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Preface 

To BE INVITED to fill the Porter Lectureship in Medi­
cine is indeed an honor and one for which this lec­
turer is most grateful. Quite aside from my personal 

gratification at being invited to lecture on this foundation, 
I am especially pleased because of my long friendship with 
Dr. George Ellett Coghill, the founder in America of work 
on embryonic movements, who served the University of 
Kansas School of Medicine from 1913 to 1925. It has also 
been my privilege to know for a long time both Dr. Henry 
Carroll Tracy, his successor as Chairman of the Depart­
ment at Kansas, and the present Chairman, Dr. Paul Gib­
bons Roofe. 

I am indebted for many things to many people too 
numerous to name here, but it would be falling short of 
both justice and courtesy were I to omit expressing my 
debt to many colleagues, past and present, including Dr. 
Tryphena Humphrey, Dr. Ira D. Hogg, and the staff of the 
Elizabeth Steel Magee Hospital. The work more specifi­
cally presented in the second and part of the third chapters 
owes much of its financial support to grants from the Pen­
rose Fund of the American Philosophical Society, the 
Carnegie Foundation of New York, the University of 
Pittsburgh, the Sarah Mellon Scaife Foundation of Pitts­
burgh, and the late George Tallman Ladd, also of Pitts­
burgh. 

It is a pleasure to express my indebtedness for many 
courtesies to Dr. and Mrs. Paul G. Roofe, and to the staff 
and graduate students in the Department of Anatomy at 
Kansas. I also wish to thank Mr. Ivan Hird, whose ability 
as a projectionist made the illustrations for the lectures 
flow smoothly and accurately. 
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Ckapter 1 

Fetal Activity in Infraliximan 

VerteLrates 

BEHAVIOR is A fundamental characteristic of all ani­
mals, whether adult or developing, unicellular or 
multicellular. In essence, behavior is the sum total of 

the adjustments made by the organism to changes in its 
internal or external environment. The activities of the 
mechanisms involved in restoring the dynamic balance of 
the organism as a consequence of the environmental 
changes give rise to bodily activity, which is the externally 
visible or overt expression of the functional capacity of the 
whole organism. In all but the simplest organisms, this ac­
tivity is produced primarily by the neuromuscular system, 
but this overt behavior is also influenced by the activities of 
other systems of the body, which constitute the organism's 
internal, invisible, or covert behavior. The interacting in­
fluences of all the various organ systems of the individual 
are infinitely complex, so that at any given moment the be­
havior of the whole organism tends to be different in Icind 
and extent from the sum of the activities of its separate 
parts. 

Structure and function are directly and inseparably re­
lated in any living organism. This is as true of one which is 
developing as it is of the adult. In the embryo, therefore, 
when any organ reaches a level of development and differ­
entiation consonant with function, it begins to function, 
provided the environment is appropriate. The qualities of 
embryonic functioning of an organ may not be those ex-

[ 3 ] 



Prenatal Origin of Behavior 

[ 4 ] 

hibited when its development is complete. Furthermore, 
all organs do not reach a functional state in their develop­
ment at the same time. Therefore, the behavior of an or­
ganism attains the adult form characteristic of each species 
only as it approaches maturity. 

An embryo develops morphologically in an orderly, se­
quential manner characteristic of the species. Thus, given 
an appropriate environment, an organism's behavior also 
develops in an orderly, sequential manner which, again, is 
characteristic of its species. However, the morphological 
development of all vertebrates follows a fundamentally 
similar sequence. Hence it would be surprising if there 
were not a similar fundamental sequence of some type in 
the development of behavior throughout the vertebrate 
series. A priori, then, one might expect the developmental 
sequences of behavior in the different vertebrates to pos­
sess certain fundamental similarities, but to differ in par­
ticulars in different species. 

It is this thesis which is to be considered in some detail 
in the first two chapters. The problem, then, is to survey 
the origins of behavior, more particularly of the externally 
visible overt behavior, in developing organisms throughout 
the vertebrate phylogenetic series. The hope is to establish 
the points of similarity and of difference between them, if 
either exist. 

The earlier recorded data on embryonic activity con­
sisted largely of casual and uncontrolled observations with­
out experimental attempts to analyze the nature of the 
movements seen. Although one cannot merely write off 
earlier observations as worthless, for the observers were 
both keen and reasonably accurate, nevertheless they were 
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pioneering efforts in a little-understood field and less valu­
able than those which came later. 

It was not until the work of Wilhelm Preyer (1885) 
that real organization and a scientific approach to the sub­
ject appeared. Preyer's interest apparently was stimulated 
by observations of his own child (1882). However that 
may be, he gathered together the work of his predecessors 
in the field and added materially to the then existing state 
of knowledge by his own wide and exact observations. His 
work will be noted in the pages which follow. 

Important as the work of Preyer was, and there can be 
no dispute on that point, it was George Ellett Coghill who 
first placed a firm foundation under the study of embryonic 
activity. CoghilFs work was published in an extraordinary 
series of 65 papers and one book, from 1898 to the time of 
his death in 1941. Two of his unpublished manuscripts 
were posthumously edited by C. Judson Herrick1 and pub­
lished. This series of studies laid a solid foundation for the 
correlation of the development of behavior with the asso­
ciated changes in the nervous system for the salamander, 
Amblystoma. Coghill's work not only pointed the way for 
similar studies on other forms, but also stimulated many of 
his students and some of his associates to continue such in­
vestigations. 

aje # aje >Je s{e # 

One of the first muscular activities exhibited in the ver­
tebrate embryo is the heart beat. The early activity of the 
heart in vertebrates has been demonstrated to be myogenic 
in nature in many forms, that is to say, the rhythmic con­
tractility of its musculature is a property inherent in the 
cardiac muscle cells themselves. Only later in embryonic 
development do nerves, not yet developed when the car-
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diac beat begins, control the activity of theheart. The beat­
ing of the heart is not ordinarily considered a component 
of developing behavior. Certainly the heart beat is not a 
part of the overt behavior of the organism, but an excellent 
case can be made for its inclusion among the elements of 
the internal, or covert, behavior of each animal form. It is 
mentioned here, not to press the latter point, but because 
similar myogenic movements occur in the trunk muscu­
lature of certain forms shortly to be considered in a neces­
sarily rather superficial review of the development of be­
havior in the infrahuman vertebrate phylogenetic series. 

There are three types of movement exhibited by mus­
cles—myogenic, neurogenic, and reflexogenic. As already 
noted, myogenic activity originates within the muscle tis­
sue itself, without benefit of a nervous or other impulse. 
Actually the term "myogenic" is used to denote two quite 
different types of muscle movement. One of these is ex­
hibited spontaneously and, usually, rhythmically. The 
myogenic heart beat and the rhythmic activities of the 
axial musculature of fishes are examples. Such myogenic 
activity is an inherent property of the musculature. The 
term is also sometimes used, unfortunately and probably 
inaccurately, to denote muscle movements in response to 
electrical or mechanical stimulation. In such cases there is 
a stimulus to the muscle, so that its activity does not have 
its genesis within the muscle cells as an inherent character­
istic of the tissue. When used in that sense in this contribu­
tion, the word will be enclosed in quotation marks. 

The motor neuron, particularly in embryos, may dis­
charge impulses into muscle tissue, either spontaneously 
or under the influence of stimuli from outside itself. Such 
action of motor neurons in activating muscle is termed 
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neurogenic. Again, the term is used for both the inherent 
spontaneous type of motor discharge and that originating 
from stimuli to the motor nerve. 

In reflexogenic activity, a complete reflex arc—receptor 
(sensory) neuron, usually one or more intercalated neu­
rons, and an effector (motor) neuron—is involved. Motor 
neurons appear to establish functional connection with 
their muscle, ontogenetically, before their sensory or inter­
mediate connections are established. Thus neurogenic ac­
tion ordinarily ceases when the reflex arc is completed, but 
it will become evident that in some forms an extension of 
true spontaneous neurogenic activity may overlap the es­
tablishment of reflexogenic activity. 

