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MASON BLANCHARD THOMAS.

On Wednesday evening, March 6, 1912, Mason Blanchard Thomas,

Professor of Botany at Wabash College and Dean of the Faculty, died at

his home in Crawfordsville of an acute attacli of pleurisy.

Mason B. Thomas was bom at New Woodstock, N. Y., December 10,

1866. He prepared for college at Cazenovia Academy and entered the

College of Arts and Sciences at Cornell University in the fall of 1886.

He was graduated with the degi-ee of B. S. in 1890 and was awarded a

graduate fellowship in biology at Cornell for the following year. In 1891

he came to Wabash College as Professor of Biology, and after 1805, when

the departmont was divided, he gave liis whole time to the study and teach-

ing of Botany.

While at Cornell he was elected to membership in the Sigma Xi So-

ciety and at Wabash was elected as an organization member of the Phi

Beta Kappa Society. In 1907 an honorary I'h.D. was conferred upon him

by the trustees of Wabash.

In June, 1S93, he was joined in marriage to Miss Annie Davidson, only

daughter of Judge and Mrs. T. F. Davidson, of Crawfordsville, and his

wife survives him.

Professor Thomas was a great teacher. He brought to his work a

thorough knowledge of his subject, an unbounded euergj- and enthusiasm,

and a personal interest in and love for liis students. He was active also

in furthering the general interests of tlie college; was for many years

the chairman of the Athletic Committee of the Faculty, and since 1007

has been the Dean of the Faculty. He was a fellow and past president of

the Indiana Academy of Science and has always been active in its serv-

ice. At the time of his death he was secretary of the Indiana Forestry

Association and chairman of its Educational Connnittee, and secretary of

the Board of Trustees of the Boys' School at Plain field. He was also a

fellow of the American Association for the Advancement of Science and

a member of the American Microscopical Society, tlie Auicrican Forestry

Association, the Botanical Society of America, tlio American Phyto-



pathological Society, the Society of Western Naturalists, and the Corpo-

ration of the Marine Biological Laboratory at Woods Hole.

For twenty years Professor Thomas has given his best efforts in the

service of Wabash College, of Crawfordsville, and of the State of In-

diana, and his influence will long be felt through the work he has done

and the inspiration he has given to his students and associates.
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AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE.

[Approved March 11, 1895.]

Wherea,s, The Indiana Academy of Science, a chartered scientific

association, has embodied in its constitution a provision that it will, upon

the request of tlie Governor, or of the several departments of the State

government, through the Governor, and through its council as an advisory

board, assist in the direction and execution of any investigation within its

pi'ovince, without pecuniary gain to the Academy, provided only that the

necessary expenses of such investigation are borne by the State; and,

Whereas, The reports of the meetings of said Academy, with the sev-

eral papers I'ead before it, have very gi-eat educational, industrial and eco-

nomic value, and should be preserved in permanent form ; and.

Whereas, The Constitution of the State maizes it the duty of the

General Assembly to encourage by all suitable means intellectual, scientific

and agricultural improvement; therefore,

Section 1. Be it enacted hy the General Assemhly of the State of

Indiana, That hereafter the annual reports of the meetings of the Indiana

Academy of Science, beginning with the report for the year 1S94, including

all papers of scientific or economic value, presented at such meetings, after

they shall liave been edited and prepared for publication as hereinafter

provided, shall be published by and under the direction of the Commis-

sioners of Public Printing and Binding.

Sec. 2. Said reports shall be edited and prepared for publication with-

out expense to the State, by a corps of editors to be selected and appointed

by the Indiana Academy of Science, who shall not, by reason of such serv-

ice, have any claim against the State for compensation. The form, style

of binding, paper, typography and manner and extent of illustration of

such reports shall be determined by the editors, subject to the approval of

the Commissioners of Public Printing and Stationery. Not less than 1,500

nor more than 3,000 copies of each of said reports shall be published, the

size of the edition within said limits to be deteinnined by the concurrent

action of the editors and the Commissioners of Public Printing and Station-

ery : Prorded. That not to exceed six hundred dollars ($G0O) shall be
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expended for such publication in any one year, and not to extend beyond

1S96 : Prodded, That no sums shall be deemed to be appropriated for the

jear 1894.

Sec. 3. All except three hundred copies of each volume of said re-

ports shall be placed in the custody of the State Librarian, who shall

furnish one copy thereof to each public library in the State, one copy to

each university, college or normal school in the State, one copy to each

high school in the State having a library, which shall make application

therefor, and one copy to such other institutions, societies or persons as

may be designated by the Academy through its editors or its council. The

remaining three hundred copies shall be turned over to the Academy to be

disposed of as it may determine. In order to provide for the i>reseiTation

of the same it shall be the duty of the Cvistodian of the State House to

provide and place at the disposal of the Academy one of the unoccupied

rooms of the State House, to be designated as the office of the Academy

of Science, wherein said coiiies of said reiKjrts belonging to the Academy,

together with the original manuscripts, drawings, etc., thereof can be safely

kept, and he shall also eipiip the same with the necessarj' shelving and

furniture.

