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DEPARTMENT OF EXPERIMENTAL EVOLUTION.*

C. B. Davenport, Director.

The principal advances of the year have been in demonstrating a
chemical basis for sex-differentiation, a subject to which we have
paid special attention during the past few years; in opening up new
types of inheritance-behavior in the Oenotheras; in completing the

demonstration of duplicate determiners for a single character in

Bursa; in discovering the first case of sex-limited heredity in plants;

in demonstrating the method of inheritance, in man, of tendency
to periodic "fits" of temper and certain other elements of the hys-

teria-complex.

STAFF.

The Director divided his time for research between breeding exper-

iments with poultry, canaries, sheep, goats, and cats, and the study
of data secured by trained field workers on certain points in human
heredity. On the occasion of attending a meeting of the American
Breeders' Association at Columbia, South Carolina, he was able to

make additional studies on the heredity of skin pigmentation in

negro-white crosses, the results of which are incorporated in a memoir
on this subject about to appear as Publication No. 188. Dr. G. H.
Shull has found that the time demanded for his experimental work
has prevented him from completing the Burbank manuscripts and
it has been arranged that he shall devote a season to the completion
of that manuscript. He will probably be absent from the Station

for twelve months. Dr. Shull's green-house assistant, Mr. Leo
Macy, is to be given leave of absence for further study, and Mr. C. W.
Crane, who has been in training during the present year, will take
his place. During this summer, Dr. G. H. Shull also was assisted

in his fertihzations and records by Mr. William F. Friedman. Dr.

J. A. Harris was absent during several months of the winter work-
ing at the Desert Laboratory. Meanwhile, his three assistants and
computers were preparing data from the harvest of the preceding

season. His work is largely of a statistical nature and has included

the rearing and observation of scores of thousands of seedlings. Dr.

R. A. Gortner has had charge of the biochemical laboratory, and
besides continuing his studies in melanin has cooperated in various

researches with Doctors Banta, Blakeslee, and Harris. Dr. A. M.
Banta has had charge of the experiments with the cave organisms

and has made other studies on the relation of organisms to light,

notably the production, by selection, of races that differ in responsive-
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ness to light. Dr. A. F. Blakeslee, of the Connecticut Agricultural

College, Storrs, has worked at this Station, as Research Associate,

on sex and mutations in molds, in part in collaboration with Dr. R.

A. Gortner.

Of the more temporary appointments, Mr. H. D. Goodale resigned

in January to accept a position as research biologist in the Massa-

chusetts Agricultural Experiment Station, Department of Poultry

Husbandry. Dr. G. C. Bassett began in July, as a guest of the Labo-

ratory, his work on alcoholism and mental degeneracy in rats.

To relieve the Director of details of accounts, supervision of work-

men, and purchase and care of supplies, the ofhce of Superintendent

was created and Mr. G. H. Clafiin began work in that capacity in

February 1913.

REPORTS ON INVESTIGATIONS IN PROGRESS.

CHEMICAL BASIS AND HEREDITY OF SEX.

Sex in Molds, by A. F. Blakeslee.

The principal new work upon sex has been with molds, by Dr.

A. F. Blakeslee, and with Lychnis, by Dr. ShuU. Dr. Blakeslee's

efforts to discover which of the sexual races of mucors, provisionally

designated respectively as plus {+) and minus (— ), is actually male

and which female met with success. He had previously discovered

that among the white molds the majority of the species are dioecious,

with the male and female races indistinguishable from each other

except by a frequently greater vegetative luxuriance of the one race

provisionally called plus (+) over the other provisionally called

minus (— ) . Since the gametes formed by these plus and minus races

are morphologically equivalent and the offspring are borne and nour-

ished equally by the two sexes, no means were at hand to decide

which of the two sexual races was actually to be considered male and

which female. However, certain hermaphrodite species were known
in which the gametes are regularly unequal. It was thought that if

one of the two sorts of races could be induced to show a sexual

reaction with the larger or female gamete of the hermaphrodite and

the other race with the smaller or male gamete it would be possible to

replace the provisional signs + and — by male ( cf ) and female ( 9 ) or

vice versa. Only two species have been found that show the sexual

reaction desired. The difficulties in technic involved are great, but

these have been satisfactorily overcome and it has been definitely

determined that the plus (+) race shows a sexual reaction with the

smaller or male ( cf ) gamete, while the minus (— ) race shows a reaction

with the larger or female ( 9 ) gamete. The vegetatively more luxuri-

ant race, therefore, may be considered female and the less luxuriant

race male. Additional facts obtained by growing cultures in large

quantities seem to warrant formulating the general law that whenever
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a difference exists in vegetative luxuriance between the two sexes in

these forms it is always the female ( 9 ) that is the more luxuriant.

The general results of the foregoing investigation were presented
in a paper read by Dr. Blakeslee at the Cleveland meeting of the
American Association for the Advancement of Science and are sum-
marized in the issue of Science for June 6 by Dr. Blakeslee. The
detailed results are to be incorporated in a paper now in preparation
on "Sexual reactions between unlike species."

The argument in the foregoing publications is based upon the

sexual character of unequal gametes in heterogamic hermaphroditic
species. Since the sexual nature of these gametes has been recently

called in question by Gruber and Atkinson, Dr. Blakeslee found it

necessary to make a careful study of all the heterogamic forms avail-

able, following the process of sexual reproduction in living material

—

a procedure that apparently has not been satisfactorily attempted
before. The results are given in a paper by Dr. Blakeslee published

in the April issue of the Mycologisches Centralblatt and seem amply
to warrant the line of argument already mentioned.

Dr. Blakeslee had previously shown that if a given dioecious species

(Mucor V) be taken as a standard, its male (d^) race will show a
sexual reaction with the female ( 9 ) races of all the other dioecious

forms under cultivation, but not with the other male (cf) races.

Conversely, its female ( 9 ) race shows a sexual reaction with male
(cT) races only. The conclusion seems unavoidable that all the

female ( 9 ) races have something in common which elicits a similar

response from the male ( cf ) race of Mucor V and vice versa. That
this common element is of a chemical nature and therefore demands
a chemical study is a natural inference. There are no other forms
known that seem to offer a suitable subject for such a chemical

investigation. Other available organisms in which there are sepa-

rate male {d') and female ( 9 ) individuals show a sexual division of

labor in that the female ( 9 ) has the feeding function predominatingly

developed, either furnishing food to the egg or to the developing

offspring. Any chemical differences, therefore, between male (cf)

and female ( 9 ) individuals or between sex-cells found in these forms
would have no necessary connection with the sex differences, but
rather would be connected with the one-sided nutritional function

of the female ( 9 ) sex. In the mucors, however, the sex-cells are

morphologically equivalent and the male and female plants take an
equal share in feeding the developing offspring.

Chemical Differences between the Sexes, by A. F. Blakeslee and R.A.Gortner,

Starting with the hypothesis that sex difference might be a

difference in the proteins of the two sexes, a beginning was made with

the blood tests for protei»s. As yet work has been done only with
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the precipitin reaction. Considerable time has been consumed in

acquiring proper technic for the preparation of the mold proteins and
in overcoming the difficulties due to the fact that the *'press-saft"

(expressed juices) which they wished to inject is more or less toxic.

However, rabbits were immunized to the plus (+) and minus ( —

)

races of two species of mucors. In both cases, the plus (+) "press-

saft" when mixed with the plus (+) immune serum gave a stronger

precipitate than the minus (— ) ''press-saft" with the plus (+)
serum, and vice versa. The difference shows only in the higher dilu-

tions, but this is what one would expect upon assumption of the pres-

ence of species proteins common to both sexes of a given species in

addition to a separate sex protein or proteins—the large amount of

precipitate caused by the species proteins making the difference

due to the sex proteins. While the results so far obtained will not

yet warrant the assertion that Dr. Blakeslee and Dr. Gortner have
found a protein responsible for sex, still the tests, in so far as they go,

are all consistent with such a conclusion. Furthermore, there is

some slight evidence that the same sex proteins occur in different

species. This would be a natural inference from the fact that the

plus (-I-) races show sexual reaction with minus (— ) races of other

species and vice versa.

Sex in Lychnis, by George H. Shull.

In his studies on the heredity of sex in Lychnis Dr. Shull has dis-

covered a sex-limited character—the first that has been described for

plants. This character is broad-leaf, the determiner for which is, it

is concluded, associated with the determiner for femaleness. In

making this study 60 pedigreed families of Lychnis were grown to

test completely the genotypic character of individuals making up the

second generation descended from a cross between a normal broad-

leafed female and a narrow-leafed male. The Fj family in question

consisted of 32 broad-leafed females, 11 broad-leafed males, and 6

narrow-leafed males. The analysis has had the expected result and
has shown that there were really four kinds of individuals in the Fg

generation, namely, 16 homozygous broad-leafed females, 16 hetero-

zygous broad-leafed females, 11 heterozygous broad-leafed males,

and 6 homozygous narrow-leafed males.

These results accord exactly with expectation on the basis of an

assumed association of the determiner for broad leaves with the

determiner for femaleness and of a double sex- (femaleness) deter-

miner in the female and a single one in the male. The result thus

serves to confirm Dr. ShuU's conclusions derived from the breeding of

hermaphrodites, that the female is homozygous, while the male and
also the hermaphrodite are heterozygous for the sex-determiner.
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One result expected by Dr. Shull has failed of realization, so that a
perplexing situation has been created which, however, in no wise

invalidates the conclusions to be derived from the facts given above.

It was predicted that in the crosses between heterozygous females and
narrow-leafed males there would appear a new type—narrow-leafed

females. This prediction has not been fulfilled. Although in the

past Dr. Shull's cultures of Lychnis have contained an average of

about 62 per cent females, the 37 matingsbetween broad-leafed females
and narrow-leafed males whose offspring have been grown this year

have produced only 14 females in nearly 2,700 individuals, or a little

over 0.5 per cent. Eight of these females occurred in a single

family in which no narrow-leafed plants were to be expected, because

the mother was homozygous for broad leaves. Only two females

occurred in families which also contained narrow-leafed plants, and
these two chanced to be broad-leafed. One narrow-leafed female did

appear, but in a family in which it was not due theoretically to appear.