FISHES 

Both of the principal investigators of activity in very 
early selachian embryos, Stewart Paton (1907, 1911) and 
P. Wintrebert (1920), have given excellent descriptions of 
the rhythmic contractility of the axial musculature ex­
hibited in these forms. Wintrebert's contribution, perhaps 
because it succeeded a considerable period of study of the 
earliest activity in amphibian embryos, offers somewhat 
more detail and a more complete picture of activity se­
quences. He has described the side-to-side spontaneous ac­
tivity of the trunk of one of the cat sharks (Scyllioihinus 
canicuh) as first appearing near the end of Stage G, as de­
scribed by Balfour (1874,1878). At this stage (G), only 
one branchial pouch is present. The activity begins as a 
property of the myotomic tissue, that is to say as a true myo­
genic phenomenon, of those myotomes capable of muscu­
lar contraction. The "aneural" (true myogenic) character 
of these movements was proved when Wintrebert re-
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moved the spinal cord without interrupting the activity. 
The first movement to appear is often a unilateral flexion 
of the trunk, moving the head toward either right or left, 
and a return to the midline. Soon the movement becomes 
bilateral, first to one side, then to the other, usually as two 
bilateral swings of the head, each followed by a pause. Be­
cause the attachment of the embryo to the yolk sac offers 
resistance to rotation, the trunk passively returns to its 
original position during the pause. 

The first contractions appear in the more cephalically 
located myotomes, those first formed in development. 
Gradually, myotomes behind these begin to participate in 
the myogenic activity. Without entering into all the de­
tails furnished by Wintrebert, one may summarize the 
characteristics of the side-to-side myotomic contractions as 
follows: i) each myotomic movement consists of a lateral 
flexion of the head and its return to posture, followed by a 
pause, then, in embryos in which a rhythm has been estab­
lished, a flexion to the opposite side, and its passive relax­
ation and pause; 2) the older the embryo, the greater is the 
number of side-to-side flexions; 3) temperature plays an 
important role, as the flexions succeed one another more 
rapidly at the optimum temperature of 1 5 0 C. than at 
higher or lower temperatures, and the time required for a 
flexion, as well as the duration of the pause, also varies in 
like manner; and 4) optimum conditions include, not only 
a temperature of 1 5 0 C , but good aeration of the egg-case, 
proper composition of the sea water in which it is retained, 
and the absence of disturbing factors. 

It is interesting to note that the heart beat in Scyllio-
rhinus does not begin until late in Balfour stage I, at which 
time the myotomes begin to exhibit neurogenic activity, 
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again spreading caudally from those more cephalically lo­
cated. Still later, reflexogenic activity supervenes. 

Paton's (1907, 1911) factual results are, in the main, 
the same as those of Wintrebert. However, he regarded his 
results as evidence of the functioning of intercellular proto­
plasmic bridges capable of transmitting nerve impulses. 
Hence, he viewed the movements as neurogenic in nature. 
Hensen (1903) had earlier promulgated the idea that such 
protoplasmic bridges existed and were, in fact, capable of 
carrying impulses of a nervous type. Held (1909) had 
modified the Hensen theory by what he believed to be a 
demonstration of the formation of neurofibrils in these 
bridges, which thus became true nerves, a position also 
held by Graham Kerr (1912). The work of His (1887), 
Cajal (1906), Harrison (1910), and others has quite defi­
nitely proved the nerve fiber to be a protoplasmic out­
growth of the perikaryon of the neuron and not a transfor­
mation in loco of protoplasmic bridges between body cells. 
We may safely assume, then, that Paton's findings go to 
strengthen the interpretation of these early spontaneous 
movements as being myogenic in character. 

Among very young teleosts, somewhat similar spontan­
eous movements have been observed by Tracy (1925, 
1926) in the toadfish (Opsanus tau), the cunner (Tauto-
golabrus adspersus), and in several other forms; by Coghill 
(1933b) in the killifish (FunduJus) and in the toadfish 
(unpublished); and by Sawyer (1944) in Fundulus. Tracy 
was at first of the opinion that these bilateral rhythmic 
axial movements were neurogenic in nature, because he 
believed that he could demonstrate in Opsanus early 
motor paths in the medulla and cord, "but with the affer­
ent system largely undifferentiated during the earliest 
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stages of motor activity" (1926, pp. 352-53). He thought 
that these motor nerves might possibly be stimulated to ac­
tivity by variations in the CO2 concentration in the em­
bryos (endogenous stimulation), as had White (1915) in 
her studies on trout embryos. However, as a result of fur­
ther work, as yet unpublished, he became convinced that 
they were myogenic in character. 

Motility of the trunk first appears in toadfish embryos 
with 19 to 22 somites in the most cephalic four or five pairs, 
and the number involved gradually increases caudally. Un­
like the side-to-side rhythmic flexions of Scyllioihinus de­
scribed by Wintrebert (1920), the flexions of Opsanus are 
not rhythmic, though they may be grouped, and produce a 
somewhat coiled state of the body. When these coils are 
performed alternately from side to side, Tracy termed the 
responses "flutters" because of their irregular, nonrhyth-
mic nature. 

This early myogenic activity persists through hatching, 
to be followed by a similar cephalocaudally progressing 
wave of reflexogenous activity. Whether a period of true 
neurogenic movements exists between the myogenic and 
reflexogenous periods is as yet uncertain. Tracy believes 
this sequence is also true of cunner and Fundulus embryos. 

Tracy's use of "endogenous" as synonymous with 
"spontaneous" is unfortunate, but the present writer—and 
many others—have made the same error before the nature 
of true myogenic or neurogenic movements was as well un­
derstood as it is today. Nevertheless, Tracy's 1926 paper 
performed a major service in once more calling attention 
to the work of many observers of the effects of CO2 in ap­
propriate quantities serving to facilitate, though not to 
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originate, activities of the nervous system, a matter to 
which reference will be made in the third chapter. 

Barron (1941) has pointed out that there is no evi­
dence that CO2 can stimulate a peripheral nerve in such a 
manner as to initiate neurogenic action. However, if 
Wintrebert (1920) is correct in his finding that the estab­
lishment of a motor nerve connection with a myotome 
causes its spontaneous contractions to cease, such con­
tractions should be restored, if they are truly myogenic, by 
the suppressing effect of CO2 on the nerve. 

CoghilFs work on the earliest activities of Opsanus and 
Fundulus gave support to Tracy's change in viewpoint (see 
Herrick, 1949, pp. 96-97). Coghill (1933b; and see Her­
rick, 1949, pp. 264-69) divided the early activity of Fun­
dulus into five phases, beginning (phase A) with the first 
localized myogenic contractions of myotomes which be­
came progressively active spontaneously in a general ceph-
alocaudal direction. The wave of myogenic activity, as it 
spread caudal ward in phase B, was shortly replaced (phase 
C) at the cephalic end of the body by another wave, this 
one of responses to external stimulation, the initial sensi­
tivity becoming manifest in the area anterior to the eye. 
In phase D, only the tip of the tail and the pectoral fin still 
show localized spontaneous activity, which disappears in 
the last phase (E). Almost identical results were secured 
by Coghill in Opsanus. In both forms, the second or neuro­
genic wave replaced the myogenic in a caudal direction 
until, as Coghill expressed it in a letter to Tracy (Herrick, 
1949, p. 97), "The neurogenic system chases the myogenic 
system off the end of the tail, the last of it appearing in the 
movements of the caudal fin and at the same stage of de­
velopment in the pectoral fin also." Thus Coghill agreed 
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with Tracy's suggestion that the earliest movements 
throughout the somatic system were myogenic. 

Reflexogenic activity follows the neurogenic in the be­
havioral sequence, but details are not available, since Cog-
hill's results were never published. Regarding this type of 
activity, Coghill wrote me in July, 1933, as follows: "I 
have found that the toadfish, in regard to the individuation 
of limb reflexes out of a total pattern, fits absolutely with 
Amblystoma, only the period is much longer between the 
total pattern fin action and fin reflex than in Amblystoma.9> 

IgJusj^grimOTts on early Fundulus embryos, Cog-
hill used curare, which blocks the motor end-plates of 
adult organisms. He found that the rhythmic spontaneous 
movements continued unaffected, and accepted this as 
clear-cut evidence of their myogenic nature. Barron 
(1941) criticized, by implication, the curare experiments 
of Coghill in discussing those of Angulo (1933). Barron's 
point, with regard to the curare experiments with embryos, 
was to the effect that the action of curare on immature 
muscle had never been demonstrated. Its effect might be 
the same on immature as on adult muscle, but, until proof 
of this had been offered, any conclusion based on its use 
that the spontaneous movements of embryos are myogenic 
was subject to a Scottish verdict of "not proven." However, 
recent work by Brinley (1951) indicates that curare, in the 
strengths used by Angulo, Coghill, and Tracy, does act on 
fish embryonic muscle as it does on that of adults. 

