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PREFACE

THE great interest that has been shown during the last
fifteen years in the study of Experimental Zoslogy has led
to the rapid development of this branch of biology. An
attempt is made in the following pages to bring together the
results of this work. A series of about thirty-five lectures
formed the basis for my treatment of the subject, and this
will account, in part, for the way in which the matter has
been handled; many details have been omitted that an
exhaustive treatment would demand; and the plan has been
to select the most typical and most instructive cases for
presentation, when such a choice was possible. Neverthe-
less, I believe that the reader will find a fairly full account
of the subjects considered.

Physiology has from the beginning made use of the method
of experiment, and with notable success. Morphology has,
up to the present time, followed mainly the historical and
descriptive methods, although striking exceptions could be
cited. While the historical study of zoology must always
remain a legitimate field for activity, as human history has
been a time-honored study, yet there can be little doubt that
the more promising and searching method of zoological study
in the future will be found in cxperiment.

The central problem of morphology —the causes of the
changes in form, or at least the determination of the condi-
tions under which changes in form occur — will furnish the
main theme of the present treatise. Two fields of study that
properly fall under this head are, however, not considered,
viz. experimental embryology and the experimental study
of regeneration. Both of these subjects have in recent years
received comprehensive treatment in book form, so that it

did not seem desirable to go over the ground again. More-
v



vi Preface

over, their consideration would have demanded too much
space to be included with the present matter in a single
volume. The fascinating study of the psychical side of living
phenomena also belongs to the province of experimental
biology, especially comparative psychology; but this subject
has quite recently been fully dealt with by Loeb and by
Jennings, who have themselves been largely instrumental in
developing the subject, so that further treatment would be
more than superfluous.

The excellent summaries and reviews of some of the topics
discussed here, that have been published in recent years,
have greatly facilitated my work. I need only mention
Roux’s and Driesch’s analysis of the experimental method,
Grifin v. Linden’s summary of the experiments on butter-
flies, Herbst's excellent treatment of the subjects of “For-
mative Reiz,” Phillips’s very full review and literature on sex
determination, and Cuénot’s, Lenhossek’s, and O. Schultze’s
treatment of the same subject. I need scarcely add that,
while using these and other reviews, I have made my own
compilation almost exclusively from the original sources.

Covering as extensive a field as I have attempted to cover,
it is probable that the different subjects have received un-
equal treatment, and I fear that some omissions may have
been made. I trust, however, that no serious oversights or
mistakes will be found.

It gives me great pleasure to express here my appreciation
of the generous assistance in the correction of the manuscript
and proof rendered by my wife, by Professor E. B. Wilson,
by Professor C. B. Davenport, and by Professor C. E. Castle.
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EXPERIMENTAL ZOOLOGY

CHAPTER 1
THE EXPERIMENTAL METHOD

THE study of Zotlogy by experimental methods is not a new
departure, for the method of experiment has been often applied
to special zodlogical problems. On the other hand, the recogni-
tion that only by experimental methods can we hope to place
the study of Zoology on a footing with the sciences of chemistry
and of physics is a comparatively new conception, and onc that
is by no means as yet admitted by all zoologists. I do not wish
to appear to disparage those studies that deal with the descrip-
tive and with the historical problems of biology. They also
offer a wide ficld for activity, and the morc familiar we become
with the structure and modes of development of animals, so
much the better can we apply the expcrimental method. In
fact, many of the problems of biology only become known to us
as the result of direct observation. The wider, therefore, our
general information, the greater the opportunity for experimen-
tation. ‘

It is undoubtedly true that many zotlogists who have spent
their lives in acquiring a broad knowledge of the facts of their
science fail to make use of their information by testing the very
problems that their work suggests. This is owing, no doubt, to
their exclusive interest in the observational and descriptive sides
of biology, but also in part, I think, to the fact that the experi-
mental method has not been sufficiently recognized by zoélogists
as the most important tool of research that scientists employ.

3



4 Experimental Zoslogy

Perhaps also the fact that the historical side of biology attracts
such popular interest accounts, in part, for the neglect of more
searching scientific methods of study.

Whether the method of observation or the method of observa-
tion and experiment is followed, seems to be also a question
of the kind of interest aroused by living objects. If the number
of collectors, naturalists, zodlogists, anatomists, entomologists,
ornithologists, mammalogists, conchologists, ctc., be compared
with the number of physiologists, physiological chemists, bac-
teriologists, it will be scen that the former have an cnormous
advantage.in numbers. It is truc that a few zoologists are
experimentalists, and that some physiologists do not experiment
at all, but the proportion remains about the same. In other
words, interest in collecting and recording the results of obser-
vation and in the artistic side of nature is much more wide-
spread than interest in the study of problems, or, if the interest
is not lacking, the will to take the initiative in the formulation
and solution of problems seems to be less cultivated in the
biological sciences than the power to observe and to describe.
In so far as the followers of the one or of the other method of
investigation have made their sclection as a matter of tempera-
ment, the disproportion will probably always remain; but in so
far as the result is due to imitation, or to following the line of
least resistance, or to a failure to appreciate differences in aim
and method, the proportion may to some extent be altered; and
I think it will be gencrally admitted that at the present time there
is greater need for experimental work than for descriptive and
observational study.

It is sometimes said that experimental study is the analytical
study of problems, and this in a sense is true, but it is only a part
of the truth. It is rather the method of attacking problems that
is the chief characteristic of experimental work, for is not the
historical method also a study of problems? We demand in
the case of a problem in experimental science that the condi-
tions under which an event takes place be discovered, and that,
if possible, we reproduce artificially the result by controlling the
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conditions. In fact the control of natural phenomena is the
goal of experimental work.

In the studies of physics and chemistry the method of experi-
ment is so familiar, that we think of their advancement as
taking place by experiment alone. In biology the situation is
different, and new discoveries are looked for as often in the
field of observation as of experiment. This difference is due to
the higher stage of development that has been reached by the
physical sciences, while biology is still, in large part, in the
lower stages of its evolution where facts are insufficiently known.
Nevertheless the amount of time still given to descriptive work
is out of proportion to the present condition of development of
biology.

A few examples may serve to illustrate the differences be-
tween the descriptive and the cxperimental study of zodlogy.
The egg of an animal, if set free and fertilized, begins at oncc
to develop. Descriptive embryology gives us the different stages
through which the egg passes, but no matter how complete the
description, we still know little or nothing of the causes that
are operating to bring about the development. What, for
instance, does the spermatozodn bring into the egg to make it
develop? What physical and chemical changes take place
during cleavage? What makes the embryo turn in at one pole?
Why do certain cells develop cilia? These and a hundred other
questions suggest themselves. Observation has failed to answer
them.

Another method employed in recent years has been to attempt
to find certain physical or chemical changes that seem to be
similar to those observed in the developing egg. Thus it has
been suggested that the spermatozotn brings a ferment into the
egg; that the cleavage is due to differences of surfacc tension;
and that the gastrulation 1s caused by osmotic pressure. Ma-
chines that behave In somewhat similar ways have even been
constructed to illustratec some of these changes. Interesting as
the ideas derived from these sources may be, their scientific
value lics only in their suggestiveness, until it can be shown
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that the changes in the embryo are really the outcome of similar
processes; and the only way in which certainty can be gained
on this point is by experiment on the organisms themselves.
If a ferment starts the development it is our duty to isolate it,
and to introduce it hypodermically into the egg. If this could
be done and the development thercby started exactly as in normal
fertilization, the hypothesis becomes at least probable that a fer-
ment is brought in by the spermatozoon and starts development.
Similarly, for cleavage, for gastrulation, and for every stage
in the development, experiment alone can give a satisfactory
answer.

The essence of the experimental method consists in requiring
that every suggestion (or hypothesis) be put to the test of experi-
ment before it is admitted to a scientific status. From this point
of view the valuec of an hypothesis is to be judged, not by its
plausibility, but by whether it meets the test of experiment. Its
use is therefore primarily for the investigator, and not for the
layman; yet as a matter of fact the wildest spcculations are
likely to be the ones that excite most popular attention and
applause.

It is sometimes said that an hypothesis is useful in proportion
to the number of facts it brings under one point of view. This
is true for the student rather than for the investigator. Such
an hypothesis may have no scientific status. It belongs rather
to a system of mnemonics. To the teacher, also, hypotheses are
useful in arousing the interest of his hearers, so that by exciting
their undeveloped imagination he can make his dry facts more
entertaining. But let us be carcful to distinguish between the
forensic and the scientific value of hypotheses.

Hypotheses may be useful, and have been used in various
ways. They have been used, as just stated, to hold together a
body of isolated facts; as such they are in reality only fictions.
They have been used in the reconstruction of supposed historical
events, especially in biology in the setting up of family trees.
In this case they can only claim to be more or less plausible
suggestions. Hypotheses have been used to direct intercst
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toward certain fields of study. As such they have often proven
stimulating and have been useful in acting as a guide for others.
But the hypothesis of real importance is the working hypothesis
of the investigator. It is the test by means of which he tries
to interpret his problem, and therefore it is essential that his
hypothesis is one having a practical bearing, i.e. an hypothe-
sis that can be shown to be truc or false. It differs in this
essential respect from purely fictitious and from metaphysical
hypotheses.

The working hypothesis carries along with it its dangers as
well as its advantages; since, while it may lead to discoveries,
it may, if it is wrong in principle, blind us to the real condi-
tions. Thercfore the investigator must not only be an inventor
of working hypotheses, but cultivate also a skeptical state of
mind toward all hypotheses — especially his own —and be
ready to abandon them the moment the evidence points the other
way. And herein lies one of the differences between the re-
corder of observations and the experimenter. The work of the
observer, if exact, is complete in itself, and stands forever as a
monument to his ability, or at least to his industry; while the
conclusions of the experimenter, if they are to bear fruit, must
become modified with each new discovery. His results are ab-
sorbed in the current of the next advance, but his consolation
will be that he has had at lcast a share in the causal study of
living things, and in helping the human race toward the control
of organic phenomena.

To return to our examples. The growth of animals and
plants offers a wide field for experimental study. Under cer-
tain conditions we see a young animal continuing to grow larger
until a certain size is reached, when growth slowly ceases. Al-
though the animal may live for many years longer, it has ceased
to grow. What makes it grow? Why does it stop growing?
We have hardly begun experimental work along these lines;
yet we shall see later that therc is a promising field for work in
this direction. After a time old age comes on and the animal
dies. We say it dies a natural death, and this seems inevitable,
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but only because we have found that death always takes place
under ordinary conditions. Suppose, however, we change the
conditions; might we not hope to prolong the duration of life?
Improbable as this may seem, there are already experiments
afoot that indicate that, however difficult, the problems may
not be insoluble.

Why, on an average, in most animals, are equal numbers of
two forms born — male and female? Is there an internal
mechanism? If so, what regulates it? Do external or inter-
nal conditions determine that onec egg becomes male, another
female? Even if an internal mechanism exists, it might be
affected by external conditions, and in any case the cause of
the production of the two types must be determined.

Observation has established that the evolution of animals and
plants has, in all probability, taken place. But what factors are
involved in the process arc unknown. Only in the last few
years by means of an experimental study of the subject has
decided advance been made.

It is sometimes stated that nature has already carried out
innumerable and wonderful experiments, and that we can
never hope to excel her in this power. Is it not better, therefore,
to examine patiently and reverently what she has done, and in
this way learn how her processes have been carried out? Let
us not be blinded by rhetorical questions of this kind. No
doubt nature has carried out prodigious experiments; but we
can never be certain that we know how she has obtained her re-
sults until we can repeat the process ourselves. What would
the chemist or the physicist say if he were told that nature has
already carried out experiments on a much greater scale than
he can hope to accomplish, and that he should drop’ his ex-
perimental methods and study his physics in a thunderstorm
and his chemistry in a volcanic eruption !

I have brought up this point because it illustrates one side
of the experimental method that is sometimes overlooked. Al-
most all of the phenomena with which the biologist has to deal
are so complex that he cannot determine what part each factor
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plays in the result unless he study the effects of each under
different conditions that can be controlled. Little by little, in
this way we can hope to gain a clearer insight into the condi-
tions that, taken all together, produce the result.

So much for the experimental method. It is pertinent to ask
what is an experiment? If I cut an earthworm in two to see
what will happen, have I performed an cxperiment? Perhaps
not, for the actual performance of cutting the worm in two is
not the essential point. The cssence of an experiment is a trial
or test, and the conditions arc so arranged that an answer is ex-
pected. If the worm is cut in two in order to study the physio-
logical behavior of the two ends, as has been done in fact, with
some interesting results, or in order to see what regenerates at
the two cut ends, we have a distinct purpose in view, although no
formulated problem. If we proceed farther and remove a
definite number of scgments in order to sec how many come
back, and then try to determine what conditions are involved
in the results, we are clearly carrying out an experiment with a
more definite aim. This illustration will scrve to show that the
most essential feature of an experiment is the anticipation of
‘the results of a test. The operation may be so simple, and the
conditions so little known, that to call the performance an
experiment may casily expose one to the ridicule of those un-
favorably inclined to the claims of experimental work. If the
process is carried out with scarcely a thought as to its purpose,
and in complete ignorance of all the conditions entering into
the problem, it can scarcely be called an experiment at all. At
most it is only a preliminary testing of possibilities. Much of
the pioneer work in experimental zoblogy has necessarily been
of this kind, and crude as such preliminary work must be, it
should be looked upon only as the first step toward a further
and more critical analysis.

The carrying out of an experiment implics the formulation of
a working hypothesis, and this usually presupposes some knowl-
edge of the possible conditions that control the phenomena..
The experimental work becomes more explicit and accurate the
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more we know beforehand of the possible conditions that may
enter into the result. The ability of the experimenter is shown
in his insight into the possible factors that may be present. His
ability may be the result of a correct estimate of the possible
conditions, but for the highest order of work there is demanded
also great imaginative power. Good judgment and accurate
observation may lead to fine work, but constructive imagination
seems to be required for the highest order of original work.
This does not imply that accuracy of observation is not as requi-
site in original work as in descriptive and observational work,
and should always be expected; but the man who sees new
and overlooked combinations may open fields of research that
will set to work an army of able ““investigators.”

The branches of biology that have made most extensive use
of the experimental method are physiology, bacteriology, and
physiological chemistry. The zotlogist and the embryologist
have also to deal with physiological problems, and already the
beginning of important experimental work has been carried out
in this field ; but the most distinctive problem of z0élogical work is
the change in jorm that animals undergo, both in the course of
their development from the egg (embryology) and in their develop-
ment in time (evolution). It will be granted, I think, that these
formative problems are more difficult than those relating to
function with which the physiologist has concerned himself in
the main; but this is all the greater rcason why the experimental
method should be used in their study, especially after so much
purely descriptive work has been already done.

The term ‘“ morphology ” has been used in recent times to
denote the study of form, as contrasted with physiology, that
deals with functional changes. Morphogencsis has also becn
employed to signify a study of the changes in form through
which organisms pass. It is mainly the experimental study of
these changes in form that I propose to examine in the follow-
ing pages. Experimental morphology would perhaps nearly
indicate the field to be examined; but since the line between
experimental physiology and experimental morphology is often
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hard to draw, and since I shall not hesitate at times to enter
upon the physiological side of many problems, I have chosen
the somewhat broader title of Experimental Zotlogy to include
the subjects to be treated.

The principal topics to be discussed fall under the following
six headings: —

I. Experimental Study of Evolution.
II. Experimental Study of Growth.
III. Experimental Studies in Grafting.
IV. Experimental Studies of the Influence of the Environ-
ment on the Life-cycle.
V. Experimental Study of the Determination of Sex.
VI. Experimental Study of the Secondary Sexual Characters.



CHAPTER 1I

THE INFLUENCE OF EXTERNAL CONDITIONS IN CAUSING
CHANGES IN THE STRUCTURE OF ANIMAELS

AN1MALS and plants are so constituted that one of their chief
characteristics is that they respond to their natural environment
in such a way as to insure their continued cxistence. These
responses are in the main physiological, and therefore in large
part transitory; but in some cases the response is structural,
involving a temporary or even a permanent change in form or
structure that persists at lcast so long as the external condi-
tions that called it forth remain. The question arises whether
these changes, directly induced by the environment, may not
give origin to the more fixed characters that have become the
permanent inheritance of each species. May not these have
been in the first instance adaptive responscs to the cnviron-
ment? This leads to the further question of the origin of all
the characters of the species, whether adaptive or non-adaptive.
In this and in the following chapters the different sides of this
question will be considered.

