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BIOLOGY, EXPERIMENTAL.

STATION FOR EXPERIMENTAL EVOLUTION AT COLD SPRING
HARBOR, NEW YORK.*

By Charles B. Davenport.

In planning an experimental study of evolution, investigations

already in progress elsewhere were taken into consideration in order

that work might not be duplicated, but rather that the more difficult,

expensive, and time-consuming operations might be taken up, and

that there might be brought about a coordination of the work being
done in the subject all over the world.

The factors of evolution are three—variation, inheritance, and

adjustment. Studies may be made on any one of these factors or

on all three together ;
as a matter of fact, they can hardly be studied

wholly independently. Variation has been much studied during
the past decade by quantitative and other methods. These have

been studies in evolutionarj- statics and have required no special

plant. Since these studies can be as well made elsewhere, we have

devoted little time to them. Inheritance of variants is a dynamical
matter whose investigation is be3^ond the ordinary facilities of uni-

versities as at present organized, and requires continuity of work

during long periods of time. Variants are of more or less signifi-

cance for evolution, according to the method of their inheritance
;

so the study of heredity furnishes a test of the importance of the

different kinds of variation. Since studies in inheritance have been

relatively neglected, despite their importance for evolution, our first

efforts have been directed primarily toward such studies. To lead

to valid generalizations, such investigations should be made broadly ;

consequently work has been or is planned to be undertaken in co-

operation with others on all the main groups of animals and plants.

There are two ways in which the work might be divided among
the workers—by topics or by material. While the investigation of

a topic b}' one person would be under conditions of completer knowl-

edge the ideal method, it is better, in present practice, to divide on

the basis of materials to be studied. The reason for this is that,

especially among animals, each kind of material offers special diffi-

culties in rearing and breeding that have to be mastered before further

progress can be made
;
and the master}^ of the difficulties in the breed-

ing of a single species may demand an investigator's whole attention

during one or many years.

*GrantNo. 218. $12,000 for investigations during 1905. ( For first report see

Year Book No. 3, pp. 23-32.)
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The work in progress may be classified into the following depart-

ments :

1. Investigations into inheritance and variabilitj- of plants.

2. Investigations into inheritance and variabilit}- of insects.

3. Investigations into inheritance and variability of other inverte-

brates.

4. Investigations upon aquatic vertebrates.

5. Studies on inheritance in domesticated animals.

6. Investigations into the cytological basis of heredity.

7. Cooperation with other investigators.

8. Work of subsidiarj' departments.

9. Care and development of the plant,

INVESTIGATIONS INTO INHERITANCE AND VARIABILITY IN

PLANTS.

Since plants get their food from the .soil and air, their maintenance

is less expensive than that of animals
;

.since they are stationary, less

caging is required ; but, on the other hand, since their fertilizing

element is for the most part scattered by the wind or by insects,

interbreeding is more difficult to control. Moreover, it is necessary

to fight the other plants, weeds, with which thej^ come into com-

petition, parasitic plants and animals, and meteoric conditions of

precipitation, temperature, and wind. About 2)^ acres of land are

devoted to the rearing of pedigreed plants. The fundamental phys-

ical conditions of the soil are satisfactory, and sufficient manure can

be purchased in the vicinit)'. One laborer has been able to keep the

ground cultivated. Danger from drought will be henceforth avoided

b)' the new water system about to be installed. The out-door temper-

ature favors growth during the season, and the growing season for

certain plant.s will be continued through the j^ear by the propagating
house now nearly completed. The advantage of plants for studies in

inheritance depends on the great number of characters that the3^ offer

and the comparative ease with which cross-fertilization, even between

distantly allied forms, may be secured. On account of these advan-

tages they have been more used for studies in heredity than animals.

The botanical investigations are at present being carried on b}' Dr.

G. H. Shull alone. The work has been so multifarious as to demand
an immense amount of his time. His report is given on pp. 96-100.

As Dr. Shull reports, we have cooperated in our plant-breeding with

Drs. Britton and MacDougal, of the New York Botanical Garden.

Visits between the Station and the Garden by the staff of each have

been numerous, and consultations on matters of mutual interest have

been repeatedly held.



To face page 88. PLATE 3.

VIEW OF THE MAIN BUILDING OF THE STATION FOR EXPERIMENTAL EVOLUTION^FROM THE SOUTH.

GENERAL VIEW OF THE GROUNDS AND BUILDINGS OF THE STATION—FROM THE EAST.

Beginning at the road at the left there is shown first the stable, next the main building, and behind and
above the director's residence. Then come a green-house, a colony house for poultry, and an instrument
shelter. Further to the right appear a number of small colony houses in a poultry yard, then the Station
launch and boat-house

;
behind the latter a brooder and pigeon-house. Cold Spring Harbor in the foreground.



BIOLOGY, EXPERIMENTAL—DAVENPORT. 89

INVESTIGATIONS ON INSECTS.

Insects are probably to-day the most rapidly evolvin.2; of all organ-

isms. This conclusion is based on their great variability. The num;
ber of described species is reckoned at hundreds of thousands, about

equal to the number of all other animals put together. The static

study of their variability has long been carried on, but relatively

little breeding of them has been done because of the technical

difficulties. The greatest difficulties are uncertainty of pairing in

captivity and the infertility of many crosses. To circumvent these

•difficulties it will be necessary to devise special methods of housing

and caging them. We are planning an insectary. Smaller cages

for individual experiments are being constantly devised. Each

experiment with a new kind of insect requires a careful study of

conditions of food, moisture, temperature, light, and air. Changing
food of the insects and keeping the cages clean take much time

and limit the number of experiments that one man can undertake
;

consequently results from insects come rather slowly at first. For-

tunately they breed rapidly and produce a great number of offspring ;

so when the technical difficulties are overcome thej' should prove

the best of material for our studies.

