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AT no time in the history of natural science has such
a large share of thought and research energy been di-
rected to the solution of evolutionary problemsas at pres-
ent. Methods of work, plans for experimentation and
modes of interpretation have recently undergone such
rapid development and improvement that our potenti-
ality for solving questions in heredity and origination is
vastly greater than even at such recent date as the be-
ginning of this new century. With increased facility
in attack has also come wider vision and altered view-
points with regard to almost all phases of biology.

Biological thought once quickened and broadened by
evolutionary ideas was by this same means led to be-
come entangled in a maze of illusive assumptions as to
purpose and plan in organisms from which it is heing but
slowly freed, to view functions as inevitable reactions,
however complex they may be. The variables included
in the cquations of protoplasmic action are numerous
and large, but they do not exceed the undefined prin-
ciples of osmotic action, surface tension and unknown
phases of association and dissociation that are concerned
in the interplay of substances in the cell, and upon which

! Presidential address, Society of American Naturalists, Ithaca, New
York, December 29, 1910.

5
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depend the chemico-physical relations of tissue compo-
nents and structures of all kinds. If physiology escapes
the soporific and deadening influence of the vitalistic con-
ceptions, now appearing in some profusion, it may in turn
furnish the secure means for a long and rapid advance
in genetics, and it may be assumed with some certainty
that the chief superstructures of evolutionary science will
be those securely raised upon a foundation of physiolog-
ically tested facts.

In taking this direction, natural history is not alone;
the briefest comprehensive view of the physical sciences
will show that here also the chief advance lies along the
way of the study of energetics, and that the fundamental
problems are those lying about the mode and means of
transformations of energy.

Recent events in the field of evolution comprehend a
number of movements and accomplishments of extraor-
dinary interest. The rediscovery of the facts of alter-
native inheritance, the formulation of the concepts of
equivalent, balanced, paired or differential characters, the
results of statistical studies of variability, the analyses
of species of various constitution by pedigree cultures, in
which the value of fertilization from various sources is
carefully measured, the distinetion of the biotype or geno-
type as a hereditary entity, the possibilities in the ac-
tion of pure lines within a specific group, the cytological
contributions of fact and forecast upon the physical as-
pects of heredity, and lastly the presentation of the facts
and allowable generalizations identified with the muta-
tion theory, comprise a series of advances, of accretions
to knowledge, furnish a broadened foundation for biolog-
ical science, and disclose additional possibilities in all lines
of experimental research with living things, besides open-
ing up new realms for speculative thought, and stimulat-
ing the scientific imagination to renewed fruitfulness.

Biological literature has also been recently enriched by
a series of formal papers commemorative of the life and
work of Charles Darwin, by more than fourscore workers
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representing the laboratories and national cultures of
the world. This group of addresses and essays, fortu-
nately written chiefly within four languages, taken col-
lectively, constitutes a critical and evaluatory discussion
of the mass of fact and galaxy of theory concerning or-
ganic evolution, and furnishes the most complete and
thorough appraisal ever made of any subject in modern
biology.

The moment, therefore, is one of consciousness of
achievement, of realization of increased powers of pene-
tration, and charged with desire for the exploitation of
the unknown, and is vibrant with the inspiration coming
from such a rapid march of events. With this quick-
ening in activity, the outeries of acrid controversies no
longer monopolize our attention, but it must not be sup-
posed that differences of opinion have vanished from
among us. The agreement as to the value of methods
of experimentation and calibration is a most gratifying
fact, but the harmonies of opinion as to interpretation of
results have not yet come to a monotone.

On the contrary, the pressure of new and undlsclphned
evidence has awakened a freshened chorus of voices cry-
ing the virtues of special interests and extolling the suffi-
ciency of theories dignified by age and more or less
weighty with authority. Those busy with vitalism of
various patterns have spun a moiety of their favorite
fabric to mend the breaks in the fragile web made by the
impact of new facts. Isolation and the mechanism of
geographical distribution have again been elaborated to
account for all differentiation and what their exponents
are pleased to term speciation. The anticipatory forma-
tion of structures in a rudimentary condition with a long
prefunctional progress, guided by the morphological pos-
sibilities and actuated by internal impulses, has again
been offered to us, fortified by paleontological fact and
clever logic, in such manner as to avoid most of the serious
objections to orthogenesis except those of physiological
morphology.
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Natural selection with diverse meanings and manifold
implications has been made to explain development, dif-
ferentiation and general evolutionary progress. The tu-
mult is greatest at the present time, however, about the
idea of mutation. Standing to one side, the biologist
hears a medley of assertions ‘‘that mutations have long
been known,’’ ‘‘do not exist,’’ ‘‘were discovered by Dar-
win,”’ ‘‘are always an evidence of hybridization,’’ ‘‘re-
sult in the formation of nothing but elementary species,’’
‘““give only weakened derivatives that are quickly
swamped by parental forms,’’ ‘‘are encountered only
among cultivated plants,’’ ‘‘the mutation theory is based
upon the conception of unit characters,’’ ‘‘constitutes the
only adequate means of accounting for the enormous
number of living forms and myriad characters of living
things,’’ ‘‘unit characters are unreal, have never been
" seen, do not exist and are incapable of demonstration.’’
“‘The difference between mutation and variation is one of
amplitude only,”’ and lastly mutation signally ‘‘refutes
Darwinism,’’ and ‘‘swings us back in harmony with the
theologian’s arguments for special creation.’’

The absurdity of the many injudicial assertions by the
partisans concerned need not blind us to the stubborn
fact that saltatory changes do occur in hereditary pure
lines in a large number of forms in both plants and
animals. Observations and experiments have estab-
lished beyond doubt that mutation is one way by which
organisms bearing new combinations of qualities may
arise, although it is probable that its importance as a
general procedure varies in different groups of organisms
and certain that many shades of opinion as to its exact
part in the evolution of living things will always be held.

Our appraisement of the value of all the protheses
cited may also be amended from time to time with view-
points altered by the advance of knowledge. The situa-
tion with regard to one hypothesis is far more serious,
however. This is the theory which predicates direct
adaptational adjustment of the organism, quickly or
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slowly as the case may be, to environic factors, and
the inheritance of the somatic alterations constituting
such variations. The various corollaries of this theory
have the force of a certain obviousness, its assumptions
have been of ready service to the systematist and bio-
geographer, and its conclusions have long been tolerated
in the absence of decisive tests which are not to be easily
made or readily carried out. The time has now arrived,
" however, when the claimants for Neo-Lamarckianism and
all of its conclusions must show cause for its further con-
sideration, or else allow it to drop from the position of
being seriously taken as a method of evolutionary advance.

It is unanimously agreed that organisms, plants as well
as animals, change individually in aspect, in form and
structure of organs, in functionation and habit as they
encounter swamps, saline areas, gravelly uplands or
slopes, climatic differences identifiable with latitude or
elevation, and other physical and biological factors. It is
assumed that these somatic alterations are accommodative
and adaptive, making the organism more suitable for the
conditions which produce the changes. Such an assump-
tion is an over-reaching one. Any analysis of the changes
which an organism undergoes after transportation to a
new habitat will disclose one or a few alterations which
might be of advantage in dealing with the newly encoun-
tered conditions, but with these are many others, direct,
necessitous, atrophie, or hypertrophic as to organs which
have no relation whatever to usefulness or fitness. Fur-
ther, a critical examination fails to disclose any theoret-
ical considerations or any actual facts which would con-
nect inevitably the somatic response with the nature of
the excitation, outside of the specialized tropisms in
which specific reactions are displayved. Even in these
the adjustment is of such nature that a mechanism spe-
cially perceptive to contact, for example, may react to
changes in temperature, as illustrated by the action of
tendrils, and many similar cases might be cited. It is
evident that the soma of a plant or animal is not to be
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considered as capable of adaptive alterations to every new
agency which may cause changes in its form, structure
or functionation.

Next we come to the very crux of the whole matter: do
the unusual forms or activities of organs resulting from
environic causes act in any manner upon the germ-plasm
connected with such altered bodies? If we are to con-
sider the activities of the organism or of the cell to de-
pend mainly upon its chemical structure and constituency
and such a generalization seems unavoidable, then we
have means by which the soma might cause its proper-
ties to be reflected from the germ-plasm in a succeeding
generation, since the chemical mechanism of the soma
and germ-plasm must be of the most intimate nature.
That some such connection does actually exist is strongly
suggested by the behavior of a great number of organ-
isms which have been seen to carry marked environic
effects to the second or even third generations; if the
interrogation be made as to why the induced qualities are
carried no further it may be said that the reply may be
suggested by the results of long-continued action of the
exciting agency, such as has been used by Woltereck with
Daphnia.

If a general view be taken of the available information
of interest in this connection, three classes of facts will
be discerned. One group is comprised in the mass of in-
formation obtained by the operations of  the horticul-
turist, the agriculturist and the breeder as to the behav-
ior of crops, plants and domestic animals, when trans-
ferred from one habitat to another. The greater part of
such data is the result of observations which do not com-
ply with the ordinary requirements in the avoidance of
error so that strict comparisons as to the behavior of
organisms under conditions of various habitats are im-
possible. A consideration of the literature yields many
suggestions for experimental research and the simple
generalization that the direct effects of climatic com-
plexes on,the seasonal cycle, and upon color, or struc-
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tural features of the individual, may be repeated or car-
ried over two or three generations, in a habitat where
the specific causal combinations are lacking. This is the
available total of knowledge furnished us by economic
operations, and by the introduction operations of botan-
ical gardens and plantations.

In contrast with these the fortunate experience of Zed-
erbauer with Capsella has yielded some conclusions of
exceptional importance. A genotype of Capsella Bursa-
pastoris resembling taraxicafolium was found on the
lower plains of Asia Minor, and displayed the well-
known characters of this form, including broad leaves,
whitish flowers, and stems 30-40 ¢m. high. A highway
leads from these regions to a plateau at an elevation of
2,000 to 2,400 meters. The conditions of distribution are
such as to indicate that the plant has been carried up
this thoroughfare by man, and in this elevated habitat
it has taken on certain alpine characters, including elon-
gated roots, xerophytic leaves, stems 2-5 em. high, red-
dish flowers, with a noticeable increase of the hairiness
of the entire plant. That the distributional history has
been correctly apprehended seems entirely confirmed by
the fact that when seeds are taken from the lowlands the
alpine characters enumerated are displayed at once as a
direct somatic response. When seeds are taken from
plants on the elevated plateau where their ancestors may
have been for many years or many centuries (perhaps as
long as 2,000 years) and sowed at Vienna and in other cul-
tures carried through four generations the leaves lose
their xerophytie form and structure, but the other charac-
ters are retained within the limits of variability. The
stems show an increase in average length of 1 or 2 cm.,
the roots change as much, but the reproductive branches
and floral organs retain their alpine characters. The
slight modifications undergone by these features were
seen to reach a maximum and to decrease in the latest
generations cultivated. The structural changes and im-
plied functional accommodations are indubitably direct
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somatic responses, there is no escape from the conclu-
sion that the impress of the alpine climate on the soma
has been communicated to the germ-plasm directly or
indirectly in such manner as to be transmissible, and the
suggestion lies near that repeated and continued excitation
by climatic factors may have been the essential factor in
such fixation.?

Among the most noteworthy investigations of the fea-
tures of interest in connection with habitat changes are
those being made by the anthropologist in which somatic
calibrations of immigrating races and linguistic studies
of peoples of known origin, geographical movement, and
established relationship are being used to great advan-
tage. No more fascinating chapters of scientific litera-
ture are to be found than those which delineate the migra-
tory movements, segregation and habital reactions of
Polynesian islanders, of North American Indians, or of
Asiatic peoples, yet their value as actual contributions to
the phase of biology of interest to this society is hardly
recognized. The investigator of problems in anthropol-
ogy has the advantage of dealing with an animal whose
psychology, history, traditions and records are readily
intelligible to him, so that a much wider range of facts
may be brought within the zone of reliability than when
we deal with an organism whose actions, at best, are but
imperfectly understood by us.?

A second series of results of great interest and suggest-
iveness are those which have been obtained in various
laboratories as to the individual modifications in cyclical
activity, functionation and structure of plants and ani-
mals in response to unusual stimuli, or under the influ-
ence of unusual intensities of the common environic com-
ponents. The behavior of organisms in constant illumi-
nation, equable and variable temperatures, salinity, alka-
linity or acidity of the medinm, unusual pressures of at-

*¢¢Versuche ueber Vererbung erworbener Eigenschaften bei Capsella
bursa pastoris,’’ Oester. Bot. Zeitschr., Vol. 58: pp. 231-236, 285-288, 1908.

*See Boas, F., ‘‘Changes in Bodily Form of Descendants of Immi-
grants,’”’ The Immigration Committee, Document No. 208, presented to the
61st Congress, 2d Session, Washington, D. C,, U. 8. A, 1910.
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mospheric constituents, to unusual compounds and unac-
customed food-material, make up an important propor-
tion of the sum total of information ordinarily classified
as physiology. The morphogenic and accommodative
adjustments presented afford by analysis the best con-
ceptions available as to the nature of the physiologic
activity of organisms.

The experimental results of Stockard with fish eggs
subjected to the action of various chemical substances
are of unusual interest in the present connection. The
cyclopean embryos of Fundulus formed in sea-water con-
taining magnesium salts offer the first known example
of the induction of an abnormality in the vertebrates
occurring in nature, by specific reagents. Suggestion of
a common cause is obvious as it is in the instances in
which similar divergences have been secured in the labo-
ratory with plants. As will be pointed out later, such
analytical tests constitute a very important part of the
procedure in the study of acclimatization results.t

In very few cases, however, has the permanency or
heritability of the deviations induced been tested, and in
most of such tests the agencies employed might have
acted upon both soma and germ-plasm, as will be ap-
parent upon an examination of the work of Standfuss,
Fischer, Pictet and Houssey. The work of these older
experimenters has been reviewed so many times that it
will be unnecessary to discuss their results further in the
present paper. This was done at the Darwin memorial
meeting in 1908, and quite recently by Bourne in his ad-
dress before Section of Zoology of the British Associa-
tion for the Advancement of Science, at the Sheffield
meeting.®

The present opportunity may well be used to make a
presentation of the results of the last few years obtained

¢ 8tockard, C. R., ‘‘The Development of Artificially Produced Fish.—
The Cyclopean Embryo,”’” Jour. Exper. Morphology, Vol. 7, No. 2, p. 285.
1909.

® Nature, Vol. 84, p. 378, 1910, September 22, 1910.
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by investigations, using a more perfected technique, and
having the advantage of a keener insight into the real
nature of the problems to be solved.

That the general hypothesis with its corollaries is
being subjected to the most critical examination and that
the assumptions implied in the conception of inheritance
of acquired characters are being put to exact and conclu-
sive tests, is readily apparent when a review is made of
recent and current researches in which living material
from widely separated groups of animals and plants is
being subjected to a variety of nutritive conditions and
climatic agencies. Klebs, who has long been concerned
with the morphogenic reactions of plants, has determined
a series of conditions under which the stages of mycelial
development, asexual zoospore and sexual or oospore
formations in filamentous fungi may be inhibited or var-
iously interchanged. Much more important reactions
were obtained from Sempervivum, the live-forever of the
garden. In this plant, inflorescences were replaced by sin-
gle flowers by experimental excitation while it was found
the number and arrangement of the floral organs as well
as of the stamens and carpels could be altered. Further-
more, the deviations in question were found to be trans-
missible to the second or third generation in guarded seed-
reproductions.®

Microorganisms with a short cycle offer peculiarly ad-
vantageous material by reason of their simple reproduc-
tive processes, and also by the fact that it is possible to
control environic factors with exactitude. The volu-
minous literature of bacteriology shows that much at-
tention has been devoted to the building up of characters
by selection, and to the study of the behavior of morpho-
logical divergences occurring in special cultures.

The experiments of Buchanan with Streptoccus lacti-
cus yields the conclusion that phases of fluctuating varia-
tions in the bacteria induced by cultures may not be fixed,

¢ Alterations in the development and forms of plants as a result of
environment, Proc. Roy. Soc. Lond., Vol. 82, No. B. 559, p. 547, 1910.
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and are not transmissible, which is in accord with the
main body of evidence upon this point. There are, how-
ever, a number of records of the appearance of definite
qualities or morphological characters in the yeasts,
which were transmissible and permanent. These de-
partures were so striking as to be capable of being re-
garded as mutational, and their origin has been ascribed
to the influence of the environment by experimenters of
notable skill, such as Beijerinck, Winogradsky, Lepesch-
kin, Hansen and Barber. It may be recalled in this con-
nection, that environic responses are generally sudden,
and that the entire range of departure may be made in
a single generation, at most in two or three.’

Pringsheim after a comprehensive review of his own
work and of other available evidence obtained by a study
of accommodations or adaptations of yeasts and bacteria
to unusual temperatures, culture media, and poisons,
concludes that some of these variations are fixed
and transmissible both asexually and by spores, while
others are not. It is not easy to analyze contributions
upon this subject with reference to the differential action
of the exciting agencies upon soma or germ-plasm,
neither is it clear as to the action of the selection in the
experimentation. It is important, however, to note that
the alterations concerned are direct functional responses
to the exciting agencies.?

The researches of Jennings with paramcecium deals
with conditions of morphology and physiology not widely
dissimilar from those offered by the bacteria with regard
to the present problems, and his work has been carried
out with an extensiveness and thoroughness impossible
to the worker with more massive and more slowly moving
organisms. Cultures were carried through hundreds of
generations with no progressive action in fluctuating

' For a brief review of this subject sec Buchanan, ‘¢ Non-inheritance of
impressed variations in Streptoccus lacticus,”’ Journal of Infectious Dis-
eases, Vol. 7, p. 680, 1910.

* Pringsheim, H., ‘¢ Die Variablitdt niederer Organismen,’’ Berlin, 1910.
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variability ; while the organism as a whole was strongly
resistant to all kinds of environic influences, and actual
alterations were extremely rare. Most of the supposedly
acquired characters disappeared in two or three gener-
ations by fission, although one was followed for twenty-
two generations. The new character was borne by only
one of the pair produced by a division, except in rare
instances, and in only one case was there found such
modification as to produce a race bearing the odd char-
acter in which the feature in question was imperfectly
transmitted in series of asexual generations.”

The results of Woltereck with Daphnia offer some-
thing by way of contrast and also serve to illustrate the
necessity for continuation of parallel cultures for the
purpose of comparison of divergent forms and the nor-
mal. The particular group of this crustacean furnish-
ing the experimental material is taken to be very var-
iable, and it was subjected to over-feeding with the im-
mediate result that the variability of the form of the head
appeared to be widened, the size of this structure being
increased. This disappeared when lots from the culture
were restored to normal conditions in the earlier stage of
the work. After three or four months of over-feeding,
the form of the head came within narrower limits, and
fewer aberrants were seen, while lots returned to normal
conditions, showed a slower restoration of the original
form of the head. Two years after the cultures were
begun, it was found that the original head form was not
displayed by young restored to normal nutrition condi-
tions, the larger helmet being persistent. It seems
fairly certain that a new genotype resulted from the long-
continued action of the culture medium.!®

* Jennings, H. 8., ‘‘Heredity and Variation in the Simplest Organisms,’’
AMER. NAT., Vol. 43, No. 510, June, 1909; and other papers by the same
author.

