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La marcha del desarrollo y la expresi6n estructural. Un estudio 
experiment,al de 10s gemelos, “monstruos dobles” y deformi- 
dades aisladas, y la interaccibn entre 10s brganos embrionarios 
durante su origen y desarrollo. 

En una larga serie de experimentos el autor ha interrumpido 
de diversos modos el desarrollo normalmente continuo de un 
pez, para determinar 10s efectos de tales modificaciones sobre 
el desarrollo de las diversas estructuras. Los momentos criticos 
y pasivos del desarrollo han podido localizarse. La interrupcibn 
del desarrollo en un momento critic0 frecuenternente es causa de 
marcadas desviaciones estructurales, cuyo tipo varia segiln el 
momento afectado. El autor ha localizado varios momentos 
definidos durante 10s cuales las interrupciones provocan un tipo 
particular de anomalfa. Existe un momento temprano durante 
el cual la interrupci6n tiende a producir embriones dobles y 
gemelos; una interferencia un poco mas tardia induce la apari- 
cibn de varios defectos ofthlmicos, y existen otros momentos 
en 10s cuales la interrupcih origina deformidades en la boea y 
branquias, anomalias 6ticas, la supresi6n de las vesiculas cere- 
brales primarias ete. Todas las reacciones estructurales, incluso 
10s gemelos y embriones dobles son “cesaciones de desarrollo” 
tipicas. Un estudio de 10s componentes de monstruos dobles 
ha susministrado ayuda valiosa en la comprensih de la com- 
petencia del crecimiento que existe entre las partes que estitn 
creciendo y 10s brganos del embribn. El autor discute la impor- 
tancia de cstos experimentos sobre la poliembrionia en las formas 
inferiores y la formacibn de gemelos en el hombre. Tambih 
analiza el factor tiempo en el desarrollo del individuo y sus 
diversos brganos. 
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1. INTRODUCTION 

In  the present contribution an endeavor will be made to ana- 
lyze the causes and conditions which determine the usual type of 
structural expression or form. The ordinary progress of embry- 
onic development gives rise to individuals of rather uniform struc- 
ture, yet there may be numerous slight variations and defects in 
the structural composition of various organs and parts. Minor 
defects in structure are found in almost every individual of a group, 
but rarely do two individuals present exactly the same kind or 
degree of defects. These facts are readily recognized in a group 
af human beings where sinall difkrences are easily appreciated, 
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but no doubt the same conditions obtain among vertebrate ani- 
mals in general, although in lower forms such differences in devel- 
opmental results are more difficult to detect. 

The end products of development differ from one another to  
varying degrees, slight differences are of little concern and are 
classed as ordinary variations, but when the same deviations 
become exaggerated they mag be ranked as serious deformities or 
anomalies. This fact renders the analysis of normal develop- 
mental processes and the experimental study of monstrous devel- 
opment one and the same problem. It should, be understood that 
the present study is not intended solcly as a contribution to so- 
called 'teratology,' but is an experimental analysis and consid- 
eration of the processes involved in all normal embryonic 
development and growth. The experimental treatments have in 
many of the cases caused the formation of well-known mon- 
strous structures, but the point of importance is not the produc- 
tion of the monster, but the simple alterations in the usual 
course of events which have induced the modified structural 
expression. 

For the past ten years I have claimed that all types of mon- 
sters not of hereditary origin are to  be intcrpreted simply as de- 
velopmental arrests. Such a position has been taken by others 
(Dareste, '91). However, T propose at  this time to present evi- 
dence which clearly demonstrates the truth of the claim. By 
arresting development in very simple way6 all types of monsters 
may be obtained. The experiments have now reached such a 
degree of exactness that the following propositions may be 
stated as true, the evidence for which is recorded in the body of 
this paper. 

First, all types of monster, double as well as single, may be 
caused by one and the same experimental treatment; second, any 
one type of monster, such as cyclopia, may be produced by a 
great number of different experimental treatments; third, all 
effective treatments tend primarily to lower the rate of develop- 
ment, and, fourth, the type of monster induced depends upon 
the particular developmental moment or moments during which 
the developmental rate was reduced. Slowing the rate at one 
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moment will produce a double monster or identicaI twins and at 
another moment slowing by the same method will give rise to 
the cyclopean defect. In fact, the same thing which causes 
the double monster may later in development induce one of its 
heads to be cyclopean. 

Thus there is no longer any ground for considering certain 
defects as specific responses to particular treatments. ,4nd there 
is as little reason for further descriptions of individual monsters, 
since all belong to  the same class and the individual differences 
simply result from the different moments during which the devel- 
opmental interrupt'ions have acted. 

The important consideration then arises as to what internal 
and external factors niay tend to introduce the developmental 
arrests. Does one growing part in any way inhibit the activity 
of other developing organs? We shall devote a section t o  a con- 
sideration of the interaction among the developing and growing 
organs within the embryo. The study of the growth influences of 
one embryonic organ on another is one of the most important 
problems in the analysis of structure. 

Finally, the interaction among growing parts and the inhibit- 
ing effects of one rapidly proliferating region over other regions 
will be very briefly considered in connection with abnormal and 
malignant growths. 

2. THE SPECIFIC RATE OF DEVELOPMENT I N  A GIVEN SPECIES 

It is a generally known fact that the eggs of different species 
do not progress at  the same rate of development even during 
comparable stages. The lengths of time between fertilization 
and the first cleavage and the rates at  which the early cleavages 
follow one another may differ decidedly among the eggs of 
even closely related forms. These differences in developmental 
rate are probably fundamentally connected with diff ererices in 
chemical structure of the egg substances, and in particular with 
the different rates of oxidation of certain stuffs. It is a well- 
known chemical fact that very slight differences in composition 
between substances may cause very great differences in their 
oxidation capacities. 
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The efforts on the part of nuinerous embryologists to associate 
the differences in rate of cleavage and time required to attain 
certain stages of deirelopment with the size of the egg, the amount 
and position of the yolk substances, or even the types of cleavage 
have not been satisfactory. Certain meroblastic eggs develop 
much faster than certain holoblastic ones, while other holoblas- 
tic eggs have a rat'e of cleavage far more rapid than the mero- 
blastic types. ,411 of the so-called laws of cleavage rates based 
on morphological differences among egg types haire been found 
to fail so decidedly when applied in general thal one is forced 
to seek more deep-seated causes for the differences in develop- 
mental rate. 

At the present time we can only state that such causes probsbly 
reside in the differences in chcmical make-up of the several 
species of eggs. The rate of development certainly depends, 
particularly during later stages, on the amount of food avail- 
able, but the supply of oxygen and the degree of temperature at 
which development is taking place have a far more striking influ- 
ence on the rate. Cessation of development also occurs much 
more promptly from absence of oxygen or sudden changes in 
temperature than from any other natural modifications which 
happen in the environment. These facts point decidedly to the 
rate of development as being dependent upon kind and rate of 
chemical change, most particularly upon rate of oxidation. The 
egg probably has a definite coefficient of metabolism dependent 
upon the interaction of its specific chemical structure and the 
given environment in which it normally develops. The rate of 
development results froin both the internal qualities of the egg 
and the nature of the surrounding environment. 

The present extremely crude state of our knowledge of the 
chemistry of development will permit of no more satisfactory 
statements of the principles underlying differences in develop- 
mental rate than those which have becn attempted above. The 
inadequacy of such statements is as keenly appreciated by the 
writer as by the critical reader, but this inadequacy concerns 
chiefly the absence of the details involved, while the statements 
in general I believe are correct. 
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Although there is a definitely normal rate of development for 
a given egg. this rate is frequently subject to wide variations, usu- 
ally as a result of variations in the surrounding conditions. The 
two chief: or most frequcnt, modifying causes are a change in 
oxygen supply or a change in temperature. An accelerat,ion of 
the usual rate only takes place to a limited degree under natilral 
conditions and but slight increases in developmental rate have 
been experimentally obtained. On the other hand, a very wide 
rarigc of decrease in developmental rate is readily brought about. 
Slight changes in the surrounding temperature or reduction in the 
oxygen supply will readily tend to slow the rate of development 
to a marked degree. Finally, the entire progress of development 
is frequcntly stopped in nature by removing the supply of oxy- 
gcn or by sufficiently lowering the surrounding temperature, as 
will be discussed in subsequent sections. 

3. CONTINUO1-8 ASU DISCOKTINUOUS hlODES O F  DEVELOPMENT 

Although, as stated in the foregoing section, each egg has a 
more or less characteristic rate of development, this rate is not 
uniform throughout the different developmental stages. All eggs 
develop with rythmical changes in rate, going alternately faster 
and slower from stage to stage. Certain stages are passed very 
rapidly, almost suddenly, while others are slowly attained in a 
tedious manner, yet the process of development is as a whole con- 
tjnuous. That is, development begins with fertilization which 
is soon followed by cleavage, and then continues without inter- 
ruption until a free living larva or young embryo is formed. 
This then proceeds to grow and change until the adult structure 
is attained. Such a continuous mode of development is most 
common, indeed so common, that it is often carelessly consid- 
ered to be universal, while a discontinuous mode is looked upon 
as something very strange or unusual and not as a phenomenon 
extremely important in an understanding of the more common 
continuous type of development. 

The continuous mode is found among the great majority of those 
animals in which the eggs develop in a uniform or homogeneous 
environment, such as the sea-water. The general conditions of 
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moisture, oxygen supply, and temperature are comparatively 
uniform, and although the eggs may develop faster or slower 
under slightly different conditions of temperature, etc., yet the 
variations in the medium are rarely sufficient to inhibit or stop 
development entirely, and when they are the eggs usually die. 

On leaving the sea the fresh-water and land-living inverte- 
brates and vertebrates show most varied and complex methods 
and arrangements for insuring an environment of sufficient uni- 
formity to permit an uninterrupted development. Nany forms, 
as is also the case in certain sea-living animals, have evolved 
a method for the development of the embryo within the body of 
the mother. Such an internal environment tends to control very 
effectively the conditions of moisture and in mammals also the 
temperature, but at times, as me shall see beyond, the oxygen sup- 
ply is not properly adjusted and the continuity of development 
may be interrupted or interfered with on this account. 

The land-living animals have not always succeeded in obtain- 
ing an ideal developmental environment, and there are many 
examples of a discontinuous mode of development as a result of 
environmental breaks in the strictest sense. That is, the egg 
begins to develop and at'tains a certain stage, when a more or 
less sudden change or break in the environment occurs and devel- 
opment stops completely and may remain at a standstill for vari- 
ous lengths of time-days or possibly weeks. Another alteration 
in the environment then occurs which again permits development 
to start and continue until the fully formed animal is obtained. 
Such a discontinuous mode of development is universal among 
one great class of vertebrates, the birds. Among the birds devel- 
opment, as far as studied, is invariably interrupted when about 
the stage of gastrulation, at which time the egg is laid or passed 
out of the warm body of the mother. The fall in temperature 
causes development to stop and the egg remains in the gastrular 
stage until incubated by the heat of the parent's body or until 
artificially incubated at a similar temperature. 

The means of interrupting development seem to reside entirely 
outside the egg itself, they are properties of the environment. 
As far as is known, all eggs having once begun to develop will pro- 
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ceed in a continuous manner from stage to stage until the larva 
or free living embryo is formed, the environment permitting. 
Stops in development take place through lack of oxygen, 
unfavorable temperature, insufficient moisture, or shortage of 
available nutriment, but the egg itself is wound or set for de- 
velopment so as to continue through if possible. Thus experi- 
ments on discontinuous development must apply as methods 
various means for modifying the environment, and the results 
will depend upon the power of the egg to adjust itself to or with- 
stand these changes. Being unable to meet the situation, abnor- 
mal or unusual developmental productions may arise. 

The question then presents itself as to whether the develop- 
ment of any egg may be interrupted for definite lengths of time 
and later be allowed to finish or proceed. What would be the 
consequences of such interruption in the case of a normally con- 
tinuous mode of development? Would the effects of the manner 
of development be the same following interruptions a t  different 
stages, or would the effects vary depending upon the stage of 
development at which the interruption occurred? In other 
words, are there indifferent and critical moments of develop- 
mental interruption? Would a complete stop in development 
have an effect similar to a decided slowing of the rate, or 
would the one be more effective than the other? The experi- 
ments recorded in the following sections were devised in order to 
answer these and other queries. 

4. EXPERIMENTALLY CHANGING A CONTINUOUS INTO A DISCON- 
TINCOCS MODE OF DEVELOPMENT 

a. The method of experiment 

The continuous mode of embryonic developrnent is the more 
common type in nature. We are, therefore, warranted to some 
extent in assuming that the discontinuous mode is nature’s ex- 
perimental modification of the continuous. What methods of 
niodification has nature employed that may be artificially irni- 
tated? The simplest, commonest, and most evident natural 
method is change in temperature which causes the interruption 
of development in the eggs of all birds. 
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Changing the temperature of the environment and, therefore, 
of the egg, is the method employed in most of the present experi- 
ments in order to interrupt or make discontinuous a normally 
continuous development. 

There are several definite natural cases of discontinuous devel- 
opment among mammals, the significance of which will be con- 
sidered in another section of this paper. But in the present con- 
nection we may be certain that nature has here employed 
another method than temperature change in causing the interrup- 
tion. The temperature of the maternal body in which the mam- 
malian embryo is developing is suf€iciently uniform never to 
interrupt the progress of the egg. For reasons to  be more fully 
cited beyond, changes in the supply of oxygen would seem to be 
the most probable cause of interrupted development in the rare 
cases of this phenomenon among mammals. Lack of oxygen or 
excess of COz has also been resorted to  in the present experiments 
as a means of interrupting or retarding the rate of a normally 
continuous development. 

A number of experi- 
menters have studied the influence of temperature changes on 
the manner of development of different eggs. The effects of 
abnormally high and low incubator temperature on the develop- 
ment of the hen's egg have been recorded by Dareste and many 
others, most recently by Miss Alsop ('19). The development 
of amphibian eggs under unusual temperature conditions has 
been considered by 0. Hertwig ('96). King ('04), and others. 
The influences of low temperatures on the development of the 
fish's egg h a w  been investigated by Loeb ('16) and Kelljcott 
('16). 

These studies on tenzperature, however, are of interest in the 
present connection only in so far as they almost all show how 
readily abnormal developnient of the embryo may be induced by 
unfavorable temperature conditions. The attempted explana- 
tions of the deformities which were given in only a few cases, as 
by Kellicott, eirtirely disregard or dismiss the real point of fun- 
darnental importance; that is, the induced change in the rate of 
development resulting from the modified temperature. Kellicott 

Neither of the two methods is new. 
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attempted to refute the slow rate as a cause of structural inodi- 
fication in discussing my assumption of arrested development. 
The present experiments differ from the previous temperature 
experiments in that they were undertaken with an almost 
completely different problem in view. The former experiments 
will be considered only as they bear on the specific questions in 
the discussion to follow. 

Numerous studies on the behavior of eggs deprived of oxygen 
as well as in the presence of various reducing and anaesthetic 
substances have been conducted. All of these oxygen studies 
have little or no bearing on the immediate problems and are not 
treated in this connection. 

The material used in the present experiments were the eggs 
of the common minnow Fundulus heteroclitus. I have studied 
and experimented with these eggs for a number of years and am 
familiar with a great many common deformities which they may 
be induced to present. The exact method of experimentation 
with temperature change was as follows: the eggs were taken 
from the female and fertilized in a 'dry bowl.' L4boutfifteen 
minutes later they were rinsed free of foreign material with sea- 
water and left st,anding under water. The first cleavage takes 
place after about two hours, varying a little with the season and 
the temperature. The next cleavage follows after another hour, 
and development proceeds in a continuous fashion from then on 
until the fully formed fish hatches from the egg membrane and 
swims freely about within from eleven to eighteen or twenty 
days, depending again upon the season and temperature. There 
is a wide variation in the rate of development of these eggs, yet 
under all usual conditions after development once starts it is 
continuous. 

The eggs were placed during different stages of development in 
compartments of a refrigerator at temperatures of 5", 7" and 9°C. 
and left for varying lengths of time, from one to five days. At 
the lowest temperature development was almost if not completely 
stopped, while in the other two compartments it was slowed 
down to from one-twentieth to one-fiftieth of the normal rate. 
The responses shown in the manner of development are so differ- 



STRUCTURE AND DEVELOPMENTAL RATE 125 

ent in eggs stopped or slowed at different stages that the exact 
time of treatment will be considered in connection with the dif- 
ferent effects obtained. The difference in effects between slowing 
and actually stopping development will also be considered. 

Other eggs were crowded close together in bunches and de- 
veloped in bowls at  room temperature. The eggs near the center 
of the masses or bunches obtained much less oxygen and were in 
a higher concentration of CO, than the more superficial ones. 
These were slowed in their rate of development. Sea-water was 
boiled so as to drive out most of the air and afterward kept stag- 
nant. Egg masses were developed in this water and the inner 
eggs of the mass were almost completely stopped in many cases. 
In all such arrangements the rate of development was so retarded 
that many abnormal and deformed embryos resulted. 

These in general are the methods employed; the different 
times of application and the results will be discussed in the par- 
ticular cases below. 

b. Stopping or retarding the progress of development at stages of 
apparent indiference to such interruption 

In order to successfully change a continuous into a discontinu- 
ous mode of development, without producing ill effects on the 
resulting embryos! it becomes necessary to locate cert'ain indiffer- 
ent periods during embryonic development at which the inter- 
ruption may be induced. Certain of these indifferent periods 
are those moments at which the interruptions of development 
occur in nature. Should the stoppage naturally take place dur- 
ing a sensitive period, the species would readily be clirninated 
on account of the high proportion of abnormal embryos which 
would result. 

When the eggs of Fundulus are placed in low temperatures 
after having passed through the earliest active stages of devel- 
opment, cleavage, gastrulation, the formation of the germring 
and early appearance of the embryonic shield, they may be 
stopped for several days, or caused to develop at an extremely 
slow rate, without marked injury to the resulting embryos. In 
fact, when such eggs are returned to room temperature after 
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being in the refrigerator for three or four days, they may often 
resume developnient at such a fast ratme, probably as a result of 
the stimulation of raising the temperature, that they may hatch 
only a day or so later than control embryos. The percentage 
of such eggs that do hatch may also be equally as high as that 
from the control. 

These statements may be illustrated best by a somewhat de- 
tailed consideration of the records from experiments. A large 
number of experiments have been performed and are recorded 
in my notes, but only a few of these may here be selected as 
typical examples of thc series in general. 

Experiment 905. A group of eggs, 23 hours after fertilization, with 
high segmentation caps just beginning to  flatten on the yolk-sphere, 
were carefully selected, being certain that every one was developing, 
and arranged as follows. 

Lot C, was placed in the refrigerator at 5°C.) Cz a t  6'C., C3 a t  8"C., 
C4 at VC., and C5 was placed in the top compartment of the refrigerator 
which ranged from 9.5' to  10°C. 

When 27 hours old, the control group showed the genn-disc somewhat 
further flattened on the yolk-sphere, but there was no visible indication 
of a genn-ring and the disc had not begun to  descend over the yolk. 
This experiment was being conducted during the early June season, and 
normal development a t  this time was unusually slow. 

At 27 hours old, three other lots were placed in the refrigerator as 
follows, D1 a t  5"C., Dz a t  B'C., and D3 a t  8°C. 

When 48 hours old, the control showed the germ-ring about one-fourth 
over the yolk-sphere with the embryonic shield clearly forming. The 
C and D series had become arrested and were still in much the same 
condition as when placed in the low temperatues on the previous day. 

The control a t  3 days, or 72 hours old, showed the embryos well 
formed, though the germ-rings were not yet entirely over the yolk-sphere 

Lot Ci, having heen 49 hours st 5'C., was still in high segmentation 
stages much the same condition as when placed in the refrigerator 
(fig. 2 ) .  

Lot Cz showed much the samc condition as el and were also removed 
from the refrigerator. 

Lot Cg seemed as completely stopped as the other two and was 
returned to  room temperature. 

The members of the C4 group were also in about the same stage as 
when placed in the refrigerator, though their temperature was 9°C:. 
These remained in the refrigerator. 

The Cs lot, in about 10°C. had developed sloudy, the caps had flat- 
tened and the embryonic shield had just become visible, though the 

(fig. 1).  

These were now returned to  room temperature. 
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germ-ring had scarcely begun its descent ovcr the yolk (fig. 3). These 
also remained in the refrigerator. 

Lot D1 after 45 hours at 5"C., mas still in ahout the same stage of 
development as when placed in the low terriperature at 27 hours old. 
These are now placed at rooin temperature. 

Lot D, was in a closely similar condition to  D1, but remained at  the 
reduced temperature. 

Lot D, had also failed to  nmkc noticeable progress during the 45 
hours at, 8"C., but was allowed to remain at this temperature. 

1 2 

25 
Fig. 1 A control embryo 72 hours old, the body is  ell outlincd and the 

germ-ring almost cornplctely over the yolk. 
Fig. 2 An egg 72 hours old that had spent the last 49 hours at a temperature 

of 5°C. Development had been practically stopped in this high segmentation 
stage. 

Big. 3 d specimen 72 hours old that  had been during the last 49 hours at a 
temperature of 10°C. Development had progressed SIOR 15, the germ-disc hring 
flattened and the embryonic shield, indicated by stippling, h a s  just become 
visible. 
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When four days old, the control embryos were fully formed with 
prominent optic vesicles, hearts were formed, but not yet pulsating. 
Thus they were not more than up to  a midsummer 72-hour stage, since 
thc heart beat had generally begun about this time. However, all of 
these embryos were normal and well, as is shown by their later records, 
even though the cool season had thrown them about 24 hours behind 
within four (laps. 

Lot CI, now having bcen at room temperature for 24 hours, wcre all 
going very well. The germ-rings varied in position from one-quarter 
to one-third over the yolk-spheres. Only a few had failed to  resume 
development and the eggs in general were about up to  the condition 
of the present control when they were 50 hours old. These C, eggs 
had now actually developed at room temperature for about 47 hours, 
the first 23 hours after fertilization and the fourth day. 

Lot Cz was also after similar periods of experience in a uniformly 
good condition with the germ-rings all about one-third over the yolk- 
spheres. Thus subjecting to  low ternpcrature after 23 hours of develop- 
ment is decidedly less injurious than similar treatment during the 
carly cleavage stages, as will be seen from the records beyond. 

In  lot C3 the germ-rings had all descended about half way over the 
yolk-sphere. 

The D series showed somewhat the samc rcsponsc. Lot D,, after 24 
hours a t  room tempcraturc, wcre developing normally with the germ- 
rings from onc-half to  two-thirds over the yolk-spheres and the em- 
bryos well formed. Thus stopping for 48 hours after 27 hours of de- 
velopment, when the segmentation caps were flattened over the top of 
the yolk, showed no ill effects on their present development except to 
render theni almost exactly two days behind the developmental stage 
of the control. 

The control a t  5 days old had a vigorous heart beat, but the circula- 
tion was just beginning to  be well established. 

Lot C1, almost all of the embryos were full length, the optic out- 
pushings were just beginning, but not fully formed, thus about in the 
condition shown by the present control at 72 hours. These were 
still about two days behind thc control, or had practically lost the time 
spcnt in the refrigerator. There were a few with the germ-rings not 
entirely covering the yolk and with the body of the embryo short and 
poorly formed a t  the caudal end. 

Lot Cz were about in the same condition as CI. 
Lot C, seeincd on the average a little further along, though closely 

similar to  the two ioregoing lots. 
Lot Cq, now four days in the refrigerator a t  9"C., seemed in good 

condition, with the germ-rings well formed and descended about one- 
half over the yolk. These specimens had thus continued their de- 
velopment a t  this temperature, although very slowly, and had ad- 
vanced about 12 hours in development within the 4 days. They were 
now returned to  room temperature. 
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Lot Cg at about 10°C. for four days, were possibly a little further 
along then C4, though in general they showed a similar condition. 
These mere also returned to room temperature. 

Lot D1 contained full-length embryos, some with the optic processes 
already formed and others without. These specimens were about 
one and a half days behind the control or about in the stage of the two 
and a half day control. 

Tlot D2, after four days at a temperature of 7"C., introduced after 27 
hours of normal development, were still in about the same stage as 
when placed in the refrigerator. The segmentation caps were flat with 
early germ-rings forming and the embryonic shields just beginning. 
The descent of the germ-ring has been considerably prevented. All 
of the specimens were living and seemed well. They were now returned 
to room temperature. 

Lot Da, all seemed in good condition with germ-rings from one- 
quarter to one-half over the yolk-sphere and with well-formed embryonic 
shields. Thus this slightly higher temperature of 8°C. had given the 
D3 group a considerable advantage in progress over the Dz lot, These 
were now also returned to room temperature. 

When six days old, the black and red chromatophores were fully 
expanded on the yolk and embryonic bodies of thecontrol specimens. 
The embryos were now occasionally twitching and moving their 
bodies . 

Lot C1, after being out of the refrigerator for 3 days, had embryos 
comparable to about a usual midsummer 70-hour stage, or about the 
condition of the present control when 4 days old. The heart beat had 
not hcgun. 

Lot Cz, embryos were also in a stage just prior to the heart beat, 
and the C3 group was about the same. 

Lot Cd were now out of the refrigerator for one day after having 
been a t  a temperature of 9°C. for 4 days. The embryos were well 
formed and the blastopore was about closing, so they had inadea 
considerable advance from the condition of the previous day when the 
germ-rings were only one-half way over the yolk. The Cj  group are 
still further advanced with the optic outpushings prominently shown. 

Lot D, now showed chroinatophores both on the yolks and on the 
embryos' bodies, yet no heart beat could be detected in any of those 
examined. 

Lot Dz, when one day at room temperature after being at  7°C. for 
four days, showed the germ-rings two-thirds over the yolk-sphere, 
with the embryonic axis well formed in the shield. 

Lot Da contained long embryos with the optic outpushings just 
beginning, so these were still ahead of Dz. 

At seven days the control embryos were actively moving and the 
yolk vessels were now clearly mapped out by the pigmented arrange- 
ment. 

Lot C1, now out of the refrigerator for 4 days, showed many ern- 
bryos with good circulations and pigment. migration, some had a 
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heart beat, hut had not established a cairculation and others had not 
yet dcvclopcd :t hcart beat. 

Lot C2 showcd a good circulation in almost all. 
Lot Cf presented a majority with good circulation, thcre were, how- 

ever, many with imperfect circulation or no circulation, although the 
heart was pulsating. 

When 9 days old, the control presented a perfectly normal condition. 
Lot C1 showed practically every specimen normal and strong, 

Lot Cz wcrc in cqually as good a condition. 
Lot CB was much the same as the other two groups. 
1,ot C4 also seemed tlo contain all normal embryos. 
1,ot C5 were further advanced than Cq, since they had continued to  

develop slowly while in the refrigerator a t  the higher temperature of 
about 10°C. They had, therefore, developed slowly for 4 days, and 
after having been out for 4 days were practically pcrfcct in their 
development. 

Lot D, were all normal a t  9 days old and as perfect as the control 
except for the fact of being behind in developmental time due to  the 
few days stand-still spent in the refrigerator. Thus development 
can be discontinued for 3, 4, or 5 days at the stages used in this 
experiment (27 hours old, just after gastrulation has started) with no 
subsequent ill effects on the development and structure of the early 

apparently just as good as the control, though soniewhat behind. 

embryos. 
Lot Dz containcd smcimens further behind in develoDment than the 

Dl group, since they remained in the cold longer, b i t  all appeared 
perfectly normal at this timc. 

Lot D, were' all normal. 
A t  12 days old, the control seemed about in the condition to hatch. 
The C series which had been subjected to developmental interrup- 

tions after being 23 hours old now presented perfectly normal con- 
ditions. In  lot C1 three specimens had not dcvclopcd and sixty were 
normal This is as good a rccord as is usually found under ordinary 
conditions. riot Cz contained about 100 specimens, which were all lir- 
ing and normal. Lot C, had about the same number in similar con- 
ditions. Lot Cq also contained about 100 normal specimens, so that the 
numbers cxamined mere sufficiently large to  furnish a very reliable 
index of the reactions. 

Lot C5 contained a few more than 100 normal specimens and a 
singlc individual that was abnormally small, yet even this onc was 
sufficiently normal to  have a free blood circul a t' ion. 

Lot D1, which was put in the refrigerator 27 hours after fcrtiliza- 
tion, contained six specimens that did not develop out of a total of 
seventy-five eggs. The other sixty-nine spccimcns were normal. The 
D, lot were all normal, and so was the D, group, yet all were behind the 
control in their developmental stage corresponding to  about the 
length of time they had spent in the refrigerator. 
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When 19 days old the control mere almost all hatched actively free 
swimming young fish. The few yet unhatched seciiicd normal and 
ready to  hatch a t  any time. 

Lot C, vontained a majority hatched and all seemed normal. 
In lot C, there were not quite as rnany hatched, but :dl were in 

good condition. 
Lot Cs were about the same in hatching record, so there was l i t th  

effect to be noticed a t  this time resulting from the two (lays spent in 
the refrigerator following their first 23 hours of development. 

Lot C, had remained longer in the refrigerator, 4 days, and a t  this 
time none had hatched, though they seemed fully ready. In  lot Ci 
also none had hatched. 

Lot DI contained a majority hatched, almost as large a proportion 
as the rontrol. Lots 
D, and Ds had remained in cold for 4 days, and only one specirncn in 
the two groups had hatched. A11 appear normal and ready to hatch. 

In  lots D, and 
D3 many had now hatched, so these are not very much later than the 
control in spite of their 4 days’ arrest. 

In lot C, none had yet hatched, although during the next 24 hours 
inany of them did hatch. 

When 22 days old, a few of the control were still unhatched, though 
they were normal. Lot 
C2 contained 18 unhatched and about 80 hatched. Lot, C3 had 29 un- 
hatched, one with a deformed body, and about 70 normal ones hatched. 
This record was about as good as a usual ronlrol. 

About half of the C4 lot had hatched, and all seemed normal, though 
they remained in the rcfrigerator twice as long as C1, C,, and Ca had. 

Lot Cj also showed about half of the specimens hatched. 
Lot D, had 7 unhatched and about 60 hatched, all of them seemed 

normal. 
Lot Dz contained 29 unhatched and about 40 hatched, all of which 

were normal. 
Lot D, showed 20 unhatrhed and ahout 30 hatched. 
When 25 days old, every egg in the control had hatched. 
Lot C1, only 4 were unhatched, one of these had abnormally sninll 

defective eyes and no blood circulation. So these are a little behind 
their particular control in quality a t  this stage, but very little, and 
probably their disadvantage is of no significance, since such a single 
specimen might occur in any group of eggs. 

In  lot C3 only 3 failed to hatch. 
One of these was grossly deformed and the other two had dightly 
abnormal eyes. So this group is somewhat inferior when roniparcd 
with the control record. 

One hatched speri- 
men was bent and unable to  swim. One of the 12 unhatched was 
almormal, so this record also was a little worse than the perfect control. 

These had remained in the cold only two days. 

When 20 days old, the first one in C4 had hatched. 

Lot C1 had 12 unhatched and 50 hatched. 

Lot, G, every spcciincn hatched. 

Lot C, cont,ained 12 specimens still unhatched. 



132 CHARLES R. STOCKARD 

Lot Cg contained 10 unhatched, one of which was abnormal, the 

Lot D1, only one unhatched, all seem fine. 
Lot Dz contained 2 unhatched, and lot D3 had 3 unhatched, though 

This experiment shows very clearly that stopping or arrest- 
ing the development of Fundulus eggs after about twenty-four 
hours of development, when gastrulation has definitely begun, 
produces very slight or no ill effects on such specimens up to 
the time of hatching and becoming free swimming little fish. 
Whether during later stages of growth these fish might show some 
disadvantages following the developmental interruption vie have 
not attempted to determine. It is probable, howevcr, that these 
specimens were interrupted in their development during a particu- 
larly passive period and that no later disadvantages would 
accrue. This would seem further probable since it is at just such 
a stage in development that the eggs of birds are normally inter- 
rupted, and clearly without ill effects on the group. 

These experiments not only show that stopping development at 
this stage, just after gastrulation has started, is not noticeably 
injurious in effect on the development of the young fish, but 
further, that after gastrulation has commenced the rate of devel- 
opment of the embryo may be slowed to a most extreme degree, as 
occurred in the upper temperatures of the refrigerator, without 
serious injury to the structure of the young fish. 

To further establish the correctness of the above results, we 
may record one other similar experiment in brief detail. 

Experiment 906. B4. !. A group of eggs when 24 hours old containing 
all normal fine specimens were placed a t  a temperature of 5"C., and 
later compared with a selected control from the same parents. 

At 46 hours old, the control were developing rapidly, with the germ- 
rings almost completely over the yolk and the embryos well formed. 

The B4.2 lot now in cold for 22 hours showed the same condition as 
when placed in the refrigerator except that the segmentation cavities 
were distended so that a vesicle appeared below each disc. These 
eggs were now moved to  an upper compartment of the refrigerator to  
allow them to develop slowly at a temperature of about 9°C. 

When four days old in the 9°C. tcmperature they were developing 
slowly but normally, with the germ-rings about one-half over the 
yolk-spheres and with embryonic shields in which the axis of the 
embryo was beginning to  form. 

others were all normal. 

all of these seemed normal. 
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At five days old these eggs were still developing remarkably well 
although very slowly. The germ-rings were a little further over the 
yolk. They mere now returned to  room temperature after having 
spent 4 days in the refrigerator, 24 hours a t  5°C. antl 3 days at  9°C. 

One day later, all of the eggs were developing antl almost every one 
presented a well-fornied embryo normal in appearance. 

When ten days old, all were living with a fine circulation of the blood 
and otherwise apparently normal. 

When 17 days old, 18 of these embryos had hatched and 24 were 
unhatched. 

After 24 days, 12 still unhatched, one of these being very ab- 
normal. All of the embryos had seemed normal ~7hen ten days old, but 
at this time it was readily seen that the 12 unhatched specimens were 
really far behind the control. While showing no gross deformities 
they were smaller and not so well developed as the control. 

Although these early arrests do not give marked effects on the very 
young fish, it is certainly possihle that many later symptoms might 
develop if their existence was observed through longer periods of time. 