Mr. F. E. Eutz has attacked the difficulties of breeding insects with

•energy and success, and, barring accidents, should gain important

results b}' another season. His report will be found on page 100.

Mr. Roswell Hill Johnson, who began work here in August, is

working on lady birds (^Coccinellidtz) a famih' of beetles which con-

tains thousands of species, many of uncertain systematic status.

They feed on plant-lice (aphids). His experiments have led him

to undertake the systematic cultivation of aphids by rearing their

food plants, and even to a study of their di.seases. Mr. Johnson

reports on page 102.

Prof. W. J. Moenkhaus, of Indiana University, associate of the

station, worked during two months of the summer at the station

upon the question of sex-inheritance, using some small, rapidly breed-

ing flies for the purpose. He reports on his work at page 102.

Prof. H. E. Crampton, Columbia University, an associate, has

been working on selection in the Saturnid moths. He has made use

of the facilities of both the biological laborator}- and the .station for

Tiis breeding work.

Mr. W. L. Tower, University of Chicago, an associate, has con-

tinued his investigations on the evolution of the Colorado potato
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beetle aud its allies in Mexico. He has a large report on earlier

investigations ready for the press.

Dr. J. H. McGregor, of Columbia University, worked both in

connection with the station and the biological laboratory upon
inheritance in bees.

INVESTIGATIONS ON OTHER INVERTEBRATES.

Some Helix ncmoralis of the Virginia colony are being bred to test

inheritance of their variable markings. The snails are kept in 32

compartments out of doors. Results are not advanced enough for

report. We have experimented with breeding various other species

in captivity.

INVESTIGATIONS UPON AQUATIC VERTEBRATES.

Fishes afford excellent material for studies in inheritance, because

they produce great numbers of offspring and because even distantly

related forms are easily cross-fertilized. Dr. W. J. Moenkhaus, of

Indiana University, who has published important investigations on

the behavior of the germ plasm in fish hybrids, continued his work

on hybridization of fishes at the station in the summer of 1904. His

detailed report is given below. At present the station pos.sesses

about ioocro.sses between brown trout and albinic sports of the same

species. The crosses are pigmented exactly like the brown trout.

This material was presented to the station by the New York State

Forest, Fish, and Game Commission. The fish were bred by Mr.

Grant E. Winchester at the Adirondack hatchery. We obtained

them through the interest of Mr. John D. Whish, secretary of the

commission. It appears that some albino trout suddenly appeared
at the Adirondack hatchery, and that they were successfully reared

to maturity. vSome albino progeny were obtained, but these proved
too weak and nearly all eventually died. Meanwhile Mr. Winchester

had fertilized 424 eggs from the normal female with the albino male.

The offspring, as stated, resembled the normal fish. On April 26,

1904, I wrote to Mr. Whish, urging that the hybrid eggs be kept sep-

arate from the others, and concluding : "I predict that if these fi.sb

are crossed with each other, when they become mature the}^ will yield

pure albinos in 25 percent of the offspring, and that such albinos there-

after intercrossed will produce nothing but albinos." To test this

prediction, the young hybrids are being reared partly at Saranac and

partly at Cold Spring Harbor, As our fish ponds are not yet ready,

the fish are being taken care of at the State fish hatchery, adjoining

our grounds, through the kindness of Mr. Charles H. Walters, super-

intendent, and it is proposed to breed from them the present autumn.
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STUDIES ON INHERITANCE IN DOMEvSTICATED ANIMALS.

This has been my major investigation. The following species are

being bred at the station :

Systematic name.
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kid only had accessory auricles. The female goat again gave birth

on September 19, 1905, to two kids by the wattled male—one a male

and one a female. The male kid only has accessory auricles. Con-

sequently it is probable that both of the wattled parents are hetero-

zygous, and that the non-wattled condition is in them recessive. On
this hypothesis we should expect, with larger numbers, to get three

times as many wattled as non-wattled offspring. In regard to the

inheritance of coat color, I may say that both parents are of mixed

color—black, white, and buff. Of the first offspring (sire unknown) ,

one was pure white and the other buff and white. Of the second

pair, one is black and the other buff and white.

Sheep.— The valuable gift to the station by Dr. Alexander Graham
Bell of two 5-nippled ewes and one 6-nippled ram, born in the spring

of 1904 in his Nova Scotia flock, was mentioned in my first report.

One of the ewes is w^hite like the ram : the other is black
;

all are

thriving. Two horned Dor.sets—a race that has the reputation of

bearing twins—were purchased in December, 1904, of W. R. Selleck,

Huntington. Both were in kid and each gave birth to one young in

the spring of 1905. I am consequently disappointed in my strain,

but as the Dorsets are still young there is a chance that they may
improve in fecundit3'. Meanwhile the examination of sheep at

county fairs has shown that 3 or 4 nippled individuals are not rare

on Long Island, and goats and cows wdth extra nipples can be pro-

cured ; and it is proposed to extend experiments in the very practical

direction of increasing the number of functional mammary glands.