1 ¢¢Weitere experimentelle Untersuchungen ueber Artenveranderung spe-
ziell ueber das Wesen quantitativer Artenunterschiede bei Daphniden.’’
Sonderabdruck a. d. Verhandl. d. Deut. Zool. Gesell., 1909.
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In the experiments of Sumner mice reared in a warm
room were found to differ considerably from those reared
in a cold room in the mean length of the tail, foot, and
ear, and the differences were transmitted to the next
generation. The differences may be reasonably desig-
nated as being directly individual and somatic, and as
" having been transmitted by the germ-plasm, which was
not subject to the action of various temperatures in the
first instance. The reaction forms have an additional
claim upon our attention, since they are the ones which
distinguish northern and southern races of many animals.
The crucial test of the value of the alterations induced in
the mice is the one applicable to all of the experimenta-
tion on this subject, a test in which two parallel series of
cultures, one under the altered environment and the
other under usual conditions, should be kept going con-
tinuously for a long number of years, lots being with-
drawn from both, from time to time, for long-continued
comparative culture in normal habitat and under other
conditions. Effects due solely to fluctuating variability
may be expected to reach a maximum and minimum
within two or three years, leaving the enduring effects
standing alone, or in such relief as to be capable of ready
calibration.!?

Kammerer carried out some tests with salamanders
three vears ago which have the interest attached to any
attempt to interpret geographic or habitat relations. Sala-
mandra maculosa is viviparous when it lives high in the
mountains and ovo-viparous at lower levels. S. atra
is an alpine form and the larvae are large with very long
gills. When the latter form was kept at unusually high
temperatures the larve produced resembled those of S.
maculosa in its lower warmer habitats. S. maculosa
kept in low temperatures and without water showed a
cumulation of effects by which the characters of the

" Sumner, F. B., ‘‘An Experimental Study of Somatic Modifications and

their Reappearance in the Offspring,’’ Archiv. f. Entwickelungsmechanik
d. Organismen, Vol. 30, pt. 2, p. 317, 1910.
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young and the reproductive habits resembled those of
S. atra. The conditions of these experiments are not
such as to allow a definite separation of somatic and ger-
minal effects, neither was the permanency of the newly
acquired habits tested to such an extent as to determine
their hereditary value. That characters and habits may
be modified in such manner as to appear in the next gen-
eration or two in the absence of exciting conditions is il-
lustrated by hundreds of authentic examples in plants
which have long been known.!?

My own earlier work with relation to this subject con-
sisted chiefly of ovarial treatments in which the main
and accessory reproductive elements of seed-plants were
subjected to the direct action of solutions of various
kinds. New combinations of characters constituting a
distinct elementary species or genotype were obtained in
one plant, and the divergent type has been found to trans-
mit its qualities in the fullest degree as far as tested, to
the fifth generation. Still more marked forms were ob-
tained in a second genus, the divergent progeny being
lost in transference to the Desert Laboratory, while
marked responses have been obtained in the extensions
of these experiments upon species representing widely
different morphological types in Arizona. The greater
majority of the tests have been made upon plants grow-
ing under natural conditions, so that environmental reac-
tion in addition to that of the specific reagents might be
excluded. Progenies representing many species, in-
cluding thousands of individuals, many of which are di-
vergent, are now under observation. Absolute finality
of decision with respect to the standing of the new types
may be reached but slowly.

Gager produced chromosomic aberrations in the reduc-
ing divisions of Enothera by irradiations and such excita-
tion was also followed by the appearance of aberrants in
the progeny, the hereditary qualities of which have not

2 Arch. f. Entwickel., Vol. 30, pp. 7-51, 1907.
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been tested. Using similar excitation Morgan induced
the appearance of white eyes and of short wings in a pedi-
gree culture of the fly, Drosophila ampelophila. Both
qualities were sex-limited and mendelized when paired
with the red eyes and long wings of the original type.
Both however seem to be fully transmissible.!2

A related phase of the subject is that of the interposi-
tion of environic factors in mutations and hybridizations.
DeVries has repeatedly called attention to the fact that
the composition of hybrid progenies of mutants with
each other and with the parental form might be altered
by nutritive conditions, and the author has cited the fact
that mutations were made by Enothera Lamarckiana
in the climate of New York which had never been seen
in Amsterdam. Furthermore, in discussing the diver-
gent results of DeVries and myself, obtained by crossing
the same forms in Amsterdam and New York, the sug-
gestion was made that ‘‘the manner in which the var-
ious qualities in the two parents are grouped in the prog-
eny might be capable of a wide range of variation.
Many indications lead to the suggestion that the domi-
nancy and prevalency, latency and recessivity of any
character may be more or less influenced by the condi-
tions attendant upon the hybridization; the operative
factors might include individual qualities as well as ex-
ternal conditions.’”*

Using abnormal temperatures for excitation, Kammerer
induced color changes in Lacerta constituting female di-
morphism in one species, and male dimorphism in another,
and the newly induced characters, like the original ones,
behave in a mendelian manner in crosses, although the
heredity has not been carried through enough generations
to test their permanence.!®

 Morgan, T. H., The method of inheritance of two sex-limited charac-
ters in the same animal, Proc. Soc. for Exper. Biol. and Med., Vol. 8, No.
1, p. 17, 1910.

 MacDougal, Vail, Shull and Small, ‘‘Mutants and Hybrids of the
(Enotheras,’’ Pub. No. 24, p. 57, Carnegie Inst. of Washington, 1905.

8 Vererbung erzwungener Farbenaenderungen. Arch. f. Entwickl.,, Vol.
39, Hefte 3 and 4, p. 456, 1910.
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and the second series of experiments in synthesis is sufficient warrant
for attributing to this factor a considerable importance in evolution."”

Tennent arranged a series of hybridizations of Echino-
derms at Tortugas which yielded data of great interest in
connection with the earlier conclusions of Vernon, Don-
caster, and Herbst as to the influence of temperature and
season changes upon dominance. From the information
derived from crosses of Hipponoé and Toxopneustes it is
clear that the dominance of the parental characters is
dependent upon the alkalinity or the concentration of the
OH ions. The products of the trial cross fertilization,
however, were not reared to maturity.?

No phase of the subject under discussion is more
readily amenable to experimental investigation, and no
results may be expected to bear more directly on the
mechanism of inheritance than those in which similar
unions give dissimilar progenies under the pressure of
unlike environments. It is to be noted that everything
of value with regard to the influence of environment
upon hybridizations has been secured by the introduec-
tion of the geographic or climatic element, that is, the
unions leading to divergent results have been made im
habitats in which the environic complexes differed not in
one, but in many features. Thus the climatic components.
in southern Mexico reach dissimilar maxima and minima.
and run unlike courses from those of Arizona.

This method of transplantation of organisms to dis--
tant localities furnishing congeries of climatic factors
markedly different from those of the habitat in which
they were found is one which offers opportunities of the
broadest kind, and such exchanges have been made be-
tween fresh and salt water, cave and surface, alpine.

" Tower, W. L., ‘‘The Determination of Dominance and the Modifica-
tion of Behavior in Alternative (Mendelian) Inheritance, by Conditions:
Surrounding or Incident upon the Germ Cells at Fertilization. (Reprinted:
from Biological Bulletin, Vol. XVIII, No. 6, May, 1910.)

8 S8ee Report, Director Dept. of Marine Biology, Carnegie Institution of
Washington for 1909 and 1910.
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summits and lowland plains, high and low latitudes,
with results of somewhat limited value until recently.
The first of these in which plants were used was made by
Nigeli, who carried on observational work on a large
number of species in plantations of the botanical garden
at Munich, detecting certain obvious alterations which
-did not appear to offer anything of hereditary value.

The more recent work of Bonnier was directed chiefly
toward comparison of the vegetative activity, anatomical
modification, and developmental habit of plants ex-
changed between the mountain and low-land. The care
used in attempting to transport soils with the plant was
almost wholly without direct application, since the char-
acter of the soil is so largely a function of climate that
the course of a single season would suffice to change or
materially modify any transported soil. Such a precau-
tion might have the sole merit of furnishing the trans-
planted species with a limited amount of some compound
necessary for its growth, but any small amount of soil
becomes quickly permeated by solutions from the forma-
tions below and contiguous to it. Bonnier’s results in-
clude much that is suggestive, although no effects were
secured which did not disappear within two or three sea-
sons after a plant had been removed from the influence
of the exciting agencies or returned to its original hab-
itat.

The first realization of results of importance from
cultures widely extended geographically has been ob-
tained in the experiments with Leptinotarse by Tower,
in which various species of these beetles were studied in
their habitats in southern Mexico, in open air and glass
houses as far north as Chicago, as far east as the Atlan-
tic and as far west as the Desert Laboratory. Facilities
for work upon special problems are now being organized
at several places and many contributions to the subject
may be expected within the next decade.

The plan for work upon the problems of special in-
terest in connection with the Department of Botanical
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main locations furnish the chief facilities for these some-
what extensive experiments, which may be briefly charac-
terized as follows. The domain of the Desert Laboratory
has a subtropical arid climate, with one cool moist sea-
son, one warm wet season, two intervening dry seasons,
the vegetation being chiefly composed of spinose xero-
phytic shrubs and woody plants, with a large number of
the more advanced types of desert plants, which carry an
immense water balance, such as the cacti and other suc-
culents. The total rainfall is 12 inches, relative humid-
ity falls as low as 5 per cent. for extended periods and
the soil moisture remains below 10 per cent. for weeks,
and the altitude is 2,300 feet; maximum temperatures of
112°-114°, minima of about 16° F., with a total exposure
below the freezing point of from 12 to 80 hours per
annum are encountered.

The xero-montane plantation lies at 5,400 feet on the -
near-by slopes of the Santa Catalina Mountains at the
extreme upper edge of the characteristic desert flora in
the oak belt of vegetation with a rainfall of 16 to 18
inches per year, minima a few degrees lower than those
of the Desert Laboratory, with such an extension of cold
nights as to make temperature a distinct limiting factor;
relative humidity is extremely low, soil moisture quite as
low as that of the base plantation, and the activity of
vegetation of the winter wet season which is such a
marked feature of the lower plantation is entirely lack-
ing. The meteoric and other agencies carry a constant
stream of seeds from this locality into the region of the
laboratory.

The montane plantation lies at an elevation of 8,000
feet in a forest of pine, spruce and aspen, with a climate
equivalent to that of northern Michigan, the growing
season being about 110 days, the winter being character-
ized by a heavy snowfall and temperatures as much as
20°-25° below zero Fahrenheit. The spring and autumn
are dry, and midsummer has the usual manifestation of
heavy thunder-storms, in which the precipitation is
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slightly less than the amount in the winter. The yearly
total is between 35 and 40 inches. The vegetation is
characterized by conifers, grasses and a wide variety of
herbaceous and shrubby perennials, very few annuals
being found here. The mountain streams carry the seeds
of the contiguous elevated slopes and valleys in great
profusion to the region of the xero-montane plantations
and to the lowlands of the character of those around the
Desert Laboratory. These three localities form a con-
nected series in which the behavior of the tested species .
may be expected to offer phenomena of wide significance
and of direct bearing on many phases of geographical
distribution and evolutionary advance.

The fourth plantation is at Carmel, California, some
800 miles distant in a straight line from the first three,
within a thousand yards of the Pacific Ocean in a forest
of Monterey pine, the soil being granitic sand, with or-
ganic material or humus in some places, and a heavy
cement in others. The climate is characterized by a win-
ter wet season, in which the minima are scarcely below
the freezing point and the exposure to such low tempera-
tures is for not more than fifteen or twenty hours per
vear. A period of heavy continued fogs during two
months of the midsummer results in minima of 41° F.
in July and August, there being almost no precipitation
between March and November. The total precipitation is
about 18 inches per annum. The place, therefore, has
one rainy season, a dry spring and fall, and a cool mid-
summer, conditions exceptionally favorable for the sur-
vival of species introduced from the localities of the
other three plantations of the series. It is obvious that
if the data concerning the climatic factors are integrated
or summarized and placed in parallel columns a ready
means is afforded for detecting the causes which prevent
survival or facilitate the development of any form in
any locality, and a proper analysis of the same facts
may also yield direct suggestions as to the nature of the
excitation responsible for any departure on the part of
a plant removed from one habitat to another.
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The groups of species interchanged among the four
different localities include material upon which such
analysis may be most readily made. In addition, the
introductions are also arranged to simulate certain geo-
graphical movements and topographical effects. Spe-
cies from eastern America and from the lower plantations
are taken to the montane and xero-montane plantations
to meet conditions similar to those they might encounter
in a migration toward alpine or arctic regions. Species
from the montane locations and from the eastern states
are carried to the desert plantations to have the expe-
rience of a southward movement, or that of descending
mountain valleys, while all of these localities have fur-
nished forms for establishment in the maritime locality

" characterized by equable conditions in which species may
range widely as to latitude and indefinitely as to longitude.
The preliminary exchanges included over a hundred spe-
cies, mostly biennials and perennials ; the survivals amount
to less than 80, while perhaps not more than a score of
these may be expected to yield results of value or interest.

Our increased insight into the nature of natural groups
of organisms has shown the necessity and suggested the
means of observing certain distinctions and precautions
in this work. Thus it is of the greatest importance that
the living material shall be shown to be either simple
genotypes or that its phaenotypic nature be apprehended
in order that the integration and combination of these
forms shall not be mistaken for environic effects. When
a lot of plants is taken from one plantation to another,
data of the original locality are preserved as the stand of
the plant in that place serves as the control. If the plant
is multiplied vegetatively in the test, it might reveal a
possible complex character of the material in bud-sports,
but other divergences might be well ascribed to local
effects. On the other hand, if introduced in the form of
seeds, the possible complex character of the material
would soon become apparent, especially if the generations
were followed properly. In the actual management of
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season 160-170 days in length, and a winter with ex-
tended exposures below the freezing point, endure the
climate of the montane plantation with lower minima,
shorter growing seasons and more arid dry seasons, all
seasonal changes being much more sudden and pro-
nounced than those encountered in their original habi-
tats. T'rillium, Arisema, Roripa, Sanguisorba, Fragaria
and others offer examples of such survival.

2. Perennials as above survive and thrive in the
equable climate of the maritime plantation in which much
more equable conditions are found than in the original
habitats—Podophyllum, Sanguisorba, Arisema, Eno-
thera, Roripa and Fragaria.

It is to be noted that many species of annuals and per-
ennials are supposed to range from the temperate low-
lands of New York to similar montane climates farther
south in the Rocky Mountain region, and also to the Pa-
cific coastal belt. Critical examination of material rep-
resenting the supposed inclusion of the species generally
reveals differences denoting elementary species or geno-
types which might be grouped together in a Linnean
treatment. These relationships offer some most inter-
esting probabilities as to derivation and dissemination
which may not be touched upon here.

3. Species from the montane plantation survive and
show a luxuriant growth in the maritime plantation with
various vegetative modifications, of which Fragaria,
Enothera, Juglans, Scrophularia, Senecio and Dugaldea
offer illustrations.

4. Species from the montane plantation survive and
show a development somewhat atypic when carried to the
foot of the mountain on which they are indigenous. Ex-
amples are (Enothera, Juglans, Scrophularia and Fra-
garia.

5. Species from the arid region about the Desert Labo-
ratory survive and show atypic activity in the equable
maritime climate. Illustrations are offered by the
Opuntias, Parkinsonia and Penstemon. Species from the
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equable maritime location do not survive when taken to
any of the other plantations, with the single exception of
Fragaria Californica, the extremes of temperatures
being the evident limiting factor.'®

By the consideration of the responses of plants in the
various climates into which they may be introduced in
these experiments, it is possible to determine with some
accuracy the limiting factors acting for the exclusion of
the form in question. The analysis of the responses to
changed environment may be briefly given as follows:

Species from locations with well-marked seasons, in
which there is a definite contrast hetween the warm and
dry periods or between dry and rainy seasons, show a
lessened tendency to sexual reproduction, and a conse-
quent weakened capacity to form fruits and seeds when
taken to locations with equable or monotonous conditions.
This is a fact well known to the grower of economic
plants, the chief examples being offered by bush and tree
fruits disseminated to the southward. Fertilization and
the preliminary stages of seed formation may ensue as
usual, but the absence of the stimulating effect of chang-
ing temperatures usually characterizing the close of a
season appears to be followed by a lack of development
of the fruit. Examples of this are offered by Arisema,
Salomona, Sanguisorba, Actea, Podophyllum, Menisper-
mum, Apios Fragaria and Phytolacca. Exceptions are
offered by Senecio, inothera (some species), Potentilla,
Geum and others.

The transplantation of a species from one type of cli-
matic complex to another generally alters the shoot-habit,
or pattern of development of buds. The maritime loca-
tion is characterized by a profuse development of run-
ners and offsets, and the growth of branches on the lower
part of main axis, above or below ground. In some spe-
cies, the main axis remains in a very rudimentary condi-
tion. Excellent illustrations are furnished by (Enothera,
Scrophularia, Dugaldea and Phytolacca.

¥ 8ee Kuckuck, P., ‘‘Ueber die Eingewohnung von Pflanzen wiirmerer
Zonen auf Helgoland,’’ Bot. Ztg., Vol. 68: 49-86, April, 1910,
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The removal of plants from localities with well-marked
seasons to equable maritime climates is followed by a
leaf development which may result in the multiplication
of the parts. Fragaria. All introductions in which
the range of climatic conditions to which the plant was
subject was narrowed, were followed by increased vege-
tative activity, which multiplied underground branches
and propagative bodies.

The concurrence of these responses in a single form
may be well demonstrated by the results of studies of a
genotype near Scrophularia leporella, found in the vicin-
ity of the montane plantation, which has survived in the
shade at the Desert Laboratory and at the seaside locality.
In its native habitat, it shows a strict, scarcely branch-
ing shoot with a few fleshy succulent roots, which appar-
ently carry water with a small dissolved content. When
this form is taken to the Desert Laboratory, its repro-
ductive season is lengthened from two months to five or
six months, although but few seeds are formed, the shoots
branch more profusely, and a greater mass of under-
ground members are formed. In the maritime location
these features are accentuated and the development of
branches goes on to such extent that the shoot gives rise
to a number of main branches which can not be supplied
with water, and hence soon wilt and die. The under-
ground system now includes dozens of thickened members
from one to two centimeters in diameter, which may show
a total weight of from 6 to 8 kilograms.