When 29 days old, 4 wibryos were still unhatched, one had died and 
3 seemed normal and ready to  hatch. Thus the record of this group for 
the length of time it was followed does not compare unfavorably with 
the ordinary control records of Fundulus embryos up to  a comparable 
period. As might be expected, however, eggs after being 24 hours old 
which were stopped or retarded in development for 4 days are not 
able to hatch on schedule time with the control; but are several days 
late in reaching the hatching stage. 

Such results will be found to differ entirely from those con- 
sidered beyond as obtained when the eggs are stopped during 
more critical developmental stages or at times when rapid cell 
proliferation and developmental changes are occurring. There- 
fore, it may be stated in general that certain indifferent, mo- 
ments in development do exist during which time the rateof 
development may be slowed t'o almost stopping, or development 
may be actually stoppcd, and later resumed at a normal rate 
without causing structxral anomalies or unusual conditions in 
the resulting young fish. 

It is also shown by the above experiment that development 
may be stopped at certain indifferent periods, in a temperature 
of 5°C. and then resumed at an extremely slow rate in 9°C. for 
several days, and later increased to a normally rapid rate at room 
temperature without i r i j  ury. 

Thus it is not always necessary that development be promptly 
resumed at a normal rate in order to avoid structural defects. 
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The next experiment is cited to shorn the behavior of eggs 
arrested in still later periods of general indifference. 

Experiment 907.-Eggs with germ-rings one-quarter to  one-third 
ovcr the yolk sphere and with embryonic shields well formed, a stage 
acquired after 48 hours of development during the early cool June 
season, were placed in the refrigerator in two groups, F,, at 6°C. and 

After 24 hour5 in the refrigerator they had advanced only slightly 
beyond the condition of the day before. The E, group had advanced 
somewhat more than the E 2  lot particularly in the formation of the 
embryonic line, or axis, in the shield. 

When 5 days old, and after having been in the refrigerator for 3 days, 
the Ez group a t  6OC. have advanced the germ-ring to about two-thirds 
over the yolk sphere. They were thus not as completely stopped by 
this temperature of 6°C. as were eggs placed in the same temperature 
during early cleavage stages, as will be seen beyond. These eggs 
were now, after 3 days of extremely slow development, returned to  
room temperature. 

The E, lot at this time showed the germ-ring almost completely over 
the yolk-sphere, and the embryonic body was well formed in the ma- 
jority of thc cggs. These specimens a t  a slightly higher temperature 
had developed somcwhat further than those above. They mere now 
also returned to room temperature. 

After being at room ternperaturc for 24 hours, the rate of develop- 
ment had greatly increased in hoth lots. The Ez group now showed 
long embryos with the optic outpushings well begun in many. The 
EB lot showed optic outgrowths well formed in all, and werc thus a little 
ahead of thc E2 ones in development. 

A t  9 days old, the specimens in both lots seemed behind the control 
to the extent of thcir 3-day stay in the refrigerator. 

When It! days old, they wcrc closcly examined for slight anomalies. 
The E, lot showed one ahnormally small embryo with no blood cir- 
culation, 4 had stopped, and did not dcvclop after removal from the 
refrigerator, and 45 specimens secmcd to he in normal condition. 

The I33 lot all appeared to bc normal except that they were ahout 
3 days behind the control in their development. 

Thus subjecting the embryos to a severe reductionin developrnental 
rate after they were 48 hours old had only slight, if any, detrimental 
effect on their ability to  resume a normal developmental rttte and to  
form apparently normal young embryos. Very probably, however, 
minor effects arc produced which mould be indicated in the later struc- 
tural or physiological history of the specimens could they be studied 
through a longer season of their existencc. 

At 19 days old, whcn a large majority of the control had hatched 
and were free swimming, xione of the E2 or Ea lots had hatched. But 
when 21 days old, a number were hatched in both lots. 

E, a t  8°C. 
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When 22 days old, the E, group contained 25 hatched and 20 un- 
hatched. Three of the latter were abnormal with no blood circulation, 
two being small ant1 inactive, and the third was gross1.v deformed. 
The E, group had 25 hatched and 11 unhatched, all of which seemed 
normal in structure. 

At 25 days old, 4 of the E, group wcre still unhatched, but all of 
the E3 lot had hatched. They were licpt until 34 days old, at which 
time many had died on account of the difficulty in feeding them, but 
the 4 specimens in lot E2 never sumseeded in hatching. 

Khen these records of late arrests are compared with those 
from eggs arrested during early cleavage stages, one mill be struck 
with the low mortality following removal from the refrigerator in 
the case of the former. The complete absence of double monsters, 
ophthalmic deformities, etc., among the specimens arrested dur- 
ing late stages also contrasts with the conimon occurrence of such 
conditions among specimens arrested during cleavage stages. 
The general nature of the circulatory disturbances, etc., which do 
occur after late arrests is also characteristic. h contrast is 
further noted by considering this experiment in comparison with 
the specimens described above which were introduced into the 
cold after one day of development-there again the advantage in 
subsequent development is on the side of those specimens caused 
to develop very slowly during the later developmental stages. 
But of the specimens almost completely stopped in development, 
those stopped very soon after gastrulation seem to have an ad- 
vantage over specimens st'opped when one day older, or further 
advanced in development. The stage immediately following the 
first, rapid changes of gastrulation mould seem to be an extremely 
indifferent period. 

Two other sample experiments will be reviewed in brief to 
illustrate the gross reaction following still later developmental 
interruptions. It must be realized that in all of these experi- 
ments we are at present simply recording the outward gross 
appearance and behavior of the specimens. A closer microscopic 
examination of the young fish in section might show a consider- 
able depression in the development or expression of certain inter- 
nal organs, for example, the conditions in the branchial regions, 
digcstive glands, etc., while observat,ion of the living specimen 
had given no indication of its inner defective condition. 
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Expemhient 908. Specimens 72 hours, or three days old, with the 
optic cups already invaginat,ed and formed, but just before the begin- 
ning of a heart heat, were carefully selected, so that every individual 
was normal and good, and arranged in two groups. Group F,, consist- 
ing of 62 vigorous specimens, wcre placed in the refrigerator a t  5°C. 
and group Fz, containing 36 normal embryos, were subjected to  a tem- 
perature of 8°C. 

When G days old and after being 3 days in the refrigerator the Fl 
lot were in much the same condition as when put in the cold, the 
hearts had not begun to beat and the general structural appearance 
had not changed. The P3 lot were a little further advanced, but 
there was still no heart-beat. The control embryos a t  this time 
have, of course, a vigorous circulation of the blood, they are well pig- 
mented and the yolk vessels are mappcd out by the chromatophores. 

At 8 days old, the E'1 group were still in the same condition as when 
put in the 5°C. temperature 5 days before. There was no heart beat 
and the embryos appeared as if about 3 days old. They were now 
returned to  room temperature. 

Thc F3 lot, after 5 days at  8"C., werc further advanced, their hearts 
were pulsating feebly and very slowly, blood-cells were formed on the 
yolk-sacs and masses of blood were frcquently observed in the tail 
regions. Thesc embryos were also now rctrirned to room temperature. 

After being a t  room temperature for 3 days, with a total age of 
eleven days, the F1 lot seem recovered and arc developing well, though 
about 4 or 5 days behind the control. A11 of this lot were living. 
The F3 lot were also all alive and in apparently perfect condition. 

When 18 days old, almost all of the control embryos had hatched. 
The Fl lot all seemed normal, but none had hatched, and the same was 
true of the F3 group. Two days later, however, many had hatched 
in both lots. Thus they were 3 or 4 days later than the control in 
hatching, which was a little less than the time they had spent a t  low 
temperature. 

Finally, when 27 days old, none of t,hc embryos in the two lots had 
died, which indicates that they were all unusually good specimens. 
Every one of the 36 in the Fa group hatched, and but 2 in the F1 group 
failed to hat,ch, although these appeared normal in structure. 

A complete stop or an arrest in developmental rate of as much 
as five days after the optic cups are already formed and just before 
the beginning of a heart beat does not exert an injurious effect 
upon any organ that would prevent the normal development of 
the body form or the capacity to hatch and swim freely. 

Embryos 6 days old, with fully vigorous blood 
circulation over the yolk-sac and within the embryonic body, with 
chromatophores fully migrated and expanded, and with their bodies 
moving and twitching, were pIaced in a temperature of 7°C. After 

Experiment 909. 
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24 hours the hearts were still beating, but much slower than the (.on- 
trol, and they had fallen about 20 hoiirs behind the control in devel- 
opment. 

After 3 days in the cold these e m h r ~ ~ ~  had fallen far behind the 
control in size and development. The heart was heating slowly and 
the blood was circulating in all. 

Two days later, when the embryos were 11 days old, they were 
still in about the &day condition, although all werc living at  a slow 
rate during thc 5 days in the refrigerator. 

When 13 days old, and after being 7 days in the low temperature, 
the embryos were all alivc. They had a slow heart beat and a circu- 
lation which in many was so sluggish as to  allow large sinusesin the 
yolk-sac to  remain distended with blood, although the circulation 
within the embryonic body was complete. At this time they wcrc 
returned to room temperature, and after 24 hours the heart h i t  had 
regained a normal rate and the blood was circulating freely and fast in 
each of the specimens. All seemed fully recovered from the depres- 
sion caused by thc low temperature. 

At 19 days old, almost all of the control embryos had hatched, but 
none of these that had spent 7 days at  7°C. nere yet up to  the point 
of hatching. 

At 22 days old, still none were hatched. Hut when 23 days old, 16 
had hatched and 38 were unhatched. They were thus 5 days behind 
the control in beginning to hatch as a result of their 7 days of slow 
development a t  the low tempcrature. 

On the 25th day only 2 wcre still unhatched, and finally, on the 
27th day, these two had riot hatched, although they secrn normal in 
structure. 

There is, therefore, 110 evidence that any harm was done by 
subjecting advanced embryos with blood freely circulating to  low 
temperatures. Although under the cold conditions the heart 
rate was greatly reduced and the circulation rendered extremely 
sluggish for a period of seven days. On return to normal tern- 
perature recovery was rather prompt aiid seemed on superficial 
examination to be complete. 
h number of similar experiments to those reviewed above are 

recorded in my notes, and in all cases the results are in close 
accord. If we consider them entirely from a standpoint of the 
external evidence of injury produced, a fair comparison may be 
made with the results of further experiments in which the eggs 
were stopped and arrested at other developmental periods or 
moments. It will be readily shown that periods very close to 
some of those used above are decidedly dangerous moments at 
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which to stop or interrupt the progress of development. From 
such experiment8s one seems justified in classing these moments 
in development as indifferent at which arrests may be induced 
without causing subsequent high mortaliky among the embryos 
and without a considerable percentage of gross structural de- 
formities resulting. The eggs treated in the above experiments 
were all stopped at comparatively indifferent moments in the 
course of development so far as their gross structure and behavior 
up to the newly hatched free swimming stage of life would indi- 
cate. In the section following a review of experiments with 
decidedly different results will be considered. 

c. Stopping or retarding the progress of developnaent at stages of 
critical susceptibility to developmental interruption 

From facts we know of development in nature, as well as, from 
the experiments discussed in the preceding section, it becomes 
evident that the course of enibryonic development need not nec- 
essarily progress in a continuous manner, but may be stopped 
entirely for a considerable length of time or may be decidedly 
reduced in rate without necessarily injuring the end result. On 
the other hand, it is equally well known in a general way, and 
even more widely believed, that when a devcloping egg is injured 
in such a manner as to cause its development to stop, it is usu- 
ally incapable of resuming development at  all, or if it does start 
again to deveIop it will only continue for a short time and often 
in a very abnormal fashion. 

These two apparently contradictory statements are equally 
true. This is due to the fact that the way in which a developing 
egg responds after having had the progress of its development 
stopped or arrested by any unfavorable condition depends 
entirely upon the stage in development at which the interruption 
occurred. In the first case stated above, the interruption is 
introduced at a stage in development when no unusually rapid 
changes are taking place, a comparatively quiescent moment 
during which all parts are developing, but during which no par- 
ticular or important part is going at  an excessively high rate. 
Such a time we may term a ‘moment of indifference.’ 
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In the second case, the interruption occurs at a t'inie when 
certain important developmental steps are in rapid progress or 
are just ready to enter upon rapid changes, a nzoment when a 
particular part is deT-eloping at a rate much in excess of the rate 
of the other parts in general. Gastrulation is an important 
developmental step which apparently cannot be readily inter- 
rupted without serious effects on subsequent development. 
Many of the chief embryonic organs seem also to  arise x-ith ini- 
tial nionients of extreniely high activity, processes of budding or 
rapid proliferation and growing out. Ihring these moments a 
given organ may be thought of as developing at a rate entirely 
in excess of the general developmental rate of the embryo. Such 
moments of supremacy for the various organs occur at different 
times during development. -4s is well known, a certain organ 
arises much earlier or later in the embryo than certain others. 
When these primary developmental changes are on the verge of 
taking place or when an important organ is entering its initial 
stage of rapid proliferation or budding, a serious interruption of 
the developmental progress often causes decided injuries to this 
particular organ, while only slight or no ill effects may be suffered 
by the embryo in general. Such particularly sensitive periods 
during development I have termed the 'critical moments.' 

That we may analyze the responses of embryos in which devel- 
opmental interruptions have been introduced during some of 
these critical moments, resource may again be had to  the records 
of the experiments. Here also a large number of experiments 
have been performed, but we shall only attempt a review of cer- 
tain typical examples from the entire series. 

Eggs were fertilized at  11 A.M. ,  and 
three hours later, immediately before the first cleavage, they were 
divided into four lots, one for control and three others which were 
placed in a refrigerator a t  temperatures of 5", 7", and 9°C. 

When 24 hours old, the control had reached a high segmentation 
stage, the germ-discs in only a few had flattened down on the yolk 
sphere, but in none had the cap begun to descend over the yolk or to 
form the germ-ring. The night had been unusually cool and the 
control was thus developing far more slowly than the normal sum- 
mer averagc rate. At 24 hours old, the germ-ring is usually well 
formed and has descended about one-third to one-half way over the 

Experiment 901, H Series. 
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yolk-sphcrc. The inhibition resulting froin the c*ool nights of the 
early season very probably accounts for the almost uniform inferiority 
of embryos developed a t  this time as compared with those developing 
during early July, thc height of the spawning season for thus locality. 

Lots B1 and B,, in temperatures of 5" and 7 T . ,  respectively, for 19 
hours, were all in either 2- or 4-cell stages. They were thus almost 
completely stopped in development. TIic %cell stage was about 
reached when they were placed in the low temperatures, and probably 
some were dividing thr  second time before the siirrounding water had 
cooled to the temperature of the refrigerator (all dishes contained 60 
cc. of sea-water). 

Lot Ba at 9°C. conlained after 19 hours fairly regular 16- and 32-cell 
stages. At this temperature cell division had been able to continue, 
although a t  a greatly reduced rate, accomplishing only three or four 
divisions in the 19 hours. 

The control eggs 48 hours after fertilization showed the germ-ring 
only one-quarter over the yolk sphere, wiLh the enihryonic shield be- 
ginning to form (fig. 4), stage that should be attained within 24 
hours during the warmer part of tlic season. 

Lot El, after 45 hours at 5°C.) was in first-, second-, or third-cleavage 
stages. The arrangement of the cell groups was often very irregular 
and many cells contained large vacuoles. There were a very few 
:illnost typical 2- and 4-cell groups. In  some of the '2-cells' a large 
central vacuole seemed to almost divide each of the cells (fig. 5). 

These eggs at 5°C. have thus only in rare cases divided more than 
once during 48 hours. This lot was now removed from the refrigerator 
and returned to the room temperature after being 45 hours in the cold. 

Lol Bz, a t  7 T . ,  was in much the same condition as lot B1, except 
that some eggs had undergone onc or two further cleavages. There 
were many irregular cleavage patterns and a few almost regular 16- 
or 32-cell stages. A number of the gerrn-discs consisted of irregular 
partly divided masses (fig. 6). 

Lot B3, a t  9"C., had developed very slowly but fairly well, and now 
after 45 hours in the low temperature contained germ-discs composed 
of from 64 to  about 128 cells. The cell arrangements and shapes of the 
discs were almost uniformly regular. Therefore, at, this temperature 
development progresses, though very slowly, and none of the cell masses 
had yet begun to  flatten down to cap the yolk-sphere. 

When 3 days old, the control embryos were well formed, although 
the germ-ring was not yet entirely over the yolk-sphere, much the 
same stage as shown above in figure 1. 

Lot BI, after being a t  room temperature for 24 hours, had passed 
from the 2-, 4-, and 8-celled conditions and had reached a high seg- 
mentation stage. The discs had not fully flattened on the yolk- 
spheres, but were beginning to descend. There was no gross indication 
of germ-ring or embryonic-shield formation. Many eggs had promptly 
recovered their ability to develop on return to higher temperature and 
had progressed during the 24 hours about as far as the control had gone 
during the first 24 hours of their development. 
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Lot B2 hatl now been for 70 hours a t  '7°C. These showed I 'any 
irregular gcrni-discs, but some were fairly regular 16- and 32-ce11 str,;es. 
Their condition mas thus niuch the same as on thc day before m d  
they had scarcely progressed at all during the 24 hours. Thew eggs 
were now returned to room temperature. 

4 

n 

Fig. 4 A control cmbryo 48 hours old, the germ-ring only one-quarter over 

Fig. 5 A group of cleavage patterns 48 hours aftcr fertilization and after 45 
In many 

Fig. 6 An irregular partly undivided protoplasmic mass with blastomeres 

the yolk, far behind the usual stage on account of the cool season. 

hours at a temperature of 5°C. 
of the two-cell stages large vacuoles, V ,  occupy the cntirc center of t.he cells. 

a t  its cnds, 49 hours old after 45 hours a t  7°C. 

Development is practically stoppcd. 

Lot B, still hatl, after 70 hours a t  9"C., high segmentation discs 
about the 128-cell stage. The discs wcre normal in general appearance. 
Thus at  this temperature tlevelopment continues, but a t  an extremely 
slow rate. 

When the eggs were 96 hours, four days old, the control embryos 
were fully formed with prominent optic vesicles, the embryonic heart 
was not yet visible, and there was no pulsation. These embryos were 
thus scarcely up to the midsummer 72-hour stage, since the embryonic 
h m r t  heat, is often fullv established before such a time. The cool 

This lot was now also returned to room temperature. 
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weather of early June had caused this control to fall about 24 hours 
behind in the four days. Although such embryos appear to be nor- 
mal, inany of them are inferior in size and general appearance when 
compared with more rapidly developing speciniens of the later warmer 
season. This advantage is no doubtj due to the retarded development 
primarily resulting from the cooler temperature, and not to a poorer 
quality of the cggs, since the midsummer eggs will fare in a similar 
fashion when caused to develop at the same temperature. Such a 
retardation, however, is too slight to produce gross defeats in any 
average lot of eggs, yet the embryos very probably are somewhat below 
par as their physiological responses would indicate. 

Lot B1 had now been for 2 days, 48 hours, at  room tcmpcrature after 
having spent 4.5 hours at 5°C. The germ-caps were about one-half 
over the yolk-sphere, the germ-rings and embryonic shields were well 
formed in most of them. They presented the condition of a midsum- 
mer 24-hour stage, or were about up to the condition of the present 
control at 48 or 50 hours. Thus during the 48 hours at room tempera- 
ture these eggs had developed about as rapidly as did the control during 
their first 48 hours of development. 

The embryonic shields with the embryo in outline appeared normal, 
although some were considerably behind others and a great many 
failed to resume development after being removed from the refrigerator. 

The lot Bz, after 24 hours at room temperature following a stay of 
70 hours at. 7"C., showed disc-like caps flattened down, but no germ- 
rings were yet formed and the disc had not begun to descend over 
the yolk-spherc. Some caps were still high or mound-like and many 
were irregular, containing cells of different sizes (fig. 7). A large 
number of eggs failed to resume development and there were many 
discs with vacuoles in their centers, etc. 

The mortality resulting from this exposure was, therefore, high and 
many embryos were rendered abnormal during these early stages. 

The lot Bs, after 24 hours at  room temperature, were in an even 
worse condition than those in Bz, although a single individual had a 
germ-ring one-fourth over the yolk-sphere and was thus the most 
advanced specimen of the two lots. The majority, however, presented 
high germ-discs with a peculiar vacuole occupying about half of the 
disc and distorting the position of the cells (fig. 8). 

Vacuoles similar in appearance are frequently present in eggs slowed 
by other methods, such as solutions of LiCI, etc. Rut in this case the 
vacuole differs somewhat in not being a simply distended segmentation 
cavity. 

It will be recalled that these eggs developed very slowly at 9°C. for 
70 hours, so that they had progressed much beyond the lots B1 and Bz 
when removed from the cold. Yet after 24 hours a t  room temperature 
they were at  a disadvantage rather than an advantage when compared 
with B, at this moment. The extremely slow progress during the 70 
hours would seem to be more detrimental at  this stage than the almost 
complete cessation of development in lot Bn. In later stages, however, 
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those eggs which have been subjected to the higher temperature will 
gain a decided advmtage as compared with the lower-temperature 
groups. 

At 5 days old, the control showed the heart beat just bcginning, 
but no circulation. Lot B1, after 3 days at room temperature, con- 

8 
Fig. 7 Three specimens 4 days old, having been 24 hours a t  room temperature 

following a stay o f  70 hours at 7°C. The upper outline shows a disc-like cap 
flattened down on the yolk-sphere; the middle one, a high segmentation cap; 
and the bottom specimen has a cell rnass comparable t o  a normal 12-hour stage. 

Fig. 8 Top and lateral views of 4-day specimens, having been 24 hours a t  
room teinperaturc following 70 hours at 8°C. These segmentation masses are 
very abnormal and arc distortcd by the presence of a huge vacuole, V .  

tained short cmbryos on the surviving eggs, but the majority of eggs 
failed to develop at all after being removed from the cold. Lot Bz 
had germ-rings only about one-half, or a little more, over the yolk- 
sphere. Thus the one day longer in the refrigerator had caused these 
to be far behind BI. 



144 CHARLES R. STOCKARD 

The Lot Bg had germ-rings also a little more than half over the yolk, 
though here again a great many were not developing a t  all. 

The 6-day-old control presented black and red chromatophores 
fully expanded on thc yolk-sac and the embryo. The circulation was 
completely established both within the embryonic body and on the 
yolk-sac. The embryos had begun twitching and moving their bodies. 

Lot BI had now been at  room temperature for 4 days after having 
been arrested for 45 hours a t  a temperature of 5°C. Thc enibvos 
were small with no circulation, almost all seemed abnormal at the 
head end and many were short; the tail region was not properly formed. 
They were thus far behind a usual $-day embryo. 

Lot B2, after now developing at room temperature for 3 days, con- 
tained many small cyclopean and otherwise defective embryos, but the 
majority of eggs had stopped and did not develop beyond the condition 
shown by them after the 70-hour stay at 7°C. 

Lot B3 contained some fairly regular 3-day embryos, but with no 
circulation, and many of these were deformed. 

Seven days after fertilization the blood-vessels of the control 
embryos were well mapped out by the alignment of pigment and the 
embryos themselves were vigorously active. 

Lot B1 contained a t  this time many well-formed embryos with good 
circulation, pigment migration, etc. Others had a sluggish and poorly 
established circulation, some showed a heart beat, but no circulation, 
and many more had stopped in development and the cells had wan- 
dered apart to  lie over the yolk surface. Some eggs presented simply 
yolk-sacs with blood-spots scattered ovcr them, but without an eni- 
bryo. A few of the apparently well-formed embryos were abnormal 
in various ways. 

Lot B, showed no circulation, many eggs did not develop, and alinost 
all were readily seen to be abnormal. The lot B3 also showed no cir- 
culation, but contained some well-formed embryos just about in con- 
dition for the heart beat to  bcgin. 

When 9 days old, the control contaiiied all fine vigorous embryos. 
Lot B1 still showed those with only- blood and pigment on the yolk-sac, 

with no ernhryonir body present. Others still had the cell-mass confined 
to  the upper yolk-pole and there were a few abnormal embryos, some 
with and others without a circulation. The majority of the living 
specimens were now normal in appearance with a vigorous circulation, 
as if some degree of regulation and recovery had taken place 

Lot B, contained many apparently normal embryos with a good 
circulation, while some were small and some were abnormal without a 
circulation. Some eggs showed the old mass of early cleavage cells 
a t  the upper yolk-pole still alive after 9 days, though not developing; 
the cell-masses were irregular and the individual cells spherical in form. 
Several yolk-sacs also contained blood-cells and a few pigment cells, 
although no embryo was present. 

Lot B3 contained a few eggs with early cell-masses similar to  those 
in lot B,. The large majority of the surviving individuals now seemed 
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normal with a good circulation; very few were slightly deiornicd with 
poor or no circulation. 

The majority in all K lots were now nornial in appearance with a 
good circulation. In  the U 3  lot 47 seemed normal out of 61, so that  
14, or about 25 per cent, wcre abnormal, and of these 6 showed the 
early cell-mass condition or were not dcrcloping. Thus only 8 
embryos were smaller or slower than norinal. Yet i t  must lie recalled 
that many dead eggs had been removed during the first lem days 
following return to room temperature. In the control, however, therc 
were no abnormal ones and there had been no unusual mortality. 

When 12 days old, the control were all norinal and about in the 
condition to hatch. 

In lot B, 6 showed that development had stopped during an early 
stage, 4 showed yolk-sacs with blood and pigment but no embryos, 10 
were deformed embryos with no circulat,ion, 4 were also deformed, 2 
being eyeless, hut with a circulation. Of all the survivors in this lot 
24 were affected and 45 were apparently normal a t  this time, thus over 
34 per cent were bad. 

In  lot Rz 14 failed to develop beyond the cell-mass stage, 4 pre- 
sented only yolk-sacs with blood-spots and pigment cells, 8 mere 
abnormal with no circulation, and 3 were abnormal with a circula- 
tion, while 31 appeared to  be normal. Thus 15 of those that continued 
to  develop, or about 33 per cent, were abnormal and 25 per cent of the 
total number that lived were unable to resume development, after their 
stay a t  7°C. 

In  lot B, 6 stopped development early, though continuing to live, 
3 were deformed and possessed a circulation, 5 were deformed without 
a circulation, and 47 individuals were apparently normal. Here, then, 
only 14 per cent were deformed of those that developed. Such a 
record is twice as good as that attained by either of the other groups. 
Thus the 9°C. temperature, at which an extremely slow rate of de- 
velopment is possible, is not so injurious to  the later development of 
those individuals which survive i t  as are the more severe temperatures 
of 5' and 7"C., which practically stopped the progress of tlerelopnient 
entirely. 

The control when 15 days old had not yet begun to hatch, on account 
of the cool season. In  lots B,, Bz, and B3 one or two more of the 
abnormal embryos in each had died and all of the individuals were 
behind the control in their developmental condition, though, as stated 
above, many in all groups now appeared normal. 

When 19 days old, a large majority of the control were hatched 
and swimming about in a typically active fashion. In  lot B, none 
had hatched and several more had died. In I3. none had hatched and 
a few more also had died. In  Rz none had hatched, many still seemed 
normal, and many were deformed, showing distinctly typical eye 
anomalies, cyclopia, etc., and there were many types of head and 
caudal end deformities. 
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When 21 days old, in lot B1 2 more had died and 3 had hatched, 
in I32 2 had hatchcd, and in B, many had hatched. 

The control at 22 days old showed 47 hatched and 18 unhatched, 
although all wcre normal. In  lot B1 5 had hatched, and 52 were 
unhatched, the majority were normal in appearance, but 13 were 
grossly deformed in the hcad region and possessed small ill-fornied 
bodies. In lot Rz 4 had hatchcd and 36 n-erc unhatched, of these 11 
were grossly deformed :inti 23 seemed normal in structure. In  lot Bs 
15 were hatched ant1 39 were not, of thc latter 7 werc grossly deformed, 
one a typical cyclops and one a iiionophthalnia. Four others had 
slightly underdeveloped eyes in addition to the 7 actually delormed. 

When 23 days old, only 2 of the control were still unhatched. In  
lot HI there were 3 5  hatched and 20 unhatched. Lot Bz contained 27 
hatched and 12 unhatched. In  lot €3: over 40 had hatched and only 
9 were unhatched. One had died and 2 of those that had hatched 
showed their bodies so badly twisted that they mere unable to  swim. 
One of these had a badly deformed body and one eye was abnormally 
sinall with the lens protruding. 

At 25 days old, every individual in the control lot had hatched. 
Lot Rl had 16 unhatched and 4 of those that had hatched showed 
deformed bodies and could not swim in a straightforward manner. 
Thirty-seven of those hatched were normal in appearance, 3 of the 
unhatched had died. The following deformed conditions existed : One 
was a double-headed specimen, many had no eyes, monophthalmia, 
ahnor id ly  small eyes, short bodies, etc. Thus at this time after the 
great number of specimens had died there were still over 20 per cent 
deformed. 

Two of those 
hatched were so deformed and twisted as to be unable to swim. The 
11 unhatched ones were all grossly dcformd, so there were 13, or 33 
per cent, of the total living spccirnens deformed at this time. 

Four of those 
hatched mcrc so deformed as t o  be unable t o  swim in a normal fashion. 
One of these presents the peculiar condition of a heart beat, but no 
circiilatiori in a hatched fish with a long normally shaped body. There 
was a large accumulation of blood-cclls within the sinus venosils and 
the median vein in thc region of the anus was filled with red cor- 
puscles. This spccirncn c.ould swim poorly from place to  place. had 
fairly regular rcspiratory nioieinents, and waved its fins without a 
circulation of its blood. 

R'hen 3-1 days old, the €3, lot finally had 9 specimens which were 
uiiahle to  hatch, a11 of them were deformed. 

Lot K2 showed G unahlc to hatch, all deformed and without a blood 
circulation. It must bc recognized that 
a great many specimens in each of the lots BZ, arid B: had died 
dllring the preceding 20 days. The weakcr and actually most defective 
intlkidunls are eliminated as shown by the early mortality records. 

In  lot BS 11 were unhatched and 29 had hatched. 

Lot B, showed 5 unhatched and about 40 hatched. 

I n  lot B3 4 failed to hatch. 
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The above 6 unhatched embryos in lot Be werc kept in order to deter- 
mine how long such specimens might he able to  survive. When 52 
days old, these specimens were still alive, although the yolksphere 
had become very small, being almost absorbed. The small monsters 
were practically a t  a stand-still as to their life proccsscs and were not 
kept after this time. 

These experiments are here considered in a general way with- 
out going into the details of thc deformities concerned. They 
demonstrate the fact that a normally continuous development 
may be modified into a discontinuous one by stopping its course 
during a very early cleavage stage. The fact is also shown that 
this stoppage is followed by a too slow resumption of the devel- 
opmental rate and results in about 33 per cent of gross anoma- 
lies among those specimens able to survive the treatment. The 
mortality induced by stopping at such periods is high, the major- 
ity of eggs in all cases dying after return to  normal temperature. 
Great variation in ability to  withstand such treatment is shown 
by these hardy Fundulus eggs. The weakest ones succumb with- 
out resuming development on removal from the cold. Stronger 
speciriiens may undergo a few further divisions and live for some 
time in a high segmentation stage without being able to continue 
or progress further in their development. Other eggs continue 
development, but in such extremely abnormal fashion as to fail 
completely to form the embryonic body and only differentiate 
certain tissues scattered irregularly over the yolk-sac. Still more 
hardy specimens succeed in forming the embryonic body, but 
many organs requiring a high degrcc of cell proliferation and 
growth for their development, such as the eyes, other brain diver- 
ticula, mandibular, hyoid, and branchial pouches, etc., are unable 
to form in a normal fashion, and numerous defects in these parts 
are to be found. 

Finally, the most resistant or hardiest eggs withstand the stop- 
page due to the low temperature arid are able to resume develop- 
ment a t  an almost normal, though slightly retarded rate. These 
individuals rnay seem typically normal in structure, and often 
develop into hatched free-swimming fish, yet even these not in- 
frequently show some indication of a subnormal condition in 
having their bodies slightly tnisted or bent, and in being unable 
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to swim in a perfect fashion. Very probably the best of these 
specimens would present various ill effects from their early arrest 
could they be kept and observed throughout a longer life period. 
There are only a few simple performances to be observed in the 
actions of a newly hatched fish. Whether they are later capable 
of feeding and digesting food, reproducing, and performing other 
functions in a normal fashion is unknown for such indiriduals. 
The probable later effects as well as the classification of the de- 
formities following stoppage at various developmental moments 
will be more fully considered in the subsequent sections. 

One other similar series of experiments may be briefly recorded 
to furt'her make clear the results which follow various degrees 
of interference with the rate of development during its early 
stages. A careful consideration of these records also brings out 
some of the differences between the effects of completely stopping 
and of slowing to  a decided degree. The significance of the very 
varied types of deformities which result from early interrup- 
tions will be considered in connection with the records in the 
following sections of the C'' 

Three hours after fertilization, when 
in the 2-cell stage, eggs were placed in the refrigerator in the following 
arrangement: B1 and C1 at 5"C., Bz at 7"C., and B, a t  9"c'., with a 
control from thc same groups of eggs kept at room temperature. 

When 24 hours old, the control were all developing in a perfect man- 
ner, but again somewhat slower than the niaximum midsummer rate. 
The germ-caps had flattened on the yolk, but there was neither germ- 
ring nor embryonic shield formation yet visible. The B1 and CI lots 
had all divided once or twice before cooling down to the 5OC. tempera- 
ture. Every egg in both vessels was alive and in the 2-, 4-, or 8-cell 
stage. In many the 8 cells 
werc arranged into two groups of four (fig. 9). 

Lot Bz were, as a rule, in the samc condition, all eggs being alive, 
the great majority in the 8-cell stage, with a few showing the 4-cell 
stage. 

The B3 lot, after 24 hours a t  9"C., were practically all dcveloping 
at a very slow rate and had reached about the 64- or 128-cell stage. 
They seemed normal and in good condition othcr than for their very 
slow progress. 

Forty-six hours after fertilization, the control showed every egg 
developing, the germ-ring having grown almost completely over the 
yolk-sphere, the embryonic body was well formed, but the optic out- 
pushing had not yet arisen. 

Experiment 90.2, B, C series. 