An examination of Dr. Bell's printed list of multinippled sheep has

brought out an interesting fact in regard to the inheritance of color.

In all cases (20) but one, when both parents are black the offspring-

are black. From correspondence with Dr. Bell it appears that the

one exception may be due to an error in the record. It may be con-

cluded, therefore, that two blacks always throw blacks onh*. This

indicates that black color is a Mendelian recessive in sheep.

Cattle.—The two chief races of dairy cattle, Jersey and Holstein,

are characterized by a great difference in color, build, and quantity

and quality of milk. I have wished to see if the quality of the Hol-

stein milk, noted for its remarkable quantit}', could be improved by

breeding with the Jersey. Owing to the practical importance of the

proposed experiment, it should be carried out by some one with

greater resources than we have. It will probably be necessary to

proceed on a small scale, trusting to the chance of the single die

throw, instead of the certainty of the frequently repeated, to get a

favorable combination of characteristics (viz, quality and quantity)

in the second hj'brid generation.
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Cats.—If characteristics are for the most part inherited entire and
can be combined in various ways, like atoms in chemistry, it should

be possible to obtain any desired combination. At the beginning of

the 3'ear I set myself the task of producing a white, blue-eyed, deaf,

long-haired, tailless, polydactjd cat. M}^ parental stock consists of :

No. I, black Manx male (tailless) ;
No. 2, black, tailed, polydactyl

female
; No. 3, female Maltese polydactyl ;

No. 4, white, blue-eyed,

deaf, polydactyl female
;
No. 5, black and yellow polydact3'l female.

The Manx male was bred to these females. The results so far are

represented below in tabular form.

[Abbreviations : N, black ; W, white ; Tig., tiger ; Malt., inaltese
; Gy., gray.]
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CYTOLOGICAL INVESTIGATIONvS.

The results of the last three years confirm the belief in the im-

portance of the chromatic material in inheritance. This chromatic

material exhibits a bewildering complexity and diversity scarcely

less than that of adult organisms. It is of the greatest importance

to find the relation of chromatic diversity and somatic diversity.

Miss IvUtz has made progress in this difficult and time-consuming

work (page loi).

COOPERATION WITH OTHER INVEvSTIGATORvS.

It has been part of the plan of the station to come into friendly

and cooperative relations with workers in our field everywhere.

This idea has been carried out by the establishment of the two classes

of associates and correspondents, the former constituting a non-

resident .staff of the station, the latter other workers in the same

field. We have added to the list of our correspondents the following :

Prof. E. B. Poulton. of Oxford University, England. Professor

Poulton has long been known for his experimental researches upon
the adaptive significance of color-markings in animals and their con-

trol in many cases through direct stimulation.

Mr. A. D. Darbishire, of Owens College, Manchester, England,who

has published a series of papers giving the results of his experiments

on breeding mice.

The titles of a number of works in experimental evolution pub-

lished by our associates and correspondents and showing the present

trend of the science are given on pages io6 and 107.

A large number of biologists have visited the station to view the

work or to consult on general methods or special points in their

work. We have gladh^ given much time to such inquirers.

Mi.ss Edith M. Brace, of the Western Maryland College, spent two

or three weeks at the station studying the physiology of the snake's

tongue. Mr. Ivey N. Eewis, of Johns Hopkins University, was

accommodated during about six weeks of the early spring while

making collections of Coleochsete, parasitic on the water-weed

Niiella, for further investigation.

WORK OF vSUBSIDIARY DEPARTMENTvS.

The library is an important adjunct of the literary part of our

scientific work. An exten.sive library of biological literature was

clearly out of the question ; moreover, it is not necessary on account

of our proximity to New York City. But one kind of a library has

been regarded as essential. Our isolation has demanded that we

.should have a set of synoptic works on systematic and anatomical



BIOLOGY, EXPERIMENTAL—DAVENPORT. 95

biolog}' ; complete bibliographic indices, so that we may know what

has been published and is being published on any biological subject

that we may have to refer to
;
as nearly as possible, all the more

important speculative and experimental books and papers dealing

with evolution, including variation, heredity, and plant and animal

breeding ;
and current zootechnical and phytotechnical journals, that

we may learn of advances in methods of caring for animals and plants

and keep advised of available material. Our accessions of bound

books number 575. During the winter of 1904-05 the library was

installed and catalogued by Miss Mabel E. Smallwood.

During the winter and spring the staff met regularly to review the

articles bearing on experimental evolution that appeared in the liter-

ature received.

The papers of the station, of which three have already appeared

and three others are nearly ready for the printer, have been distributed

to over 250 learned societies and institutions, from which we are receiv-

ing many publications in exchange. We receive currently the pub-

lications of nearly all of the State agricultural experiment stations.

The necessity of making records by photography has led us to fur-

nish the dark-room quite fully. Mr. H. A. Hackett divided his time

between making photographs and helping care for the poultry. Ani-

mal photography is the most difficult phase of the art. We need the

best lens attainable for this purpose and have included the purchase

price in our budget for next year.

The observations of the meteorological instruments have been made

daily, under the charge of Mr. F. E. Lutz.

CARE AND DEVELOPMENT OF THE PLANT.