Sec 4. An emergency is hereby declared to exist for the immediate

taking effect of this act. and it shall therefore take effect and be in force

from and after its pa.ssage.

AI'I'KOI'KIATIOX FOR 1012-1!)1.3.

The apiiropriation for tlie publication of the proc-eedings of the Acad-

emy during the years T.H2 and 1913 was increased by the Legislature in

the General Appropriation bill, approved March 9, 1909. That portion of

the law fixing the amount of the appropriation for the Academy is here-

with given in full

:

For the .Vcademy of Science : For the printing of the proceedings of

the Indiana Academy of Science, twelve hundred dollars: Provided, That

any unexpended balance in 1911 shall be available in 1912.
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AX ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS AND
EGGS.

Sec. 602. Whoever kills, traps or has iu his possession any wild bird,

or whoever sells or offers the same for sale, or whoever destroys the nest

or eggs of any wild bird, shall be deemed guilty of a misdemeanor and

upon conviction thereof shall be fined not less than ten dollars nor more

than twentj'-five dollars: Provided, That the provisions of this section

shall not apply to the following named game birds: The Anatid«, com-

monly called swans, geese, brant, river and sea duck; the Rallidtp, com-

monly called rails, coots, mud-hens, gallinules ; the Limicolae, commonly

called shore birds, surf birds, plover, suii^e, woodcock, sandpipers, tattlers

and curlew ; the Galliujp, commonly called wild turkeys, grouse, prairie

chickens, quails and pheasants; nor to English or European house spar-

rows, crows, hawks or other birds of prey. Nor shall this section apply to

persons taking birds, their nests or eggs, for scientific purposes, under per-

mit, as provided in the next section.

Skc. COS. rermits may be grautetl by the Commissioner of Fisheries

and Game to any proix-rly acci'edited person, permitting the holder thereof

to collect birds, their nests or eggs for strictly scientific purposes. In

order to obtain such pei-niit the applicant for the same must present to

such Commissioner written testimonials from two well-known scientific men

certifying to the good character and fitness of such applicant to be en-

trusted with such ]irivilege, and pay to such Commissioner one dollar

therefor and file with him a properly executed bond in the sum of two

hundred dollars, payable to the State of Indiana, conditioned that he will

obey the terms of such permit, and signed by at least two responsible citi-

zens of the State as sureties. The bond may be forfeited, and the permit

revoked upon proof to the satisfaction of such Commissioner that the

holder of such permit has killed any bird or taken the nest or eggs of any

bird for any other purpose than that named in this section.
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CONSTITUTION.

ARTICLE I.

Section 1. This association sliall be called the Indiana Academy of

Science.

Sec. 2. The objects of this Academy shall be scientific research and

the diffusion of knowledge concerning the various departments of science;

to promote intercourse between men engaged in scientific work, specially

in Indiana ; to assist by investigation and discussion in developing and

making known the material, educational and other resources and riches

of the State ; to arrange and prepare for publication such reports of inves-

tigation and discussions as may further the aims and objects of the Acad-

emy as set forth in these articles.

Whereas, The State has undertaken the publication of such proceed-

ings, the Academy will, upon request of the Governor, or of one of the sev-

eral departments of the State, through the Governor, act through its coun-

cil as an advisory body in the direction and execution of any investigation

within its province as stated. The necessary expenses incurred in the pros-

ecution of such investigation are to be borne by the State; no pecuniary

gain is to come to the Academy for its advice or direction of such inves-

tigation.

The regular proceedings of the Academy as published by the State

shall become a public document.

ARTICLE II.

Section 1. Members of this Academy shall be honorary fellows, fel-

lows, non-resident members or active members.

Sec. 2. Any person engaged in any department 'of scientific work, or

in original research in any department of science, shall be eligible to active

membership. Active members may be annual or life members. Annual

members may be elected at any meeting of the Academy; they shall sign

the constitution, pay an admission fee of two dollars and thereafter an

annual fee of one dollar. Any person who shall at one time contribute

fifty dollars to the funds of this Academy may be elected a life member of
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tlie Academy, free of assessment. Non-resident members may be elected

from those ^A•ho have been active members but who have removed from the

State. In any case, a three-fourths vote of the members present shall elect

to membership. Applications for membership in any of the foregoing

classes shall be referred to a committee on application for membership,

who shall consider such application and report to the Academy before the

election.

Sec. 3. The members who are actively engaged in scientific work, who

have recognized standing as scientific men, and who have been members

of the Academy at least one year, may be recommended for nomination for

election as fellows by three fellows or members i>ersonally acquainted with

their worli and character. Of members so nominated a number not exceed-

ing five in one year may, on recommendation of the Executive Committee,

be elected as fellows. At the meeting at which this is adopted, the mem-

bers of the Executive Committee for 1894 and fifteen others shall be elected

fellows, and those now honorary memtK?rs shall become honorary fellows.

Honorary fellows may be elected on account of special prominence in

science, on the written recommendation of two members of the Academy.

In any case a three-foiirtlis vote of the members present shall elect.

ARTICLE III.