In  tlic C1 lot almost all were 8 cells. 
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In  lots R, and C1 the eggs had divided once during the last 24 hours 
and were now almost all in the 8- and 16-cell stages, while a few were 
irregular 32-cell stages. Much cellular disorganization had taken place 
and t,he cell groups wcre broken arid irregular, often with large unseg- 
mented protoplasmic masses. 

Lot Bz were in soincwhat similar conditions, all showed more or less 
irregular 8- and 16-cell masses. Many also sliowed large unsegmented 
protoplasmic areas with a few cells around the periphery (fig. 10). 

Lot B3 at  9°C. were all developing somewhat faster than the above, 
and now presented well-arranged high-segment,ation caps. They were 
normal in appearance up to  this time. 

When 4 days old, the control showed a perfect coiidition with not 
onc egg having failed to develop. There was a vigorous heart beat and a 

Fig. 9 iz cell group 24 hours old, having been in  a temperature of 5°C. since 
three hours after fertilization. The 8-cells arr  peculiarly arranged into two 
groups of 4 each, such specimens rnay give rise t o  ordinary single individuals. 

Fig. 10 A large unsrgmmted protoplasmic mass with blastomeres around 
the periphery. .1 frequent spccimen in lot B2, experiment 902, when 46 hours old 
after 43 hours :It 7°C. 

good circiilation fully established. They were thus developing consid- 
erahly faster at this time of the season than did the control of experi- 
merit 901, mhich was fertilized 10 days carlier. These 901 embryos 
had not developed a heart beat or established a circulation when 4 
days old. 

Lot Bi, after 4 days a t  5OC., showed a few regular cleavage caps of 
about 64 cells. The majority, however, exhibited very. irregular 
cleavage arrangements and some were almost amorphous protoplasmic 
masses, although all were translucent and alive. The eggs had, there- 
fore, dcveloped at an extremely slow rate, but had not completely 
stopped. 

In  lot C, the majority had, after 4 days a t  5"C., rather regular 
64- or 128-cell caps. This lot was from a different group of eggs 
than the B series, and its control was going in a manner exactly similar 

These specimens were now placed a t  room temperature. 
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to the B control. These eggs, however, map be individually more 
resistant. 

Lot BZ, after 4 days a t  7"C., showed some eggs with regular clcav- 
age caps of 64 cells and morc, but the majority showed caps of irregular 
cell masses. These were now placed at  room temperature. 

Lot B3, after 4 days a t  Y T . ,  had a11 reached a high segmentation 
stage comparable to  about tJhe cwndition of the control a t  18 or 20 
hours old. All of these eggs had a distended bubble-like segmenta- 
tion cavity sirnilar to  that described by me ('06) as resulting from 
treatments with LiCl solutions. Every egg was developing and fur- 
nished a particularly fine lot for an experimental test of this sort. 
These also were now placed at room tcmperature. 

At 5 days old, the B and C controls were perfect with a11 embryos 
developing well. I n  lot B1 the great majority had failed to  resume 
development after being 24 hours at room temperature. The seg- 
mentation caps were breaking down and becoming disorganized. Thc 
few specimens that had resumed development showed the germ-ring 
formed and about, one-half over the yolk-sphere. 

The lot Bz were in very nearly the banie condition as B1. 
In  BS the great majority were developing and the gcrm-rings were 

here also about hali over the yolk-sphere. 
Lot C1 showed many stopped in deielopment, but here the major- 

ity seemed well and showed the germ-ring about one-quarter over 
the yolk. 

When 6 days old, the treated groups had been a t  room temperature 
for '2 days, the R1 lot presented the following condition: Eight embryos 
had formed, there was one yolk-sac with scattered cells, and 33 eggs 
had died or failed entirely to resume development. All eggs in this 
lot had originally hegun development, and thc control from the same 
group of eggs was perfect, thus the low temperature for 4 days had 
caused a very high mortality. Only about 22 per cent of tbc eggs 
resumed development. 

In  lot R, 49 had formed embryos, 6 of these were short, lacking a 
cornplete formation of their caudal ends, thc others were well-formed 
specimens with optic vesicles present. Fifty-eigh t did not resume 
development, although all had begun before being placed in the cold, 
thus there was a mortality of 54 per cent in this group. 

In  lot B3 practically all formed embryos which now showed optic 
vesiclcs and body soniitcs clearly formed. This lot was about as good 
as the control in rcspcct to the number of eggs developing. Thus a 
4 days' sojourn at  9"C., with an cxtreniely reduced devclopmcntal rate 
did not prevent thc possibility of again resunling a development of 
normal rapidity. This extreme slowing at  a slightly higher tempcra- 
turc is not nearly so fatal or injurious to  later development as the almost 
complete stop caused by the lower temperatures of 5" and 7°C. 

Lot C1 similarly treated a t  PC., but consisting of eggs from another 
parental pair, contained a t  this time 21 embryos with optic vesicles 
forming, 7 short embryos with the germ-rings not completely over the 

This lot was also now returned to room temperature. 
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yolk, and 13 had died or failed to  resume development. Therefore, in 
this lot 66 per cent mere able to  resume des-elopment, which is rz some- 
what better record than the B series. This difference niay e a d y  he 
due to individual variations bctween the two lots of eggs from the two 
different pairs of fish, yet both lots of eggs were unusually fine, ats was 
shown by the pcrfcction of thc B control as well as the C. 

\+‘hen 10 days old the controls were going perfectly and seemed 
about at the point of hatching, having grown long Kith the tails curved 
around to  cover the sick of the heads, yet the yolk+pheres were still 
rather large. 

In  lot, B1 7 of the 9 livirig eggs showcrl emlryos almost normal in 
appearance with good circulations, one was lmclly tleforrrlcd and had a 
pulsating heart, but no circulation, 1% liile the oric yolk-sac without an 
emhryo had not progressed in development. 

Lot He showcd 36 strong embryos with good circulation, though one 
of thesp wap slow, with eycs abnormally close together. Four speci- 
mens were badly deformed, one with a circulation of the blood and 
three without. There were two yolk-sacs with hlood and pigment 
cells prcscnt and two others did not develop. Thus 42 eggs werc still 
alivp, of which 7, or 163 per ccnt, were grossly drforined. 

A11 eggs in lot B3 seemed normal and well, although far behind the 
control. 

In  lot C, 15 specimens seemed nonnal in structure, though two of 
these were slower than others in development. Tcn specimens, or 40 
per cent of the total, were deformed, 8 showed grossly malfornied heads 
and bodies, one embryo being reprcsented by an amorphous mound of 
tissue on the yolk-sac, and two other specimens had only &formed heads 
with a fair circulation of the Mood. Thus in this lot where the mor- 
tality following removal from the cold was low, the perrentage of de- 
formed specimens is two and one-half times greater than from the Bz 
lot that  had suffered a high initial mortality. 

When 16 days old, the majority of both control lots had hatched, 
though none of the inhibited ones had. When 17 clays old, one in lot 
3 2  and 3 in lot R? had hatched, though none in B1 and C1. 

At 18 days old, the controls still had a few unhatched. 
In  lots B, 6 were hatched and 2 were not; in R2 21 were hatched and 

20 were unhatched; in B, 33 were hatched arid 27 were not; in C1 13 
were and 12 wcre not hatched. 

When 24 days old, lot B1 contained one badly abnorrnal specimen 
still unhatched. In  lot Rz 17 were still unhatched, 5 of these were 
grossly deformed. In lot 133 12 were unhatched, though seemingly 
normal in structure. These werP all far behind the control in time and 
manner of hatching. In  lot CI 8 were deformed and unhatched, and 
one, slightly abnormal in gross appearance, partially succeeded in 
frecing itsclf from the egg membrane. Thus really 9 of these were 
deformed and unhatched. 

When 29 days old, one individual in the I3 control had not hatched 
though the others had been free swimming for 10 days. This was the 



152 CHARLES R .  STOCKARD 

only lack of perfection in this control of more than 50 individuals. In  
€3, there was one unhatched monster. In €32 10 were still unhatched, 
though 6 seemed normal and ready to  hatch; therefore, the cold treat- 
ment greatly reduccs the strength and delays the hatching moment 
of these embryos. In  C1 8 were unhatched, 
7 of these mere tleforrned, one being a twin specimen and one almost 
norm a1 . 

In R, 3 were unhatched. 

This series of experiments further shows the possibility of 
almost stopping, OF reducing to an extreme degree, the rate of 
development during the earliest cleavage stages and again resum- 
ing a more or less normal rate on the part of a few individuals. 
An almost complete stoppage a t  an early cleavage stage results 
in a very high mortality ranging from as great as 78 per cent and 
54 per cent, down to 34 per cent. However, the reduction in 
rate brought about by a less severe temperature of 9°C. does not 
cause so great a mortality and does not prevent the resumption of 
development of almost normal rapidity. 

It is clearly shown, however, that although certain specimens 
may resume a fairly normal developmental rate after such treat- 
ments, the early arrests have had injurious effects upon the 
quality of the resulting embryos. A considerable percentage of 
gross abnormalities occurs in all of the groups, and even those 
embryos which appear on close examination to be normal in 
structure are extremely slow in hatching and are not in all cases 
capable of typical swimming reactions and perfect behavior as 
young fish. 

X point of particular importance is that in such a series as this 
which had been arrested during an early cleavage stage, the 
monsters resulting are not limited to any particular type, but 
exhibit, in a series of sufficient extent, almost all known types. 
There may occur double monsters of varying degrees, from sepa- 
rate twins, fused but with complete bodies and tails, t o  double 
bodies and single tails, and finally diff event degrees of double- 
headcdness on single bodies. There are specimens exhibiting 
anophthalinia, monophthalmia, microphthalmia, cyclopia, and 
all types oE malformed eyes. The brains may be slightly asym- 
metrical, irregular, tubular with no primary ventricles, or de- 
formed in various ways. The mouth and branchial region may 
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exhibit, almost any known defect. The fins may be poorly 
developed and the bodies ill-shaped and twisted. The tails may 
be short, bifed, and undeveloped due to a slow or arrested descent 
of the germ-ring. And finally there may be such minor defects 
as would escape observation until the hatched embryos were 
found to be unable to right themselves and swim. These are the 
defects to be seen on simple ext#ernal examination, the internal 
structures are as frequently abnormal. The latter fact is borne 
out by numerous examinations of these monsters in sections. 
I have studied a great many of the sectioned specimens during 
the past number of years. 

The reason for this great variety of monsters following arrests 
during cleavage stages is that the development of all organs 
or parts must subsequently take place and all may thus become 
arrested and deformed. When eggs are treated at later stages, 
as a t  the beginning of gastrulation, no double monsters wilt 
occur, their moment has passed, though the various brain, 
branchial, and other defects mentioned may exist. When treated 
after the embryonic axis is visible, it is most difficult to get any 
gross eye defects and so on. 

Thus it may be said that the earlier the arrest the more numer- 
ous will be the type of defects found and the later the arrest the 
more limited the variety of deformities, since there are fewer 
organs to be affected during their rapidly proliferating primary 
stages. 

The same treatment that causes a gross deformity when ap- 
plied during an early stage, will during a later embryonic stage 
often give only a minor effect,. 

The further records of experiments wjll render these statements 
more fully certain. Here I wish simply to call attention to the 
great variety of gross deformities resulting from these early 
arrests. The contrasts in detail between these and the later 
treatments will be shown in the following pages. 

I hasten, however, to caution any experimenter who may in 
the future find a double monster or cyclopean monster, for ex- 
ample, in a group of eggs arrested OF treated during late develop- 
mental stages, not to assume that this is due to the late treat- 
ment or that it disproves the standpoint stated above. For 
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such an occurrence is simply accidental and due to the fact that 
the specimen was already arrested or defective in an early stage 
as might by chance happen in any normal lot of eggs. It) is 
clearly true, as I shall show beyond, that only rery early and 
carefully regulated treatment can artificially produce twins and 
double monsters, a phenomenon which must happen about the 
stage of gastrulat,ion. Therefore, the treatment must be applied 
much before this time. Cyclopia may be induced by slightly 
later treatments. but only during a rather limited time, and 
quite early at that. 

Other experiments will later be considered in order to illustrate 
the difference in response on the part of these eggs following 
treatments similar to those above, but applied as nearly as pos- 
sible at certain particular developmental periods. 

d. Diferences in e$ect between greatly reducing the developmental 
rate and actually stopping temporarily the process 

In  the foregoing review of experiments attention was fre- 
quently called to the fact that in certain of the low temperatures 
employed an almost complete stop in development was actually 
obtained, while a t  the somewhat higher degrees the progress of 
development was reduced to an extremely slow rate, but not 
actually stopped. h more specific comparison between the ef- 
fects resulting from actually stopping and greatly slowing the 
rate of development may now be made. 

Three groups of Furidulus eggs when in the two-cell stage were 
placed in temperatures of 5", 7", and VC., respectively, as 
reviewed under experiment 901, B series. The first two temper- 
atures mere sufficiently low to almost completely stop develop- 
ment, so that after twenty-four hours of such exposure the eggs 
were still in the two- or four-cell stage. The group at 9"C., 
however, developed very slowly and attained either sixteen- or 
thirty-two-cell stages within the first twenty-four hours. In  
other words, a t  this temperature three or four cell divisions occur 
per day. When all had remained for three days in these low tem- 
peratures, they were removed from the refrigcrator and the fol- 
lowing results ensued : 
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The two groups that had been completely stopped in develop- 
ment suffered very high mortalities. In each a considerable 
majority of the eggs failed to  resume development a t  room tem- 
perature, and during the early days of development very many 
of the survirors appeared abnormal in structure. These, how- 
ever, later showed some ability to recover, but finally at an ad- 
vanced stage about 33 per cent of them were still deformed. 
In  contrast to this, the eggs that had developed sloc~ly at 9°C. 
suffered only a low mortality on return to  ordinary temperature 
and there was not nearly so high a percentage of abnormalities. 
At a late stage only 14 per cent were deformed as against' orer 33 
per cent in the two other groups. The slowed group also hatched 
earlier and with a better record than the two stopped groups. 

Similar differences in records between such groups of eggs were 
often even better shown, as is indicated in the results of experi- 
ment 902. In this case three lots of eggs in the two- and four- 
cell stages mere placed' a t  5" and 7°C. for four days, after which 
interval they had divided four or five times and were all in about 
the sixty-four-cell stage. They were almost, though not actu- 
ally stopped, accomplishing only one cleavage per day. On re- 
turn to room temperature, one of the lots from 5°C. suffered a 
mortality of 78 per cent, only 22 per cent of these eggs being able 
to  resume development, although every one was developing when 
first placed in the cold temperature. The lot from 7°C. showed 
a mortality of 54 per cent. 

Another group of eggs from the same parents and accompanied 
by the same control were placed at 9°C. at  the same time and for 
the same interval as the above lots. These eggs developed 
slow~1-y at 9"C., so that after t,heir four-day sojourn they presented 
high segmentation caps, similar to the condition of the control 
after eighteen or twenty hours of development at normal tem- 
perature. On return to room temperature, these slowly develop- 
ing eggs resumed a normal rate and practically all formed em- 
bryos. Thus, in respect to the number of embryos that were 
developed, their record compared favorably with the control and 
contrasted acutely with the only 22 per cent which resumed 
development after the 5°C. interruption. The number of de- 
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formed embryos was decidedly less from the 9°C. slow lot than 
in the groups from 5" to 7°C. which had been almost stopped 
in their development. The 9°C. group also hatched earlier and 
somewhat better than the other inhibited lots. 

It is thus seen that during the early rather critical stages of 
development an almost complete stop is much more severe in 
effect than a decided slowing, on both the resumption of develop- 
ment and its later progress. An egg developing very slowly but 
still continuing the process during the early cleavage stages ap- 
parently possesses sufficient powers of adjustment or regulation 
to take up a much more rapid development either gradually or 
rather abruptly. When, as a result of low temperature, devel- 
opment actually stops during the cleavage or pregastrular stages 
on raising the temperature, it is frequently stimulated to start 
again, but the start is so irregular and so out of normal rhythm 
that many specimens are unable to continue development. 
These undergo a cellular disorganization followed by death. A 
considerable percentage of the specimens that do succeed in re- 
establishing development, still fail to obtain a proper adjustment 
and balance of developmental activities among their parts. 
Thus numerous arrested and defective organs are found. This 
lack of developmental balance among the various parts and the 
resulting defects are again not so common with eggs that have 
maintained a continuous development, although for a time it 
may have been slowed down to an extreme degree. In nature 
development rarely or never stops during the active early cleav- 
age stages, though slight temperature changes may frequently 
cause considerable slowing. The natural interruptions usually 
occur later, as among the birds, just after gastrulation has been 
well established. The experiments in previous sections also con- 
tain data bearing on the effects of stopping and slowing during 
these later developmental moments. 

Experiment 905 shows the record of two series of eggs both 
stopped and slowed when twenty-three and twenty-seven hours 
old, respectively. In both cases the germ-rings mere about 
formed and gastrulation was well on its way. The lots GI, 
Cz, and Ct after being twenty-three hours old, or in gastrula- 
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tion, were almost completely stopped for two days. Their con- 
dition when returned to room tcniperature was about the same 
as when placed in the refrigerator. Development was very 
promptly resumed at room temperature and only a slight mor- 
tality resulted from the stopping. Only a few of the embryos 
showed slight defects, but they were behind the control in time 
of hatching, on account of the two days' arrest. 

Lots C ,  and C5 at  twenty-three hours old were placed a t  tem- 
peratures of 9" and 10°C. in which they continued their develop- 
ment a t  veiy slow rates, so that after four days the germ-rings 
had descended over about one-half of the yolk-sphere. During 
these four days they had advanced in development to a stage 
usually attained in about twelve hours or were going approx- 
imately at a developmental speed of one-eighth of the control 
rate. On return to room temperature these lots quickly resumed 
the normal rate, suffered no mortality on account of the retarda- 
tion, and developed into normal specimens which hatched some- 
what later than the control. These slowed embryos possibly had 
some real advantage over the completely stopped groups C1, Cz, 
and C3, though it was only slight if any. 

The D series stopped and retarded at twenty-seven hours 
old, when in gastrular stages, gave exactly similar records. 
There was no noticeable excess mortality and no later injurious 
effects. It may be generally stated that stopping or slowing the 
development of Fundulus eggs after the gastrular stage, wit,h the 
temperatures here employed, have no appreciable effect upon the 
quality of the young fish up to the time of hatching. The mo- 
ment after gastrulation is established seems generally to be a par- 
ticularly passive stage at which neither stopping nor slowing 
the rate of development is followed by injurious results. 

The question now arises whether after stopping development 
during the gastrular stage there is any difference in result if it 
recommences rapidly or slowly. When twenty-four hours old, 
eggs were stopped for one day by cooling to 5°C. They were 
then allowed to resume development very slowly by being brought 
into a temperature of 9°C. They developed at a very slow rate 
for three days and were then brought into the room temperature 
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and resumed a normal rate of development. Such a procedure 
introduced a t  this given developmental stage seenied to have no 
effect other than to throw the lot of eggs several days behind the 
control in their degree of development and time of hatching. 

In order to determine the ability of the embryo to initiate 
certain functional reactions when developing at an extremely 
gradual rate, specimens three days old, just prior to the establish- 
ment of a heart beat, were placed in the refrigerator at 5" and 8°C. 
These temperatures do not seem to inhibit changes in the late 
embryo to the same extent as they do the early cIeavage processes. 
The group in 5°C. still had no heart beat after being chilled for 
five days, so these specimens may be said to have been almost 
completely stopped. After five days the lot a t  8"C., however, 
had developed a very slow and feeble heart beat. Thus these 
had definitely progressed at such a temperature and had estab- 
lished the functional activity of the heart niuscle. Both groups 
on being returned to room temperature recovered completely 
and hatched in a normal fashion. Therefore, neither stopping 
for five days nor slowing to an extreme degree the development. 
of these three-day-old embryos produces noticeable effects on 
their subsequent development and hatching ability. 

If abnormal development is simply the result of developmentaI 
arrests, why should not eggs which have been decidedly slowed 
in their developmental rates by lowering their temperature give 
rise to  monsters as frequently as do those eggs which have been 
actually stopped in development a t  critical stages? When eggs 
are treated with alcohol, other anaesthetics, or a great variety of 
chemical substances, their development is not necessarily entircly 
stopped in order to induce monstrous results. These specimens, 
however, act during later development in a manner much more 
comparable to that shown by eggs actually stopped by refrigcr- 
ation than like specimens in which the developmental rate was 
simply greatly reduced. The explanation of this fact is probably 
as follows: 

Specimens Tyhich are caused to proceed a t  a greatlyreduced 
though continuous rate of development by simply lowering their 
temperature apparently adjust the developmental progress of 
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their several parts to  the slou rate in such a manner as to main- 
tain the normal differences in rate of activity arnong the several 
parts. The developmental rhythm of the parts is retained and 
the proper system of balance is unchanged. On resumption of 
the norrnal rate the parts all respond in their usual accord. 
After a complete interruption in development a t  a critical stage, 
on resuming the process those parts or organs that were formerly 
developing a t  a rate in excess of the parts in general are unable to  
start up again with their original excess or advantage and other 
parts have an opportunity t o  compete equally with them and 
may thus cause their reduced or arrested expression. That 
organ developing at the most rapid rate or having the highest 
degree of metabolism or oxidation a t  the time of the stop is less 
able to  initiate its original rate when the moment of resuming 
development occurs than are those parts that were developing 
more slowly. 

The production of abnormal development and malformation of 
organs by treating eggs with strange chemical materials is brought 
about in a similar manner to the abnormalities following stopping. 
The part or organ developing at the most rapid rate is inhibited 
more decidedly by the treatment! than are less rapidly developing 
parts and is, therefore, most affected or modified in its develop- 
ment. For example, at  certain stages, the formation of the optic 
outpushings from the neural tube is the most energetic process 
taking place in the embryo. Any injury to  t)he egg at this time 
works to the particular disadvantage of this process and results 
in underdeveloped or deformed eyes. If the injurious element is 
then removed, all other parts may continue their deveIoprnerlC 
normally,.since they mere not sufficiently active at  the time of 
injury to  be aff'ected in particular. In  other words, all of the 
other parts were affected similarly and no one was any more 
inhibited than another. 

The results of slowing and stopping development may be 
stated very concisely as f'olIol?i.s : On slowing devdopnient), all 
parts and organs lower their rates in a sorncwhat relative fashion, 
the faster-going parts, even though more decidedly slowed, are 
still progressing a t  a faster rate than the .;losv-going parts. On 
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resuming a normal rate, the more rapidly developing parts still 
maintain their necessary supremacy. 

On completely stopping development a t  a critical stage, that 
is, when certain parts are progressing at excessive rates, as com- 
pared with the rate in general, the rate of all parts is reduced to 
zero or equality. On resuming development from such a con- 
dition, the differential rates are not again established with suf- 
ficient promptness and certain parts or organs are suppressed, 
poorly expressed, or deformed in structure. On stopping devel- 
opment at an indifferent stage, that is, when important inequali- 
ties in developmental rate of the different parts are not occurring, 
it matters not if the entire rate be reduced to zero. On resuming 
development the parts all begin at about equal rates without the 
necessity of a prompt establishment of differences and no par- 
ticular arrests or suppressions occur. 

e. T h e  types of arrests or deformities following a stop or slowing in  
the rate of development 

Only a general statement of results from a few experiments 
have been given in the previous pages without going into par- 
ticulars regarding the variety of deformities occurring. A t  this 
juncture I should like to enumerate in a very brief way the kinds 
of abnormalities which have occurred in all of the experiments 
where development has been stopped or slowed by a reduction 
in temperature. 

In the first place, there were produced a number of double- 
headed, double-bodied. and twin individuals which will be fully 
considered in the following section. Along with these were single 
individuals with all varieties of eye defects, anophthalmia, micro- 
phthalmia, monophthalmia, cyclopia, etc. These defects were 
present in heads with either structurally normal or variously 
malformed brains. The mouth and branchial arrangements were 
frequently deformed, The otic vesicles were occasionally sup- 
pressed to  various degrees or developed abnormally during the 
later stages. A number of specimens were short bodied, some 
with bifed caudal ends. The general body form and the shape 
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of fins showed frequent peculiarities. Extreme cases arose in 
which amorphous masses of embryonic tissue were present on 
the yolk, but no definite embryo was formed. There were simple 
yolk-sacs with blood-cells and chromatophores scattered irregu- 
larly through them. Along with these variously defective indi- 
viduals were almost invariably certain specimens which in gross 
structural appearance were normal and succeeded in hatching 
and swimming freely about. Others were almost normal with a 
pulsating heart, but without a circulation of the blood. Further 
more detailed conditions need not be mentioned. 

This list of defects is sufficient to show that the types and actual 
individual conditions resulting from a simple interruption of 
development by reducing the temperature are all identical in 
character with those induced by treating Fundulus eggs with 
various chemical solutions (Stockard, '07, '09, '10, '15, etc.) dur- 
ing their early developmental stages or actually with the results 
of certain mechanical operations upon these (Lewis, '09) and 
other eggs (Stockard, '13). Furthermore, deformed hybrids 
resulting from crosses between distantly related species also 
present exactly the same structural peculiarities (Newman, '15). 
And finally the progeny derived from male guinea-pigs that have 
been chemically treated for long periods of time occasionally 
exhibit exactly similar deformities of their eyes and other parts 
(Stockard, '13; Stockard and Papanicolaou, '15 and '17). 

It seems difficult to imagine that the deformities occurring 
among the eggs that have been merely interrupted by being 
placed in a refrigerator temperature could be interpreted as other 
than simple arrests in development resulting from the slow prog- 
ress which had taken place at certain critical times. It seems 
equally as certain that the comparable conditions following the 
other esperimental procedures have resulted from a similar cause, 
simply a lowering of the developmental rates of certain parts a t  
critical moments in their origin or developmental history. In 
the several sections to follow I shall give much crucial evidence 
bearing on such an interpretation. 
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5. EXPERIAIEiKTdL PRODUCTIOK OF TWIPJS AND 'DOUBLE XON- 
STERS' BIT AN EIRL'I' ARREST OF THE DEVELOPMEKTAT, RATE 

One of the earliest accomplishments in experimental embry- 
ology was the production of two embryos, or twins, from a single 
egg (Driesch, '92; Wilson, '93; Morgan, '93; Zoja, '95; Loeb, 
'95; Schultze, '95, and others). This phenomenon was first pro- 
duced by separating the two primary blastomeres so that they 
were no longer in their usual intimate relation, each then dcvel- 
oped independently and produced a complete individual. In  the 
light of this striking experiment, the occurrence of twins and 
double monsters under natural conditions was readily explained 
as being the result of an undue separation of tlhe two blastomeres 
during the first cleavage. Such a separation might) have been 
caused in a mechanical way, the two cells being pressed or 
squeezed apart, or something unusual in the chemical nature of 
the environment may have reduced the normal degree of cohe- 
sion between the first two blastomeres, allowing them to fall 
abnormally far apart and finally to become entirely separated 
from one another. 

This clean-cut experimental production of twins and its ready 
application and acceptance as an explanation of the modus oper- 
andi for a well-known natural phenomenon, has undoubtedly 
held back our real understanding of the phenomenon and strik- 
ingly illustrates the dangers of directly interpreting occurrences 
in nature on the basis of results from experiments. 

Almost at once evidence began to accumulate which questioned 
the general application of the separate blastomere explanat,ion of 
twin formation. Such evidence was not always appreciated in 
this connection, but from our present point of knowledge its 
bearing is more readily seen. The discovery was very soon 
made (Wilson, '04; Conklin, '05, and others) that on separating 
the primary blastomeres in certain species of eggs complete twin 
embryos do not result. Yet there is no reason to believe that 
in nature twins and double monsters do not at times arise from 
the eggs of such species. Twin formations are certainly not due 
to t8he separation of the first two blastomeres in these particular 
species, since each of these blastonieres developing independently 
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gives rise to a partial and not an entire embryo. Such eggs have 
an early differentiation and localization of 'organ-forming stuffs' 
and these stuffs are unequally distributed to the blastomeres even 
at the first cleavage. Thc individual blastorneres are, there- 
fore, iiot totipotent, but only capable in their later developrimit 
of giving rise to certain parts of the embryo and not the whole. 
The eggs of a number of worms and molluscs present t'his very 
early localization of differential stuff's, yet in some of these vari- 
ous types of double individuals are not uncommon. These 
double individuals 1 believe, in the light of evidence contained 
in the literature along with that presented here, are the results 
of a simple process of budding. 

Again it was shown by Enders and later by Spemann ('03) 
that double specimens not only resulted from the separation of 
blastomeres, but thc late blastular and gastrular stages could 
mechanically be caused t o  develop into double instead of single 
individuals. The degree of duplicity depended somewhat upon 
the extent to which the eggs were constrictcd in a given plane. 
This was evidently a case of dividing or separating into two 
parts the growing region of a single individual and thereby estab- 
lishing two new growing points iiistead of the original one. The 
division of a single growing bud into two may be illustrated on 
plant buds, crnbryonic animal limb buds. etc. The interpreta- 
tion of the two separated regions as being the exact derivatives 
of the two original blastoinei-es, as Wilder has suggested, is in 
many cases entirely implausible. 

Iloubleness in nature is probably due to a modification of a 
budding process, and double monsters and actually identical 
twins, like all other abnormalities, may result from an arrest or  
inhibition in development,. T o  state that twins and double indi- 
viduals are induced by a devcloprnental arrest seems at first 
thought almost absurd; for how could an  arrest serve to give a 
formation structurally exceeding the normal in extentJ? One 
might accept developmental arrests as explanations for many 
deficiencies in structural expression, but such an explanation of 
excessive conditions or double-headed and twin individuals would 
scarcely be suggested. In  the present consideration, however, it 
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will be very conclusively shown that double conditions and twin- 
ning in nature are the result of an unusual budding process pro- 
duced by an early interruption of developmental rate, and are not 
connected with a separation of the primary blastomeres except 
under experimental procedure. 

Before entering into the particular points of the present experi- 
ments, it may be well to explain in some detail the writer's con- 
ception of embryo formation and the general process of budding 
in plants and animals. 

It has long been known that the notches around the border of 
certain plant leaves, such as Bryophyllum, have the power under 
certain conditions to  bud and give rise to an entire new plant. 
It is observed, however, that the new shoots, as a rule, arise from 
only one or two notches instead of from many. Loeb ('16) has 
performed most elucidating experiments on the budding phenom- 
ena in these leaves. In the first place, although in nature only 
a few notches on any one leaf send out shoots at any one time, 
yet Loeb has shown that there is a potential ability present in 
every notch to form a shoot. This fact is demonstrated by cut- 
ting the leaf into parts in such a way as to isolate each notch. 
Following such an operation a tiny shoot grows from every one 
of the isolated notches. It becomes evident, therefore, that not 
only does each notch possess the potential ability to form a 
shoot, but under ordinary circumstances this shoot-forming abil- 
ity is suppressed in most of the notches by ths growth of shoots 
from only one or a few notches. 

It was further found that almost any notch on the leaf could 
be selected and forced to bud a t  the expense of the other notches 
by simply suspending the leaf so that the selected notch dipped 
into water. This suggests, of course, that ordinarily the condi- 
tions for bud formation are not equally favorable in all notches 
and, therefore, only a few shoots arise from a leaf instead of one 
in every notch. These few then tend to suppress the origin of 
buds from other notches. Does any such set of comparable con- 
ditions exist in a developing egg or blastoderm before the initial 
line or axis of the embryo arises and begins development to 
form a complete animal? 
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The peiipheiy of the blastoderm in the eggs of the bird and 
mamnial or the germ-ring in a teleost’s eggs is probably in some 
sense comparable to the notched order of the budding leaf. At a 
certain place along the germ-ring in the fish’s egg a peculiarly 
rapid cell multiplication begins and the embryonic shield with 
the axis of the embryo buds away from this place. There is 
already evidence for believing that more than the one place may 
be capable of embryonic axis formation, and much is added to 
such evidence by the experiments now to be presented. There 
are many potential points around the germ-ring at which an 
embryonic axis might arise. Here again, as in the plant, 
when one bud or embryonic axis has arisen, it tends to suppress 
the potential ability of other points to form an axis, and nor- 
mally only one individual is developed from the egg. 

We are entirely unable to state the reasons why a certain 
point along the germ-ring should form the bud and not another. 
One can only imagine that this point has some peculiar advantage 
of position which gives to it a higher power of oxidation and a 
temporarily more rapid rate of cell proliferation than is possessed 
by other points, just as the notch which is dipped below the 
water surface possesses a budding advantage over the other 
notches around the leaf. Can the advantage of position pos- 
sessed by a particular point on the germ-ring be reduced so as to 
equalize the budding tendency of several points and thus allow 
them all to express their ability to form embryonic axes? Could 
such a condition be brought about double embryos, twins, 
triplets, etc., would be produced. 

The use of the word bud or budding in connection with double 
embryo formations as employed by Patterson (’14) has been criti- 
cised by Assheton, who suggests fission as the better word for 
the process. Such a discussion seem devoid of value and I 
employ the word bud to mean what is indicated above. 
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a.  Arresting development by low temperature and the produdion of 
double embryos and twins  in Fundulzis 

A number of years ago I occasionally found a double embryo 
or a twin condition in Fundulus eggs that were arrested in their 
development by being kept in solutions of MgC1, (Stockard, '09, 
figs. 22, 56, and 57j. Such specimens, however, were so extremely 
rare that their occurrerice was never associated with the experi- 
mental procedure. Chidestcr ('14) also found a t-cvin among 
Fundulus eggs arrested in ether solutions, and reported one 
other in an egg which had developed in a crolvded condition. 

The eggs of Fundulus heteroclitus are extremely hardy and 
twins or double monsters are practically never found among 
these eggs developing under ordinary conditions. During four- 
teen spawning seasons many hundred control embryos have been 
examined arid I have not found among them a twin or double 
specimen. While on the contrary trout eggs are known to be 
rather sensitive, and inust be developed under v e r y  carefully 
regulated conditions. In  the trout hatcheries double embryos 
and twins are very often found and have at times been collected 
and studied in large numbers (Windle, '95; Gemmill, '00, and 
others j . 

Recently I have found strong evidence of a causal relation 
between slowing development and the formation of twins in 
trout, this will be discussed beyond. The evidence led me to 
experiment wit,h Fundulus eggs in order to determine whether 
here also there was a direct coiinection between arresting dcvel- 
opinent or slowing its rat8c and the origin of double individuals 
and twins. During the past three spawning seasons, a number of 
experiments have been performed and the general results of these 
may bc reviewed. 