On the positive side of the ledger stands the work of 
Sawyer (1944), whose studies in correlating the type of 
activity with the cholinesterase (ChE.) content of the 
embryo, localized chiefly in future muscle and nerve, af­
ford strong evidence that the early spontaneous move-
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ments in Fundulus are probably myogenic in nature. 
Sawyer states (1943a) that "cholinesterase content is a bio­
chemical criterion of a phenomenon for which there is no 
anatomical criterion, i.e., the attainment of functional 
capacity in the neuromuscular apparatus" (p. 27). He has 
pointed out that "spontaneous somatic movements begin 
when there is practically no esterase present and eseriiie, a 
ChE. inhibitor, does not affect the movements. They are 
therefore interpreted as myogenic..." (1944, p. 82). This 
opinion is reinforced by Sawyer's finding that eserine does 
affect movement when the ChE. levels have risen materi­
ally, an occurrence which corresponds with the time true 
reflexogenic activity is exhibited. 

The development of behavior in fishes presents some 
puzzling problems as yet incompletely resolved. To solve 
them will require additional studies. Here, especially, there 
is need for establishing distinctions between myogenic, 
neurogenic, and reflexogenic activity. At the moment, 
such distinction is by no means free from ambiguity. 

Although the fishes occupy a lowly place in the phylo-
genetic series, it must not be assumed that they are all 
necessarily primitive forms. Indeed, many are highly spec­
ialized, sometimes along peculiar lines which may well pro­
duce unusual developmental behavorial conditions, appar­
ent aberrant types in the theoretical fundamentally sim­
ilar sequence which we are examining. Also, there is in­
sufficient evidence on reflex behavior. Nevertheless, there 
is much in the still incomplete knowledge of the develop­
ment of behavior in the fishes that sustains the idea of such 
a fundamental sequence, probably at least as much as op­
poses the idea, even at this time. 
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In the amphibians, at least in Amblystoma, we stand 
on very sure ground. The work of Coghill (1909-1940) not 
only laid the most solid foundation for behavioral develop­
ment existing today in any vertebrate group, but also 
served to stimulate the majority of subsequent studies on 
the development of behavior in all vertebrate forms. Con­
sequently, it is essential that we examine his contributions 
in some detail. 

Coghiirs studies on Amblystoma disclosed several 
clearly recognizable stages in the development of its ac­
tivity following two others during which the embryo was 
inactive. In the first of these two inactive stages, termed 
the premotile stage, the embryonic myotomic tissue was 
incapable of contraction. In the second, the nonmotile 
stage, the myotomes were capable of contraction, but only 
on direct mechanical or electrical stimulation. Such move­
ments were considered "myogenic," in that they did not 
originate in the nervous tissue, but they were not spontan­
eous (seep. 6). 

The first of the active stages of Amblystoma, termed by 
Coghill the early flexure stage, represents the first of the 
neuromuscular responses to external (exteroceptive) stim­
ulation. However, as shown by Preyer (1885) and by Cog­
hill, these movements also appear spontaneously. The first 
area of embryonic ectoderm to become sensitive to stimu­
lation lies in the neck region over and anterior to the site 
of later gill formation. As the ectoderm of all young em­
bryos is extremely thin, the method of stimulation is of 
great importance, because too stiff a stimulator (esthesi-
ometer) may directly stimulate the underlying muscle tis­
sue either by pressure or by actual penetration. Coghill 

[ 1 4 ] 
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used a human hair which he stroked lightly over the sensi­
tive area. It can thus be seen that the stiffness of the stimu­
lator must be correlated with the thickness of the epider­
mis of the embryo stimulated. 

When the sensitive area of ectoderm in an Ambly­
stoma embryo in the early flexure stage is properly stimu­
lated with a human hair the response is characteristic and 
stereotyped. "Stereotyped" is intended to convey the con­
cept that each response is, within the general limits of 
variation of biological processes, practically identical with 
every other, so that they are patterned and constant within 
that pattern. The greatest variation found by Coghill con­
sisted in occasional flexions toward the side stimulated, al­
though the almost constant finding was a contralateral 
flexion. 

The early flexure response to stimulation within the 
sensitive area consists of a flexion in the neck region, so 
that the head almost forms a right angle with the long axis 
of the body (fig. 1) and in the vast majority of cases does 
this toward the side opposite that stimulated. When this 
response first appears, the flexure at the neck is somewhat 
less than a right angle and the contracting myotomes are 
few in number. As development proceeds, more myo­
tomes, located caudally from those initially contracting, 
become functional and the flexure becomes more marked. 

It must be borne in mind that the development of ac­
tivity is always a continuous process and that any division 
into phases or stages is entirely artificial. The whole process 
is a smoothly progressive affair and not a series of isolated 
posturings. Consequently, the transition from the early 
flexure to the coil, CoghilFs second stage, is characterized 
by the spread caudally of the flexion, as more and more 
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FIG. I . Early flexure stage of Amblystoma. Outline drawn by pro­
jection of the original Swenson-Coghill film. (By permission of 

the Wistar Institute of Anatomy and Biology.) 

FIG. 2. Coil stage of Amblystoma. Outline drawn by projection 
from the original Swenson-Coghill film. (By permission of the 

Wistar Institute of Anatomy and Biology.) 

FIG. 3. S-response of Amblystoma. Outline drawn by projection 
from the original Swenson-Coghill film. (By permission of the 

Wistar Institute of Anatomy and Biology.) 

[ 1 6 ] 
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myotomes become functional, until the entire trunk is 
coiled to the contralateral side, with the tail overlapping 
the head (fig. 2). The coil results from a briefly maintained 
contraction of the myotomes of the side opposite to that 
stimulated. 

For the third stage, the S-reaction (fig. 3), new neural 
mechanisms, in the form of collaterals, are thrown into 
action. Although the appearance of the S-response is rela­
tively sudden, the collaterals which make it possible have 
been developing toward a functional stage for some time. 
Herrick and Coghill (1915) and Coghill (1916, 1924a, 
1929) worked out the neural mechanisms for the various 
stages. CoghiU's generalized diagram (1924a, fig. 43) is 
here reproduced in a slightly modified form (fig. 4). It will 
be noted that the afferent mechanism begins with general 
sensory components carried in the fifth, seventh, and tenth 
cranial nerves. Although the last two nerves named con­
tribute little in the early stages, the trigeminal fibers enter 
the descending tract of that nerve, as will those from the 
facial and vagus later. The trigeminal general sensory fibers 
have early grown caudally to synapse with tract neurons of 
the spinal cord. This is in agreement with Coghiirs (1902) 
findings in adult Amblystoma. Stimuli perceived in front 
of the ear are transmitted as impulses over these general 
cutaneous fibers. Behind the ear, sensations are picked up 
by the cutaneous elements of the Rohon-Beard cells, and 
their impulses enter the ascending sensory path as it de­
velops. All impulses are transmitted across to the contra­
lateral side of the cord by the floor plate cells, shown in the 
middle of the diagram, thus causing contralateral re­
sponses. 

Essentially, the S-reaction is an outgrowth of the coil 



FIG. 4. Diagram of the nervous mechanism underlying the early be­
havior pattern of Amblystoma. (After Coghill, 1924a, fig. 43.) 

The afferent paths are given on the left side of the figure, con­
nected by six floor-plate commissural cells (center) to the motor 
pathway shown on the right side. Description is in the text, page 
17. Abbreviations used: CNS, outline of the central nervous sys­
tem; E, ear; GC V, general cutaneous component of the fifth (tri­
geminal) nerve which enters the descending tract of that nerve; LL 
VII and LL X, lateral line branches of the seventh (facial) and 
tenth (vagus) nerves, which contain general cutaneous compon­
ents, later to course with those of the trigeminal in the latter's de­
scending tract; RB, Rohon-Beard cells, mediating both cutaneous 
and muscle sense. 
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response, but with a difference. As the coil develops by the 
rapid caudalward progression of the motor component of 
the reflex, a transfer of the wave from the contralateral to 
the ipsilateral side of the trunk occurs in the neck region. 
Thus, as the now slowed contraction wave passes caudally 
on one side of the body, a new contraction begins in the 
cervical area on the other side and progresses caudally in 
its turn. This throws the trunk into the form of the letter 
S momentarily, but as each contraction wave passes off the 
tail on one side, another starts cephalically on the same 
side, thus alternating with that of the opposite side (fig. 
3 ) . The trunk, then, undergoes a series of sinuous move­
ments in a head-to-tail direction, which, when they be­
come sufficiently rapid and strong, move the embryo for­
ward in the early swimming stage. At this time, no limbs 
are present. 

At this juncture, it seems advisable to return to the 
mechanisms of the earlier stages, for they represent the 
basis for Coghiirs concept of the "total pattern" response. 
There has been so much misunderstanding of what he 
meant by that term that some further consideration should 
be given to it here. 