This plant differed so profoundly from all his other specimens of

Lychnis that it is considered likely that it will be found to be a mutant
of an interesting nature. To offset the 31 families in which not a

single female occurred, in four families there was not a single male
or hermaphrodite. Three of these families were the total progeny

of a single hermaphrodite crossed upon three unrelated females.

A mating between a heterozygous, broad (narrow) female and an
unrelated broad-leafed hermaphrodite has produced a progeny con-

sisting of 67 broad-leafed females, 15 broad-leafed hermaphrodites,

and 9 narrow-leafed hermaphrodites, showing that this unrelated

hermaphi'odite parent was aheterozygote in the broad-leaf character

—

an independent origin of this interesting mutation. The males of any
race of Lychnis might have the broad-leaf determiner lost from the

male determiner, and such a condition could be discovered only when
a female is found in which there has been a similarmutation in a female

determiner. Appreciating the importance of this possibility in inter-

preting the origin of the first narrow-leafed male. Dr. Shull has made
crosses between the males of all his independent races of Lychnis and
heterozygous females to ascertain how generally the determiner for

maleness is lacking the broad-leaf determiner.

Dependence of Secondary Sex-Characters on the Germ-gland in Poultry,

by H. D. Goodale.

Dr. Goodale continued the work described in the last Year Book,

page 87, both at this Station and at Amherst. Castrated drakes do not

assume the summer plumage. All males which assumed the summer
plumage, although previously castrated, have been dissected and, in

each case, a greater or less amount of testicular material has been found.

It has not been deemed desirable, at the present, to kill those which
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have not assumed the summer plumage. Among the females there

was one individual, castrated late last fall when four weeks of age,

that is particularly interesting for two reasons. First, she has never

developed the duck's voice. Her usual voice is quite like that of the

drake, and even when especially stimulated, she only succeeds in

producing a sort of half quack. This bird did not assume the entire

plumage of the male, a few brown feathers remaining in the breast,

but after a molt early in the summer assumed the summer plumage
of the drake. Just at present she is undergoing a second molt and
this time is assuming the normal breeding-plumage of the male. This

is the first case that Dr. Goodale has found to behave in this way.

Another duck developed the plumage of the male perfectly, but,

although molting, did not take on the summer plumage of the male.

In respect to his experiments with fowl Dr. Goodale reports as

follows

:

Altogether, I have had eight pullets which have developed the male
plumage to a greater or less extent. One individual which was castrated

last summer was reported as having started to develop the male's plumage,
and then after a time was found to have begun reverting to the female's.

An examination was made, and it was found that there was a bit of ovarian

tissue attached to the posterior side of the oblique septum. There were
also three ova, each about 10 mm. in diameter, lying on the original site

of the ovary. The ovarian tissue attached to the transverse ligament was
removed, but the other left in place. During the present summer it was
observed that this bird again began to develop the male plumage, and, to

all appearances, the complete male plumage would have eventually replaced

the female. On autopsy it was found that all trace of ovarian tissue was
lacking.

Two other females developed the complete plumage of the male, but the

combs and wattles still remain small. This plumage includes a cock's tail

which was lacking in the first bird in which these results were obtained.

Except for the small comb and wattles, these birds are much better speci-

mens than the original.

Observations have been continued on the two capons which were cas-

trated in the spring of 1911. Their combs and wattles remained small for

18 months, but after this period they grew considerably, and now have
reached a size about that of a Brown Leghorn pullet just before she com-
mences to lay. Early in the spring, when 2 years old, they were observed

to crow, although this reaction occurred only a few times. In the absence

of normal males, they tread the hens. It is important to note that these

responses developed late in life and that externally the birds were capons
for over 18 months, or half again the usual age for keeping capons.

MUTATIONS AND ABERRATIONS.

No student of evolution by experimental methods can doubt the

importance of mutations. Our work has shown that they are some-
times due to irregularities in the behavior of the chromosomes during

maturation, and the hypothesis seems warranted that they are always
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SO due. However, through lack of a cytologist, we have not been
able to test this hypothesis upon all of our mutants. We have merely
been able to observe their origin and inheritance but not yet to induce
them nor to study their cytological basis.

Variegation in Lychnis and the Chlorophyll Factors, by G. II. Shull.

In 10 families derived from crosses between sibs, albinos have con-
stituted almost exactly one-fourth of the offspring, the total numbers
being 713 green to 240 albino. As many other sib-crosses in the
same stock have produced only green offspring there can be no doubt
that this result is due to the existence of a fundamental Mendelian
factor for chlorophyll-production.

Two light-green races of Lychnis dioica have been discovered, each
of which is recessive to the ordinary dark-green strains. When mem-
bers of these two light-green strains are crossed together their Fi off-

spring are uniformly dark green. In the Fj, which has been grown
extensively this year, the light-green types reappear in approximately
the expected ratio, 9 dark : 7 light. It is not certain what should be
the result when the determiners for both of these pale races are

absent, and it is possible that this ratio should be 9 : 6. Extensive
back-crossing upon the pale types must decide this question, and the
necessary crosses have been made for this purpose.

The study of several kinds of variegation has been continued, and
material has been secured for testing the results of breeding from
variegated males possessing a type of variegation which has proved
to be readily transmissible through the seed-parent, but whose effect

through the pollen-parent is as yet unknown. A golden variegation

discovered two years ago was found to be slightly inheritable through
the male as well as strongly inherited through the female.

Ascidia in Fraxinus, by G. H. Shull.

In continuation of his experiments recorded at page 88 of Year
Book No. 11, with the pitcher-leafed ash. Dr. Shull reports that the
two pedigrees representing crosses between a normal and a pitcher-

leafed ash, and between two abnormal (i. e., pitcher-leafed) ash trees,

have together produced about 40,000 leaflets this year, each of

which has been carefully examined for pitchers, and its position and
the character of the ascidium, if present, recorded. The cross between
normal and abnormal, which produced no abnormal leaflets during the
first season following the germination of the seeds, has this second
season displayed ascidia on 26.9 per cent of the trees, and in the
family produced by crossing two ascidiate trees pitchers have devel-

oped on 58.7 per cent of the trees. A still larger percentage of

abnormal trees may be expected as they grow older and become more
vigorous, and it will not be surprising if in the end there should appear
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approximately the 50 per cent and 75 per cent, respectively, which

might be expected on the assumption that the ascidia are produced

by a dominant Mendelian determiner.

Abnormalities in Seeding Beans and in Fruits of Passiflora, hy J. A. Harris.

These studies are being continued as outlined in previous reports

and are being lined up with the selective elimination, fertility, and

physico-chemical studies. Material progress in the experimental

control of the occurrence of certain of these phenomena by physical

and chemical means has been made during the year.

Mutations in Mucors, hy A. F. Blakeslee.

Thechief work planned by Dr. Blakeslee was to induce the produc-

tion of mutations in mucors by chemical or other forms of stimulation.

He was thus led to make extended preliminary studies and to devise

new methods. His report on this part of the work is as follows

:

A standard medium was considered necessary that could be ta,ken as

representing a favorable or normal substratum, and some 308 different

combinations of nutrients (natural and synthetic) were tested. It was
discovered that the mucors were unlike the green molds (Penicillium) in

that they would not grow well on liquid media nor upon synthetic media

in which the necessary elements were supplied in relatively simple chemical

substance. An agar nutrient with 2 per cent dry malt extract, 2 per cent

dextrose, and 0.1 per cent meat peptone was eventually adopted as a stand-

ard medium sufficiently near the optimum value for most forms investi-

gated and as nearly constant in chemical composition as any tested upon
which the molds would thrive.

Sexual reproduction in the mucors demands in general the optimum
cultural conditions, and the abundance of zygospore formation on a given

substratum has been used accordingly as an index of its cultural value.

Phycomyces is one of the most demanding forms so far as its requirements

for zygospore production is concerned and in consequence is the species

which has been most used in the nutrient tests. Peptone, although the

usual form in which nitrogen is supplied in culture media, was found to

have a slightly inhibitory action on zygospore formation. Meat peptone

seemed to be less toxic than either peptone from egg-albumen or Witte's

peptone. Nutrients containing peptone which would allow only a poor

growth with entire suppression of zygospores could be changed into opti-

mum substrata with luxuriant zygospore production by inoculating them
with bacteria either before or at the very time of planting the sexual races of

the mold. The subject needs further investigation before publication. It

is not unlikely, however, that by tryptic action of the bacteria the peptone

is further broken down into a condition less toxic and more available to

the mold. This seems to be the case in the preparation of media upon
which the leprosy organism has recently been successfully cultivated. The
action of bacteria may explain why a decoction of horse dung has been

found to be one of the best substrata for zygospore production.

A standard medium having been decided upon, it became necessary to

provide against contamination from germs of foreign species in the pedigree

cultures. An isolated culture room containing a pure-culture chamber,
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within which was placed an inoculating box—all of which were sterilized

before using—reduced contamination during inoculation to a minimum,
as shown by the presence or absence of growths in Petri-dish cultures kept
exposed while all inoculations were in progress. A record of two hours'
inoculating, followed the next day by one hour's inoculating, without a
single viable germ falling upon an exposed Petri dish 10 cm, in diameter,
shows the value of the precautions taken. Contamination is likely to
occur in Petri dishes after inoculation, and, to avoid this, ''roll tubes" were
devised from 0.5 gallon cylindrical specimen jars and were used throughout
the investigation whenever "separation cultures" were made to obtain
growths from individual spores. A note on this new method of separation
cultures is being prepared for the journal "Phytopathology."
The preliminary work in formulating a standard medium and in devising

means to prevent infection from outside sources has consumed considerable
time, but has been necessary to insure accurate and credible results.