ADAPTIVE RESPONSES

External conditions sometimes cause adaptive structural
changes in organisms. We are familiar with some effects of
this sort in our own bodies. Pressure on the skin, if long con-
tinued, causes it to become thicker and more capable of resist-
ing the injurious effects of pressure. Sunlight tans the skin
and protects it from ‘“burning.” It is said that cold causes the
fur of some mammals to become thicker, and this change better
protects them against the cold. Conversely, it is said that horses

and dogs lose their hair to some extent in very warm climates.
12
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A number of Arctic animals become white in winter. This
change seems to be in part due directly to the cold, for it has
been found if these animals are transferred to warmer climates
they show less marked changes on the approach of winter.

- Flounders and some other fish and some amphibians become
lighter in color on a light background and darker on a dark
background. The most remarkable case of this sort is that of
the pup of certain butterflies. If the pupation takes place on a
light background, the chrysalidsarclighter; and if ona dark back-
ground, they are darker. Experiments by Poulton * have shown
that this effect is produced directly through the skin and not
through the occlli. Poulton thought in one casc that even the
color of the silk in which the caterpillar incloses itself is influ-
enced by the color of the background, but this has been shown
not to be the case.

It is popularly supposed.that the African chameleon becomes
green in green surroundings, and brown in a dark environment,
but this is probably not true; at least it has been shown in another
lizard, Anolis, that can also change from green to brown and
the reverse, that the animal is as a rule green if warm and
brown if cold. The effects are produced by change in the pig-
ment of the dermal pigment cells. In the cold the black pigment
spreads out over the surface and conceals the stationary green
pigment. In the warmth the black pigment migrating inward
exposes the green. Light has a somewhat different effect. In
both the African chameleon and in Anolis a strong light acts
like a low temperature, causing the black pigment to migrate
to the surface, and a faint light or darkness acts like a high
temperature, causing the black pigment to wander inward,
so that the animal becomes green. Other lizards give reverse
effects in light. Parker and Starratt have shown for Anolis that
when both light and heat act together, the results are as follows:

! For details of the experiment, see Poulton, “The Colours of Animals,”
p- 110, 1890; “Further Experiment upon the Colour Relation,” etc., Trans.
Ent. Soc., p. 293, London, 1893; “An Inquiry into the Cause and Extent of
a Special Colour Relation,” Proc. Roy. Soc., Vol. XII, 1887.
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At alow temperature, 10°C., Anolis changes from green to brown,
irrespective of illumination. At a high temperature, 40° to
45° C,, it turns from brown to green, irrespective of illumination.
Thus heat is the controlling factor at these extremes. Between
these extreme temperatures there is a range from 25° to 35°
through which light is the controlling factor, although heat is
not without its influence, as shown by the rate of the change.
Parker and Starratt have discovered the astounding fact that the
effects of the illumination may be produced when an area of
the skin no larger than a square millimeter is exposed, the rest
of the animal being in the dark.

The changes that have just been described, except perhaps the
last ones, secm to be of benefit to the animal, either in directly
protecting it from the agent that brings about the result, as in
the effects of pressure, cold, sunlight, etc., or in more effectually
concealing the animal from its enemics. These responses are
said to be adaptive, but it is remarkable how rare are adaptive
structural responscs, when we recall the fact that adaptation of
the organism to its surroundings is onc of its most characteristic
properties. The poverty of adaptive structural response does
not encourage one to look to external agents as having brought
about directly the structural adaptation of organisms to exter-
nal conditions, even if it could be shown that such influences
are inherited.

There are, on the other hand, many cases of physiological
responses that arc adaptive; in fact, nearly all functional
changes are directly beneficial to the organism. Animals re-
spond in a most remarkable way to poisons. If certain alka-
loids are injected in ever increasing doses, the animal becomes
immune to a dose which if given in the first instance would
have been fatal. In the case of the poisonous ptomaines pro-
duced by bacteria, the animal produces a counter poison, an
antitoxin, that nullifies the effects of the ptomaine. In a num-
ber of bacterial diseases the animal becomes more or less im-
mune after the first attack.

Equally striking are the adaptive responses shown by animals
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to temperatures higher or lower than those to which they are
normally subjected. If the change of temperature is gradual,
the organism may become adapted to a temperature that would
have been fatal if met at once.

Somewhat similar results have been found by subjecting ma-
rine animals to water containing less salt. If the change is
gradual, the animal will becomc adapted to the new density.
The extent to which the process may be carried differs greatly
in different species. In some cases the animal may be gradually
transferred even to fresh water. There are also other animals
that may pass at once from salt to fresh water without serious
injury. Salmon and shad leave the occan to migrate up the
rivers, and other fish do the same thing. Converscly, the
young salmon migrates back to the sea. The number of fish
that will stand as grcat a change as this is, however, limited,
although many occanic species will live in water much less salt
than that of the sea.

NON-ADAPTIVE RESPONSES

In contrast to the few cases of adaptive structural responses
to the environment there are quite a number of cases in which
definite structural responses occur that are not adaptive. One
of the interesting points connected with these responses is that
the differences effected by changes in the environment have been
shown in some cases to resemble the kind of differences that
separate specics from each other; but whether species have
really originated, either directly or indirectly, in this way, must
be carefully considered later.

Influence of Temperature on the Coloration of Butterflies

The earlicst cxperimenters on the influence of temperature
on butterflies were Dorfmeister (1864) and Weismann (1875).
Earlicr naturalists, who werc familiar with seasonal dimor-
phism in butterflies, had supposed, it is true, that differcnces in
temperature might be responsible for the differences in color
that characterize the summer and the winter broods; but it
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required the experimental work of Dorfmeister and of Weis-
mann to show that this supposition was correct.

Weismann showed for Vanessa levana-prorsa that when a
pupa, destined to give rise to the summer form, is kept at a low
tempetature, it may produce the winter form, V. levana, or a
type transitional between the summer and the winter forms.
He also succeeded, by raising the temperature, in changing the
winter pupa so that it gave rise to the summer type of butterfly.

More recently Merrifield, Standfuss, Fischer, Grifin von
Linden, and others have carried out extensive experiments on
the effects of temperature. The butterflics and moths used
for this work are usually those having summer and winter broods,
that differ in color and often in size, and even in the shape of
the wings. In other cases, however, similar changes have been
brought about in forms that do not show seasonal dimor-
phism. It has been found that not only the summer form can
be changed into the winter form, and wvice versa, but in certain
cases the type may be changed by cold so that it resembles
northern varieties of the same species, and by heat to resem-
ble southern varieties. Temperatures that are only somewhat
higher or lower than normal produce the southern and northern
types respectively, while much higher or lower temperatures
produce effects that are rarely or never found in nature. These
latter changes are sometimes called aberrations. We may first
examine a few examples of these effects given by Standfuss.

The effect of heat on Vanessa cardui is shown in Fig. 5. The
colors are much lighter above than those of the normal butterfly.
The black bands are much reduced. Similar changes are ob-
servable on the under side of the wing. The pupa had been
kept for 60 hours at 36-37° C., and then at normal temperatures
for six to seven days, when the butterfly emerged. The effect of
cold on Vanessa cardui is shown in Fig. 6. The color is darker
and the white spots are reddish in tint as seen especially on the
under side. The pupz had been kept for 33 days in an ice
chest, then for five days in a cellar (4+13° C.), and lastly for nine
days at room temperature.






Fii. 1. Showing the influence of heat and cold on the pupie of some butter-
flies. Vanessa antiopa: Fig. 1. effect of heat; of cold, Figs. 2 and 3. Vanessa
cardui: Fig. 5, effect of heat: Fig. 6. effect of cold. Vanessa atalanta: Fig. 7,
effect of heat: Fig. R, effect of cold. [Fig. 4, Vanessa pollychloros, aberratio
dixeyi, effect of cold. (After Standfuss.)
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The effect of heat on Vanessa atalanta is shown in Fig. 4.
The blue spots on the outer edge of the wings are so much re-
duced that often two small flecks alone remain. The red cross-
band of the fore-wings is spread out. In the black, that is
somewhat brownish, red-brown shading appears near the base
of the wing. The large white spot at the anterior border of
the fore-wing and the neighboring five scattered white spots
show a reduction, and the latter may even disappear. In all
of these aspects the type approaches a variety from the Canary
Islands. The pupz were kept 172 hours at 37° C., then three
to four days at 24° C.

The effect of cold on Vanessa atalanta is shown in Fig. 8.
The ground color of the upper surface is bluish black. The
white spots are larger, and the whole of the outer tip of the fore-
wing is lighter. The red cross-band is reduced and broken.
The under surface of both wings are much changed, as the
figures show.

The influence of heat and of cold on Vanessa antiopa is shown
in Figs. 1 and 2. The effect of heat (Fig. 1) is to make “dusty”
the brown ground color of the upper surface, especially on the
hind wing, that may become nearly black. The blue spots of the
marginal row are reduced to half their normal size and are more
violet in color. The characteristic yellow margin is dusted with
brown. The pupa had been kept 6o hours at 37%C., and then
for 12 days at 24° C. The influence of cold is shown in Fig. 2.
The blue spots are much larger, and the ground color of the
wings is darkened. The marginal yellow band is reduced and
richly dusted with black scales. The pupa had been kept for
44 days in an ice chest, and then for 15 to 19 days at normal
temperatures. Another individual produced by cold (29 to 34
days) is shown in Fig. 3. It approaches Vanessa polychloros,
Fig. 4, in a number of points,

Fischer has obtained some very aberrant forms of Vanessa
antiopa by heat-and by cold. Some of those produced by cold
are shown in Figs. 1-8 as seen from above, and in Figs. 9-11

as seen from below. The former set (Figs. 1-8) is arranged to
c
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show how the broadening of the yellow margin begins in the
posterior wings and finally extends forward to the same extent
on the anterior wings. The change. is in an antero-posterior
direction. The conditions under which these butterflies’ had
been kept were as follows : — :

In the first experiment 20 pupa of Vanessa antiopa, about
12 hours old, were kept for six hours at a temperature of 14°C.
and then four hours in a temperature decreasing from 14° C.
to o°® C. After this they were put three times daily for a short
period in a temperature of — 3° for 18 days. They were then
keptin the cellar (14°C.)and finally at room temperature (22°C.).
Six pupa died, the remaining 14 began to emerge after 10 to 12
days. Figure 7 shows one of these butterflies which is the
aberration known as hygi®a; another is shown in Fig. 6, in
which the blue spots and the dark border have completely dis-
appeared, but the yellow border does not extend inward so far
as in the last case. Three other individuals (Figs. 2, 3, 4, 5)
show transitional forms in some of which traces of the blue
spots could be seen. The last butterfly of this series to emerge
was like the normal antiopa with the bluc spots even larger
than the normal, but less sharply defined. Thus under identi-
cal external conditions quite a range of colors result; but of
course the caterpillars themselves had probably not lived under
identical conditions, nor had they been subjected to the cold at
precisely the same stage in their pupation.

In a second experiment the conditions were the same, except
that the pupz were brought into the extreme cold (three times
daily) for oply 14 days. Five of these showed the aberration
artermis (like that in Fig. 1, which developed, however, under
different conditions).! The five individuals showed also aber-
rations with the hygiza characters. Two individuals were like
Fig. 4; the others were like the intermediate forms.

In a third experiment the conditions were the same as before,
except that the pupz were brought into the extreme cold for
only six days. They produced one normal butterfly; one transi-

! The butterfly had been kept at a temperature below o° and 6° C.



Fic. 2. Vanessa antiopa: Figs. 1-8 showing effects of a low temperature on
pupa. (After Fischer.)

19



20 Experimental Zoology

tional form like Fig. 3;

one form, the aberration artermis,

with many groups of golden scales on the brown ground color
and the black border, and even within the blue spots; the rest
for the most part belonged to the aberration hygiza, one of
these being as extreme a form as that shown in Fig. 8.

FiG. 3. Vanessa antiopa, under surface:
Figs. 9-11 showing influence of
(After Fischer.)

The under side of the
wings of these butterflies
is also changed, but not
always in the same way as
the upper side. As shown
in Fig. 10, not only does
the yellow border of the
wing extend inward, as it
does also on the upper side,
but at the same time the
black scales spread toward
the periphery, darkening
the broader yellow band, as
shown in Fig. 10. This
figure shows the under side
of the aberration hygi®a.
In the butterfly shown in
Fig. 11 the whole under
side is black, the ycllow
border having disappeared.
This is the under side of
the butterfly shown in Fig.
8 that had the broadest
devclopment of the yellow
band on the upper side.

Some further details may
now be considered. Merri-
ficld did not employ very ex-

treme temperatures. The pupe were either iced (33° F.) or only
cooled (39°to 57° F.). Tor “ forcing,” temperatures not higher
than 70° to 80° F., or even go° F., were employed. He found
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in general that cooled or iced pupz gave dark and much-spotted
moths, while “forced” pupe were pale and spotless or with
reduced spots. He states that the markings are affected by
long-continued exposure, especially during the early pupal period,
but the color is chiefly affected during the penultimate period.

Standfuss has experimented on as many as 7000 individuals
in all. He determined that the period in the life of the pupa
when it is most sensitive to heat is at the beginning, although
It is best not fo try to produce the effect too soon after the cater-
PIlIar has become a pupa. If exposed soon to cxtreme cold, the
pupe die; but if exposed soon to heat the best results, z.e. the
oSt divergent forms, are obtained, although the mortality is
high. — II the pupa is exposed as soon as it can stand it to
extreme cold and then to heat, the heat-type is produced. In
other words, the cold dclays the devclopment so that the heat
produces the greater effect; for as soon as the temperature is
raised the development goes forward rapidly. To get the best
effect from cold, Standfuss found it advantageous to expose first
to low tempecratures, then for 5 to 10 days to moderate cold
(11° to 14° C.), and lastly bring the pupa to room temperature.

In his earlier work Fischer subjected the pupa for several
days to extreme temperatures of heat or of cold, but later he
found it better to subject the pupa two or threce times a day
to the extreme temperatures during a period of 11 to 20 days.
This method applies particularly to extreme temperatures. For
a low temperature he used o° C. or —3°C. or even —8°to — 20°
C. The high temperature was from 35° to 46° C. The more ex-
treme the temperature that the pupa will stand the greater the
effect produced. Thus temperatures between o® and — 20° gave
greater effects than those betwcen o° and +10° Tempera-
tures of 42° to 46° gave more striking results than those of 35°
to 41° C.

The most important result obtained by Fischer was to show
that the same aberrations are obtained by extreme heat and by
extreme cold. The result may seem puzzling, but it must be re-
membered that the coagulation of proteids, which is probably
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one of the factors in the results, can be caused artificially either
by a high or by a low temperature. In a mixture of proteids
we might expect some slight differences in the results of coagu-
lation, even if the principal changes are the same, and it is not
improbable that such minor differences do exist.

An excellent general review of the cffects on the colors has
recently been given by Grafin Marie von Linden. She points
out that in the Vanessa series, a higher temperature makes the
red or yellow deeper or more fiery. The dark background
suffers a reduction. Cold gives the reverse, a brightening of
the general dark ground color, the yellow expanding at the cost
of the red. There is also a lightening of the red and increase
of white scales. Extreme heat and cold, as stated above, give
remarkably similar results. The black spots on the border run
together, so that the peripheral dark spots are lost. The dark
border zone becomes clearer (in some forms only at the tip).
Despite this peripheral clearing up, extreme temperatures cause
an increase of dark pigment clsewhere. It may be said, there-
fore, that extremes of heat and of cold do not give specific effects,
but produce the same physiological change.

As a result of these changes the differences between related
species sometimes seem to disappear to a greater or less cxtent.
The nearer the forms experimented upon, the more alike are
their aberrations. This result led Fischer to the conclusion
that extreme-heat and cold cause an atavistic return to the primi-
tive type of all the Vanessas, i.e. a return to the stem-form from
which they have come. He attempts to explain this result on
the grounds that during the development of the color the butter-
fly passes in its ontogeny through phylogenectic stages. Cold
and heat cause an arrest of development, so that an ancestral
stage emergces.