Two methods of slowing the rate of development have been 
employed; lowering the temperature and reducing the oxygen 
supply. The latter method will be considered along with the 
occurrence of duplicities in trout eggs. 

I t  was soon learned that, double embryos and twins could be 
induced, but only by treating the eggs during a limited develop- 
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mental period, Either stopping deveIopment, or greatly reducing 
its rate during cleavage stages and before the germ-ring has 
formed, that is, a t  periods preceding gastrulation, frequently 
serves to cause doubleness in the subsequent embryo formation. 
Specimens subjected to any degree or kind of treatment after 
the gastrular period never produced double or twin embryos. 

Subjecting Fundulus eggs to low temperatures during early 
cleavages, the four-, eight-, or sixteen-cell stages, not only arrests 
the cleavage process, but on later resuming development many 
eggs fail to  establish a normal rate and balance for some time and 
the early processes of gastrulation would seem t o  be disturbed. 
The majority of eggs after a stoppage of cleavage are conipletely 
uiiable to resume development and may live for a few days in an 
almost stationary condition and then die. Other arrested cleav- 
age caps undergo a breaking-down or falling apart of the indi- 
vidual cells before the death of the eggs. A small minority of 
these hardy eggs after an arrest during cleavage stages succeed 
in finally readjusting their development to  a sufficient extent to 
give rise to apparently normal free-swimming young fish. The 
individual variations in resistance and developmental ability 
shown among Fundulus eggs are remarkable in all experiments 
performed on them. Our present consideration is to  be centered 
on that group which is sufficiently viable to  continue develop- 
ment, but not so resistant as to be able to completely readjust 
its developmental processes following the early interruption. 

Kot only does the entire experimental lot become divided into 
the three above crude classes, but the members of our selected 
group which is not completely capable of normal readjustment 
by no means all develop in a similarly defective fashion. These 
discrepancies again are due to individual variations in the man- 
ner of resuming development. 

Certain specimens after removal from low teniperatures 
resume their cleavages with a fairly normal rhythm and form a 
typical embryonic shield, but later the larger diverticula from 
the interior parts of the central nervous system fail to arise in a 
usual manner, or other processes requiring a high degree of devel- 
opmental energy are not sufficiently expressed and various de- 
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fects become evident. Other individuals resume their cleavage 
processes, forin a typical blastoderm and begin the formation 
of a germ-ring, which indicates the commencenient of gastrula- 
tion, but just here the degree of energy necessary for normal de- 
velopmental processes is insufficient and a single embryonic bud 
is not formed with that normal rate of growth which sup- 
presses the appearance of other embryonic buds. Therefore, 
instead of the one point proliferating at a disproportionate rate 
to form the embryonic shield, two such points are established with 
more dr less equal rates of proliferation, both of which may be some- 
what less active than the single one should be. The formation 
of two embryonic shields or the initiation of two points of rapid 
gastrulation away from which will grow the axes of the embryos 
is in fact the initial or primary step in double formations. The 
phenomenon is exactly the same as when two buds arise from two 
notches on the leaf border instead of one bud growing from a 
single notch. Every notch is a potential bud-forming point, and 
in the same way many potential invagination points exist on the 
blastoderm, and when more than one such place begins to grow 
we have double formations. In  this sense it may be appreciated 
that the intrinsic conditions which give rise to double monsters 
or twins exist in all eggs and are not produced by the experiment. 
The experimental modificat,ions of the external conditions simply 
serve to allow more than the one growing point to express itself. 

The actual results of several rather typical experiments may 
be given as better illustrating the occurrence of the double 
individuals. 

A particularly fine lot of eggs was obtained from 
a large female and fertilized by a single male on July 5 ,  1919, during 
the height of the spawning season. Three groups of these eggs were 
selected, one serving as a normal control and the two others, A1 and A,, 
a t  three and one-half hours after fertilization when dividing into the 
8-cell stage, were placed in temperatures of 6" and 8"C., respectively. 

The outside temperature was unusually warm and the control eggs 
developed a t  a vigorous rate. When 22 hours old the germ-rings were 
from one-third to one-half over the yolk-spheres in all the specimens 
the embryonic shields were well formed with the embryonic axes already 
indicated in the midline. Every egg in the control lot was developing, 

Experiment $03. 
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The two lots in the refrigerator at 22 hours old had as a rule uncler- 
pone only one cleavage furt!her than when placed in the cold. All 
were in a rather typical 16-cell stage. The low tempcratures had not 
quite completely stopped development. 

At 48 hours old, the control embryos were in a very advanced con- 
dition. They were large in size with fully formed optic cups and 
lenses, about, 10 to  12 pairs of somites, the pericardiurn distended and 
the heart formed, although not yet pulsating. Chromatophores were 
present and though small had already differentiated into thc red and 
blapk types. Five hours later the hearts were pulsating, hut the blood- 
vessels were not fully connected and there was no circulation. One 
familiar with these embryos will realize that such a condition of develop- 
InenL is rarely attained in less than 70 hpurs, thus this control group 
was developing with unusual rapidity. 

The eggs composing the Al lot when 48 hours old at 6°C. were in 
about 32- or 64-cell stages. Many of the blastoderms were discs of 
irregular cell arrangement and sonie presented large uncleaved proto- 
plasmic portions. 

The control specimens when 72 hours old had a vigorous blood 
circulation, with the vessels already mapped out by the migrating 
chromatophores. During the cooler, earlier part of the season a similar 
condition was not reached in less than four days of development. 

The eggs in lot A1, after being 69 hours at a temperature of GO'C., 
all showed irrcgular segmentation caps, the cells of which seemed to  
be in a large vesicle or bubble-likc formation. The caps appeared to 
contain approximately 64 to 128 cells loosely arranged and in every case 
located within the bubble-like area, which seemed to  prevent the normal 
flattening down of the cap upon the yolk-sphere. 

There seems to  be a clearly marked surface film between the yolk 
and the region containing the cleavage mass. It is as if the cleavage 
mass existed in a drop of more transparent highly refractive fluid. 
Tlie drop is not in a segmentation cavity, but probably consists of 
accumulated fluid such as normally exists in the cavity, but here located 
between the cell mass and the yolk, possihly on account of some 
peculiar osmotic effect. 

The specimens of group A2 kept a t  8°C. were at  72 hours old in a 
closely similar condition to  those of A,. Both groups were removed 
from the refrigerator and placed at room temperature after this 69-hour 
exposure t o  the low temperatures. 

After bcing out of the refrigcrator for two days, many eggs in the 
Al and hz lots had failed to  resumc development and had died. 

When 8 days old, or 5 days after removal from thi! low tempcraturc, 
many more, 41 of the remaining 99 eggs in lot hl, were dead and many 
of those living were grossly deformed. In lot A2 a few more were 
dead, many were not developing., a number were grossly deformed, yet 
some wcrc apparently normal. 

When 10 days old, the eggs were all very carefully examined to 
determine as nearly as possible the exact nature of the abnormalities 

The A2 lot mere in a closely similar condition. 



1 i0 CHrlRLES R. STOCKARD 

which had occurred. Thr controI consisted of 114 eggs, each of which 
contained a normal well-formed fish. In  the A1 lot 4 more had died, 
and thus thc total mortality in this group after removal from the cold 
was very high, a little over 70 per cent. In all 54 individuals had 
survived to develop embryos, and of these 16, or 30 pcr cent, showed 
gross abnormalities. Fivc of the 16 abnormal ones showed double condi- 
tions. One was a cuniplcte twin, two were double-he:ided and two 
had double anterior halves with single tails, Y embryos. Thus 9.3 per 
cent of all surviving embryos were specimens exhibiting some degree of 
doubleness, and 33 per cent of the deformities which occurred were 
duplicities. Khen n e  consider the w r y  delicate degree of arrest and 
the particular developrnrntal moinent that must be aff 
basis of our explanation of tloul)le monsters, the above result is a reniark- 
ably significant one and is as good as any 1 have obtained by this 
method during the past three seasons. 

In  the A 2  group a t  10 days old 2 others had died and 88 were now 
alive. Among the 88 survivors elevrn individuals, or 12.5 per cent of 
all, were grossly deformed and many others were pale in color and far 
behind t,he average in their degree of development. Two of the 11 
grossly deformed specimens were double, one showed a slight degree 
of anterior duplicity and the other was a twin with the two embryos 
180" apart on the yolk. One of the twin components was large, we11 
developed and normal in structure, the other was a short embryo with 
almost no body but with a well-formed head containing eyes and a 
pulsating heart and good blood circulation. In this group only 2.3 per 
cent of the surviving embryos were double specimens, but almost 20 per 
cent of those actually deformed were of this type. 

When 25 days old, many of the normal specimens in both the A1 
and Az groups had hatched, although all of these were far behind the 
control, which had begun hatching when 12 days old. 

The actual percentage of double individuals induced by this 
experiment is not really large, yet' it is comparatively very sig- 
nificant. From a long experience with these eggs I mould ven- 
ture to belicre that under normal developmental conditions there 
is only a small chance for finding one double specimen among a 
thousand. During the past three spawning seasons a great num- 
ber, certainly many thousand, of Fundulus eggs have been ar- 
rested in their development by being placed in low temperatures 
after the germ-ring had begun to  form. These specimens were all 
examined with such care in connection with the various problems 
being studied that no double specimen could have escaped record. 
Yet among all these late arrests not one double individual 
existed. 
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In coinparison with such fact$, the occurrence of 9.3 per cent 
in lot A, and even the 2.3 per cent of doubleness in groupA2 would 
scarcely warrant> any other interpretation than that such condi- 
tions had in some way been induced loy the experimental treat- 
ments. There can be little doubt that, the embryonic axis is 
initially expressed during a very critical and comparatively brief 
developrrierital moment. TYlnen the axis is once expressed, com- 
mon observation teaches us that in some ~ a y  it prevents the oc- 
currence of other axes or othcr embryos 011 the same blastoderm. 
Doubleness very probably, as will be inore fully discussed below, 
results from the alniost sjniultaneous occurreiice of Imo e m b g -  
onic shields instead of one, and this is further due I believe to  the 
probability that neither of the axes possesses thc admntages 
which norindly suppresses the expression of ot>her potential 
budding points. 

To further illustrate the occurrence of doubleness in Fundulus 
folloiving treatment with low temperature. wc: may briefly sum- 
marize one other experiment. 

These eggs werc dcvelopcd during the early cool 
part of the season and the control itself progressed rather slowly. 
The lot B1 was placed in a temperature of 5°C. 3 hours after fertiliza- 
tion when in an early 2-ccll stagc. 

Twenty-four hours later the control had develo! ecl high segmcntation 
discs which had not yet flattened to cap down upon thc yolk-sphere. 
Thc night had been unusually cool and thcse eggs were thus consider- 
ably retarded in their development. This amount of retardation is not, 
however, particularly injurious, as is shown by the later development 
of the eggs. It would seem that Fundulus eggs were sufficiently resist- 
ant not to  be noticeably deformed by the retardations in development 
induced by the degrees of Iow temperature which might occur during their 
spawning season in this climate. Nevertheless, embryos developed dur- 
ing the early cool part of the scason arc not so large in size or vigorous 
in behavior at the tirnc of hatching as are those being developed during 
the warmer days to follow. 

Thc eggs of lot B, after 20 hours at 5°C. are in 2- and 4-cell stages, 
they are, thercfore, almost completely stopped, having divided only once 
during this time. 

When 2 days old, the control had the germ-ring only about onc- 
fourth over the yolk sphere, with the embryonic shicld berrinnine to 

Experiment 890. 
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eggs were now returned to room tempcraturc, and many of thcm very 
soon began again to develop. 

The control a t  3 days old showcd the embryos well formed, 
although the germ-ring was not entircly over the yolk-sphcrc. Thc B1 
lot, after being out of thc refrigerator for 24 hours, had high seg- 
mentation discs which had not bcgun to flatten down upon thc yolk- 
sphere. Thcrc was no indication of the gcrni-ring or embryonic-shield 
formation. After 24 hours more the germ-caps liatl flattened and 
grown about one-half over the yolk-sphere, the embryonic shield was 
wcll formed in most of the specimens and the line of the einbryo was 
visible in the shield. Thus within the first 48 hours after removal 
from the low temperatures many of these eggs have attained about 
the same condition as was shown by the present control specimens 
when 50 hours old. Rlany of thc cggs after refrigeration failed to 
recovcr, and died during the first two days at  room temperature. 

When 6 days old, the control embryos were twitching and moving 
their bodies and were in all respects normal in condition. The B, 
group contained small embryos without a blood circulation, many of 
them were abnormal a t  the hcad end, and rnany were short. Thus after 
developing for 4 days at room tempcraturc they are far behind a usual 
four-day crnbryo. 

Thc B1 group were carefully surveyed for deformities when 9 days 
old. Four eggs had yolk-sacs cont,aiiiing blood-cells and chromato- 
phores, but without fornied embryos. Six eggs still had an early cell 
mass a t  the upper pole which had not developed, although even a t  9 
days it was translucent and alive. There mere 10 deformed embryos 
without a circulation, and 4 deformed but with a circulation. The 
majority, 45, of all living specimens seemed normal, with vigorous 
circulations. Thus inore than 34 per cent of the specimens which 
survived the 1:w temperature were grossly abnormal. Three of thc 10 
eggs which contained abnormal specimens with circulating hlood 
showed double embryos. One was two-headcd, arid two were double 
throughout thcir anterior halves, cach having two heads and two 
bodies with a single caudal half. 

The control embryos were with two exceptions all fine normal speci- 
mens. Two of the 86 individuals were small and considerably bchind 
the others in their stage of development, although their structures 
were normal and they later succeedcd in hatching several days after 
their fellows. 

This experiment again shows a pronounced difference between 
the inodes of development in the normal control lot of eggs and 
in a similar lot which had been inhibited by lowering their tem- 
perature before the time of gastrulation. More than 4 per cent 
of the eggs which survived the inhibition contained double 
embryos, and one-eighth of all the gross abnormalities was of this 
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nature. Here again it would seem to be strongly indicated that a 
connection of primary importance existed between the retardation 
of development and the origin of the double specimens. 

A number of similar experiments with low temperature arrests 
coiald be reviewed, but they would differ little in their general 
results from those above. We may, therefore, pass to an analy- 
sis of another type of experiment before undertaking a general 
consideration of the significance of the results. 

b. Arresting development by reducing the oxygen supp ly  mid  the 
occurrence of double individuals and twins  in the 

trout and Fundulus 

Cellular proliferation which is so important an element in 
development is a great energy-consuming process. No doubt the 
interruptions in cell proliferation which were described in the 
preceding section as due to lorn temperatures are actually caused 
by a lower rate of oxidation which takes place at such tenipera- 
tures. In nature development is not only interrupted at times 
by indirectly lowering the rate of oxidation through teniperature 
changes, but, also by directly reducing the oxidation rate through 
a lack of free oxygen. In the present section we may review 
some of the consequences of lowering developmental rate by 
directly reducing the available oxygen supply. 

The methods employed have been extremely crude, just such 
methods as naturc might frequently use. With such rncthods the 
results are, of course, more variable than might, be obtained from 
highly refined manipulations, yet the variations themselves are 
quite instructive. Experiments with Fundulus eggs may first 
be considered. 

The eggs of Fundulus are dernersal 
and are supplied with long thread-like processes which normally 
serve to entangle t'hern on the blades of sea-grass or other objects 
among which they are deposited by the female. This arrange- 
ment serves to keep the eggs near the surface, and to insure 
contact with a bettcr oxygen supply than might be obtained 
should they lie in the sand or silt of the bottom. When these 
eggs arc developcd in the laboratory they arc kept in small glass 

I.  Resdts with Funddus .  
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dishes, ordinary ‘finger-bods,’ containing about 60 cc. of water. 
The thread-like processes from the egg membranes become en- 
tangled and cause the eggs to cluster together in bunches of froni 
a few to even as many as one hundred or more. 

It is a well recognized fact that  in such clusters the conditions 
for developnient of the individual eggs are not equal, and the 
egg group fails to present a uniform mode of development. The 
common practice is to separate the eggs in a dish so that they lie 
apart and are not clustered together. The permanent separation 
of the eggs requires care and attention, since they may again 
become bunched by the agitation of the water. When they are 
properly kept apart the entire lot in a dish will develop with 
remarkable uniformity. 

No control group of Fundulus eggs should serve as a standard 
for development unless the individual eggs are kept completely 
free from contact with one another. In  my experience, under 
such conditions only the most insignificant percentage of develop- 
mental abnormalities ever occur. I am convinced that the high 
percentage of abnormalities recorded by certain experimenters 
among their control sets are due to a failure to properly separate 
the eggs. The clustered condition also vitiates the results ob- 
tained from experirrient!al groups of eggs. 

Advantage was taken of this tendency to become entangled 
into clusters in order to study the developmental reactions of 
eggs with more or less access to a free oxygen supply. The eggs 
about the outside of such a cluster are in contact with fresh sur- 
rounding water and a sufficient amount of oxygen for normally 
rapid development. Those specimens lying deeper and deeper 
in the cluster are more and more removed froni a freely changing 
water supply, and, therefore, experience various degrees of a 
stagnating environment. Such eggs not only lack a constant 
oxygen supply, hut, no doubt exist in an environment containing 
an excess of waste products, such as the CO, gken off by their 
neighbors. The developmental perfection attained varies directly 
with the distance from the center of the egg cluster, the further 
removed froni the center the more perfect the developnient. 
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I n  many of the  experiments the  available oxygen supply was 
fur ther  reduced by first boiling arid driving the air out  of the 
sea-water into which the eggs werc to  be placed. Thc central 
eggs of large clusters in  this boiled water frequently had their 
development stopped in various stages, while other specimens 
progressed at an extremely slow rate. One group of such experi- 
ments  will be briefly reviewed as illustrating the general results 
from all. 

X large number of eggs, from three females, was 
fertilized by a single male. After 3 hours they were almost all devel- 
oping and presented the typical -&cell stage. About 75 of these eggs 
were placed in ordinary sea-water and separated apart on the bottom 
of a dish to be developed as a control. The other eggs were divided 
into three lots. Two lots were placed in dishes containing sea-water 
that had been boiled, and the third lot was put in ordinary sea-water. 
The eggs in the three dishes were then moved gently around until 
they became cliistered into large groups of about 100 or more. 

After 2 days of development, the control contained well-formed 
embryos with the optic vesicles prominently shown and with 8 to  10 
pairs of somites present. Many eggs on the outer parts of the clusters 
in the unboiled sea-watcr were equalIy as far along, while others 
near the center of thc clusters were still in segmentation stages, and still 
others were in various degrres of arrested development. The two lots 
in boiled sea-watrr were in closely similar conditions. 

When 8 days old, the entire experiment was carefully examined and 
the following conditions found. The control eggs all contained normal 
embryos except for the fact that 3 specimens were smaller than the 
others and soniewliat delayed in development. These, however, later 
succeeded in hatching. 

The 
more superficial eggs of the chister contained in general normal emhryos, 
though some mre  behind the control in their degree of dcveloprnent. 
Almost all of the more centrally placed eggs of the group were sci-era1 
days slower than the control in their developmental stages. These 
embryos were small and pale with poorly expanded chromatopliores, 
and 15 of them, or 13 per cent of t8he small emhryos, showed gross 
abnormalities. They possessed narrow undeveloped heads, defective 
eyes, deformed hearts with no circulation, and other common defects, 
while 2 of the larger better developed specinicns were double-headed 
embryos. This dish contained a few more than 200 eggs, thus only 
about 1 per cent developed double conditions. 

The first group that had lieen clustcrcd in tlie boiled sea-water 
showed a somewhat better record than the preceding. Here also 
many of tlie eggs had died. There were again a number of normal 
embryos in the superficial regions of the duster. The more centrally 

Expcwinzent 915. 

The clusters in unboiled sea-water contained many dead eggs. 
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1oc;tted specimens i i w e  small anti far behind the controI in their rate 
of development, hut here only ahout 10 per cent of them were actu- 
ally grossly deformed, and there were no double conditions at  all. 

The second group in boiled sea-water was more deridedly affected 
than any. Many of thc eggs died. Many superficial oncs were 
almost up to  the control in their state of dcvelopment. But thc great 
majority of specimeiis werc small, pale, and poorly developed, being 
several days behind the c*ontrol. Almost 16 per ccnt of these srnall 
specimens werc considered to show gross defects. T w e l ~ e  specimens 
Elad no circulation of the blood; 10 had decidedly defective eyes, minute 
in size and poorly developed or deeply buried in the head, and two 
were cyclopean. 

Four specimens that wcre near the surfacc of the clusters and very 
well developed presented double conditions. One egg contained sepa- 
rate twins, both embryos being full37 developed. The 3 other eggs 
showetl different degrees of anterior duplicity. Therefore, more than 
2 per c+ent of the entire number of spccimens developing in the dish 
were double; this is much the highest record that was obtained among 
ten similar experiments. 

The other experiments with low oxygen supply gave closely 
comparable results to  the three above, arid need not be reviewed 
in detail. Only a very small number of double specimens oc- 
curred in any of t,hem. In all cases, the double individuals were 
among those of fairly normal developmcnt and were not extremely 
small and highly defective specimens. This, in my opinion, is 
a fact of considerable importance, and is to be explained sorne- 
what as follows. 

The origin of two embryonic axes or growing points on the 
germ-ring of the fish probably results from a rather mild or 
slight reduction in the normal dcvcloprnental rate a t  the time of 
gastrulation or embryonic-shield formation. It is probably more 
iniportant to obtain the reductioii in rate at an exact and very 
limited moment than to have a definite degree of reduction. 
That is, the reduction in rate may be little or much, but it must 
occur during a very limited time and not continue for long after 
the doubling has once been accomplished. Should the arrest 
continue, it is possible that one of the buds, even though it had 
begun to develop, might be suppressed, and the more rigorous 
or more favorably placed one might later continue as a n  appar- 
ently single individual. 
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Certain delicate or sensitive eggs will probably respond more 
readily and givc double conditions more frequently than hardier 
eggs. The eggs of Fundulus are very hardy, and it may be that 
a treatment when acting in a delicate nianner affects favorably for 
our purpose only the more sensitive eggs, while the large majority 
are too resistant to respond. Should the conditions be more severe 
they would act too harshly to  obtain a double responsc from any. 
These speculations will appear to  have a stronger foundation 
after we have reviewed the very remarkable tendencies on the 
part of the delicate eggs of the trout to give double arid twin 
embryos. 

The eggs of the trout un- 
questionably possess a stronger innate tendency to form double 
and twin individuals than do those of Fundulus. Twinning and 
double formations, like all other unusual developmental pheiiomena, 
are not simply and entirely due to the action of a n  ususual environ- 
ment,  but also depend upon the internal struclure oj” the given egg 
and its  peculiar manner of development. An environmental stim- 
ulus which would frequently induce double formations in one 
type or species of eggs might be completely ineffective in its 
action on the eggs of another species. The burden of evidence 
for the causc of twin formation as well as the means of artificially 
inducing it indicate an accessory budding or double blastopore 
formation as the primary step, aid it is obvious that the carly 
morphology of certain eggs more readily lends itself to the estab- 
lishment of accessory blastopore formations than does that of 
others. 

Eot  only is this morphological differeride to be expected, but 
from what we know of the physiology of budding, it is also 
logically probable that in certain eggs the bud for the embry- 
onic axis will arise with higher powers for dominating the entire 
budding region than in others. Different degrees of dominance 
of the apical bud in different plants is a well-recognized fact. 
In some plants the terminal bud grows to  form a long slender 
stalk, without producing axillary or lateral shoots, while the 
terminal shoot of other plants grows to a limited extent only 
before axillary buds and branches make their appearance. The 

2. Double enabryos in trout eggs. 
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embryonic axis in the vertebrate egg may be compared with the 
terminal shoot of a plant. A second embryonic axis formation is 
roughly comparable to the occurrence of an ordinary lateral or 
axillary plant bud. A better comparison, however, is made be- 
tween the animal egg and the budding leaf , such as Bryophyllum. 
In both of these, the egg and leaf, we may recognize an area of 
potential budding capacity, and we know that not only one, but 
several equal buds may arise simultaneously from either of these 
two stocks. There are doubtless certain kinds of budding leaves 
which are more prone to form multiple buds than others. From 
such leaves instead of one shoot arising in a certain notch, several 
notches are equally capable of budding and several shoots are 
formed. It would seem that certain animal eggs also normally 
possess a disposition to produce several buds. Such eggs develop 
more than one embryonic axis and give rise to several individu- 
als instead of the usual single embryo from a single egg. This is 
probably the case in the Texas armadillo. 

The eggs of Fundulus and those of the trout, very probably 
illustrate two different degrees of capacity to form several in- 
stead of one embryonic bud. This much of the twinning pro- 
cess is truly inherited, and variations in the tendency may occur 
not only among the eggs of different species, but probably also 
exist among the individual eggs of the same species. For ex- 
ample, certain mothers may produce eggs highly inclined to give 
rise to two embryonic buds or twins, and such an inclination may 
be transmitted or inherited by her daughters or even through her 
sons. Davenport ('20) has recently found in a study of human 
twins that the males df a family carry or transmit the twinning 
tendency in equally as evident a manner as do the females. Double 
and twin individuals are also of niuch higher frequency in certain 
human families than in the community as a whole. A11 this indi- 
cates that the eggs of certain individuals are more inclined to 
form twins than are those from others. In  the human cases 
the present consideration refers, of course, only to so-called iden- 
tical and not fraternal twins. The latter, truly speaking, are 
not actually twins. 
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There can be little doubt from the experiments recorded above 
and the results to be given below that the environmental condi- 
tions or external factors are of greater importance than the in- 
ternal tendencies in twin formation. It is evident that eggs, 
although capable of producing more than one embryo, rarely ever 
do. The number of twin formations in a given lot of eggs may 
experimentally be increased so greatly in excess of the natural 
occurrence of such individuals, that we are forced to believe 
even in the cases before mentioned of the armadillo and the exces- 
sive occurrence of twins in certain families; as cited by Daven- 
port, that the environment may in these instances also be the act- 
ually direct cause. A peculiar uterine reaction may be inherited 
in the armadillo and in certain human families which prevents a 
ready OF rapid placentation and thus primarily brings about an 
initial slowing of development. There is much evidence of a 
slow placental formation and a peculiar uterine condition in the 
armadillo which will be considered more fully beyond. 

This brief estimate of the internal and external developmental 
factors concerned in twinning has been given just here in order 
that the reader may appreciate more fully the very different reac- 
tions shown by Fundulus and the trout. He may form for him- 
self some idea as to whether this is due to a difference in morpho- 
logical pattern of the germ-rings or potential budding regions in 
the two species or to differences in the physiological reactions 
to the environment or finally to a combination of both. 

Double and twin trout are classical objects, they often occur 
in the hatcheries in various parts of the world and have been 
frequently figured and described since the early studies of Lere- 
boullet by Rauber, de Quatrefages, Klaussner, Gemmill, and 
others. 

A11 of the double individuals and twins recorded have been 
surprisingly well developed and normally formed. From figures 
and descriptions, it would seem as though the trout egg possessed 
a rather norniaI tendency to form double embryos, and the causes 
necessary to give expression to this tendency were so slight as 
not to be further injurious to the development of the individual 
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embryos. In other words, some very small and simple chemical 
or physical irregularity in the developmental environment is suf- 
ficient to cause two embryos to grow from the germ-ring, but is 
not so injurious as to induce a deformed or abnormal develop- 
ment' in the young fish. When either component of these double 
specimens is deformed, the cause of such deformities may be 
more reasonably attributed to conditions other than the sur- 
rounding environment] (see beyond). 

Several years ago I obtained a large number of young trout, 
many of which were twins and others presented different degrees 
of doubleness. Since then 1 have visited several trout hatcheries 
and have found in all that double specimens very freyuent,ly 
occur. The practical fish culturists in two of these hatcheries 
thought that such abnormal double specimens were caused by 
early development under too crowded conditions, or in sluggish 
water where the eggs did not obtain sufficient aeration. Such 
views are very probably correct, since all of my experimental 
studies with fish eggs has indicated that some retardation in rate 
or interruption of development was the simple cause of unusual 
structural responses in the embryo. Only recently, however, 
could a satisfactory explanation of double conditions be worked 
out on this basis, and the trout specimens gave the key to the 
situation. The foregoing experiments with Fundulus were then 
conducted to further substantiate the conclusions. 

The artificial production of double trout embryos is no doubt 
rather dift-icult to bring about, since evidently only a slight slow- 
ing of the rate of eel1 proliferation at a particular moment is 
favorable. 

Plates 1 and 2 illustrate a series of double trout which are 
selected from the large number of such specimens that have been 
obtained. The series shows the various degrees of doubleforma- 
tion, beginning with a partially double-headed condition, and 
passing through the double anterior regions on single bodies, to 
double bodies with single tails, and on to the condition of com- 
plete doubleness but with the two components jointed more or 
less intimately together. The final specimen shows two com- 
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pletely developed twins attached to the common yolk-sac. It 
will be noted a t  once that each of the final twin individuals is 
equally as large and perfect in form as is the single specimen at 
the beginning of the series. This fact is of importance in showing 
that up to this stage of development and growth there is no 
question of available food, since the amount to be had in each egg 
is here demonstrated to be sufficient to form two full-size perfect 
young trout instead of the usual one. 

In studying the graded series of duplicities illustrated by plates 
1 and 2, the question immediately presents itself as to why the 
two components in the several specimens show the different 
degrees of separation? What conditions or arrangements deter- 
mined that the specimens in the upper part of the series should be 
double headed, while those at the end of the series are com- 
pletely double bodied? Gemmill ('12) in his monograph on the 
teratology of fishes, considered these propositions and gave an 
explanation for the varying degrees of doubleness which I believe 
my studies completely confirm. On the other hand, Genimill 
failed to give any explanation of the initial or actual cause of 
doubleness. 

In accordance with the view that has often been suggested, 
the germ-ring was recognized by Gemmill "as a stock, able t o  
give rise vegetatively, so to speak, to more than one embryo." 
The embryonic axis or body begins to form in the embryonic 
shield which arises from certain places along the germ-ring. 
When two shields arise, the degree of duplicity of the resulting 
double fish " varies directly with the original distance between 
the tjwo centers of embryo-formation." When the centers of 
embryo formation are close together, only 5" t o  10" apart on the 
germ-ring, the embryonic axes very soon become united so that a 
double-headed specimen with a single body finally develops. 
It may be stated generally that when the original buds are less 
than 90" apart the specimens formed will exhibit various degrees 
of double anterior halves on single posterior parts. When the 
distance between the initial buds is greater than 90" and on up 
to 180", the resulting specimeiis will show the double condition 
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not only involving the anterior half, but extending into the pos- 
terior part of the body. Finally, a t  180" apart, the two embry- 
onic shields give rise to two completely separate twin individuals. 

The accompanying diagram may serve to illustrate the man- 
ner in which such processes operate. In figure 11 the diagram 
on the left shows two early embryonic shields arising about 20" 
apart. When the germ-ring has descended further over the 
yolk-sphere, the dotted line indicates how the two embryonic 

Fig. 11 X series of diagrams illustrating the manner in which the degree of 
duplicity in embryos is determined by the original distance apart of the two 
embryonic shields on the single germ-ring. The solid lines indicate the early 
germ-rings with the two embryonic shields, and the broken lines show the re- 
sulting body outlines of the former embryos. The figure on the left has the 
embryonic shields less than 90" apart on thc germ-ring and the dotted outline 
of the resulting embryo indicates it to  be a double-headed specimen. I n  the 
central figure the embryonic shields are a little more than 90" apart, and the 
resulting duplicity extends throughout the upper half of the body. I n  the 
figure on the  right the embryonir shields are 180' apart, or opposite one another, 
and two complete twin individuals result, as the dotted lines indicate. 

axes become united or cornmon in the body region, and such a 
condition would finally give rise to a single-bodied fish with two 
heads. The middle diagram in figure 11 illustrates similar steps 
in the history of a 'Y monster,' or individual with two heads and 
bodies and a single tail. The right diagram of figure 11 shows 
two embryonic shields arising 180" apart, or opposite one another 
on the yolk-sphere, each of these has an entire half of the germ- 
ring to develop from, and complete twins are produced. 
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In studying the early embryos of Fundulus these several steps 
have actually been observed. An observation of further import- 
ance in this connection has also been made, but unfortunately at 
present on ~ e r y  few specimens. In  attempting to discover the 
earliest stages of doubleness from great numbers of eggs, I have 
selected all specimens seeming in any way to possess two early 
embryonic shields. On two occasions a fair number of such 
specimens were apparently found, one lot of seven such eggs and 
another of five. These seemingly double-embryo formations were 
isolated and observed during later stages, with the result that  
from amoiig the seven specimens only two double-headed indi- 
viduals arose, while t,he remaining five formed typically single 
embryos. The second group of five seemingly early double 
shields gave rise to five perfectly single specimens. There would 
appear to be only one interpretation for such a phenomenon: 
two initial buds may sometimes appear, but later one is com- 
pletely suppressed by the other, or the two possibly fuse com- 
pletely and only one normally single individual is developed. 
Therefore, it would seem that initial multiple buds are much 
more common than the resulting double specimens indicate, and 
that many secondary buds are suppressed 01- lost during early 
development. A comparison of the two components in oldcr 
double monsters which is undertaken in a further section of this 
paper makes still more probable such deductions. 

1 wish to present these observations on the carly double speci- 
mens with the chances of error fully in mind. In  the first place, 
I succeeded in isolating a very few such probable early specimens, 
twelve froin the many hundred eggs examined, and from these 
twelve only two actually showed double conditions during their 
later stages of development. The early embryonic shields were 
irregular and not strongly expressed. On the other hand, it 
seems to me significant that from the twelve specimens which 
mere isolated two of them definitely developed double embryos, 
while it is recalled that among the great numbers of Fundulus 
eggs experimented on extremely fern double specimens actually 
occurred. However, when one selects early specimens thinking 
t'hem to be of a definite t,ype and they later develop into indi- 
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viduals of anothcr t'ype, his confidence is considerably shaken in 
the validity of the selection. I have had similar experiences in 
attenipting to isolate from large numbers of eggs those showing 
the earliest indication of the cyclopean defects. There are no 
doubt processes of regulation which may tend to correct and 
obliterate an early unusual arrangement, yet in spite of the rec- 
ognized probabilities for mistake, I nevertheless feel that the 
foregoing indication of suppression of early buds has some real 
value, since two actually double specimens were certainly selected, 
as later development showed. 