Coghill found that the sensitive area of the ectoderm 
was at first strictly localized and that, on the motor side, 
all of the myotomes which were capable of being excited to 
contraction by their motor nerves participated in the re­
sponse. Inasmuch as only those in the cervical region were 
so prepared for action at first, the early flexure stage re­
sulted, but as more and more neuromuscular mechanism 
became functional caudally, the early flexure widened into 
the coil. In other words, there was a total response of all 
functional neuromuscular apparatus. Coghill termed it a 
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"total pattern" response. The total pattern persists far be­
yond these early responses, however, and in Amblystoma 
remains dominant throughout the life of the organism. 

As has already been noted, these responses in the nor­
mal embryo are true reflexes. Weiss (1941a, 1941b,), how­
ever, has demonstrated that amphibian embryos with the 
dorsal spinal roots cut along both sides of the entire spinal 
cord may swim in perfect co-ordination. Herrick and Cog­
hill at first (1915) inclined to the opinion that proprio­
ceptive stimuli played an essential role in producing the S-
reaction. Later (1926b) Coghill recognized that the 
neural mechanism governing this alternation of contrac­
tion waves on the two sides of the body might lie within 
the motor system entirely, though he believed the proprio­
ceptive field facilitated the duration of the response. It 
would appear that, under normal conditions and in re­
sponse to exteroceptive stimuli, the responses are reflexo­
genic, but that, under abnormal conditions, activities may 
be actually neurogenic in origin. This appears to be the 
chief evidence of actual neurogenic activity in the Am­
phibia. It has not been demonstrated as a separate type, as 
is the case, apparently, in fishes,2 unless the early spontan­
eous activity should prove to be neurogenic, which seems 
unlikely. 

Following the early swimming stage, at about the be­
ginning of which the Amblystoma larvae ordinarily hatch, 
any true staging is difficult The larvae then begin to de­
velop along multiple lines, one of which is toward feeding 
and another toward walking. As the limbs develop, they 
are at first used solely as a part of the trunk muscle system, 
having no power of independent movement. Indeed, even 
after specific limb movements appear, locomotion on land 
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continues to involve the trunk, and in swimming the ex­
tremities are streamlined alongside the body. As the gills 
develop, they also move with the trunk before indepen­
dent movements are possible. Each new structural com­
plex, as it begins to function, is at first co-ordinated with 
the trunk as a part of the total pattern, only later coming 
to possess the capacity for independent motion. This 
secondary acquisition of the capacity for local movements 
Coghill spoke of as the "individuation of partial patterns 
from the total pattern." 

In CoghilFs opinion, the initial movements exhibited 
are total patterns which expand by shunting into the neu­
ral mechanism previously completely integrated additional 
elements. Integration is thus a primary phenomenon oc­
curring during neural development. 

Much more might be said regarding CoghilFs work, 
but neither space nor time permits. It is essential, however, 
that CoghilFs fundamental conclusions be presented in 
some detail to establish the basic tenets of his concept of 
the development of behavior. We have already seen that 
he believed his concept to hold good for the fishes, and it 
will become evident in subsequent pages that many per­
sons, a goodly number of whom were not his students, 
have come to the conclusion that it also applies to other 
forms. Even those who have considered his ideas as having 
no validity for so-called higher forms, accept them for 
Amblystoma. Certainly no other series of conclusions has 
been based upon such detailed and adequate evidence. 

It now becomes desirable to present briefly other im­
portant studies on the development of activity in the Am­
phibia. Preyer (1885), in his remarkable book already 
mentioned, presents his observations on the spontaneous 
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movements of frog (Ram) embryos within the egg. Little 
has been said about spontaneous movements in Ambly­
stoma so far, but they occur, as noted by Coghill repeatedly 
(1930b and elsewhere). Unlike this phenomenon in the 
fishes and in the amniotic contractions in birds, sponta­
neous movements in the Amphibia are not myogenic, but 
are certainly either neurogenic or reflexogenic. The whole 
question of spontaneous movements is as yet incompletely 
resolved. Such movements may be caused by unrecognized 
stimuli of various types or they may arise, quite indepen­
dently of stimuli, as an inherent property of nervous sub­
stance, as has been pointed out by Weiss (1941a, 1941b, 
1941c) and noted earlier. Preyer's work, unfortunately but 
not unexpectedly, throws little light on this aspect of the 
problem. Nevertheless, his observations on sequence of ac­
tivities are quite accurate. 

Youngstrom (1938) presented the results of a careful 
study of the activities of embryos of Rana, Bufo, Pseuda-
cns7 and Acris. He found surprising agreement in the na­
ture (though differences in time consumed in attaining 
it) of the activity sequence in these anurans, which he de­
tails as follows: 1) spontaneous bending of the head, char­
acterized by slow contraction and relaxation, at a time 
when any form of external stimulation is ineffective in 
causing a response: 2) deep pressure stimulation, suddenly 
applied, presumably in the branchial area, caused responses 
in which the body was bent, often ipsilaterally, into an arc, 
which he regards as the equivalent of CoghilFs coil stage; 
3) again with quick deep pressure, the appearance of a 
double wave of contraction forming a kind of S-reaction, 
the amount of yolk present in the shorter trunk of anurans 
probably accounting for the differences in these last two 
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responses from those of Amblystoma.; and then 4) irregu­
lar swimming movements; later, 5) to light touch stimula­
tion, the S and, soon after, swimming movements oc­
curred, the sensitive area being at first over the side of the 
head, gradually increasing caudalward over the trunk and 
finally reaching the tail. Youngstrom concludes that "the 
Coghillian sequence of developing behavior has been 
found to apply, with only slight variation, to the Anura" 
(1938, p. 372). 

Wang and Lu (1940, 1941), working on Rana and 
Bufo, also agreed with the general outline of activity as de­
scribed by Coghill for Amblystoma, but more exactly with 
Youngs trom's work on Anura. They describe six successive 
stages, viz: 1) nonmotile; 2) flexure; 3) S-reaction; 4) 
"translator^ body movements"; corresponding to Young-
strom's "irregular swimming"; 5) controlled swimming; 
and 6) the appearance and maintenance of the upright po­
sition when at rest, as well as in motion, with the definite 
presence of righting reflexes. In addition to their observa­
tions on the sequence of appearance of responses in normal 
embryos, they transected the central nervous system at va­
rious levels, with instructive results. Removal of, or section 
behind, the forebrain or diencephalon had no effect on the 
sequence of appearance of activity throughout the embry­
onic period. Transection at the caudal border of the mesen­
cephalon prevented development of righting reflexes or 
maintenance of upright posture. Cord section at any level 
arrested the appearance of swimming. Furthermore, 
spinal, decerebrate, or mesencephalic tadpoles exhibited 
spontaneous movements, although adult anurans, so op­
erated upon, do not. 

Cholinesterase (ChE.) determinations for Ambly-
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stoma, Rana, and Bufo have been made by Youngstrom 
(1938), and for Amblystoma alone by Sawyer (1943a, 
1943b) and by Boell and Shen (1950). Youngs trom found 
a significant increase in ChE. concentration in all three 
forms during the period of increasing activity. Sawyer re­
ported that a small amount of ChE. was present in actual 
or presumptive nerve and muscle tissues even in premotile 
embryos, that the quantity of ChE. increases in nerve and 
muscle during the swimming stages and reaches its high­
est peak at the feeding period, when activity is greatest, 
gradually falling off in amount to the adult level. Boell and 
Shen found that ChE. first appears in the spinal cord at 
about Harrison stage 36,3 when the embryo is capable of 
responding to tactile stimulation. Gradually, detectable 
amounts of ChE. appear, caudocephalically, in the hind-
brain (stage 38), midbrain (stage 39), and in the forebrain 
(stage 42 or later). They believe that the increase in ChE. 
is correlated with functional differentiation rather than 
with mere increase in size and that the amount present 
forms a gradient with the highest concentration in the 
cord, decreasing steadily in a cephalic direction. 

The importance of these observations, even though 
they do not always agree in details, cannot be overesti­
mated. Cholinesterase depolarizes the nerve fiber after pas­
sage of a nervous impulse over it. Its presence in appreci-

• able quantity, therefore, indicates that nerve activity is at 
least possible. 

In summary, it may be said that the Amphibia present 
a clear-cut case for the total-pattern idea of the develop­
ment of behavior. This is based largely upon the classic 
studies of Coghill on Amblystoma, but is supported as a 
principle by all other investigators on amphibian forms. It 
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would appear that there is reasonable agreement, although 
with expected variations, in the nature of behavioral de­
velopment in the tailed and tailless forms. Furthermore, 
Coghill's basic work is accepted by almost all those who 
have worked in the field. 