Standfuss, on the other hand, looks upon the changes as some-
thing new, and points out certain contradictions to Fischer’s
idea that the aberrations arc atavistic. For instance, the males
are much less prone to atavism than the females, and yet pro-
duce a much greater number of aberrations. He thinks it im-
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probable that the original form of the Vanessas was darker
than the present forms, to judge by related groups. Uncertain
as arguments, pro and con, based on these phylogenetic specu-
lations necessarily are, there is fortunately experimental evi-
dence that shows how little ground there is for Fischer’s argu-
ment. Grifin Marie von Linden has examined the developing
pigment in the wing itself. She finds that the lighter colors
develop first and that in the younger stages the red and yellow
tones occupy a greater area than they do later. This is the
reverse of Fischer’s primary assumption of sequence. In pupa
exposed to freezing and to heat it scems that disturbances in the
development of the color occur. Standfuss observed in thesc cir-
cumstances that the color develops later than in the normal; and
von Linden finds that the black color appears relatively earlier
than the others, and at times even before the red and yellow.

Grifin von Linden has also shown that changes in certain
colors similar to these shown by the pupa can be produced iz
vitro. Extracts of the red color, when heated, become fiery red
or more red-brown in color; while on ice the red and the yellow-
red tone remain constant. It is likely, therefore, that some of
the effects of high and low temperature can be explained en-
tirely as due to the direct influence of the temperature on the
chemical composition of the pigment.

Not only have the summer and winter forms been changed
by changing the temperature, but in two cases, in which sexual
dimorphism exists, it has been possible to change the female
coloration into that of the male. For cxample, the colors of
the female of Parnassius apollo can be changed into those of the
male. In the female of Rhodocera rhammi the white colora-
tion of the wings can be changed by warmth into the intenscly
yellow color of the male. It has been suggested that while
ordinary temperatures suffice to cause the development of the
deeper color in the male, it requires a higher temperature than
that ordinarily met with to causec the same change in the tissues
of the female. Standfuss has pointed out that while in many
cases a lower temperature may cause a darker color and a higher
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temperature a lighter one, this is not invariably the rule,
as seen in certain dimorphic forms. Thus, in Lythria rotaria
the butterfly that hatches in the spring (from over-wintering
pupz) is darker than the summer type (the second generation,
variety L. purpuraria). On the other hand, Vanessa levana
(also from over-wintering pupe) is /Jighter than the summer
variety, V. prorsa. A lower temperature docs not therefore
always produce darker colors and a higher temperature lighter
ones, although this is the general rule, but the reaction depends
also on the naturc of the organism.

In these experiments with butterflies the more conspicuous
result is the change in color; but it should not be forgotten that
changes in size also often occur, and even constant changes in the
shape of the wings have been observed, the outline of the wing in
some cases being quite different from that of the normal animal.

Effect of Temperature on Ca.terpillars

Standfuss has shown that by rearing caterpillars at a higher
temperature (20°-25° C.) than normal, the characters of the
moths may be affected.! Changes in the shape of the wings
are sometimes caused in this way. The color is also altered
to some extent. The most constant change, however, is in
the size. Standfuss gives the following rule: ‘“The more
the feeding period of the caterpillar is shortened by raising the
temperature the smaller the butterflies. Lasiocampa quercifolia,
for example, had its weight decrcased in this way to one
seventh of the normal. On the other hand, if the time of feed-
ing (or in other words the time of the caterpillar stage) is not,
or only very slightly, shortened, despite the higher temperature,
there is an increase in size, which in the case of Arctia fasceata
may be as much as half again the entire normal weight.”

Standfuss points out that results similar to these are found
in nature where the size of certain forms appears to be connected
with the time of year at which the pup® appear. Species

! Merrifield also has made observation on the effects of temperature on
caterpillars. '
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whose growth occurs in late autumn (with lower temperature
and decreasing vegetation) and is completed in the autumn so
that they winter as pupz, are generally smaller in the first gen-
eration and larger in the second or summer gencration; for
the caterpillars of the latter are born in summer and have plenty
to eat. Conversely, species which winter over as small cater-
pillars and develop further during the favorable conditions of
spring produce larger butterflies in the first than in the second
generation.
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CHAPTER III

THE INFLUENCE OF EXTERNAL CONDITIONS IN CAUSING
CHANGES IN THE STRUCTURE OF ANIMALS (Continued)

Experiments on the Influence of the Food Plant

PrcTET has studied the influence of the food of the caterpillar
on the color, the size, and other characters of the butterfly.
As a rule the caterpillars of each species are found on a par-
ticular plant, and cannot be induced to eat the leaves of a differ-
ent one, or only with great difficulty. A few species, however,
are polyphagous, 7.e. they feed on a number of different plants.
For example, the caterpillars of the Arctiide feed upon all sorts
of herbaceous plants; many Noctuide consume indifferently
several species of Composite; Papilio macchaon lives on dif-
ferent Umbellifere; Ocneria dispar, Porthesia chrysorrhaa, and
Bombyx neustria are found on ncarly all kinds of trees.! Occa-
sionally caterpillars are found on plants that are not those nor-
mal for them, and the quecstion has often been asked whether
the aberrant types of butterflies sometimes met with may not
have arisen in consequence of a change in the food plant. This
question Pictet has studied experimentally.

In captivity certain caterpillars adapt themselves readily to
very different kinds of food. As a rule a caterpillar will. feed
on the flowers of it$ natural plant, and even the fruit may be
used, as in the casc of Cossus cossus, which will eat pieces of
apple instead of the wood and the bark of the tree.

It appears that in nature, also, certain species have recently
extended their dietary. Thus Lasiocampa quercus was known
at the time of Linnzus to fced on the oak tree (as its

1 These examples are given by Pictet.
29
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name implies) and on the leaves of certain shrubs. It is now
found on a number of other trees.

Certain aberrations have been traced directly to the food of
the caterpillar. The caterpillars of Ellopia prosapiaria living
on the pine become reddish butterflies; but if they occur on
the fir, they give rise to the aberration prasinaria, which is
green. An analogous case is that of Cidaria variata, whose
caterpillars living on the fir give rise to a form that is gray, but
on the pine produce a varicty obeliscata, which is brownish red.

In certain countries where a variety almost entirely replaces
the parent species it is not uncommon to find the caterpillar on
a different plant. For example, Lasiocampa quercus lives on
different food plants in different countrics. In Scotland, where
the variety callunz dominates, the caterpillars live on the
heather; in the South, where the variety roboris is found, the
caterpillars live on the oak, Quercus robur.

In changing the food, Pictet oftcn made use of plants that
were very different from the natural one. Thus the oak was
often replaced by the esparcette,' by the dandelion, by the
lettuce or by the pimprenelle.? In other cases it was replaced
by the walnut, neflier,® and the sorbier.* In some cases a food
plant closely related to the normal was the only one that could
be substituted ; thus the European Evonymus europaus (spindle
trec) can be replaced by E. japonicus. Certain species refuse
all food but their natural one. Other species can be induced
to take a different nourishment, but only after much persever-
ance. Others, such as Lasiocampa quercus, when young ac-
commodate themselves to nearly all kinds of vegetation, but
once full size, many plants arc rejected. The acceptation of a
new kind of food is transmitted by heredity, and individuals
whose parents have become accustomed to a strange food will
consume the same food with greater facility. Some of the
effects that Pictet obtained by changes in the food are as fol-
lows: —

1 Onobrychis sativa, or holy clover. 8 Mespilus germanica, or mespit.
2 Poterium sanguisorba, or salad burnet. * Sorbus ancuparia.
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The typical male and female moth of Ocncria dispar are
shown in Fig. 1 and Fig. 2. In the male the wings are gray,
ash, or dusky, with four zigzag black lines. The female is
whitish gray or slightly yellow, with the same grayish white

FIG. 4. Ocneria dispar: male, Fig. 1; and female, Fig.2.. First generation fed
on walnut leaves: male, Iig. 3; female, Fig. 4. Second generation fed on walnut:
male, Fig. 5; female, Fig. 6. First generation on walnut, second on oak: male,
Fig. 7; female, Fig. 8, First generation on walnut, second on oak, third on wal-
nut, fourth on walnut: male, Iig. 9. (After Pictet.)

pattern as the male, but more marked. The normal food is oak
or birch. The young caterpillars can be made to eat the leaves
of the walnut (Juglans regia), at first with difficulty, but the
subsequent generations eat it with avidity. The male of the first -
generation is shown in Fig. 3. The wings are pale yellow, the
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central lines have partly disappeared, and the rest of the pattern
is less marked. The female of this first generation is shown
in Fig. 4. The wings are slightly transparent, with rarely a
darker mark on the upper surface. The insect is almost white.

The caterpillars of the next generation were also fed on the
walnut. The male is shown in Fig. 5. The wings are whitish,
the marginal band has partly disappeared, and the transverse
lines are but slightly visible. The female is shown in Fig. 6.
The wings are transparent; the V and the fifth of the marginal
points alone remain of the markings.

The figures show a decided decrease in the size of the indi-
vidual, which is accompanied with a constitutional weakness.
It was not possible to obtain eggs from this gencration. Pictet
resorted, therefore, to the device of feeding the first generation
on the walnut, the second on the oak, and then the third and
even the fourth on the walnut. When the first generation was
fed on the walnut and the second on the oak, the male moth
appeared as in Fig. 7, and the female as in Fig. 8. The fig-
ures show that the effects, produced by feeding the first genera-
tion on the walnut, persist during the second generation when
returned to the normal food.

In another experiment the caterpillars were fed first on wal-
nut, then on oak, and then on walnut. The male was much
like that produced by two generations of walnut, as were the
females also. Another lot was fed walnut (1st gen.), oak (2d
gen.), walnut (3d gen.), walnut (4th gen.). The male type is
shown in Fig. 9. The wings are gray ash, or dusky; the
marginal points strongly marked, as well as most of the trans-
verse lines. The marginal band is accentuated in the four
wings. The females have white wings — sometimes yellowish.
As in the male, the lines and the marginal band of the lower
wings is much accentuated. Thus while the greatest change is
effected by walnut, oak, walnut, there is a return to the darker
type if walnut is used again for the fourth generation. Pictet
interprets this as a return to the ancestral type; the result of
becoming accustomed to the walnut, and states that he has ob-
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tained similar results in other experiments. It is not entirely
clear from his figure that the darker form in the fourth gener-
ation is really a return to the ancestral type — at least the
possibility of a different interpretation must be kept open.

Another experiment showed that when the first generation
was fed on walnut, and the seccond and ‘the third on oak, the
effects of the walnut were still apparent in the last generations.

When the first generation was fed on walnut, the second on
the oak, and the third on flowers of different kinds (rose and
peony), the last seemed to accentuate the effects of the walnut
and ‘““tend to cause to disappcar those of the normal food. To
the same extent as the walnut the flowers appear to be a
poor alimentation.” The caterpillars of Ocneria were also fed
on other plants, the results being in some respects like the pre-
ceding cases, in others differcnt.

There are two known aberrant forms of the moth Psilura
monacha. The typical male form is shown in Fig. 10, and the
female in Fig. 11. The aberrant form nigra, male and female,
is shown in Figs. 12 and 13, and the form eremita, male and
female, in Figs. 14 and 15. The caterpillars are found on oak,
birch, and conifers.

Caterpillars fed on oak and on birch produced moths of all
three types, in the proportion of 58 per cent type-form; 24 per
cent ab. nigra, and 18 per cent ab. eremita; fed on walnut the
proportions were 38 per cent type-form; 23 per cent ab. nigra;
30 per cent ab. eremita. 'The moths were smaller than the aver-
age. The proportion of the aberrant forms is greater from the
walnut than from the normal food. In the second gencration,
nourished on the walnut, the females of the type form assume
the characters of the typical males.

In all, Pictet’s experiments with feeding included 21 species,
comprising 4695 individuals. In ncarly all cases some effects
of a change from the normal type could be directly traced
to the food.!

! For somewhat similar experiments see Romanes, “Darwin and After Dar-
win,” II, pp. 217-218.
D
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Pictet has also tried the effects of insufficient nourishment,
using smaller amounts of the normal food. In the case of
Pieris crategi, lack of food during the last days of the life of
the caterpillar causes the wings to become lighter in color and
more transparent. If all food is removed from the full-grown

F1G. 5. Psiluria monacha: typicai ale,Fig. 10; and female, Fig, 11. Aber-
rant form P. ingra: male, Fig. 12; female, Fig. 13. Aberrant form P. eremita:
male, Fig. 14; female, Fig. 15. (After Pictet.)

caterpillar of Vanessa urtice, it becomes a chrysalid in a few
days after the last moult. The butterflies are dwarfs, but show
no changes in coloration. On the other hand, if the very young
caterpillars are kept on a régime that becomes less sufficient
every day, they become pupa even before the last moult, and
produce dwarf butterflics that have the aberrant characters
“much accentuated.
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It is not difficult to starve caterpillars, but it is difficult to
make them take more food than they do normally; yet by
indirect means this can be done by giving them food containing
an excessive amount of nutritive substances.

Reviewing the results of the effects produced by changes in
food, Pictet points out that, in general, the variations produced
arc either in the direction of lighter (albinistic) or darker (mecl-
anistic) shades. If the kinds of food that produce the former
effect arc compared with those that produce the latter effect, it
will be seen that the lighter colors result from feeding on plants
which, owing to their anatomical structure, present obstacles to
mastication —either as a result of a thick epidermis or of the pres-
ence of crystals or of hairs, etc. In consequence of the imperfect
nutrition of the caterpillar, the butterfly is less pigmented. On
the other hand, the melanistic or black variations result from
those plants that offer no obstacles to mastication or nutrition.
The caterpillars develop rapidly, acquire a size greater than the
normal, and the butterfly shows a greater development of pig-
ment.

The influence of diffcrent food plants in causing an albinistic
or mclanistic change in the moths can be traced, according to
Pictet, to the length of the pupal stage, and this in turn to that
of the caterpillar stage, which again is due to the amount of
nourishment received. Thus, those food plants that give in-
sufficient nourishment prolong the caterpillar stage; but this
leads to a shortening of the pupal stage, and the albinistic cffect
is produced, because the dark pigments do not have time to
devclop extensively. Conversely, an abundant nourishment
shortens the caterpillar stage; but this causes a prolongation of
the pupal stage during which the pigments have time to devclop
even more fully than normally, and the melanistic variation is
the result.

Not only the colors of the moth or butterfly arc affected by
the character of the food, but the colors of the caterpillars them-
selves may sometimes be affected, although to a less degree.
Pictet finds, in fact, that there is a correlation between the pig-
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mentation of the caterpillar and of the adult. The caterpillar
of the death’s head moth (Acherontia atropos) is ordinarily
yellow, but has also a black type. Dasychira pudibanda is
white, but has a green and gray variety, etc.

The color of many caterpillars is much influenced by the
food in the digestive tract that can be seen through the semi-
transparent skin. Poulton has also shown that certain of the
cpidermal pigments are derived from the chlorophyll absorbed
with the food. He separated into three groups caterpillars of
Agrotis pronuba: the first was fed with the green leaves of
cabbage, the seccond with the yellow etiolated leaves. Both
lots developed their normal yellow-brown color. A third group
was fed on lecaves deprived of the green and of the yellow
coloring matter, and only the brown pigments developed.
Standfuss has produced within a few hours color changes
in the caterpillar of Eupithecia absinthiata. It becomes ‘“‘a
lemon-yellow when fed on the yellow bunches of Solidago,
green on non-flowering leaves of the same plant, rose on the
‘buttons’ of Statice armeria, white on the umbels of Pimpinella
saxifraga, brown on the bouquets of Artemisia vulgaris, and a
delicate blue on the small balls of Succisa pratensis.” Similar
results are known for other forms. Pictet finds also that the
colors in certain caterpillars that hibernate tend to disappear,
but reappear again a few days after fecding begins again in the
spring. The colors of some species change with each moult.
Difference in the color, and cven in the markings of caterpillars,
occur when they are fed on food other than the normal. In
some cases the effect is direct, as explained above; in other
cases the effects are indirect, 7.e. not due to the food in the
digestive tract or to the pigments directly absorbed and present
in the skin or in the blood. In the case of Ocneria dispar the
food plants that produce lighter colors in the moths have the
same effects on the caterpillar. Similarly for the dark or mel-
anistic changes. Moreover, the effects may last over for one
or two generations after the caterpillar is again fed on its
normal food.
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The Influence of Light, Electricity, Centrifugal Force, Chemical
+ Substances, and Oxygen on the Caterpillars and Pupe of
Moths and Butterflies

It has been shown by Grifin von Linden that the size, the
colors, and the markings of butterflies may be altered by sub-
jecting the caterpillars or the pupa to several kinds of external
conditions other than temperature. In general, however, the
results are similar to the effects produced by higher and lower
temperatures.