The removals of forms included in the experimental
series may be taken as fairly parallel to the distributional
movements effected by various agencies without the in-
tervention of man. Some, as a matter of fact, are exact

“duplicates of occurrences in which these same species
participate. The alterations noted are undoubtedly en-
vironic effects, and may be attributed chiefly to climatic
factors. Two common assumptions as to the behavior of
plants are to be noted when species are removed to local-
ities widely separated from the habitat in which they are
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found. If they fail to survive or do not flourish in the
second location, they are said to have failed to adapt
themselves to the new conditions. Into this statement
may be read one more in accordance with a physiological
consideration of the matter to the effect that the inten-
sities of some of the factors present exceeded the maxima
of the plants in question and thus acted as limiting fac-
tors to their proper or full development or survival.
The second assumption is to the effect that the altera-
tions displayed by a plant in newly encountered habitats
are adaptive and that these changes render the organism
displayving them better fitted to meet the conditions.
Some reactions are of such a nature as to be of benefit
to the plant displaying them, but the worker who assumes
that this is true of all changes even in species which
thrive and luxuriate in the new habitats will soon find
himself widely afield from facts capable of being substan-
tiated by experiments. Thus in the case of the Scrophu-
laria noted above, the new maritime habitat includes a
congerie of agencies which incite it to form enormous
clusters of thickened roots and to exhibit the habit of
branching densely. So many branches are formed in fact
that the conducting channels at the base of the shoot
are incapable of carrying a supply of water adequate to
the transpiratory needs of the foliar organs, although the
vastly increased balance in the root-system would be suf-
ficient to meet the needs of the plant for days, and con-
sequently the widely spreading shoots of these plants
show a large proportion of branches which have about
reached maturity and are dying. The behavior of the
semi-spineless opuntia (0. santa rita) offers illustration
of the same sort. Bearing only a few or no spines in
its native mountains, the new segments in the cool
foggy climate of Carmel are spinose at almost every
areole. Here the result is very plainly one of the awak-
ening of a latency, since it seems fairly clear that this
plant and all of its relatives show spines as a final stage
in the reduction of the shoot system, and that the spine-
less form is the culmination of a line of progress. The
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reappearance of the spines is, therefore, one of regres-
sion; in a paper before this society a year ago I was
able to present results of experimental parasitism, in
which the reactions of autophytic green plants when
grown as parasites included a number of phenomena,
which were not only not adaptive in any sense, but which
might reasonably be considered as distinctly unsuitable.
Among these was included the very striking autonomic
movements of etiolated segments of the prickly pear
(Opuntia) when it was led to fasten upon other plants as
a parasite.?

Many alterations in plants in the cultures, however,
particularly those concerning the reproductive habits,
may readily be interpreted as being adjustments of a
directly adaptive character. With these are many cor-
relative changes which are simply carried along. It
seems fairly certain that the distinction between the pri-
mary adjustive alterations and correlative effects will
be made clearer in any analyses made of the possibil-
ities of inheritance of somatic changes. In connec-
tion with the discussion of the nature of the parasitic
adjustments the behavior of a drop of water when rest-
ing upon a rough surface was offered as an illustration
of the modifications of an organism under environ-
mental influences. The sectors of the drop in direct
contact with a hard object which is not wetted will
be most markedly and directly altered, in a manner
parallel to the reactions in functions most directly af-
fected by environment, while the free sectors or qualities
of the drop or of the organism will be altered in various
degrees by correlation stresses.

So far as the responses in the cultures at the four plan-
tations are concerned, they appear to the fullest extent at
once and in the first generation. Whether any of them may
become fixed and transmissible in a long series of genera-
- tions subjected to the same conditions, like Daphnia, re-
mains to be determined. That this might be the most

*» MacDougal and Cannon, ‘‘The Conditions of Parasitism in Plants,’’
Pub. No. 29, Carnegie Institution of Washington, 1910, p. 37.
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ontogenetic procedure of the plantlet will be much like
that of a seedling.

The exact observation of the manner in which environic
effects may pass the regeneration stage and reappear
has not yet been made to any great extent. Doubtless
many conditions will be found to affect the process.
Bud sports, or vegetative mutations, are, of course, fully
transmissible along a series of stages of division by
cuttings, and many of them have been found to trans-
mit their divergent characters by seed resulting from
close pollination. Mechanically considered, the vegeta-
tive reproduction of a plant consists simply of its per-
petuation through an unbroken chain of metameres or
internodes, each joint arising from a growing point borne
terminally or laterally by its predecessor. The projec-
tion of induced characters formed by metamere 4 into
metamere B, therefore, involves the question of germ-
plasm as represented by the embryonic mass of the grow-
ing points with no opportunity for carrving over struc-
tures mechanically as in the Paramecium. The compar-
ative action in heredity when plants are transported to
new climates through bulbs and tubers and through seeds
is one that has not yvet been made, although doubtless hor-
ticultural and agricultural literature is rich in the records
of facts upon which decisive generalizations might be
made.

The genetic character of environic effects remains to
be considered. In any species or genotype there is,
withal, a limited number of things included within the
morphological possibilities. The appearance of any char-
acter in an acclimatization culture raises a question
at once as to the standing of the new feature. Is it a-
regressive character, once displayed by the species and’
now recalled by the very conditions under which it was
first induced, or is it to be considered as a character de
novo, arising simply and directly in response to the ex-
ternal agencies which have heen seen to induce it? Thus
in the results cited above, our general knowledge of the
Cactace leads us to assert with some confidence that the:
reappearance of a full complement of spines in a prickly
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pear from which they had all but disappeared is a regres-
sion or return to the condition of the greater majority of
the group, a condition which must have been shared by
its ancestors at no remote stage in its progressive
development.

None of the attempts hitherto made to perfect a theo-
retical conception which would be useful in interpreting
the mechanism of environic responses have had anything
more than the most limited usefulness. The stimuli of
climatic and many other agencies do not imply the intro-
duction of any strange or new substances into the bodies
of the organs affected. These agencies might change the
dissociations in such a manner as to modify the relative
number of free ions and thus alter the molecular complex
of the living matter in a very important manner. The
intricaté play of enzymatic action might also be altered,
and any modification of the relative reaction velocities of
the more important processes might result in material .
and permanent change, especially in those cases in which
external agencies interfere directly with the action of the
germ-plasm.

The introduction of solutions into ovaries or the ex-
posure of reproductive elements to unusual irradiation
may raise the additional liability of disturbed polarity
and of modified surface tensions in the cells. It is conceiv-
able that the rearrangement or disturbance of the local-
izations of substances, especially the mineral salts, might
seriously modify the capacities of the bearers of heredity.
These direct and material possibilities offer an adequate
basis for the organization of experimental research upon
the main subject, as well as the means of interpretation
of results without recourse to schemes of particulate
inheritance or theories as to the constitution of germ-
plasm to which may be ascribed usefulness in the discus-
sion of other problems in evolution.

The theoretical consideration of the subject which seeks
to assign all cases of inheritance of enviromic effects to
the direct action of the existing agency upon the germ-
plasm in itself is one to be regarded with some wariness,
as it may lead us into empiric assumptions which may



No. 529] . ORGANIC RESPONSE 37

conceal rather than visualize the actual occurrences.
Direct germinal effects are undoubtedly secured in ovarial
treatments, and Tower’s analytical cultures showed that
certain somatic characters induced directly might be
secured also by direct excitation of the egg. Such con-
currence of reaction may be expected especially with re-
gard to some qualities of simpler organization. Not so
readily interpreted are the responses of Sempervivum.
Alterations in size, number, and structure of floral organs
brought about by excitation during ontogeny are surely
not coordinate with changes in the germ plasm induced
simultaneously. In the case of Capsella the transference
to an alpine habitat of the plant in the shape of seeds is
followed by immediate and direct ontogenetic alterations
affecting a multitude of characters. Not until these so-
matic responses have been repeated, dozens, scores, or per-
haps hundreds of times, is an impression made on the
germ-plasm that allows it to carry the new characters in
the absence of the inducing. These facts suggest to us
that the soma is in the closest association with the germ-
plasm, has both theoretical and actual qualities different
from it, and any changes in these must inevitably be com-
municated, by the action of hormones or other physio-
logical mechanisms.

A brief paraphrase of the foregoing discussion may be
useful in emphasizing some of the more important mat-
ters which have been touched upon. It is readily appar-
ent that the assumption of the inheritance of acquired
characters, after a long period of tolerance, with but
little research activity bearing upon its principal claims,
is coming in for a large share of attention from the ex-
perimentalist, and there seems a fair prospect that de-
cisive facts may be obtained within a period, very brief
in comparison with the century since the principal tenets
of the theory were first formulated. Already results are
available which have been obtained by cultures of animals
from paramoecia to mammals, and of plants from bacteria
to the higher seed-plants.

A critical consideration of the available information
seems to justify the following generalizations:
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External agencies acting upon bacteria, crustaceans,
beetles, fungi, and some of the higher types of seed plants
have been seen to result in the appearance of new types
or genotypes, which have been found to transmit their
characters perfectly through so many generations as to
indicate practical permanency.

In the greater majority of such cases of changes in
heredity, inclusive of Tower’s cultures of beetles, Wol-
tereck’s experiments with Daphnia, Morgan’s results with
flies, and my own ovarial treatments of seed plants the
germ-plasm was exposed to the excitation of unusual cli-
matic factors, irradiation, concentrated nutritive media,
or of solutions of sugar or inorganic salts.

The new qualities were seen to be fully displayed, and
to appear in a mutational manner in all of these in-
stances, although the new head form acquired by Daphnia
in Woltereck’s experiments did not become fixed and
fully heritable until the organism had been kept under
the influence of the exciting agency for an extended period,
nearly two years. The most recent and one of the most
interesting series of results are those which show that
the influence of environic factors upon hybridizations
by excitation of the germ-plasm may alter materially
the results of the unions of identical pairs. This seems
to have bheen first suggested by De Vries and to have
been seen by MacDougal in hybrids of mutants of (no-
thera, while it has been established bevond doubt by the
extensive and conclusive results of Tower in crossing
beetles under various conditions that environic agencies
may exert a very marked effect upon the dominancy of
paired characters and the general composition of hybrid
progenies. A different phase of the matter is represented
by the experiments of Kammerer, in which, characters
constituting temporary sexual dimorphism mendelize
when paired. Aberrants, sports or mutants have been
seen to arise and perpetuate themselves under unusual
culture conditions in yveasts and bacteria, their survival
being dependent upon pedigreed cultures in some cases;
and the successive generations were those resulting from
fissions, although in some cases spores were interposed.
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Many of the purely accommodative adjustments dis-
played by these organisms and by Paramccia as well as
the extremes of variability induced by external agencies
and continued by selection, do not become fixed and are
not transmissible even in a series of generations by fis-
sion. The recent work of Pringsheim, however, shows
that some alterations in the way of accommodations or
functional responses of yeasts and bacteria to unusual
temperatures, culture media, and toxic substances become
fixed and transmissible both by fission and through
spores. It is not clear, however, that the differential
action of the exciting agent upon soma and germ can be
made out, and perhaps nothing more definite might be
said than that hoth are directly and simultaneously ex-
posed and exhibit coincident reaction.

When we pass to a consideration of the results of Zed-
erbauer and Klebs, however, the evidence becomes much
more decisive. A Capsella was found growing at an ele-
vation of 2,000 to 2,400 meters in Asia Minor which had
hairy stems, 2-4 cm. long xerophytic leaves, and reddish
flowers. This plant had been evidently introduced from
the lowlands by man along a route that has been in use
for more than 2,000 vears. The Capseclla of the lower
plains forms a stem 30-40 cm. high, has whitish flowers
and broad leaves; when its seeds are taken to elevations
with climates comparable to the above, individuals are
developed duplicating those of the highlands, so that the
characteristic features of this alpine form are clearly
direct somatic reactions; and that they have become
fixed and fully transmissible is demonstrated by the fact
that in a series of generations grown at lower levels the
stem characters, as well as those of the reproductive
branches and floral organs, retained their alpine acquired
characters, although the leaves, as might be expected,
returned to a mesophytie form with broad laminze.

The results obtained by Klebs include divergences of
stem habit, number and structure of floral organs in
Sempervivum which are not capable of being interpreted
as functional or adaptive responses to the agencies which
called them out and were found to be fully transmissible
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by seeds, in which case it is fairly clear that somatically
produced characters have been impressed upon the germ-
plasm and carried by it to succeeding generations. The
structural and functional features displayed by Semper-
vivum in these laboratory experiments are not adaptive
in any sense in contrast with those of Capsella, which are
direct responses.

The actual transplantation of organisms from one lo-
cality to another, as a method of experimentation, prom-
ises the results of highest value and widest significance,
especially when taken in connection with analytical lab-
oratory cultures. This method of approach is one which
may yield evidence of the greatest value upon the influ-
ence of isolation and other geographical factors, but is
also one which allows the repetitive or mnemonic effects
to be evaluated. When supplemented by laboratory
analyses and cultures to determine-the nature of altera-
tions induced, such methods promise results of the great-
est value. A series of plantations including locations from
mountain tops to the seashore has been established in con-
nection with the Desert Laboratory in accordance with this
idea, and in addition to the interchange of species from
the various localities a number of introductions have
been made from eastern America. Negative or positive
results of sufficient inclusiveness to permit analyses as to
the nature of the exciting agency and the permanence of
the response are yet available.

Some of the characters called out by environic agencies
may be retracements, or regressions, as the reappearance
of spines in cacti, or they may be awakened latencies or
organizations de novo. Some of the responses may result
in sexual dimorphism, while in others the induced char-
acters may be sex-limited. The alterations induced by
external agencies may be cumulative or mutative as to
appearance or organization, and they may be permanent
upon first appearance, or on the other hand may need
generations of repetition before becoming fixed. And
lastly the changes may be orthogenetic or heterogenetic
as to direction, adaptive and accommodative or correla-
tive, or wholly inutile as to their functional relations.



THE NATURE OF GRAFT-HYBRIDS

PROFESSOR DOUGLAS HOUGHTON CAMPBELL

STANFORD UNIVERSITY

TaE possibility of hybrids arising as the result of
grafting long has been a mooted point and the subject has
given rise to much discussion.

The history of the small number of graft-hybrids that
have hitherto been recorded is small and is not as com-
plete as might be wished; indeed it has been claimed re-
peatedly that these supposed graft-hybrids are not really
such but have been produced by the ordinary method of
cross-fertilization. The most famous of these graft-
hybrids is the much discussed Cytisus Adami which
originated at Vitry near Paris about 1826. This was
said to have been the result of grafting Cytisus pur-
pureus upon C. laburnum. A series of supposed graft-
hybrids is also recorded resulting from grafts between a
thorn, Crategus monogyna, and the medlar, Mespilus
germanicus. Three of these graft-hybrids were secured
by Bronvaux. The hybrids in this case were not all alike
and were given special names and the genus Cratego-
mespilus was proposed for these bi-generic hybrids.

Of the recent opponents of the graft-hybrid theory the
best known is the distinguished botanist Professor E.
Strasburger, of Bonn. Strasburger made a careful cyto-
logical study of Cytisus Adami which has been retained
in cultivation ever since its origin some eighty-five years
ago. Strasburger came to the conclusion that Cytisus
Adami was a real sexual hybrid and not a graft hybrid.
He believes that if the latter were true the nuclei of the
hybrid would show a double number of chromosomes.
This, of course, implies that in hybrids arising otherwise
than sexually, assuming that a nuclear fusion would pre-
cede the formation of such a hybrid, there would be no

41
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reduction division of the nuclei comparable to that which
normally occurs before the fusion of the sexual cells in
normal fertilization.

c

F1G. 1. A4, seedling of the black nightshade, Solanum nigrum ; B, seedling of a
tomato, 8. lycopersicum ; C, shoot of the graft-hybrid, §. tubingense; D, E, leaves
of the graft-hybrid. 8. protcus. (All tigures after Winkler.)

Neémec,! however, believes that a reduction division
does occur, and there is, therefore, no reason to expect

!Némee, B., ‘‘Zur Mikrochemie der Chromosomen,’’ Ber. der deutsch.
Botan. Gescllsch., 27, 46, 1909.
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an increase in the number of chromosomes in the cells of
the hybrid. If such a reduction does occur Cytisus
Adami would show the same number of chromosomes as
C. laburnum which has the same number as C. purpureus.

The study of graft-hybrids has assumed a new interest
through the very important recent investigations of Pro-
fessor H. Winkler, of Tiibingen. These investigations
prove beyond question that graft hybrids are possible,
and the numerous experiments carried out with every
possible precaution and showing remarkable ingenuity
as well, furnish by far the most important study on the
nature and origin of graft-hybrids that has yvet been pub-
lished. These experiments are being further developed
by Professor Winkler but the results already obtained
are of the greatest interest and value.?

The fact that hybrids may arise as a result of grafting
touches some of the fundamental problems of heredity,
and this makes these papers of Professor Winkler of the
highest importance to all students of heredity, and they
deserve much wider attention than theyv have as vet re-
ceived.

The plants chosen by Winkler for his experiments were
the black nightshade, Solanum nigrum, and two varieties
of the tomato, Solanum lycopersicum. These two species
are very distinct, and indeed many bhotanists regard the
tomato as bhelonging to a distinet genus Lycopersicum, so
that Winkler’s graft-hybrids might bhe regarded as bi-
generic like the Cratego-mespilus graft-hyhrids.

The methods by which Winkler secured his graft-hy-
brids were extremely ingenious. Seedlings of the night-

*1. ‘‘Uber Propfbastarde und pflanzliche Chimeren,’”’ Ber. d. deutsch.
botan. Gesellsch., 25, 568-576, 1907.

2, ‘‘Solanum tubingense, ein echter Propfbastard zwischen Tomate und
Nachtschatten,’’ ibid., 27, 595-608, 1908.

3. *“Weitere Untersuchungen iiber Propfbastarde,’’ Zeitschr. fiir Bo-
tanik, 1, 315-345, 1909.

4. ‘‘Uber die Nachkommenschaft der Solanum-Propfbastarde und die
Chromosomenzahlen ihrer Keimzellen,’’ ibid., 2, 1-38, 1909.

5. ¢“Uher das Wesen der Propfbastarde (Vorliufige Mittheilung).”’
Ber. der deutsch. botan. Gesellsch., 28, 116-118, 1910.
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shade and of the tomato were decapitated and reciprocal
grafts were made. In making these unions the graft was
cut either wedge-shaped or saddle-shaped at the point of
junction with the stock. The graft and stock united
readily whether the nightshade or tomato was used as the
stock. After the union was complete the plant was again
decapitated, the cut being made through the region where
the union had taken place. The cut surface thus exposed
is composed of tissue derived from the two members of
the union and from this cut surface a callus soon develops
from which numerous adventitious buds quickly arise.
It was thought that from some of these adventitious buds
arising at the point of the junction of the graft and stock
there might be produced shoots which would combine the
characteristics of the two, or at least might be composed
of tissue derived from the two parents.