On January i, 1905, the station building was finally ready for

occupancy, and our real work under satisfactory conditions must

date from that time. The building is substantially made, is semi-

fireproof, and is highly convenient for our work. That work has,

however, grown so far in excess of our anticipations that it has

already become evident that the building is to be used chiefly for

office work and the preservation of books and records, and that the

breeding of organi.sms will be done in separate buildings. In

pursuance of this plan, there have already been erected one poultry-

house 10 feet by 60 feet, a brooder-house about 30 feet by 40 feet,

and a green-house 59 by iS feet
; 14 small chicken-houses have been

purchased, and it is intended to construct about 20 more. A glass-

covered vivarium for rearing insects and snails is also planned. We
hope in time to have a substantial birdhouse, with flying-cages,

for breeding canaries, sparrows, and other small l)irds.
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The completion of the main building left us with a large number

of finishing operations that could be completed only in the spring.

At that time the ground about the building was graded, a drive made

from the highway to the building, the water system completed, and

the electric cables finally laid. During the coming year we plan to-

introduce a new water supply, which will furnish about 2,000 gal-

lons of water per hour, with a head of 20 feet, to be used for the

fish-ponds, the indoor fish-troughs, and irrigation of the gardens,,

green-house, and insectary. It is hoped also to complete the salt-

water system to the main building.

The general care of the place
—

cutting grass, keeping drive in

order, and washing windows—has required some attention and has

been done by a laborer, who has, in addition, dug ditches for drain-

ing, water pipes, and cables, done detailed grading, and helped in

many of the heavy operations.

It is a feature of experimental work in biology that it tends to

increase geometrically, and it is evident that more land will event-

ually be required.

That the work of the station is widely known and generally

appreciated is shown by the variety of gifts received from many
sources. These comprise books and papers pertaining to the work,

together with interesting specimens of animals, plants, and so forth.

The station is especially indebted to Dr. O. L. Jones for the gift

of much sand, gravel, and forest loam, as well as for numerous other

courtesies.

REPORT OF DR. GEORGE H. SHULL.

The botanical experiments may be con.sidered under the two-

natural subdivisions, variation and inheritance. Recognizing that

variations are of two kinds, mutations and fluctuations, both of

which doubtless have important bearing upon evolution, the study
of variation resolves it.self into (i) a .search for mutations, and (2)
the investigation of the causes, modification, and fixation of fluctuat-

ing characters.
*

In the search for .suitable material for .studies on the origin and.

permanence of variations among plants, 160 lots of seeds were col-

lected, representing 108 species. Certain limitations of space avail-

able for germinating and caring for the.se plants made it impossible
to handle so many lots

; consequently a .selection was made involv-

ing 128 lots of seeds of the 81 .species that were thought to be most

promising. Sowings of the biennial and perennial species were made
in the latter part of February and early in March with the hope that



To face page 96. f'LATE 4.

PART OF MAIN EXPERIMENTAL GARDEN OF THE STATION, JULY, 1905.

Evening primroses in the foreground, Russian sunflowers at the right, Indian corn at left.

VIEW OF PART OF SHEEP AND GOAT PASTURE AND POULTRY RUNS. BROODER HOUSE TO THE LEFT.
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they might thus be brought to flower and fruit in the first season,

but only in the evening primroses was this hope fulfilled. Owing
to au unfortunate delay of two months on the part of the Bausch

and Lomb Optical Company in filling our order for a soil-sterilizer,

recourse was had to means other than sterilization to avoid the

contamination of the cultures with seeds of unknown origin. For this

purpose sand was taken from a sand bank after the careful removal

of the portion which might have received seeds carried by wind,

birds, etc.
,
or which might have been brought down from above in

landslides. Many of the species chosen for these studies were wood-

land plants which find the best conditions for their development in

a soil rich in humus. The attempt to start them in sand resulted

in a greatly lessened measure of success in the germinations than

might reasonably have been expected if they had been sown in soil.

Of 128 lots of seeds sown, only 69 lots gave germinations, and in

many cases only one or several specimens of a species were secured.

Species having verj' small seeds, such as Hyperiaim and Mhmdus,
reached the limit of their development before the}'' were large enough
to be successfully transplanted from the sand to boxes of soil.

The number of pedigree-cultures which finally found their way
into the garden was 48, belonging to the following 28 species :

Aquilegia canadensis Oe. lata L. spicata

Barbarea sp. Oe. nanella Ambrosia artemisiEefolia

Bursa bursa-pastoris Oe. rubriuervis Chrysopsis falcata

Sibbaldiopsis tridentata Kneiffia pumila Solidago alpestris

Potentilla monspeliensis Lappula americana S. macrophylla ,

Viola arvensis Verbascum blattaria Erigeron ramosus

Chaniaenerion angusti- Plantago lanceolata Rudbeckia hirta

folium P. major Helianthus annuus

Oenothera gigas Sonchus asper H. debilis

Oe. lamarckiana Lactuca canadensis

In addition to these, the following species have been under observa-

tion, but were kept indoors, owing to their late germination :

Draba incana arabisans Mimulus ringens Viola spp.

Trifolium pratense Chelone glabra Sonclius oberaceus

T. hybridum Pentstemon pentstemon

The chief ends aimed at in the inception of these pedigree- cultures

were : First, to determine in each case the presence and character-

ization of any elementary species wdthin the systematic species ;
sec-

ond, to observe the nature and degree of the fluctuations normally

present, in order to give a basis for selecting those variations which

may be expected to prove transgressive or mutational ; third, to learn

7
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such biological relations for each species as capacity for self-fertil-

ization, either with or without artificial aid, adaptations for crossing,

number of viable seeds produced, etc. ; and, fourth, to find out

their capacity for successful manipulation, both as regards ease of

culture and of adequate control of the fertilization processes.