Light. — Vancssa urtice and V. io were used. Some of
the caterpillars were kept, with their food, in red, or grcen, or
blue light. Others were kept in the dark. The principal
changes were in the ground color of the wings of the butterflies.
This was intcnsest and brightest in red light, dusky in green,
and paler in blue and in the dark. The butterflies of V. urtica
were largest from the caterpillars reared in the blue, and of V.
io in the dark. The changes in the markings were very slight.

Electric Shocks. — The pupa of V. urtica, in a fresh but dry
condition, were put into an iron box through which an electric
current was passed of sufficient strength to cause a pricking
sensation when applied to the hand. In other cases one clec-
trode was applied at the wing axis and the other at the tip of
the wing case. The resulting butterflies were brightly colored.
The black border of the wing was broader, and the tip of the
wing was sometimes dark. The blue and yellow scales of the
sides of the wing were little developed.

Centrifuge. — After the pupe had become hard they were
subjected to a centrifugal force for ten minutes each day. The
effects were in general similar to those caused by light.

-Chemical Substances. — Contrary to the results of Standfuss,
who found changes in the food had no influence on the color
of the moth, except in one case, when salt was added to the food
of Callema, Grifin von Linden found that certain substances
given with the food produced distinct effects. Some effects, for
the most part slight, were obtained with (1) defibrinated blood ;
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(2) iron albuminate (officinal solution: 4 parts metallic iron to
1000 water); (3) argonin silver casein (5 per cent); (4) sugar;
(5) lupulin; (6) capsicum; (7)morphine (1 per cent); (8)atropin
(1 per cent).

The iron and the silver compounds by exciting hunger
tended to produce larger forms. The largest butterflies came
from caterpillars fed with argonin silver casein and the smallest
from those given morphinc with their food. The younger the
caterpillars, when the experiment began, the better the results.
Darkening of the ground color of the wings was found after
argonin and morphine. Also much red was present. Capsi-
cum also gave a dark background. The color was strongly
developed after iron, sugar, and lupulin. The markings were
affected in much the same way as by cold and warmth. Re-
duction of the black or of the blue flecks occurred in some
cases.

Pure Oxygen. — Pupa kept in pure oxygen produced in the
usual time butterflies normally colored and marked. Young
caterpillars kept in oxygen took food for only one day, wandered
about the next day, and died on the third or fourth day. The
moist atmosphere rather than the oxygen may have been respon-
sible for the carly death of the caterpillars.

The Influence of Humidity on the Characters of Moths and
Butterflies

Humidity is also supposed to have an effect on the coloration
of butterflics. Marshall thinks that in the Transvaal, wherc a
dry and a wet season alternate, as do summer and winter in
northern climates, the seasonal dimorphism of certain butterflics
is the direct result of the effects of moisture and of dryness, in
the same way that cold and heat cause the scasonal dimor-
phism of northern species. Similar results have been described
by Doherty for Melanites leda of India. The differences fol-
low the dry and the wet seasons. Pictet has “shown that
effects of this kind can be artificially produced in certain Eu-
ropean species. Moisture on the leaves produces great mortality
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amongst the young caterpillars, but while the moths may be
small their markings show no variations. On the other hand,
although the fully formed caterpillars better resist the effects
of moisture, aberrations in the color are produced. Thus when
the caterpillars of Vanessa urtice were fed for 8 to 10 days
on leaves kept constantly wet, changes in the markings of the
butterflics were produced. Similar results were brought about
in Vanessa polychloros and in Hybernia defoliaria. In Ocne-
ria dispar variations were induced in the first generation, but
disappeared in the second, owing, Pictet thinks, to the cater-
pillars having adjusted themselves to the change, in the same
way as they do to changes in their food. The variations in-
duced in the first gencration are very much like those pro-
duced by csparcette and dandclion, especially in respect to the
males, and these plants contain a great deal of water in their
tissues.

A fine spray of water at ordinary temperatures was con-
stantly applied for 36 to 48 hours to caterpillars of Vanessa
urtice that had suspended themselves preparatory to changing
into chrysalids. A marked effect was produced on the but-
terfly, a yellow band appearing across both fore and hind
wings. The blue spots became gray or violet, and the bhorder
of the wings was clear. The variation resembles the variety
polaris of this butterfly.

Humidity also acts on the chrysalid’s stage, causing aberra-
tions in a number of moths and butterflies.  If the chrysalids
are kept moist at a warm temperature, 30°to 35° C., very little
effect is produced, because the development is so much has-
tened that the chrysalids pass through the critical stages be-
fore the protecting waxy covering is worn away. But if the
chrysalids are kept cool while the moisture is applied, the effects
are much more marked; for now the development is so much
delayed that the water has time to penetrate the protecting coat
and affect the critical stages.
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Ex periments with Flatfish

There are some experiments made by Cunningham with
young flatfish which also show the effect of an external agent,
viz., light, on the development of color. Very young fish were
put into aquaria lighted from below. As the young fish under-
went their metamorphosis, the pigment gradually disappeared
on one side, as it does under normal conditions, z.e. as when
they are lighted from above only. If, however, the fish arc
still illuminated from below, the pigment begins to come back
again on the lower surface. The markings are similar in all
respects to those on the upper side of the animal.

The result shows that the lower side of flatfish in their natu-
ral environment is white, because it is not exposed to light; but
whether the result shows, as Cunningham believes, that the
lower side has become white in the course of gencrations, be-
cause it has been turned away from the light, is not shown
conclusively by the experiment.

Experiments with Crustaceans

There are a few cases, in other groups, where it has been
shown that external agents produce changes in form. Bran-
chippus ferox, inhabiting salt and fresh water, shows small
differences in the length of the ovigerous sac, in the form of the
segments of the body, in the length of the lobes that terminate
the abdomen, and in the disposition of the abdominal bristles.
Daphnia degenerata of salt water is only a degenerate variety
of Daphnia magna of fresh water.

A species related to Daphnia — Moina rectivoctris — oc-
curs in one form in fresh water and in another in ‘brackish.
The two differ in general points of structure due to the indi-
viduals becoming sexually mature before the final structural
changes are completed.

The oft-cited case of Artemia may also be mentioned here.
Schmankewitsch has described the slow transformation of
Artemia salina into A. milhausenii, as the Jagoon in which the
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former was contained became more concentrated by evapo-
ration. Experimentally he procured the same result by con-
centration. Furthermore Schmankewitsch claimed that by
gradually diluting the brackish water in which Artemia salina
lives he obtained a form having the characters of the genus
Branchippus.

These conclusions have been seriously questioned by Bateson
and by Samter and Heymons,' who have shown that Artemia
salina is subject to great individual variability and that there
is no close connection between the different variations and the
concentration of the water in which they occur. Especially
doubtful is Schmankewitsch’s comparison with Branchippus,
whosc diagnostic features he scems to have imperfectly under-
stood. Samter and Heymons find nevertheless that the salt
content of the water has some influence on the form of Artemia
salina, although in different pools of the same concentration
a large range of variability exists. They think that other fac-
tors than concentration probably also affect the result.

Changes in Mammals and Birds

The Porto Santo rabbits, so fully described by Darwin, fur-
nish another instance of influence of the environment. It is
said that these rabbits originated from a single pregnant female
that produced a litter on board ship in the year 1418 or 1419.
Set free on the island of Porto Santo, the rabbits increased
rapidly and soon became a pest. Darwin examined these
rabbits and found that, compared with domesticated rabbits
of average size, the Porto Santo rabbits had lost three inches
in length and almost half the weight of the body. In other
points also they differed —in the skull, and especially in
color. “But here we meet with a singular circumstance: In
June, 1861, I examined two of these rabbits recently sent to
the Zooblogical Gardens, and their tails and ears were colored

1 Schimkewitsch (Biolog. Centralblatt, XX VI, 1906) states that Anikin (1889)

and Butschinsky (1901) have obtained results contradictory to those of Schman-
kewitsch. T have not seen their papers.
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as just described (i.e. like the feral rabbits of Porto Santo); but
when one of their dead bodies was sent to me in February,
1865, the ears were plainly edged, and the upper surface of the
tail was covered with blackish gray fur and the whole body
was much less red, so that under the English climate this in-
dividual rabbit had resumed the proper color of its fur in rather
less than four years.” *

Darwin thinks that “from the direct action of a humid cli-
mate and poor pasturc the horse rapidly decreases in size in
the Falkland Islands.”

There is a great deal of evidence to indicate that climate acts
directly in bringing about a change in the hair of animals, and
not only is the thickness of pelt affected, but also the character
of the hairs. Geoffroy St. Hilaire states that horses that have
lived for several years in deep coal mines come to have a vel-
vety hair, somewhat like that of the mole.

Wild ducks are said to change under the influence of do-
mestication. The collar around the neck of the mallard be-
comes broader and more irregular. White feathers appear in
the wings. The birds also increase in size, etc.

Certain foods affect the color of the feather of birds. Hemp
seeds cause the color of bullfinches to become darker.? Wal-
lace states that the natives of the Amazonian region fced the
common green parrot with the fat of siluroid fishes, which
causes it to become variegated with red and yellow feathers.
How far these effects, produced directly by the environment,
may become inherited will be examined in the next chapter.

! “Animals and Plants,” Chap. V.
2 Romanes, in his book on ‘“Darwin and After Darwin,” II, gives some
further cases of this sort, p. 217.



CHAPTER 1V

THE INHERITED EFFECTS OF CHANGES INDUCED BY
EXTERNAL FACTORS

IT has been pointed out that in butterflies the changes brought
about by higher and lower temperatures give rise to forms that
resemble southern and rorthern varieties of the same butter-
flies. The question at once arises whether species may not
have originated in this way.

Fischer found that when a dark moth, produced by cold,
was paired with another similar moth, the offsprings were also
dark. His experiments extended, however, only to the first
generation, and conscquently the cold may have acted directly
on the germ-cells of the parents. Highly important as this
observation is in showing that the undeveloped germ-cells may
be affected in the same way as the somatic tissues of the pupa,
so that even under altered conditions the effect persists, yet the
result as it stands does not conclusively show that permanent
racial or specific changes have been produced in this way.
Were such forms bred for several generations at a warmer
temperature, it is possible that they would return again to their
original condition. The new type might persist only so long as,
or a little longer than, the external conditions are the same as
those that produced it. The change may represent only an
extreme fluctuating variation that has becn caused by an cx-
ternal factor. The results do not appear, from this point of
view, to belong to the kind of changes by which new species
are made. Nevertheless the question still remains an open
one as to whether changed external conditions may not at
times cause more permanent effects. Some observations of
Standfuss seem to show that such may be the case, although
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the evidence is not satisfactory in all respects. He states that
certain aberrations, that occur when the external factors have
produced a sudden divergence from the parent form, are in-
herited. He shows by numerous experiments that these aber-
rant forms when crossed with the parent type do not give
intermediate varieties, but that the offspring correspond to one
or to the other parent. Thus the new type is not lost by inter-
crossing; but if adaptive, might perpetuate itself and form the
beginning of new specics.

The aberrations seem to resemble in these respects mutations.
If they are really produced by a change in the environment, as
Standfuss believes, the results throw most important light on
the question of the origin of mutations — a question which at
the present time is one of the most pressing questions of the
theory of organic evolution.

Standfuss believes that effects of these kinds are inherited,
and that new species may be evolved at the limits of the range
of forms through the effect of external agents. It is not quite
clear to me, how he supposes such results come about, since
his own experiments seem to show that the effects of moderate
changes in temperature are only temporary. He appecars to
believe, however, that the effects, if long enough carried out,
become in large part fixed.

In plants the cffects of the environment on the form, growth,
and time of flowering have long been known; and many ex-
periments have been made by transporting plants from one
locality to another. It has been shown that many alpine plants
will flourish in the valley, and often great changes in the char-
acter of the plants have been noted. Nacgeli has carried out
claborate experiments of this sort. He collected in the Botani-
cal Garden of Munich 2500 varieties of mountain plants, and
for several years made observations on the effects of changes
in the environment. The changes are seen at once, showing
that no permanent effects have been produced by the alpine
climate. Other botanists, however, claim that for a time at
least the effect of the original habitation may be seen.
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Pictet, as has been shown in the pi‘eceding chapter, has also
obtained direct evidence of the inherited effects of food. It
should be noticed in this case that the young caterpillar fed on
the leaves of a new food plant produces changes of a certain
type in its somatic cells that appear in the butterfly. The
caterpillars of these butterflies, reared on their natural food
plant, produce butterflies that also show evidence of the effect
caused in the preceding generation. It is probable that this influ-
ence was directly induced in the germ-cells of the first genera-
tion, so that the cffects were not inherited through the soma, but
were directly produced. The point, however, of special interest
in these cases, aside from the question of inheritance, is that the
influences that induce certain changes in the somatic cells of
the caterpillar affect the germ-cells of that caterpillar in the
same way, so that when they develop they, too, give the same
results. The effect is weakened, it is true, in the second genera-
tion; but this may be due to the counteracting influence of the
normal food. The results show that the influence of the envi-
ronment may persist for one or more generations in another
environment.

Recently de Vries has dealt with the same subject, and has
carried out certain experiments that bear on the question. He
believes that in general the effect of the environment produces
only the fluctuating variations scen in plants. The full effects
may not appear at once, but may be accumulated, through sev-
eral generations, and hence would seem to be inherited. He
speaks of these changes as acquired characters, and belicves,
as I have said, that individual variations arc simply acquired
characters due to differences in the environment. We are to
understand, however, that de Vrics means that these characters
arc acquired either by the somatic cells or by the germ-cells,
but independently of each other, i.e. the effects acquired by the
somatic cells are not supposed to affect the germ-cells except
indirectly, namely, by affecting the nourishment of the germ-
cells.

The question arises whether these new characters are inherited
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when the environment that has caused them is altered. De
Vries answers this question in the following way: If the seeds
of the best-nourished ordinary plants are selected and planted
under the most favorable conditions, the average plants of the
next generation will not only be as vigorous as the former, but
their secds themselves will have a higher average of size. If
this process is continued, the average of the race will be in-
creased in the direction of sclection, and in time the race, i.e.
all the individuals, may be brought to and maintained near the
highest plane to which fluctuating variation ever reaches.

There is a counteracting principle that must also be con-
sidered, viz., what Galton has called regression toward medi-
ocrity. If variations that depart from the average of the type
arc united, their descendant will tend in some degree to return
to the average or to mediocrity, as Galton has shown. If,
however, we pick out in each gencration thosc that are most
above the average, the average of the descendants in each gen-
eration rises, despite the regression, and in time the average may
be brought near to the highest point to which individual varia-
tions rcach. In other words, the character that appeared in
the first gencration as a somatic variation of onc individual
has become temporarily transferred to the sceds; but unless the
same favoring external conditions are vigorously maintained,
there will be a return to mediocrity.

This fastening, as it were, of the individual variation upon
the race is due, de Vries thinks, to the action of thc nourish-
ment on the germ-cells.

If a plant is well nourished, it produces larger seeds that are
better supplied with nourishment. Hence on an average they
will give risc to more vigorous plants, and these in turn will
produce an average of larger or at least of better-nourished
seeds, and the plants from thesc will be still stronger. Thus
by slow degrees the seeds acquire the same sort of characteris-
tics as those shown by the best-nourished plants in any one
gencration. The curious thing about this is that the seeds do
not respond completely in the first generation, but it takes sev-
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eral generations to produce seeds all of which contain nearly
the maximum possible food supply.