Naturally the great majority of the shoots arising
from the cut surface of the stem were either pure night-
shade or pure tomato. But finally shoots were observed
which were evidently of mixed origin. The first of these
graft-hybrids were obviously composed of pure elements
derived from the two parents. Some of these shoots
were almost equally divided by a median line on one side
of which the organs—stem, leaf, etc.—were those of the
nightshade, while on the other the organs were evidently
derived from the tomato. Sometimes a leaf was nearly
equally divided. In most cases one or the other of the
parents predominated, but there was no intermediate
region between the two kinds of tissues and organs. It
is clear that such monstrous forms, for which Winkler
proposes the name ‘‘chimera,’’ are not hybrids in any
true sense of the word, but have arisen from buds in
which there was a mere mechanical coalescence of tissue
from the two parent forms at the junction of the stock
and graft.

Further experiments, however, resulted in the produc-
tion of shoots in which the characteristics of the two
parents were so intimately combined, that their discov-
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erer felt warranted in assuming that these were really
hybrids, probably arising from the actual fusion of cells
derived respectively from the nightshade and the tomato,
this fusion taking place where the graft had united with
the stock. This cell-fusion was assumed to involve a
fusion of the nuclei as well, analogous to the fusion of the
egg-nucleus with the generative nucleus of the pollen
tube in normal fertilization.

Several types of these graft-hybrids were produced
and to these specific names were given.

The first genuine graft-hybrid was called Solanum
tubingense and it has since been produced several times
and has been propagated by cuttings and distributed to
various botanical gardens. During the past summer I
had an opportunity of seeing this graft-hybrid growing
well in the botanical gardens of the University of Munich.

Solanum tubingense is intermediate in external appear-
ance between the nightshade and tomato but is rather
nearer the former (see Fig. 1, C). The nightshade (A4)
has simple, smooth-edged, oval leaves and an almost
smooth stem. The tomato (B) has compound leaves with
sharply serrate leaflets and all of the varieties are
strongly hairy. The hybrid (see Fig. 1, C) has simple
leaves but they are sharply serrate or often slightly lobed
like the leaflets of the tomato, and both stem and leaves
are abundantly provided with hairs.

The flower in Solanum tubingense is also intermediate
in character. The nightshade has small white flowers
with a smooth calyx whose lobes are very short. The
flower of the tomato is much larger, bright yellow in
color and the lobes of the calyx are hairy and very much
longer than those in the nightshade. The hybrid has
flowers which are intermediate in character. They are
larger than those of the nightshade but much smaller
than those of the tomato, but like the latter the flowers
are a pronounced yellow. The calyx lobes are two or
three times as long as those of the nightshade but much
shorter than those of the tomato. Like the latter, how-
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ever, there are numerous hairs upon the calyx lobes
which in the nightshade are almost smooth.

The fruit of Solanum tubingense is very much like that
of the nightshade but is rather larger, and although it is
black in color there are some traces of the red or yellow
color of the tomato.

Four other well-marked graft-hybrids were secured
to which were given the names Solanum proteus, Sola-
num darwinianum, Solanum koelreuterianum and Sola-
num gaertnerianum,

The first of these originated in a most peculiar fash-
ion. A chimera was obtained which consisted of fwo
hybrid components. One of these was the before men-
tioned S. tubingense while the other was a hybrid which
was more like the tomato. This chim®ra soon divided
into two branches one of which was pure S. tubingense
and the other the new hybrid, S. proteus. The latter
was then removed and rooted and further propagated
by cuttings. This species has very variable leaves (see
Fig. 1, D, E) which on the whole are more divided than
those of S. tubingense, while in the characters of the
flower and the fruit it is more like the tomato than like
the nightshade.

Both of the forms S. koelreuterianum and S. gaert-
neritanum were produced more than once and they are
respectively more like the tomato and nightshade but
each differs in important particulars from either of the
parents.

The form, however, which is of the greatest interest
is the hybrid to which Winkler gave the name S. darwini-
anum, the third to result from his experiments. This
hybrid arose in a quite different manner from the others
and great ingenuity was shown in isolating and prop-
agating it. The shoot from which this hybrid originated
was a chimera which developed from a graft of a tomato
upon a nightshade. This chim@ra was made up prineci-
pally of pure Solanum nigrum, but a small portion of
it consisted of tissue which was different from any
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of the forms which had yet been discovered. The
chimera instead of being made up of two portions united
longitudinally was composed mainly of tissue evidently
of pure Solanum nigrum origin. A small strip, however,
near its base was of a different character. This region
consisted of a single leaf, and a small amount of tissue
lying below belonging to the stem. The same form was
secured a second time where it developed from a five-
fold chimera derived from S. proteus. Unfortunately,
it was not possible to propagate this second specimen.

In order to isolate this new form it was necessary to
cause the axillary bud belonging to the single leaf to
develop into a shoot. This was finally successful after
four decapitations of the Solanum nigrum shoot above
it. The final result was a branch which was very dif-
ferent from any of the previously developed forms and
it was named Solanum darwinianum. The point of spe-
cial interest in connection with this form is that of all
graft-hybrids which Winkler secured, this seems to be
the only one which is likely to prove a hybrid in the
strict sense of the word. This point, however, will be
brought out later in the discussion of the real nature of
these graft-hybrids.

All of the hybrids were propagated further by cut-
tings and with the single exception of Solanwm koel-
reuterianum, were made to produce ripe fruit which in
all cases was more or less intermediate in character be-
tween the fruit of the nightshade and the tomato. In
Solanum darwinianum, however, the fruit was all sterile
and no perfect seeds were formed. The fruit itself is a
small round berry like the fruit of the nightshade in
form, but having the color and structure of the tomato.
In Solanum koelreuterianum the young fruit set but
failed to reach maturity.

Of the hybrids Solanum tubingense is the most fertile
and produces fruit very abundantly. A considerable
number of the fruits, however, are sterile or ‘‘partheno-
carpic’’ and the seeds in no cases reach their full de-
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velopment. Nevertheless Winkler was able to make
these seeds germinate and the second generation of the
plants was reared. S. gaertnerianum produces fruit only
in small numbers but the seeds are perfectly developed
and germinate readily, the same being true of S. proteus.

REvVERSIONS

Winkler observed a number of cases where the graft-
hybrid reverted to one or other of the parent forms.
Similar cases of reversions have .been recorded for
Cytisus Adami and Cratego-mespilus. These rever-
sions were studied with special care in his first hybrid
S. tubingense. In several instances where the plant was
cut off below the first lateral bud numerous adventitious
shoots arose from the cut surface, and while some of
these were pure S. tubingense, others were pure Solanum
nigrum, the parent species which is nearer to S. tubin-
gense. In a similar manner S. proteus was observed
frequently to revert to the tomato, but in no case was
there reversion to the nightshade.

Sometimes spontaneous reversions occur. Thus in S.
" tubingense the apex of a plant was noted which had sud-
denly assumed the characters of S. nigrum. Winkler
gives an excellent photograph of this plant. In other
cases shoots of mixed nature were seen, some having the
structure of chimeras, half nightshade and half the
hybrid form. In these mixed shoots the inflorescence
had flowers of two sorts belonging respectively to the
nightshade and to the hybrid. Similar mixed inflores-
cences have also been observed in Cytisus Adama.

The Second Generation
In S. proteus and S. gaertnerianum perfect seed is de-
veloped and germinates readily. S. tubingense which
sets fruit freely never has the seed fully developed but
as we have already stated Winkler succeeded in germi-
nating these seeds and rearing plants from them. He
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explains the failure of the seeds to develop fully to the
fact that the fruit of the hybrid, which closely resembles
that of the nightshade, ripens before the seeds have had
time to complete their development. The tomato fruit
requires a very much longer time for maturing than does
the berry of the nightshade and a correspondingly
longer time is needed for the seed to be perfected; and
he thinks that the longer time required for the seed de-
velopment in S. tubingense is an inheritance from the
tomato parent, while the fruit is mainly of nightshade
derivation.

All of the seedlings derived from these hybrids re-
verted absolutely to that parent form which the hybrid
more nearly resembles. Thus the seedlings of S. tubin-
gense and S. gaertnerianum are pure S. nigrum, those
of S. proteus pure tomato. This behavior also corre-
sponds to that of the very few cases where seedlings
have been secured from Cytisus Adami, these in all cases
proving to be pure Cytisus laburnum.

Of the Crategus-mespilus hybrids only one, Cratego-
- mespilus asniéresi produced seed capable of germina-
ting. These seedlings were not reared to maturity but
so far as could be judged from the young plants, were
pure Crategus monogyna, the parent which the hybrid
more nearly resembled.?

The third and fourth generations of the S. tubingense
seedlings retain perfectly the characters of S. nigrum
and the same is the case when they are cross-pollinated
by S. nigrum. Attempts to cross S. tubingense with the
tomato resulted in the formation of fruit but no seeds
were developed. It may be also recorded that crosses
between the two parent forms, the nightshade and the
tomato, were without any result.

S. proteus crossed with the two parent forms produced
seed when crossed with the tomato to which it stands the
nearer, and sterile fruit when crossed with S. nigrum.

' Noll, F., ‘‘Die Propfbastarde von Bronvaux,’’ Sitzungsber. der nieder-
rheinische Gesellsch. fiir Natur- und Heilkunde, 1905.
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As yet no seed has been obtained from crosses between
the graft-hybrids themselves.

The Nature of Graft-Hybrids

Winkler concluded at first that all the graft hybrids
except the chimeras probably arose from actual cell
fusion and might be compared directly with hybrids
arising from true fertilizations. It was suggested by
another student of graft-hybrids, Bauer,* that these ap-
parent true hybrids might also be chimaras of a type
which he has called ‘‘periclinal,’’ i. e., the outer tissues
are derived from one parent, and the inner tissues from
the other, but none of the tissues themselves are of
hybrid nature. This hypothesis seemed the more prob-
able from the results of investigations of MacFarlane
upon Cytisus Adami® in which he showed that the epi-
dermal tissues were strikingly like those of C. purpureus
while the inner tissues were like those of C. laburnum.
An investigation of the Cratego-mespilus hybrids re-
vealed a similar state of affairs.

Acting on this suggestion Winkler made a careful cyto-
logical study of his hybrids and found that four of them
were indeed periclinal chimaras. But one of them
seemed to be a real hybrid resulting apparently from a
fusion of cells at the junction of the graft and stock.

The nuclei in the nightshade and the tomato differ
very much in the number of the chromosomes so that the
determination of the origin of the tissues in the hybrid
is made comparatively easy. The chromosome number
in the sporophytic tissue is twenty-four in the tomato
and seventy-two in the nightshade. These numbers
were found in the tissues of all of the graft hybrids ex-
cept S. darwinianum where the reduced number of the

¢ Bauer, Erwin, ‘¢ Propfbastarde,’’ Biologisches Centralblatt, 33, No. 15,
497-514, 1910. ' )

)
® MacFarlane, J. M., ‘A Comparison of the Minute Structures of Plant’
Hybrids with those of their Parents, and its Bearing on Biological Prob-

lems,’’ T'rans. Roy. Soc. of Edinburgh, 37, 203-286, 1895.
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chromosomes in the germ cells was found to be twenty-
four, which was to be expected if these were derived
from cells with forty-eight chromosomes; i. e., one-half
the number of the twenty-four plus seventy-two chromo-
somes of the two parents. It is assumed by Winkler
that a reduction in the number of chromosomes follows -
the fusion of the cells. He says:

This chromosome number, i. e., forty-eight, is most readily explained
by the assumption that in the formation of the graft hybrid a night-
shade cell (with seventy-two chromosomes in its nucleus) and a tomato
cell (with twenty-four chromosomes) united. The resulting cell, from
which the subepidermal layer at the apex of the darwinianum hybrid
arose, had a nucleus with ninety-six chromosomes which then under-
went a reduction division resulting in forty-eight chromosomes.

This study of the tissues of S. darwinianum indicates
that the subepidermal tissue from which the sporogen-
ous cells develop is of genuine hybrid nature arising
from a fusion of cells including the nuclei derived from
the two parent forms.

In his latest paper (5) Winkler gives a brief summary
of his conclusions which are as follows:

Hybrids may be arranged in two groups, sexual and graft hybrids.
The latter may be divided into three classes according to the theoretical
possibility of their method of origin, viz.: (1) Fusion graft-hybrids
arising from a fusion of two somatic cells derived from distinet species.
(2) “Influenced” (“ Beeinflussungs Propfbastarde’”) graft-hybrids
which arise from specific influences of one graft component upon the
other without cell fusion (as through chemical substances, transloca-
tion of cytoplasm, ete.). (3) Chimeras, in which specifically pure
cells from both graft components are combined to form a new individ-
ual. These chimeras may be: (a) Sectorial chimeras in which the two
sorts of cells in the growing point are divided by a longitudinal plane.
(b) Periclinal chimsras in which the periclinal cell layers of the grow-
ing point are furnished respectively from one or the other parent form.
(¢) Hyperchimeras in which the growing point is made up of a
mosaic of cells derived from the two parent forms.

The first of Winkler’s graft-hybrids were unmistak-
ably chimeras of the first type. Of his later graft-
hybrids to which he gave special names, all except S.
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darwinianum are periclinal chimeras. This is true also
of Cytisus Adami and the Cratego-mespilus hybrids.
Thus S. tubingense has its epidermal region derived
from the tomato while the inner tissues including those
which give rise to the sporogenous cells are of night-
shade origin. In S. proteus the reverse is the case.
This explains all cases of reversion to the parent forms
and also the character of the seedlings which in the one
case are pure nightshade and in the other tomato, this
being due to the fact that the spores (pollen spores and
embryo-sacs) arise from sub-epidermal tissues derived
from the nightshade or the tomato as the case may be.

These remarkable experiments of Winkler’s must be
of the greatest interest to all students of the problems
of heredity. They emphasize a fact, too often over-
looked, that it is not always safe to apply to the study of
plants the data of zoology. It must be remembered that
in the evolution of the higher plants there has been a
constant tendency toward a reduction of the sexual re-
productive parts. Many biologists quite ignore the fact
that the flowering plant, as it is generally understood,
is a purely sexless organism. The so-called sex organs,
stamens and carpels, are not such at all, but are non-
sexual sporophylls.

The sexual generation of the highest seed plant is a
far simpler organism than that of the moss or fern and
the sex organs are correspondingly simpler. Moreover
the development of the sex cells and the extraordinary
correspondences in nuclear structure, the reduction
divisions and the mechanics of fertilization must have
developed quite independently of these phenomena in
animal cells, since the two great divisions of organisms,
plants and animals, parted company for good long be-
fore the elaborate structures found in the higher mem-
bers of the two series were developed. Hence it by no
means follows that what is true in one case must neces-
sarily follow in the other.

With the subordination of the sexual generation of
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the higher plants there goes a high degree of regenera-
tive power, a great contrast to the very limited capacity
for regeneration shown by the highly organized animals
where new individuals can only arise through sexual
reproduction. This great power of regeneration in
plants is accompanied by much less specialized cells and
a very imperfectly marked individuality of the organ-
ism as a whole. Any seed plant may be regarded as a
colony of individuals since the parts are repeated in-
definitely and can be made to regenerate the whole plant.
The power of regeneration shown by almost any part of
the plant, even a single cell in some cases, renders any
theory of a special germ plasm out of the question in the
case of plants, however plausible such a theory may ap-
pear when applied to animals.

It is not then so very extraordinary that this regenera-
tion of the plant from somatic cells should be carried so
far as to involve cell fusions such as Winkler believes
preceded the formation of his Solanum darwinianum.
Even if this should not be proved, his experiments show
beyond question the existence of graft-hybrids of a sort
quite inconceivable in any animals except very low types,
such as corals where it is by no means impossible that
similar graft-hybrids might be developed.

It is this positive demonstration of the reality of
“‘vegetative’’ or ‘‘somatic’’ hybrids which gives the ex-
periments of Winkler their greatest value, and it is to.
be hoped that they will serve as a stimulus to other work
in the same direction which may well have a great influ-
ence upon the drift of biological speculations dealing
with the laws of heredity.



A DOUBLE HEN’S EGG!

DR. J. THOMAS PATTERSON,

UN1iversiTY oF TEXAS

DousLeE hens’ eggs have always attracted much at-
tention and the literature covering the records and de-
scriptions of the various kinds has become extensive. In
a comparatively recent paper published in this journal,
Parker? has reviewed the main contributions to the sub-
Jject and from a consideration of these, together with his
own observations on five double eggs, has been led to the
conclusion that at least two factors are involved in the
production of such eggs. According to him, double-yolk
eggs are produced when there is a simultaneous dis-
charge of two yolks from the ovary, whether these are
derived from a single follicle or from two separate fol-
licles ; while inclosed eggs may be the product of a normal
ovary and probably are produced through the abnormal
action of the oviduet, ‘“in that a yolk normally supplied
by the ovary may be abnormally covered, retained and
inclosed in another egg.’’ Parker therefore classifies the
factors concerned in the formation of double eggs as
ovarian and oviducal. Three types of double eggs result
from the action of these two factors: (1) those in which
the yolks have been derived from an abnormal ovary but
have traversed a normal oviduct, (2) those produced by
an ovary and an oviduct both of which have functioned
abnormally, (3) and those in which the yolks have come
from a normal ovary but have passed through an abnor-
mal oviduct.

The egg described in the following pages clearly be-
longs to the third type, and since it possesses certain

! Contributions from the Zoélogical Laboratory of the University of
Texas, No. 107.

*‘‘Double Hens’ Eggs,’’ by G. H. Parker, AMERICAN NATURALIST, Vol
XL, 1906.
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peculiarities that have not appeared in any previous ac-
count, seems to be worthy of record. It should be kept
in mind, however, that the value of such descriptions does
not come from the morphological features revealed, no
matter how bizarre these may be, but from the fact that
considerable light is often thereby shed on the complex
physiology of the reproductive organs, and it is with
this idea in mind that the following record is made.

The egg in question, which was kindly handed to me
by Mr. S. L. Pinckney, Austin, Texas, was laid March 28,
1910. It was stated that several double eggs had been
received from the flock from which this egg came, but
whether they were all laid by the same hen could not be
ascertained. The egg was large, measuring 85 mm. in
. its long axis and 62 mm. in the short axis, and was
slightly smaller at one end than at the other, so that we
may speak of the blunt and pointed ends. It was prac-
tically a soft-shelled egg, in that the amount of lime de-
posited on the shell-membrane was very small, and for
the most part was collected into little nodules scattered
about over the surface (Figs. 1 and 2). A microscopical
examination of the shell-membrane did not reveal any-
thing unusual, for it consisted of the two characteristic
layers, a thick outer and a thinner inner; but on cutting
it open I was surprised to find another shell-membrane
lying almost directly beneath it (Fig. 2). The two mem-
branes were separated by the very thinnest layer of
watery albumen. This second or inner membrane was in
every way normal, and perfectly white, but was entirely
void of lime deposits, reminding one very much in its gen-
eral appearance of the membranes on eggs which have
just reached the isthmus.