Before testing the influence of external stimuli upon the possible forma-
tion of mutations, all of my 24 mated dioecious species as well as 10 her-

maphroditic forms (a total of 58 cultures) were separated out, so that each
strain investigated could have a single spore as its origin. A preliminary
investigation of the growths resulting from single spores of these forms
showed that species in particular—an hermaphroditic form—that gave
such a relatively great variability in its progeny that it has received most
attention. I have cultures of this species from four different localities and
have examined separately the growths from individual spores to the num-
bers indicated from the following sources:

Cambridge, Massachusetts 13,740

Geneva, Switzerland ; . . .

.

1,925

Daytona, Florida 364

Waverly, Massachusetts 6,943

Total colonies examined 22,971

Of these 22,000 and more individual colonies examined, those that seemed
different in appearance from the normal type have been isolated to the

number of some 25 or 30. Among the aberrant characters observed are

absence and increase or decrease of zygospore production, peculiarities in

color, density, and rapidity of mycelial growth, differences in height of

sporangial filaments, the almost exclusive production of yeast-like cells

in place of a filamentous mycelium, and the production of a filamentous

mycelial growth devoid of sporangia. Some of these variants are surely

temporary conditions, for they eventually tend to revert to the normal
type. Others may be more permanent, but have not been sufficiently

investigated. All, however, tend, partially at least, to reproduce the new
characters and some have for several sporangial generations kept their

pecuharities in gross cultures during the few months it has been possible

to propagate them. Many of them would undoubtedly be described as

distinct species by specialists in the group. Of these and other molds,

several hundred test-tube cultures have been made up with nutrient, to

which various poisonous chemicals have been added, but time has not yet
admitted a test of the effect of these chemical stimuli on the offspring.

Enough has been done, however, to show the extreme lability of at least

a single species under normal conditions of cultivation.
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Mutations in Poultry, by C. B. Davenport.

While mutations hitherto observed in mammals (Castle) and

insects (Morgan) are usually due to the loss of a determiner, so that

the new condition is "recessive"to the former, in poultry the reverse

is frequently the case. Thus all modifications of the feet—extra

toes, syndactylism, absence of toe-nails—are dominant over the

typical condition. It is as though some extra determiner had entered

the mechanism and caused an irregularity of the developmental pro-

cesses in the feet. Also the absence of tail is a positive character;

there is an inhibitor to the development of this organ. One of the

most instructive instances of this sort of mutation is seen in the

abnormalities of feathering in poultry. Apparently all parts of the

outer covering of a bird had primitively the potentiality of producing

feathers. But secondarily this power has been lost in specific areas.

The shanks are devoid of feathers in many races, and when an indi-

vidual of any such race is mated with one of a shank-feathered race

the offspring are clear-shanked or nearly so; the inhibitor is derived

in the progeny from the clear-shanked parent, but the inhibition is not

perfect. I was able to get some bare-necked poultry and found, on

crossing them with the ordinary type, that half of the offspring have

naked necks. Here again the absence of feathers is due to a specific

inhibitor to the growth of feathers on the neck. Indeed, it is prob-

able that there are at least two inhibitors (for different areas of the

neck), since two types of "bare neck" occur.

BIOCHEMICAL PROCESSES IN HEREDITY.

The internal factors that direct the course of development are the

determiners; and it is by virtue of the fact that we can—through

crossing—combine determiners at will, that we are able to make new
and improved breeds. But between the determiners in the germ-

cells and the adult characters is a great gap and it is this gap that

chemical studies carried on here seek to fill.

Chemistry of Ontogeny, hy R. A. Gortner.

Dr. Ross A. Gortner has planned an extensive investigation of the

chemistry of ontogeny. For this work the adjacent State fish-

hatchery affords excellent facilities, for the use of which we are

indebted to the State Commissioners and to Mr. Charles H. Walters,

foreman. Trout eggs in five stages of development were used to

ascertain whether the chemical compounds that are present in the

egg enter the growing tissues in the form in which they are laid down
in the egg or whether there are synthetic changes taking place so

that the material which is present in the egg is used, not in its original

form, but in a modified condition. It seemed to Dr. Gortner that

synthetic action must take place, for otherwise we must think of
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the egg proteins, the ovalbumen, ovomucoid, ovoIobuHn, etc., as

containing not only all of the amino acids necessary for the formation

of such complex proteins as the hemoglobin, but also that each amino
acid is present in the egg in exactly the quantity which will be later

needed by the growing organism.

His results show conclusively that synthetic action does take place,

that the simpler mon-amino acids are in some manner transformed

into the more complex constituents of the cell nucleus. Aside from
this synthetic action it was found that there was a selective utiliza-

tion of the nitrogen fractions which were "burned" to furnish the

energy of development (Entwicklungsarbeit) . Only 25 per cent of

the expected "amide nitrogen" was utilized, only 50 per cent of the

expected "arginine nitrogen," only 75 per cent of the expected

"lysine nitrogen," none of the "cystine" or "histidine nitrogen,"

while the deficit caused by the non-utihzation of the basic nitrogen

was filled by the elimination of the mon-amino nitrogen far in excess

of the expected quantity (88.30 per cent, expected 57.65 per cent)

.

Pigment-forming Processes and their Control, by R. A. Gortner.

Dr. Gortner has continued his study of the melanins. He reports

:

In the study of the melanins considerable additional work has been done,
but only one paper has been completed. Inasmuch as it is practically a
certainty that the melanins are formed by the action of tyrosinase on some
chromogen, the nature of the chromogen involved becomes of paramount
importance. The melanin which I have isolated from black wool is of a
protein nature, and in this instance the chromogen must involve a protein

or a peptide. In order to test whether this chromogen is a part of the
normal keratin structure or whether it is a special body, elaborated solely

for the purpose of pigment formation and not utilized in the hair structure

when there is a lack of enzyme action (albinos) or when there is an inhibi-

tion of oxidase action (dominant whites), I have made a complete analysis

of the nitrogen ratios in both black wool and in white wool taken from the
same animal. The results of the analyses do not absolutely prove either

hypothesis, but they tend to support the belief that the chromogen is not
present in the unpigmented wool structure, but that it is introduced in

an oxidized form into the blapk wool solely as a foreign substance.

Aside from this conclusion the work was of interest as being the first

analysis on record of pigmented and unpigmented hair structures taken
from the same animal, and also as furnishing confirmatory evidence for my
previous contention that hydrolysis with strong mineral acids breaks down
the melanin molecule.

Relationship between Morphological Characters and Chemical Composition,

by J. A. Harris and R. A. Gortner.

The analysis of the physiological causes of variation has been one

of the chief phases of Dr. Harris's work since coming to the Station.

Studies of fertility and of selective elimination have both furnished

the most convincing evidence of the association of physiological with

morphological variations. Of course, the suggestion follows at once
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that these physiological differences can be ultimately reduced to

physico-chemical terms. One is led, therefore, to expect an asso-

ciation between the structure of organs and the physico-chemical

properties of their cellular juices. These problems, which have up
to now been treated at this Station only from the physiological stand-

point, are now being studied from the chemical side in collaboration

with Dr. Gortner. It is as yet too early to justify any generaliza-

tions, but the results are most encouraging.

Studies of osmotic pressure, electrical conductivity, and mean
molecular weight in the juices of normal and structurally aberrant

Passiflora fruits seem to show conclusively that there the distin-

guishing morphological features are associated with differences in

the physico-chemical properties of the cell-sap. Thus, the juice of

abnormal fruits has a higher osmotic pressure than that of normals;

and the average molecular weight of the substances in solution in the

plant-sap is, apparently, lower in the abnormal fruits. This study

has an especial value as a first step in the analysis of the factors

involved in morphological characters of the fruit.

Dr. Harris and Dr. Gortner also made a joint study of the records

furnished by various experiment stations as to the relation of weight

of the sugar beet and the composition of its juice. They find that

as the weight of the sugar beet increases the total solids, sucrose,

and percentage purity (^. e., the ratio of sucrose to 100 parts of total

solids) fall rapidly.

Inhibition of Pigmentation, by A . M. Banta and R. A . Gortner.

Dr. Banta and Dr. Gortner have continued their experiments with

those phenols that inhibit the reaction tyrosinase + tyrosin in vitro

upon eggs and larvae of the little salamander, Spelerpes, reported in

the last Year Book, page 84.

The effects of the inhibitory compounds on pigmentation are still

visible in the few larvae which are still alive, after having been

removed from the influence of the drugs for nearly a year. Dr.

Gortner draws the interesting conclusion that it seems probable,

were it possible to secure compounds which are at the same time

non-toxic and which inhibit the action of tyrosinase or tyrosin, that

permanent ''dominant whites" could be produced. Dr. Banta

repeated last year's experiments on Spelerpes. With the aid of last

year's experience the proper strength of solution for Spelerpes was
closely determined and correspondingly more striking results were

obtained. When the pigmentless larvae are placed in 0.025 per cent

orcinol or resorcinol three days before the pigment normally begins to

form, pigmentation is almost entirely inhibited for as long a time as

the larvae retain the inhibiting substances in their pigment-producing

tissues. Unfortunately the larvae can not be kept in these solutions
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with safety for more than 12 or 15 days. After removal the larvae

develop more or less pigment, although up to that time they remain
almost without pigment; but they do not assume the normal type

of pigmentation.

Dr. Gortner and Dr. Banta attempted to modify the pigmentation

of the vinegar fly in the same way as that of Spelerpes. Drosophila

offers the advantage that the inhibitors may be placed directly into

the food (crushed banana) and thus gotten into the animal's diges-

tive tract and presumably into its tissues during all stages of its

active life. Some of these flies have been reared, carefully isolated,

through twelve generations on banana containing known percentages

of orcinol and resorcinol. The third generation showed marked re-

duction in pigment in many of the orcinol and some of the resorcinol

''lines," and later generations have shown a slight further reduction.

The modified forms show reduction in intensity of color of the areas

pigmented with black pigment and a reduction in the extent of the

pigmented areas, particularly in the extensive black region at the

end of the abdomen in the male. Further breeding-tests ought to

show whether this is a modification produced ontogenetically in each

generation or one which may have hereditary significance. It has

not arisen through selection, as selection has been avoided in the

experiment.