REPTILES 

Very little work has been done on the development of 
behavior in any reptilian forms other than the turtles. Em-
inert and Hochstetter (1811) on lizards, Valenciennes 
(1841) on python, and Preyer (1885) on ring adders ap­
pear to have presented the only (and meager) data on 
other forms. This is an area where a great need for facts 
exists. 

Tuge (1931) , working with terrapin embryos, observed 
spontaneous movements before exteroceptive stimulation 
was effective. When the embryos are about 6 mm. in 
length, the first sensitivity to external stimuli appears on 
the snout. The response is a contralateral flexion of the 
head and neck. Very soon thereafter the response spreads 
caudally to involve the trunk, tail, and extremities, but the 
limbs are not themselves sensitive at this time and do not 
move independently of the trunk until the embryos are 
between 7 and 7.5 mm, in length. At this stage the extrem­
ities become sensitive to stimulation, and both the fore 
and hind limbs begin independent movement at the same 
time. 

Coghill (see Herrick, 1949, pp. 100 and 253) had ob­
served the studies by Tuge and confirmed each of his 
points. 

Smith and Daniel (1946) have published a prelimi­
nary report of their studies on embryos of the loggerhead 
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turtle, Caxetta caretta. Their results are of considerable 
interest. Before the shell is more than a soft, dorsally lo­
cated swelling, they observed a "mass movement" (total 
pattern) type of activity at 12 to 14 days, in the form of an 
abortive kind of C-response, the head flexing to the con­
cave side, both on stimulation and spontaneously. At this 
time the limbs did not participate, but moved, by 18 to 21 
days, with the trunk as part of the total pattern. Specific 
reactions became evident at 22 days, when the shell was 
present in sufficient mass to prevent trunk movements. 
These specific responses occurred first in the eyelids, 
mouth, and head, as a whole, to be followed at 24 or 25 
days by independent limb movements. 

Professor Smith has been kind enough to supply addi­
tional details on the site of effective stimulation and the 
nature of the C-response. When first manifested, the most 
effective site for the reception of stimuli is the integument 
over the head, with no specific localization, and the base of 
the flippers comes next. The earliest C-responses have no 
consistent direction, ipsilateral or contralateral, in relation 
to the side stimulated, but after five to seven days, when 
the carapace has developed further, they tend to become 
ipsilateral. At that time, head extension has replaced lateral 
flexion, so that the head-trunk movements have become a 
"dual twisting of the head and body." 

Between 26 and 32 days, activities appeared in the fol­
lowing sequence: 1) co-ordinated swimming by limb ac­
tion, 2) snapping of the jaws, 3) nystagmic head move­
ments when the embryo was rotated, 4) righting move­
ments, and 5) crawling. As these turtles do not hatch until 
the 45th to 50th day, all of these activities occurred in 
embryos removed from the egg. 
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The evidence available on reptiles, and this is actually 
limited to observations on turtles, indicates that these 
highly specialized forms present a Coghillian type of se­
quence modified by the rapid development of the carapace. 
It is indeed unfortunate that no detailed studies have been 
made recently on lizard embryos which may prove the least 
specialized of these interesting animals. 

BIRDS 

Bird embryos have intrigued observers greatly over the 
ages. Among the earliest recorded studies are those of Wil­
liam Harvey (1651), who observed movements on the 6th 
day of incubation of the chick. Beguelin (1757) was pos­
sibly the first to record the peculiar myogenic movements 
of the amnion, a nerveless membrane which pulsates more 
or less rhythmically at an early time. Von Baer (1828) and 
Remak (1854) observed similar movements of the yolk 
sac of the chick, and Vulpian (1857) demonstrated that 
they may subsequently be found also in the allantois. 

Most of the other early observations are of little moment 
for our purposes, but it might be mentioned here that 
Home (1822) recorded the first limb movements, and von 
Baer (1828) very carefully reported the activities of the 
6th to the 16th day, which were confirmed by Remak 
(1854). 

The chick egg, like other bird eggs, affords deceptively 
easy access to the embryo. The difficulties lie not in ex­
posing the embryo but in maintaining it in a normally 
living state while under observation for any extended 
period. These difficulties were recognized by various inves­
tigators, and some made efforts to overcome or avoid them. 
To this end, both Vulpian (1857) andPreyer (1885) ob-
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served the developing embryo through the unopened shell 
by transluminating the egg. It is amazing that they se­
cured so many results by this method, for Vulpian saw 
both the amniotic and bodily movements of the chick em­
bryo, and Preyer was able to list the sequence of a con­
siderable number of activities, albeit his timing of the eggs 
was slightly inaccurate according to later observations. His 
series of recorded activities presents a good continuous 
pattern of developmental behavior which in many respects 
suggests a Coghillian type sequence. Clark and Clark 
(1914), working on lymph heart pulsations, confirmed 
most of Preyer's observations. 

The three important recent contributors to the study 
of the activities of bird embryos are Kuo (1932 to 1939), 
Tuge (1934,1937), and Windle and his co-workers (1934 
to 1938). Kuo and Windle et al. worked on the chick, 
Tuge on the pigeon. 

Kuo utilized a very ingenious technic to make his con­
tinuous observations possible. After carefully chipping 
away the shell from the large end of the egg where the air 
space is located, he vaselined the membrane to render it 
moderately transparent. Strong transamination of the 
shell made possible not only direct observation of the em­
bryo, but also the taking of motion pictures of unexpected 
clarity. At the same time, the egg could be incubated in the 
usual manner. He used several thousand eggs in his studies. 

Kuo reported that the chick heart begins to beat at 
about 36 hours of incubation. As the heart increased in 
size, its beat caused "vibrations" of the head and body by 
66 hours, head lifting at 68 hours, head bending at 70 
hours, trunk movements at 84 hours, and head turning at 
90 hours. The complications attending analysis of the na-
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ture of the movements observed as a result of the general 
upheaval of the embryo by the heart beat are further in­
creased, from 86 hours on, by the appearance of amniotic 
contractions. The difficulties of such an analysis are much 
like attempting to determine whether movements ex­
hibited by a flexible object floating in the ocean during a 
storm at sea originate within the object itself or are caused 
by the environment. Kuo believed that the activity of the 
heart and later of the amnion passively excites these spon­
taneous activities of the embryo. 

In the latter part of the fourth day of incubation, Kuo 
(1932a) states that reflexogenic activity begins as a spon­
taneous phenomenon, the movements of the amnion and 
yolk sac serving as the source of stimulation. These reflexes 
increase in frequency at first with increase in age. The se­
quence of appearance of reflex activities is cephalocaudal 
in direction and their character tends to parallel the earlier 
non-reflex movements until after the 14th day, when the 
myogenic activity of amnion and yolk sac, and the sponta­
neous reflexes excited by it, cease. The reflex activities ap­
pear in the following order: 1) head bending, 2) trunk 
"bending," extension and twisting, 3) head turning, 4) 
forelimb movements, then responses of 5) hind limbs, 6) 
tail, 7) beak, 8) toes, 9) eyelids, 10) eyeballs, 1 1 ) swallow­
ing, 12) bill clapping, 13) trunk wriggling, and 14) trunk 
rotation. 

Although not too sympathetic to Coghiirs views, Kuo 
himself (1932a) states that the earliest response pattern 
found by him "agrees with Coghiirs ('29) observation." 
However, Kuo fails to make careful distinctions between 
the presumably myogenic early movements and later pos­
sibly neurogenic or definitely reflexogenic activities. The 
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reflexes, as their development is described by Kuo, do form 
a Coghillian sequence, but the embryo's movements show 
a progressive reduction in their frequency and amplitude 
after the ninth day, at which time response to tactile stim­
ulation first appears. Responses to pressure were, however, 
observed earlier (5th day) in some embryos. 

Kuo (1939) was able to demonstrate the presence of 
acetylcholine in chick embryos at 60 hours, but no evi­
dence of the presence of cholinesterase has been provided. 
Kuo states that he could determine no evidence that the 
presence of acetylcholine had any effect upon the develop­
ment of reflexes. 

Preyer believed that the chick embryo spontaneously 
exhibited a kind of C-shaped trunk flexion at the time 
amniotic movements began, but Kuo fails to note any such 
action. The latter recorded a series of spontaneous move­
ments as appearing in the following order: active limb 
movements at 90 hours, when the head turned, also spon­
taneously; tail movements at 92 hours; neck flexion at 96 
hours; independent, active, but irregular movements of 
head, trunk, tail, and limbs at 1 15 hours; opening and clos­
ing of the bill at 7 days; and swallowing a day later. 