Kaestner ('98-'07) has figured very early double primitive 
streaks in the chick and Xssheton ('08) double embronic shields 
in the sheep. Kopsch ('95) has described in Lacerta agilis, the 
European lizard, one blastoderm with two blastopores, and thus 
showed that a double gastrulation had taken place. From this 
obsexation he agreed with 0. Hertwig that all twin formation 
as well as all anterior duplication arose from a double gastrula- 
infolding or proliferation. This position leaves, as Kaestner ('99) 
has stated, the question of doubleness or twins merely moved 
back to an earlier stage before the origin of the two blastopores, 
it remained to be answeredwhy the double infolding takes place, 
and why it is so rare? In  the present study it is felt that both 
questions are answered. A developmental arrest does away with 
the normal advantage of the usual growing point and permits a 
double gastrulation; the condition is rare for the same reason 
that the apical or dominant bud rarely fails to grow. 

Returning to the consideration of the actual case in the trout, 
we may judge indirectly by the degree of separation of the two 
components in the several individuals as to the probable distance 
apart of the original embryonic shields or embryonic axes on the 
germ-rings. Gemmill ('01)' has found a rather high propor- 
tion of complete twins among something more than seventy 
double trout specimens that he examined, while Windel ('9.5)' 
had found only nine complete twins among 117 eggs containing 
double trout, or a proportion of one to thirteen. Among my 
double trout specimens there is one case of complete twins for 
every eight, From these observations it may be concluded that 
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wheu two embryonic shields arise from the germ-ring they occupg 
positions about 180" apart, or are opposite one another on the 
yolk-sphere, in nearly 10 per cent of the cases. 

A further question bearing on the relative position of the em- 
bryonic shields on the germ-ring suggests itself. If the germ- 
ring is actually a potentially budding stock, why does not trip- 
let and quadruplet formations appear almost as frequently as the 
double or twin condition? This question can at least be an- 
swered with a probable explanation, if not with a completely 
satisfactory one. In the first place, the extreme tendency of 
the eggs to form only a single rather than a double individual is 
important in this connection. There is certainly only a slight 
chance to form double specimens. The single bud is almost 
always capable of suppressing further expressions in the blasto- 
derm. When this capacity is in any way lowered and a second 
bud arises, the stock is then still further dominated or pre- 
empted by t,he presence of the two, and the chance for still a 
third embryo formation is decidedly reduced. Yet among a 
hundred multiple cases one triplet may be found. 

Gemmill found one case of three embryos in a trout egg as 
against over seventy doubles. This specimen had one almost 
perfect embryo and the other two were very abnormal and poorly 
developed. dniong something less than 150 double fish embryos 
seen during the past few years I have observed only one triple 
specimen. This arose from a Fundulus egg that had been inhib- 
ited during early development by a weak solution of alcohol. 
One embryo, almost normal, was on the same blastoderm with a 
double-headed specimen. 

I have never observed, nor found record of a fish's egg contain- 
ing more than three embryos. 

The conclusions seems warranted that one point of gastrulation, 
or embryo formation, has an extremely high tendency to prevent 
or suppress the existence of any other such point of excessive pro- 
liferation. When a second point is capable of expression the two 
almost without fail completely dominate the growth capacity 
of the entire germinal region and triplets are the rarest exception. 
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The relative conditions of the individual components in the 
double trout are of considerable importance and will be discussed 
in connection with their several particular bearings in the pages 
beyond. 

c.  An explanation of the frequent occurrence o j  twins and double 
chick embryos 

It is extremely rare among birds for a double-headed or other- 
wise double individual to hatch from the egg; a few such irregular 
cases have been recorded. I have never, however, found record 
of complete twins hatching from the hen's egg. On the other 
hand, when the earlier stages of chick development are studied in 
the laboratory, one rarely fails, even in a limited experience, to 
meet with double and twin embryos. The prevalence of these 
early specimens has long furnished material for studies on twin- 
ning in the chick. Among many such investigations are those 
of Gerlach ('82), Burckhardt, Dareste, Klaussner, Erich Hoff- 
man, Mitrophanow, five somewhat more recent studies by Kaest- 
ner ('98, '99, '01, '02, and '07), and most recently the description 
of several double chick embryos by 'l'annreuther ('19). 

The almost abundant occurrence of double specimens among 
the limited nurnbcrs of eggs developed in the laboratory and the 
wcll-known high mortality among incubating eggs of the poultry 
farm, makes it highly probable that double and deformed em- 
bryos are not uncommon under natural conditions, but that they 
usually die during the early days of development. 

From a survey of the literature on double monsters in the 
various vertebrate classes, it would be impossible to form any- 
thing like a correct estimate of the comparative frequency of such 
individuals in these several groups. It would be simply specula- 
tion to claim that doubleness was more frequent among the em- 
bryos of birds than among those of mammals. Yet the double 
condition in birds is just here of particular interest as probably 
being due to a somewhat definite and uniform cause arising out 
of their peculiar mode of development. The double bird em- 
bryos are very probably the result of a rather easily followed 
natural experiinent. 
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It is a well-known fact, as mentioned in the early pages of this 
discussion, that the eggs of birds normally have a discontinuous 
mode of development. Fertilization takes place in the upper 
part of the oviduct and the egg begins its development in the 
high temperature of the maternal body and continues to develop 
as it travels down the uterine tube and becomes surrounded by 
its several accessory coats. Finally, at the time of laying, the 
blastoderm has passed the gastrula stage. The fall in tempera- 
ture experienced on leaving the body of the mother causes devel- 
opment to stop in this early postgastrula condition, and the egg 
remains quiescent until the temperature is again raised to about 
that of the bird’s body. 

From the evidence given in preceding sections regarding the 
developmental time of inducing double embryo formations, it is 
seen that the bird’s egg at laying has just passed the critical 
moment for causing double invagination or double blastopore 
formation. Since these double invaginations may be brought 
about by either interrupting development or slowing its rate 
before gastrulation, it would seem that the bird’s egg had been 
piloted beyond this danger period within the body of the mother. 
How, then, is the frequency of double and twin chicks in the bird’s 
egg to be accounted for? 

In studies on the early stages of development in the bird’s egg, 
it has been found by Patterson (’09) and others that the process of 
gastrulation takes place very close to the actual moments of lay- 
ing. The time relationships between the moments of laying and 
finished gastrulation are, however, in general slightly variable, 
and the eggs of certain females, as I learn in conversation with 
Professor Patterson, differ decidedly from others in their tendency 
to be deposited at an unusually early stage. There would thus 
seem to be a strong probability that all eggs of the bird have not 
reached or passed the gastrulation process before the time of 
laying. This is a most important probability, and is believed to 
be true by some of those who have studied these early stages very 
extensively. 

On the basis of my own experimental results, this probable 
variation in the moment of laying is entirely sufficient to account 
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for the double individuals and twins among the chick embryos. 
It also accounts most satisfactorily for the apparent frequency 
of such occurrences. The interruption of deveIopment following 
a fall in temperature at laying and before gastrulation has begun 
prevents the single gastrulation process from beginning at a rate 
sufficient to dominate the growth conditions of the entire blasto- 
derm as it normally does. A second gastrular infolding or blas- 
topore formation is established and thus two embryo formations 
are begun. 

The usual interruption in the development of the bird has, 
with slight variations, been introduced at a most fortunately pas- 
sive stage, just following gastrulation. This is a moment at 
which developing fish eggs may be stopped with impunity for 
considerable lengths of time and injurious results rarely ever 
follow. It is a moment following which no important embryonic 
structure need arise for a considerable length of time. After 
gastrulation only the linear growth to establish the embryonic 
axis immediately occurs. None of the highly energetic folding 
processes resulting from a localized excessive or unequally rapid 
proliferation take place until after a considerable interval of slow 
growth has passed. This interval of slow cellular proliferation 
following gastrulation is the fortunate occurrence that has pre- 
served the birds as a class among present-day vertebrates. Had 
birds been so constructed that the egg was laid and allowed to 
discontinue its development before gastrulation had taken place 
it is conceivable that this condition could have eliminated them 
from the animal kingdom. There would have followed such a 
high proportion of deformed and defective specimens from eggs 
interrupted before gastrulation, that the individuals of a class 
having its eggs stopped at this time would very soon become so 
generally deformed as to be unable to maintain their existence. 
The important matter of a few hours’ difference in egg-laying 
time lies between the successful class of birds and a hopelessly 
unfit monstrous condition. 

Obviously, the evolution of the developmental environment 
has been of equally as great importance in the survival of a spe- 
cies, as has been its constant structural fitness. Nature’s experi- 
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ment of temporarily lowering the surrounding temperature and 
stopping the developmental progress of the bird’s egg has not 
proved fatal simply on account of the fortunate fact that the 
development is usually stopped during a very passive stage. 

The slight individual variations in egg-laying time which cause 
certain eggs to be interrupted before gastrulation very probably 
furnish the material for the many descriptive studies of double 
avian embryos. On the other hand, it is a most significant fact 
to note that in spite of the many experimental studies on devel- 
oping hen’s eggs by Dareste, Fere, the writer, and others no 
double monster or twin conditions have been produced. This 
absence of double productions would naturally be expected, 
since the eggs were experimentally treated only after having been 
laid. They had thus passed gastrulation or the time after which 
double conditions cannot be induced. 

Gerlach (’82) long ago thought that he had probably induced 
experimentally double anterior ends in chick embryos. His re- 
sults were most uncertain, and have been interpreted as acci- 
dental by subsequent writers. He made injections over the blas- 
derm so as to get fusions with the overlying shell. With such 
experiments he obtained double indications at the forward end 
of the embryos in two cases out of sixty eggs. Gerlach realized 
that conclusions could not be drawn from these meager results, 
but believed that if this method were perfected, it would yield 
more convincing results. Such experimental efforts to produce 
doubled conditions in hen’s eggs are very probably futile, since 
the evidence at  hand would indicate that there is only the rarest 
chance of the experimenter’s striking an egg in the proper devel- 
opmental condition to make possible the production of twin or 
double individuals. Should such specimens be obtained among 
the eggs employed in an experiment, there would always be the 
possibility that the natural interruption in development occur- 
ring in an egg laid at an unusually early stage was the cause of 
the doubleness, and not actually the experimental procedure. 
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d. An explanation of polyembryony in the armadillo 

On examining the uterus in two pregnant specimens of a South 
American armadillo, von Jhering in 1885 discovered that each 
contained eight fetuses enclosed within a single chorion. He cor- 
rectly concluded that all of the fetuses in each mother had been 
derived from a single egg by some process of division into separate 
embryonic rudiments. After this valuable discovery and inter- 
pretation, the study of the armadillo's development lapsed and 
nothing of importance was added for almost twenty-fil-e years. 
Two series of investigations were then begun simultaneously, one 
on the South American species by Fernandez ('09) and the other 
on the Texas armadillo by Newman and Patterson ('09). The 
growth and expansion of these twin studies has brought our 
understanding of the phenomenon of polyembryony in the arma- 
dillo to a considerable state of maturity. 

These authors readily agreed that in most species of armadillo 
the individual members of a litter, usually four in the Texas 
species and eight in the common South American form, are all 
derived from a single egg. It required considerable effort, how- 
ever, to obtain the material that. would furnish the morphological 
stages of the proccess by which this polyembryonic development 
mas accomplished. We are finally indebted to Patterson ('13) for 
the very thorough and satisfactory manner in which he has col- 
lected and studied the early embryonic conditions; and particu- 
larly for having shown the first stages of the budding process 
through which the single blastocyst gives rise to four distinct 
embryonic areas, each exhibiting a typical primitive streak region. 

In  connection with the idea constantly advanced in the present 
study that twins and double vertebrate embryos arise from ac- 
cessory growths or invagination points around the blastoderm, 
it now becomes important to ascertain exactly what degree of 
development has been attained by the armadillo blastocyst at the 
time the budding process begins. And since, according to our 
interpretation, these buds should arise at the time of gastrula- 
tion or blastopore formation, it becomes necessary to consider 
very briefly the germ-layers and gastrulation in mammals. The 
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decidedly precocious and highly modified method of forming the 
primary germ-layers in the mammalian blastocyst is not strictly 
comparable to gastrulation or the method of germ-layer forma- 
tion found among the other vertebrates. On the other hand, 
the embryonic line or primitil-e streak of the mammalian egg is 
exactly comparable to the blastopore and embryonic process 
formation in the simpler forms. 

The blastocyst of the armadillo has already, by a process of 
cell migration and delamination, separated off the primary ento- 
derm from the ectoderm and further modified these layers before 
the budding which forms the embryonic priniordia has begun. 
But it is in the primordia that the invagination of the entoderm 
forms the secondary entoderm of the gut and the embryonic 
mesoderm arises froin a typical prirnitive-streak region much as 
in lower vertebrates. The precocious cell migration and split- 
ting into layers in the mammal’s egg is associated with the early 
implantation of the embryo upon the uterine wall of the mother, 
and the later primitive-streak formation may be interpreted as 
related to the actual gastrulation or blastopore formation away 
from which the line of the embryo always develops. 

Whether the validity of the above briefly outlined interpreta- 
tion of the germ-layer formation is admitted or not, we have in 
the armadillo a process of budding taking place from the blasto- 
derm and associated with accessory or extra blastopore formation 
in much the same way as are the accessory embryos along the 
germ-ring in the egg of the bony fish. These buds also accord 
with Kopsch’s (’95), description of a double gastrula condition 
with two blastopores in a blastoderm of Lacerta agilis, from which 
he concluded that twin formation as well as anterior duplica- 
tion arises from a double gastmla-Einstulpungen. And, further, 
Assheton has described a similar condition in a blastodernlic 
vesicle of the sheep. He, however, imagined the condition to 
have been due to a splitting during the morula stage. 

The double primitive streaks in the hen’s egg and other forms 
all lend themselves to  strengthen the int,erpretation that double 
ernbryo formation first asserts itself by a double gastrulation 
or blastopore formation, which is initially a process of double 
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instead of single bud formation. Patterson’s description of the 
origin of the quadruplet buds in the Texas armadillo furnishes the 
most striking case in the study of these conditions. And we may 
conclude that the budding or accessory embryo formation in the 
egg of the armadillo is exactly the same developmental process 
as that which gives rise to twins and double individuals in other 
vertebrate eggs. 

However, the very important question yet remains to be an- 
swered: Why does this accessory bud formation occur so con- 
stantly in the Texas armadillo in contrast to the single embryo 
formation of mammalian eggs in general? Patterson (’13) failed 
entirely to answer this question, but he supplied some very sig- 
nificant data which Newman (’17) has appreciated as being inti- 
mately connected with the occurrence of polyembryony. 

In connection with the collection of material Patterson (’13) 
discovered a ‘period of quiescence’ of the embryonic blastocyst. 
Regarding this he states: “The fact was first made apparent in 
1911, when, after I had started collecting two weeks earlier than 
in the preceding year, I failed to obtain the cleavage stages, al- 
though judging from the condition of development in the vesicles 
collected in previous years, one would naturally expect to find 
these early stages during the period of my first collection in 1911.” 
The following year be began collecting still two weeks earlier 
and again had a similar experience. “Practically all of these 
vesicles lie free within the uterine cavity, either in the horizontal 
groove or in the region of the attachment zone (placental area).” 

“It is evident from thesc data that the embryonic vesicle re- 
mains for some time lying free within the uterine cavity. Just 
how long this period lasts, I am unable to  state; for practically 
every old female taken at the earliest date (October 15th) at  
which I have collected, possesses a free blastocyst. How long 
such blastocysts have been in the uterine cavity it is ,  of course 
impossible to determine; but I should judge not very long, be- 
cause two vesicles taken from the fallopian tubes show a develop- 
ment almost as far advanced as that of some vesicles taken from 
the proximal parts of the horizontal grooves. Taking all the facts 
into consideration, I estimate the ‘period of quiescence’ to last 
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about three weeks; that is, from about the middle of October to 
the third or fourth of November. . . . Of the thirty-four 
free blastocysts obtained in 1911 and 1912, twenty-eight of them 
were secured within this period.” 

In a study of sections no mitotic divisions were found to occur 
in the blastocysts during the ‘quiescent period.’ 

The only point of interest cited by Patterson in connection 
with this peculiar phenomenon of interruption in development, 
was the fact that in no other mammal except the deer, had such 
a condition been found. Bischoff (’54) had long ago reported a 
‘period of quiescence’ lasting for some weeks during a so-called 
morula stage of the deer embryo. 

Newman (’17) has recognized the importance of Patterson’s 
discovery of the ‘period of quiescence’ during the early develop- 
ment of the armadillo, and states in a discussion of twin formation 
that this ‘period of quiescence’ probably “holds the clue to the 
physiological explanation of polyembryony.” In this position 
Newman is, in my opinion, largely fight, but this is as far as the 
data Icd him, and he finally remarks: “The problem is to locate 
the factors responsible for the slowing down of the develop- 
mental rhythm. Whatever these factors may be, and we have no 
definite knowledge of them, the result of retardation is polyem- 
bryon y . ’ ’ 

Newman thus fails to appreciate the second point in Patter- 
son’s discovery, and that is, that the blastocysts always lie free 
in the uterus during the ‘period of quiescence.’ This fact en- 
ables us to go one step further since the lack of attachment and, 
therefore, lack of oxygen supply are very probably ‘ I  the factors 
responsible for the slowing down of the developmental rhythm.” 
The armadillo egg, like that of most mammals, undergoes its 
early development in the Fallopian tube and is, therefore, capable 
of reaching the blastocyst stage on its initial oxygen supply. After 
this time however, it must become attached to the uterine wall 
for a further source of oxygen. For some reason, in the armadillo 
the reaction between the blastocyst and the uterine wall is post- 
poned and the blastocyst is incapable of further developmental 
progress until this reaction is established and the necessary supply 
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of oxygen becomes available. In  exactly the same way the de- 
velopment of the blastoderm in the fish's egg is experimentally 
retarded or stopped by reducing the available oxygen and is again 
made to resume its development by supplying oxygen. In  the 
case of t'hc fish egg, the supply of ordinary nutriment is not, in- 
volved, and reactions similar to those of the armadillo egg are 
only obtained as responses to changes in temperature or rate of 
oxidation. 

I do not believe the retardation in the armadillo egg is of the 
nature of a starvation phenomenon, since we see nothing of the 
kind in other forms. Temperature changes are ruled out, since 
the temperature of the uterus is more or less constant. The ab- 
sence of oxygen necessary for the energetic process of cell divi- 
sion is, therefore, in all probability the arresting cause, and the 
retardation results in polyembryony. 

Thus Patterson has f m n d  the developmental interruption to 
exist, and he has also shown the blastocyst to  be disconnected 
from the uterine wall and its necessary oxygen supply during this 
time. However, he has furnished no data bearing on the reason 
for the delay in uterine reaction and the consequent failure of 
immediate implantation of the blastocyst such as normally occurs 
in other mammals. 

The consideration of the armadillo egg up to this point has 
taken account only of the external factors influencing its mode of 
development. It must now be remembered as a fact of serious 
importance that the production of quadruplets from t'he single 
egg of the Texas armadillo is an  almost constant occurrence, 
while the experimental attempts to produce twins and double 
individuals in fish eggs and other forms have given at best only 
small percentages of such individuals among the large groups of 
eggs treated. It is also recalled t'hat all eggs do not furnish 
equally favorable material for artificial twin production. The 
eggs of the trout seem unquestionably more disposed to give rise 
to twin formations tJhan do the eggs of Fundulus. Thus some 
eggs would seem to have an  hereditary or truly innate predisposi- 
tion toward polyenibryonic formations. There is much reason 
to believe that, aside from the external factors discussed, the 
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armadillo cgg itself is highly disposed toward the formation of 
accessory einbryoiiic buds. 

There is the possibility, of course, that this natural experiment 
with the armadillo egg has become so exactly regulated as to 
influence the developmental processes precisely the same way 
each time, yet this is highly improbable for sereral reasons. 
The armadillo egg is not a case of siniple twin growths from the 
blastoderni, but, as Patterson finds, there are primarily two buds, 
and then very promptly two secondary ones arise making the 
four, and after this the budding process ceases. In  the South 
American species, howeyer, it, would appear as though a tertiary 
budding occurred giving the usual eight embryos; and in rare 
cases still another budding occurs from a few of the existing buds, 
giving a total of as many as twelve. It would certainly seem as 
though the blastoderm in these species passes through a stage of 
agametic reproduction or budding of a nature unknown among 
other higher vertebrates. But the possibility for such expression 
might only exist on account of the delay in implantation of the 
blastocyst and consequent shortage of the oxygen supply neces- 
sary for the rapid forniatioii and growth o€ the single embryo. 

It is important to keep in mind that, thei-e are species of the 
armadillo which produce only a single offspring from one egg. 
It is not known whether their embryos have a ‘period of quies- 
cence,’ but if they have the period either occiirs at a different 
developmental stage or the egg does not possess the inherent 
budding tendency of the other species. 

It remains now to account for the fact t8hat although the egg 
of the deer has a ‘period of quiescence’ during its development it 
does not’ give rise with any degree of frequency to  twin indi- 
viduals. In the first place, it is entirely uncertain from the scanty 
accounts as to what time in development) the quiescent period 
occurs. Assuming that such a period does exist, it  might occur at 
some indifferent stage when no peculiar result would be expected, 
for example, after gastrulation as it does in the bird Tvith 110 

subsequent effect. In the light, of the experinicntal production 
of double individuals, it is readily understood that even though 
the egg of the deer is interrupted in its development a t  an early 



196 CHARLES R. STOCKARD 

stage, it might still be capable, on resuming development, of 
giving a normal single embryo. The egg of the deer may possess 
only a very slight tendency toward accessory embryo formations. 
,4 study of the experimental production of twin and double indi- 
viduals among fish leads one to be surprised at the case of the 
armadillo and to expect the reaction found in the deer. The 
constant interruption occurring in the development of the birds 
and other animals at indifferent developmental moments with 
no subsequent ill effects renders commonplace the fact that the 
deer successfully withstands an interruption during its develop- 
ment without noticeable modifications in structural response. 

In  conclusion we may summarize the cases as follows. The 
development of the armadillo is interrupted on account of a 
failure to  become promptly implanted on the uterus and a con- 
sequent exhaustion of available oxygen supply. The interrup- 
tion occurs at a critical period just preceding the primitive- 
streak and embryonic-line formation. The internal qualities of 
this egg gives to it a decided tendency under conditions of arrest 
to form accessory embryonic buds. As a result of the inter- 
action of these external and internal forces polyembryony is 
produced. 

In the case of the deer only one probable fact is known, and 
that is that a ‘period of quiescence’ occurs. It is uncertain at 
what stage the arrest takes place, but it is probably due, as in 
the armadillo, to a delayed implantation of the blastocyst. Either 
on account of the stage of arrest or a lack of tendency to form 
accessory embryo buds, a typically single individual arises 
from this egg. The external factors may be the same as in the 
case of the armadillo, but they interact with different internal 
factors or different developmental moments to give a very differ- 
ent result. 
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e, ‘Alternation of generations’ and twins in vertebrates 

Among plants and lower animals, particularly the coelenterates, 
there commonly exists a so-called alternation of generations. -I 
given species at one time reproduces sexually by the union of 
gametes, egg and sperm cells, and the individuals derived from 
such gametes then give rise to a number of other individuals by 
a growth and fission or a budding process. Finally, sexually 
mature individuals again occur to reproduce another generation 
from germ-cells. In  general this phenomenon is trhought to be 
limited to these lower forms. 

The suggestion has frequently been made but without sufficient 
emphasis that the blastoderm may be looked upon as a stock 
able to give rise asexually to more than one embryo. Since the 
natural process of budding to form four or more embryos in 
the armadillo is recognized, and accessory individuals may be 
produced experimentally from other vertebrate eggs, it becomes 
evident that even man and the highest animals may actually at 
times exhibit an alternation of the sexual and asexual processes of 
reproduction. 

In  a subsequent section of this papev the origin of various or- 
gans of the individual’s body will be considered as arising initi- 
ally through a budding process exactly comparable to  the ini- 
tial embryonic axis bud on the blastoderm. These buds may 
also be suppressed or inhibited in their expression in much the 
same way and by similar experimental methods as was described 
above in the case of the embryonic axis or initial embryo bud. 

From a general biological standpoint the adult body of higher 
animals may be very correctly considered to be derived from a 
sexually produced embryonic axis the stock which gives rise by 
an asexual method of budding to the various special organs. 
The vertebrate body is thus composed of a group of different 
zooids, the organs. There are seeing, hearing, excretory zooids, 
and so on, comparable to  the zooids of a siphonophore colony. 

Alternation of generations is here considered a phenomenon, 
not limited as is generally taught to lower forms, but occurring 
throughout the animal kingdom. 
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6. STRUCTURAII DIFFEREXCES BETWEEK THE TWO COMPOKESTS 
Ih- CONNZCTED TWINS iZND DOUBLE INDIVIDUALS 

As illustrated in plates 1 arid 2, the components in connected 
twins and double individuals exhibit various degrees of separate- 
ness from partial double-headedness to completely double indi- 
viduals. I t  has also been brought out in the previous section 
that the degree of doubleness shown by any such specimen de- 
perids upon the original distance apart of the two embryonic 
shields along the germ-ring of the fish's egg, as illustrated in the 
diagrams of figure 11. As Morrill ('19) has pointed out, the dif- 
ferent extents of doubleness are in no way connected with differ- 
ent times of origin of the condition as was suggested by Newman 
('17, p, 17-18), since every extent of doubleness is shown in this 
fish series and the time of origin from the developmental stand- 
point is the same in each case. 

Irrespectjve of the degree of doubleness or the distance apart 
of the two components, there is a most significant competition, 
so to speak, between the Components themselves, just as exists 
among several buds growing from a common stock. It is the 
results of this interaction or competition between the two com- 
ponents which we wish to consider in the present section, and 
their bearings, of very general importance, will be analyzed in the 
sections following. 

a. Double individuals with identical or equal-size components 

The two components in each of the specimens photographed 
in plates 1 and 2 are practically of equal size. The first plate 
illustrates the young trout from a dorsal view and the second 
plate shows the same individuals arranged in the same order from 
the ventral aspect. On comparing the two views of every speci- 
men, it will be found that all heads are perfectly normal in appear- 
ance, each having two fully developed eyes, a perfectly formed 
mouth and branchittl structures arid a perfectly developed bilat- 
eral brain with its general contour clearly visible below the skin. 
On further comparing the two views in a given specimen, the body 
regions of the components are also found to be aboutj equally 
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developed. except that in one or two of the cases one component 
is more decidedly twisted than the other. This twisted condition 
in some eases causes one component to  appear considerably 
larger than the other. This, however,. is only an appearance, 
and examination of the actual specimen shows the components to 
be very closely equal in size. 

Correctly speaking, none of these Components are structurally 
deformed. The application of the term ‘double monster’ to  such 
indiyiduals as these is actually a misnomer, since there is nothing 
whatever deformed or inonstrous about their structures. The 
condition of being double is a perfectly normal result of the growth 
of two buds from a single stock. However, these individuals 
have arisen from unusual conditions acting on the developing egg 
during a particular interval and exhibit, therefore, unusual and 
modified developmental results. Similar conditions affecting 
other developmental periods are responsible for the production 
of all types of structural deformities and so-called monsters. 
The double series is, therefore, similar in so far as its causal origin 
goes to the ordinary monstrous forms, yet one could scarcely 
term two perfectly developed identical twins such as those shown 
by the last specimen of the series as monsters. 
h study of the series here illustrated in addition to a large num- 

ber of similar double specimens not only of fish, but of other ani- 
mals as well as man, leads to the general conclusion that, V h e n  
the two components of a double individual are equal in size they are 
both normaE in structure. This means simply that such compo- 
nents are as strongly inclined to be normal as is a single individual 
and not that they are never deformed. A11 figures of double 
specimens in the literature further illustrate this point. One 
may deduce from these facts that  if there was a competition of 
any kind between two such components, the advantages of each 
in the struggle have been equal. When the advantages are un- 
equal, it will be found that a very different state of affairs results. 
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b. Double individuals with unequal components 

In every extensive collection of double specimens we riot only 
have those with components of similar size, but also a number of 
double individuals presenting two components of different size. 
The discrepancies in size between the two components may be 
arranged in a graded series beginning with only a slight size dif- 
ference arid finally ending with a very small mass attached to 
the larger component. Figures 12 to 17 illustrate such a series 
in cases of anterior duplicities, and figures 20 to  27 show various 
size differences between the components in completely double 
specimens. 

Associated in all cases with these size differences are strikingly 
noticeable and important structural differences between the 
components. 

Bigs. 12 t o  17 A series of double-hcaded trout specimens some time after 
hatching, and illustrating thc fact, that  when the two cornponcnts of a double 
individual are unequal in size the larger component is normal in structure and 
the smaller component is invariably defective. 

Pig. 12 The two hcads in this individual are equal in size and both are 
stmcturally normal. 

Fig. 13 The lcft head is slightly smaller than the right, and the right eye of 
t.he smaller head is defective with a widc colohoma. The right head is entircly 
normal. 

Fig. 14 The difference in size between the two heads is more marked than i n  
figure 13 and the smaller head is also more decidedly dcformed. Its right eye is 
entirely absent and the left eye is extremely defective, being only a small choroid 
body with a protruding crystalline lens. The mouth and gills are unopencd 
with considerable structural distortion. The larger lcft head is in all respect,s 
perfectly normal. 

Fig. 15 The left head is normal in siae and perfect in structure, while the 
smaller right hcad is completely deformed wibh a twist,ed irregnlar shape and no 
definite outer indicat,ions of mouth and gills. The right cye is absent, and the 
left cye is defective. A somewh:tt diffcrent. vicw of the sihaller head is shown 
immediately below- the ent.ire figure. 

A double specimen with t,he lcft head still smaller in size and more 
completely deformed. It has a cyclopean cye, and a narrow tubular brain, and 
thc branchial parts are cntirely distorted. 

Fig. 17 Completes t'hc series with a perfcctly formcd larger component, 
while the smaller left head is represented by an aniorphous mass as scen from 
surface view. Should this specimen have at.tained adult, size, it  would probably 
have been a normal trout with a small nodule represeiit,ing the lcsser component 
projecting from its body wall. 

Fig. 16 
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i. Condition of the larger component. Whenever the compo- 
nents of a double individual are unequal in size, the larger com- 
ponent, with one exception in inore than seventy such specimens 
that I have studied, is invariably normal in structure. A careful 
examination of a large number of illustrations of such specimens 
through the literature, without exception confirms the above 
fact. It  would seem to be a rule, that the larger component of a 
double individual is  no  more likely to be defective in form or structure 
than i s  a single indiuidual of the same species developing under a 
similar environment. 

Whenever the compo- 
nents of a double individual are unequal in size the smaller compo- 
nent, in all cases examined, i s  always abnormal i n f o r m  and structure. 
A survey of the figures in the literature also shows this to be 
constantly the case. 

A study of the types of deformities and defects exhibited by 
these smaller components is most instructive, and is further 
extremely suggestive in an analysis of the causes underlying all 
abnormal development. 

Examining first the cases of anterior duplicities, figure 12 shows 
two heads of equal size, both structurally normal. In figure 13 
the left head is only slightly smaller than the right. The right 
head is normal, but the right eye in the left head is small and de- 
fective in form, with a ventral coloboma and a protruding crystal- 
line lens. The size difference between the two heads is slight 
and the abnormalities shown by the smaller are not of an extreme 
type. 

In figure 14 one head is decidedly larger than the other, the 
larger head, as usual, is normal, the smaller is very abnormal. 
There is only one minute deeply buried eye, E, and the structures 
of the mouth and branchial arches are peculiarly distorted. Fig- 
ure 15 shows a still more marked size djfference between the two 
components, and the smaller one here is decidedly twisted, with 
two poorly developed eyes almost in apposition on the ventral 
surface of the head. Mouth and gill formations are superficially 
suppressed, but there are certain contorted structures represent- 
ing these parts. The brain lacks its usual bilaterality and has a 

2?. Condition of the smaller component. 
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twisted tubular shape. The sinall figure immediately below the 
defective head represents the opposite view of this head. 

In figure 16 the smaller component presents a typical cyclopean 
eye beneath the anterior tip of a narrow, almost solid brain. 
Here again the mouth and gill structures are grossly deformed. 

Finally, figure 17 shows only an amorphous mass representing 
the smaller head on a perfectly normal larger component. This 
head mass contained no ophthalmic structures at all, the brain 
was entirely distorted and the mouth was completely absent, 
with the gill structures greatly deformed. Behind this head mass 
the pectoral fins were fairly developed and a short anterior body 
portion representing the rest of the component is shown in the 
figure. 

Figures 18 and 19 give two views of the only case observed 
among these individuals in which the larger component w-as 
also deformed. In  figure 18 the larger left head is seen, in dorsal 
view, to  have a left eye, but no right. The ventral view shown 
in figure 19 illustrates the normal left eye and also shows the 
normally well-formed mouth and gill arrangements in the superior 
component. The right head, or smaller cornponelit, is shown 
from both views to be much more decidedly deformed than the 
left. It is completely anophthalmic and the brain, mouth, and 
gill structures are clearly abnormal. 

Since in all the other specimens the larger cornponelit is normal, 
we may claim with justification that the larger component in 
this specimen simply happens to be deformed as any single 
individual might chance to be. But the smaller component is 
more decidedly deformed than the larger, and the deformity in 
this instance no doubt results from the same reasons which have 
brought about similar deformities in all other smaller components 
of the entire group of double specimens studied. It is only to be 
expected that the larger component developing under somewhat 
modified conditions, such as those necessary t o  induce the iniiial 
doubleness, will occasionally be further affected and present 
some structural deficiency. Such abnormalities are not uncom- 
mon among those members of the experimental group which are 
not induced to  double formations, but continue to develop as single 
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individuals. I n  other words, nionophthalmia, cyclopia, anoph- 
thalrnja, deformed brains, arid braiichial structures occur among 
single specimens developing along with the double ones. 

JVe may now consider the condition of the srnaller component 
in double specjmens in which the components arc tli o cnniplete 
individuals, or conjoined twins. 