Reactions of Rabbits to Spores of Molds, by A. F. Blakeslee and R. A. Gortner.

In their investigation of the main problem of the chemical nature

of sex, Dr. Blakeslee and Dr. Gortner have obtained results in three

side-problems—the effect of injection of mold spores into an animal,

the influence of a vegetable protein in the food upon the serum of an
animal, and the toxicity of expressed mold juices.

They found that spores of Cunninghamella when injected intraven-

ously will kill a rabbit (four instances). Post-mortem examination
demonstrated the presence of germinated spores in the lungs. This

mold is a tropical form growing readily at rabbit temperature and
its growth may have caused death by mechanically interfering with
the functions of the organs infected. Mucor V is incapable of grow-
ing at body-temperature and its spores were used in a new series of

injections. Rabbit No. 5 received intravenously, at appropriate

intervals, doses averaging about 500,000,000 spores of the minus

( — ) race of Mucor V. Rabbit No. 55 was similarly treated witli

plus {+) spores of the same species. For the twenty-fifth injection,

rabbits Nos. 5 and 55 received 800,000,000 spores respectively of

the minus (— ) and plus (+) spores, and at the same time two control

rabbits previously untreated were similarly injected with like doses

of spores of the plus (+) and minus ( — ) sexes respectively. Separa-

tion cultures made from loops of blood taken from these rabbits at
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half-hourly, hourly, and eventually at less frequent intervals showed
that viable spores disappeared from the blood-stream in about 48

hours, but no more rapidly in No. 5 and No. 55 than in the control

animals that had not previously been treated. A similar experi-

ment was performed with mixtures of spores with the sera of the

treated rabbits in vitro and confirmed the conclusion that rabbits

are incapable of forming an antibody in the blood which will dissolve

these mold-spores. They are capable, however, of producing cyto-

lytic antibodies that will dissolve red blood-corpuscles and certain

other animal cells, and it was hoped a similar cytolysin might be

developed for spores and that the action might be sexually specific.

In attempting to use the ordinary bread mold {Rhizopus nigricans)

in getting immunity reactions with rabbits they discovered that this

common species is extremely poisonous. The extract from 0.04 gm.

of dried filaments is sufficient to kill a 3-pound rabbit. The toxin

which has been obtained by Dr. Gortner by precipitation with alcohol

resists peptic digestion, also the action of boiling temperature at

least for 5 minutes. It is therefore not a tox-albumen. It is soluble

in water, but is non-dialyzable. The minimum fatal dose intraven-

ously is about 1 part to 225,000 parts of rabbit by weight. The
enormous strength of the Rhizopus toxin may be shown by a com-
parison with some recently investigated organic toxins. White and
Avery have found that the minimum fatal dose of the poisonous

substance from the tubercle bacillus is one part to 15,000 parts of

body-weight, while the toxic cleavage product from edestin kills in

doses of 1 part to 40,000 of body-weight. Alsberg's penicillic acid,

isolated from Penicillium, has a minimum fatal dose in subcutaneous

injections of 1 part to 4,700 of body-weight. The toxicity of the

Rhizopus poison appears, therefore, to be 5.5 times that of the

tubercle bacillus, 15 times that obtained from edestin, and 45 times

that of penicillic acid. Dr. Blakeslee has previously made a special

study of the distribution of Rhizopus and finds it occurs throughout

the world and is almost certain to appear as a spontaneous infection

of bread and similar substrata rich in carbohydrates, whenever the

proper temperature and moisture requirements are observed. Its

possible relation to those diseases of unknown origin, such as pellagra

and the horse-disease and the corn-stalk disease of the middle west,

which have been attributed to infected food, is not being overlooked.

THE MODIFYING EFFECTS OF CAVE CONDITIONS.

Dr. A. M. Banta's experiments with cave material are being con-

tinued. The mud minnows (Umbra limi) are showing some further

depigmentation; Camharus hartoni, a non-cavernicolous crayfish,

likewise shows a progressive loss of pigment; some of the salamander

larvae in the cave during the present year have less pigment thao
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those reported on a year ago ; and a lot of wood-frog larvae reared in

the cave have developed very little pigment. But the most inter-

esting material is the amphipod Eucrangonyx gracilis, an almost
pigmentless form of which hves in caves in central Indiana, while

the normally pigmented form is abundant in the surface streams in

the same region. Series of these two forms have been placed both
in the cave and in the vivarium and interesting results are hoped for.

During the past winter a short time was spent in the cave region

in Indiana and numerous experiments were made on the light and
tactile reactions of the two forms of the above-mentioned amphipod.
In accord with the results of earlier experiments with an eyeless cave

isopod and its near outdoor relative, the cave amxphipod was found
to be less responsive to light and more responsive to tactile stimula-

tion than its outside relative.

VARIOUS PROBLEMS IN HEREDITY.

Inheritance in Shepherd's Purse, by George H. Shiill.

The discovery by Neilsson-Ehle at Svalof of duplicate determiners,

for some of the characters of certain grains, has led to the discovery

of a similar sort in animals and plants and even in man. Dr. Shull

reports another case in a character upon which he has been at work
for some time and whose behavior appeared at first erratic. The
cultures of the present year have fully confirmed his view that there

are duplicate determiners, each of which, independently of the other,

is capable of producing the triangular type of capsule characteristic

of Bursa bursa-pastoris. In support of this proposition the following

facts have been demonstrated

:

(a) All individuals of the Fi families formed by crossing B. bursa-

pastoris with B. heegeri, have triangular capsules.

(6) In all F2 families there is an approximation to the ratio of

15:1 between plants having triangular capsules and those having
top-shaped capsules.

(c) When F2 families having triangular capsules are self-fertilized,

three kinds of F3 families are produced, namely, (1) those in which all

of the individuals have triangular capsules; (2) those in which the

individuals having the two kinds of capsules occur in the ratio 15: 1

;

and (3) those in which the two kinds of plants appear in the ratio 3:1.

(d) In the F4 the results differ according to the type of F3 family

from which plants of the dominant type are used for breeding;

(1) The members of those F3 families which contained only plants

with triangular capsules produce only triangular capsules again;

(2) when the parents are triangular-capsuled plants from an F3
family in which a 15: 1 ratio occurred, the F4 families fall into the

same three groups as the F3 famihes; (3) from the dominant indi-
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viduals of an F3 family in which a 3 : 1 ratio occurs, only two kinds

of F4 families arise, namely, with triangular capsules only, or with

the two kinds of capsules in the ratio 3:1.

(e) Extracted dominants in an F3 family displaying a ratio 3 :

1

are not the same genotypically as the original type used in the crosses,

though indistinguishable from it by simple inspection. Crosses be-

tween these extracted dominants and heegeri have yielded only F2

families with a ratio 3:1, instead of 15:1, as found in the original

F2 families.

A new and unequivocal case of duplication of determiners is thus

added to the very few which have been found in other plants, as

the results here summarized are supported by about 140 pedigreed

families and can find no other logical interpretation. There is some
indication that duplicate determiners exist for one of the rosette

characters also in Bursa as well as for the distribution of sterile

flowers on the racemes, but these cases require further investigation.

Hybrids in Oenothera, hy G. H. Shull.

Dr. Shull has continued his hybridization of Oenothera lamarckiana

and the several biotypes of Oe. cruciata, and the progeny are truly

remarkable in their complexity.

The first generation hybrids between lamarckiana and the biotypes

of cruciata, and between the several possible pairs of the biotypes of

cruciata which were reported last year as consisting of polymorphic

progenies and strikingly unlike reciprocals, have been repeated,

together with parallel series in which another strain of lamarckiana

and a ruhrinervis were used respectively in the place of the lamarck-

iana involved in the original series. The 22 types found last year

have all been confirmed in this year's cultures and several new types

have been added, the corresponding forms from the two new series

being indistinguishable from those originally secured. The second

generation has been grown extensively and more than half of the

possible combinations of Fi types with the parents and related

hybrids have been studied, and additional crosses have been made
to fill partially the gaps still remaining. In the crosses between the

biotypes of Oe. cruciata the results are relatively simple, the most
striking features of the situation being the facts : (a) that more than

100 F2 combinations have added only one new type in addition to

the occasional aberrant individuals which one is apt to meet in pure-

bred as well as hybrid stocks; (b) that in most cases the results in

the Fj are what would be expected if it be assumed that the hybrids

produce only the eggs of their mothers and only the sperms of their

fathers. There are several rather striking exceptions to the last

proposition, but the exceptions occur with a degree of consistency

that promises to make possible some rather simple interpretation.
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When lamarckiana enters into the hybrid combination the situa-

tion becomes extremely complex. At many points the same principle

which works out with precision among the pure cruciata crosses can
be detected with greater or less clearness, but in most cases it is

obscured or completely hidden or destroyed by the more independent
movement of characteristics of lamarckiana, including the broad
petals, long style, redness of the bud-cones, and various features of

foliage and habit of branching, all of which may be recombined in

various waj's with the cluster of egg-borne or sperm-borne characters

of any biotype of cruciata with which lamarckiana may be crossed.

These independent characters of lamarckiana do not readily take a
iNIendelian interpretation, however, the same character being in one
combination dominant, in the other recessive, and almost never
approximating an expected ratio, except perhaps 1 : 1 in several cases.

Broad and narrow petals not infrequently occur on the different

branches of the same plant.

Heredity in Butterflies, by John H. Gerould.

Professor John H. Gerould has been cooperating, as non-resident

collaborator, in researches on heredity in butterflies. He makes
the following report:

My principal work with butterflies this season has been with Colias
eurytheme, in which I have studied the inheritance of albinism; I have
material for the study of other color varieties, as keewaydin and ariadne;
and I have again crossed this species with C. philodice. I have mated the
species-hybrids together and with individuals of the original species, and
have secured a few layings of fertile eggs from these matings. I expect this

fall to raise butterflies from these eggs, or to bring them into the pupal stage
before I put the stock entirely into winter quarters. The albino female of
C. eurytheme, as in C. philodice, is a color-hybrid, a Mendelian heterozygote
for color. Thus, from two white females of eurytheme received from Arizona
early in June 1913, 1 raised family a, containing 29 white females, 24 orange-
yellow females, and 57 males -|- 1 gynandromorphic male; b, containing
27 white females, 20 orange-yellow females, and 49 males.