Of the species that have been under observation this year, several

have shown notable variations, but the exact significance of these

can be known onh' when continued culture shall have shown their

behavior in inheritance.

In the study of the laws governing fluctuating variations, material

has been collected for the investigation of secular variation in the ray-

flowers of Chrysanthe7ninn leucajithejnuvi, a small plot has been set

aside and fenced as a permanent chr^'santhemum preser\^e to supple-

ment the work I have done on Aster prenanthoides, and arrangements
have been made for continuing the studies on the latter species.

The influence of self- and cross-fertilization and of the selection to

particular types upon fluctuating variabilit}^ and upon the fixation

of fluctuations is being studied in Zca mays, the character chosen

for this study being the number of rows on the ear.

The relation of fluctuating characters of mutants to the corre-

sponding characters of the species from which they originated and

the question as to whether or not there is any tendency on the part

of the mutants to regress toward the parental condition has been

investigated in Oenothera lamarckiana,Oe. rubriyiervis
,
and Oe.nanella,

and the results were published as part of Paper No. 2 of the Station

for Experimental Evolution, entitled
" Mutants and hybrids of the

Oenotheras," by D. T. MacDougal, assisted by A. M. Vail, G. H.

Shull, and J. K. Small. I have again collaborated with Dr. Mac-

Dougal and Miss Vail in a continuation of these studies, which will

be published soon in the series of papers from this station.

Although experimental evolution is naturally divided into varia-

tion and inheritance, it must always consist in a combination of these

two processes, so that in most cases the investigations involve both

elements. Inheritance is always the test of mutations, and it is

likewise involved in every problem of selection
;
but in the studies

already mentioned variation is the prime object, while in those that

follow, the laws of inheritance are the chief object in view.

In 1904 an attempt was made to repeat the investigations of

Johannsen on the inheritance of seed-weights in beans, becau.se his

results were thought to be in disaccord with Galton's law of inher-

itance. The choice of Burpee's bush lima bean for the investigation

was unfortunate, because it does not maintain a strict bush form, and
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the work planned with this variety was abandoned. Occasion was

taken, however, to point out in a paper presented before Section G,
American Association for the Advancement of Science, December 30,

1904, and afterward published in Torreya. that Johannsen's results

are in exact agreement with Galton's law, instead of being contrary

to it. The importance of Johannsen's results, however interpreted,

make it a matter of some regret that they were not elaborated by

more approved statistical methods. As a corollary to his conclusions,

every change in bean-weights capable of being segregated by selec-

tion within the individual pure line is of the nature of a mutation. To

satisfy the desire for a more appropriate elaboration and to investi-

gate the occurrence and behavior of these minor mutations, the study

is being repeated this year with Henderson's bush limas. This

variety has proved highly satisfactory, as it forms a bush of moderate

size and blooms and fruits well when inclcsed in bags of mosquito

netting, this means being adopted to insure the purity of the hered-

itary lines.

The transmissibility of certain abnormalities has been tested

with the following results : Of eleven specimens of Rudbeckia hirta,

the entire progeny of a strongly fasciated individual, only one showed

evidence of fasciation, but the offspring of a fasciated Ambrosia

artemisicsfolia had slight fasciations in 8 of the 15 specimens. Com-

pound spikes of Plantago lanceolata were transmitted, fully developed,

to one of 26 offspring. Six of the other specimens showed abnor-

malities which may be related in character to the compound spike.

These consisted in the occasional production of scapes bearing one

or several leaves, or even a well-formed rosette, while axillary to

these leaves arose scapes terminated by single unbranched spikes.

Pla7itago major did not transmit in a single well-marked case, in a

progeny of more than 100 specimens, a rosette of leaves about the

base of the flower-bearing portion of the scapes. The possibility

is not excluded, however, in this case, nor in other cases in which a

parental character is wanting in the offspring, that the young are

heterozygotes in which the character in question is recessive. This

point can only be determined by the study of a second generation.

In the common garden form of Hclia?it/ms anmcus, known as the

Russian sunflower, two characters have been chosen for the study

of inheritance. One of these characters, the greater or less degree

of bifission of the leaves at the second node above the cotyledons, is

obviously a progressive character, while the other character—the

branching habit— is, at least in a certain sense, atavistic or degress-

ive. Both of these characters prove to be rather strongly inherited,
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though to what extent this will be true wheu both pareuts are

bearers of the characters in question must be determined by further

investigation, as the pollen parent of this j'ear's progeny is in each

case unknown.

Hybridizations made last year between different varieties of beans

give excellent material illustrative of one of Mendel's laws of inher-

itance, in that all pigments are dominant over white and in each case

the darker pigment is dominant over the lighter. In every case the

reciprocals are equal. Crosses with the "White Flageolet" give

beautiful examples of )iova and illustrate the nature of latency.

The offspring from crosses between this variety and any pigmented

bean, whether yellow, brown, or black, invariably bear purple- mottled

seeds in the first hybrid generation.

Hybridizations have been attempted this year between varieties or

species of Lychnis, Eschscholtzia, Verbasaivi, Helianthus, etc.

A study into the significance of stages in the development of Siuni

cicutcEfolhim was completed and published as No. 3 of the Papers of

the Station for Experimental Evolution.