I;ips 18 and I9 TWO viens of a rare tfoublr sptvkien in filiivh the rarnpo- 
nwit s differ s l i~i i l ly  in size yet bolh caomponmts arc defornwcl. The left larger 
hmd has only ono eye. the I r f t ;  it is otherwiw perfrct, xs tho figures crhow. The 
right smdlr r  hcad is completc~ly eyeless and grossly drformecl in the anterior 
portion. T n  this raw t h p  larger left he:d ii by chance defective1 just ns any 
single individual might tw 

Figure 20 illustrates normal equal-sized identical twins at- 
tached to  a comrrion yolk-sac. Tho development of a teleost 
embryo on a largc yolk-sphere and the structure of its yolk-sac 
prohibits a free separation of identical twins and they always 
remain joined as shown in this figure. 



In figure 21 the lower component is sornewhat smaller than 
thc uppcr arid there is a cortiplete abserice of one eye. A drawing 
of the opposite side of this head shown below figure 21 rrprcsmts 
the other eye with an  extreme coloborria, its cntirc ventral part 
being deficient. 

Two views of another tlouble individual are illustrated hy 
figures 22 and 23. 
except for the fact that its tail is somewhat unusually bciit. 
The smaller component is completely anophthalmic and its 
brain presents a very abnormal contour. 

In figure 24 the srviallcr coniporient is still more reduced in 
size as compared with the larger normal member. Here also 
the extent of deformily is still more marked than in the two 
foregoing specimens. 'l'hcre is one small docply buried eye in 
a more or less shapeless head. The mouth and gills are dis- 
torted arid poorly devclopcd and the brain is deformed. T h e  
body is small arid abnormally developed. 

The specimen shown in figure 25 carries the condition a step 
further. A normal well-formed trout has attached to  its ventral 
surface a greatly coiled and twisted twin. This small componen t 
shows a minute almost buried eye, 13, and the head is in inany 
mays, grossly deformed. Rut for thc extreme coiling, the body 
would present alniost as good an appearance as that of the srrialler 
component in figuro 24. 

I n  figure 26 the sinall twin has a still inore nialformed head 
with no eye, but a more or less anteriorly protruding crystalline 
lens just beneath the skin. The body here is shorter than in 
the figure above and has only a single twist. 

Icinally, in figure 27, t,he last of 1 he series, the large component 
is a splendidly developed young fish with little more than a nodu- 
lar twin attached to the ventral portion of its yolk-sac. The 
little component has one small eyc deficient vcntrally, no external 
mouth or branchial forniations, the brain is tubular and the entire 
head knob-like in shape. The middle body portions are sup- 
pressed and only a conical stump-like tail end is shown. The 
entire growth of the lesser component has beon but a sniall 
fraction of that attained by the larger mernbcr. One might 

This component seems othci-wise normal. 

The larger cmqmient is perf 
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readily imagine that if this specimen had grown from its present 
length of 3 em. up to a size of 30 cm., the small component would 
have been so outgrown by the larger as to appear a tiny almost 
unnoticeable nodule on the ventral surface of the large fish. 
The little Component might possibly have become entirely 
included within the ventral body wall of the larger one. A 
twin inclusion would thus be formed. 

3. The small component and the frequency of double or twin 
indiuiduals. The frequency of double and twin individuals is 
probably much greater than realized. No doubt such speci- 
mens as the last one considered in the foregoing section might 
often attain the adult state without being suspected of their 
twin nature. It is also likely, in view of the fact that a graded 
series of reductions in the size of the smaller components in 
double specimens can be arranged down to the conditions here 
illustrated, that still more decided reductions exist. There 
probably are specimens with merely a trace of the smaller compo- 
nent, or it is possible that the small component might entirely 
disappear. Thus an individual appearing as a typically single 
specimen might in truth partake of the qualities and nature of 
the major component of a double individual. 

In connection with such probabilities the condition of situs 
inversus viscerum is of interest,. Morrill (’19) has found in an 
examination of certain of these double fish that a reverse arrange- 
ment of the viscera occurs in one of the components with a far 
greater frequency than has ever been known to occur among any 
group of single vertebrate individuals. The reverse arrange- 

Figs. 2U t o  23 A series of united t’wn trout, some time after hatching, further 
illustrat m g  the  principle that  in double individuals with components of different 
size the larger one is normal structurally and the smaller is deformed. 

Fig. 20 Twin trout, both of equal size and normal structure. Each twin is 
fully as large as a single specimen of the same age. 

Fig. 21 The upper individual is the larger and is structurally normal, the 
l o a w  specimen is slightly smaller with no eye on the right sidc and the left eye, 
shown in the small accompanying figure, is deformed with a dccided coloboma. 

The uppcr larger indi- 
vidual is struc.turally normal, and the lower smaller twin is eycless and some- 
what further deformed, with a tfiistcd caudal region which also causes a twist 
in the tail of the larger specimen. 

Figs. 32 and 23 Two views of the same unitcd pair. 
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ment, of the viscera in one component, though it by no incans 
always occurs, would seem in some manner lo  be associated with 
the double condition. This reversed visceral arrangement also 
occurs very rarely among man and other mammals in single 
individuals. Its remarkable frequence among these double speci- 
mens would lead one to suspect very strongly that when a reversal 
of the visceral arrangement, occurs, the apparently single indi- 
vidual is in reality a twin. All such specimens should be care- 
fully examined for twin or embryonic inclusions as positive e17i- 
dence of their double nature. Failure to  find such inchisions 
would not, however, disprove the above suspicion, since the 
inclusions might be represented by structures so minute as to  
be readily overlooked. 

An- 
other much-debated problem may be somewhat illuminated by 
this study of double specimens. I refer to the various ideas of 
the possible origin of so-called teratoniata or embryonal tumors. 
Such formations occur with greatest frequency in the lower 
abdominal or pelvic region. Certain pathologists have thought 
them to arise from a development of misplaced or arrested blasto- 
meres, others have thought it possible that they might arise 
through some form of parthenogenetic development, and still 
others have looked upon them as a type of twin inclusion. The 

4. The small component and certain theories of teratoma. 

Figs. 24 t o  27 A continuat.ion of the twin trout series shown in figures 20 to  
23. In this group the sinaller member is still more inhibited in size and more 
completely defective in structure. The larger component is perfect in all. 

Fig. 24 The snialler t w i n  is little more than half the size of the larger with 
an amorphous head containing one defect.ive eye and thc body is twisted. 

Fig. 25 The smaller twin is here greatly twisted or coiled, its hcad is de- 
formed, possessing B large defective left eye, and the right cye consists of a tiny 
choroid vesicle indicated by the dark spot,, E. 

Fig. 26 The lesser component is still smaller in size, short and twisted with a 
considerably suppressed eyeless head. 

Fig. 27 The larger twin is a beautifully normal specimen,'while attached to  
ihe opposite surface of the yolk-sac is a m a l l  individual reprcsenteci by a badly 
deformed head with no mouth or gills and one defcc1,ive eye. Almost the entire 
body of this component is absent and the tail is represented by a mnical mass 
with no caudal fin. Should such a specimen attain aduli, size the sm:tller indi- 
vidual would be nttnehed to  the vent>ral abdominal will of f he largcr as x nodular 
twin. 

TIIE AMERICAN JOYRNAL OF AI&TO%Y, VOL. 28, NO. 2 
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frequent occurrence of teratoma in the pelvic regions was in 
line with any of these explanations. Misplaced blastomeres 
might readily be in this portion of the body and twin inclusions 
or partially deformed twin bodies are frequently connected with 
the pelvic region. 

The parthenogenetic theory which has received considerable 
support would necessitate the occurrence of all such formations 
in close proximity to the gonads and therefore would practically 
limit their occurrence to the pelvic region. It so happens, how- 
ever, that teratomata occur with considerable frequency in the 
head and neck regions. This is most difficult to explain on the 
basis of a parthenogenetic origin. It niight be possible, though 
not so probable (for the blastomere theory), that misplaced 
blastomeres arrested in the early egg might develop in such 
cephalic positions. 

On the other hand, if teratoma arises from early twin inclusions, 
one would, on the basis of our series and a general survey of 
recorded double individuals, readily recognize that the head and 
neck regions should be places of frequent occurrence for these 
structures. The double specimens arrange themselves roughly 
into two groups, the anterior duplicities or double-headed lot, 
and the completely double specimens. 

Should the smaller components of the first group become 
greatly inhibited and included within the larger components, we 
should have the inclusions in the head region. Should these 
then give rise t o  teratomata, such growths would not be expected 
to contain tissues found in the caudal regions of the body, such, 
for example, as nephric, gonadal, lower intestinal structures, 
etc. The rather frequent occurrence of teratoma in the head 
and neck would be what one would expect. 

The inclusion of the smaller component of the completely 
double specimen would in most cases occur in the lower abdominal 
region. This would account for the great frequency of pelvic 
teratomata. Such teratomata in contrast to those of the neck 
region, may be found to contain tissues characteristic of any 
portion of the body, since these are inclusions of a possibly 
complete twin and are not limited to structures of either the 
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anterior or posterior regions. Nevertheless, from what we have 
seen of the tendency on the part of the smaller component in 
the completely double individuals to possess poorly developed 
head ends, it would not be surprising to find that ophthalmic 
tissue and other cephalic structures were frequently absent from 
pelvic teratomata, though such structures might in certain cases 
be particularly evident. 

We may 
now return to a brief consideration of the types of deformities 
shown by the smaller components in the unequal pairs and 
decide whether these defects are similar in kind to those which 
occur in nature, as well as those experimentally induced, among 
single individuals. 

In the first place, it is noted at  once that ophthalmic deformities 
are particularly frequent. The illustrations show complete 
anophthalmia, monophthalmia, and typical cyclopean conditions 
as well as various degrees of imperfection in the individual eye, 
such as coloboma and reduction in size of the retinal region. 
Duplicities produced by any method such as the mechanical 
constriction employed by Spemann, as well as those occurring 
in nature, show in the smaller component the same ophthalmic 
defects as are found among these double specimens induced by 
development in low temperatures or with insufficient oxygen 

The brain in the smaller components shows various abnormal 
contours or may be simply tubular in shape without a normal 
expression of bilateral diverticula or hemispheres. 

The mouth is often deformed and frequently absent and the 
operculum and branchial arches are distorted in shape. The 
fins are often small and underdevelopcd. The general body 
shape may be variously modified, the caudal end being short 
and stumpy or absent'. The heart may be poorly developed 
and pulsating feebly so that the blood fails to circulat,e and 
becomes massed in various regions of the body. 

It is unnecessary to  do more than enumerate these defects 
and examine the illustrations to convince anyone familiar with 
the commonest developmental anomalies that the structural 

5. Types  of defects exhibited by the smaller component. 

supply. 
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modifications and defects of the lesser components are in every 
sense identically the same as the defects which have been recorded 
and illustrated as occurring in single individuals. 

The types of defects most conimonly found, such as those of 
the eyes, are also the most frequently observed anomalies in 
single individuals. Therefore, not only the kinds of defects, 
but the frequencies of their occurrence are the same among these 
lesser components as among single deformed specimens. 

The fact that these malformed components are developing 
in intimate union with larger normally formed components makes 
it evident that the causal factors for the malformations are to 
be sought in some difference that exists between the develop- 
mental processes of the two. And, further, since the malforma- 
tions of the one component are identical with those in single 
specimens, the difference in conditions found between the larger 
and smaller component may also furnish the clue to  causes of 
malformed structures in general. We shall attempt beyond, 
in sectjon 7, to give a logical explanation of abnormal structure 
from this standpoint. 

c. T h e  components i i ~  double human specimens 

In order to  demonstrate that the conditions above described 
as existing in double specimens of fish are in no way limited to 
this class of vertebrates, I wish briefly to consider several very 
interesting degrees of double development in human specimens 
that have recently come into my laboratory. 

,411 of these specimens have been examined by my colleague 
Doctor Morrill for conditions of situs inversus viscerum, and the 
left component in one case of anterior duplicity, as reported by 
him ('19), shows a reversal in the position of the viscera just as 
was found in certain of the components among the double fish. 

The three specimens seen in plates 3 and 4 to form again a 
graded series. The series begins with a double individual pre- 
senting two heads and anterior portions on a single pelvis, seen 
in the upper photograph, plate 3, and passes on to a completely 
double sp6cimen with the components strongly united through 
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their ventral surfaces, the lower figure, and finally ends with the 
entirely separate unquestionably identical twins illustrated in 
plate 4. 

The case of separate twins differs in inany ways from the other 
two and will be considered alone. 

The first two specimens are in general alike. In  each the two 
components are practically of equal size, and all of the four 
components present entirely normal structures. These speci- 
mens follow exactly the rule stated in reference to the double 
trout ; that is, when the two coniponerits of a double individual 
are equal in size they are both normal in structure with almost 
the sanic frequency as a single individual would be. 

In  the first specimen, of plate 3, caeh head shows a periectly 
formed face with all the scnse organs fully developed. A dis- 
section of this body shows the vertebral columns to be separate 
down to  the sacrum. The pelvic skeleton is single with the nor- 
mal single pair of lower extremities arising from it. The median 
arms of the two coniponents have their soft parts fused or pecu- 
liarly arranged, a synbrachium, the details of which are being 
studied by Mr. H. R. Sutton. Each arm possesses a complete 
skeleton. Further details of the visceral structures are of no 
importance in the present connection. This specimen is in 
general comparable to  the fourth case of anterior duplicity shown 
in the equal component series of trout (plates 1 and 2). 

The second human specimen, in plate 3, is a case of full-term 
united negro twins. There arc two completely formed compo- 
nents with a very wide ventral unioii into which the two livers 
and other viscera are drawn. The babies are females and each 
would weigh more than 5 pounds. X careful examination shows 
all organs and parts to be perfectly formed and of normally 
large size. This specimen is comparable to the last ones shown 
in the equal component series of trout (plates 4 and 2). 

Here again we are warranted in attributing the different 
degrees of doubleness to the diffcrent distances apart of the two 
original embryonic lines or axis as they appeared on the blnsto- 
derms. In the first case the primitive streaks were not far 
apart and in the fiecond case they were in positions almost 180" 
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apart on the blasto-disc. Such an interpretation would certainly 
seem proper in the case of the fish and the bird. 

The third case, that of the separate twins, plate 4, differs from 
the others in that both babies arc deformed. Yet the deformities 
and other peculiarities of this case make it unique in value. It 
has been seriously questioned, on the basis of psychological and 
other studies (Thorndyke 'OS),  whether actual cases of hunian 

A 2 8  

4 
B 

Fig. 28 Drawings of the ventral surfaces of the hands and feet of the iden- 
tical human twins shown in plate 4. A, from one individual, and, B, from the 
other. The four hands are d l  polydactylous, having an accessory finger on the 
ulnar side, and the four feet are similarly polydactylous, all having an accessory 
toe on the fibular side. The polydactylisin is practically identical in the two 
individuals. 

identical twins do exist. The structural conditions of the two 
male twins in this case renders it practically certain that they 
arose from a single fertilized egg. There are six fingers on each 
of the four hands, as shown in plate 4, and more distinctly in 
figure 28 A and B; there are also six toes on each of the four 
feet, as the illustrations shorn. Such a polydactylous condition 
is known to be derived from a peculiar germinal complex and is 
not produced by the developmental environment. The chance 
is one against thousands that two fertilized eggs, carrying exactly 
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the same capacities for polydactylous development should occur 
at one time in this mother. The expression of polydactyly in a 
family in which it is hereditary, is most variable. Neither the 
father nor the mother of these twins were said to  have polydac- 
tylous hands or feet, and it was claimed that they had another 
child with an ordinary number of fingers and toes. This, how- 
ever, was a case of a ‘seven-month’ stillbirth in a New York 
hospital, and it proved impossible to obtain a family history of 
positive value. 

These twins show further deformities t,hat are almost identical 
in the two. A11 of t,he four kidneys are cystic and the left kidney 
in each individual shows the cystic condition in a more exag- 
gerated form than does the right. The two heads haveposteri- 
orly protruding meningoceles, one being slightly larger than the 
other. The meningeal hernias are probably due to the action 
of some environmental influence that produced closely similar 
responses in these two individuals of identical germinal composi- 
tion, In  this case both members of the pair arc malformed in 
addition to their unusual characters of genetic origin. 

In every way these twins are structurally about the same with 
the exception that the one on the left is smaller than the one on 
the right to  just the extent carefully shown in the two figures. 

This is a most positive case of identical human twins and 
would certainly seem to leave no reason for question as to the 
occurrence of such individuals. 

From t’hese examples it is probable that the two equal coinpo- 
nents in double human individuals are in about the same relation- 
ship t,o one another as are the equal components of other double 
vertebrate specimens. 

The double human specimens seen in many museums as ~7ell 
as those illustrated in the literature in which the two components 
differ considerably in size also follow the rule found for similar 
fish specimens. In  double human specimens the larger compo- 
nent is usually normal in structure and the smaller component 
is always deformed. Extreme cases of this type are exhibited 
among the freaks in ‘side shows.’ In these living specimens 
the larger component has a well-formed human body with the 
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smaller component represented by a malformed partial body, 
attached to or protruding from it. 

The cause of doubleness and twinning in these human speci- 
mens is in all probability the same as in the other cases dis- 
cussed. The rate of development of the egg was probably 
arrested during an early stage, and perhaps on account of some 
interfercnce or delay in implantation on the uterus. Very 
recently 1 have obtained a specimen through the kindness of 
Dr. Frank Erdwurm, of New York, which is of great value in 
an understanding of twin development in man. 

The specimen secured by Doctor Erdwurm is shown by photo- 
graph in plate 5. A living female baby weighing 6; pounds was 
enclosed within the upper membranes seen in the photograph. 
The cord from this baby is connected to the upper placenta near 
its lower border. After delivering the child, a second chorionic 
sac ruptured and discharged its fluid to the surprise of the 
observer. Later the two dead fetuses seen in the picture were 
delivered along with the placental mass. The fetuses proved 
to be identical twin girls enclosed within a comnion chorion and 
attached by their cords to a common placenta. The photograph 
clearly shows the single membranous sac in which they were 
enclosed and the positions of attachment of their cords to the 
placenta. 

The size and other conditions of the fetuses indicate a stage 
of about six months’ development. They had evidently been 
dead for a long time, probably about three months. The heads 
and bodies were somewhat macerated and shriveled and the 
blood-vessels had broken down in their placenta so that this no 
longer had any circulatory communication with the uterus. 
The two umbilical cords had become so mound around each other 
and knotted, as to completely cut off the connection of the fetal 
bodies with the placental circulation. The two fetuses were no 
doubt asphyxiated after six months of development. 

This structural evidence is substantiated by the behavior of 
the mother. She had passed through the first six months of 
pregnancy in a normal fashion and then became greatly dis- 
turbed, so that it was feared that her pregnancy might be inter- 
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rupted entirely. The severe condition gradually subsided and 
she was able to carry the living child to full term. The reaction 
of the mother was doubtless due to the death of the two fetuses 
and the cut-off in the placental circulation. The uterus was able 
to adjust itself to the condition and the fetuses remained, 
aseptically enclosed within their membranes. 

This was the mother’s second pregnancy; exactly twelve 
montJhs before, lacking one day, she had given birth to a single 
normal child. 

My interpretation of this triplet condition is as follows: The 
mother liberated from the ovary two eggs, both of which became 
fertilized and began development. One became implanted 
slightly before the other and developed into the single living 
girl. The second egg was not so favorably implanted as the 
first; this is indicated in the specimen by the lower placenta 
riding up over the larger one. The delay in implantation, due 
to the presence of the first egg, caused a slow rate of develop- 
ment at an early stage in the second and two embryonic buds 
arose instead of one, just as was described on the germ-ring of 
the fish. In this human specimen there is fortunately present 
the physical cause that might have produced the delay. 

The woman gave birth to triplets, two of which were feiiiale 
identical twins derived from one egg and the other was a single 
sister individual derived from another egg. 

Doctor Erdwurm furnishes a further very important record. 
This woman’s mother had eleven pregnancies, nine of which 
resulted in living single births and two in abortions during the 
first half of pregnancy. One abortion, the tenth pregnancy, 
consisted of twins, and the eleventh pregnancy resulted in the 
abortion of triplets. The nature of these twins and triplets, 
unfortunately, is not known. 

Evidently there is here a family tendency to ovulate more 
than one egg at a time. This may be due to simultaneous 
ovulations from both ovaries, from two follicles of one ovary, or 
from the rupture of a single follicle containing two or more ova. 
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7. THE DOUBLE IPJDIVIDUAL M~ITH UNEQUAL COMPONENTS AND 
AN UNDERSTANDING OF THE CAUSE OF ALL 

MONSTROUS DEVELOPMRNT 

The most valuable material that falls into the possession of 
the investigator attempting to analyze the causes of abnormal 
developnient is furnished by the united twins and anterior dup- 
licities where one component is fully developed and perfectly 
normal in structure, while the other component presents in a 
series of such forms various degrees or combinations of mal- 
formation and deformities. There are practically numberless 
attempts, from the time of Aristotle until now, at theoretical 
explanations for the cause of monstrous development, but none 
of these, as far as 1 know, have recognized as crucial the con- 
dition presented by the cornbination of a larger normal twin 
developing in actual union with variously deformed lesser indi- 
viduals. Certainly, all theories that conflict with this condition 
of fact may be discarded as being inadequate in gcneral. And, 
as mentioned before, the explanation of abnorinal development 
probably lies in the differences between the factors operating 
on the dcvelopnient of the two connected individuals. 

In thc first place, one could scarcely state in the presence 
of these specimens that the abnormalities of the lesser compo- 
nent are of germinal origin. Yet similar deformities in single 
individuals have been interpreted in Wilder’s (’09) theory of 
‘Cosmobia’ as always being of such origin. The larger and 
smaller members of the double complex have both arisen from 
a single fert’ilizcd egg. There is 110 trace of either direct or col- 
lateral evidence to indicate that the hereditary factors are not 
equally distributed in the cells of both components. The germinal 
origin of one component could in no way be differcnt from that 
of the other, since the entire specimen was a single individual up 
to about the stage of gastrulation. Further, when the two 
components are of equal size their identical genetic composition 
and character is evident. Obviously, then, defects similar to 
those enumerated as occurring in the smaller component are 
not in general of germinal origin. 
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It is further evident t’hat, ‘identical twins’ and the components 
in double individuals need not necessarily exactly resemble each 
other as is commonly thought. The two members of the pair 
may be structurally very different; in extreme cases one may be 
normal and the other actually deformed. 

What influences could act on the smaller component that do 
not also act on the larger? Jhidcntly there can be nothing in 
the external environment that would not come in equal contact 
with both components, since they are intimately united and 
enclosed within the same egg membrane. There can be no case 
of injurious substances inducing a ‘blastolysis’ in the one com- 
ponent and not acting on the other, or causing an early ‘cellular 
disorganization’ (Kellicott, ’17) ’ which would not affect both com- 
ponents. There is also no question of an  insufficient supply of 
nutriment of the ordinary type, sjnce it is shown by many speci- 
mens that two normal embryos equally as large as the usual single 
one may develop on the yolk-sac of the fish’s egg, compare the 
first and last specimens shown by photograph in plates 1 and 2. 

There must, however, be some sort of competition between 
the two components other than a competition for the appropria- 
tion of ordinary yolk material. Much evidence suggests that 
an interaction exists between the components similar to, if not 
identical with, the interaction between two plant buds growing 
froiu a common stock. When the growing tip is cut from the 
shoots of certain plants, e.g., the ordinary privet, Lagustruin, as 
a rule the axillary buds of the two leaves immediately below the 
cut give rise to growing shoots. In  many cases two shoots grow 
at equal rates and are about equal in size, in other cases one of 
the shoots evidently possesses some advantage and grows much 
faster and becomes larger than its companion. Finally, in a few 
cases a single vigorous shoot arises from one of the resting buds 
and the opposite bud is entirely unable to grow. There is here 
inrolved a factor in addition to available food material, just as 
Loeb has found in the Bryophyllum leaf, and whatever this fac- 
tor may be, through it the growing parts exert an inhibiting influ- 
ence on one another. In thc first case cited for the plant, thc 
growing impulse was balanced between the two upper axillary 
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buds and they grew equally, in the second and third cases one 
bud occupied a position of advantage over the other; this advan- 
tage may have been due to a slightly more favorable exposure 
to sunlight, heat, or moisture, or to a better flow of sap material 
on it’s side of the stem. Its  more rapid rate of growth in some way 
imposes an inhibiting influence on the expression of the other bud, 
causing it to be smaller, sometimes ill-formed or suppressed 
entirely. If the larger bud be pinched away in any of the cases, 
the smaller immediately improves its condition and grows large, 
provided it has not been held back too long (figure 29 A, B 
and C). 

The advantages of certain positions on a stem over others is 
strikingly shown by privet branches growing in dense shade. 
These branches are slender shoots with long intervals between the 
pairs of leaves until finally they reach the sun. After a certain 
length of the stem has grown into the sunlight, the axillary buds 
of a particular pair of opposite leaves grow into shoots. Later, 
when still further in the sun, the two axillary buds immediately 
below those that grow first, now grow to form the second pair of 
shoots. Still later the axillary buds from the lea,f paisimmediatelg 
above the first shoots send out the third pair. I have observed 
this exact order of growth in nine cases of shaded stems. The 
first shoots to appear have an advantage of position over the 
second and third on account of a proper exposure to sunlight and 
at the same time occupying a certain distance away from the 
growing tip. The second buds then come into sufficient sunlight 
and grow out despite the inhibiting influence of the first pair, and 
finally the third pair of buds now grow on account of having be- 
come more mature and further removed from the growing tip. 

The two embryos developing from a single blastoderm compete 
in a comparable way, and the results of the competition are also 
similar to the case of the plant buds. In  the present state of our 
knowledge, it is impossible to say what the primary cause is that 
gives one of the growing parts an advantage over the other. We 
may merely express this in a non-committal way as an ‘advantage 
of position.’ It would in no sense relieve our ignorance of the 
situation to state the likely probability that one of the growing 
points has a higher rate of metabolism or a more rapid oxidation 
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than the other. No doubt this is a fact, and should it be demon- 
strated, we still have the question: why is the rate of metabolism 
or oxidation higher? Why does this difference in rate of oxida- 
tion exist in some instances and not in others? What is there in 
these apparently similar points around the germ-ring that brings 

2 9  
Fig. 29 Outlines of branches from the common privet in which the terminal 

portions had been cut away, as indicated at the upper ends of the stems. I n  the 
first and usual case, A, following removal of the tip each of the upper axillary 
buds have given rise to  equal-siae shoots. In  B t,he shoot from the right axillary 
bud is large and strong, while the shoot from the left bud is slow-growing and 
small. I n  C the right shoot is normally expressed, but the left upper bud has 
failed t o  grow entirely, yet if the right shoot were pinched away the left bud 
then readily grows out. In A the  advantage of position in the two upper axil- 
lary buds was equal, but in B the  right bud had an advantage in growth posi- 
tion over the left bud, and in C this difference in growth advantage was still 
greater. I n  both of the latter cases the growing shoot exerted an inhibiting 
influence over the opposite bud, 
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about this higher affinity for oxygen at one point than at another? 
Certainly, we do not a t  present know! 

This unknown factor acting bctween the growing buds or em- 
bryos when out of equilibrium, inhibits to an unusual degree the 
rate of oxidation and through this probably t'he rate of cell- 
multiplication, arid certainly the rate of development in one of 
the components. All the defects observed in the inferior coin- 
ponent arc simply due to slowing of its developmental rate or 
are strictly \%-hat I have always termed developmental arrests. 
This problematical factor, then, simply tends to lower the rate 
of development in the one cornponcnt and thereby does what the 
experimenter is able to do 'in various ways with any developing 
single individual. I ('06, '07, '09, '10 a b, '13, etc.) have experi- 
mentally produced in single embryos all of the deformities seen 
in the smaller components by arresting the developmental rate 
of eggs with a large number. of different chemical and physical 
treatments. Xewman ('17) has observed exactly the same types 
of monsters among slowly developing hybrids. ;\s Newman very 
correctly points out. one obtains similar monsters by any method, 
either treating the eggs with injurious chemicals, strange physical 
conditions, or by heterogenic hybridization. Each of these 
methods simply lowers the rate of metabolism and the rate of 
development. Xewman, in agreement with my position, rec- 
ognizes all of the monsters as being primarily due to a lowering 
of developmental rate and, therefore, generally speaking, they 
are actually developmental arrests. From an extensive study of 
monstrous individuals, Dareste ('91) long ago believed that all 
developmental abnormalities were in general arrests, yet he 
lacked proof for such a position. 

The present study, however, enables me to  state the case in 
far bolder and more definite terms than it has been possible to  
do before. In  the first place, every type of developmentat monster 

Fig. 30 The terminal portion of a long privet stem bvkiich had grown upward 
in a shaded posiiion. On reaching direct sunlight the axillary buds three leaves 
from the bottom of the figure grcw into lateral shoots. Very soon after this the 
axillary buds of the pair of leaves immediately bcloiv the first shoots give rise to 
the serond pair of lateral shoots, and finally the buds of the leaf pair immediately 
above the first, shools grow inlo R third pair of lateral branches. I n  nine cases 
this budding sequcnce was invariably followed, 
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known in the literature may be produced by one and the same experi- 
mental treatment. For example, simply by lowering the surround- 
ing temperature or by treating with a weak ether solution all 
monsters may be produced. Secondly, the same structural abnor- 
mality may  be induced in the embryos of various species by a great 
number of diflerent experimental treatments. Thirdly, in all cases 
the initial eflect of the experimental treatment i s  a lowering of the 
developmental rate, and the resulting deformity i s  always second- 
arily &ue to this slow rate of development. Fourthly, the type of 
monster or dejormity i s  determined b!y the developmental period dur- 
ing which the slowing in rate i s  experienced. An early slowing 
will induce the growth of accessory enibryonic axes or duplicities, 
while a similar reduction in rate at later periods may produce 
anophthalmia or cyclopia, simple tubular brains, malformed otic 
structures, deformities of the mouth or branchial arrangement, 
etc., depending upon the time at  which the rate of development 
was slow. Slowing by a number of different ways if done at 
dhe same developmental time will give closely similar defects. 

We may finally state a common law of both normal and abnor- 
mal development as follows: Structural quulity may  be aflected by 
many  things, but always depends directly upon the rwte of develop- 
ment of the part or of the individual. T have many reasons for 
believing that this law- equally applies during postnatal growth 
and change in higher animals, as well as during their prenatal 
development. 

In a study of a number of different embryos it will be observed 
that a particular structural modification is more common in 
one species of egg than in another. With trout eggs for example, 
duplicities more readily occur than in the egg of Fundulus. While, 
on the other hand, cyclopia arid certain eye defects are more 
common among deformed specimens of Fimdulus than among 
those of the trout. It would seem as though particular moments 
and localities were more susceptible to modifications in one egg 
as a result of slow development than in another. Further, cer- 
tain eggs are in general much more sensitive than others and, as 
is well known, more frequently deformed. Their developmental 
rate is less strongly regulated than is the case in the more resist- 
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ant types. These facts are due to the different hereditary back- 
grounds on which the modifying conditions act. 

Finally, if one admits the above generalizations t o  be true, 
studies and descriptions of individual monsters and deformities 
lose much of their interest and so-called value. It js evident 
from the present standpoint that a single deformed specimen, 
whether human or lower vertebrate, must be considered asresult- 
ing from an arrest or slowing of its developmental rate during a 
particular period. Observing the nature of the deformity or the 
parts involved enables one to estimate the developmental period 
during which the arrest was effective. Such individual monsters 
in no way supply evidence to  determine what the initiating cause 
of the deformities may have been, since we know that the same 
type of deformity may be experimentally caused by many differ- 
ent treatments. We can estimate simply that the exciting cause 
acted to lower the rate of development during a definite interval. 

The great number of descriptions in the literature of isolated 
monsters have added very little to our understanding of the 
causes of abnormal development. The writer believes after a 
prolonged study of this subject that the only benefit to be derived 
from examinations of such isolated specimens is possibly to ob- 
tain aid in studying the normal sequence of development. This 
of course is valuable and only to this extent are such descriptions 
worthy of record. Detailed descriptions of monsters occupy the 
same level of scientific value as do records of ordinary structural 
anomalies observed in the dissecting room. 

Having stated the above conclusions derived from an exten- 
sive study of abnormalities in single individuals as well as the 
double specimens under present considerations, it is not deemed 
necessary to enter into a general discussion of the various views 
regarding abnormal development with which morphological lit- 
erature abounds. Many of these positions have been discussed 
in my previous papers. I shall here only attempt to consider 
briefly the last contribution by Mall ('17) who devoted so much 
study and masterly consideration to this subject. The inves- 
tigations by Mall are far the most valuable that have been 
made on human material. 
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In his last study on the frequency of localized anomalies in 
human embryos and stillborn infants, the data from a thousand 
specimens are recorded. 

Mall’s method of arranging this material rriay be considered 
in brief in order to at’teiiipt fitting it into our above conclu~ions. 
The material was primarily divided into normal and pathological 
specimens. Some of the ‘normal’ may possess localized anomal- 
ies, such as cyclopia, etc., and a study of the pathological group 
Mall believes justifies this inclusion of localized anomalies among 
the normal embryos. 

The pathological group was then subdivided into seven classes 
of specimens: first, those consisting of only degenerate choi ionic 
villi; second, of only the chorion with the extra enibryonic coelom; 
t’hird, of the chorion and amnion; fourth, of the embryonic mem- 
branes containing a nodular embryo; fifth, of cylindrical embry- 
os; sixth, stunted embryos, and, seventh, dried and deformed or 
soft and macerated specimens. The series thus begins with the 
most degenerate conditions and passes on to those specimens 
which maintained their integrity fairly well, though evidently 
malformed and dead for some time before being aborted. Un- 
questionably, all members of such a series have suffered develop- 
mental arrests of the severest types. In  some cases the arrest 
has come at an early stage and been followed by a disorganiza- 
tion or cytolysis and subsequent absorption of the embryonic 
material. In  guinea-pigs one frequently finds similar stages of 
embryonic degeneration in utero, and here also the placenta and 
membranes are the last parts to disappear. In almost all of these 
cases portions of the pregnancy must have remained in the uterus 
for some time after the embryo died before being discharged. 