One-half of the sons of a white female are presumably heterozygous
for color, though yellow; so I have attempted to determine the proportions
derived by mating white (heterozygous) females with heterozygous yellow
males, whether 3 white females to 1 orange female, or 2 white females to
1 yellow female, as my experiments on C. 7)/n7o(iice seemed to indicate; but
my broods of this generation that have just been emerging do not settle

the question. The families from white females mated to their own brothers
(or other sons of white females) in which an excess of white female offspring
appeared were small. In one such, e (from a^'^, white female X a" male),
9 white females and no orange females (-1-15 males) have thus far appeared.
Possibly a-^ male was a heterozygote for white, y (w), though, of course,
yellow. In family m (ex ¥^ white female X ¥^ male, i. e., son and daughter
of a wild white female from Arizona) there are 38 males, 16 white females, 1

1

orange-yellow females; ¥^ male, the father, was presumably pure orange-
yellow, not carrying the white latent.
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The mother of this brood {¥^ female) could not roll up her tongue. Of
her 65 offspring about one-half are normal, one-half can not roll up the
tongue, i. e., 28 normal, 37 uncoiled. In the males the equal ratio obtains:

18 normal, 20 uncoiled; in the orange females, 5 normal, 6 uncoiled; in the
white females, however, 5 normal, 1 1 uncoiled. These numbers indicate on the
Avhole a regular heterozygous condition as regards abnormality of tongue.
Two white eurytheme females (a^^ female and 6^^ female) were crossed

with philodice male, which bears no orange (pale sulphur yellow). This
family, o, is as follows: males 72, females 71 (white 36, orange yellow 35).

The hybrids are somewhat intermediate in color between the two species,

showing dominance of orange, though the orange suffusion upon the yellow
background is reduced in extent in the hybrid. The other family, p, con-

sists of 11 males, 7 females (4 white, 3 orange-yellow).

The white species-hybrids are almost or quite indistinguishable from the
albinic C. eurytheme, but I have not yet studied them in detail.

The male gynandromorph that appeared in family a (a^^) is the son of a

white female X wild male. The 57 other males of this family and 53
females are normal. Three wings of this individual bear the male color-

pattern, but the right anterior wing has the color-pattern of the female
(wide, spotted marginal band) with a ground-color of orange and of white
in a mosaic, thus shoAving the influence of both of the female color varieties.

The male external genitalia are perfect, but crowded to the left side of the

median plane. The testis was well developed. No ovaries were found, but
there is an imperfect development of the female external genitalia on the

right of the posterior end of the abdomen.
I had obtained in 1912 (October to December) almost exclusively females

from the cross between eunjtheme female X philodice male—20 females, 2

males. Repeating this work shows (family o) exact equality between the

sexes (72 males, 71 females). However, in the hybrid broods of 1913 the

usual precocity of the male is seen to be upset by the crossing of the two
species; 7 out of the first 9 to emerge (first two days of emergence) were
males. I have thought that this upsetting of the usual precocity of the males
may be connected with the apparent partial sterility of the species-hybrids.

The females, after mating with male species-hybrids, have in many cases not
shown an inclination to lay, though they are invariably full of mature eggs.

The males may be in some cases sterile. I am still studying this matter.

I raised a brood of pure ewr^/^/ie/we from a wild female ; it consisted of 214
males, 206 orange-yellow females. Many pupae of this brood were iced,

and I tried to mate the resulting adults, but without success, to determine

what effect cold might have upon the germ-plasm. Therewere few males that

emerged from the iced pupae, 15 pupae having been killed by the conditions

in the refrigerator (excessive cold and perhaps dryness). I shall try this

again. This large family ought to throw some light on the matter of varia-

tion within the species, since it contains examples of varieties ariadne

(pale orange) and keewaydin (deep orange) regarded by some entomologists

as seasonal variations.

I want to extend my experiments eventually by breeding C. edusa and
hyale from Europe and the American species, especially C. interior of Canada,
the nearest species to C. philodice and eurytheme geographically. C. interior

has not been bred, and its food plant is said to be unknown, though I should

be surprised if it would not lay on white clover. Species of the genus

Colias, although very susceptible to disease and hence difficult to raise,

are full of interesting possibilities in the study of the origin of species and
heredity.
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Inbreeding and Degeneration of Rats, hy G. C. Bassett.

Dr. G. C. Bassett, who has been working, under the direction of

Professor John B. Watson, at Johns Hopkins University, upon the

consequences of inbreeding on the intelHgence of rats, is temporarily

attached to this Station and continuing his work here. His early

investigation showed that after four generations of closest inbreeding

(brother and sister within the litter) there was a loss in brain weight

of from 7 to 10 per cent on the average and a loss in ability to form

habits of about 30 per cent on the average; but no further important

degeneration of the stock occurred, even to the tenth generation of

inbreeding. Dr. Bassett's conclusion that on the average inbreeding

is accompanied by deleterious effects upon the brain and intelligence

accords with results obtained at this Station on the deterioration in

the yield of maize upon self-pollination. Dr. Bassett proposes now
to establish in the white rat a condition analogous to that of imbe-

cility in man; to produce through inbreeding and selection a strain

of rats of inferior intelligence, and to use this, in hybridization experi-

ments, to test the inheritance of such mental inferiority. He proposes

to study, at the same time, the effects of chronic parental alcohohsm

upon the progeny. This will comprise a study of brain and cord

weight, blood and kidneys, and the intelHgence.

The foregoing experiments are closely related to those begun at

Goose Island by the Wistar Institute. Those experiments were dis-

continued by the Wistar Institute, as the evidence showed, first, that

the albino rats could not survive alongside of the brown rats of the

island, and, second, that the mere trapping of brown rats on Goose
Island may not exterminate them, as there is evidence that the

island is subject to invasion by rats from larger islands and those

nearer the mainland. In the early spring (April) rats are absent or

rare, but they have been trapped in large numbers during June every

year since we have had the island.

Studies in Human Heredity, hy C. B. Davenport.

That part of the Director's studies relating to the results of experi-

ments in heredity that man is making on himself is comprised under
the name Eugenics Record Office. This aspect of the work has

received continued generous support from Mrs. E. H. Harriman and
Mr. John D. Rockefeller. Its board of scientific directors includes

Alexander Graham Bell, William H. Welch, Lewellj^s F. Barker,

Irving Fisher, E. E. Southard, and C. B. Davenport.

The principal investigations now being conducted are: (1) the

consequences of human inbreeding in an island population; (2) the

consequences upon the physical and mental traits of a blood fine,

formerly highly inbred and very neurotic, but which for a generation
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has been widely scattered, necessitating outbreeding; (3) the estab-

Hshment of a norm, or control, by the complete study of a small New-

England township; (4) the inheritance of chronic chorea; (5) the

inheritable basis of pellagra; (6) the inheritance of hare-lip in man
and animals; (7) the continued study of the families of institutional

cases of the insane, feeble-minded, and emotionally uncontrolled.

The Director has studied all available cases of close inbreeding

and their progeny. While the product of the interbreeding of mem-
bers of the same fraternity is usually neuropathic, it is hard to deny
that this is due to the neuropathic condition of parents whose emo-
tions are so uninhibitable. The progeny of mating between more
remote relatives (cousins) frequently show no deterioration. These
studies form the basis for a criticism of the numerous State laws

hmiting marriage selection.

The study has been made of strains to which belong a number of

cases of eroticism and hysterical temper. Both traits appear clearly

as Mendelian dominants. In this respect they are like chronic chorea,

a condition characterized by uncoordinated movements apparently

due to an inability to inhibit muscular contractions. Extensive data

secured by one of the field workers of the Eugenics Record Office

enable us to trace back the more prominent lines carrying chronic

chorea to about six immigrants to North America over 250 years ago.

The inheritable basis of so many elements of behavior having been

demonstrated, it seemed desirable to call attention in a popular

article (Popular Science Monthly, July 1913) to the consequences of

the fact, in the hope that unnecessary suffering and abuse, through

a wrong interpretation of their behavior, might be saved to those

whose reactions are atypical.

ISOLATION OF BIOTYPES, AND SELECTION.

Results of Selection of Color Pattern in Rats, by W. E. Castle

and J. C. Phillips.

The work of the animal or plant breeder who seeks to create

improved stock is largely done by selecting as breeders those indi-

viduals that reveal most nearly those characters that he is looking

for. But since inheritance is from the germ-cells and since the

soma gives only an inadequate and partial indication of the poten-

tialities of the germ-cells, it is clear that selection on the basis of

breeding capacity must ever be a better method than selection of the

appearance, composition, or behavior of the soma of the individual.

Historically it appears that progress has, nevertheless, been made
by pure somatic selection; and it is important to know the details

and results of this method. Our associate. Professor W. E. Castle,

has just completed, in collaboration with Dr. John C. Phillips, and
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turned in for publication a study of a somatic selection of the color

])attern of rats, extending over seven years, in the course of which

over 20,000 rats were raised and studied. The results, they believe,

demonstrate the efficacy of mass selection; and they are led to con-

clude that selection is, in animal breeding, a more important agent

than mutation, partly because it is controllable and its results

therefore more certain, and parth^ because it may even determine

the occurrence of mutations of a particular sort.

Quantitative Studies of Selective Elimination, by J. A. Harris.

During the year. Dr. Harris's studies on natural selection have

been carried forward along the lines laid down in previous reports.

The results already published for differential mortality with respect

to seed weight in field cultures of Phaseolus vulgaris have been fully

confirmed and somewhat extended by planting about 46,000 indi-

vidually weighed seeds in the green-house. There is unquestionably

a reduction in variabihty in weight due to differential mortality.

The data also seem to show^ that in some strains the higher mortality

falls upon the heavier and in other strains upon the lighter seeds.

