first able to hunt
their own food.
The application of the concept of critical periods to human development
brings out some interesting ideas. Certain critical periods should occur when
new social relationships are formed. The first of these occurs at birth. According to Ribble (24) and some others, it is extremely important for the
mother to establish the proper relationship with the baby at this time, and
these ideas have been challenged by other writers (21) on the ground that
the infants are highly adaptable and do not learn much from their- experiences
anyway. According to the evidence cited above, the neonatal period is not
one in which psychological trauma would be expected. The two opposing
points of view may be reconciled as follows: the proper patterns of nursing
and feeding are vital to the development of the baby, and stimulating these
probably depends upon natural and frequent bodily contacts which may act
as releasers. Beyond the physical welfare of the child, this should have two
important effects. It will determine the kind of mother-child relationship
which is carried over into the later more critical periods of development, and
although the baby is probably not learning much in the neonatal period, the
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mother is establishing good or bad habits of care which may have a profound
effect later.
The second critical period should theoretically come at around 15 months
and extend far up to three years, the time when the child is first physically
capable of forming new social contacts and relationships. One difficulty met
with in human development is the fact that, whether cultural or natural,
weaning often takes place during this period. The resulting lack of parental
"support" may hold back the child's development.
As stated above, this period is also complicated by language learning, which
results, among other things, in the parents feeling that the child is capable
of understanding adult rules for behavior. Evidence for the existence of a
critical period at this time exists in Levy's (13) study of children whc
show emotional consequence from operations, and it may be pointed out that
this period is included within the limit set by Freud (6) for the origin of
neuroses (before the age of six), and corresponds roughly to the time of
development of the Oedipus complex.
As can be seen from Munn's (20) review, evidence on the maturation of
the nervous system in children is far from complete. Considerable work has
been done in the neonatal stage, and also at the much later stage when verbal
behavior begins, but the transition period has been largely neglected. Memory
is certainly present by the age of one year, but how much sooner is not
definitely known. It would appear that the very important point- of howmuch a child of this age can remember can only be determined by conditioning
techniques. Until this is done, we shall not know the extent and nature of
the critical periods in children. In any case, it may be tentatively concluded
that the maturation of memory function does not coincide as closely with
the end of the transition period as it does in the dog.
An artificial critical period is created i n - o u r society by sending children
of 5 or 6 off to school where they have to assume new relationships. Usually
this results in the child's placing the teacher in a maternal role and the other
children being treated as before. Relatively few bad effects should be
observed, however, since nothing really new is involved in the relationship.
The 8-year-old period should probably not be considered as a highly critical
one, as the chief process there is not so much forming an entirely new relationship as throwing off the old one of parent-teacher authority.
The final and major critical period, of course, should come at the t'ime of
puberty when new types of relationships are established between the sexes.
This, of course, is very much complicated by cultural teachings.
The above ideas are not to be considered as final statements or pronounce-
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ments, but rather as hypotheses which should be subject to experimental and
•observational tests. As a guide to their use, the suggestion may be made that
much of the apparently conflicting evidence on the effects of early childhood
experiences may be reconciled by the hypothesis of critical periods.

G. SUMMARY
1. Theoretical considerations lead to the hypothesis that in the development of any mammal (and perhaps any higher animal) the same experiences
should lead to different behavioral results at different periods. This hypothesis may be labelled that of "critical periods."
2. One factor which is involved in this hypothesis is the nature of learning of the conditioning type, which indicates that first experiences in any
situation are more important than later ones. A CR may be extinguished,
but will show spontaneous recovery after rest. Primacy has also been shown
to be important in human verbal memory. Applying this to social situations,
it may be concluded that the times at which new social relationships are
developed should be critical periods.
3. A second factor involved in the hypothesis is that of maturation of
the nervous system. The time immediately following the development of
the capacity for conditioning or memory should also be a critical one.
4. Seventeen litters of puppies belonging to seven different dog breeds
and comprising 73 individuals have been studied under standard and as nearly
optimum conditions as possible, emphasizing the development of patterns of
social behavior and the sensory and motor factors which affect them. The
conditions of rearing are described in detail.
5. The development of social behavior in the dog falls into four natural 1
periods up to the time of sexual maturity:
a. Neonatal Period, approximately 0 to two weeks, from birth until
opening of eyes. Locomotor and ingestive patterns of behavior adapted to
infantile life only.
b. Transition Period, approximately from 2 to 3J^ weeks, until the
time the puppy leaves the nest and first notices observers. Unskilled adult
patterns of locomotion and ingestion are developed in addition to the infantile ones.
c. Period of socialization, approximately from 3^2 to 8-10 weeks, ending with weaning. First extensive social contacts with other individuals than
parents, ending with cessation of infantile patterns of behavior.
d. Juvenile Period, approximately from 8-10 weeks to 7-14 months,
from weaning till sexual maturity. Adult patterns fully developed except
those involved in sex and reproduction.
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6. The patterns of behavior characteristic of each period are described in
detail up to the age of 16 weeks.
7. Average results of behavior tests which were regularly repeated show
changes at ?.bout the times dividing these periods and confirm their reality.
8. It is concluded that for the puppy the most important critical period
is the early part of the period of socialization, maturation of sensory, motor,
and memory capacities apparently coinciding with the first development of
outside social relationships.
9. Comparison with development in wolves shows close similarities except
for earlier sexual development in the dog. The different periods of development are closely related to the natural social organization of the wild
species.
10.- Comparison with the mouse, sheep, and howling monkey shows wide
differences in the relative length and importance of the various periods. Consideration of this fact may resolve certain apparently contradictory experimental results.
,
11. On the basis of information available, it is difficult to define the
periods of development in human beings as accurately as those in animals
because of cultural modification of behavior patterns. However, it would
appear that human development, like that of the howling monkey, is distinguished by a relatively long transition period.
12. It is suggested that the Iwpothesis of critical periods may be fruitfully applied to human studies. On the basis of available data it would
appear that the factor of maturation of the nervous system does not coincide
as closely with the beginning of the period of socialization as it does in the
dog, but probably acts at sometime during the transition period.
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