If these pathological specimens are primarily due to develop- 
mental arrests, what, if any, evidence is there that conditions 
may have existed which could probably have induced such 
arrests? Or, is there evidence that human embryos are affected 
very readily by strange conditions? Very valuable dat.a bearing 
on both of these questions are supplied. In the one thousand 
specimens considered, about 33 per cent of the bva and embryos 
from the uterine lot were pathological, while as many as 66 per 
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cent of the ectopic specimens were of this nature. The double 
frequency of pathological specimens in ectopic pregnancies 
shows at once the influence of unfavorable environment. These 
facts are of primary importaiice and hIall discusses them in a 
most instructive way. He statcs, t o  account for human monsters: 
“It, would have been quite simple to conclude that the poisons 
produced by an inflamed uterus should be viewed as the sole 
cause, but when it is recalled that pathological ova occur far more 
commonly in tuba1 than in uterine pregnancy, such a theory be- 
comes untenable.” It is then stated furthcr : “For this reason 
(meaning the records from ectopics) I have sought the primary 
factor in a condition buried in the non-committal term, ‘faulty 
implantation.’ ” The faulty implantation acted to injure the 
development, in Mall’s opinion, on account of supplying insuf- 
ficient nutriment. I should be inclined to accept the faulty 
implantation as the primary factor, but the injurious effects of 
such an arrangement are due to  an insufficient oxygen rather than 
food supply. This difference in interpretation is only of aca- 
demic value. Udnutrition effects developing individuals in a 
general way causing a condition of undersiae, while insufficient 
oxygen decidedly slows the rate or may completely interrupt 
development arid thereby induces various structural deformities. 

Mall in this paper is inclined to drop thc cruder term ‘nutrition’ 
and admits that, “ Probably it’ would be more nearly correct to  
state that change in environment has affected the nietabolism 
of the egg.” This would be entirely in accord with the interpre- 
tation of arrest as being due to lowered oxygen supply. 

Again, Mall reaches significant conclusions when considered 
in connection with the foregoing general principles of abnormal 
development. For, on page 72, he states: “Accordingly, when 
an embryo through changed eiivironment is profoundly affected, 
the development of one part of the body may be arrested, while 
the remaining portion may continue to grow and develop in an 
irregular manner. In very young embryos, tissues or even entire 
organs may become disintegrated, as can easily be recognized by 
the cytolysis and histolysis present, and the resultant disorgan- 
ized tissue cannot continue to produce the normal form of an 
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embryo. If this process (evidently meaning disintegration) is 
sharply localized, for instance, in a portion of the spinal cord or 
in the brain, spina bifida or anencephaly results. To produce 
a striking result, as in cyclopia, a small portion of the brain must 
be affected at the critical time.’’ 

The one position with which we are entirely unable to agree is 
that the arrested development must so constantly be “associated 
with the destruction of tissue.” This tissue destruction is not at 
all essential to the production of such defects as spina bifida or 
ancncephaly. It may be demonstrated in many experimental 
cases that the tissues fail entirely to arise or differentiate without 
there being any indication whatever of a previous destruction. 

As stated in t,he beginning, Mall included localized anomalies 
among his normal specimens, yet such anomalies occurred about 
twice as frequently among t,he pathological individuals as among 
the normal. This is closely in accord with what has been found 
for the abnormal fish embryos. 

After this review of monstrous development in general, and 
an analysis of its causes from the conditions found in the smaller 
components of double individuals, we may consider in the fol- 
lowing section the interaction, if such can be observed, among the 
early organs in the single individual. It may be possible that 
these organs are related to one another in their development in 
somewhat the same manner as are the components of double 
specimens. A further test, therefore, of the correctness of my 
interpretations for abnormal development may be had in an 
analysis of the relationships among the developing organs in the 
single individual. 

8. THE DOUBLE INDIVIDUAL WITH UNEQUAL COMPONENTS AND 
AN ANALYSIS O F  T H E  DEVELOPMENT OF ORGANS 

I N  THE SINGLE INDIVIDUBL 

By way of introduction, we may further consider certain condi- 
tions in developing plants on account of their apparent simplicity 
and also their very striking suggestiveness in connection with an 
analysis of the origin and growth of organs in the vertebrate 
embryo. The imaginary elements involved in comparisons of 
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plant conditions with animal development I very fully recognize. 
There is, however, evidence of certain actual similarities which, 
along with deductions from my experiments on embryos, may 
serve to elucidate the problem of organ formation to a consider- 
able extent. Particularly suggestive is an examination of- 

a. The growth inJluence of the apical or primary bud over the 
secondary and potential buds in plants 

It is commonly observed that when a number of beans or other 
seeds are planted in a row under similar conditions of soil and 
moisture, the initial bud from each seed sprouts upward and 
grows to a definite extent and then temporarily stops. On exam- 
ining the row of young shoots, each with two horjzontally spread 
terminal leaves, it is generally found that all are very nearly of 
the same height. Should a certain part of the row occur in a 
more favorable environment than another the sprouts in this 
part may grow higher than in the others, or should certain seeds 
have been defective or their environment in the row unfavor- 
able, the sprouts in such cases are lower and smaller than the 
average. These low small plants seem as a general rule unable 
to overcome their inferior condition during later growth and either 
die or form very poor specimens. The small sprouts would appear 
to have suffered an arrest during their early development in 
consequence of which they generally fail to be normally large 
fruiting plants. 

The original shoot is entirely formed from the food contained 
within the cotyledons and the water of absorption. After attain- 
ing a definite length, it stops or slows its progress until the roots 
become sufficiently established to obtain further food and mois- 
ture from the soil. On becoming properly rooted the apical 
bud then grows upward from a point between the two original 
leaves and from this the development of the plant proceeds. 
We thus have an interruption, after the formation of the original 
sprout, similar to that found in the development of many verte- 
brates and from a somewhat similar cause. Here the plant could 
not continue to grow until certain substances were supplied by 
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the roots, through the assimilation of which, cell niultiplication 
was made possible. In the birds and in the experiments with 
fish eggs, the initial development is interrupted by a sudden 
lowering of temperature and through this the chemical processes 
necessary for cell multiplication are slowed or stopped and devel- 
opment ceases. Although the stuff is available, the conditions 
prevent its use. 

The case of the mammal is more closely analagous to that of 
the plant. Here the fertilized ovum within the Fallopian tube 
begins to develop and continues until it exhausts its initial supply 
of oxygen, though there may possiloly be here also an exhaustion 
of nutriment as in the plan. Following this, the development of 
the embryo is either stopped for a considerable time, as in the 
extreme cases of the deer and armadillo, or it is temporarily inter- 
rupted or slowed until the membranes have become established 
or embedded in the uterus of the mother and a further source of 
oxygen and nutriment is thus acquired. The placentation of the 
mammalian ovum and the root'ing of the plant in the earth as a 
mother, are comparable processes. Any lack of perfection in 
the process is either fatal or lowers the supply of necessary stuffs 
and thus causes an abnormally slow rate of development and 
growth with a resultant imperfection in structural formation. 

After the original linear sprout of the plant has rooted, and a 
certain extent of linear growth has taken place from the apical 
bud, growth in length gradually slows as if the apical bud had 
passed beyond the point at which it could dominate the growth 
activities throughout the length of the plant. When this time is 
reached, the axillary buds at, the base of the leaves are able t'o 
express their growth capacities and the plaht develops its lateral 
branches. Though all the branches of a plant have a more or 
less similar function, yet each may be looked upon as an organ, 
and their origin and subsequent competitive growths are in many 
respects similar to the origin and growth of organs in the verte- 
brate embryo. 

Such a statement of the situation in plant development is 
rendered further justifiable by a very common experiment. If, 
instead of allowing the apical bud to gradually exhaust its supreni- 
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acy by continuous growth, it be injured or pinched away at an 
early stage, the lat,eral buds very quickly grow out, showing their 
liberation from some controlling influence possessed by the apical 
bud. In other words, each growing bud (also true of the embry- 
onic organs) exerts a depressing influence on the growth of all other 
buds in the individual plant. As a shoot gradually ceases to grow 
its  depressiiag injhence also gradually ceases. 

b. The init ial  linear growths, subsequent lateral buds, and tke 
interactions among the organs qf the vertebrate embryo 

When the first trace of the embryonic body begins to express 
itself in the blastodermic matrix it appears as a linear growth, the 
head process extending forward from the blastopore or primitive 
streak. This very soon becomes surrounded by, or associated 
with the linear outline of the arising neural folds, the beginning 
central nervous system. 

The neural folds indicating the early nervous system are origi- 
nally of more or less straight outline and their first growth is largcly 
a growth in length. When in a given species the neural groove 
has attained a certain length, it then begins a series of latcral 
outgrowths, or branches. The first and largest of these are the 
two optic outpushings and after them follow in a general way, a. 
series of bilateral outgrowths designated the thrce primary brain 
ventricles. 

The initial linear origin and growth of the nervous system is 
very probably due to an equal rate of cellular proliferation along 
the entire extent, with perhaps a somewhat more rapid rate 
at the tip. The lateral outgrowths arise on account of an exces- 
sively high rate of proliferation occurring in a given region during 
a certain time. For some unknown reason the rate of metabolism, 
or actually the rate of oxidation becomes disproportionately high 
in a particular group of cells, and these begin to  multiply rapidly 
as compared with the multiplication rate of neighboring regions, 
and thus a folding or outgrowth occurs to produce, for example, 
the optic vesicles. Since other portions of the brain semi not to 
be proliferating so rapidly at  the same moment, it may be that 
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the growing optic vesicles exert a depressing influence over the 
growth of other parts. There is indirect experimental evidence 
for such a statement. 

The initial moment of high cell multiplication for a particular 
organ outgrowth is a most critical instant in the development of 
this organ. Thus, if the general developmental rate of an em- 
bryo be reduced by exposure to low temperature or cutting off 
the oxygen supply at the time when the rapid proliferation of 
the optic anlage should occur, the disproport,ionate growth of this 
region is prevented, and the result of such an experiment will be 
either the complete suppression of eye development, anophthal- 
mia, cyclopean eyes, monophthalamia, or some other degree of 
defective eyes. This result ensues in spite of the fact that after 
the critical moment for eye origin has passed the embryos may 
have been again developing at the usual rate in a normal environ- 
ment. The eye has only one favorable pcriod for its origin, its 
moment of supremacy so to  speak, and when it is unable to ex- 
press itself at this time, the opportunity is largely, if not entirely, 
lost. This is probably due to other organ anlagen having arrived 
at  their controlling moments, the optic inhibition being no longer 
sufficient or capable of suppressing them, but they, on the con- 
trary, now suppress the optic bud. 

The arrest in development necessary for suppression of the 
optic vesicle must be induced in the early embryo, before the 
enibryonic shield stage in the teleost, or before the optic anlage 
is at all visible in the neural plate. This I ('09, '13) have shown 
by a number of different experiments, and now also find to  be 
true in case of treatments with low temperature and scant oxy- 
gen supply. 

I ('09) have reported a number of experimental cases of fish 
embryos in which the eye was absent or was cyclopean, while the 
general brain structures were as usual bilateral and normal. 
Such specimens are viable and swim actively about. It is evi- 
dent in these cases that the arrest was limited in its effect to the 
optic outgrowths and was no longer effective when the primary 
brain ventricles were forming. 
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Specimens have again been recorded from my experiments, 
and these also may be induced in a great number of ways, show- 
ing either two poorly formed eyes, cyclopia, or anophthalmia, 
accompanied by a narrow tubular brain. Here the arrest or 
slowing in developniental rate has affected the optic outgrowths 
only slightly in some cases, in other cases severely, but in all 
cases it has persisted or coiitinuecl to act for a longer period and 
has thereby also suppressed the outgrowths which normally form 
the series of primary bilateral brain ventricles, hence the final 
narrow tubular brain. Depending, then, lipon the rate of devel- 
opment at a given moment, we may obtain: first, as is norrrially 
the case, optic vesicles on a brain with three bilateral primary 
ventricles; second, no optic vesicles, yet a brain with the bilateral 
primary ventricles; in the third case, we may or may not obtain 
optic vesicles on a brain with no growth of the bilateral veiitricles 
-a simple tubular brain (fig. 31). 

We may describe the development of the central nervous sys- 
tem in the vertebrate embryo very simply and schematically as 
follows. ,4t first tt more or less straight linear growth takes 
place until a given length for the given species is attained. then 
the linear growth possibly becomes slower in rate and lateral 
branches or outgrowths begin to appear, first the optic vesicles 
and then the first, second, and third primary brain ventricles. 
X competitive element is involved in the origin and growth of 
the lateral outpushings so that should one of these fail to  express 
itself during the usual time for such expression, it is later uiirtble 
to grow out normally or may not grow out at all (fig. 31). 

We know from experimental demonstration (Lewis, '04; Sper- 
mann, the writer, Leplat, '19, and others) that the optic vesicles 
are derived from a definitely located group of cells in the neural 
plate of the embryo. When they do not arise from this group of 
cells no other cells are capable of forming optic vesicles and they 
do not appear at all. 

In  addition to our knowledge of this definitely located optic 
adage in the embryonic brain, I hare now to contribute a fact of 
equal importance in the development of the eye which may be 
stated thus. When the optic vesicle does not grow out from the 
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brain at a definite developmental moment, it is subsequently 
unable to grow out and develop normally or it inay be unable to 
grow out at all. I have definitely inhibited development during 
this period in a large number of experiments and have either sup- 
pressed or modified the development of the eye. It may be con- 
cluded that, such an organ a s  the eye i s  not only derived from u 

i, 

I) \ I D  
31 

Fig. 31 A series of diagrams indicating modifications in the lateral outgrowths 
or budding processes of the anterior region of the central nervous system. A, 
outlines the normal case with the optic-outgrowths shown above and followed 
by the first, second, and third primary ventricular outgrowths of the brain. B, 
shows the  outline of a brain in which the optic outpushinys were suppressed, but  
the three brain ventricles succeeded in their lateral expansion. C, indicates the 
opposite case in which the optic outpushings were expressed, but the three brain 
ventricles were suppressed. This is a narrow tubular brain with eyes developed 
from it. D, outlines the condition of complete suppression of all lateral out- 
growths, there being neither eyes nor bulging brain ventricles. A simple tubular 
brain. 

dejinitely located primordial but. m u s t  also be derived during a limited 
moment  of development. 

This time-limited opportunity for origin is probably due to a 
growth competition between organs. The eye, not attaining a 
maximum growth rate at its proper moment, may permit an 
excessive growth to commence in a neighboring part and such a- 
growth may then further prevent the initial growth of the eye. 
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There is also a possible chemical interpretation of the limited 
moment. The great activity and high oxidation rate of a given 
group of cells might result from the formation of certain specific 
compounds of a highly labile nature within these cells. Should 
the available oxygen be insufficient or the temperature be too 
low at the moment of origin of such molecules, they would be 
unable to produce the usual cellular activity, and on account of 
their labile nature would soon become changed. The oppor- 
tunity for unusual growth activity of the specific kind on the part 
of the given cellular group would be lost. No doubt some such 
peculiar chemical process must be taking place during the different 
stages of cellular growth and differcntiation in a complex ver- 
tebrate embryo. When such labile compounds do break down 
we may also imagine that a more generalized chemical condition 
of the cell is produced. ,4nd such cells may subsequently take 
part in the formation of the inore general tissues and may not nec- 
essarily be lost on account of not having succeeded in giving rise 
to  the specific tissue intended. Certainly, one does not, find 
necrotic and disintegrating cells in all brains of anophthalmic 
embryos. 

Ralph Lillie (’17) has described structures simulating organic 
growths arising from electrolytic local action in metals. He also 
shows the formation of filaments from one metal to be inhibited 
by contact with another metal. “The inhibitory influence of 
zinc upon the formation of ferricyanide filaments from iron may 
be shown as follows: a straight piece of thin bright iron wire 
some centimeters long, one end of which is wound with a small 
strip of zinc, is placed in a 2 per cent K,.FeCy, solution in dilute 
egg-white. Filaments put forth rapidly from the zinc, especially 
near the iron, but the iron itself remains perfectly bright and 
bare, and may show no development of filaments for hours. If 
then the wire be cut in two by scissors, the part remaining in 
connection with the zinc remains unchanged, while the isolated 
part quickly develops the characteristic blue-green filamentous 
growth of ferrous ferricyanide. Evidently this growth had previ- 

Or when the zinc becomes completely covered by a growth of 
zinc ferricyanide the growth of ferrous ferricyanidc will begin. 

ously been repressed by the influence of the zinc . . . . J 7  
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Such reactions resemble in general the inhibiting effects of one 
growing bud or organ over the growth of other buds in the plant 
or organs in the embryo. 

The consideration up to this point has been limited to the 
developing nerrous systeni and its organs. Does a similar rela- 
tion of linear and lateral growths and evidence of a similar com- 
petition aniong organ buds exist in other systems of the embryo? 
And, further, is there any evidence of a wider competition between 
the different systems of the embryo? 

The development of the foregut from which is deiived a large 
portion of the alimentary tract in the vertebrate embryo is closely 
similar in many ways to that outlined above for the nervous sys- 
tem. The initial anteriorly directed conical evagination of the 
entoderm first undergoes a linear development or growth, simply 
becoming longer. When a certain length has been attained by 
this early tubular foregut, here again lateral outgrowths begin to 
appear, and a series of them is formed in order from the anterior 
end backward in much the same way as the early neural tube 
gives off the optic vesicles followed by the three primary brain 
ventricles. The first and largest of the early foregut outgrowths 
is the pair of mandibular pouches, in association with which the 
mandibular arches arise to form the lower jaw. This pair of 
outgrowths is soon followed by the hyoid pair and this by the 
series of branchial pouches associated in later development 
with the several gill arches. An outline scheme of these growths 
is simply represented by the three accompanying diagrams in 
figure 32. 

The further development of the alimentary canal also shows 
in a very definite way a continuation of this process of lateral 
outgrowt*lis or buds to give rise to other organs. The lungs in 
higher animals bud away from the floor of the entodermal canal 
immediately behind the branchial pouches. And again in the 
branchial region the thyroid and other. glands arise by a definite 
budding process from the epithelial wall. 

The development of the stomach itself is due to an excessive 
proliferation or diffuse budding in a limited region, giving 
finally the local sacculation in the otherwise narrow tube. Fol- 
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lowing closely behind the stomach, the canal buds off its most 
striking secondary growth. This begins as an evagination follow- 
ing rapid cell multiplication, the excessive growth becomes too 
great, to  be longer retained by the wall and the liver pushes out, 
always maintaining the original connection through the bile-duct, 
its old stalk. This large liver bud generally contains some cells 

1 

Fig. 32 

t 

A 

3 2  

A series of outlines indicating the primary linear, or cephaiad, growth 
of the forcgut, and the subsequent lateral branches or outgrowths from it. A, 
outlines the simple forward grow-ths of entoderm to form the forcgut. B, lateral 
outgrowths have begun from the forward end t o  form the mandibular pouch. 6, 
a series of lateral branches, follow~ng the mandibular, non- gron- out to  form the 
hyoid and branchial pouches. 

not exactly of its own kind, and these later begin t o  increase and 
again bud away from thc wall of the bile-duct as the ventral pan- 
creas. Other cells of a similar Bind are left in the mall of the tube, 
and these now grow out as the dorsal pancreas. This is the 
behavior of the pancreas in higher fornis, while in lower animals it 
may arise from more than two separate buds or may fail entirely 
to grow away from the tube, and remain as scattered masses of 
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cells in the gut wall of this locality. The pancreas in different 
vertebrate groups illustrates the phylogenetic steps in the devel- 
opment of a budding outgrowth from the wall of a linear canal. 

The entire alimentary tract in the lowest vertebrates was no 
doubt originally a simple tube and the lateral outgrowths or buds 
are the highly specialized organs that have become so excessively 
developed as to necessitate their separation from the tube. Thus 
in phylogeny as well as ontogeny of the vertebrate gut it would 
look as though the primary growth was linear and its complexity 
has been added by lateral buds and offshoots. 

The above being the general state of affairs in the development 
of the foregut, we come now to the point of experimental impor- 
tance in the dynamics of these organ-forming processes. And 
that is, that each of the organs derived from the entodermic wall 
is in its critical or sensitive stage at the moment of its outgrowth, 
or at the time of the excessive cell proliferation in its region of the 
wall. Should any condition be introduced which would lower the 
general developmental rate, that organ will be most affected which 
happens at the time of the arrest to be in or nearest its critical 
moment. Thus an arrest during very early development will 
inhibit the growth of the mandibular pouch and through its mal- 
formation distort the formation of the mandibular arch, causing 
deformed and strangely developed mouths (see figures of the 
deformed fish). Since the hyoid and other branchial pouches 
arise so nearly at  the same time as the mandibular pouch, they, 
with later accompanying structures, are likewise almost invaria- 
bly deformed along with deformities of the mandibular structures. 
Such deformities as these may, however, exist in individuals with 
perfectly normal stomachs, livers, elc. In these cases, a normal 
or fair rate of development had again been established before the 
wit,ical moment in the origin of the latter organs had arrived. 

It would thus seem possible that an experimenter might inhibit 
at will the rate of development during particular intervals and 
thereby succeed in suppressing and deforming the mouth and 
branchial structures and leave the more caudally situated organs 
uninjured. Or, reverse the experiment and obtain normal mouth 
and gill structures in an embryo with suppressed and underde- 
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veloped liver and pancreas. I have repeatedly succeeded inper- 
forming the first experiment with Fundulus embryos by early 
arrests. The second experiment is more difficult and is not yet 
completely perfected, though among a large number of cases 
certain specimens arise in the experiment with underdeveloped 
livers, but normal mouth and branchial regions. 

The experiments wit8h the alimentary organs are more difficult 
than those on the eyes and brain, since the former are more diffi- 
cult to observe and are not all so decidedly expressed in the young 
embryo. The study of the liver and pancreas must also be 
largely limited to  examinatmion of microscopic sections, while the 
mouth and branchial arrangements and the eyes and brain are 
very readily examined in total specimens after some experience. 

The experiments on the nervous and alimentary systems as 
they now stand make very probable the correctness of the follow- 
ing proposition. The organs arise as a series of buds which bear 
a relationship to one another very similar to that existing among 
the buds of a growing plant. A given bud is dominant or has an 
‘advantage of position’ for a limited time during which its rate of 
oxidation and cell proliferation is higher than that of other poten- 
tial buds in the system. It grows at) this moment and continues 
to dominate the situation until it has exhausted the advantage, 
when its proliferation rate decreases and another region attains 
the advantage and begins to bud to forin another organ. If 
the entire embryo be depressed or has its developmental rate 
reduced a t  a moment when a certain bud is proliferating a t  its 
height, this bud is more decidedly reduced in its rate than any 
other portion of the embryo. On resuming a more rapid rate the 
other slow-going parts are able again to attain their ordinaryrates, 
but the bud in question is unable t o  regain its extraordinarily 
high rate and therefore loses its exceptional advantage. This 
bud may be subsequently unable to express itself, since other 
parts now arrive at the stage of advantage. 

The problem is then to  locate the given critical moments for 
the several developing organs. By depressing development dur- 
ing a period which would cover a definite moment one might be 
able to suppress any given organ a t  will. With sufficiently re- 



240 CHARLES R. STOCKARD 

fined technique we could get not oiily embryos otherwise normal, 
but without eyes, wit8hout normal brain hemispheres, without 
normal mouth and branchial structures, and wit,hout ears, as can 
now be done, but also simply vr-it,hout a liver, without a pancreas, 
etc. 

In many of the arrested embryos it would seem highly probable 
that the total number of red blood-cells in the yolk-sac and body 
was greatly reduced. The red cells m%y be considered as a diffuse 
organ, and this organ seems at times reduced in size as a result 
of arrest. It cannot be positively stated that t8he entire embryo 
in such cases is not proportionately reduced. Thus the proba- 
bility of having specifically arrested the early blood formation is 
still questionable. 

The development of one other organ, however, may be fre- 
quently interfered with by arresting the rate of development of 
Fundulus embryos for a time immediately following the early 
embryonic-shield formation. Specimens so arrested by low tern- 
peratures, treatment with alcohol solutions (Stockard, 'lo), or by 
reduced oxygen supply, often show various abnormal condi- 
tions in the development of the otic vesicle. The vesicle on one 
side may be absent and the other normal or poorly formed. Or 
the semicircular canals may not arise arid only the ampullae or 
sinall cysts may represent the entire ear. 

In such cases, as I pointed out and illustrated in 1910, the 
cartilaginous capsule representing the hard parts of the inner ear 
fornis immediately around and exactly fits the defective mem- 
branous arrangement. The cartilage development would seem 
to be regulated by the membranous portion of the ear. The 
details of these experiments may be more fully presented when 
a larger number of these critical moments in organ origin are 
more exactly located by a further refinement of the experimental 
method. 

It is most difficult to apply a treatment that is not pernlanently 
injurious in such a way as to have the rate of developnlent very 
low at a given brief interval of time and again restored to  the 
normal rate shortly folloving. The crudeness of the expcrirnent 
necessitates bringing on the arrest some time before the particu- 
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lar moment desired and it later continiaes until further cri1 ical 
stages are interfered with. In this may, as a rule, WP obtain 
specimens with scvcral regions or organs deformed and rarely 
secure a specimen simply defective in respect to the state of n 
single organ or part. 

In plants the conditions are far more simple, and it is posbible 
to suppress or bring out a given bud at will. T n  spite of the fact 
that  we may not understand exactly how it is aecomplished, it is 
definitely the growth of one bud in a plant that  prcvents the 
growth of another particular one. Similarly in the embryo prob- 
ably the growth of a given organ holds back the initial growth 
of another organ until the first organ has exhausted its power of 
suppression. 

The two components of a double individual interact on one 
another in a way which would strongly support the foregoing 
interpretations. When the components arise in positions of equal 
advantage on the germ ring their interaction is balanced and both 
develop normally and are equal in size. When one component 
possesses an advantage over the other, its growth tends constantly 
to  suppress the growth and development of its fellow. aid the 
inferior component is, therefore, deformed and arrested in its 
development . 

When a growing shoot of a plant, such as the common privet, 
has finally exhaustcd itself, the terminal bud goes into a cloriiiant 
or resting stage and stands only a little above the axillary buds 
of the two uppermost lea.i.es. After n certain i n t e r d  of rest, 
the shoot may again begin to grow, and then one of several powi- 
bilitiw may occur. In t8he first placc, the tcmiinal bud generally 
poss~sses an advantage or occripies a more advantageous groLx-t-th 
position. I t  again shoots up continuing the line of the original 
shoot. 1 ts  advantage is so complete that the i:ppermost axillary 
biitls are unable to express thcir growth potential and remain dor- 
mant (fig. 1, plalc 5). In the spcond place, the terminal but1 may 
again shoot up, but i ts  growth is not so prorioiinrd and it.f,zils 
to completely supprcss the two uppermost axillary buds. hie 
of these being in sonic way more faoorahly lorateti lhaii the 
other, also begins to grow a shoot in a direction at  an arislle to 
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that of the shoot from the terminal bud. The other top axillary 
bud, however, was not so fortunate as its fellow and was not 
capable of overcoming the inhibiting influence of the terminal bud 
and YO remained dormant, as is shown in figure 2, plate 5. 

Finally, the third possibility very rarely occurs and all three 
of the uppermost buds are able to  grow. In this case both of 
the axillary buds had a potential or tendency of growth sufficiently 
strong to successfully compete with the inhibiting influence of the 
terminal bud (fig. 3, plate 5). 

We may imagine that the growth of the terniinal bud in the 
second and third cases was not normally vigorous. For some 
reason the advantages of the two or three potential buds were 
equalized and we find twin and triplet shoots growing out. 
Similarly, we may imagine the potential buds around the germ- 
ring of the fish’s egg to vary in their degrees of supremacy, ordi- 
narily only one grows and suppresses the growth tendency of all 
other potential points. But if the deveIopmenta1 rate be slow, 
the one bud fails to suppress all other points on the blastoderm, 
and twin or triplet buds may become capable of expressing them- 
selves . 

In conclusion, these experiments and observations make it 
seem highly probable that influences similar to those acting be- 
tween a growing plant bud and its resting buds, or between the 
stronger component in a double vertebrate embryo and the 
smaller component, are also acting between a rapidly growing 
organ bud and other potential organ buds in the embryonic indi- 
vidual. Such a conception has the decided advantage of being 
of practical scientific value. Since on this basis the experimenter 
has a logical working scheme for a study of the abnormal and 
through this, the normal development of a given organ. Such a 
method in an analysis of the development of the eye, for example, 
has been most valuable. 

Summarizing the present status, I have succeeded in locating 
more or less definitely the critical moment of origin in the follow- 
ing individual developmental processes : 

1. The growth of the primary embryonic axis : If this be slowed 
by arresting early cleavage stages or pregastrulation stages, the 
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usual single axis does not arise with sufficient influence to suppress 
the origin of other axes, and twins or double individuals result. 
Twins and double monsters are, therefore, types of developrnental 
arrests. 

2. The suppression of the eyes or modification of their struc- 
ture: When an arrest is induced later than the above, but before 
the origin of the embryonic shield in the Fundulus embryo, all 
known modifications in the structure of the eyes may result in 
otherwise normal individuals or in further deformed specimens. 

3. Suppression of the primary brain ventricles inducing sub- 
sequently deformed or tubular brains : Arrests induced before 
and just about the time of first appearance of the embryonic 
shield result in malformation of the embryonic brain ventricles. 
These do not express their usual bilateral outgrowths and are 
frequently of a simple tubular outline. 

The periods of arrest necessary to  induce the eye and the brain 
modifications are so close t'ogether or so nearly the same, that 
one generally finds combinations and mixtures of the defects 
among the same experimental group of embryos. Arrests at the 
earlier rnoriient give a majority of eye conditions, rriany without 
brain involvements, while arrests at the slightly later stage give 8 
majority of brain modifications, a few with fairly well-formed eyes. 
The individual variations in developnreiital momenta aniong the 
embryos of a group also tend to contaminate the results and give 
mixtures of the two classes of deformities. 

4. Modified or contorted mouth and branchial systems : Ar- 
rests during the embryonic shield stage, and earlier, frequently 
cause deformities of the mouth and branchial regions of the Fun- 
duliis embryo. In a few cases these deformities have existed in 
individuals otherwise normal. They, therefore, must possess a 
critical moment occurring at a time morc or less distinct from 
that of the other organs. The close association of mouth abnor- 
inalitics with those of the eyes is probably not due to identical 
critical moments of origin in the two cases, but more likely to 
the fact that when a slow rate of d&elopment exists during the 
eye moment it is rarely completely overcome and the normal 
rate reestablished before the critical morrient for the bilatcrsll 
outgrowths of the niandibular pouch is reached. 
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There is also probably some overlapping between the critical 
nronients of origin for the ectodermic organs, for example, those 
of the central nervous system and the entodermic organs of the 
alimentary canal. Therc is, further, the possibility that the 
interaction or inhibiting influence existing among the buds of 
oiie system may not extend to the organ buds of a different sys- 
tem. I believe, however, that this is not the case, and it is more 
probable that the growth of each organ affects to a degree the 
gravth of all other parts in the entire embryo. The degrees of 
e€fect exerted by one growing organ over the others may differ, 
for example, the growth of the optic vesicles very probably affects 
the primary brain ventricle growth more strongly than it does the 
growth of the branchial organs, etc. 

5. Modifications in size and structural outline of the inner ear: 
Arrests during a closcly similar stage to that in case 4 sometimes 
show their effectiveness on a different bud. In  such cases the 
ear as well as the mouth and gills becomes affected. The otic 
vesicle may be completely suppressed or develop into a simple 
tiny cyst with no outgrowth for the semicircular canals. 

6. Faulty developinent of the liver and pancreas: Later arrests, 
after the embryonic line is distinctly seen, in the Fundulus em- 
bryo may cause an abnormally small outgrowth representing the 
liver. Such conditions make it appear as t,hough the primary 
liver bud had been inhibited in its outgrowth from t)he intestinal 
wall or the later rate of inultiplicution of livcr cells had bcen 
reduced. The pancreas evident,ly arises and has its critical 1110- 

ment at a somcw-hat later instant than does the liver. Pet  the 
t v o  moments are so close together that it would require a wry 
delicate difference in time of arrest to  affect the one and not the 

The findings in these six attacks on the problem make evident 
this very important fact: That each organ arises at a definite 
moment during embryonic development and not during widely 
different moments j u s t  as tr;lly as that an individual organ arises 
from a very definite embryonic area or anlagen and from no other. 

The organ defects found in nature further confirm the results of 
experiments on the Fundulus embryos. It is well known from 

other. 
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the studies by Mall ('17) and many others that localized anom- 
alies are quite frequent in both normal and pathological human 
specimens. The localized anomaly may involve only the eye, 
only the bilaterality of the brain, only the ear, only the mouth 
structures, only the kidneys (I have dissected two fetuses a t  
term neither of which possessed any evidence of a kidney, but 
one of which was otherwise structurally normal), only the geni- 
talia, etc. It is evident that such anomalies could not occur 
unless there was a certain moment of specific and peculiar sus- 
ceptibility on the part of each organ during which any unfavor- 
able condition would act on it in a selective way. Of course, the 
specific action of certain substances on certain enibryoiiic buds 
would give a possible explanation, but there is so much strong 
positive evidence in t,he present study as well as from other sources 
against this once attractive possibility that it can well be dis- 
carded. A strong point of evidence is the fact that a typical 
defect of one organ can be induced by a great number of treat- 
ments, and different defects of many different organs can all be 
induced by one and the same treatment. In every case the result 
depends upon the developmental time during which the treatment 
acts and not upon chemical or physical properties of the sub- 
stance used. As repeatedly shown, the primary effect in all in- 
stances is simply a slowing in the rate of development. 

c.  Developmental rate and postnatal changes 

The relations between the rate of growth and particular de- 
velopmental moments found in the embryo probably continue to 
be of importance during postnatal development as well. The 
numeroils studies on inanition in rats and other mammals bear 
on the same general problem as that considered in the present 
report. The one important effect that inanition might have on 
the subsequent history of a developing individual would be the 
malformation and arrest in development of certain tissues or 
parts. After birth a number of important organs arid t7issues 
still have a considerable degree of growth and differentiation to 
accomplish, and very probably the same rules apply to  this activ- 
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ity during the postnatal period as are found to apply in the 
embryo. The important question at once arises as t o  whether 
there are periods during which starvation might produce no sub- 
sequent ill effects, alternating with more or less critical periods 
during which a similar treatment might be followed by consider- 
ably more serious results. For example, if a given treatment be 
administered to one group of animals from the second to the fifth 
week after birth, and to a similar group from the fourth to the 
seventh week, the results might be the same or they might be 
very different. The results would depend very largely upon 
whether significant tissue changes susceptible to variations in 
developmental rates had occurred during the time intervening 
between the two experiments. 