Most of the specimens collected during 1904 for the herbarium

have been mounted and arranged according to Engler & Prantl's

system of classification. These include : The Flora of Cold Spring

Harbor, L. I., 190 specimens ; seedling and juvenile forms, 3 .spec-

imens
; pedigreed plants, 72 specimens ; total, 265 specimens.

Among these the following have not been hitherto recorded from

Eong Island: Panicwn tennesseejise, Agrostis scribneriana, Scirpuspalu-

dosus, Carcx scoparia coyidcnsa, Rosa 7nicrantha, Onagra oakesiana.

Xanthhim commune, Aster herveyi, A. salicifoliHs,2ind A. lo7vrieanjis.

The following recorded for other parts of Long Island have not been

mentioned for Cold Spring Harbor : Ammophilaarenaria, Gyrostachys

simplex, rifoliuyn Thybriduvi, Hieraciuvi maria^uim, Bidens cermia.

Solidago rugosa, and 5". jnncea.

The number of specimens added to the herbarium this year is esti -

mated at 600.

REPORT OF F. E. LUTZ.

The biometrical and experimental work with Gryllus has been

carried on throughout the year. From the matings made during

September, 1904, 11 8 adult offspring were reared. There was a consid-

erable mortality in the early stages. It is hoped this will be, to a great

extent, avoided in future generations. All these adults, with the

exception of three badly deformed ones, have been mated and a large

quantity of eggs has already been obtained. These matings are, for

the most part, inter sc, but a number of the pedigree crickets have been
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mated with individuals obtained (as nymphs, and reared with the sexes

separated) in nature. Other matings have been made from material

from various localities and representing several species. While the

eggs of most of these are due to hatch in the spring of 1906, it is

hoped that they may be hastened somewhat. The characters whose

inheritance and variation are being studied in this connection are very

diverse, including alternative and blending, integral and graduated.
As opportunity offered, experiments with other insects have been

tried and a number of them are still being continued. These are

chieflj^ concerned with the variations produced by changed environ-

ment and the inheritance, if any, of such variations. The principal

insects used in these studies are hia Isabella, Spilosoma virginica, and

i5"5/z^?«^?z<?a(rr<?« among the Lepidoptera, and Lena lapponica,L.scripta,

Gastroidea polygoma, G. cyanea, Crioceris asparagi, C. i2-p7inctata,

and Labiodcrma clivicollU among the Coleoptera.
The collection of local meteorological data is of great importance

to the station. A summary is given at pages 105-106.

REPORT OF ANNE M. LUTZ.

The work of the year has been divided between the duties attend-

ant upon the secretar}- of the station and the search for the inter-

pretation of the laws of heredity in the germ glands of various

plants and animals. A considerable number of species of animals

have been collected, chiefly insects, and their germ glands sectioned

and mounted secondarih' for a reference cabinet, but primarily with

the view of discovering suitable material for h3^bridization experi-

ments. Recentl}' the collection has been limited chiefl}'^ to two

families of Coleoptera, Coccinellidse and Chrysomelidae, and as many
representative species of each obtained as pos.sible. Whenever obtain-

able, the late larvae and pupae have been selected in preference to

adults. A fairly representative collection has been secured for the

study of problems in mind.

Progress has been made on the solution of the problem of the

infertility of the reciprocal crosses of long and short styled Fago-

pyrum fagopyrum. Work on the long crossed with the short has

been completed, but the reciprocal, involving more delicate cj^to-

logical details, was found to require better fixation than was obtained

in the original lot, and a crop is now growing for this purpose.
Fertilization in this case will be controlled within doors, and some

of the dangers of error eliminated.

Early in July two species of Gastroidea, namel}- (j. cyaiiea and

G. polygoni, were found feeding together and freely interbreeding.
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The colors of thorax, abdomen, and elytra were so strikingly differ-

ent in the two species that they seemed to be favorable material for

hj^bridization. Before going into the detailed study of the germ glands
of the two species, it seemed advisable first to determine the fertility

of the supposed hybrid eggs. Several generations of each species

were first bred true, to be certain of parentage, and twelve or fifteen

pairs of adults were hybridized reciprocally. They mated freely, and

thousands of eggs were deposited ,
but no larvce hatched . Control pai rs

of straight matings of each species were kept under observation at the

same time, and while it was noted that fewer eggs were deposited than

by the first generation, and a smaller percentage of eggs hatched, large

numbers of larvae were continuall}- hatching and feeding. The exper-
iment was abandoned for the present .season, but will probably be

undertaken by Mr. Lutz or myself on a larger scale next siimmer.

REPORT OF ROvSWELI. H. JOHNSON.

Since my work at the station began July iS, (905, this report must

be one of progress rather than results. Owing to the lack of running
salt water, I have postponed the proposed work upon the shrimp and

devoted myself wholly to the investigation of the lad}' beetles. These

beetles offer the following advantages as material for the study of the

method of evolution :

1. The}' are in general decidedly variable in color pattern in each

locality, and in many species show geographical races.

2. There are man}^ "varieties" in some species, ranging from

mere ' '

aberrations
' '

to forms over which systematists are in disagree-

ment as to their recognition as species.

3. There are some species whose relationships .seem evident and

which have doubtless only relatively recently become segregated.

4. Some species, I have found, are readily modified by change in

environment.

5. The generations are short, and some species at least may be bred

under glass in winter.