The results for Phaseolus have been confirmed on an extensive

though smaller scale by field experiments on Pisum. Some progress

has been made in the phj^siological phases of these investigations in

that a correlation between weight of seed and time required for

germination has been demonstrated in Phaseolus.

The selective eUmination studies for seedhng variants in Phaseolus

have been continued on about double the scale and in greater detail

than last year. The results can not be announced until the data

are secured from the crops still in the field.

The studies of fertility and fecundity instituted to check the find-

ings for the differential mortality of ovaries have been carried for-

ward and in part published. So far as completed they confirm the

results announced in Year Book No. 9.

Thus it was demxonstrated in papers pubHshed from the Station

in 1910 that the chances of development to maturity of the ovaries

formed bj^ a plant are conditioned upon the structure of these ovaries.

It was proved, for example, that ovaries of Siaphylea have a death-

rate roughly proportioned to the number of carpels which are bilat-

erally asymmetrical with respect to the arrangement of their ovules.

During the year results have been published showing that in Phaseo-

lus such bilaterally asymmetrical ovaries are not only less capable

of maturing their seeds, but that the seeds which they do produce

are lighter than those borne in symmetrical ovaries. Thus the

selective ehmination and the phj-siological studies fully check and
supplement each other. The information gained from them is now
furnishing the basis for the study of asymmetry in the individual.
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PURE LINES.

Influence of Weight of Seed upon the Character of Plants Produced,
by J. A. Harris.

The question of the relationship between the weight of the seed

planted and the characteristics of the plant produced—a problem

which has necessarily been taken up at this Station because of its

bearing upon questions of pure-line inheritance—-is one of consider-

able practical importance. Extensive studies have shown that in

Phaseolus there is regularly a positive correlation between weight

of seed planted and number of pods per plant—yield increasing with

weight of seed planted. But the correlation for weight and char-

acter of pods, that is, number of ovules formed and number of seeds

matured, is much lower and is reduced practically to zero when cor-

rection for number of pods is made. Thus the yield in number
of pods but apparently not the character of the pods produced is

directly influenced by weight of seed planted.

Selection within the Pure Line, by J. A. Harris.

The studies on pure-line inheritance for seed weight have been

continued, but publication has been delayed because of the many
difficulties of analysis introduced by various physiological correla-

tions. The number and magnitude of these difficulties has never

been fully enough taken into account by those who have written on

these questions. For example, the work at this Station has shown

that there is a sensible correlation between the weight of the seed

and the number of pods produced by the plant. There is also a

correlation between the number of pods on the plant and the weight

of the seeds which it produces. As a resultant of these correlations

some relationship must be expected between the weight of the parent

and offspring seed in the population. Again, our experiments on

differential mortality with respect to seed weight show that physio-

logically considered this character is by no means a simple one. To
distinguish relationships between parental and offspring seeds which

are purely physiological from those which are genetic is a problem

requiring further experimentation.

Selection for seedling abnormahties was begun in 1912 and carried

out on a larger scale this year. It is too early to report results,

although it may be noted in passing that some abnormal parents

threw all abnormal offspring this year.

CLONAL.

Heredity in Parthenogenetic and Clonal Reproduction.

AMiile the term "pure line" is strictly applicable only to self-

fertilizing species, it is reasonable to expect that parthenogenetic

and non-sexually reproducing species shall follow the same laws of

heredity; and several studies have been made here with such species.
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Dr. A. M. Banta has, as stated in the last report, selected inside

of one "pure-line" of daphnids the most and the least sensitive to

light. The species reproduces parthenogenetically. The data, in-

cluding the reaction times of over 10,000 individuals, covering in

some cases 50 generations, are now being reduced.

The Director, working with Miss Annie P. Henchman, studied

the variation in the statoblasts of the fresh-water bryozoan Pectina-

iella magnijica. These seed-like buds carry marginal hooks whose

number varies from 11 to 26. By budding, compound individuals

or colonies are produced, each of which may contain from 100 to 900

statoblasts. All of the statoblasts of one colony are produced from

the same germ-substance without a sexual process to complicate

matters. There is a great range of variation inside of any one colony

;

i. e., one colony has a mode at 15 hooks, but there are a few stato-

blasts with as few as 12 hooks and some with as many as 20. But
when we compare colonies that are probably or certainlj^ unrelated

the mode and the range in the number of hooks are both quite

different. Thus, in another colony, the mode is at 18 hooks and the

range is from 15 to 22. Thus variation inside the non-sexually pro-

duced colony is less than the variation between colonies. As yet

attempts at breeding from given statoblasts have not succeeded.

METHODS.

Statistical Analysis of Data.

Dr. J. A. Harris has given much time to improving statistical

methods and has prepared a memoir on the calculation of inter-class

and intra-class coefficients of correlation from class moments when
the number of possible combinations is large.

The Director has published a third edition, slightly revised from

the second, of ''Statistical methods with special reference to bio-

logical variation."

Critique of Variation due to Heterogeneity of the Substratum, by J. A. Harris.

Dr. J. A. Harris had his attention called to the failure of one series

of plantings of beans to give results in harmony with his conclusion

that the larger the seed planted the greater the mean number of pods

per plant. The series in question gave precisely opposite results.

A study of conditions of the planting shows that the seeds of each

weight-group had been planted in order across a garden plot that was
selected for its apparent uniformity of soil yet there was a demon-
strable loss of productiveness from one side of the row to the other,

and the larger seeds were planted at the least fertile end. So great was
the heterogeneity that the larger seeds actually produced fewer pods

than the smaller. In statistical studies on relative productiveness,

homogeneity of substratum is clearly of primary importance.
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Methods of Rearing Chicks.

In rearing chicks we have until recently suffered from a mortality

of over 75 per cent. By applying the methods worked out at the

Storrs Agricultural Station for reducing white diarrhea (namely, by
keeping chicks in the incubator three days after hatching) mortality

from white diarrhea has been reduced to about 5 per cent. We still

had a large number of deaths at about 4 up to 8 weeks, apparently
from coccidiosis. By increasing the area of range per chick the

density of the infection of the ground is diminished and the death-

rate vastly decreased. Dr. H. D. Goodale employed this method
here in 1912 and has continued its use at Amherst in 1913, with good
results.

STATISTICAL SUMMARY.

Poultry.—Of chicks, 655 were hatched.

Finches.—Of canaries, 76 were hatched; 28 survived infancy.

Sheep.—Twenty-six sheep were born.

Plants.—No estimate has been made of the many thousand plants

examined by Dr. Harris. The number and extent of cultures grown
in connection with Dr. Shull's investigations are indicated by the

accompanying table.

Name of species.
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CONSTRUCTION:AND EQUIPMENT.

POWER-HOUSE.

To simplify the work of heating the buildings, including the green-

houses and bird-house, it was decided to erect a power-house near the

harbor. This building, of hollow tile and concrete, is 55 by 37 (or 41)

feet. It comprises a boiler-room, a room for machines, including

space for a pair of future 50 k. w. electric generators, a small forge

shop 8 by 13.5 feet, a coal bunker, a carpenter shop, and two rooms
for workmen. It is expected to install one electric generator in 1914.

DRAin D

CEMENT COPING

Power House.

ANIMAL HOUSE.

To relieve the crowded condition of the main building, to free it

from the dirt incident to caring for animals in it, and also to remove
the chemical laboratory to safe quarters, the Trustees provided for

building a new "animal house." The building is 80 feet long by 50

feet wide; it is of hollow-tile construction covered with stucco.

The roof is flat and of the Barrett specification type. The floors are

of reinforced concrete with terazzo surface. The stairs are of steel
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with slate treads. The first floor comprises four rooms for small

mammals and one for sheep ; also two suites of rooms whose walls

are all insulated with cork, to be used for heat and cold experiments.

This floor also has a room for aquatic animals, a kitchen for preparing

food and sterilizing small dishes, and a small suite of rooms for an
animal caretaker. The second floor comprises the chemical labora-

tory, 24 by 20 feet, with a weighing-room; a bird-room, 30 by 20 feet;

a suite for operating, an adjacent hospital and laboratory, all together

40 by 18 feet; two laboratories, each 18 by 19 feet; a museum room,
14 by 11 feet; a dark room 22 by 8 feet; a fire-proof vault for records.

MISCELLANEOUS.

Our frame carpenter shop and the lumber shed were moved from
their old sites to make room for the power-house, and set against

the side hill. A retaining wall about 80 feet long and 6 feet high
was built against the face of the slope. The excavated material

was deposited upon the salt marsh and a full half acre has been thus

reclaimed, which will be added to the garden.

A water tower 50 feet high and a tank of 10,000 gallons capacity

were installed and pipes laid to and from them. Two hydrants were
placed and provided with hose. A stream of water can be thrown
to the ridge of the laboratory and the animal house. The tank is

kept filled by the ram at an expense of less than $10 a year, including

new rubber valves and labor in replacing them.
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FUTURE GREEN HOUSES

FIRST FLOOR PLAN

Animal House. Cold Spnng Harbor.

SECOND FLOOR PLAN

Animal House. Cold Spring Harbol



BIBLlOClKAPliY OF PUBLICATIONS. 47
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.\dams, F. D. An experimental investigation into the flow of rocks. (Extrait du Compte
Rendu du xie Congres Gcologiiiue International.)

.\dams, L. H. a useful type of formula for the interpolation and representation of
experimental results. (Jour. Wash. Acad. Sci., vol. 3, pp. 469-474. 1913.)

. See Johnston, John.
Adams, Wai-ter S. Stellar spectroscopic results. (Read at loth meeting Astron. and

Astrophys. Soc. of America.)
, and Henry G. Gale. On the pressure shift of iron lines. (Astrophys. Jour.

June 1913.)
, and Jennie B. Lasby. The later spectrum of Nova Geminorum No. 2.

(Monthly notices, R. A. S., vol. 73, No. 9. 1913.)

and A. van Maan}:n. A group of stars of common motion in the h and x Persei
clusters. (Astron. Jour., vol. 27, No. 24. 1913.)