The contents of the inner shell-membrane consisted of
much albumen in which were imbedded a hard-shelled
egg and a yolk (Fig. 3). Upon examination the inclosed
egg was found to be perfectly normal in every respect,
and its yolk contained a healthy blastoderm. The in-
closed yolk, although normal in structure, was much dis-
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torted, owing to the pressure exerted upon it by the ap-
proximation of the hard-shelled egg. The albumen
closely adhered both to the egg and to the yolk, but much
of it was of a liquid nature, as was indicated by the ease
with which it flowed out of the cut first made in the inner
membrane.

The accompanying diagram will make clear the rela-
tion of the various parts of this interesting monstrosity
(Fig. 4). The inclosed egg lies toward the pointed end

F16. 4. Diagram of a median sectlon of the egg. i.2.m., inner shell-mem-
brane, the two llnes representing its two layers; o.s.m., outer shell-membrane ;
8, shell of the Inclosed egg; y, yolk of the inclosed egg; y’, yolk of the inclosing
egg. Natural size,

of the inclosing egg, and its long axis meets the corre-
sponding one of the double egg at an oblique angle. On
account of this inclination of the inclosed egg its pointed
end lies nearer to the blunt than to the pointed end of the
inclosing egg. The inclosed yolk occupies the blunt end
of the inclosing egg and is considerably distorted by
pressure. The chalaze are but poorly developed, but
the axis formed by a line passing through their points
of attachment to the vitelline membrane approximately
coincides with the long axis of the inclosing egg, showing
that the yolk has maintained its original orientation.
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As I have pointed out above, the most interesting ques-
tion regarding this egg pertains to the physiology of its
formation. Parker states that two hypotheses have been
advanced to explain how inclosed double eggs are formed.
According to one of these, which was first advocated by
Panum,® the inclosed egg remains in the distal part of
the oviduct until overtaken by a second one, when both
are then surrounded by a common envelope; according to
the other a completely formed egg is carried by antiperi-
stalsis back up the oviduct, where it meets a second one,
and the two passing down become covered by a second
shell and are laid. It seems quite evident from the de-
scription of the egg just given that it is the produect of
antiperistalsis, but the especial interest lies in the fact
that this process has taken place twice.

The first antiperistalsis took place immediately after
the hard-shelled egg was formed, and of course caused its
migration to the upper or proximal end of the oviduct
where it met the second egg. This meeting must have
taken place very close to the infundibulum, for otherwise
the yolk of the second egg would have possessed much
larger chalaze.

The second antiperistalsis occurred immediately after
the inner of the two shell-membranes had been laid down,
and must have succeeded in carrying the double egg up
the oviduct to a point where albumen is secreted, that is,
to a place slightly above the beginning point of the isth-
mus; for it is only on this assumption that we are able to
explain how a thin layer of albumen came to exist be-
tween the two shell-membranes. The small amount of
lime deposited on the outer of the two shell-membranes
indicates that the egg did not remain long in the uterus,
but must have been laid shortly after having entered that
organ.

In many respects this egg conforms to the facts already
seen in the inclosed types of double eggs; thus the in-

® Untersuchungen iiber die Entstehung der Missbildungen zun#chst in
den Eiern der Vigel,”’ by P. L. Panum, Berlin, 1860.
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closed egg lies near the pointed end of the inclosing one,
and it was laid during the time of year when such eggs
most frequently appear, that is, in the winter or spring;
but it differed in one rather important respect. The
pointed end of the inclosed egg does not lie in the same
direction as that of the inclosing one. This unusual
position of the inclosed egg doubtless has been brought
about by crowding, and does not indicate necessarily that
it was at first incorrectly oriented.

Among the more important things so far revealed by
a study of inclosed double eggs is the light thrown on the
problem of the orientation of the egg in the oviduct, a
problem in which the writer has been deeply interested.
These eggs clearly demonstrate that when an egg has
once entered the oviduct its original orientation in that
organ is maintained during the formation of the enve-
lopes, no matter to what extent it may have been moved
up and down the reproductive passage. This fact
strongly supports the conclusion reached by the writer*
in a recent contribution, in which it was pointed out that
the definite orientation of the egg in the reproductive
passage is not a matter of chance, but is something that
is handed on to the oviduct by the ovary, that is to say
that the ova in the ovary have a definite polarity which
is passed on to the oviduct through the mechanism of the
infundibulum.

¢¢¢The Early Development of the Hen’s Egg, I., History of the Early

Cleavage and of the Accessory Cleavage,’”’ by J. Thomas Patterson, Journal
of Morphology, Vol. 21, 1910.



NOTES AND LITERATURE

HEREDITY

One of the most important papers relating to heredity that
has appeared in recent months is that of Tower, dealing with
hybridization investigations with species of the genus Leptino-
tarsa.’® 1 shall not here attempt an extensive review of this
paper, but mention it rather as a means of calling attention to
its importance and suggesting that any one interested in theo-
retical discussions of heredity should not fail to read it. Tower
has done an immense amount of work with this genus. His re-
sults lead him to accept the factorial hypothesis as an explana-
tion of Mendelian phenomena but to discard wholly the de
Vriesian interpretation of these factors. The most important
contribution in this paper is the apparent fact that the environ-
ment at the time when eggs are fertilized may change very ma-
terially the nature of the hereditary factors. It is unfortunate
that the author does not give more details in connection with
this conclusion. The data he does give are mixed and contra-
dictory. There has possibly been an error in printing Tower’s
paper, but if not there was a serious error in its preparation, as
will be seen from the following. In experiment 409, which was
several times repeated, the results were exactly as if one of the
parents had been a heterozygote between the two species. F, con-
sisted of two types, one of which was identical with the female
parent and the other intermediate between the two. The one
like the female parent bred true to that type, while the other
behaved in all respects as a heterozygote. In experiment 410
the same two species were utilized, but the temperature and
humidity conditions at the time the eggs were fertilized were
made quite different. This experiment, which was repeated
eleven times, gave in every case ordinary Mendelian phenomena.

In experiments 409/411, which was performed seven times,
one set of eggs from the same cross as above was produced
under conditions identical with those of experiment 409, and in

* Tower, Wm. L., ‘‘ The Determination of Dominance and the Modifica-
tion of Behavior in Alternative (Mendelian) Inheritance, by Conditions

Surrounding or Incident upon the Germ Cells at Fertilization,’’ Biol. Bull.,
XVIII, No. 6, May, 1910.
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each case gave identical results with those of 409; that is, F,
consisted of two types, one heterozygote, and the other homozy-
gote of the maternal type. Using the same individuals which
produced a set of eggs of this kind to secure another set of eggs
produced under the conditions of experiment 410, the results
in each of the seven experiments gave F, which behaved in all
respects as a homozygote of the maternal type. This fact is set
forth in considerable detail and Plate III illustrates it just as
here described. This result occurred in all cases whether the
set of eggs produced under the conditions of experiment 410
was produced before or after the set which gave the results of
experiment 409. Now the remarkable thing about this experi-
ment is this. While in experiment 410 the results in each of the
eleven cases gave ordinary Mendelian heterozygotes in F,, in
each of the seven cases of 409/411 the eggs produced under the
same conditions as 410 gave homozygotes of the maternal type.
Thus, the conditions of experiment 410 in eleven cases gave one
result, in seven other cases they gave an entirely different re-
sult, and the only difference in the conditions was that in
409/411 the female either had produced or was in the future
to produce a set of eggs under the conditions of experiment 409
(p. 295).

Thus, on page 294, in describing experiment 410, it is stated
that experiment 410 gave F, all heterozygote; on page 330 it is
stated that experiment 410 gave F, all homozygote of the ma-
ternal type; on page 295-6, in describing experiment 409/411,
it is stated that, under the conditions of experiment 410, this
experiment gave F, all homozygotes of the maternal type; and
on page 304 it is stated that experiment 409411, when per-
formed under the conditions of 410, gave results identical with
those of 410. These statements are directly contradictory.
We must withhold judgment on this point of influencing the
hereditary factors at the time of fertilizations, until Mr. Tower
informs us which of these statements are correct.

In these exceptional cases, where the F, hybrid behaved as a
homozygote of one of the paternal races, the author does not
tell us whether the F, and later generations were each time pro-
duced under the conditions which produced the aberrant F,.
One would infer, however, that they were not, and that the
change which occurred in the fertilization of the eggs which
produced F, was permanent and not reversible. It is hoped
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that he will give us fuller data on this point in future papers
which are promised.

In several cases Tower mixed three species which interbred
freely and left them under natural conditions for several years.
A careful study of the progeny in each case showed that a new
type arose, consisting of a complex of the characters of the old
types, and that this new type rather rapidly replaced every
other type, although some of these other types were known to be
quite capable of existing under the conditions of the experi-
ment. This would indicate that in some way the new type had
a distinct advantage over the other types with which it com-
peted for food, or possibly the repeated crossing of the types
was in some way inimical to all the types except the one. Ex-
periments of this character show that hybridization may be an
important factor in the development of new varieties or pos-
sibly new species.

From the fact that when the same species are mixed together
in two places where the conditions are different, the resulting
type which finally wins out and becomes practically the sole
representative of the mixture, is different under different con-
ditions. Tower draws the conclusion that the conditions sur-
rounding the germ cells at the time of fertilization ‘‘ profoundly
modify the behavior and the relationships of the characters en-
tering into the crosses.”’ This conclusion seems hardly justified.
Of course it: may be correct, but the well known fact that from
complex crosses of this kind a great many types may result
from what we know of the behavior of Mendelian characters
and that these tyvpes would naturally bear different rela-
tions to the environmental conditions offers apparently a
much simpler explanation of the reason for the survival of
the one type under one-set of conditions and another type
under another set of conditions. It seems hardly necessary
to assume that the conditions existing at the time of the fertil-
ization of the egg determine the characters which were to result
from the fertilization to explain this particular phenomenon.

Subsequent investigation of these new types of mixed origin
showed that in all cases they occasionally produced individuals
different from the general population but which in all cases ex-
hibited characters which were present in the original parents
of the complex mixture. Tower repeatedly compares this phe-
nomenon to the phenomena which de Vries observed in (Eno-
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thera lamarckiana, and suggests that the mutations which de
Vries observed are probably due to previous hybridization.
This is a very interesting suggestion, but the writer is
inclined to believe that the phenomena observed by de Vries
were due to a different cause. It is definitely proved that
in some of de Vries’s mutants the chromosome numbers are dif-
ferent from those of the parent form. Cytological investiga-
tions have also shown that in the reduction division in these
(Enothera mutants there are frequent irregularities in the dis-
tribution of chromosomes. It seems probable that de Vries’s
mutations are not the result of previous hybridizations but
rather are due to irregular behavior of chromosomes in the re-
duction division. If this is true then the phenomena observed
by de Vries would be due to a different cause from that which
presumably produced the results which Tower observed. In
the case of Tower’s results we can explain the facts by the as-
sumption of simple Mendelian segregation. In de Vries’s work
there is evidence that the phenomena are due to a different
cause.

1t is gratifying that Tower takes a very broad view of the fac-
torial hypothesis of Mendelian phenomena. On page 323 he
remarks:

This factorial point of view is in no wise, of necessity, to be tied to
or confounded with such speculations as the id-determinant-biophore
fabric of Weismann, nor with the pangene complex of de Vries, which
have no foundation in fact.

This is the view which the writer has held for years and has fre-
quently set forth in these pages. I have also frequently pointed
out that we do not yet have sufficient knowledge of the phys-
iological processes of living matter to permit us at the present
time to formulate an adequate theory of the phenomena ob-
served in hybrids. I think we can, however, point out the gen-
eral nature of the causes underlying these phenomena, as I
have attempted to do in my theory of Mendelian phenomena.'®
In speaking of the difference in germ cells with respect to given
characters, he has the following to say:

What this difference in the gametes is we do not know, but observed
behaviors are interpreted as being, most probably, due to the mechan-
ical separation into different germ-cells of whatever it is that produces
the contrasting attributes—segregation during gametogenesis.

1 American Breeders’ Magazine, Vol. I, No. 2.
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He further remarks on page 328:

At present in biology we have no business with ultimate conceptions,
and the two thus far attempted of germinal composition—the “ par-
ticulate conception” and the “ erystalline entity” are both equally
dismal failures and equally useless as working hypotheses.

The statement on page 335, that characters which Mendelize
are in the main unimportant attributes of the organism and
only rarely are of importance in the struggle for existence,
is a little bit strong. Apparently it would have been better to
state that those characters which have been shown to Mendelize
are of this nature. Unfortunately, most of the work of the
Mendelians has been done with these superficial, easily observed
characters. I see no reason why any character whatever might
not, from the failure of some chromosome to perform a usual
function, give a variation which would behave in Mendelian
fashion if the resulting type were capable of propagating and
crossing with the parent type.

Tower’s paper will undoubtedly have an important influence
on hiological thought. as it deserves to have.

W. J. SpILLMAN,
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THE APPLICATION OF THE CONCEPTION OF
PURE LINES TO SEX-LIMITED INHERI-
TANCE AND TO SEXUAL DIMORPHISM!

PROFESSOR T. H. MORGAN
CoLuMBIA UNIVERSITY

In the same sense in which our ideas concerning
variation and heredity have been entirely revolutionized
since 1891, so has a similar change taken place in regard
to our theories of sex determination. Sex is now treated
by the same methods that are used for Mendelian char-
acters in general. From this point of view I propose to
consider to-day three questions, intimately associated.
First, the treatment of sex as a Mendelian character;
second, the relation between sex and the inheritance of
secondary sexual characters; third, the bearing of the
recently discovered cases of ‘‘sex-limited-inheritance’’
on the problem of the transmission of characters in
general.

Most modern theorists are in agreement that the
heredity of sex can be best understood when one sex is
regarded as a pure line, or homozygous, and the other
sex is treated as a ph®notype, i. e., as heterozygous.
The experimental evidence has made it plain that in
some animals and plants it is the female that is hetero-
zygous, and in other animals and plants it is the male
that is heterozygous. Hence have arisen through the
necessities of the situation the two following classes of
formule:

'From a symposium on ‘‘The Study of Pure Lines of Genotypes,’’
before the American Society of Naturalists, December 29, 19 .0,
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Gametes

943 Female ? é
43 Male _d‘ _.<-3‘ )
48 34
female male

99 Female ? ?
24 Male _ Q_ _ h‘;_
29 3
female male

In certain groups of animals, as in Abraras amongst
insects, and in poultry amongst birds, the first scheme is
essential to an interpretation of the facts obtained by
experiment. In other groups, as in Drosophila amongst
insects, and in man amongst the vertebrates, the second
scheme accounts for the experimental results.

These methods of formulation are open to two serious
objections. As the tables show, the combination of @ &
stands for the female in one case, and for the male in the
other. In order to avoid this apparent contradiction it
is assumed that in some groups femaleness dominates
maleness, and in other groups maleness dominates fe-
maleness, which seems to me paradoxical at least.

It will be observed also that in the first of these
schemes the male carries none of the sexual characters
of the female, and in the second scheme the female car-
ries none of those of the male; both of which assump-
tions do not seem to me to be completely in accord with
fact. Cytologists represent these same two schemes in
a different way. They represent in the one case the
female character by X; and the male by the absence of
X. Thus:

Gametes
XO Female X (o)
00 Male 0 0o
X0 00
female male

This representation covers the first class of cases
where the female is heterozygous. For the second class, .
where the female is homozygous, the following scheme is
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used, in which the female is represented by-two X’s and
the male by one X:

Gametes
XX Female X X
X0 Male X o
XX X0
female male

The X0—O0O scheme applies, as before, to the case of
Abrazas and to poultry, and the XX—XO scheme to the
other class of cases. The latter expresses also exactly
what takes place in the chromosomes of those groups
where two classes of sperm exist (in relation to the X
element), as has been demonstrated by Stevens and by
Wilson.

In both of these two latter schemes the production of
the female is ascribed to the presence of the chromosome
X, but in the first formula one X makes the female and
its absence stands for the male, while on the second
formulation two X’s make the female, while one makes
the male. In one case XO is female and in the other XO
is male. Again we meet with the same paradox as in
the first two formulations.

The chief drawback to these formule is, in my opin-
ion, the absence of any character to stand for maleness.
Absence of femaleness does not appeal to me as a suffi-
cient explanation of the development of a male; for the
male is certainly not a female minus the female char-
acters.

Nevertheless, despite these objections I am inclined
to think that these two methods of formulation indicate
the direction in which we must look for an explanation
of the experimental evidence, and that they may be still
utilized provided we can so modify them that their in-
consistences can be made to disappear.

It seems to me that if we are to succeed in bringing
sex into line with Mendelian methods we must be pre-
pared to grant that there are representative genes for
the male condition and others for the female; and we
must so shape our formul® that the female carries the
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genes for the male and the male carries those for the
female. In fact, I am inclined to think that the evidence
forces us to accept Darwin’s original view, that in each
sex the elements of the other sex are present; a view that
has been largely given up by modern theorists (except
by Strasburger). I think that we must accept this in-
terpretation for several reasons. Every zoologist is
familiar with cases in which the same individual may at
first function as a male and later as a female. More re-
markable still is the case of the Nematodes in which in
some species the female has come to produce both eggs
and sperm as shown by Maupas and more recently by
Potts, while in another closely related species it is prob-
ably the male, according to Maupas and Zur Strassen,
that has come to produce eggs as well as sperm. There
is further the class of cases where the female develops
the male secondary characters and the male those of the
female. This class of cases I shall discuss later, for the
value of this evidence will turn on whether these second-
ary sexual characters are represented by independent
genes, or are expressions of the presence of one or the
other sexual condition; or due to a combination of these
two possibilities.

By means of the following formule we can meet the
requirements that the situation seems to me to demand.
If we admit that in the first class one of the genes has
become larger than the other female genes, and if we
admit that in the second class one of the female genes
has become smaller than its sister genes we can account
for the results as the following formule show:

Gametes
Fmfm Female Fm fm
fmfm Male fm fm
Ffmm ffmm
female male
FmFm Female Fm Fm
Fmfm Male Fm fm

Z—Fﬁm Ffmm
female male



No. 530] CONCEPTION OF PURE LINES 69

It should be carefully observed that in this scheme the
female genes, F or f pair when they meet (allelomorphs) ;
likewise the male genes pair only with male genes. In
fact, both genes are carried by all of the gametes. Sex-
nal dimorphism may appear either because one female
gene has become stronger than the others, or, because
one has become weaker. On the first view we have
the case where the female is heterozygous in its female
genes; in the latter case it is the male that is heterozy-
gous in its female genes. If in this latter case we as-
sume that the weakened female gene is contained in the
so-called Y-chromosome we can then understand how it
is that we have a degraded series of this chromosome
leading in some forms to its final extinction, for even its
disappearance leaves the formul® unaffected. On the
same grounds we may anticipate that in those species in
which the X elements are alike in the male, one X in
the female may be found larger than its partner, al-
though visible size differences in the chromosomes are
not essential to the scheme, since these chromosomes
undoubtedly contain many other factors than those of
sex whose presence might obscure size relations even
when such exist in the sex genes.

These formul® appear more comphcated than those
previously given, but in reality they are not so. It is
the presence of m in all of the gametes that gives the
appearance of complication. If this is omitted, as in the
formula glven below, the formul® are no more complex
than those given earlier.