Suppose when this condition is attained we reverse the pro-
cess and plant the sceds under poorer conditions. The first
crop from such seeds will still be above the original average,
but not as much above as though they had grown under favor-
able conditions. Their sceds again will contain less nourish-
ment, and the second generation will be still smaller on the aver-
age, until finally the race reaches the lowest level shown by
fluctuating variations.

The inheritance of the acquired character in these cases is
brought about in rather a peculiar way. The favorable exter-
nal conditions, for instance, act favorably on the body-cells of
the plant, and the germ-cells are therefore well nourished and
store up more food : not all to the same extent, but the average
is higher than in the preceding gencration. The next genera-
tion thus gets a better start, and if the plants are better nourished
than the average, a similar advance is again made. We must
not forget that in each generation some of the sceds may be as
good as the best, but others are not as good. Tt is the average
that is improved, and not the best individual sced.

It may appear from the case just given that the food condi-
tions determine only the size and vigor of the plant. This is
not the whole matter, for cven the characters of certain parts
may be changed in a plus or a minus direction, provided they
are correlated with the condition of nourishment of the plant.
De Vries cites the case of the poppy, Papaver somniferum. In
this plant the stamens may be changed into supernumerary or
accessory carpels by changing the external conditions. The
number of these carpels may be as great as 150 or more. From
the sceds of flowers with an average crown of carpels, plants
may be reared having many or few of these organs. The more
favorable the conditions, the more numerous the carpels, and
vice versa. Poorly nourished plants may have only one or two
rudimentary or accessory carpels.

If we sclect in each generation the most vigorous plants (hav-
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ing, therefore, a high average of carpels), and keep them under
favorable conditions, the average of carpels of the race can be
temporarily increased. Conversely, if we select the less vig-
orous plants, and put them under unfavorable conditions, the
accessory carpels can be made to disappear.

This connection between individual vigor and the forma-
tion of carpels is not an absolute one, for there are means by
which vigorous plants can be obtained without accessory car-
pels. If very young plants are transplanted, and then put under
favorable conditions, vigorous plants result without or with few
carpels. The interpretation that de Vries gives of this result
is that the flower buds were not laid down at the time of trans-
planting, but develop soon afterward, when the conditions are
temporarily unfavorable. Later, when the favorable conditions
begin to act, the rest of the plant responds, but it is too late to
affect the carpel formation.

It will be observed that we are dealing here with rather a
special case, viz., that of nourishment alone. Somatic cells
and body-cells alike are affected in the same way. If along
with this condition of nourishment there are certain correlated
changes, such as the formation of accessory carpels, the prin-
ciple remains the same. The point of special intcrest is that
the effects may be accumulated only slowly by the seeds, so
that it takes several gencrations to produce the best average
effects. The effect, once produced, may persist in part through
several generations subjected to the reverse conditions. The
results are not unlike those in the butterflies, in which the effects
of temperature or of feeding arc marked in the first generation,
and then decline if the external conditions that produced them
are changed. ‘

It is difficult to reach any probable conclusion from the evi-
dence given in the preceding pages in regard to the inherited
effects of the influence of the environment. Possibly we are
dealing with two distinct problems. In most cases the effects
on the body-cells and on the germ-cells are only temporary,
and persist only as long as, or a little longer than, do the condi-
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tions that called them forth. The result is only a special case
of the inheritance of fluctuating variations. On the other hand,
in some of the cases of aberrations given by Standfuss, it ap-
pears that a permanent change has been brought about by the
environment which persists afterward, independently of the
influences that caused it. What is still more interesting is that
the new characters may be transmitted to the offspring formed
by a cross between the new and the parent type. We shall
consider this question at grcater length in a later chapter.
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CHAPTER V,
THE INHERITANCE OF ACQUIRED CHARACTERS

IN the preceding chapters we have scen that external factors
may cause definite changes in the form, color, markings, ectc.,
of animals, as well as certain changes in plants. The question
arose .whether these effects are transmitted to the offspring of
the next generation. An examination of the evidence seemed to
show that in most cases the cffects are inherited only in so far
as the germ-cells are also affected by the external factors.

It has been long recognized that internal factors also may
cause changes in animals. The use of an organ may increase
its size, and also its cffectiveness, even when the change in form
is so slight as to escape notice. Here, also, the question arises
whether these effects arc inherited. Disease or injury may
bring about changes in an organ, and again the question has
been raised as to whether the effects are transmitted to the
offspring.

The phrasc ‘“the inheritance of acquired characters” is used
to include supposed cases of inheritance of these different kinds
of effects; and it is customary to use this term to include also
cases like those described in the last chapter, in which the cx-
ternal agents act directly on the germ-cells, as well as on the
body-cells. In this chapter I shall use the term in a restricted
scnse, and include under it only those cases in which the body-
cells are first affected and are then supposed to transmit their
influence to the germ-cells.

It is not necessary to consider at length the historical origin
of the idea that acquired characters are inherited. It is well.
known that Lamarck based his theory of evolution on this
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assumption, not only in the restricted sense as defined above,
but also in  the sense that external conditions may directly affect
the whole organism, i.e. germ-cells as well as the body-cells.
He made no such sharp distinction, however, between these two
sides of the question as we find it convenient to make nowa-
days.

Let us cxamine critically the experimental evidence on which
the theory of the inheritance of acquired characters, in the
restricted sense, rests, for, could it be shown that changes
acquired through usc are transmitted to the next generation, we
might seem to be able to explain how many of the complicated
adaptations and codrdinations of animals have arisen.

Amongst modern writers the first to seriously question the
truth of the gencrally admitted doctrine that acquired charac-
ters are inherited was August Weismann. In his essay “On
Heredity,” published in 1883, and in two subsequent papers
“On the Supposed Botanical Proofs of the Transmission of
Acquired Characters” (1888), and “The Supposed Transmis-
sion of Mutilations” (1888), Weismann challenged the ac-
cepted point of view. His conclusions have become common
knowledge, so that it will not be necessary to go over the ground
again. While many zodlogists and botanists were convinced
by Weismann’s argument, which scemed to show that the evi-
dence fails to support the view that acquired characters are
inherited, a few zodlogists have always insisted nevertheless
that such characters arc inherited, and a few investigators have
brought forward cxperimental cvidence which they believe
shows convincingly that changes brought about in the body
may be transmitted to the germ-cells. It is this experimental
cvidence that I propose especially to consider.

Darwin believed that acquired characters are inherited, and
in the “Origin of Specics,” in the “Animals and Plants under
Domestication,” and in the “Descent of Man” he accounts for
many adaptations in this way. Herbert Spencer, especially,
although not always with discrimination, used this hypothesis to
account for many structures and habits of animals and plants.
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I do not propose to consider in detail the cases that Darwin
and Spencer have brought forward (most of them will not bear
critical examination, as Weismann has so ably shown), but, as
has been said, I shall consider rather those cases, most of them
recent, in which attempts have been made by direct experiment
to show that acquired characters are inherited.

The work that has attracted most attention is that of Brown-
Séquard. A full statement of Brown-Séquard’s experiments and
results is given by Romanes in his book “Darwin and After
Darwin,” Vol. II, Chap. IV. The experiments were made
with guinea pigs. Epilepsy was induced by operations on
some part of the nervous system. The young of these animals
sometimes developed epilepsy, or some of its effects, in the same
part of the body as that affected in the parent. The details of
the experiments are as follows: The parents became epi-
leptic after injury to the spinal cord or by section of the sciatic
nerve. The ‘“epileptiform habit” does not supervene until
some time after the operation and lasts only ‘“‘for some weeks
or months.” The convulsions ‘“‘never occur spontaneously,
but only as a result of irritating a small area of skin behind the
ear on the same side of the body as that on which the sciatic
nerve had been divided.” * “ The attack lasts only a few minutes,
and during this time the animal is unconscious and convulsed.
The habit is only rarely transmitted to the young, but as the
disease occurs only in guinca pigs whose parents have been
made epileptic by an operation of the sort described above,
and never in the young of guinea pigs that have bcen opcrated
on in other ways, there seems to be here something more than
a coincidence.

Another series of experiments consisted in cutting the cervi-
cal sympathetic nerve. This operation causes a change in the
shape of the ear, and a similar change is said to appear in the
young. By cutting the cervical sympathetic nerve or by re-
moving the superior cervical ganglion, the eyelids partially
close, and this closure was also seen in the young.

! Romanes, “Darwin and After Darwin,” II, 18g5.
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If a particular spot of the restiform body of the brain is
injured, a marked protrusion of the cycball quickly follows.
The progeny of parents thus affected show also an abnormal
protrusion. Romanes also observed this, but he found that the
young show less protrusion than do the parents, and since the
amount of protrusion of the eyeball is variable in normal guinea
pigs, Romanes is not certain that there is anything more than a
coincidence in the cases that he observed.

An injury to the restiform body may also cause dry gangrene
(and hematoma) in the ears. This diseasc may appear either
several weeks after the operation or even later. It affects,
Romanes says, usually the upper parts of both cars and may
gradually “eat its way down” until two thirds of the tissues of
the ears arc affected. In the offspring from animals of this sort
a morbid condition of the ears may arisc at any time in their
lives, even after they have become full grown. The disease
does not go so far as in the parents, and ““‘almost always affects
the middle third of the ears.” Romanes points out that this
particular disease never appears amongst guinea pigs unless
their own or their parents’ restiform bodies have been injured.
Furthermore, he tested the possibility that the results are due
to contagion by inoculating ‘‘corresponding parts of thc cars
of normal guinea pigs by first scarifying those parts and then
rubbing them with the diseased surfaces of thc ears of muti-
lated guinea pigs.” The disease was not communicated in
this way.

Brown-Séquard found that after cutting the sciatic nerve (or
this and the crural also) the leg became anasthetic, and the
guinea pigs would sometimes cat off two or three of their hind
tocs. In the offspring of these animals he found sometimes
an absence of toes, or only a part of one or more of the toes
might be missing. The inheritance occurred in only one or
two per cent of cases. Ramanes, who repeated the operation
through six successive generations, never obtained any results.

Another outcome of injury to the sciatic nerve is to induce
“morbid states of the skin and hair of the neck and face in
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animals.” This result is also said by Brown-Séquard to be
inherited.

I have given somewhat fully these remarkable results of
Brown-Séquard because the experiments appear to have been
carried out with such care, and the results are given in such
detail that it seems that they must be accepted as establishing
the inheritance of acquired characters.

Moreover, similar results have been obtained by other in-
vestigators. They have been corroborated in part by Ober-
steiner.’ Westphal has produced epilepsy by striking the heads
of the animals with a hammer, and has found that the young
are often epileptic.”> Still more important are the experiments
of Romanes. His conclusions, it is true, are much more cau-
tious, and his statements more guarded than those of Brown-
Séquard; yet on the whole they confirm Brown-Séquard’s
claims.

Weismann has attempted to discredit these results on the
ground that we are still ignorant of the cause of epilepsy. The
possibility that it is a bacterial discase must be admitted, he
claims, and, if this is the case, the bacteria themselves may be
transmitted to the young during their uterine cxistence. It is
supposed, in fact, that other discascs may be inherited by direct
contagion through the germ-cells of the father or the mother.
This objection is, however, purely formal, and as long as we do
not know that epilepsy is a bacterial disease that is contagious
in the way supposed, the objection may raise a doubt but cannot
set aside the results.?

There arc_some quitc recent experiments that may have a
very direct bea.rmg on the questions here raised. In a paper
by Charrin, Delamare, and Moussu, the inherited effects of
injury are described. The liver or the kidneys of pregnant rab-
b"'f§"and guinea pigs S were 1nJured which caused these organs

1 Qesterreichische medicinische Jahrbiicher, p. 179, 1875.

? See Weismann, “Essays,” Vol. I, p. 323.

# It has also been suggested by some more recent authors that epilepsy occurs

as the result of a weakening of the general condition either direct or inherited.
This view will not explain the localized inheritance claimed by Brown-Séquard.
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to become diseased. The offspring sometimes showed defects
Mndlng organs. The authors _suggest that some
subsfafice may be set free from the discased organ which may
be carried in the blood, and by diffusion get into the blood of
the embryo, and directly affect the development of the corre-
sponding organ. They attempted to test this hypothesis by in-
jecting into the blood of a pregnant animal extracts from the
diseased kidney of another animal, and while the authors do
not_appear so certain that similar effects arc here also pro-
duced in the organs of the embryo, yet this scemed to be
the case.

It will be observed that this transmission of an acquired
character, if it really occurs, appears to be diffcrent from that
of transmission through the egg, for it is the developing organ
itself that is acted upon.

These results may possibly have a bearing on Brown-Séquard’s
work, since they seem to show that if an organ of an adult ani-
mal (that is viviparous) is discased, thc same organ of the young
may dcvelop abnormally (or become diseased). Whether the
two cases are really the same we do not know. In fact, it
would be extremely hazardous to conclude even that they may
be, until we know in what way epilepsy is caused — whether
by a physical defect in the nervous system, or by bacteria, or
by some other mecans. It should not be overlooked that the
epilepsy was not present in the young when born, but developed
later. There is urgent nced that experiments of this sort be
carried out on an extensive scale.

Many other cases of mutilations have been cited to show
that acquired characters are inherited. Defects in the parents
arc said sometimes to reappcar in the young, and it is
inferred that in some way the two things are connccted.
We are apt to overlook the fact that thousands of injuries are
not inherited, and that a malformation appearing in the child in
the same organ that had been injured in the mother or father
may chance to occur at any time, and would be certain to arrest
attention. We might err if we concluded in such cases that
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there was any direct connection between the conditions in the
parent and in the offspring.

On the other hand, if the results of Charrin, Delamare, and
Moussu are confirmed, there is a chance that diseased organs
at least may affect the young n utero. 'This would, of course,
only allow the inheritance of acquired characters from the
mother, and not from the father. This difference might give
us a chance to test the view that the effects are produced in the
embryo in utero and not in the germ-cells. It is interesting to
note that Brown-Séquard found that epilepsy is more often
transmitted through the mother than through the father. In
the case of mutilations, the injury may have been inflicted
vears before, and the wounds have completely healed before
the young are conceived; yet cases of this sort have often been
cited to show inherited effects. In such cases it is difficult to
sec how such effects could become transmitted, especially
through the male.

Weismann has given in the ‘“Essays” referred to above an
interesting and very full discussion of the supposed cascs of
inheritance of acquired characters. He himsclf carried out
some experiments with mice. For four generations the tails
of mice were cut off. Of the gor mice born during this time
not one had a short tail, and careful measurements showed
that there was no shortening at all of the tail of the offspring.
This experiment was, it is true, almost needless, since it is cus-
tomary to cut off the tails of certain breeds of sheep and the
ears of dogs without these breeds ever having become tailless
or earless, and circumcision has been practiced in man for cen-
turies without any appreciable effect.

Since in these cases the organs operated upon had healed
over before the next generation was born, there would be little
chance of the injury directly affecting the embryos. Morcover,
even if such effects are inherited, it might not follow that the
tails“would be shortened, but at most only discased in some
way.

Recently Nussbaum has commented on this side of the ques-
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tion. He claims that we should not expect the inheritance of
short tails, because even if such an influence were transmitted
to the cgg, the young embryo would promptly regenerate its
mifsing portions. Unfortunately therc is no evidence that they
can regenerate in the embryo.\

It has been claimed that the removal of or injury to an organ
is a different process from the modification of an organ caused by
some cxternal condition. There are, however, cases in which
an organ has been greatly modified for several generations and
no inherited effect has been produced. The fect of Chinese
women are compressed so that their form is greatly changed,
and in the higher classes this has been kept up for generations,
yet no effect has been produced on the feet of the children.
Certain races of Indians are known to have changed the shape
of the heads of their childrch by compressing them between
boards, yet the effect does not seem to have been inherited.
Tight lacing may change very greatly the shape of the ribs and
to some extent the position of the viscera, yet no inherited cffect
has been produced.