The embryos exhibited responses to electrical stimuli 
by 90 to 100 hours but did not exhibit responses to deep 
pressure until about 144 hours. Local limb reflexes were 
elicited at 155 hours, and respiratory movements began at 
15 to 18 days. 

Tuge (1934, 1937) worked out the sequence of ac­
tivity in the carrier pigeon. At 85 hours, the embryos begin 
to exhibit generalized wave-like spontaneous movements, 
believed to be myogenic in type because curare does not 
abolish them. These persist until the sixth day. At 95 hours, 
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there are superimposed upon these spontaneous move­
ments others which are eliminated by curare. These move­
ments, spontaneous flexions of the neck and head, may be 
unilateral or, in a few cases, bilateral and are considered by 
Tuge to be neurogenic in nature. These spontaneous flex­
ions expand caudally to include the trunk (101 hours), the 
rump (1 15 hours), the tail (120 hours), and the extrem­
ities with the trunk (125 hours) and, finally, independent 
tail and limb movements (133 hours). This type of ac­
tivity ceases between 135 and 144 hours. 

In the meantime, responses to stimulation of "snout" 
or upper neck with a human hair begin at 123 hours in the 
form of flexions of the head, neck, and trunk. The reflexo-
genous zone of the skin spreads in the following sequence: 
"snout," neck, trunk, back, and hip by 133 hours. Simi­
larly, the reaction pattern expands caudally to hip with 
trunk (125 hours), tail with trunk (130 hours), and ex­
tremities (depending on which is stimulated) with the 
trunk (133 hours). Independent tail reflexes were observed 
at 145 hours and of the extremities at 150 hours. Thus, 
Tuge's results agree with the concept of a true Coghillian 
sequence. 

Another, but less extensive, series of observations on 
bird embryos are those of Windle with his collaborators 
(1934 to 1938), carried out on the chick. These investiga­
tors have presented analyses of the spontaneous motility, 
and that in response to mechanical (tapping the embryo 
or "flipping" the limb with a blunt fiber needle) and elec­
trical (faradic) stimuli. 

The sequence of spontaneous activity is listed as given 
below by Orr and Windle (19 34). The first time given rep­
resents the initial appearance of the particular type of ac-
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tivity, the second that at which a majority of embryos ex­
hibit it. The sequence is: 1 ) ventroflexion of the trunk, 4% 
to 5 Vi days; 2) lateral flexion of the trunk, 51/2 to 6 days; 3) 
"swimming" type of activity, 5V2 to 61/4 days; 4) move­
ment of the tail with the trunk, 5V2 to 8 days; 5) move­
ment of the extremities with the trunk, 7 to 8 days; 6) in­
dependent movement of the extremities, jlA to 9 days; 
and 7) independent movements of the tail, 8 days in some. 
It will be noted that the time of occurrence of these activi­
ties is later than that given by Kuo and by Tuge, though it 
is sometimes difficult to match performance in the several 
studies. This is, perhaps, only a semantic difficulty. 

In response to mechanical stimulation of the types 
used, generalized responses to trunk stimulation occurred 
at 6 to 9 days; local wing reflexes to wing stimulation at 6 
to jlA days; generalized "writhing" of the trunk to wing 
stimulation at 6 J4 to 9 days; local leg reflexes to leg stimu­
lation at 7 to 8 days; generalized "writhing" of the trunk 
to leg stimulation at 7 Vi days in some; and either local or 
generalized response to "snout" stimulation at 7 to 9 days. 
Here again, quite aside from the adequacy or inadequacy 
of the stimulation used for analysis of the different types of 
activity elicitable, the terms used to describe the responses 
have a confusing, rather than a clarifying, effect. In re­
sponse to faradic current stimulation, local muscular con­
tractions were secured at 6 to 6lA days. That they were not 
found earlier is puzzling, since ventral and lateral flexions 
of the trunk occurred by 5 days. 

Windle and Orr (1934) believe that when these trunk 
flexions occurred spontaneously at about 5 days, the sen­
sory elements of the possible reflex arc were only "very 
feebly developed," and that there were no association neu-
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ronal connections present. Some 12 hours later, when 
spontaneous bilateral trunk flexions were observed, the 
ventral longitudinal pathway of the cord was connected 
with the motor paths by collaterals into the mantle layer. 
They report that at 6 days, when their type of "mechanical 
stimulation" first became effective in the form of unilateral 
wing reflexes, collaterals from the dorsal funiculus entered 
the alar plate mantle layer, and they believe that this is the 
channel of reflex action at this time. Although the spinal 
accessory nerve (XI) is believed to function in the earlier 
reflexes, afferent fibers in the dorsal roots are presumed to 
take over behind the second cervical level. 

The birds constitute a very difficult group in which to 
study the sequence of activity in development. This is true 
for several reasons, most notable of which is the constant 
motion imparted to the entire embryo by the beating of 
the relatively large heart and by the contractions of the 
amnion and allantois. Presumably, except for the defi­
nitely myogenic character of the amniotic contractions, all 
of the early spontaneous body activities are at least neuro­
genic, but proof is still lacking. Whether or not the se­
quence of activity is Coghillian in nature is strongly con­
tested by the several investigators. What is needed here is 
further study unbiased by preconceived ideas as to what 
the results should demonstrate. Such studies can be made. 
The difficulties to be overcome are not as formidable as 
those encountered in the work on mammalian embryos. 

INFRAHUMAN MAMMALS 

Historically, except for the work of Preyer (1885) and 
Lane (1917) , systematic studies on the developmental se­
quence of activity in the infrahuman mammals began 
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while Coghiirs investigations on Amblystoma. were still in 
progress. The work of Swenson and Angulo. actually the 
first of the more recent mammalian behavioral studies, 
were carried out at Kansas under Coghiirs direction. Only 
Tracy's studies on the fishes were contemporaneous. 

Preyer (1885) published the results of a rather exten­
sive series of observations on the embryonic development 
of activity in the guinea pig. Although his observations 
were conducted with care and a keen eye, he overlooked 
the rapid cooling of the embryo or fetus. This is a most 
important consideration which may be overcome quite 
readily and which causes a rapid rise in the threshold to 
stimulation and earlier failure of the neuromuscular re­
sponse of the organism being observed. The other factor 
was the hypoxic condition permitted to supervene. In 
some forms, hypoxia may be overcome only with great dif­
ficulty and, per se, is far less important than cooling. How­
ever, failure to take these factors into consideration tends 
to detract from the significance of the results secured. 

The work of several other investigators should be men­
tioned here, although, for one reason or another, their 
work is of less importance for the purposes of this review. 
Lane (1917) studied the development of function, in rela­
tion to structure, of the special senses of the albino rat. 
Avery's (1928) studies on guinea-pig fetuses were limited 
to older ages, as was the work of Tilney and Kubie ( 1931) 
and of Tilney (1933) on the interrelation of brain struc­
ture and level of activity exhibited in cat and rat embryos. 
Originally projected to include a study of embryos of the 
opossum, the guinea pig, and man as well, the investiga­
tions were incomplete because of the death of the senior 
investigator. 
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The initial modern work on the Mammalia was insti­
tuted by Coghill in the Department of Anatomy at Kansas 
as a part of his program of covering most of the vertebrate 
classes, and at about the time Tracy began his studies on 
Opsanus. The plan was for two of his graduate students to 
attack the problem in rat embryos, one, Swenson, to study 
the physiological responses, the other, Angulo, to do the 
morphological part of the investigation. 

In his University of Kansas Ph.D. thesis (1926), 4 un­
fortunately never published, Swenson detailed a series of 
six successive response types exhibited by the rat embryo 
between the initiation of reflex activity on the 16th day 
and the 18th day after insemination. This series began with 
a contralateral flexion of the neck, trunk, and rump at 378 
hours, passed through a stage of lateral flexions of this type 
alternating from side to side, followed in turn by forelimb 
flexion and extension, hind limb abduction and adduction, 
dorso-ventral extension-flexion movements, first apparent 
in the head and then extending to the trunk, and rump ro­
tation with tail and thigh extension, the last on the 18th 
day. In a report to the American Association of Anatomists 
in 1928, Swenson somewhat modified his succession of 
trunk movements into a series as follows: 1) unilateral 
trunk flexions, 2) head extension, 3) ventral rump flexion, 
4) head rotation, and 5) rump rotation. 