Gametes
Ff Female F f
£f Male f 4
Ff Y
FF Female F F
Ff Male F £
FF Ff

The formule might be further simplified, if it seemed
desirable to do so, by simply indicating the determining
factor in each case as shown below; thus:
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Gametes

FO Female F (o)
00 Male (o] (o]
' FO 00
00 Femal> o o
Of Male (o] b4
00 ot

But this last simplification is misleading, if the thesis
that I shall here maintain in connection with sex-limited
inheritance is correct; because the F’s and the f’s
omitted in the last case are supposed to be carried in
definite bodies, the chromosomes, which also carry other
factors than sex factors, and it is essential to indicate
their presence in some way in order that these other fac-
tors may have some means of transportation.

In a recent paper on sex determination in phylloxerans
and aphids (1909) I discussed at some length different
theories of sex determination, and adopted provisionally
the view that the outcome is determined by a quantita-
tive factor. The present hypothesis is little more than a
further development of this same view,2 but I hope in a
form more in accord with the Mendelian treatment of
the problem. Sex is still represented as the result of a
quantitative factor F' (or f), but its relation to the male
factor is now expressed, for maleness is not assumed, as
before, to be no femaleness or less femaleness. Here, as
there, more of a particular factor turns the scale towards
femaleness in the first class of cases, and less of the fe-
male factor allows the scale to turn in the opposite diree-
tion in the second class of cases.®

31n 1903 I suggested that in the case of the bee a quantitative factor
determines sex, viz., the chromatin; two nuclei producing a female and one
a male. Wilson (19035) has identified the quantitative factor with a special
chromosome and this interpretation of the quantitative factor is here fol-
lowed. On Wilson's view the male condition is represented by the absence
of the X-chromosome in some cases, and by the presence of only one X-
chromosome in the others, (sce ante); but on my view the determination of
sex is regulated by this quantitative factor in relation to another factor,
the male determining element.

3Tt shou!d he pointed out that these formule are in no way related to
a suggestion that T made in 1907 in regard to dominance and recessiveness
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These formule have certain advantages over those
now in vogue, first, because the male gene is not ignored
as a factor in sex determination; second, that its pres-
ence, both in males and females, explains how under cer-
tain conditions the male or the female may assume some
of the characters of the opposite sex; third, that the
paradox of the female being the heterozygous form in
one class and the male in the other class is, in part at
least, resolved; fourth, that the ease with which species
pass from the hermaphrodite condition to that of sexual
dimorphism and the reverse is understandable; fifth,
that the production of males by parthenogenetic females
can be accounted for by the loss of one of the female
genes in the polar body; and lastly, we see how there
may be two kinds of eggs, as in Dinophilus apatris, both
of which can be fertilized ; for, in such cases the sperma-
tozoa should be all alike.

I do not wish to urge this view too positively, for I am
acutely aware that we are only at the beginning of our
understanding of the problem of sex determination, but
I believe that the difficulties of the current hypotheses
must be clearly understood and met if possible.*

THE INHERITANCE OF SECONDARY SEXUAL CHARACTERS

From the point of view reached in the preceding dis-
cussion let us now examine the problem of the inherit-
ance of secondary sexual characters.

Males are distinguished from females not only by the
presence of sperm in place of eggs, but by the presence

in general. That view I have entirely abandoned. In the present hypoth-
esis the relation of the determining elements is stated in the same form as
in other Mendelian formule, with the possible exception that here one gene
is represented as larger or smallcr than its allelomorphs, and the scale is
turned by the mass relation between these female genes and those of the
male.

*I have not discussed here the possibility of selective fertilization,
because if we can explain the facts without this problematical assumption
we simplify the problem greatly. Moreover, the evidence brought forward
by Payne, Brown and myself, while admittedly insufficient, stands definitely
opposed to the view of selective fertilization,
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of different kinds of ducts, glands, copulatory organs, or
other accessory sexual apparatus; and also by structures
not essential to reproduction. These last we call the
secondary sexual characters.

It has long been known that in the embryonic develop-
ment of the vertebrates some of the acecessory organs of
the male appear in the female, and conversely some of
the accessory organs of the female in the male. This
evidence seems to me to point with no uncertain mean- -
ing to the conclusion that each sex carries the genes of
the other. It is however the secondary sexual characters
rather than these accessory organs of which I wish to
speak now; for,these often appear to be present in one sex
only. Are these characters represented in all eggs and
sperm or are they by-products of the sexual condition of
the animal? Fortunately there is a good deal of experi-
mental evidence that bears on this question, but it is also
true that the evidence teaches that the matter must be
handled with care, and if I seem to speak dogmatically
it is for lack of time rather than for want of caution. '

It has been shown by Meisenheimer that removal of
the gonads of the caterpillar of Ocneria dispar fails to
produce any effect, or very little, on the secondary sex-
ual characters of the moth. It would seem, therefore,
‘that these characters are represented in the germ cells in
the same way as are other characters, and are not depend-
ent for their development on the presence of the gonads.
Some mechanism must exist by means of which the genes
of these organs are distributed so that two kinds of in-
dividuals are produced. It has been suggested by Castle
that the secondary sexual characters may be carried by
the Y-element in the formule XX —female, XY —male,
but this hypothesis fails to explain the results when the
Y-element is absent, as E. B. Wilson has pointed out. It
also fails to explain how the male secondary sexual or-
gans can appear in the female after castration.

On the sex formule that I have suggested it is pos-
sible to account for the results, if the genes for these
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characters are carried by all cells alike; possibly they go
along with the male-group, but this is not essential.
Whether they develop, or not, will depend on the pres-
ence of other genes in the cells. Thus when the Fmfm
group is present they will be suppressed, or when, as on
the other formule, the FmFm group is present. We can
understand on this view why in the insects the male sec-
ondary sexual organs do not develop in the female after
removal of the ovaries, because in this group it is not
material derived from this source, but from materials
produced in the cells themselves, that bring about the
suppression.

It has been demonstrated by Geoffroy Smith that
when the young males of the spider crab, Inarchus mau-
retanicus, are infested by Sacculina the secondary sex-
ual characters of the female develop. It appears that
the parasite produces some substance that inhibits the
activity of the male-producing group in each cell, or
counteracts some materials produced there, so that the
female characters now find the situation favorable for
their development. When the young female crab is in-
fected by Sacculina she does not develop the male sec-
ondary characters, which is in harmony with the view
just stated for the manner of action of the parasite.

In birds and in mammals it has long been recognized
that some substance is produced in the ovary that in-
hibits the development in the female of the male second-
ary sexual characters, for, after removal of the ovaries
the male characters may to some extent develop. It
seems fairly clear that here the female group in each
cell fails to entirely suppress the male characters; the
inhibiting effect from this source must be reinforced
from something produced in the ovary. Whether after
castration of the male the secondary sexual characters
of the female develop is not so clear, since some at least
of the characters that characterize the castrated male
may be juvenile. But on my view the possibility exists
for the castrated male to produce the secondary sexual
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characters of the female, if their development is in part
suppressed by substances made in the testis:

The view here presented also allows us to explain how
the secondary sexual characters of the male are trans-
mitted through the female, as they may be so transmitted.

THE INHERITANCE OF SEX-LIMITED CHARACTERS

In recent vears a new class of facts has been discov-
ered that promises to throw a flood of light not only on
the sex-determination problem, but also on the problem
of inheritance in general. I refer to the cases of sex-
limited inheritance.

We mean by sex-limited inheritance that in certain
combinations a particular character appears in one sex
only. An example will make this clear. In one of my
cultures of the red-eved fly, Drosophila, a white-eyed
male appeared. Bred to red-eyed females, all of the off-
spring, male and female alike, had red eves. These
inbred produced red-eyed males and females, and white-
eyed males. In other words the white-eyed mutant
transmitted his character to half of his grandsons, but
to none of his granddaughters.

Yet this white-eved condition is not incompatible with
femaleness; for, it can be artificially carried over to the
female by making a suitable cross. If, for instance, a
white-eyed male is crossed with a heterozyvgous red fe-
male, there will be produced red-eved males and females
and white-eyed males and females.

There are certain combinations of sex-limited char-
acters that give results outwardly similar to sexual
dimorphism. If a black langshan cock is crossed fo a
dominique hen, all of the sons are barred and all of the
daughters are black. If a white-eyed Drosophila female
is crossed with a red male all of the sons will have white
eyes, and all of the daughters will have red eves. I have
another strain of these flies with small wings and still
another strain with truncated wings. If a female of the
former is crossed with a male of the latter strain all of
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the daughters will have long wings and all of the sons
will have small wings, like their mother.

These cases conform to Mendel’s principle of segrega-
tion. Were there time I could show by an analysis of the
problem why these sex-limited characters behave in in-
heritance in a different way from secondary sexual
characters, although the results in both cases may be
accounted for on the assumption that there are genes in
the cells for both kinds of characters. In a word, this
difference exists because one of the factors for the sex-
limited characters in question is absent from one of the
female determining chromosomes, while the genes for the
secondary sexual characters of the male are contained
in other chromosomes, possibly in those that contain the
male determinants.

This interpretation of the relation between the X-
chromosomes and sex-limited characters makes it now
possible to demonstrate a point of great theoretical im-
portance. I invite your serious attention for a few
moments longer to this question. Three other characters
have appeared in my cultures that are sex-limited; one
of these only I may now speak of. A male with wings
half the normal length suddenly appeared. He trans-
mitted his short wings to some of his grandsons, but to
none of his granddaughters. I tried to see if the other
sex-limited character, white eyes, could be combined in
the same individual with short wings. As the next dia-
gram shows a red-eyed short-winged male was bred to a
white-eyed female with normal wings. All of the off-
spring had long wings; the female had red eyes and the
males white eyes. These were inbred and produced
white and red-eyed males and females with long wings,
red-eyed males with short wings, and white-eyed males
with short wings. In the last case the transfer had been
made. The reciprocal cross also given in the diagram is
equally instructive.
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LWF — LWF Long-winged, white @
SRF O Short-winged, red '3

LWFSRF — LWF

LWF SRF SWF LRF Q Gametes
LWF — O 4 Gametes

LWFLWF Long-winged Q white eyes
SRFLWF  Long-winged Q red eyes
SWFLWF Long-winged Q white eyes
LRFLWF Long-winged Q red eyes

LWF Long-winged & white eyes
SRF Short-winged J' red eyes *
SWF Short-winged & white eyes
LRF Long-winged J' red eyes
LRF LRF Long-winged, red Q
SWF O  Short-winged, white &

LRFSWF — LRFO
LRF SWI LWF SRF Q Gametes
LRF (0] & Gametes

LRFLRF  Long-winged Q red eyes
SWFLRF Long-winged Q red eyes
LWFLRF Long-winged Q red eyes
SRFLRF  Long-winged Q red eyes

LRF Long-winged & red eyes
SWF Short-winged J' white eyes
LWF Long-winged 4 white cyes
SRF Short-winged &' red eyes

In both cases the combination is possible because in
the female of the hybrid (F',) a shifting of the gene for
long and that for short wing (both carried by the X-
chromosome) takes place. This interchange is possible
during the synezesis of the two X-chromosomes. On the
other hand the male contains only one X-chromosome
which has no mate, hence the gene for long wings in the
hybrid (F,) can not leave that chromosome to pass jnto
the male-producing group. If it could do so short-winged
females would also appear, but as T have shown they are
not present in the second generation.

Interpreted in terms of chromosomes these results can
have, in my opinion, but one meaning. During union of
homologous chromosomes (during synezesis, perhaps)
homologous genes pair and later separate to move to op-
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posite sides (or enter the chromosome sometimes one
way and sometimes the other). All the genes contained
in the X-chromosomes can thus shift in the female be-
cause in this group two X’s are present. Sex-limited
inheritance is only possible where similar conditions
exist (either in the male or in the female) and since in
man color blindness follows the same scheme as does
white eyes in my flies, we have an experimental proof that
in the male of homo sapiens there is only one X-chromo-
some, and this, in fact, Guyer has just shown to be the
case from cytological evidence. But by parity of rea-
soning it is the female in Gallus bankiva that should have
only one X present, but Guyer is persuaded that here too
(at least in the race of fowls he studied) the male has
only one X-chromosome. There is then in this case a
contradiction between the experimental evidence and that
furnished by cytology and it remains to see which is
correct.

Bateson has shown that some of these cases of sex-
limited inheritance can be explained on the grounds that
there is a repulsion between the female-determining fac-
tor and that character that is sex-limited. The viéw that
I maintain does not involve the idea of a repulsion be-
tween unlike elements, not allelomorphic. Spillman’s
hypothesis also involves this idea of repulsion between
unlike elements. On my view, on the contrary, an at-
tempt is made to show how the results may be due to a
connection existing between certain material bodies in
the egg; a connection that is consistently carried through
successive generations, and subject only to the ordinary
interchange of genes between homologous chromosomes
(when a pair of chromosomes is present).®

For several years it has seemed to me that the chromo-
some hypothesis, so called, could not be utilized to ex-
plain the Mendelian results in the form presented by

* The hypothesis advanced here to explain sex-limited inheritance applies
also to Abraxas if the latter follows the Fmfm scheme and if in the egg

there is no interchange between the F-bearing and the f-bearing chromo-
somes.
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Sutton, because, if it were true, there could be no more
Mendelian pairs in a given species than the number of
chromosomes present in that species. Even if this ob-
jection could be avoided® the more serious objection still
remained, namely, that with a small number of chromo-
somes present many characters should Mendelize to-
gether, but very few cases of this sort are known. De
Vries was the first, I believe, to point out that this objec-
tion could be met if the genes are contained in smaller
bodies that can pass between homologous pairs of chro-
mosomes; and Boveri has admitted this idea as compat-
ible with his conception of the individuality of the
chromosomes. In the case of the inheritance of two sex-
limited characters in the same animal we have an experi-
mental verification of this hypothesis.

¢ Spillman’s suggestion that the difficulty exists only when it can be

shown that more dominant characters can occur in the same individual than
the number of chromosomes seems to me only to push back the difficulty.



PURE LINES IN THE STUDY OF GENETICS IN
LOWER ORGANISMS!

PROFESSOR H. S. JENNINGS

THE JoENS HOPKINS UNIVERSITY

ATt the meeting of this society a year ago I asked in a
paper read,? whether the pure line idea did not deserve
agitating a little before this society, and I tried to agitate
it. This was because I saw that for practical purposes
of future work it would be necessary to make up my mind
as to the importance of this idea, and it seemed that other
members of the society might be in the same situation and
that we might help one another. My method of agitation
was to give the apparent relations of the results of work
along this line up to that time, to one of the burning
problems in our field—the problem of selection. In the
few minutes that each of us have here the purpose of
agitation can be served and general results brought
sharply into view only by naked and dogmatic statements,
such as one would never use under other conditions.
Such naked and dogmatic presentation has serious dis-
advantages—felt most decidedly by the author when his
critics hold the mirror up to nature. I have therefore at
times regretted giving forth this paper. But if it has in
any way acted as an irritant to arouse the discussion fore-
shadowed in our present program, I shall feel that its
good results outweigh its painful ones, and that it was
worth while after all. We are apparently to have
brought before us a part of that ‘‘thorough try out’’ that
I asked for, and from a study of our program I think I
can see that it is not all to be a pzan of praise for the pure
line work. Such illumination and such interest as comes

! From a symposium on ‘‘The Study of Pure Lines or Genotypes,’’ be-
fore the American Society of Naturalists, December 29, 1910.
* This JOURNAL, March, 1910.
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from having both sides presented I believe that we have
before us.

‘What I wish to attempt is to give some concrete illus-
trations of the answer to the question discussed by Dr.
Webber—What are genotypes? I note that some of the
titles on our program speak of the genotype hypothesis,
the pure line theory. What I wish to emphasize is that
these things, whatever we call them, are concrete realities
—realities as solid as the diverse existence of dogs, cats
and horses. I find in many biologists not working in
genetics an incorrigible bent for seeking under such a
term as genotype something deeply hypothetical or meta-
physical, and for characterizing it therefore boldly as
purely imaginative. This is merely because such
workers have not the things themselves before them.
The genotype is merely a race or strain differing heredi-
tarily in some manner from other races. Neither the
idea nor the fact is a new one, and we should perhaps do
better to discuss merely the importance of distinguishing
in our work the diverse existing strains—rather than to
introduce an unfamiliar term for a familiar thing. But
investigation has shown the existence of these strains to
play a part of such hitherto unsuspected importance that
it has seemed worth while to introduce a more precise
term, which shall emphasize their importance for work in
genetics. In work with a certain lower organism—
Paramecium—TI have found the existence of these diverse
strains or genotypes to be the guiding fact, not only for
work in genetics, but for all exact work in comparative
physiology. I wish to show how this is true.

We must then distinguish clearly these concrete
realities called genotypes from any theories that have
been built up in connection with them; from any generali-
zations based on their study up to this time. The exist-
ence and importance of genotypes are not bound up with
any particular theory regarding selection or any other
single point. In lower organisms, at least, genotypes or
pure lines are merely the name for certain actual exist-
ences that you have before you; for facts that strike you
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in the face. We have, side by side in the laboratory, a lot
of diverse sets of our organisms, each set derived origin-
ally from one individual, and each differing characteris-
tically but minutely from the others—the differences per-
sisting from generation to generation. The behavior and
properties of these things are of course a matter for
further study. Can selection change them? Can envi-
ronmental action permanently modify them? These are
matters quite distinct from the existence of the genotypes.
To get a clear grasp of the matter, I believe that those
not working with lower organisms will find it worth while
to try to realize the condition which the investigator in
this field has before him. A comparison may help. In
lower organisms the genotype is actually isolated, each in
a multitude of examples, which live along without admix-
ture, visibly different from all others, for many genera-
tions, before again plunging into the melting pot of cross-
breeding. In higher organisms we should have the same
thing if every rabbit, every dog, every human being,
multiplied by repeated division into two like itself, till
there were whole counties inhabited by persons that were
replicas of our absent president ; cities made up of copies
of our secretary, and states composed of duplications of
the janitor I saw outside. Every human being, as it now
stands, represents a different genotype (save perhaps in
the case of identical twins), and these genotypes become
inextricably interwoven at every generation. It is there-
fore easy to see how the genotype idea might appeal to
workers among higher organisms as a mere hypothesis.
What then are these visible, tangible, isolated geno-
types (or races, or strains) of lower organisms, and how
are they distinguished? Taking Paramecium as a type:
* 1. Some of them differ in size—the size of each remain-
ing closely constant, under given conditions, for hundreds
of generations; for years. This was the first difference
observed, and I tried to demonstrate it by giving meas-
urements of successive generations of the different races.
But to the worker in the laboratory these differences are
evident without refined measurements; the student is at
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once struck with the fact that one culture is formed of
individuals that are throughout and constantly larger
than those of another culture.