We may now consider the cases of the supposed inherited
effect of use and of disuse. We are familiar with the decrease
of a part in sizc and in function through disuse, in the case of
muscles, glands, bones, ctc., and also with the enlargement of
organs through use. It_is especially this class of facts that
impressed Lamarck, and which led him to assume that these
effects arc inherited. The rudimentary cycs of animals living
in the dark are often cited as having resulted from disuse. The
long neck of the giraffe and the long tongue of the ant-cater, of
humming birds, and of woodpeckers are examples, that La-
marck has given, of effects produced by use; and many natu-
ralists since Lamarck’s time have cited these and other similar
cases as bearing on the question. But neither Lamarck nor
his successors have becn able to demonstrate by cxperiment
that the effects of use and disuse of this kind are inherited by
the next generation, and until this proof is forthcoming we
must regard their view as purely speculative. It is surprising
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that no experimental proof of this kind has been furnished,
because it would seem that it ought not to be difficult to make
crucial experiments that would settle the question at once. It
is true that many of the latter-day Lamarckians claim that
effects of this sort arc only very slowly brought about, and that
we should not expect to observe any results that are meas-
urable in the course of a few generations. It seems to me that
by taking this position the Lamarckians distinctly avoid the
real issue; for it is not evident why such effects, if produced
at all, should not appear at once in the embryo, since they
appear at once in the adult.

It is evident that if the effects of use and disuse were inherited,
many of the adaptations of organisms to their surroundings
could be quickly attained; for the parts most used would be
strengthened in successive generations, those less used would
soon decrease in proportion to their use, and the complicated
adjustments of the different parts could be accounted for. The
habits and instincts of animals would also be made to con-
form to the needs of the animal. These benefits are so obvious
that it is small wonder that the theory of the inheritance of ac-
quired character has always had its adherents. But the plausi-
bility of a theory is not a scientific proof of its worth, and the
best evidence, viz. that from experiment, that we have at pres-
ent, does not show that acquired somatic characters are inherited
through the germ-cells. Moreover, the advocates of the theory
overlook a consideration of prime importance. If the effects of
mutilations and of diseases are also inherited, the results would
be highly injurious to animals. Considering how often animals
are injured, we should expect to find the animal kingdom in a
most dilapidated condition if the accidental injuries of all their
ancestors were transmitted to subsequent generations. It is
unfortunate that many of the best-authenticated cases of the
inheritance of acquired character are those relating to disease.

In recent years two elaborations of the principle of inheri-
tance of acquired characters have appeared. Semon has worked
out Hering’s original suggestion that heredity is racial mem-
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ory. Under the title of “Die Mneme,” Semon has analyzed
and classified the different forms of inheritance of former ex-
periences of the individual which are assumed to become in
time the herditary capital of the race. Rignano has developed
the idea of the influence of the germ-cclls on the soma, and
vice versa, from a different standpoint, viz. that the germ-
cells influence the soma during development and in turn arc at
times influenced by the soma. These speculations are based on
the assumption that acquired characters are inherited. Since
we are concerned here only with the cxperimental evidence in
favor of or opposed to this assumption, it would carry us too
far to attempt to deal critically with these elaborations, that
assume at the starting point that such characters are inherited.!

Telegony

We may next examine the evidence that has been supposed
by certain writers, in the main “practical”” breeders, to prove
that maternal impressions of various kinds can be transmitted
to the young in wufero. The crudest cxamples are those in
which it is related how the pregnant mother, being impressed
by some unusual or revolting sight, has transmitted to her
infant a corresponding structural deformity. Somecwhat less
credulous perhaps are those breeders and ““fanciers” who are
firmly convinced that if a purely bred animal — the horse and
the dog are the stock examples — has first been paired with a
mongrel animal, the subsecquent offspring to a purely bred
father will show evidences of the first birth, 7.e. be impure as
to their breed.

The credulity of men who have not been trained as to the
value of evidence is a matter of everyday observation, and it is
not going too far to say that most opinions or statements of the
“practical” breeder must be put to a rigorous scientific test
before they can be trusted. This has proven to be the case
with telegony.

! For a criticism of Semon’s argument, see Weismann’s recent (1906) review.
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The best-known case, and one that Darwin himself believed
to have been “perfectly well ascertained,” is that of Lord Mor-
ton’s mare, a full account of which is given in Darwin’s ‘‘Ani-
mals and Plants.” A pure Arabian mare was bred to a
quagga, and the first offspring was, of course, a hybrid. The
second time, the mare was bred to a stallion of pure stock.
The colt showed cross markings on the legs, that were said to
be much more developed than on colts of pure pedigree. Dar-
win thought the evidence sufficient to show that in some
unknown way the mother had been affected, either by the
sperm of the quagga or by the hybrid embryo in wutero, and this
effect was again in some unknown way transmitted to the sec-
ond offspring. Darwin advanced this case as one of several in
support of his hypothesis of pangenesis.

The statements remained practically undisputed until within
recent years. A few years ago Ewart undertook to repeat the
experiment, which he was enabled to do by having a small
experimental farm placed at his disposal. Careful series of
cross-breeding experiments, followed by pure breeding, were
carried out. Ewart discusses his results in his book entitled
“The Penycuik Experiments,” and reaches the conclusion that
no clear evidence of infection, if I may so call it, can be pro-
duced in this way. He also points out that it is not uncommon
for colts, purely bred, to show stripes as distinct as those in Lord
Morton’s case. Fortunately a picture of this colt is still in ex-
istence, and its examination shows that the markings are not
more distinct than those that sometimes occur in the case of
purely bred animals. There was, then, merely a coincidence,
and not a causal connection.

Bell has given an excellent summary of the evidence in regard
to the possible influence of a previous sire, and has carried out
a number of experiments on horses and dogs.! In none of
these cases was any influence of the previous progeny or of a

! Two other cases were reported to Bell, one for pigeons and the other for a
cross between a negro and a white woman. In neither case were the later off-
spring, by a father of their own kind, affected by the first union.
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previous sire to be seen in the later offspring. The experiments
were made with pedigree stock, and the results are convincing,
and indicate that the belief in an influence of this kind is another
breeders’ myth. Minot has also obtained negative evidence
with guinea pigs, and I have obtained similar negative evidence
with mice.

Xenia

It has been claimed that in plants the influence of the pollen
is sometimes shown in those parts of the fruit or of the seed that
are derived from the mother plant.! The flower of the orange,
fertilized accidentally by pollen from the lemon, is said some-
times to produce fruit that may show a stripe in the peel like
that of the lemon, although the peel is a product of the tissues
of the mother plant. Similar cases have been recorded for the
seed-color, and even for the pods of peas. The most familiar
case is that of the color of the grains of maize.

In recent ycars it has been shown that some, at least, of these
cases can be explained as the result of a process of double fer-
tilization. It has been found that there enters the embryo sac
not only the sperm-nucleus, that unites with the ovum, but
another nucleus that fuses with the ‘““polar” nucleus or nuclei.
The latter combination gives rise to the endosperm, which is
therefore hybrid in origin, and may show the influence of the
sperm nucleus if this contains the dominant character.

In regard to the other cases, where the color is not in the endo-
sperm, the results cannot be ascribed to the sperm nucleus.
Giltay, who has made some experiments to test this point in
peas, found no instances where the color of the pods could
be assigned to the influence of pollen plant.?

Theories of Transmission of Somatic Influences

Thé only theory of any prominence that pretends to indicate
how changes in the somatic cells may affect the germ-cells is

! From the nature of the case the process could not be expected to occur in

animals.
2 Sec Davis, B. M., American Naturalist, XXXIX, August, 1905.
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Darwin’s provisional hypothesis of pangenesis. Many of the
assumptions of this theory are scarcely in accord with our’ pres-
ent cytological knowledge. For instance, few cytologists would
be likely to admit that the germ-cells are built up of living par-
ticles representing the different tissues and organs of the body
that are collected by the reproductive organs. In a modified
form, however, Darwin’s hypothesis could no doubt be brought
up to date, if it were desirable to do'so; but is it worth while to
speculate further in this direction until we have a better basis
of fact on which to rest the speculation; for, as has been pointed
out, the experimental evidence in favor of the inheritance of
acquired characters is unsatisfactory?

The idea that the cell is made up of smaller morphological
units that represent the various potentialitics of the cell has been
a favorite assumption of modern writers. Thus we have the
physiological units of Spencer, the gemmules of Darwin, the
pangens of de Vries, the plasomes of Wiesner, the micelle of
Nigeli, the plastidules of Haeckel, the biophores of Weismann,
the biogens of Verworn, the idioblasts of Hertwig, etc.

It is perhaps needless to point out that the kind of reasoning
on which this method of treating the problem of heredity rests
is of the sort that gives only the appearance of a rcal explanation,
for the responsibility is only shifted to invisible and imaginary
units that can be worked like puppets, at the will of the philoso-
pher. Grossly ignorant as we are concerning the chemical and
physical basis of cell activity, it is not probable that such guesses
can be much more than fictions or at most symbolic.

A single citation from Darwin will serve to bring the main
points of his theory of pangenesis before us. ‘It is universally
admitted that the cells or units of the body increase by self-divi-
sion or proliferation. . . . But besides this means of increase
I assume that the units throw off minute granules which are
dispensed throughout the whole system, that these, when sup-
plied with proper nutriment, multiply by self-division, and are
ultimately developed into units like those from which they were
originally derived. These granules may be called gemmules.



The Inkeritance of Acquived Charvacters 63

They are collected from all parts of the system to constitute
the sexual elements, and their development in the next genera-
tion forms a new being. . . .”

A few experiments have been made to test this view. Galton®
transfused the blood of one variety of rabbit into the veins of
both sexes of another species, and then bred together the latter.
If there are gemmules in the blood, the germ-cells of the rabbits
containing the transfused blood might possibly show the influ-
ence of the other variety. No evidence of such an influence
was found.

Darwin did not admit that this experiment was decisive, and
Galton himself admitted that the results are not convincing.
Darwin thought that the few gemmules present in the blood
at any one time might not succeed in supplanting the similar
kinds of gemmules supposed to be already present in the germ-
cells. .

Another experiment was carried out by Romanes. Wild
rabbits supplied the blood, and Himalayan rabbits received it.
Several transfusions were made. In one case the blood of
three wild rabbits passed through the veins of the domesticated
individual. No evidence of any “forcign” influence was found
in the offspring. Romanes said later that he had discovered
that this experiment could not have been cxpected to give any
positive results, because rabbits when crossed do not produce
young having intermediate character. The force of the admis-
sion is not very convincing, however, for the offspring might
still have been expected to show the effects — if such influences
are transmitted in this way — of the dominant breed, if this had
been used to supply the transfused blood. Moreover, Castle
has shown that in some breeds of rabbits certain characters at
least are intermediate in the hybrid — the length of the ears, for
example.

Other zoblogists who have refused to accept the doctrine of
the inheritance of acquired characters — Weismann, for instance
— have nevertheless used another idea contained in Darwin’s

! Proc. Roy. Soc., 1871.



64 Experimental Z ovlogy

hypothesis. The elementary characters of the cell are assumed
to be contained in minute, living elements, gemmules, pan-
genes, etc., that multiply and increase independently of each
other; but their migrations are now limited to the individual
cell. The nucleus is believed to be the storchouse of these
units that issue forth at times to perform any function whatever
that may be assigned, pro tem., to the cell. De Vries’s theory of
intracellular pangenesis rests on this assumption. How such
bodies eat up or replace the rest of the cell contents to dominate
its function we are not told, and details of a chemical nature are
deplorably lacking. Since this army of immigrants is confined
within the boundaries of the ccll, they have no importance to us
in this connection. The historical origin of the ideas in regard
to these bodies is, however, not without interest here. The
superficial analogy between the theory and that of the atomic
theory of the chemists has sufficed to lure many writers into
this fascinating and facile mode of speculation.
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CHAPTER VI -
EXPERIMENTAL HYBRIDIZING

WiTHIN the limits of the Linnzan species it has been found
that varieties, or races, or breeds, are generally perfectly fertile
when crossed, and in recent years these fertile crosses have
been much studied. In some cases it has been found that a
character that is different in two parents blends in the offspring,
and may or may not separate again; in other cases, however,
_a character that differs in the parents does not blend, and all the
offspring of the first generation are like one of the parents. The
inheritance is alternate. If hybrids of this kind are bred to
each other, the original character of one of the grandparents
may reappear in some of the offspring, the contrasting char-
acter of the other grandparent in others. These cases follow
what is known as Mendel’s law.

It is sometimes stated that Mendel’s law applies only to
crosses between varieties, and this is true for many cases; but
characters that are entirely new to the race may also follow
Mendel’s law; and if the appearance of one new character suf-
fices to characterize a new form as an elementary species, we
must conclude that the characters of some clementary species
also follow Mendel’s law of alternate inheritance.

Mendel’s Law

In 1865 Mendel published the results of an elaborate series
of experiments that he had made with varieties of peas. It is
strange that so important a discovery should have been entirely

neglected for thirty-five years, especially since the question’ of
66
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heredity and evolution were being actively discussed during
that time. It was not until 1goo that de Vries, and simul-
taneously Correns and Tschermak, independently obtained re-
sults that brought to light again the long-forgotten discoveries
of Mendel.

Mendel found that when the flowers of one race of peas are
fertilized artificially with pollen from another race, the hybrid
offspring (F,) of the first generation are like one of the parents
in each particular character, and not intermediate in character.
If, however, these hybrids were self-fertilized or inbred, both
grandparental types reappeared in their offspring (F,), and
in definite proportions. The character of one of the parents
that appears in the first hybrid generation (F,) is called the
dominant, and the contrasted character of the other parent that
disappears in the first hybrid generation is called the recessive.
When these first hybrids are inbred as stated above, there ap-
pears in the second generation of hybrids (F,) three individuals
showing the dominant character to one individual showing the
recessive. This, however, is by no means the whole discovery;
for Mendel found that the recessives of this second generation,
if inbred, give always recessives and nothing clse. Those that
show the dominant character, on the other hand, do not all
breed true. A third only are pure and give risc only to domi-
nants, while two-thirds of them produce both dominants and
recessives. The matter can be graphically expressed as fol-
lows: —

If we call the dominant character A4, the recessive B, then the
first generation (F;) of hybrids will be 4(B). This means that
while the hybrids show outwardly only the dominant character
A, the recessive character (B) is also present in an undeveloped
condition. When these hybrids (F;) are inbred, the A-char-
acter dominates in one fourth of the offspring, the B-character
in one fourth, and the A(B) character in two fourths, z.e. in
the proportion of 1 : 2 :1. Mendel showed by a simple

! In practice A(B) can only be distinguished from 4 by the kind of progeny
that each produces.
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assumption how this numerical relation could be explained.
When the male, 4, and the female, B, germ-cells unite, every
cell of the hybrid will contain both 4 and B; in which case
one dominates, namely, 4, giving 4(B). If we assume that in
the germ-cells of the hybrid the characters A and B separate
again, and go to different cells, half of the germ-cells will con-
tain the one character only, and the other. half the other char-
acter. This is supposed to take place both in the male and in
the female individual. The male germ-cells containing 4 may
meet egg-cells containing 4 or B, and conversely the male-cclls
B may meet egg-cells containing 4 or B. The possible com-
binations that result are shown in the following diagram: —

Gl

The chances are that, on the average, 4 will meet B twice as often
as A meets A, or that B meets B. Hence the combination 4 (B)
will octur twice as often as A4 or BB. The outcome will be
1 AA, 2 A(B), 1 BB. Thus according to the assumption of
two kinds of germ-cells in the hybrid the numerical results agree
with the actual results of the experiments. For this reason
Mendel’s assumption of two kinds of gametes has been generally
accepted. Furthermore the theory can be tested in several
ways, as will be shown later, and it has so far, on the whole,
stood the test. When in addition to this it was found that in
the germ-cells a mechanism exists that seemed capable of carry-
ing out the postulated process of purification, it appeared to a
number of modern zodlogists that Mendel’s assumption of two
kinds of germ-cells in hybrids of this sort is a real and not a
fictitious explanation of the results.