AuLT, J. P., and W. F. Wallis. Halley's observations of the magnetic declination,

169S-1700. (Terr. Mag., vol. 18, No. 3, pp. 126-132. Sept. 1913.)
Banta, a. M. Selection within pure lines in Daphnia. (Science, n. s., vol. 37, No. 946,

p. 272. Feb. 14, 1913.)
. Experiments on the light and tactile reactions of a cave variety and an open-

water variety of an amphipod species. (Proc. Soc. Exp. Biol, and Med., vol. 10, No. 5,

p. 192. May 21, 1913.)
, and R. A. Gortner. Induced modifications in pigment development in

Spelerpes larvae. (Preliminary paper presented at annual meeting of Ohio Academy
of Science, Columbus, Nov. 30, 1912. Ohio Nat., vol. 13, No. 3, pp. 49-55. Jan.
1913.)

Certain observations on the occurrence of tyrosinase in amphibian egg
jell. (Proc. Soc. Exp. Biol, and Med., vol. 10, No. 5, p. 191. May 21, 1913.)

Barcroft, J., G. Graham, and H. L. Higgin.s. The effect of carbohydrate-free diet on
the diss'^ciation curve of blood. (Preliminary communication. Proc. Phvsiol.
Soc. Jan. 18, 1913. Jour. Physiol., vol. 15, p. xlvii. 1913.)

Bartsch, Paul. Observations in mollusks among the Bahama Islands and the Florida
Keys. (Smithson. Misc. Coll., vol. 60, pp. 58-62. 1913.)

Barus, Carl. Diffusion of air and other gases through water. (British Assoc. Report,
extract only, Portsmouth meeting.)

, The indices of doubly refracting crystals. (Phil. Mag., vol. xxiv, p. 827.

1913.)
. A simple screw micrometer. (Amer. Jour. Sci., vol. xxxv, p. 267. 1913.)
. Growth of air bubbles on the walls of a beaker, etc. (Amer. Jour. Sci., vol.

XXXIV, p. 304. 1912.)
. Resolution of interference fringes. (Amer. Jour. Sci., vol. xxxv, pp. 308-310.

1913.)
. Interferometry of air carrying electrical current. (Amer. Jour. Sci., vol. xxxiv,

pp. 101-106. 1912.)

Viscosity of gases and Bunsen flame. (Science, vol. xxxvi, p. 320. 1912.)

Bauer, L. A. On the cause of the Earth's magnetic field. (Address delivered before
the Astron. and Astrophys. Soc. of America, Aug. 27-31, 1912. Abatr. Science, vol.

37, No. 940. pp. 27-28. Jan. 3, 1913.)
. A consistent theory of the origin of the Earth's magnetic field. (Presented

before Philosophical Society of Wash., Dec. 7, 1912. Jour. Wash. Acad. Sci., vol. 3,

No. 1, pp. 1-7. Jan. 4, 1913.)
. On the origin of the Earth's magnetic field. (Presented before Amer. Phys.

Soc. and Section B of the A. A . A. S., Cleveland. Dec. 30, 1912. Phys. Rev., n. s.

vol. 1, No. 3, pp. 254-257. Mar. 1913.)
. Magnetic results of Halley's expedition, 1698-1700. (Terr. Mag., vol. 18, No. 3,

pp. 113-12.^ Sept. 1913.)
. Gegenwartiger Stand der magnetischen Vermessung der Erde durcb die Car-

negie Institution of Washington. (Repr. Zeit. der Ges. fiir Erd. zu Berlin, No. 6.

1913.)
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Bauer, L. A. The Earth's magnetism. (Fourth Halley Lecture delivered at University of
Oxford. May 22, 1913. Bedrock. Oct. 1913.)

. The magnetic survey of the oceans. (I^ecture before Royal Geograph. Soc.
London. June 4, 1913. Geograph. Jour. 1913.)

, and J. A . Fleming. The C. I. W. deflector in use on the Carnegie for determining
the magnetic horizontal intensity and the magnetic declination at sea. (Terr. Mag.

,

vol. 18, No. 2, pp. 57-62. June 1912.)

, and W. J. Peters. Magnetic declinations and chart corrections obtained by the
Carnegie from Suva, Fiji, to Papeete, July to Sept. 1912, and from Papeete, Tahiti,

to Port Stanley, Falkland Islands, Oct. 1912 to Jan. 1913. (Terr. Mag., vol. 17, No. 4,

pp. 179-180; vol. 18, No. 2, pp. 63-64. Dec. 1912; June 1913.)
, . Magnetic declinations and chart corrections obtained by the Carnegie

from Port Stanley, Falkland Islands, to St. Helena and Bahia, Feb. to Apr. 1913.
(Terr. Mag., vol. 18, No. 3, pp. 111-112. Sept. 1913.)

Benedict, Francis G. The influence of the ingestion of food upon metabolism. (Trans.
Fifteenth Internat. Cong, on Hygiene and Demography. Sept. 1912.)

. Der Einfluss der Nahrungsaufnahme auf den Stoffwechsel. (Deutsch. Archiv
f. klin. Med., vol. 110, p. 154. 1913.)

, and Elliott P. Joslin. Ueber den Stoff- und Energieumsatz bei Diabetes.
(Deutsch. Archiv f. klin. Med., vol. Ill, p. 333. 1913.)

and Joseph H. Pratt. The metabolism after meat feeding of dogs in which
pancreatic external secretion was absent. (Jour. Biol. Chem., vol. 15, p. 1. 1913.)

. See Cady, W. G.
Bjerknes, V. Die Meteorologie als Exakte Wissenschaft. (Braunschweig, Druck und

Verlag von Friedr. Vieweg & Sohn. 1913.)
. Das CGS-System und die Meteorologie. (Separat-Abdruck aus der Meteoro-
logischen Zeitschrift, Heft 2. 1913.)

Blakeslee, a. F. Tree study in winter. (Nature Study Rev., pp. 13-21, Jan. 1913.)
. A labeling surface for laboratory glassware. (Science, vol. xxxvii, pp. 5G1-562.

Apr. 11, 1913.)
. Conjugation in the heterogamic genus Zygorrhynchus. (Mycologisches Cen-

tralblatt, Bd. ii, pp. 241-244. Apr. 1913.)
. Field work on trees. (Nature Study Rev., pp. 121-125. May 1913.)
. A possible means of identifying the sex of (+ ) and (—) races in the Mucors.

(Science, vol. xxxvii, pp. 880-881. June 6, 1913.)
and R. A. Gortner. The occurrence of a toxin in juice expressed from the

bread mold Rhizopus nigricans {Mucor stolonifer). (Proc. Columbia Biochem. Assoc.
Bull., vol. 2, pp. 542-544.)

, with C. D. Jarvis. Trees in winter. (The Macmillan Co., pp. 1-446. Jan.
1913.)

Boss, Benjamin. Systematic motion of stars of type G. (Astron. Jour., Nos. 649-
650. July 3, 1913.)

. Some possible star groups. (Astron. Jour., Nos. 649-650. July 3, 1913.)

. A means of minimizing the effect of short period displacements due to variable

refraction for the transit circle. (Astron. Jour., Nos. 651-652. Aug. 4, 1913.)

BowEN, N. L. The melting phenomena of the plagioclase feldspars. (Amer. Jour. Sci.

(4), vol. 35, pp. 577-599. 1913.)
. Die Schmelzerscheinungen bei den Plagioklas-Feldspaten. (Z. anorg. Chem.,

vol. 82, pp. 283-307. 1913.)

Brat, Wm. C. See Kraus, Charles A.
Buck, Solon J. The granger movement (1870-1880). (Harvard Hist. Studies, vol.

XIX, pp. 395. 1913.)
Cadt, W. G., and F. G. Benedict. Die magnetische Reaktion einer zwischen den Polen

eines Magnets kreisenden Kupferscheibe. (Phys. Zeits., vol. 13, p. 920. 1912.)

Caldwell, J. S. The relation of environmental conditions to the phenomenon of per-

manent wilting in plants. (Physiol. Res., vol. i, pp. 1-56. 1913.)

Cannon, W. A. Some relations between root characters, ground water, and species

distribution. (Science, n. s., vol. xxxvii. No. 9.50. Mar. 14, 1913.)
. Some relations between salt plants and salt spots. (Dudley Memorial volume

;

Leland Stanford Jr. Univ. Pub., Univ. series. 1913.)
. Some features of the physiography and vegetation of the Algerian Sahara.

(Bull. Amer. Geograph. Soc, vol. xlv. No. 7. July 1913.)
. Recent explorations in the Western Sahara. (Bull. Amer. Geograph. Soc.)

A note on a chaparral-forest relation at Carmel, California. (Plant World,
vol. 16. Jan. 1913.)

Castle, W. E. Simplification of Mendelian formulse. (Amer. Nat., vol. 47, pp. 170-182.)
. Some biological principles of animal breeding. (Amer. Breeders' Mag., vol.

3, pp. 270-282, 2 figs. Dec. 1912.)
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Cleveland, Frederick A., and Fred W. Powell. Railroad finance. (D. Appleton &
Co., pp. 478. 1912.)

Coble, Arthur B. The characteristic theory of the odd and even theta functions as

related to finite geometry. (Trans. Amer. Math. Soc. Apr. 1913.)

Cox, M. W. See Richards, T. W.
Daniels, Farrington. See Richards, T. W.
Davenport, C. B. Importance of heredity to the state. (Quart. Minnesota Educa-

tional, Philanthropic, Correctional, and Penal Institutions, vol. xii, pp. 23-51.
Dec. 1912.)

. Heredity in nervous disease and its social bearings. (Jour. Amer. Med. Assoc,
vol. Lix, pp. "2141-2142. Dec. 1912.)

. Inde.x to the germ plasm. (Schedule.) (Jan. 1913.)

. A suggested classification of writings on eugenics. (Science. Mar. 1913.)

. Eugenics in its relations to social problems. (Pub. No. 70, N. Y. Assoc. Impr.
Condition of Poor; Proc. N. Y. State Conference of Charities and Corrections.)