6. Being easil}' recognized and collected by correspondents, exten-

sive collections are possible. This is e.specially true of some species

which are gregarious.

Since they may be fed upon plant-lice or .scale insects, I began a

collection and catalogue of the local aphids and determined the best

host-plants for use indoors and in the garden. The most suitable

plants have been propagated in the breeding-room, that there may be

an adequate supply of food when the aphids out of doors disappear for

the season. I am now feeding many pairs from California, the Rocky
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Mountains, and New York, awaiting further egg-laying, and have

already 18 fraternities of larvae from these pairs. The larvae require
from two weeks to a month from egg to pupa. About five days are

required for the eg^ and pupa stage, respectively.

The questions to be answered by the earlier generations are :

1 . To what extent are the various color patterns inheritable ? and

2. Does rearing under local and indoor conditions modify them
from the ancestral pattern ?

With these questions answered I shall undertake hybridization,

selection, and modification experiments.
Since many larvae of one species could be collected this summer, I

began a series of experiments upon modification by various changes
in the environment. Some factors seemed relatively impotent, but

temperature was effective in producing marked changes paralleling

observed geographical races. These changes affected certain parts

of the pattern only, thus producing more than a change in the

amount of melanism.

Before taking up my work here I had collected large series of one

species, Hippodaniia convergens, from diverse regions, and I am now

extending that collection by excliange and purchase. I find that

some alleged species are connected by many intergrades, as might be

expected. The various lines of orthogenetic variation in the differ-

ent regions seems more remarkable. As a proper introduction to my
experimental results in Hippodaniia, I propose to submit in April a

paper on "
Orthogenetic variation in Hippodamia convergens.''

REPORT OF DR. W. J. MOENKHAUS.

During the summer of 1 904 material was collected at Woods Hole

and Cold Spring Harbor for the study of the behavior of the mater-

nal and paternal chromosomes in hj'^brid fishes. Early stages of the

following crosses were preserved :

1. Funclulus heteroclitus X F. diaphauus.
2. Fundulus heteroclitus X F. majalis.

3. Fundulus heteroclitus X Tautogolabrus adspersus.

4. Fundulus heteroclitus X Stenotonius chrysops.

5. Fiindulus heteroclitus X Gasterosteus bispinosus.

Crosses 2 and 5 have been worked up without results ; 3 and 4

have not yet been studied, but I am hopeful that they may yield

some important thing in the chromosomal behavior in early hybrid

development.
Considerable work was done with the crosses between Fiindtdzis

heteroclitus and Fujidubis diaphayius. In the cytological work on

these I had the cooperation of Miss Anne M. L,utz. It was hoped
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that the hybrids between these two species might be successfulh'

reared to maturity, so that the behavior of the maternal and paternal

chromosomes during sex-cell formation could be studied. About

4,000 hybrids {Fundjilus heterodihis X F. diaphamcs^ were hatched.

On August 16, 1904, about 1,500 of these were successfully trans-

ported in Mason jars to Bloomington, Indiana. These were kept

alive until September 20, 1904, when the last died. It was found

impossible, under the adverse water conditions at my disposal, to

keep down the attack of fungus.

A careful study of the germ glands of the three species of Fundulns

has convinced me that fishes are unfavorable forms for the study of

chromosomes in sex cells. This fact also determined me not to

attempt the cross between the whitefish and lake herring which I

had planned.
A portion of my time during the summer of 1905 was devoted to

the problem of the variability of the sex ratios and their modification

through selective breeding. The forms experimented upon are

three species of flies. The experiments are not far enough along to

permit of a statement of the results. I have at present (October 15,

1905) the data on 14 families. From these I isolated 2,378 eggs.

The number of eggs hatched, the number that emerged, and the sex

ratios of each of the families were determined. This is an exceed-

ingly laborious process, but my experience during the past winter

has shown that in selective breeding for one sex or the other it is

essential that account be taken of the mortality during the life history.

CLIMATIC DATA.

The first frost of 1904-05 occurred October 16, 1904. The first

killing frost was on the 27th of the same month. The last freezing

temperature was on May 2, 1905. The last frost was May 2, with

a close approach to frost (37°) on May 21. The first frost in the

autumn of 1905 was on October 8
;
the first killing frost October 31.

The first snow fell November 25, 1904. The ground was covered

with .snow December 8 to January 19, and January 25 to February 28.

The last snow flurry was on April 17.
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Papers on Experhnenial Rvohdion Ptiblis/icd by Associates and Corre-
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October y
, igoj.

NOTK. So Tar as possible this list has been checked by the authors, but in some parts it is

doubtless iucoinplete. Necessary additions will appear in the next report.

DE Vries, Hugo.

Species and Varieties : Their Origin by Mutation. Edited by D. T. Mac-
Dougal. Chicago: Open Court Piibl. Co., 1905. 847 pp.

Naar Californie. Reisherinneringen. Haarlem : H. D. Tjeenk Willink
ende Zoon. 43S pp. 1905.

Das Wtisten-Laboratorium zu Tucson in Arizona. Naturw. Wochenschrift^
N. F. 3, No. 26. 1904.

Californische Fruchten De Gids. December, 1904.
Teunis bloemen in Noord-Amerika. Album der Natuur. 16 pp. 1905.
The evidence of evolution. Science, v. 20, pp. 395-401. September 23,

1904.
Een laboratorium voor Experimenteele Evolutie. Onze Eeuw, v. 4, pp.

282-393. 1904-
A visit to Luther Burbank. Popular Science Monthly, v. 67, pp. 329-347,

August, 1905.
Ueber die Dauer der Mutations-periode bei Oenothera Lamarckiana. Berichte

der Deutschen Botanischen Gesellschaft, v. 23, pp. 382-387. 1905.