And here, in view of that extraordinary cry ‘‘no here-
dity without a correlation table’’® (a cry that at once
annihilates most Mendelian evidence of heredity), it may
be well to define a little more precisely what is meant by
saying that the diverse sizes are hereditary in the differ-
ent races. It means that if you keep your different geno-
types side by side under precisely the same conditions,
you will find whenever you choose to examine and meas-
ure them, that each has a characteristic size, differing
from that of the others. If therefore you follow the
diverse lines from generation to generation you will get
a set of chains, each with links differing characteristically
throughout from the links of the other chains. It means
that it is possible to predict the diverse relative sizes that
will be found in the different races, and that when you
examine them a hundred generations later, you will find
the prediction correct. These striking facts are what are
meant by the statement that the diverse sizes are heredi-
tary in the different lines—and the way to determine
whether the statement is true or not is to examine the
lines from generation to generation to see if the state-
ment is verified. To neglect this obvious fact; to mix all
your lines together and then, in order to find out if size is
inherited, to laboriously work out coefficients of correla-
tion by refined biometrical methods—is like cutting serial
sections ten microns thick of an eel, in order to find out
whether it has an alimentary canal. Persons have been
known to so bedevil material with refined histological
methods as to quite miss the alimentary canal of an eel.
The way to see it is to open the animal up and take a look -
atit. The way to see diverse genotypes is to isolate them
and look at them and measure them and compare them.
If the use of correlation tables should succeed in obscur-
ing these striking facts (as should not be the case with
proper handling) this would merely show the worthless-

! Compare Pearson, Biometrika, 1910, Vol. 7, p. 372.
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ness of this method of attempting to learn the important
biological facts under consideration.

2. Some of the genotypes show slight but constant
differences in structure, which I shall not dwell upon
here.*

3. They show most varied differences in their physio-
logical characters. These physiological differences may
go with differences in form and structure, or apparently
they may not—so that we find types that differ, so far as
detectable, only in physiological peculiarities.

This fact becomes of great practical importance for
all physiological investigations, as a few examples from
Paramecium will show:

(a) The races or genotypes differ in the conditions, both
external and internal, that induce conjugation. A worker,
using a certain strain, works out the conditions inducing
conjugation and gives precise directions for accomplish-
ing this. His colleague, with another strain, finds this
work all wrong, and the controversy on this ancient
question continues. One of my strains can be absolutely
depended on to conjugate monthly if certain definite con-
ditions are furnished; another under the same condi-
tions never conjugates; others show intermediate con-
ditions. These differences require no biometric methods
for their demonstration.

(b) Again, the genotypes differ in rate of multiplica-
tion; under the same conditions some divide once in
twelve hours; others once in twenty-four or more hours;
others have intermediate periods.

(¢) The genotypes differ as to the conditions required
for their existence and increase. Several strains, out-
wardly alike, living in the same medium, are cultivated
side by side on slides, in the usual hay infusion. One
flourishes indefinitely. Another multiplies for ten gen-
erations, then dies out completely, and this is repeated
invariably, no matter how many times we start anew our

¢*For a detailed, illustrated account of the characters, both structural
and physiological, of these races, see Jennings and Hargitt, ‘‘ Character-
istics of the Diverse Races of Paramecium,’”’ Journal of Morphology, De-
cember, 1910.
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cultures of this genotype. A third lives along in a sickly
way, barely maintaining its existence.

Thus we get in our laboratory striking cases of nat
ural selection between genotypes. To recall our com-
parison with human beings, if we could mix an entire
community composed homogeneously of, let us say,
Roosevelts, with another of copies of your ash man—
which would be likely to survive? If we place together
in the same culture two genotypes of Paramecium, as I
have many times done, almost invariably one flourishes
while the other dies out. This ruins many a carefully
planned experiment ; it must take place on a tremendous
scale in nature.

What distinguishes the different genotypes then is,
mainly, a different method of responding to the environ-
ment. And this is a type of what heredity is; an organ-
ism’s heredity is its method of responding to the envir-
onmental conditions. Under a given environment the
genotype A4 1is large, while the genotype B is small.
Under a given environment the strain C conjugates,
while D does not. Under a given environment the strain
E divides rapidly, F slowly or not at all. The various
strains thus differ hereditarily in these respects, and we
may say that the differences are matters of heredity.
And yet we can get these same contrasts within any
genotype (as our diagram illustrates), by varying the
environment. The genotype 4 under one environment
is large; under another it is small. Under one environ-
ment the type C conjugates; under another it does not.
Under one environment E divides rapidly ; under another,
slowly. Are then size, conjugation and rate of fission
after all determined by heredity or by environment?
Such a question, when thus put in general terms, is
everywhere an idle and unanswerable one. All environ-
mental effects are matters of heredity when we compare
types differing in their reaction to the environment; all
hereditary characters are matters of environmental ac-
tion when we compare individuals of the same heredity
under effectively different environmental conditions.
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istics are hereditary (as we heard maintained at Woods
Hole some summers ago) ; or, with Brooks, that there is
no such thing as heredity. If we always compare two
concrete cases, asking to what is due the difference be-
tween them, and remembering that a difference in hered-
ity means different response to the same environment,
we shall avoid these confusions, and shall find the con-
cept of heredity most useful.

Do lhereditary differentiations ever arise within our
genotypes, so that from one genotype we get two? In
other words, do we get from a single type strains that
differ in their behavior under the same environment—
the differences persisting from generation to generation?
This is of course one of the fundamental questions. The
genotypes of Paramecium, like those of most other or-
ganisms that have been carefully studied, are singularly
resistant, remaining quite constant in most respects, so
far as has been determined. This is an example of what
gives the genotype concept its practical and theoretical
importance. This is what is meant by saving that selec-
tion and environmental action are usually without in-
herited effect within the genotype. To find differentia-
tions within the genotvpes of Paramecium, we must
examine certain characteristics that are most delicately
poised in their responses to all sorts of conditions; such
is the rate of multiplication. Studying carefully this
most sensitive character, we find that differences do arise
within the genotype. Under given conditions, certain
rare individuals are found that divide more slowly than
usual, others more rapidly, and these differences are
perpetuated from generation to generation indefinitely.
How are these hereditary differentiations produced?

The origin of these differentiations is in Paramecium
as elusive as in most other cases where they have been
discovered. Apparently they arise in our organism as a
result of conjugation within the genotype. Certainly if
after an epidemic of conjugation within the genotype we
cultivate many isolated exconjugants, we find a certain
small number of strains that differ in their rate of fission
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from that which is typical. But the experimental analy-
sis of this matter is still in progress, and conclusions
can not yet be drawn.

It is only in rate of multiplication that I have thus far
found hereditary differences arising within the pure line,
and these but rarely. But this encourages one to hope
that the same may be found for other characters when
these are extensively studied with sufficient minuteness.
The negative results thus far reached do not (as many
critics have pointed out) exclude the possibility that
rare cases of hereditary variation within the pure line
will yet be found. What the negative results have
demonstrated is that a very large share of the observed
variations in organisms are not hereditary, and that se-
lection based on these variations leads to no result—a
conclusion of such great importance as to make the pure
line work epoch-marking in character.

Finally, what happens when diverse genotypes mix in
conjugation? To my disappointment, I have found this
much more difficult to determine for the infusorian than
I expected. This is owing to the fact that the condi-
tions for conjugation differ in the diverse genotypes, so
that it is almost impossible to get them to conjugate at
the same time. Further, in the rare cases where two are
conjugating at once, the assortative mating discovered
by Pearl results in the two sets remaining separate.
Thus I have not yet been able to get crosses between two
genotypes whose characteristics are known beforehand;
and this will be necessary before a study of inheritance,
exact in the modern physiological sense, can be made.
On the other hand, it is possible to get conjugations in wild
populations that include many genotypes, and to com-
pare the results with conjugations where but a single
genotype is involved. Certain most interesting results
appear. In these conjugations of mixed populations, a
great number of diverse combinations are produced; the
variability increases greatly, in size and in other re-
spects. Numbers of the strains produced die, or multiply
so slowly that they have no chance in competition with
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those that are strong and multiply rapidly. Thus many
of the combinations produced are canceled; only the
strongest combinations survive. We have then on a
most extensive scale an operation in natural selection
and the survival of the fittest; the production of many
combinations, some of which survive, while others fail.
As already set forth, there is some indication of the same
process in the case of conjugation within the genotype.
At our last meeting I tried to summarize the facts as to
the relation of genotypic investigation to selection; it
turned out that much which had been deemed a progres-
sive action of selection was not such; and up to that time
the action of selection in modifying genotypes had not
been demonstrated. Similarly, I had earlier summar-
ized the facts regarding selection in behavior, showing
that it there plays a large part. I have hence suffered
the peculiar fate of being belabored as an anti-selectionist
in genetics, while subjected in the field of behavior to
rough treatment as the champion of selection. What I
tried to do in both cases was, to determine how far we had
actually seen the effectiveness of selection—holding this
question quite apart from what we believe must occur, or
believe will be found to occur when we have seen it. It
appeared clear, and still appears clear, that a very large
share of the apparent progressive action of selection
has really consisted in the sorting over of preexisting
types, so that it has by no means the theoretical signi-
ficance that had been given to it. When operating on a
single isolated type it appeared that the progressive
action of selection had not been seen. These are facts of
capital importance to the experimenter; besides their
theoretical significance, they open to each of us the oppor-
tunity to direct our efforts upon precisely this point, and
so perhaps to be the first to see examples of this funda-
mental process not yet seen. I hoped to accomplish this
myself, but after strenuous, long-continued, and hopeful
efforts, I have not yet succeeded in seeing selection effec-
tive in producing a new genotype. This failure to dis-
cover selection resulting in progress came to me as a
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painful surprise, for like Pearson I find it impossible to
construct for myself a ‘‘philosophical scheme of evolu-
tion’’ without the results of selection and I would like to
see what I believe must occur. It is therefore with some
pleasure that I am able to record for Paramecium this
extensive operation of selection among the diverse exist-
ing lines, and particularly in this extensive production of
new combinations at conjugation, with cancellation of
many of the combinations. It would seem that the
diverse genotypes must have arisen from one, in some
way, and when we find out how this happens, then
such selection between genotypes will be all the selection
that we require for our evolutionary progress. What I
hope, therefore, is that some one on our program, more
fortunate than myself, will be able to record seeing the
actual production of two genotypes from one, or the
transformation of one into another, by selection, or in any
way whatever.

Yet even if this is done, we shall make the greatest
possible mistake if we therefore conclude that the exist-
ence of genotypes is unimportant, and throw the matter
aside ; for work with a mixture of unknown genotypes will
always give confused and ambiguous results, whose signi-
ficance no one can know. If on the other hand we work
with single genotypes, or with known combinations of
them, we shall understand what our results mean. And
this applies to work in other fields of biology as well as to
genetics.



SOME EFFECTS OF TEMPERATURE UPON
GROWING MICE, AND THE PERSISTENCE
OF SUCH EFFECTS IN A SUBSE-
QUENT GENERATION?

DR. FRANCIS B. SUMNER
Woops HorLg, Mass.

I must preface my remarks by an apology for coming
before you with some results which have already been
published pretty fully within the past year.? My appear-
ance here may seem the more unwarranted in view of the
limited amount of evidence which I am about to offer
upon those subjects which form the focus of attention at
this meeting, namely heredity and evolution. However,
aside from the fact that T am acting at the instance of our
president, I will say two things in my own defense.
First, the results which I offer, meager as they doubtless
are, appear to be the only ones of just this sort which are
in evidence at present.? And secondly, I am bold enough
to believe that I have developed a promising method of
attacking a few of the many knotty problems which are
bound up together in the time-honored question: Are

' Read before the American Society of Naturalists, December 30, 1910.

*¢‘Some Effects of External Conditions upon the White Mouse,’’ Journal
of Ezxperimental Zoology, August, 1909. ‘‘The Reappearance in the Off-
spring of Artificially Produced Parental Modifications,’’ AMERICAN NAT-
URALIST, January, 1910. ‘‘An Experimental Study of Somatic Modifiea-
tions and their Reappearance in the Offspring,’’ Archiv fiir Entwicklungs-
mechanik der Organismen, June, 1910.

*Since writing this statement, I have received S8emon’s highly interest-
ing paper, entitled ‘Der Stand der Frage nach der Vererbung erworbener
Eigenschaften’’ (Fortschritte der naturwissenschaftlichen Forschung, Bd.
II. 1910). From this T learn that some of the more important features of
my results have been obtained by Przibram, in the course of experiments
upon rats, conducted at about the same time as my own. I have not yet
seen Przibram’s own report of his work. This confirmation will, I trust,

dispel any doubts as to the statistical significance of my own figures, what-
ever interpretation we may choose to give them.
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acquired characters inherited? It is my hope to convince
you that the method which I have employed conforms to
certain a priori requirements, on the one hand, and, on the
other hand, is workable in practise. That my results are
not thus far more imposing is due, I think, to no defect in
the method itself, but to the limitations which encompass
a solitary investigator, deprived of some of the generally
acknowledged desiderata for successful work in animal
breeding, such, for example, as assistants, funds and ade-
quate equipment.

As to the logical requirements for such a test—to begin
with, what is it that we are going to test? The ‘‘inherit-
ance of acquired characters’’?—yes and no. First of all,
that threadbare expression itself must be relegated to
limbo where it belongs. For, not only does it fail to indi-
cate with any precision the subject-matter of our inquiry,
but historically the expression has been applied to a wide
range of phenomena, real and alleged. Some of these we
now know to be fictitious; others, on the contrary, are
acknowledged facts; while others yvet are more or less
debatable. It is with the debatable group, of course, that
we are here concerned. But, even among these, we en-
counter not one problem but many. Suppose, then, that
we drop all vague generalized expressions and consider
one more or less restricted problem: Are specific struc-
tural effects, resulting from the action of external condi-
tions upon organisms of one generation ever repeated in
the next generation under such circumstances that the
immediate and parallel modification of the germ-cells
may not be invoked as an explanation? Under ‘‘specific
structural effects,’”’ I do not wish to include general con-
ditions of health, metaholism, ete.

‘What are some of the necessary conditions for a fair
test of this question? To begin with, we must effect our
modifications in the first generation. And since these
modifications, if repeated at all, will probably reappear
in a much-diminished degree, it would seem far prefer-
able to select characters which lend themselves readily
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to accurate measurement. Qualitative differences, such
as those of color or of physiological reactions, do not
seem well adapted to such experiments, although they
have commonly been the ones dealt with in studies of this
sort.

In the second place, we must choose such an organism
and such a physical agency that the latter may act upon
the former without immediately influencing the germ-
cells. This would seem to rule out of consideration as
really crucial tests of this problem all experiments, how-
ever instructive otherwise, in which modification has been
brought about through the influence of foods, unusual in
amount or in character. For the effect of these upon the
parent body is, of course, a chemical one, and the specific
substances responsible for the modifications are presum-
ably free to enter the germ-cells. The experiments of
Arnold Pictet upon lepidoptera and of Houssay upon
fowls are to be recalled in this connection. Similar con-
siderations apply with equal force to any results from
experiments in which invertebrate animals or ‘‘cold-
blooded’’ vertebrates have been influenced by tempera-
ture. The recent work of Kammerer upon lizards* and
that of various investigators upon butterflies and moths
occur to us at this point; likewise certain features of
Tower’s work on Leptinotarsa. In such cases, by pretty
general consent, we have to do with an ‘‘immediate effect
upon the germ-plasm,’’ and not with transmission at all.
Later, I shall inquire a little into the validity of this
assumption.

In the meantime, I will point out that for certain
classes of animals this objection cannot be raised, at least
in its original form. I refer to the so-called ‘‘warm-
blooded’’ ones. I am not very well versed in that branch
of physiology which deals with temperature regulation,
but the published evidence which I have examined seems
to show that mammals normally undergo but slight fluc-
tuations of body temperature as a result of even very

¢ Archiv fiir Entwicklungsmechanik der Organismen, September, 1910.
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considerable changes in the temperature of the surround-
ing atmosphere.®

Assuming, provisionally, the truth of this proposition,
we may discount in advance the objection that the germ-
cells of a mammal may be influenced by differences of
temperature as such. If these differences affect the
germ-cells at all, and it is reasonable to believe that they
may do so, they must act upon them indirectly.® I shall
revert to this point again shortly.

As some of you may perhaps already know, I have
succeeded for several years past in producing very
decided quantitative differences in certain of the external
parts of mice through the action of widely differing tem-
peratures. . . . (This part of the discussion has been
omitted in the printed report, since the results in ques-
tion have already been fully published.)

In experiments such as those which I am describing, it
is obviously impossible to subject a single individual to
both extremes of temperature during growth, and to com-
pare the differing effects of these upon structure. We
therefore, of necessity, resort to a comparison of aver-
ages, based upon as many individuals as possible. If
each of the contrasted groups is sufficiently large, and if
its members have been taken at random, the presumption

® Przibram found that the body temperature of his rats was somewhat
raised when kept in a room at 30° to 35° (. This last was, however, con-
siderably higher than the mean temperature of my own warm room, and
the limits of physiological adaptability seem to have been overstepped in
his experiments. (See Semon, op. cit., pp. 45, 46.) On the other hand,
Pembrey (Journal of Physiology, 1895) found that the body temperature
of mice did not rise appretiably above the normal when the animals were
kept at a temperature of 29.5° or even 32.5° C. for an hour or more. The
effects of a more prolonged stay were not determined. I have myself
recently commenced experiments with mice, using a special clinical ther-
mometer made for the purpose. I have already (January 21) shown pretty
conclusively that mice may have almost precisely the same rectal tempera-
ture at —6° C. as at + 30°C.

*The same is true even if humidity, rather than temperature per se, is
the factor chiefly concerned in these modifications. As stated in my first
paper (1909), the relative humidity of my heated room was very much

lower than that of the unheated room. Thus far I have not differentiated
the effects of these two factors.
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is that the mean potential (that is to say, congenital)
value of every character is about the same for the two
lots. I fully realize that the study of genetic problems by
the use of mass averages has recently received a decided
set-back, largely through the labors of some of those who
have contributed to our present program. But until
some one is ingenious enough to produce a strain of par-
thenogenetic or self-fertilizing mice, I fear that my only
practical method of procedure in these experiments is to
deal with mass statistics based upon ‘‘heterozygous’’
stock. .

It must also be pointed out that the technique of the
problem which I am discussing is inevitably different

from that involved in the endeavor to find, or to produce,
"~ ““mutations’’ or single abrupt deviations from the parent
stock, which appear at once in full force, if they appear
at all, and thereafter breed true. On the contrary, the
distribution of the lengths for the tail, ear and foot,
within each of the temperature groups in my experi-
ments, appears to follow the normal probability curve,
just as in the case of the so-called ‘‘fluctuating varia-
tions,”” whose heritability is nowadays so much in
question.