An actual example may make clearer Mendel’s principle and
its interpretation. If a gray house mouse, 4, is crossed with a
white albino mouse, B, the offspring, (F,), will be all gray like
the house mouse. If these gray hybrids® (F;) are bred to each

! Following Mendel the cross between two races or varieties is called a hybrid,
although this term has been usually employed for crosses between species.
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other, their offspring (F;) will be gray or white in the proportion
of 3:1. If the white individuals are inbred, they will give
only white, and this is true for all of their descendants. They
are said therefore to be ‘“‘pure.” The gray individuals, how-
ever, show themselves to be of two kinds; one third of them,
if inbred, produce only gray, and all of their descendants will
be gray. They, too, are said to be “pure.” The other two
thirds, if inbred, produce both white and gray mice. If these
offspring are examined by further crossing, it is found that the
whites are pure and give only whites; that some of the grays

e ‘“‘pure” gray, but the others are gray-dominant-white-
recessives, A (B), and again in these we find the proportion 1 4 :
2 AB : 1 B. The following scheme will show at a glance
the succession of generations:—

A\/
/\
i

[ [ 2\“\‘\
[ AN NN N

LA 2A®B 1, B B

A practical consideration of some importance is obvious from
these results. Pure races can be obtained from the hybrid,
A(B), by selecting the offspring with “ pure” germ-cells, 4 or B.
On the. other hand, thc A(B) hybrids always produce somc
A(B), so that all their offspring do not return entirely to the
two parental types, but in every succeeding generation they will
continue to split off some “pure” A4’s and B’s.

As has been stated, Mendel’s assumption in regard to the two
kinds of germ-cells has been tested in other ways and found to
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conform to expectation. One way has been to breed back the
first hybrids A (B) to the parent form, either A or B; the other
way has been to apply the rule to more than one character.
These two methods may now be illustrated.

If a hybrid, 4 (B), is bred back to the parent type, B, half of the
offspring should be 4(B) and half BB. This must occur be-
cause, on the assumption, the germ-cells of 4(B) are 4 and B,
while those of BB are B and B; thus—

4 B
B B
A(B) BB
A(B) BB

If, on the other hand, A(B) is bred back to the other parent
type, A, all the offspring will be like 4, although only half are
pure A’s, the others being 4(B); thus—

A B
A 4
A4 4(B)
AA A(B)

The most interesting test that Mendel made of his theory
involves the heredity of two dominant characters and two re-
cessive characters. Thus, if two varieties, AB and ab, are
crossed, the first hybrids (F,;) will be 4aBb. Since A and B
dominate, these individuals will all resemble 4B externally.

The germ-cells of the hybrid individual, 4eBb, will be of as
many kinds as there are possible combinations of 4, a, B, b,
provided that each combination contains some A (or @) and
some B (or b), i.e. one or the other kind of the two characters,
Thus the only possible combinations are AB, 4b, aB, ab.!

! It may seem that these four combinations do not exhaust all the possible
combinations of the letters, because 44, Aa, aa, BB, Bb, bb, might be sup-
posed to appear, but this is not the case, because on the assumption of paired
characters 4 (or @) must always be accompanied in the germ-cell with B (or

b) characters. Similarly, B (or b) must always be accompanied by 4 (or @)
characters. Hence the six combinations just given are excluded.
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Each of the four kinds of egg-cells may be met by any one of
these same four kinds of male cells, giving in all nine combina-
tions; viz. AABB, AABb, AaBB, AaBb, AAbb, Aabb, aaBb,
aaBB, aabb. But sincc these are combinations of both dominant
and recessive characters, the offspring will appear to be of only
four kinds. Thus the first four terms will belong to the type
AB; the next two kinds will be 4b4; the next two aB; and the
last ab. It will be found by making all the possible combina-
tions that the 4B type occurs nine times, 4b three times, ¢B
three times, and ab only once.

Mendel carried out an experiment of this sort in which two
contrasted characters were involved.: The results fulfilled the
expectations of the hypothesis. He used two races of peas, in
one of which the form of the seed was round, 4, in the other
angular, a. In thc round seeds the albumen was yellow, B;
in the angular seeds the albumen was green, b, thus —

AB, seed parent ab, pollen parent
4, form round a, form angular
B, albumen yellow b, albumen green

The outcome of the experiment conformed to the scheme given
above. It should be noted that in the first generation, 4 Bab,
the hybrid will contain all of the possibilitics, although 4 domi-
nates ¢ and B dominates . In the germ-cells the characters
separate on the assumption of pure gametes, but in such a way
that A will always be associated with B or b, i7.e. the round
form will always be yellow or green. Similarly, a will always
be associated with B or b. Hence, as stated above, the only
combinations possible will be —

AB, round and yellow,
Ab, round and green,
aB, angular and yellow,
ab, angular and green.

From the foregoing account it will be obvious that the prob-
lem will become more complex when three contrasted charac-
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ters are involved. Mendel found that the results with three
characters agree also with the expectations. As the number of
characters increases further, the results will be very complex
and difficult to detect except by an exhaustive series of experi-
ments, although each single character can easily be traced and
found to follow the Mendelian law. Under these circumstances
we might anticipate that types differing in many characters
would give results too complicated for analysis, especially if
some of the characters follow Mendel’s law and others follow
other laws of inheritance. The generally accepted statement
that species hybrids are intermediate in character between
the parental types does not appear to hold in all cases critically
examined for all the characters. It is evident that in the future
the heredity of each character must be studied by itself.

Mendel’s Law and the Germ-cells

On the assumption that the characters of the animal or plant
are represented by primordia or elements or unit-characters in
the chromosomes, the following attempt to account for the
purity of the germ-cells, assumed on Mendel’s hypothesis, has
been suggested by Sutton.

In the carly germ-cells, the spermatogonia and odgonia, the
number of chromosomes is the same as the number in the
body-cells, i.e. the somatic number; but just before the two
maturation divisions there is a synapsis stage, in which the
chromosomes come into closer connection with each other,
and, as Montgomery has shown, it is probable that at this
time the chromosomes pair with each other in such a way
that each paternal chromosome unites with its homologous !
maternal chromosome; and for the working out of Sutton’s
scheme it is "essential that each paternal unites with its
homologous maternal, i.e. that the paternal do not unite with
any other maternal or with cach other.

! Homologous chromosomes are those that have the same form, or, according
to some writers, similar characters.
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At one of the two maturation divisions the united pairs of
chromosomes separate again and move into opposite cells (Figs.
1 and 1 4), so that one cell gets one and the other cell the other
of cach of the homologous chromosomes. Thus each cell will
contain some paternal and some maternal chromosomes, but
the number of the maternal may be different from the number
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F16. 6. Scheme to illustrate the two maturation divisions as seen in the
spindle and chromosomes. The clear circles represent paternal chromosomes
and the black dots the maternal chromosomes. In the first division, represented
by I and I A, some of the maternal and some of the paternal chromosomes move
toward each pole of the spindle. In the second division each paternal and each
maternal chromosome divides into equal parts. In II the chromosomes of the
cell derived from the upper end of I and I A is represented; in IIA those from
the lower end.
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of the paternal. At the other maturation division® each chro-
mosome divides equally Figs. IT and II 4, so that the daughter
cells are exactly alike.? Thus there will be two cells of one kind
in regard to the single character (or group of united characters)
contained in each chromosame, and two cells of the other kind.

The same process occurs both in the egg and in the sperm-
cells. In the egg three of the cells, the three polar bodies, are

! In some species the first, in others, the second, is the equation division.
2 The meaning of this equation division has been much discussed, but nothing
is known about it.
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incapable of developing, and only the egg continues the history
of the race. Half of the eggs, however, will on the average con-
tain a particular kind of chromosome, and the other half the
homologous kind, as shown in Figs I and II 4.

It is of special importance to notice in this connection that the
pairs of chromosomes areassumed to lie haphazard on the spindle,
so that while in one pair the maternal chromosome may be turned
toward a given pole, in another the paternal chromosome may
be turned toward the same pole. In other words, there are
no grounds for assuming that all the paternal chromosomes
turn toward one pole, and all the maternal toward the other,
but “accident” alone determincs which way they come to lie
on the spindle. Hence the possibility of various combinations
of chromosomes in the different cells is given. The evidence
in the favor of the assumption of the accidental position of the
chromosomes is indirect, and is deduced from the way in which
the characters appear in the offspring of Mendeclian hybrids
when more than a single character is taken into account.
Without this assumption the chromosomal hypothesis given
above will not apply for more than one character. Whether
this assumption is entirely satisfactory, will be considered later.

A special case may make this discussion clearer. Let us
assume that the character albinism of a white mouse is contained
in one chromosome, and the gray character of the gray mousc
in the homologous chromosome of the gray mouse. When
these individuals are bred together the white chromosome, so
to speak, and the gray chromosome are both present in the
fertilized egg, which gives rise to the gray hybrid of the first
generation, because the gray dominates the white. In the germ-
cells of these gray hybrids the changes described above take
place. At the synapsis stage the white chromosome pairs with
the gray chromosome. Later, at onc of the maturation divi-
sions, the two separate and go to scparate cells. Hence each
germ-cell becomes “pure” and carries only one kind of
color. If these hybrids (F;) with white and with gray germ-cells
are paired, there will be formed by chance unions of the germ-
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cells the three kinds of individuals of the second generation. A
white spermatozo6n meeting a white egg, as one may say for
brevity, produces a ‘“pure’ recessive individual ; a gray sperma-
tozoon meeting a gray cgg gives a ‘“‘pure” dominant individual ;
but when a white spermatozoon meets a gray cgg, the off-
spring will be mixed, a heterozygote, and like the first
hybrid (F,).

If this hypothesis is true, we ought to be able to determine
which groups of characters — where several are involved —
are contained in a given chromosome, for thc number of chro-
mosomes is often small, and therefore the actual number of
combinations is limited. All characters contained in the same
chromosome should ““Mendelize”’ together.

If we consider two characters, the principles stated above
will apply. Let us take the case of the round and yellow,
angular and green peas. The round form, 4, may become
combined with the yellow, B, or with the green color, b, giving
AB or Ab; the angular form e with B or b, giving aB or ab.
To work this out we must suppose the color to be contained
in a different chromosome from the form, for otherwise they
could not shift over. When the chromosomes unite in synapsis
the A-bearing chromosome can only unite with a, and B can only

unite with 5. Hence since 3 21 and ; fmay be turned either way

on the spindle, 4 may pass into a ccll with B or b, and also a
into a cell with B or b.

Simple and logical as Mendel’s assumption appears to be on
the hypothesis of each character being contained in only one of
the chromosomes, yet I do not think it can be accepted in this
form because the primary assumption that each character is
contained in a single chromosome and not in others is highly
arbitrary, and also because there are certain actual results that
are difficult to explain on the assumption of *“pure’” germ-cells.
In fact, it has not been shown beyond question that the chro-
mosomes are the bearers of the hereditary qualities. The evi-
dence that is generally supposed to establish the assumption of
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the hereditary nature of the chromosomes is that the spermato-
zoon brings into the egg only the chromosomes of the male
germ-cells. While it is undoubtedly true that the largest part
of the sperm-head is made up of chromatin material derived
from the nucleus, it is also true that the protoplasm of the origi-
nal germ-cell is not lost. It is partly used up in the formation
of the tail of the spermatozoon, but also forms a condensed
layer around the sperm-head. There is every reason to assume
that the latter may become incorporated as a part of the cyto-
plasm of the egg. There is also another serious objection to the
explanation of the purity of the germ-cells given above, for, even
if the chromosomes be the bearers of the hereditary qualities of
the egg and spcrrr{, it does not follow that each unit character
would be contained in only onc chromosome. If it be assumed
that each chromosome carries all the hereditary qualitics, it is im-
possible to account for the purity of the germ-cells on this as-
sumption. For instance, if we assume that each of the chro-
mosomes contains all of the hereditary characters, the germ-cells
of the hybrid, 4(B), will contain, before synapsis, half of their
chromosomes bcaring the character 4, and half bearing the
character B. If these unite at the synapsis in pairs, and then
come to lie, haphazard, on the spindle, some turned one way,
some the other, the resulting germ-cclls will | contain all
mixtures of A and B, and hence be impure. If we give up
the idea of ‘“‘purity” and assume that the relative number of
A or of B chromosomes determine the character of the result-
ing cells, the three types of the Mendelian ratio might be ac-
counted for, provided the reduced number of the chromosomes
is an odd number. If it were an even number, it must often
happen that equal numbers of a character, of 4 or B, would be
contained in the same ;germ-cell, and hence there would be an
exact balance, which on the theory should give neither result.
This, however, is not in harmony with the facts.

In the light of these theoretical difficulties it seems to me that
the chromosomal theory must be applied to Mendel’s law with
caution, and that while at first sight it appears to offer an
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explanation of the assumed purity of the germ-cells in the M¢n-
delian cases, yet more careful consideration shows that in order
to do so certain assumptions are necessary that are not above
suspicion.

It may be seriously questioned, I think, whether the germ-cells
of Mendelian hybrids are pure. It is true that the Mendelian
proportion, 1:2:1, in the second (F,) generation can be most
easily accounted for by assuming two kinds of male and
two kinds of female germ-cells, cach kind existing in equal
numbers; but the assumption that the two kinds must be pure
germ-cells meets with serious difficulties when certain results
arc considered. It will suffice to point out here that the main
difficulty lies in the behavior of the so-called cxtracted reces-
sives which ought to bc a pure strain on the assumption of
“pure” germ-cells, but which have been shown on the con-
trary to contain in a latent condition the dominant character.
I have tried to show that the results may still be accounted
for cven if the germ-cells of the hybrids of generation (Fy)
are not pure in regard to any pair of contrasted characters,
such as gray and white, but that both characters are present
in all the germ-cells. The two kinds of germ-cells that the
hypothesis calls for may be referred to the alternating
dominance in the germ-cells of each of the two contrasting
characters. The Mendelian proportion can be accounted for
on this assumption as well as on the accepted -interpretation
of pure germ-cells, and the latency of the dominant char-
acter in the cxtracted recessive can also be explained on my
view, but not on the other. An cxample may make my
meaning clearer.

Suppose a white and a gray mouse are paired. The germ-
cells of the white mouse are white-producing, or briefly white,
those of the gray mouse are gray-producing, or briefly gray. The
fertilized egg will contain both characters, and since the gray
dominates the white, the symbol G(W) will represent the con-
dition in the mouse itself. In its germ-cells both the gray, G,
and the white, W, exist, presumably combined in some way.
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At some time in the history of these germ-cells one or the other
of these two characters comes to dominate in each cell, so that
half of the cells will be G(W) and half W(G). This will be
true both for eggs and sperm. Chance mcetings of the two
kinds of sperm and the two kinds of eggs will give —

G(W) W(G)
G(W) W(G)
1GW)+2 GW) W(G)+ 1 W(G)

This is the characteristic Mendelian proportion. The first
term, G(W), is a gray mouse, the so-called extracted dominant,
i.e. it is a mouse gray in color, which, if bred to other gray
extracted dominants, will produce only gray mice. This means
that the latent white remains in the latent condition in its
germ-cells, all of which are G(W).

The second term, G(W) W(G), of the proportion represents also
a gray mouse, since the gray, G, dominates the white, W, when
both occur in the ‘““free” condition in the same body-cell. It
will be noticed that the presence of the two ‘“frec” colors, G
and W, in the cells of this type indicates that the type is the same
as the first hybrid formed by crossing G with W; and it is im-
portant to find that when inbred this type gives exactly the
same results (z.e. the Mendelian proportion again) as do the
first hybrids, GW. By the “frec” condition I mean to imply
that the two characters, G and W, have not been brought into
the intimate relation to ecach other that is assumed to occur in
the germ-cells at the time when the alternating dominance and
latency occurs.

The third term, W(G), of the proportion is the extracted reces-
sive. It represents a whitc mouse containing gray in a latent
condition. If inbred, these white mice producc only white
mice, but if crossed in certain ways the latent gray color can
be brought out again.