. Hereditv, culpability, praiseworthiness, punishment, and reward. (Pop. Sci.

Monthly, pp: 33-39. July 1913.)

State laws limiting marriage selection examined in the light of eugenics.

(Eugenics Record Office, Bull. No. 9, 66 pp. June 1913.)

, with Annie P. Henchman. Clonal variation in Peclinatella. (Amer. Nat.,

vol, 47, pp. 361-371. June 1913.)

Day, Arthur L. Geophysical research. (Smithson. Report for 1912, pp. 359-369.)
. Are quantitative physico-chemical studies of rocks practicable? (Compte

rendu, XI, Congres Internat. Geologique, vol. 2, pp. 965-967. Stockholm. 1910.)
, and E. S. Shepherd. Water and the magnetic gases. (Jour. Wash. Acad.

Sci., vol. 3, pp. 457-463. 1913.)
, and R. B. Sosman. La mesure des temperatures elevees par le thermomdtre

a gaz. (Jour. d. Physique (5). vol. 2, pp. 727-749; pp. 831-844; pp. 899-911. 1912.)

Detlefsen, J. The fertility of hvbrids in a mammalian species-cross. (Amer. Breeders'

Mag., vol. 3, pp. 261-265. Dec. 1912.)

Dorset, N. E. The theory of the Earth inductor as an inclinometer. (Terr. Mag., vol.

18, No. 1, pp. 1-38. Mar. 1913.)
Edmonds, H. M. W. Biographical sketch of Johann Baptist Messerschmitt. (Terr.

Mag., vol. 18, No. 2, pp. 7.5-76. June 1913.)

Fath. E. a. The spectra of spiral nebula? and globular star clusters. 3d paper.
(Astrophys. Jour. Apr. 1913. Contr. from Mount Wilson Solar Obs., No. 67.)

Fenner, C. N. Stability relations of the .silica minerals. (Amer. Jour. Sci. (4), vol, 37,

pp. 331-.384. 1913.)

Fleming, J. A. Description of the C. I. W. marine Earth inductor. (Terr. Mag., vol. IS,

No. 1, pp. 39-45. Mar. 1913.)
, and J. A. Widmer. Description of the C. I. W. combined magnetometer and

Earth inductor (illustrated). (Terr. Mag., vol. 18, No. 3, pp. 105-110. Sept. 1913.)
. See Bauer, L. A.

Franz, Shepherd I. Onthefunctionsof the cerebrum: The occipital lobes. (Psychol.
Monograph, No. 56, p. 118. Sept. 1911.)

. New phrenology. (Science, vol. 35, pp. 321-328. Mar. 1912.)

. On some functions of the cerebral occipital lobes. (Gov. Hosp. for Insane,
Bull. No. 4, pp. 5-20. Aug. 1912.)

. Observations on the preferential use of the right and left hands by monkeys.
(Jour. Animal Behavior, vol. 3, pp. 140-144. Mar. 1913.)

. The functions of the cerebrum. (Psychol. Bull., vol. 10, pp. 12.5-138. Apr. 1913.)

Functions of the brain. (Reference Handbook of Medical Sciences, vol. 2, pp.
397-412. Aug. 1913.)

Gale, Henry G. See Adams, Walter S.

Gettler, a. O. See Sherman, H. C.
Goodale, H. D. Castration in relation to the secondary sexual characters of brown

leghorns. (Am. Nat., vol. lxvii. 1913.)
, with T. H, Morgan. Heredity of tricolor in guinea-pigs. (Am. Nat., vol. lxvii.

1913.)

Gortner, R. a. Studies on the chemistry of embryonic growth: I. Certain changes in

the nitrogen ratios of developing trout eggs. (Jour. Amer. Chem. Soc, vol. 35, pp.
632-645; abstract Proc. Coh)mb'a Biochem. Assoc; Biochem. Bull., vol.2,p.463.)

. Studies on Melanin: V. A comparison cf certain nitrogen ratios in black and
white wool from the same animal. (Jour. Amer. Chem. Soc, vol. 35, pp. 1262-1268;
abstract in Proc. Columbia Biochem. As«oc.; Biochem. Bull., vol. 2, pp. 544-545.)

. Notes on a difTerential mortality observed between Tenebrio obscuris and T.
moliior. (Amer. Nat., vol. 47, pp. 572-576.)— . The misuse of the term "Melanin." (Science, n. s., vol. 36, pp. 52-53.)
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GoRTXER, R. A. The laboratory of biological chemistry of the Station for Experimental
Evolution, Carnegie Institution of Washington. (Biochem. Bull., vol. 1, pp. 567-
509.)

. The bleached flour decision. (Biochem. Bull., vol. 2, pp. 532-534:.)

. Haas and Hill's Introduction to the chemistry of plant products (a book
revicvv'). (Science, n. s., vol. 38, pp. 407-408.)

, and J. A. Harris. On a possible relationship between the structural peculiar-
ities of normal and teratological fruits of Passiflora gracilis and some physico-
chemical properties of their expressed juices. (Bull. Torry Bot. Club., vol. 40, pp.
27-34.)

, and Clayton O. Host. The determination of total manganese in soils. (Jour.
Indus, and Eng. Chem., vol. 4, pp. 522-524. Reprinted in 25th Ann. Report Nebr.
Agri. Exper. Sta., pp. 75-80.)

. See Banta, A. M.
See Blakeslee. A. F.

Graham, G. See Barcroft, J.

Guy, J. S., E. J. Shaeffer, and H.vrry C. Jones. Die Anderung der absorption dcs
Lichtcs durch Wasser infolge der gegenwart stark hydrate Salzes nachgemienen mil
Kilfe des Radiomikrometers; ein neues Beweis fur die solvat-theorie derLosungen.
(Phys. Zeits., vol 14, p. 278. 1913.)—— ,

, . t:he absorption of light by water changed by the pressure
of strongly hydrated salts, as shown by the radiomicrometer; new evidence for the
solvate theory of solutions. (Amer. Chem. Jour., vol. 49, p. 265. 1913.)

. See Jones, Harry C.
Hale, George E. The 150-foot tower tekscooe of the Mount Wilson Solar Observa-

tory. (Pubs. A. S. P. Oct. 1912.)
. Preliminary note on an attempt to detect the general magnetic field of the sun.

(Terr. Mag. and At. Elec. Dec. 1912. Pubs. A. S. P. Feb. 1913.)
——— . The work of Sir William Huggins. (Astrophys. Jour. Apr. 1913.)

. The earth and sun as magnets. (Address delivered at semi-centennial cele-

bration of the National Academy of Sciences, April 22, 1913. Pop. Sci. Monthlv.
Aug. 1913.)— -. Preliminary results of an attempt to detect the general magnetic field of the
sun. (Astrophys. Jour. July 1913. Contr. from Mount Wilson Solar Obs., No. 71

.

)

. Observations of the Zeeman effect due to the general magnetic field of the sun.

(Read before Internat. Union for Cooperation in Solar Research, Aug. 1913.)

IL\RRis, J. Arthur. A first study of the influence of the starvation of the ascendants
upon the characteristics of the descendants. II. (Amer. Nat , vol. 46, pp. 656-674.

1912.)—
. A simple demonstration of the action of natural selection. (Science, n. s., vol.

36, pp. 712-715. 1912.)
. A simple test of the goodness of fit of Mendelian ratios. (Amer. Nat., vol. 46,

pp. 741-745. 1912.)
. Biometric data on the inflorescence and fruit of Crinum lomjijolium . (Ann.

Report Mo. Bot. Card., vol. 23, pp. 75-99. 1912.)
. On the relationship between bilateral asj'mmetry and fertility and fecunditv.

(Archiv Entwickl. Organis., vol. 35, pp. 500-522. 1912.)
. The size of the seed planted and the fertility of the plant produced. (Amer.

Breed. Mag., vol. 3, pp. 293-295. 1912.)

Hallett's method of breeding and the pure line theory. (Amer. Breed. Mag.,
vol. 4, pp. 32-34. 1913.)— . Supplementary note of the significance of variety tests. (Science, n. s., vol.

37, pp. 493-494. 1913.)—. Prohfication of the fruit in okra. Hibiscus esculcntus. (Torreva, vol. 13, pp.
33-35. 1913.)—. Note on the Alpine dwarfing of Polygonum bistorta. (Torreya, vol. 13, pp. 182-
184. 1913.)—, On the relationship between the number of ovules formed and the capacity of

the ovary for developing its ovules into seeds. (Bull, Torr. Bot. Club., vol. 40. pp.
447-465. 1913.)

. An illustration of the influence of substratum heterogeneity upon experiment;d

results. (Science, n. s., vol. 38, pp. 345-346. 1913.)— . The data of inter-varietal and inter-specific competition in their relation to

the problem of natural selection. (Science, n. s., vol. 38, pp. 402-403. 1913.)—. Note on the relationship between barometric pressure and carbon dioxide ex-

cretion in man. (Biochem. Bull., vol. 2, pp. 530-531. 1913.)—, andR. A. Gortner. On the relationship between the weight of the sugar beet

and the composition of its juice. (Jour. Indus, and Eng. Chem., vol. 5, pp. 192-195;
abstract Proc. Columbia Biochem. Assoc; Biochem. Bull., vol. 2, pp. 287-2S8.)
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Harris, J. Arthur, and R. A. Gortner. Further notes on the relationsliip between the
weight of the sugar beet and the composition of its juice. (Biochem. Bull., vol. 2,

pp. 524-529.)
. See GoPTNER, R. A.

Harvey, E. M. The action of the rain-correcting atmometer. (Plant World, vol. xvi,

pp. 89-93. 1913.)

Hay, Oliver P. Notes on some fossil horses, with descriotions of four new species.

(Proc. U. S. Nat. Mus., vol. xliv, pp. 569-594. Apr. 30, 1913.)
. Descriptions of the skull of an extinct horse, found in central Alaska. (Smith-

sonian Misc. Coll., vol. Lxi, pp. 1-18. June 4, 1913.)—
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