In the splendid paper of Professor Johannsen, to which
we listened yesterday, occurs the following statement:
‘‘as yvet no experiment with genotypically homogeneous
cultures has given any evidence for the Lamarckian view,
the most extreme ‘transmission’-conception ever issued.’’
Leaving aside for the time being the question whether
results such as mine, even when every possible defect of
technique has heen eliminated, are to be regarded as
*‘evidence for the L.amarckian view,’’ let us consider for
a moment whether the fact that I have not myself found
it practicable to use ‘‘genotypically homogeneous cul-
tures’’ does, in reality, invalidate the evidence which I
offer. Apparently Professor Johannsen would hold this
to be true. So far as I can see myself, the only difference
between results from pure and from mixed lines in the
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present case would be this. Individuals belonging to a
single pure line would probably respond with much
greater uniformity to the effects of an environmental
change than would those belonging to a composite stock,
consisting of a number of lines. It is quite conceivable
that among these last some would respond in a much
greater measure than others. Or indeed some might not
be affected at all. But here the much-scorned ‘‘mass
statistics’’ would reveal the mean tendencies of the two
lots, and the resulting data, though confessedly capable
of further analysis, would be none the less valuable. If
it be objected that the differences between the two aver-
ages may be due to the presence in one or both of the con-
trasted lots of a few ‘‘mutants,”’” while the remaining
individuals may not have been affected at all, I will only
point out, as above, that the frequency distributions are
directly opposed to such an assumption.

Having produced modifications of the sort mentioned,
it remained to be seen whether these effects persisted
beyond the generation immediately influenced. . . . (This
part of the discussion, including an account of the method
employed, the results, and certain of the possibilities of
interpretation, I have thought it best to omit here, in view
of the fact that I have covered practically the same
ground in statements already published. I will merely
note that the offspring of warm-room and cold-room mice,
although themselves reared under identical temperature
conditions, presented differences of the same sort as had
been brought about in their parents through the direct
effect of temperature, viz., differences in the mean length
of tail, foot and ear.)

There remain two principal alternative explanations.
which are not wholly distinguishable from one another,
and neither of which admits of being stated except in
rather vague terms.

One of these is the assumption that the changes under-
gone by the parent body are in some way registered in the
germ cells, so as to be repeated, in a certain measure, in
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the body of the offspring. This conception has taken
various forms, commencing with Darwin’s hypothesis of
‘‘pangenesis.”’ The same general view has recently been
restated in chemical terms, and in a manner which is
perhaps far less shocking to our common sense.

The other alternative is that of a ‘‘parallel induction’’
or ‘‘simultaneous modification of the germ-plasm,’’
through the direct action of the modifying agent. This
explanation, as we all know, has been freely used by
Weismann and others to account for a considerable range
of phenomena, notably the persistence of temperature
effects in a second generation of butterflies. The phrase
has indeed become so familiar through long repetition
that few of us stop to consider just what it implies.
‘‘Parallel modification of the germ-plasm?’’ How can
the unformed material of the germ cells be modified in the
same manner as certain groups of somatic cells—say in a
butterfly’s wing—even by an all-pervading influence like
temperature? This is obviously not what is intended.
What we mean, concretely stated, is this: the germinal
matter is so affected by the temperature that, after some
hundreds or thousands of cell generations, certain of the
resulting cells will show peculiarities in their pigment-
producing powers of the same nature as those which
arose directly in the somatic cells of the parent. And a
most curious feature of this coincidence is that these
modified cells are situated in precisely the same parts of
the body in the one case as in the other.”

Thus do these very simple explanations have a way of
losing their simplicity when examined critically. In the
present instance, the hypothesis stated may, for all we
know, be the one that most nearly represents the truth.
But it should be stated frankly, in all its complexity,. and
not palmed off upon us as a readily intelligible hypoth-
esis, which relieves us of the necessity of adopting an
‘‘inconceivable’’ one such as that of pangenesis.

" Weismann’s ‘‘determinant ’’ hypothesis offers at least a formal solution
of this difficulty, but I think that most biologists will agree with me that
the solution thus offered is almost wholly a formal one.
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In the case of a warm-blooded animal, of course, such
an explanation as the foregoing could not be offered with-
out still further modification. It might be conceded that
temperature, as such, could not affect the germ-cells to
any appreciable extent. But it might. on the other hand.
be contended that the effects of temperature, even upon
the parent body itself, may not be direct, but may be due
to the formation of specific chemical substances, which,
through the medium of the blood. may he supposed to
simultaneously influence the body and the germ-cells.
Thus we should, after all. be invoking a **simultaneous
modification of the germ-plasm,’’ as in the case of cold-
blooded animals.

Such a conception, vague as it is, has certain decided
elements of strength. Let me point out. however, as I
have already done more than once, that any such chemico-
physiological mechanism as is here assumed would be of
nearly or quite the same value for evolution as the
‘“‘inheritance of acquired characters’ in the old sense.
An interpretation of this sort might ‘*save the face’ of
certain speculative students of heredity, but the differ-
ence between the two views would have little but academice
interest.

At the present time, I am continuing these experiments
with mice, and am not only using much larger numbers
than hitherto, but am resorting to several variations of
the original theme, by which I hope to reduce the number
of possible interpretations to a minimum. A friend wrote
to me recently, wishing me no end of ‘‘good results, not
Lamarckian.”” This doubtless represents the attitude of
a large number of persons toward the whole subject. By
many, anything with a taint of ‘‘Lamarckism’’ about it
would seem to be, ipso facto, beyond the pale of legitimate
scientific investigation, belonging rather to the same cate-
gory as pre-natal influences, telepathy and the ‘‘border-
land’’ phenomena of psychical research. But the dawn
of better times is already with us.

In conclusion, let me state that my own attitude toward
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this group of problems is one of indecision. If I confess
to you, as I am bound to do, that positive results from my
own experiments will give me far greater satisfaction
than negative ones, this is chiefly because negative results
commonly prove nothing. The question would be left
very nearly as it was before. This, of course, constitutes
a serious defect in my own vaunted method of attacking
the problem, a defect which it shares, however, with any
other which could be devised. But any results are better
than no results,and these problems seem worth a far more
thorough testing than they have yet received. The pres-
ent experiments ought, as Professor MacDougal has
pointed out,® and the author keenly realizes, to be sub-
jected to various checks and controls, and to be continued
through a considerable series of generations. It is my
own fervent hope to be able to carry out such a program.

® Presidential address before the American Society of Naturalists, read
at Ithaca, December 29, 1910.



THE MENDELIAN RATIO AND BLENDED IN-
HERITANCE!

SHINKISHI HATAI

THE WISTAR INSTITUTE OF ANATOMY

THE indefatigable efforts of neo-Mendelists have suc-
ceeded in bringing numerous cases of inheritance, which
had previously been considered incompatible with Men-
del’s law, into their domain by widening the original
limitations. We still have many instances such as
blended inheritance which can not apparently be harmon-
ized with the law of Mendel. Recent experiments which
demonstrate the existence of various degrees of domi-
nance as well as the mutability of the determinants in
their behavior, suggested to the writer that various
forms of inheritance might be considered as degrees of
modification of the law of Mendel. With this view in
mind, I have attempted to obtain some general expres-
sion for the underlying principle of the law of inherit-
ance by which means Mendel’s original law may possibly
be theoretically connected with the other cases. In fact,
I was compelled to pursue this investigation in connec-
tion with my own experiments on the inheritance of the
weight of the central nervous system, though this is not
yet ready to present at this time.

In carrying out this investigation, I have assumed that
the germ plasm is composed of many factors, the true
nature of which is unknown, but which in one way or
another determine the characters in the offspring. It is
these hypothetical factors which are here provisionally
called determinants. With this understanding, we may
now proceed to the argument.

Suppose a gamete of one parent after the reducing
division contains n determinants, the whole group of

' Read before the American Society of Naturalists, December 30, 1910.
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determinants being designated p, and the gamete of
another parent also contains after the reducing division
n determinants, the whole group being designated gq.
Then in the first hybrid zygote (F,) there will be con-
tained at the time of the union of the gametes 2n determ-
inants. As we know, rearrangement takes place during
the maturation of the germ cells and we assume this
rearrangement to involve a random sampling by which
n determinants are taken from the group of 2rn. From
the theory of probabilities we find that », n —1, n — 2

. determinants of either parent contained in the
gametes of I, are proportional to the successive terms
of the following series:

P+ rl§'}3 1_)1""‘2')2 + e _1 1‘.,2(,:3_2) P+ (1)

The same phenomenon happens in the gametes of the
other hybrid parent (I',) and since the gametic consti-
tution of the two hybrid parents is assumed to be identi-
cal with respect to the distribution of determinants (1),
the frequency of the various combinations of the de-
terminants in the second hybrid offspring (F,) will be
given by the square of (1) or

nn —1 o nn—=1Dn—2 2
(p'+np““(1+ A 12 —)P”"'f+ . 1. -_7)&; )I’""‘I’+ . ) (2)

which may also be written as follows:
(p* + 2pq + ¢*)".

This series, or the square of the binomial series, is
then the most general expression for the gametic com-
position of any hybrid arising from a combination of p
and g determinants and may therefore be considered as
the underlying principle of any law of inheritance where
the idea of determinants is used.

It is evident that since the somatic characters in ques-
tion depend entirely on the behavior of the determinants,
the relative frequency of various zygotes, as well as the
character of the zygotes, depends on whether p or q de-
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terminants are related as dominant and recessive, re-
spectively, or whether they blend.

Suppose p is recessive and q is dominant in the Men-
delian sense, we at once obtain from (2) the general
expression for the alternative inheritance or

] (RR + 2DR + DD)"

where n refers to the number of allelomorphic pairs of
characters, and the expansion gives a strict Mendelian
ratio for any number of allelomorphic pairs of char-
acters.

On the other hand, if we consider that p and ¢ determi-
nants blend with an equal intensity the series (2) will
give all grades of hybrid characters between the two pa-
rental types, the frequency of which is proportional to
the successive terms of a symmetrical point binomial
curve, and the maximum frequency will be associated
with the midparental types (case of equipotency).
Castle’s (’09) experiments with the length of the ear of
rabbits illustrates this case.

Again let us suppose that p and q determinants blend,
but with unequal intensity. According as p or q is pre-
potent, the zvgote will resemble more closely one or the
other parent. The frequency of each type of zvgote
again will be represented by the symmetrical point bi-
nomial curve. Thus the present series (2) represents
both alternative and blended inheritance according to
the behavior of the determinants.

The fact just mentioned, that the expressions for both
blended and alternative inheritance are ohtained from
the same series which represent the gametic composition,
suggests that we may possibly obtain cases of blending
in character which normally follow the law of the alter-
native inheritance, and vice versa, and further we may
even obtain both blended and alternative inheritance in
the same offspring by subjecting the hybrid parents to
different conditions, provided by such treatment we can
modify the behaviors or functional activity of the de-
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terminants, since as soon as the behavior is altered, we

.

:+--at once obtain from the series (2) another type of in-

*. heritance.

Although we have no clear direct evidence which
demonstrates an occurrence of such extreme modification
in the behavior of determinants, nevertheless the possi-
bility of such an event is amply suggested by the recent
experiments. For instance Tower (’10) has shown not
only a reversal of dominance and apparent failure of
segregation by merely modifying the environment of the
beetles, but also a case in which the same parents pro-
duce offspring, some of which follow the law of Mendel
while others show entirely different behavior with re-
spect to dominance and segregation. Tennent (’10) was
able to obtain from a cross of Hipponoé esculenta with
Taxopnreustes variegatus, reversal of dominance by de-
creasing the alkalinity of the sea water. Numerous
samples of this sort can easily be found in the recent
literature.

Whatever be the real condition or conditions which
control the behavior of the determinants, one point is
clear from the ahove, that the determinants are not im-
mutable in their behavior, but subject to modification.
This fact naturally leads us to think that we may obtain
various forms of inheritance which are more or less dif-
ferent from the type form according to degree of func-
tional modification. When a modification is maximum,
we may even obtain a case of blended inheritance in a
character which normally follows the law of alternative
inheritance, or vice versa.

The facts mentioned above then indicate that our de-
duction from the properties of the formula is not at all
improbable.

Again the properties of the formula suggests that we
can theoretically connect cases of blended inheritance
with those of alternative inheritance by the mere as-
sumption that p or ¢ fails to dominate either completely
or incompletely. Since as we have shown by the degree
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of dominance, the formula reduces to either equipotent
or prepotent blending inheritance. From this stand-
point we may consider that blending inheritance is a
limiting case of alternative inheritance where either
dominance is absent (equipotency) or is imperfect
(heteropotency). If this hypothesis is accepted, then
Mendel’s law of alternative inheritance may be taken as
the standard, and all cases referred to it or blending in-
heritance (though by this some more important features
of inheritance are not suggested) may similarly be made
the standard, the Mendelian ratios then becoming a
special case.

In this connection Professor Davenport’s (’07) view
on the law of potency is of great interest. As his view of
potency is so important, and especially as it clearly ex-
plains the relation between Mendelism and cases con-
sidered to be non-Mendelian, I shall quote his words at
some length.

After quoting various cases of inheritance, Professor
Davenport says:

Taking all cases into account, it is clear that Mendel’s law does not
cover all; and if not, it must be a special case of a more inclusive law.
Can we find a more general expression for the inheritance of charac-
teristics which will cover all these cases? I think we can and that it
may be called the law of potency. At the one extreme of the series we
have equipotent unit characters, so that when they are erossed, the
offspring show a blend, or a mosaic between them. At the other extreme
is allelopotency. One of the two characteristics is completely recessive
to the other. Between the two extremes of equipotency and allelopo-
tency lies the great mass of heritable characteristics which when opposed
in heredity, exhibit varying degrees of potency. This sort of inherit-
ance may be called heteropotency.

Thus Professor Davenport shows also that Mendelian
dominance is a particular case of potency, allelopotency,
though he did not state that blending inheritance is a
limiting case of Mendelism.

Whether a new expression ‘‘the law of potency’’
should be introduced as Professor Davenport has sug-
gested, or whether the various potencies may he consid-
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ered as a limiting case .of Mendel’s law of alternative
inheritance, thus saving the original name, is a matter
for later decision, though the latter name seems to me
more appropriate to retain owing to the fact that the
phenomenon of segregation, most important of all, had
been first stated by Mendel.

Let us now consider a limiting case of our formula (2)
when the values of » (number of allelomorphie pairs of
characters) increase. In the typical Mendelian ratio,
the relative frequency of the various zvgotes with re-
spect to any given visible character is proportional to an
expansion of (14 3)" which is the same as (1/4 4 3/4)"
if we consider the relative values of the frequencies.
Thus in all known cases of the inheritance, we have to
deal with an expansion of (r - s)" where r +s=1. A
concise mathematical formula which represents a limit-
ing case of the binomial series arising from an expansion
of (r + s)" will be very useful, especially when we are
dealing with a quantitative measurement such as weight,
length, area, volume, etc., since in these cases the values
of the variates will be graded. Further, the theoretical
frequency corresponding to each variate when the value
of n hecomes very large, can best be determined from
such a mathematical expression which represents a limit-
ing case.

Without going into any detail of the mathematical
treatment, it will be seen that we obtain two forms of
expression according as r==s or r=s. The former will
be represented by the normal probability curve and the
latter by a limiting case of a skew binomial curve. For
representing a skew binomial curve we can best use
DeForest’s formula (Professor Pearson’s curve of type
3). It may be useful to the reader to know that De-
Forest’s formula degenerates-into the normal probability
curve as its simplest form, as will be seen below.

DeForest’s formula (Hatai: ’10) is usually written in
the following form:
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k=1+

a = quotient of twice the second moment divided
by the third moment.
b = second moment.
Writing ¢ for
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Since for a vanishingly small value of the third moment,
ab will be a very large number, consequently x/al will
be infinitesimal. Thus neglecting all terms in which r/ab
is factor, we have

y=ce 2,
Restoring the value of C and remembering that for large
values of ab, k reduces to unity, we finally have

y= . w
V 2mh
which is the familiar formula for the normal probability
curve.

From the above it is clear that Del'orest’s formula and
its limiting case represent the frequency distribution of

the zygotes, whether we are dealing with alternative or
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blended inheritance. One, however, must not be misled to
conclude that continuous variation necessarily means
failure of segregation, since on the contrary apparent
continuity may be a resultant of combinations of various
segregating characters. Whether or not given data indi-
cate a segregation, may be variously tested by some other
means according to the nature of the experiment.

From the above we draw the following conclusions:

1. The series obtained from the square of the binomial
expresses the distribution of determinants for both alter-
native and blended inheritance.

2. Blended inheritance may be considered to be a limit-
ing case of alternative inheritance where dominance is
imperfect. Thus Mendel’s law of alternative inheritance
may be considered as the standard and all other cases
referred to it.

3. DeForest’s formula with its limiting case ade-
quately represents frequencies of all known cases of
inheritance when the number of allelomorphic pairs of
characters is large, especially when quantitative meas-
urements are considered.
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DATA ON THE RELATIVE CONSPICUOUSNESS
OF BARRED AND SELF-COLORED FOWLS!

DR. RAYMOND PEARL,

MAINE AGRICULTURAL EXPERIMENT STATION

I. PHysicaL Darta

THE purpose of this note is to put on record a rather
striking physical fact, and to discuss briefly its biological
significance. Some two years ago Davenport? published
a short note regarding the relative number of self-colored
and of ‘‘penciled or striped’’ chicks killed by crows one
afternoon, at Cold Spring Harbor. The rather striking
result was that out of 24 birds killed, only one was other
than self-colored. The communication closes with the
following words: ‘‘This fragment, then, so far as it
goes, indicates that the self-colors of poultry, which have
arisen under domestication, tend to be eliminated by
the natural enemies of these birds, and the pencilled birds
are relatively immune from attack because relatively
inconspicuous.”’

Some photographs taken on the poultry range of the
Maine Experiment Station this past summer illustrate
this point made by Davenport as to the relative conspic-
uousness of self-colored birds in so striking and com-
nlete a manner as to warrant their publication and a
critical discussion of their significance. These photo-
graphs were made without any thought whatever at the
time that they were going to bring out the relative con-
spicuousness of different plumage patterns. Indeed, it
was not realized that they did so until the finished prints
were given to me by the station photographer, Mr. Roy-

! Papers from the Biological Laboratory of the Maine Experiment Sta-
tion, No. 23.

* Davenport, (". B., ‘‘Elimination of Self-C'oloured Birds,”’ Nature, Vol.
78, p. 101, 1908,
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for which statistics are given below, not a single bird was
killed by a fox so far as is known. Similarly in 1909 no
birds were killed by skunks. In 1910 a skunk succeeded
in getting into a liouse one night and killed a number of
birds. On the Maine Station plant normally predaceous
birds undoubtedly rank first in destructiveness. This is
probably quite generally true of poultry plants, though
because of the fact that the loss is distributed so evenly
over the whole season the importance of this class of
enemies is apt to be underrated. Next to predaceous
birds stand rats, under our conditions. An important
point to be noted is that on the plant under discussion
here all killing of chickens by rats is done in the daytime.
Rats burrow in the ground under the houses, and then
when the chicks are playing about a rat will dash out,
seize a chick and carry it back