CasTlk, \V. E.

Heredity of coat characters in guinea-pigs and rabbits. Publ. Carnegie
Inst Washington, No. 23. 78 pp., 6 pis. and 8 text-figures. February, 1905.

The mutation theory of organic evolution, from the standpoint of animal

breeding. Science, N. vS., v. 21, No. 536, pp. 521-525. April 7, 1905.
Recent discoveries in heredity and their bearing on animal breeding. 14

figs. Pop. Sci. Monthly, v. 66, pp. 193-20S.
Recent di.^coveries in heredity and their bearing on animal breeding. [Pro-

ceedings] American Breeders' Association, v. i, pp. 120-126. Septem-
ber, 1905.

Crampton, H. E.

On a general theor}' of adaptation and selection. Journal of Experimental
Zoology, V. 2. August, 1905.

MacDougai., D. T.

(With A. M. Vail, G. H. Shull, and J. K. Small.) Mutants and hybrids of

the Oenotheras. Publ. of Carnegie Institution of Washington, No. 24.

57 pp., 22 plates.
Discontinuous variation and the origin of species. Torreya, v. 5, pp. 1-6.

Jan. 19, 1905. Science, n. s., v. 21, pp. 540-543. April 7, 1905.
Studies in organic evolution. 6 figs. Journal N. Y. Bot. Garden, v. 6,

pp. 27-36. Feb., 1905.

Hugo de Vries. The Open Court, v. 19, pp. 449-453, portrait. Aug., 1905.

Bateson, William.
A suggestion as to the nature of the " walnut " comb in fowls. Proc. Cam-

bridge Philosophical Soc, v. 13, pp. 165-168.

(With Miss E. R. Saunders and R. C. Punnett. ) Experimental studies in

the physiology of heredity. Report 2 to the Evolution Committee of
the Royal Society. London, 1905.

CORRENS, C.

Ein typisch spaltender Bastard zwischen einer einjahrigen und einer zwei-

jahrigen Sippe des Hyoscyatnus ntger. Berichte d. Deutschen Bota-
nischen Gesellschaft, v. 22, pp. 517-524. 1904.

Experimentelle Untersuchungen iiber die Gynodiosie. Berichte d. Deutschen
Botanischen Gesellschaft, v. 22, pp 506-517. 1904.
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CoRRENS, C.—Continued.

Gregor Mendel's Briefe an Carl Nageli 1866-1873. Ein Nachtrag zn den
veroflfentlichen Bastardieruugsversuchen Mendels. Abh. Math.-

Phys., Klasse, Kgl. Sachsischen Gesell. Wiss., No. Ill, pp. 187-265.
February, 1905.

Zur Kenntniss der scbeinbar neuen Merkmale der Bastarde. Zweite Mit-

theilung iiber Bastardierungsversuche mit Mirabilis Sippen. Ber. d.

Deutscb. Bot. Gesells., v. 23, pp. 70-85. 1905.

Einige Bastardierungsversuche mit anomalen Sippen und ihre allgenieinen
Ergebnisse. Jahrb. Wiss. Bot., v. 41, pp. 458-484. 1905.

CUKNOT, LUCIEN.
Y a-t-il une relation entre le sexe et la taille des oeufs chez les Lepidopteres ?

Archives de Zoologie experimentale (4), v. 3. Notes et Revue, no. 2,

p. xvii. 1904.
l,a pretendue relation entre la taille des oeufs et le sexe chez le Ver a Soie.

Communication faite a la Reunion Biologique de Nancy, January 9,

1905 (Comptes-rendus de la Societe de Biologic, v. 58, p. 133).
Les races pures et leurs combinaisons chez les Souris, 4""' note. Archives

de Zoologie experimentale (4), v. 3. Notes et Revue, no. 7, p. cxxiii.

1905-

Darbishire, a. D.

On the supposed antagonism of mendelian to biometric theories of heredity.
Mem. and Proc. of the Manchester Literary and Philosophical Society,
V. 49, no. 6, 19 pp. February 25, 1905.

Hurst, C. C.

Experimental studies on heredity in rabbits. Linnean Society's Journal
Zoology, V 29, pp. 283-324.

Experiments with poultry. Report 2 to the Evolution Committee of the

Royal Society, pp. 131-154. London, 1905.

TSCHERMAK, E. E.

Die neuentdeckten Vererbungsgesetze und ihre praktische Anwenduug f iir

die rationelle Pflanzenziichtung. Wiener Landw. Ztg., Nos. 17, iS,

and 79. 31 pp. March, 1905.
Weiten Kreuzungsstudien an Erbsen Levkojen und Bohnen. Zeitschrift

fiir das Landw. Versuchsw. in Oesterreich, 1904. 106 pp.
Reviews of :

BatESON, W.^ Experiments undertaken by W. Bateson and E. R. Saun-
ders.

Report I to the Evolution Committee of the Royal Society. Jahrb. f .

Pflanzen- und Tierziichtung. 3 pp. 1904.

Bateson, W.—Address to the Zoological Section B. A. A. S. Jahrb. f.

Pflanzen- und Tierziichtung. 4 pp. 1934.