It must be borne in mind that these observations were 
of a pioneering nature. Until experience has been gained 
by a long series of observations, it is difficult to analyze 
what has been seen. Furthermore Swenson, in addition to 
the usual method of stroking the embryo with a hair, 
adopted two types of stimulation which complicate in­
terpretation of the reactions. One of these was to clamp the 
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umbilical cord. This procedure causes frantic bodily move­
ments in young subprimate fetuses, though in human em­
bryos and fetuses no such response follows clamping of the 
umbilical cord. The other was the use of stiff stimulators 
to "flip" a limb. By forcibly extending a limb and then al­
lowing it to return to position with a sudden jerk, very 
early limb movements secondary to the "flip" may be se­
cured. Although such movements can be elicited at about 
the time activity in response to true exteroceptive stimuli 
occurs, Swenson believed them proprioceptive in nature. 
Coghill, however, was of the opinion that they were the re­
sult of direct muscle stimulation. Actually, either explana­
tion may be valid, in the absence of morphological evi­
dence. To set in motion stretch reflexes, usually considered 
to be bineuronal, requires far less muscle elongation than 
that provided by the limb-flip. 

In 1929, Swenson, who had left the Wistar Institute 
for the Department of Anatomy at Pennsylvania, adopted 
a "simple movement" plus "simple movement" idea with 
the statement, "Each simple movement makes its first ap­
pearance in a definite order with relation to the other 
simple movements." He then believed that the order of 
appearance of movements had to do with three successive 
categories, namely: progression, respiration, and ingestion 
of food. Unfortunately, this seems a marked oversimplifi­
cation not borne out by the work of others. 

After Swenson left the Wistar Institute, Angulo took 
over the survey of physiological stages (1932-1951). His 
studies on the morphological aspects of the nervous system 
were published from 1927 to 1932. In his studies on the 
development of motility in the rat, Angulo (1932b) estab­
lished four major phases: 1) the nonmotile, 2) the "myo-



Fetal Activity in Infrahuman Vertebrates 

[ 3 7 ] 

genie/' 3) the neurogenic, and 4) the reflex. The non-
motile phase ends at about 360 hours (15th day), to be 
followed by the "myogenic." The "myogenic" responses 
are not spontaneous, but are manifested on mechanical or 
electrical stimulation of the muscle tissue. The "myo­
genic" phase is very brief, lasting in general not more than 
10 hours and followed by another, even briefer period of 
neurogenic activity. 

Between the 378th and 380th hour, reflex activity ap­
pears in response to stroking the snout region with a light 
hair. The first response is a contralateral flexion of the 
trunk, especially in the neck and upper trunk region. In 
all, Angulo was able to establish a series of 30 responses 
(tables 1 and 2). Examination of these responses demon­
strates that they form a well-integrated Coghillian se­
quence, even though in some details it differs from that 
exhibited by other mammalian forms, as we shall see. This 
is, however, to be expected and it is impossible to overem­
phasize the fact that each species of vertebrate has its own 
variations in sequence, insofar as details are concerned. 

Pankratz (1931), in the course of a study on the de­
velopment of the adrenal gland in the rabbit, reported in a 
preliminary contribution six steps in the development of 
its overt behavior. These were: 1) lateral flexion of the 
neck and upper trunk (15 to 16 days), 2) ventroflexion of 
the neck and upper trunk with some movement of the 
forelimbs as part of the trunk response (17 days), and by 
the 20th day, 3) opening and closing of the mouth, 4) in­
dependent movements of the forelimbs, 5) hind limb flex­
ion, and 6) lateral flexion of the entire trunk. So far as in­
formation is given, we have here a reasonable Coghillian 
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TABLE I 

Index to nature of each response secured by A. W . Angulo, 1932b, 
listed in table 2. 

(By permission of the author and of the Wistar Institute of 
Anatomy and Biology.) 

0, non-motile 
1 , lateral flexion of the trunk 
2, lateral flexion of the trunk with 

movement of the fore limbs 
3, lateral flexion of the rump 
4, extension of the head 
5, extension of the head with open­

ing of the mouth 
6, extension of the head with open­

ing of the mouth and protrusion of 
the tongue 

7, lateral flexion of the rump with 
movement of the hind limbs 

8, ventroflexion of the trunk and 
rump 

9, independent movement of the fore 
limbs 

10, maintained contractions 
1 1 , contraction of the abdominal 

muscles 
12 , extension of the rump 
1 3 , flexion at the elbow and wrist 

associated with trunk movements 

14, attempt to assume "the optimum 
physiological posture" 

15, rotation of the trunk and rump 
16, independent movement of the 

hind limbs 
17, extension of the head and rump 

with kicking of the hind limbs 
18, independent opening of the mouth 
19, independent extension of the 

hands 
20, independent flexion of the hands 
2 1 , specific reflexes 
22, movement of the tail 
23, flexion at the ankle 
24, wrinkling of the skin 
2 5, flexion of the hip 
26, movement of the toes 
27, independent movement of the feet 
28, independent movement of the 

tongue 
29, wrinkling of the snout 
30, independent active closing of the 

mouth 

sequence, though one differing in details from that de­
scribed by Angulo in the rat. 

Coronios (1933), working on cat embryos, observed 
still other variations in the order of development of ac­
tivity (table 3). His method of stimulation, a lightbrush, 
is good but allows less information concerning exact local­
ization than does a light hair. The sequence of appearance 
of reflex activity presented by Coronios actually lends con­
siderable support to the Coghillian total pattern idea, al­
though neither Coronios nor Carmichael, under whose di­
rection the work was done, was sympathetic to the total 
pattern concept. One of the difficulties in the interpreta­
tion of these results is again semantic. "Retraction" of a 
limb can be its extension, abduction, or adduction. Ap-

[ 3 8 ] 



Fetal Activity in Infrahuman Vertebrates 

Percentage of responses at indicated ages in the rat embryo and 
fetus, from Angulo, 1932b. (By permission of the Wistar Insti­

tute of Anatomy and Biology.) 
K R A C T t O U l 14 D A Y » 15 DAYS 10 DAY! 17 DAY* 1ft D A Y * I M > A Y « 20 DAYS 21 D A Y S 

0 100 68 29 
1 32 71 71 36 7 
2 59 92 66 52 52 100 
3 43 54 35 13 
4 7 81 96 89 72 100 

35 74 58 27 
0 10 °2 43 20 
7 5 49 53 67 
8 8 54 38 31 28 45 
9 If 42 42 26 20 80 

10 2? 8 77 89 72 45 
11 54 38 31 28 45 
12 30 47 90 75 100 
13 IK 
14 9 23 24 65 45 
15 21 34 18 
16 10 16 20 27 100 
17 5 53 H9 70 100 
1» 30 20 *».» 45 
1» 52 79 96 100 
20 48 78 96 100 

21 31/ 79 9<» 100 
22 11 10 40 
23 It 
24 4 *> 

25 3 
2« 
27 4 65 65 
28 3f 52 65 
29 51 83 00 
30 13 42 100 

[ 3 9 ] 

parently only training in human anatomy, with its exact 
terminology of the nature of different movements, affords 
the desirable background for avoiding this difficulty. 

Carmichael (1934) made an extensive study of the 
guinea pig embryo from 27 to 67 postcopulation days for 
areas sensitive to various types of stimulation. He used 
punctiform stimulation and stroke with a "pliable" hair, 
pressure with a "strong" bristle or blunt probe, pricking 

T A B L E 2 
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TABLE 3 

Table of responses in the cat fetus, from Coronios, 1933. (By per­
mission of The Journal Press.) 

with a sharp needle, "pinching skin and muscle" with for­
ceps, exploration of the mouth with a probe, passive move­
ment of the extremities, electric current, noise, light, water 
drops, etc. Such a battery of methods of stimulation has 
rarely been used on any organism. Local muscle contrac­
tions were secured at 27 days of copulation age to faradic 
current stimulation, before any spontaneous movements 
(28 days) were executed and before responses to extero­
ceptive stimulation could be secured at 31 days. 

The sequence of spontaneous movements executed by 

[ 4 0 ] 
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the embryos in amnio between 28 and 31 postcopulation 
days has close similarity to that for reactive behavior as de­
scribed by Pankratz for the rabbit and Angulo for the rat. 
CarmichaeFs sequence for exteroceptive responses is di­
vided into five stages, in the first of which "certain aspects 
of what will later form the typical 'pattern' of the gross 
responses from that area are released. By 'gross responses' 
is meant large limb-muscle and trunk movements" (1934, 
p. 430). However, he found that limbs moved at an early 
time toward the area stimulated, in conjunction with other 
bodily movements. This is an almost unique finding and is 
difficult to understand, as early movements have seldom 
been observed to have an apparently adaptive application 
of this sort. Most investigators have described the early 
trunk movements as being of a type that is of the nature of 
an avoiding response, although there are exceptions, as will 
be noted shortly. 