The interaction or competition among the growing and devel- 
oping organs found in the embryo certainly continues during 
postnatal development. The suppression of development in 
certain organs and tissues by the activity of another organ is 
splendidly illustrated by the glands of internal secretion. The 
further development of certain secondary sexual characters, such 
as hair and plumage, after subdued activity of the gonads is a 
case in point. 

The difference in importance between two developmental 
moments in the postnatal individual is, however, of far less sig- 
nificance than in the early embryo, just as arrests during early 
cleavage stages are of more far-reaching consequence than similar 
arrests after gastrulation has occurred. Differences in developmen- 
tal rate during postnatal periods incline to affect the finer features 
or the type of the individual rather than cause actual malformation 
or pathological deficiencies in the tissues. Such effects are read- 
ily observed in many of the arrested, status, and infantile human 
types. A fuller conception of the significance of developmental 
rate and rhythm in the determination of human types and ap- 
pearances will be given in a separate communication. 
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9. CONTINUITY OF TIIE SERIES FROM MOKSTRA IN DEFECTU 
THROUGH TIIE SINGLE NORMAL INDIVIDUATS T O  MONSTRA 

IN EXCESSU AXD FINALLY IDENTICAL TwINS 

It has long been recognized that certain types of monsters ex- 
hibit their characteristic defect to varying degrees. The cyclo- 
pean series, for example, may present individuals not only with 
a single median eye, but with a bilaterally wide eye, hour-glass 
eyes, and finally closely approximated separate eyes. The series 
of diplopagi likewise exhibit all degrees of doubleness, as illus- 
trated in plates 1 to  4. 

In studying monsters belonging to these groups, mTilder (’08) 
went a step further and called attention to the fact that the so- 
called series of defective monsters passed by degrees up to the nor- 
mal individual and continued from there through the excessive 
series on to identical twins. He was impressed by the ‘orderly 
development’ of the members in such a series and termed these 
individuals ‘Cosmobia.’ The treatment of the series as variations 
about the normal as a standard was a most important advance in 
an analysis of their structural conditions. Wilder further empha- 
sized the important fact that monstra in defectu and monstra in 
excessu are both due to the same kind of cause and should be 
considered together in any general treatment of the subject, 
especially concerning cause. 

However, after enunciating this clear arrangement of the prob- 
lem, Wilder was entirely misled in his interpretation of the cause 
of these individual anomalies. The fact of their ‘orderly’ and 
symmetrical structure, and the further evident fact that normally 
formed identical twins represent the termination of the diplopage 
series, led him to consider all such forms as due to  a definite germ- 
inal variation. It seemed to him more probable that orderly 
deviations from the normal would arise in the germ-plasm than 
that they should occur as a result of some modification during 
individual development. The burden of evidence, however, is 
unfortunately against such a proposition, and weighs decidedly 
more at the present moment than when Wilder published his 
account. 
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From what we know of germinal variations and mutations, they 
do not necessarily give rise to individuals that gradually grade 
away from the usual type. There may be wide structural breaks 
between the parent stock and the mutant. On the other hand, 
we now know that unusual environmental conditions tend to 
modify the normal course of structural development to  varying 
degrees and give rise to the exact series of defects on which T'C'ild- 
er's concept,ions were based. The present contribution clearly 
demonstrates the underlying factors and the very probable cause 
of this orderly series of beings deviating from the normal indi- 
vidual as monstra in defectu and monstra in excessu. 

The idea is entirely correct that double monsters and twins are 
due to the same cause as cyclopia. And both may be experi- 
mentally produced by an identical physical change in the envi- 
ronment, lowering the temperature. Bot,h conditions also result 
from a slowing of developmental rate, but one differs from the 
other because of the difference in the developmental periods dur- 
ing which the slowing in rate was effective. 

10. THE NECESSITY O F  A COXTROLLED OR R,EGULATED ENVlRON- 
MRKT I N  WHICH TO DEVELOP HIGHLY COMPLEX INDIVIDUALS 

From the foregoing consideratioils it has become evident that 
normal development of the vert'ebrate embryo depends acutely 
upon the stability of certain factors in the environment. Changes 
in the conditions of moisture, temperatlure, or oxygen supply are 
the most frequent causes of embryonic death as well as monstxous 
development. Any degree of actual dryness is fatal to the ver- 
tebrate embryo, and sudden lowering of t'he surrounding tempera- 
ture and reductions of the oxygen supply interrupt development 
with t,he significant consequences discussed above. A normal 
amount of ordinary food materials is not, however, so acutely 
necessary for perfect structural expression. The rate of develop- 
ment under malnutrition is slow, but the depression does not 
come on suddenly nor is it often siifficiently complete to cause 
serious structural anomalies. 

Vertebrate animals are faced with the problem of the necessity 
of a regulated environment in which to develop their eggs into 
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the free living individual. The lower vertebrates are almost 
entirely aquatic and their eggs undergo only a short embryonic 
development before reaching the swimming larval stage. The 
birds and mammals, however, at the moment of birth or hatching 
have, as a rule, attained a complexity of structure greater than 
that of t'he adult stage in fishes and lower forms. The period of 
their prenatal development is extremely long, offering far greater 
opportunity in time for changes in the environment and, there- 
fore, necessitating some means of control on the part of the parent 
generation. 

The marine and fresh-water fishes live in a more or less homo- 
geneous medium which . rarely undergoes sudden or marked 
changes during the spawning seasons. Their eggs are deposited 
in the water in instinctively chosen places during definite times 
when the conditions of oxygen and temperature are generally 
favorable for the given species. This developmental environ- 
ment may in unusual cases fail in one or all respects. The water 
may become so stagnant as not to supply oxygen, or it may 
suddenly become either too hot or too cold for the welfare of the 
developing eggs, or in a dry season it may become evaporated or 
carried off, allowing the eggs to dry. The instinct of the fish 
helps to guard against such accidents, and the eggs are deposited 
at a season when the temperature changes are least likely to  be 
harmful, and localities are chosen where the water is properly 
supplied with oxygen and is sufficient in amount to escape rapid 
drying. 

The higher land-living vertebrates have no such surroundings 
in which to develop their eggs. In beconiing terrestrial, these 
animals rnust have evolved not only appendages for locomotion 
on land, but also some means of controlling or providing an envi- 
ronment in which their long embryonic developmmt could take 
place.. 

The eggs of reptiles and birds, as is well known, are provided 
with comparatively enormous amounts of food-yolk surrounded 
by layers of other food and enclosed in protective membranes and 
shell. These arrangements not only supply food, but insure a 
moist environment essential to all development and permit free 
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access of oxygen from the surrounding air.. The one element es- 
sential for development of these eggs, not yet provided, is a con- 
stant high temperature. The reptiles are largely confined to 
warm regions and deposit their eggs during the hottest periods 
of the year in sand or other heated places, and in this way the 
proper temperature is usually provided. The' birds, however, 
with the extremely high temperature of their own bodies, supply 
in a more definite way the proper amount of heat for the incuba- 
tion of their embryos. Lack of moisture and oxygen very rarely 
causes the death or abnormal development of the eggs of reptiles 
and birds. But failure to maintain a uniform temperature and 
unfavorable degrees of heat and cold. are the chief causes for 
embryonic mortality and deformity in these animals. 

The mammals have advanced a step further in perfecting a con- 
trolled developmental environment. The internal development 
of the embryo not only insures a properly moist condition, but 
the high temperature of the maternal body is sufficiently uniform 
never to cause interruption of the normal progress of develop- 
ment. The supply of oxygen is derived from the blood of the 
mother through the placental circulation, and this is the one 
element in the mammalian developmental environment which 
most frequently becomes deranged. Faulty placentation cuts 
down the supply of oxygen to the mammalian embryo and lowers 
its rate of development, producing as a result prenatal death and 
all varieties of malformation. Yet we may well believe that the 
long and highly complex development of the mammalian embryo 
could not take place unless it was protected by a fairly well 
regulated environment. Abnormal development in the embryos 
of birds may very rarely result in nature from poor ventilation on 
account of a coated egg shell, but more frequently it results from 
failure to maintain a uniform temperature. While in mammals 
the temperature changes are eliminated by the internal mode of 
development, the one great danger to normal development still 
not completely controlled is the chance of a low oxygen supply 
brought about by a delayed or poor implantation of the pla- 
centa. The great majority of monsters in mammals are very 
probably due to an insufficient oxygen supply during develop- 
ment, and this results as a rule from faulty placentation. 
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The ready manner in which the structures of the developing 
individual are modified by changes in temperature and oxygen 
supply makes it evident that the existence of the species often 
depends upon some means of regulating the developmental en- 
vironment. We may readily believe that species have been lost 
during evolution not only on account of failure of their adult 
structures to fit them for existence, but equally often as a result 
of failure to obtain an environment in which their embryonic 
development was possible. 

No developmental environment in nature is constantly per- 
fect, and this fact is the underlying cause of the frequently occur- 
ring malformations and monstrous productions. 

11. GROWTH COMPETITION BETWEEN THE TWO COMPONEPU’TS I N  
DOUBLE INDIVIDUALS AKD TIIE TIME OF OCCURREKCE 

OF TERATOMA IN MAN 

It has been clearly seen that in cases where one component of a 
double individual is larger because of a more favorable locat>ion, 
the smaller has been inhibited in its growth and development by 
the presence of the larger. In  plants this inhibiting influence is 
readily demonstrated, since on pinching away a growing shoot the 
suppressed buds immediately spring into growth. There is much 
evidence to indicate that a similar interaction exists between two 
developing organs in a aingIe individual. The alternating nio- 
ments of rapid growth among the several organs of the embryo is 
a case in point. 

With the preceding discussions of these propositions in view, 
if it be now admitted that teratoma in man often originates as a 
twin inclusion, we may expect an antagonistic growth reaction to 
exist between the teratoma and the host. In other words, while 
the host individual is rapidly growing, the teratoma mill be sup- 
pressed and when the rate of growth of the host individual be- 
comes slow, the teratoma will tend t o  grow more rapidly. If 
such an opinion be correct, there should be a marked correlation 
between the postnatal growth curve and the time of enlargement 
or recognition of teratomata. When the individual is growing 
very rapidly during the first year and a half of jnfancy, few tera- 
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tomal enlargements would be expected; following this period 
there is a decided fall in growth rat'e and the teratomata of early 
childhood may occur. The alternating periods of fast and slow 
growth should then continue to correspond with periods of few 
and many recorded teratomata. Dr. H. E. Hiinwich has under- 
taken a careful survey of the teratomata as recorded in the lit- 
erature in order to ascertain whether any apparent relationship 
does exist between the time of occurrence of a teratoma and the 
periods of fast and slow growth rate in man. The results of his 
investigation are soon to be published. 

12. CANCEROUS GROWTHS RKD THE GENERAL CESSATION OF ALL 
NORnlAL GROWTH I N  TIIE OLD INDIVIDUAL 

In  an interpretation of the cause of cancer the fact that the 
condition is so much more frequent in the adult and old individ- 
ual than in the young is to bc recognized as of deep significance. 
The fact that there is an interaction and especially a growth- 
inhibiting effect exerted among proliferating tissues in the indi- 
vidual is a second point of great importance. 

I n  the young rapidly growing and developing person almost 
all organs and tissues are increasing in amount through multi- 
plication of their cellular constituents. The liver, for example, 
grows in actual mass until it reaches the adult size. This size, 
although decidedly variable in a group of individuals, has rather 
definite limits. The normal human liver is never indefinite or 
unlimited in its growth. Almost all other organs are similarly 
of liniitcd sizc. Thus growth in general tends to  cease as the 
body approaches its adult proportions. Finally, in the old indi- 
vidual, the only remaining cell proliferation becomes almost 
entirely confined to the germinative layer of the skin, the lining 
epithelium of the alimentary tract, the testes in the male, and 
the production of red blood-corpuscles. Even these proliferation 
processes become feeble with increase in age and new cells are 
not abundantly supplied. 

The size and proportion of parts are largely determined by 
heredity, but may be seriously interfered with by irregularities 
in the environment. 

This is the normal course of events. 
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A slowing of the developnicntal rate at  particular times may 
largely suppress the growth of certain organs, rendering them 
abnormally small in size and insufficient in their function. The 
normal proportion of things becomes distorted. Again it may 
rarely happen that one organ takes on an excessive growth and 
attains a size entirely out of normal proportion. There is thus a 
frequent lack of proper balance and adjustment among the several 
organs of the developing body. 

The properly regulated balance among the organs is to a great 
extent due to the inhibiting and controlling effects of one growing 
region or part over. other parts. This is readily demonstrated 
by the modifications which result in size and proportion of certain 
parts of the body following the experimental removal of other 
parts. All parts may be thought of as having more or less to do 
with the ultimate growth results of the whole. 

On becoming adult, a state of apparent? balance is maintained. 
Growth is considerably reduced and largely confined to the repair 
of natural loss and the maintenance of this state of adult balance. 
Under such conditions there still remains considerable regenera- 
tive powers following injuries of various kinds. Yet these regen- 
erative processes are not so perfectly accomplished or so wcll con- 
trolled in the adult animal body as they were in the larval or 
immature condition. This fact may in some way be associated 
with the absence in the adult of general growth and the wcll- 
expressed regulatory processes which are necessary in the devel- 
oping individual. 

The regenerative growth following injuries to the adult animal 
may become morbid in degree and without regulation, thus giving 
rise to malignant conditions. Such a growth might rarely occur 
in the immature body, but in this case one would expect to  find 
the growth proportions among the tissues in general to be abnor- 
mal and distorted. Thus, juvenile cancer conditions are rare and 
are probably associated with other deformities. 

Cancer in the adult would be expected to  occur more fre- 
quently in certain families, since the growth balance and propor- 
tions are hereditary characters, and on the state of these, the can- 
cerous growth largely depends. Families or persons derived from 
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similar cytological complexes show more nearly similar growth 
and tissue reactions than do random groups of individuals derived 
from non-related parentage. 

In the old individual with but little normal growth still in exist- 
ence, there can be, on t'he basis of my interpretation, but slight 
inhibition to any regenerative process that might be set up. 
Such animals naturally on account of their old condition usually 
regenerate very slowly, but following continued trauma, active 
regenerative growths are frequently begun, and not being under 
the inhibiting control of any other active growth processes, this 
regeneration attains an excessive, distorted, and malignant con- 
di t'ion. 

All very old animals no doubt experience a considerable amount 
of trauma, and if they lived long enough almost all of t,hem might 
possess some cancerous growths. The truth of this statement is 
well illustrated by comparing the frequency of reported cancer in 
rats and mice with similar growths in guinea-pigs, all constantly 
used laboratory animals. Rats are very old after three years of 
life, and actually at two years old may properly be compared, 
according to Donaldson ('ls), with a man at sixty. Mice attain 
old age even earlier, and at two years are very old. This being 
the case, it frequently happens that the rats and mice used in 
laboratories have actually become old individuals, having been 
kept by the breeders and the laboratory for as long as two years. 
Cancerous growths are common in these animals. 

The guinea-pig under favorable conditions does not become 
old until it has lived for about five years, and we have frequent*ly 
kept these animals for more than seven years; at this age, how- 
ever, they are extremely old. Thus, as a rule, the guinea-pigs 
used in laboratories are really young individuals, generally less 
than three or four' years old. Consequently, cancerous growths 
are said t o  be uncommon among these animals. However, among 
the old individuals in our stock a considerable percentage of can- 
cerous ones have occurred. So it might be inferred that if as 
great a number of really old guinea-pigs were observed as of old 
rats and mice, cancer might be found t o  be almost as common 
among guinea-pigs as among rats and mice. And finally it may 
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be supposed that every mammal would develop some form of can- 
cerous growth should it chance to live until extreme old age. 
The increased length of life in man may be associated with hhe 
increased frequency of cancer. 

13. GENER-4L SURlMARP 

In considering the results of the present study it is necessary to 
recognize the fact that a given animal species passes through its 
embryonic stages a t  a specific rate of development, probably 
dependent upon the rate of oxidation in the protoplasm of the 
species. This developmental rate varies within certain normal 
limits; should variations in rate extend beyond these limits, the 
developmental result frequently becomes modified and distorted. 

The rate of development is not uniform throughout the entire 
process, but periods of rapid progress alternate with moments 
of slow rate or almost quiescence. In spite of these changes in 
rate, development in most forms does not actually stop after it 
has once st<arted, but progresses in a continuous manner unt'il the 
fully formed animal is produced. 

There are certain animals in which the continuous mode of 
development has become modified. In tjhese forms development 
begins and attains a definite stage and then stops completely, to 
remain a t  a standstill for days or even weeks, until a change in 
the environment again permits the resumption of the develop- 
mental processes and the completion of the fully formed animal. 
Such a discontinuous mode of development is universal among 
the birds and is known to occur in several mammals. 

With these points in mind, the results of the present study may 
be summarized as follows : 

1. The continuous mode of development may be experimentally 
changed into the discontinuous by two very simple methods, tem- 
porarily lowering the surrounding temperature and thereby re- 
ducing the rate of oxidation and by directly cutting off the sup- 
ply of oxygen. 

The effects on subsequent development of interruptions caused 
by these methods depends upon the stage during which the inter- 
ruption is introduced. There are stages of apparent indifference 
to a stop in development. Shortly after gastrulation is completed, 
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the development of the fish’s egg may be stopped for a considerable 
length of time with impunity, no ill-effects resulting. This is the 
developmental moment at which the bird’s egg is normally stopped 
on account of the fall in temperature experienced after passing 
out of the mother’s body. 

There are other stages during which a temporary interruption 
of the developmental processes will be followed by most disas- 
trous effects. These critical stages are usually moments during 
which marked inequalities in rate of cellular proliferation are tak- 
ing place in different portions of the blastodem or embryo. The 
period preceding the process of gastrulation is just such a critical 
moment. 

2.  There are considerable differences in effect between greatly 
reducing the rate of development and actually stopping the proc- 
ess temporarily. The development of certain eggs may be 
slowed down to one-tenth or one-twentieth of the usual rate and 
be maintained in such a slow condition for days without the major- 
ity of specimens losing their power of regaining the normal rate 
and giving rise to structurally perfect individuals. If at similar 
stages the development of the same eggs be completely stopped 
instead of slowed down, they are in many cases unable later to 
resume the process and die, in other cases they may resume devel- 
opment in a most abnormal fashion, or finally a few may be 
capable of resuming the apparently normal process. 

This difference in results between a severe reduction in devel- 
opmental rate and an actual temporary stop is to be explained as 
follows: Slowing does not completely eliminate the normal in- 
equalities in rate of developmental change existing among the 
several parts. Those parts that were in states of rapid develop- 
ment are depressed in the same proportion as other parts that 
were developing more slowly and inequalities in rate still exist in 
the slow-going embryo. When such specimens are allowed to 
resume a faster developnient the several portions of the embryo 
are able again to maintain normal differences in developmental 
rate and a proper balance is assured. 

A complete stop in development reduces the rate of all parts to 
zero and eliminates normal inequalities. On resuming develop- 
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nient from such a state, parts that should progress at, a dispropor- 
tionately fast rate are unable t o  attain such supremacy and all 
portions of the embryo start at about the same rate. The usual 
developmental balance and inequalities in rate among the parts 
are lost and thus the typical form of the individual which actually 
dependsupon theseinequalities in rate of grot\-th becomes modified. 

3. The types of deformities follow-ing a stop in development as 
well as those occasionally resulting from a slowing of the rate 
are similar to the defects produced by all experimental methods. 
Practically any deformity recorded in the literature other than 
those resulting from gcrminal variations or mutations may be 
induced by lowering the temperature and thus modifying the 
developmental rate. 

4. By an interruption of development during late cleavage 
stages a considerable percentage of twins and double individuals 
may be produced. FVhen the eggs of the sea-niinnow, Fundulus 
heteroclitus, are subjected to temperatures of 5" or 6°C. during 
cleavage stages, development is almost stopped. On returning 
such eggs to a summer temperature, after several days' sojourn 
in t7he refrigerator, there will follow a high mortality, but many 
specimens will resume development producing a significant, per- 
centage of twins and a number of variously deformed conditions 
along with a good proportion of normally formed young fish. 

Arresting or stopping development of the same eggs during 
the same developmental stages by diminishing the available sup- 
ply of oxygen will be followed by closely similar results. 

The eggs of the trout are naturally much more inclined to 
develop int>o double individuals than are those of lcunduhis. 
When t'he oxygen supply during early development is not abun- 
dant, a great many twin and double trout specimens are frequently 
found to occur. 

All of these double conditions result from arrests during very 
early stages of development, invariably before the process of blas- 
topore formation has in any way begun. No duplicities or 
twins have been found t o  occur among the great numbers of fish 
eggs which have been arrested during postgastrular stages of 
development. 
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5. The bird's egg is usually laid, according to investigations 
on this subject, after the process of gastrulation has commenced. 
Yet, double chick embryos are not uncommon among the develop- 
mental stages observed in the laboratory, although in nature such 
specimens almost never exist at the time of hatching. 

The cause for the double chick embryos is the same, I believe, 
as that indicated above in the case of the double fish. Although 
the great majority of hen's eggs are laid and their development 
stopped by the fall in temperature after gastrulation has begun, 
still it is recognized by those who have investigated the subject 
that there is considerable variation in the developmental stages 
of the eggs at the time of laying, and a minority of eggs are laid 
before gastrulation has begun. When an egg in this stage is 
stopped by the fall in temperature following laying, it would be 
expected from the experience with the fish that just such eggs 
would frequently give rise to two points of gastrulation and two 
embryonic fundaments instead of one. The interruption in the 
process of development at this critical time and the resumption 
of development at an equally slow rate in all regions of the blasto- 
derm, permits more than one potential embryo-forming region 
to express itself. The interruption at this particular moment is 
the very probable cause of twin and double specimens. 

6. Polyembryony in the armadillo is in all probability explain- 
able on a similar basis to the cases above. Development begins 
as in niost other mammals in the fallopian tubes and continues 
until the egg passes down into the utlems as an early blastocyst. 
Development then stops in the arniadillo for a period of several 
weeks with the blnstocyst lying free in the uterus, as Patterson 
('13) has reported. The stop here is not due to  a temperature 
change, since none has occurred, but is very probably on account 
of an exhaustion of the original oxygen supply derked from the 
ovarian blood. The uterus fails to  react immediately to  the pres- 
ence of the blastocyst; implantation is delayed, and no means of 
obtaining oxygen necessary for continuing development is pos- 
sible until the egg becomes implanted. After the delayed implan- 
tation has taken place, development is slowly resumed in a way 
which gives rise to  multiple embryo formations or budding, as 
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has been fully considered above. The ‘quiescent period’ in the 
armadillo egg is probably the result of lack of oxygen and thus 
the cause of polyernbryony. 

Twinning or polyernbryony may be considered a typical method 
of asexual reproduction, and its occurrence in maminals and 
other vertebrates makes the phenomenon of so-called ‘alterna- 
tion of generations’ universal among animals. 

7. The degree of duplicity in double individuals depends upon 
the original distance apart of t’he embryonic buds on the blasto- 
derm. 

The relative sizes of the two components in double specimens 
vary widely. In many double individuals the two components 
are practically equal, while in others one component is of normal 
size arid the other cornponent in a series of specimens varies from 
slightly below normal size down to a very small mass. This size 
difference between components is in no way associated with the 
degree of duplicity. 

S. In  double individuals in which the two components are 
equal in size they are both normal in structure. When the two 
components of a double specimen are unequal in size, the larger 
component is almost always normal in structure, and the smaller 
component is always deformed. The degree of deformity in the 
smaller component varies directly with the extent of difference 
in size between the two components. 

9. As the large component reaches adult size thc lesser com- 
ponent may have become so relatively small as to be represented 
by a nodular mass on the body of t’he larger, or it may be lost to 
sight entirely as a twin inclusion. Such conditions make it evi- 
dent that doubleness and twinning are actually more frequent 
than records would indicate. 

10. The types of defects and the degree of deformity exhibited 
by the smaller component are exactly similar in kind and degree 
to the deformities found among single individuals. This fact 
renders the double individual with unequal components a most 
valuable key to an understanding of the cause of all monstrous 
development. The two components are from identical germinal 
origin and are developing in organic connection in exactly the 
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same environment, yet one is stnicturally perfect while the other 
smaller member presents all types of deformities. The difference 
between the two is in their developmental rate, the larger having 
a normal rate and the smaller progressing more slowly and in 
an arrested fashion. The depressed state of the one component 
is the result of an inhibiting influence exerted by the other. 

11. The deformities of the small component, in the double 
individuals and the similar defects induced by stopping the devel- 
opment of single individuals make it evident that all develop- 
mental monstrosities are the results of simple arrest. During 
my experiments with Fundulus eggs it has been possible to induce 
a single type of defect with a great variety of different experi- 
mental treatments. The reverse is also true; all varieties of 
defects may be induced by subjecting the embryos to one and 
the same experimental treatment. 

T h e  primary action of ull the treatnaents i s  to inhibit  the rate of 
dezdopment,  and the type of deformity that results depends s i m p l y  
upon the developmental moment  at which the interruption occurs. 
A11 monsters are the result of the same cause, and the type of 
monster depends upon the time at which the cause was in opera- 
tion. 

Several developmental moments have been located at which 
rather definite defects of particular organs may be induced. 
These are the moments during which the organs are in their most 
rapidly proliferating condition. Arresting the rate at such a 
moment gives decidedly injurious results. When an organ is. 
developing a t  a slow rate the arrest fails to affect it. 

12. The development and growth of organs in the single indi- 
vidual are interrelated in a way similar to the interrelations be- 
tween the components of a double specimen. When one organ 
or one component has a higher rate than another, it develops at 
this rate for a limited time and tends to  inhibit development on 
the part of other organs. This is readily demonstrated by the 
inhibiting effect of the growing shoot over all the potential buds 
of a plant. When the growing tip is pinched away, the inhibited 
buds immediately express their capacity to  grow. There is 
much evidence to indicate that a similar interaction exists among 
the developing parts of an animal embryo. 
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1.3. The initial grox-th giiriiig origin to an embryonic system, 
such as the brain and spinal cord, is linear in type, until a definite 
length is attained when linear growth subsides. This is followed 
by a series of lateral outgrom-ths in consecutive fashion. These 
lateral outgrowths from the ceiitral nervous system may be 
experimentally suppressed by slov ing development at definite 
times, and when all are absent a simple tubular brain is the end 
result. The same plan of developnient holds for the foregut and 
its lateral outgrowths to form the mandibular pouch, etc., and 
the development of this system may also be modified in a manner 
similar to that mentioned for the brain. 

14, Alonstra in defectu and rnonstra in excessu, which have 
frequently been treated as such distinctly different classes of con- 
ditions, are as a matter of fact closely similar. Both classes of 
anomalies are due to a corrimon cause and may actually both 
exist in the same spccirneri. For example, a n  arrest of develop- 
ment before gastrulation rriay cause a blastoderni t o  form two 
embryonic processes which later develop into a double-headed 
indiridual-a tj-pica1 inonstruin in excessu. At a very early stage 
one of these embryonic processes r&y become inhibited and later 
form a cyclopeaii eye instead of the usual two lateral eyes; this 
head is then a typical case of monstrum in defectu. The fact 
that the iioriiial individual stands between these two arbitrary 
classe3 of monsters has no other significance than that the mon- 
sters theniselves are simply modifications of the normal condi- 
tion resulting froni an imusual reduction in t,he rate of develop- 
ment during certain critical periods. 

13. The great importance of chdopmental  rate in influencing 
the tg-pe arid quality of structure is riot confined solely to enibry- 
onic development, but postnatal de\-elopment, and structures are 
similarly influenced by the rate at which the processes are accom- 
plished. This phase of the subject is to be presented in a sub- 
sequent communication. 

16. In  view of experimental results, it  becomes evident that 
normal development of the vertebrate embryo depends acutely 
upon the stability of certain factors in the environment. Changes 
in the conditions of moisture, temperature, and oxygen supply 
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are the most frequent causes of embryonic death as well as mon- 
strous development. The existence of the species may frequently 
depend upon some irieans of regulating the developmental envi- 
ronment. Species may be lost during evolution not only on ac- 
count of failure of their adult structures to fit them for existence, 
but equally as a result of failure to obtain an  environment in 
which their embryonic development is possible. The highly com- 
plex forms, such as birds and mammals, ~ i t ' h  a long embryonic 
period have partially succeeded in controlling their develop- 
mmtal  environment. But in no case is the regulation constantly 
pprfect and this fact is the underlying cause of frequent malfor- 
mations and monstrous productions. 

17. The double fish specimens with unequal components and 
the growth reactions betxeen these components are important 
in connection wit,h certain teratornal conditions in man. If 
teratorna in man frcquently originates as a twin inclusion, we 
may expect an antagonistic growth rcaction to exist between the 
teratoma and the host. While the host individual is rapidly 
growing the teratoma will be supprcssed and when the host 
slows its growth the teratoma should tend to grow more rapidly. 
There should thus be a correlation between the postnatal growth 
curve and the time of enlargement or recognition of teratornata. 
Dr. H. E. Himwich has undertaken a survey of this subject which 
will soon be published. 

18. The interaction between the growing organs of a develop- 
ing individual has been discussed in its relation to regeneration 
and cancerous growths of old age. In  thc old individual wjth but 
little normal growth still present there can be but slight inhibi- 
tion to any regenerative process that may be set up following a 
continued trauma. 
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I'r,+yrE 1 

EXPLANATION O F  FIGURES 

X series of young trout t,hat st,arted development wit.h a slightly insufficient 
supply of oxygen. The series begins with an ordinary single individual and 
passes through increasing degrees of anterior duplicit.y, shown in the two upper 
rows. It. t,heri continues with specimens showing step after step of completely 
formed double bodies and tails a n d  finally ends with perfectly formed identical 
t,wins, in which both members of the pair are equally as largc and perfect in 
structure as is the first single individual. 

The photographs were all madc a t  one magnification and show as nearly as 
possible the dorsal aspect of each specimen. On careful examination it will be 
found that  in every specimen the two components are practically identical in size, 
and when the anterior halves are considered all heads are found t'o be normal in 
structure. 
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PLATE 2 

EXPL.%R'.4TIOS O F  FIDUIIES 

The same series of trout specimens and photographed in exactly the same 
order as illustratcd in plate 1. The individuals are here shown from as nearly as 
possible t h e  vent,ral aspects. Selecting any given specimen :tnd comparing its 
dorsal and vmt.ral surfaces, as shown in plabca 1 and 2, it. is c!early swn that in 
a11 cases the two romponents are equal in size and both are striicfrirallq- normal. 
'rhese are not 'double monstcrs,' biit perfect individuals. The condition of 
doubleness is unusn:rl, but not dcfornied or monstrous. The ident)ical twins could 
not be considered monsters, and they only differ in degree of doubleness from t h c  
ot.licr members of the series. 
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PLATE 3 

rxruvmroy o r  FIGURES 

T n o  dcgrecs of duplicity in himan iiidivi(lual< TI)? i i i i p v i  photogrnpl~ 
1lluitr:itcs a ~lnnhlerl condition extending ~upcrfirially on11 t o  belo\\ i h e  shoiildci y, 
h i i t  iriteinally tlic doublmcss extentis i o the sarrum in the Fkelel on ant1 l o  lhe 
lo\+ri ilcurn in  the intestine. The lower photograph shows tlt o cwripletc babics 
rutcnsively united hy their vent ial walls. 

I n  both of theqe spccinirns the components are of equal size and their struc- 
tures are normal throughout In all spcciinens of hiini:in duplicities examined or 
found recorded in \tliicli the components were of pqiial size thcy wcre both struc- 
tiirnlly normal 
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PLATE 5 

EXPLANATION OF FIGURES 

Photograph of a specimen delivered by Dr. Frank Erdwurm of Kcw York. 
A living female child was at,tached to  the cord leading away from t,he upper 
placenta. This baby was enrlosed within its own chorion, the upper membranes 
shown in the picture. The t,wo fetuses of about six months’ development shown 
helow were enclosed in a common chorion and their cords are attachcd l o  :I com- 
mon placenta. These are identical twin girls. A4hout three months bcfore 
birth their cords became so tnisted that the placental circulation was cut off 
and they died. The mother was disturbed for a time until the uterine situa- 
tion became adjusted and this placenta shunted off. The fetuses remained 
enclosed within their membranous sac and a t  birth were considerably shriveled 
and somewhat macerated. 

Probably the implantation of the single individual in some way delayed im- 
plantation of the other placenta and caused th.e arrest which resulted in the 
,twinning of the second egg. 
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PLATE G 
l ? :XPI ,A~ATION 05’ FIGURES 

Outline drawings of terniinal t)ranchcs from thc comnion privet. 
l’ig. 1 A t~ranc11 in which t!ie lermiilnl I h i ~ t i  is i n  n reet.ing siatc.  The cor111noi1 

condition following a 1irnit.etl period of groivth. 
Fig. ? =\ new shoot grows from the apical bud, all of t h c  nxillary butls a t  t,he 

bttxc tif tlie leaves rcniaining in n rcstiiig S I : L ~ O .  This is llic usrinl in:Lnnvi‘ of 
rwurning growth. 

Fig. 3 An unusual case in \vliich two shoots grox out. iiftcr thc resting periorl, 
1 l i t .  usii:rl m e  from flie apical bud and t h e  swotid oiie froni t h c  ripper right xsil- 
];try hud. The  potential impulse to  .grow on Ilic part of tlir: nsillnry h i d  \ m s  ns 
grcnt as that of the apical I ~ u d  and twins dcrc~iopctl f m r r r  I tT3-o potential gron-tli 
[ ) o i n k  

Fig. 1 The vcry rare cme in which n u t  onlr  the apical bud  grows i n t o  I L  

shoot, but shoots also grow from both ut,pcr axillmy biids. Here all of t l i ( ~  
u1)pcr potential gronth points produce inclividui~l shoots, anti ‘i.riplct’ brxnctiw 
ntist:. 
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