The preceding example will suffice to show how the Men-
delian proportion can be accounted for on the assumption of
alternation of the contrasted characters in the germ-cells.
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The question may be asked whether this method of account-
ing for the results can be referred to the changes that take place
in the chromosomes of the germ-cells. The hypothesis de-
mands that the contrasted characters come into relation with
each other, and the union of the chromosomes might suggest
“such a possible combination. After uniting, the fused char-
acters must be halved again (quantitatively not qualitatively),
and the reduction division might suggest a possible method of
accomplishing this result. On the other hand, there is no
apparent need to assume such a complicated mechanism to
bring about the union of the characters in the same cell, nor
for their subsequent scparation. Moreover, by referring the
process to the chromosomes, we introduce the further assump-
tion that the characters of the cell arc contained only in those
bodies — an assumption that is not itself established. For the
present, therefore, it scems premature to connect these results
definitely with any known change in the germ-cells, and the
same statement holds also, as we have scen, for the alternative
assumption of pure germ-cells.

Until we know more of the way in which characters are
represented in the germ-cells, we can only offer purcly specula-
tive views of what we supposc might take place in order to give
the Mendclian results. The formula that we use are merely
symbols for handling these results. The fact that the char-
acters that “Mendelize” are different types or permutations of
the same characters suggests that they may represent stereo-
metric relations of the material basis of the characters, z.e. of
the molecules rcpresenting them. Thus we might represent
the characters gray and white in the hybrids as right- and left-
handed forms of the same molecule, and indicate this by GW
and WG. Such germ-cells mecting each other would give —

{GW+{GW+{WG,

GW WG waG
and these might be taken as representing the three Mendclian
groups. Interesting as such a speculation might be, could we
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find evidence in its support, it is unprofitable as an interpreta-
tion until or unless we can show that it is at least probable.

The preceding discussion is based on the idea that there must
be two kinds of germ-cells in order to give the Mendelian re-
sults. This is perhaps the simplest way to formulate the prob-
lem, but it should not be overlooked that the results can also
be explained by assuming that all the germ-cclls of the hybrid
are alike, containing both dominant and recessive characters,
but that after fertilization internal or external factors determine
whether the one or the other character dominates. The diffi-
culty of this view is to account for the middle term of the Men-
delian proportion, in which, although the dominant devclops,
the germ-cells seem to return to the two original kinds. Pos-
sibly thi$ difficulty could be met by assuming that the two con-
trasted characters are so nearly balanced in half of the progeny,
that while the dominating character dominates when diffcren-
tiation begins, it is not able to do so in the germ-cells. It is
evident, however, that this interpretation is more complicated
than that of two kinds of germ-cells, and fails to account for
the three sharply marked groups.
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CHAPTER VII |

EXPERIMENTAL HYBRIDIZING (Continued)
Experiments with Mice

THE easc with which mice can be kept in captivity, their
rapid rate of multiplication, and the occurrence not only of an
albino race, but of other fancy breeds as well, have made these
animals a favorite subject for experimental work.

The house mouse (Mus musculis) is of a gray, sometimes
called cinnamon or agouti, color. The white mouse is an
albino race derived without much doubt directly from the wild
form. Albino mice have been recorded as occurring in situa-
tions where there was no reason to suppose that their origin
could be due to the escape of domesticated albinos. It is also
known that in many groups of the animal kingdom albino indi-
viduals often suddenly appear.

The color of the hair of the gray mouse is due, according to
Bateson and Durham, to three kinds of pigment often asso-
ciated in each hair: (1) opaque black, (2) less opaque brown,
(3) transparent yellow. In albinos all three colors have dis-
appeared as well as the pigment in the eyes. As many as a
dozen or more races of fancy mice are known. It appears that
the color of the race is determined according to which of the
three pigments found in the gray house mouse predominates or
exists alone. Thus the golden agouti, of a tawny color, con-
tains yellow and brown pigments, but not black; chocolate mice
contain only the brown pigment; yellow contain only the yellow;
black contain black and brown. Variegated mice are those

in which irregular small spots of black, or chocolate occur on a
82
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white background; spotted or pied or piebald mice are those
in which these various colors appear in splotches or marks.
In addition to these kinds, a white mouse with dark eyes is
known, which is probably — to judge from other white animals
with black eyes —mnot derived from an albino, but from a
spotted animal in which the spots of dark pigment have disap-
peared except in the eyes. The so-called dancing mice that
whirl around at times are said to be of Japanese origin, and may
have originated from a diffcrent wild variety.

Experiments on mice have been carried out by a number of
investigators, the principal results being those of von Guaita,
Cuénot, Parsons, Darbishire, Castle, Allen, Davenport, Schuster,
Haacke, and others. Von Guaita’s results were not consid-
cred by him in the light of the Mendelian ratio, but Bateson and
Davenport have more recently examined them and have pointed
out that many of them appear to follow Mendel’s law.

Cuénot’s results conform closely to the Mendelian law. He
found that when a gray mouse is paired with an albino, the off-
spring in the first generation (F,) are always gray mice — the
gray dominating over albinism. The next generation (F,) from
the inbred dominant gray mice gave 198 gray and 72 albino
mice, .. in the ratio of 2.75:1, a near approach to the expecta-
tion of 3:1. Later Cuénot reported that his “pure” gray® mice
of the third filial generation (F3) when crossed with albinos gave
several black mice. These black mice when bred with certain
albinos gave black mice, which appeared to be B(W), i.e. black
dominant, white reccssive, for, when bred inter se, the offspring
were three blacks to one albino. Some of these blacks were
shown to be “pure” and produced a race of pure blacks. When
individuals of this black strain were bred to ordinary gray mice,
the black was recessive, giving in the second gencration three
grays to one black.

Cuénot made a further discovery of great interest. He found
when he bred the black mice to albinos that the results were

! These were the offspring of the second generation that had bred true and
shown themsclves to be pure G’s.
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different according to the kind of albinos that he used. For
example, albinos that had been derived through a gray ancestor,
i.e. the so-called extracted albinos, when bred with the black
strain produced gray offspring. If, however, albinos that had
been derived through a previous cross with a black mouse were
bred with a black, the offspring were black. Again, albinos
derived from a previous cross with a yellow gave either mixed
yellow and gray, or mixed yellow and black. These results
show that although albinos may all appear alike and breed per-
fectly true with each other, they belong in reality to different
classes, whose latent characters are dependent on previous
influences. Results of this sort are difficult to account for on
the supposition that the germ-cells are pure. This property of
latency is not something peculiar to albinos as certain published
statements might have lead one to infer, but holds for the differ-
ent colors also. A black race that brceds true may carry
another latent color that can be brought out by crossing. Un-
less this fact is also taken into account the crosses with albinos
may be misinterpreted.

Experiments with waltzing mice have been made by Haacke,
von Guaita, and Darbishire. These mice arc black, or
white, or yellow and white; the mixed colors introducing
a complication into the results, so far as color inheritance
is concerned. As has been said, von Guaita’s results with
these mice were not considered from the point of view
of Mendel’s law, but Bateson, who has later analyzed the data,
finds in some cases what seems to bc an approximation to
the expected proportions; in other cases this is not cvident.
A few of von Guaita’s facts and their possible interpreta-
tions may be given. When the black-and-white waltzers were
bred to ordinary albinos, the first offspring (F,) were gray, like
the house mouse, and of the same size, which is larger than
that of the waltzing race. They also show the wild disposition.
These mice (F;) when inbred produced albinos and four colored
types,—black, gray, black-and-white, and gray-and-white.
There were 14 albinos and 30 colored individuals. The relation
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of the colored types to each other as regards their inheri-
tance is too obscure to make it profitable to discuss the result
here.

Darbishire has carried out experiments with pink-eyed,
spotted, waltzing mice crossed with albinos. In respect
to their coat color, he recognizes six groups forming a continu-
ous series, depending on the extent to which the pigment spots
cover the surface of the mice. The colors of the spots were
yellow, gray, black, lilac, or chocolate. When these mice were
crossed with albinos, supposed to be pure, spotted mice were
produced with dark eyes. None of the mice of this generation
exhibited the waltzing habit. These hybrid mice () when bred
inter se gave the following kinds of mice (Fy): —

Albino . . . . . . . . . . . L 137
Colored or piebald with dark eyes . . . 287
Colored or picbald with pink eyes . . . 131

Of thesec mice 97 showed the waltzing habit and 458 did not.
The Mendelian expectation for waltzers is 138.75. The actual
results fall considerably below the expectation, nevertheless it
may be that some of the mice that did not waltz were poten-
tially waltzers and might have transmitted this habit as do
“pure” recessives. It is interesting to note that, whether the
Mendelian proportion is or is not given, the waltzing habit dis-
appears in the first generation of hybrids (F;) and reappears in
the second generation (F,) as do other Mendclian characters.
The expectation for albinos is approximately realized as well
as the cxpectation for the other two types. Since neither grand-
parent had dark eyes, this character must have been latent in
one of them, because it appears in all of the offspring (#;). Dar-
bishire points out that his results do not conform in all respects
to the Mendelian rule; but some, at least, of these difficulties are
not insuperable, I think, if it be granted that the so-called ““pure”
recessives and “pure” dominants are really impure with latent
characters that come out on crossing. Darbishire contends,
and I think justly, that the behavior in inheritance of extracted
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recessives and of extracted dominants cannot be accounted for,
if they are supposed to have been formed by the union of pure
germ-cells. On the contrary, he thinks that the results become
intelligible only when the ancestry of these forms is taken into
consideration. In other words, if “‘pure” recessives and “pure”
dominants are really pure (as modern Mendclians have as-
sumed), the ancestry of such forms could be ignored; but since
the results are incxplicable on this assumption, the most rea-
sonable conclusion is that the germ-cells are not pure. So far
I am in agreement with Darbishire; but if this conclusion is
meant to imply that the Galtonian assumption in regard to
inheritance in these cases is the only alternative, I should dis-
sent. .I have tricd to show how the Mendclian results may
still apply without assuming that the gamctes are pure, but by
assuming that they show alternate dominance and latency.

Darbishire also crossed some of his first hybrids (F;) with
albinos and obtained 368 albinos and 378 dark-eyed picbald
(or sometimes uniformly colored) mice. This gives a close ap-
proximation to the Mendelian expectation. He found, more-
over, in this generation that the gap between the albinos and the
least-colored individuals was greater than among the ofispring
of hybrids (F;) when inbred. It is also interesting to note that
with this cross the pigmented eycs appeared in all the piebald
offspring. In other words, the latent color, cye-pigment, is
maintained in the cross, since it dominates the pink-eyed type.
Darbishire notes especially that these offspring (obtained from
the hybrid and the albino) have more white in their immediate
ancestry than have the offspring of the hybrids when inbred; yet
the offspring show actually less white, and show more often the
wild color and black (as compared with yellow and fawn color).
The meaning of this he finds obscure, but possibly the results
may be accounted for on the assumption of the latency of pig-
ment in one or both parent types, which is brought out by
crossing.

The subsequent history of the three classes of individuals ob-
tained by inbreeding the first hybrids (F,) is as follows: (1) The
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extracted albinos give always albinos. Only 2 out of g4
waltzed. (2) The dark-cyed mice with colored coats belonging
to the middle term of the Mendelian series should also give, if
inbred, the three types again in the proportion of 1:2:1. In
this connection Darbishire points out that on Galton’s law of
inheritance the farther the individuals of this middle class are
removed from the first class, the fewer the albinos that should
appear, since they are farther removed from the original ances-
tor that was white. On the Mendeclian law the members of
this middle term should always continue to give the same pro-
portion, 1:2:1. Experiments that Darbishire made to test this
point secemed to show that the results follow more nearly the
expectation of Galton’s law; but the purity of the types used
may have seriously affected his results.

Espccially interesting, it secems to me, are Darbishire’s experi-
ments with the extracted mice of the second generation having
pink eyes and colored coats. If these are really pure, they should,
if paired with pure albinos, produce animals similar to those of
the parent cross between colored mice with pink eyes and
albinos, i.e. there should be produced only spotted mice with
dark eyes. This, however, was not the result obtained. Of
08 young, 12 were albinos, while one pink-eyed (colored) indi-
vidual also appcared. These results arc complicated by the
fact that the albinos used were also the extracted offspring
of hybrids paired with albinos. Nevertheless, even granting
this, it offers no explanation of why albinos should appear, and
the only cxplanation that scems reasonable is that the albino,
latent in the pink-cyed mice, has affected the result, pre-
sumably being brought out again by crossing. Sixty-three of
the 98 young were obtained from such contaminated albinos
(extracted recessives). Only seven of the unions were between
such pink-eyed mice and albinos which did not contain pink-
eyed, spotted waltzers in their immediate ancestry. From these
pairs 35 young were obtained, of which 10 were albinos —a
relatively higher number of albinos, and approximately onc
fourth of the whole. The results scem to show that the extracted
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“pure ” race was not pure, since it may produce some albinos
when paired with albinos.

Allen has also carried out a large number of experiments with
mice. Crossing the gray house mouse with the albino gave
gray offspring, as most other experimenters have found. The
second generation (F,) gave approximately the Mendelian ratio
of three grays to one white, the former being partly pure grays,
partly mixed. Crossing the dominant recessives (hetcrozygote)
with the extracted albinos, where equality of grays and whites
would be expected, gave 84 pigmented young and 64 whites.
While there is only an approximation to cquality here (74 of
each cxpected), the deficiency in white may be due to insuf-
ficiency, of numbers, but possibly to some other factor. Allen
found that when spotted mice were bred to albinos the off-
spring were spotted, — often with Jess white than the original
spotted parent, — and in some cases the white almost, or even
completely, disappeared. Thus, although we may look upon
the spotted condition as a unit-character that is dominant, its
extent appears to be variable. In fact, a latent character may
also come to light here that is not seen in cither parent, but must
be potential in one or in both of them. While the white parent
might have been expected to add more white to the offspring, —
on Galton’s hypothesis, — the result is exactly the opposite.

When pigmented, heterozygote individuals (F;) were inbred,
they produced 159 pigmented young and 55 albinos (53.5 being
the Mendelian expectation). In another experiment, pig-
mented, heterozygote individuals (F;) were bred to pure albi-
nos, giving 69 pigmented and 69 albinos, exactly the anticipated
ratio.

Allen carried out a number of experiments made to test the
inheritance of partial albinism, as he calls the condition when
white areas are present along with colored areas. When “par-
tial albinos” are bred to pure albinos, the young (F,) were more
nearly totally pigmented (as stated above), some showing no
trace of white, others had white toes, or a white tip to the tail
or even a few scattered white hairs. One only had a white spot
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on the belly. Haacke and von Guaita found similar results.
“The influence of the albinos in these cases seems to be to
upset the condition of localization of the pigment, so that the
pigment patches become more extensive, tending to cover the
entire body surface, as in totally pigmented animals. In expla-
nation of this observation it is suggested that the character
total pigmentation may be transmitted by albinos, and when
so transmitted dominates over the spotted condition.” Cuénot
has offered a suggestion to account for this possibility. The
pigment is assumed to be due to the action of a ferment upon a
chromogene substance. The albino may transmit the ferment
but not the substance. The germ-cell of the black-and-white
individual would then be assumed to convey the pigment, and,
when to it more ferment is added by the white gamete, more
pigment is produced in the offspring.

Cuénot has given a very clear and important analysis of his
results with mice in his third contribution to ““The Heredity of the
Pigmentation in the Mouse.” * He uses the letter C to denote
any colored character, and A4 for the albino character; G for
the color gray; B for the black; and Y for the yellow. Thus
the wild gray mouse will be represented by CG, and the ex-
tracted albinos, having potentially the gray color, by AG. The
black mousc will be represented by the formula CB; extracted
albinos derived through black ancestors AB; the yellow
mouse by CY'; the extracted albino through yellow ances-
tors by 4Y.

When a germ-cell containing the character CG unites with
one containing CB, the gray, G, dominates. When gray, CG,
meets yellow, CYV, the latter dominates. When CB meets
CY, the yellow again dominates. When a colored germ-cell, C,
meets an albino, A4, the individual that develops has black
eyes, but the color of the hair depends on which color accom-
panies C or A. As an example Cuénot gives this case: a black
mouse, CB, crossed with an albino, 4Y (ycllow latent), gives a
dihybrid, CBAY. This hybrid has black eyes, because for

1 Archiv. Zool. Expér. et Gén. 19o4. Sér. 4, T. 2. Notes et Revue, p. xlv.
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the eyes t