In Carmichael's second stage the "pattern of gross 
movement which appeared weakly and incompletely in 
Stage A is now stronger and in many cases more 'adap­
tive/ " and specific reflexes begin to appear in his third 
stage. In the fourth stage, the "larger pattern" has become 
less complete with the increase in the "local responses" al­
though it "can still be evoked." In his fifth stage, previously 
effective receptor areas tend to produce only "fast and pre­
cisely localized" responses or previously distinct patterns of 
reactivity tend to merge into newer and larger patterns of 
the entire organism. Carmichael has been contra-Coghil-
lian in viewpoint because he believed the earlier extero­
ceptive responses to be far more complex in character than 
described by Coghill. 

Carmichael was kind enough to demonstrate to me 
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one of the relatively early responses of the guinea-pig em­
bryos. A stiff bristle was inserted into the external auditory 
canal, the region regarded by Carmichael as the first sensi­
tive skin area in the guinea pig. A marked adduction move­
ment of the ipsilateral forelimb resulted, accompanied by 
a slight neck flexion. It is easy to attribute responses to 
what some investigators, myself included, would regard as 
abnormally stiff or sharp stimulators, but the human em­
bryo, the only mammalian form with which I have had 
extensive personal experience, does not respond to any 
stimulation in this area at a comparable stage of develop­
ment. Except for these peculiar and unique movements, 
which may be a species difference, the sequence as worked 
out by Carmichael for the guinea pig has greater resem­
blance to the total pattern than to the additive idea orig­
inally put forward by Swenson. It is also true that the ap­
parent greater complexity of early movements may be a 
matter of interpretation based upon the greater early par­
ticipation of the forelimbs in mammals, in particular, than 
in amphibians. It is certain that adduction of the forelimbs 
occurs earlier in the guinea pig than it does in the human 
embryo and this may well be the basis of their "adaptive" 
movement toward the site of stimulation. 

Bridgman and Carmichael (1935) found that re­
sponses to electrical stimulation preceded other types of 
activity which they regarded as reflexes. Slightly later (at 
622 hours), the early guinea-pig fetuses responded to stim­
ulation of the intact amniotic sac, either by exertion of 
pressure on it or by lightly striking its surface, by indepen­
dent head or forelimb movements. Some 10 to 14 hours 
later, spontaneous movements of the same type appeared. 
Lateral trunk flexion often with neck flexion to form a C-
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type response, though at other times independently, could 
be elicited at 6 4 3 hours. These investigators believe that 
independent movements of a reflex nature occur at all 
times even in 712-hour fetuses, the oldest re-examined by 
them in this study. 

Discussion now turns to the work of Windle and his 
associates (1930-1950). It is this group which ultimately 
espoused Swenson's idea of the origin of mammalian em­
bryonic reactivity by the successive addition of "simple" 
reflexes. However, Windle and Griffin (1931), in their 
studies on spontaneous and reactive movements in the cat 
embryo, reported a sequence very close to Coghillian in 
its characteristics (table4). 

An element of doubt concerning the correctness of 
these earlier results began to appear in the 1933 paper by 
Windle, O'Donnell, and Glasshagle, which was also on the 
cat embryo. The earliest spontaneous movements observed 
at 24 days were first in the forelimb, later in the neck. 
However, they still considered the "mass movements" of 
the head, neck, and limbs to be totally integrated from the 
beginning. Tapping of the amnion and stimulation with a 
fine steel needle or a cactus thorn were the methods used. 
Both needle and thorn might be considered ill adapted to 
avoidance of direct mechanical stimulation. Some of their 
statements are of interest in this connection: "Simple, lo­
cal, unit muscular contractions can be elicited a day earlier 
than spontaneous mass movements/' but these may not 
be reflexes; localized stimulation elicited "isolated move­
ments locally and reflex contractions of muscles in regions 
rostrad. However, reflexes farther caudad never ensue until 
after the expanding massive total pattern (locomotor re-
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TABLE 4 

Table of activities of the cat fetus, from Windle and Griffin, 1931., 
(By permission of the Wistar Institute of Anatomy and Biology.) 

[44] 
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action) has extended below the points stimulated" (p. 
540). 

Windle, Orr, and Minear (1934), in their further 
studies on cat embryos, found that direct muscle stimu­
lation could cause contractions at 23 days of copulation 
age and that the first reflexes appeared in some cases on the 
24th day. Furthermore, limb movements followed 'pres­
sure" stimuli earlier than they could be elicited by faradic 
shocks or by touch, but the reverse was true of head exten­
sion. 

In his 1934 P aP e r> again on cat embryos, Windle 
(1934b) made known his complete reversal to the "simple" 
reflex idea in the following statements: "Morphologically 
and physiologically, there is no evidence that the concept 
of a gradually expanding total pattern completely inte­
grated from the beginning (Coghill, '29) can be applied 
to the first leg reflexes of the cat embryo. A series of uniseg-
mental reflex arcs has been demonstrated at the time re­
flexes appear. The location of these in the upper brachial 
segments is correlated with the physiological observations. 
. . . Of course the local reflex arcs must eventually be inte­
grated with each other as well as with more distant centers 
in the central nervous system" (1934b, pp. 501-502). 
These items will be discussed later in some detail. 

Windle now turned his attention to an attempt to 
assay the effects of removal of cat embryos from the uterus 
in an effort to determine the "behavioral capabilities" of 
embryos after delivery, which are manifestly not those ob­
taining in the normal intra-uterine environment. This was 
begun in a communication by Windle, Minear, Austin, 
and Orr (1935). Nonmotilestage embryos were subjected 
to faradic stimulation. Under such stimulation, as these 



Prenatal Origin of Behavior 

[ 4 6 ] 

authors pointed out, the responses were always maximal 
and without latent period. The muscle tissue was held in a 
tetanic stage during the shock and relaxed slowly when it 
ceased. There was no refractory period, contractions being 
obtainable at will. The response was always localized and 
depended on the position of the electrodes. Furthermore, 
the physiological state of the embryo was without effect, 
the responses secured from dying or recently dead embryos 
being of the same character and elicited with the same 
facility as from those freshly exposed. 

Attention was then turned to reflex behavior, and the 
time of eliciting the first reflexes was advanced from the 
previously stated time of 24 days to the 16th day. The 
methods of stimulation were "flipping" of the forelimb or 
tapping the embryo or amnion. Limb "flipping" or snout 
tapping caused movements of the limb or head, respec­
tively, the former usually being independent of trunk 
movements. Each of the qualities of responses secured by 
the means mentioned were the exact opposite of those ob­
tained by faradic current, viz., they were quick, nonmaxi-
mal, with definite latent and refractory periods, nonte-
tanic, stereotyped without relation to the site of stimula­
tion, and elicitable only from freshly exposed embryos. An 
interesting note is that "all reflexes seemed to require 
strong stimuli administered over relatively large areas in 
their incipiency" (p. 174). The question of strength of 
stimuli required for early reflexes is another aspect to be 
considered later. 

In 1936, after having worked in Sir Joseph Barcroff s 
laboratory at Cambridge University, where sheep embryos 
were being studied, Windle published a short article on 
the activities of this and other forms. He stated that the re-
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sponses secured in response to forelimb "flipping" and tap­
ping on the intact amnion were probably "local, isolated 
movements, independent of and not as yet incorporated 
into any behavior pattern; that each involves the nervous 
as well as the muscular system and probably more than one 
neurone. I suggest that these embryonic movements are 
essentially reflexes of an elementary sort. They should not 
be confused with myogenic contractions, from which they 
differ in a number of respects" (p. 32P). "I invite a con­
sideration of the probability that mammalian somatic be­
havior has its genesis in simple, non-integrated, spinal type 
reflexes" (p. 33P). 

From 1938 to 1942, Windle and his collaborators 
turned their attention to the subject of anoxemia and its 
effect upon embryonic activity. They developed, early in 
this study, the thesis that all activities of early embryos 
examined more than a minute or so after the opening of 
the uterus, whether or not the embryo was still attached 
to a normal placental circulation, were abnormal by reason 
of the hypoxic condition produced. In 1944, Win die's 
"synthesizing article" presented these concepts in some 
detail. Here he re-emphasized the rapidity with which hy­
poxia abolishes early limb reflexes and transforms the orig­
inal homolateral responses to a contralateral type. He thus 
believed that all Coghillian type responses (contralateral 
total pattern responses) in mammals were due to the hy­
poxic or asphyxial conditions induced by opening the 
uterus. 

The work of Windle and his associates has been pre­
sented in such detailed review because it represents the 
chief challenge to the work of so many others and because 
a number of his claims will be examined in the third chap-