Section 1. The officers of this Academy shall be chosen by ballot at

the annual meeting, and shall hold office one year. They shall consist of a

I'resident, Vice-rresideut, Secretary, Assistant Secretary, Press Secretary

and Treasurer, who shall perform the duties usually pertaining to their

respective offices and in addition, with the ex-presidents of the Academy,

shall constitute an Executive Committee. The President shall, at each an-

nual meeting, appohit two members to be a committee, which shall prepare

the programs and have charge of the arrangements for all meetings for

one year.

Sec. 2. The anilual meeting of this Academy shall be held in the city

of Indianapolis within the week following Christmas of each year, unless

otherwise ordered by the Executive Committee. There shall also be a sum-

mer meeting at such time and place as may be decided upon by the Ex-

ecutive Committee. Other meetings may be* called at the discretion of the

Executive Committee. The past Presidents, together with the officers and

Executive Committee, shall constitute the council of the Academy, and

i
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represent it in tlie transaction of anj^ necessary business not especially pro-

vided for in tliis constitution, in tlie interim between general meetings.

Sec. 3. This constitution may be altered or amended at any annual

meeting by a three-fourths majority of the attending members of at least

one year's standing. No question of amendment shall be decided on the

day of its presentation.

BY-LAWS.

1. On motion, any special department of science shall be assigned to

a curator, whose duty It shall be, with the assistance of the other members

interested in the same department, to endeavor to advance knowledge in

that particular department. Each curator shall report at such time and

place as the Academy shall direct. These reiwrts shall include a brief sum-

mary of the progress of the department during the year preceding the

presentation of the report.

2. The President shall deliver a public address on the morning of one

of the days of the meeting at the expiration of his term of ofiice.

3. The Press Secretary shall attend to the securing of proper news-

paper reports of the meetings and assist the Secretary.

4. No special meeting of the Academy sliall be held without a notice

of the same having been sent to the address of each member at least fifteen

days before such meeting.

5. No bill against the Academy shall be paid without an order signed

by the President and countersigned by the Secretary.

6. jMembers who shall allow their dues to remain unpaid for two

years, having been annually notified of their arrearage by the Treasurer,

shall have their names stricken from the roll.

7. Ten members shall constitute a quorum for the transaction of

business.

[2—29034]
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L. B. McMullon Valley City, N. D.

T. C. Mendcnhall Worcester, Mass.

J. F. Newsom Stanford University, Cal

.

A. H. Purdue Nashville, Tenn.

A. B. Reagan Orr, Minn.

J. R. Slonakor Stanford University, Cal.

Alfred Sj)ringer Cincinnati, Ohio.

Ernest Walker Fayettesville, Ark.

G. W. Wilson Raleigh, N. C.

ACTIVE MEMBERS.

C. E. Agnew Delphi.

L. Evelyn Allison West Lafayette.

H. W. Anderson Ladoga.

Paul Anderson Crawfordsville^
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H. F. Bain San Francisco, Cal.

Walter D. Baker Indianapolis.

Walter M. Baker Redkey.

Edward Hugh Bangs Indianapolis.

Howard J. Banker Greencastle.

H. H. Barcus Indianapolis.

H. L. Barr Ann Arbor, Mich.

Edward Barrett Indianapolis.

W. H. Bates West Lafayette.

Guido Bell Indianapolis.

Ray Bellamy Moores Hill.

Lee F, Bennett Valparaiso.

Thomas Billings West Lafayette.

Harry Eldridge Bishop Indianapolis.

Lester Black Bloomington.

Harold Blair Indianapolis.

William N. Blanchard Greencastle.

Charles S. Bond Richmond.

A. A. Bourke Edinburg.

Omer C. Boyer Lebanon.

H. C. Brandon Daleville.

Chas. Brossmann Indianapolis.

E. M. Bruce Terre Haute.

Wm. R. Butler Indianapolis.

Edward N. Canis Indianapolis.

E. Kate Carman Indianapolis.

Lewis Clinton Carson Detroit, Mich.

Albert E. Caswell West Lafayette.

E. K. Chapman Crawfordsville.

E. J. Chansler Bicknell.

A. G. W. Childs Kokomo.

C. D. Christie Cincinnati, Ohio.

J. H. Clark Connersville.

Otto O. Clayton Portland.

H. M. Clem Chicago, 111.

Charles Clickner Silverwood, R. D. No. L

Charles A. Coffey Petersburg.

William Clifford Cox Columbus.
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J. A. Cragwall Craw'fordsville.

C. O. Cramer West Lafayette.

M. E. Crowell Franklin.

Chas. M. Cunningham Indianapolis.

George Cutter South Bend.

Lorenzo E. Daniels Laporte.

E. H. Davis West Lafayette.

Melvin K. Davis Terre Haute.

E. M. Deem Frankfort.

Harry F. Dietz Indianapolis.

C. A. Deppe Franklin.

Martha Doan Westfield.

J. P. Dolan Syracuse.

David A. Drew Bloomington.

Hans Duden Indianapolis.

Herbert A. Dunn Logansport.

M. L. (Durbin) Ellis, Mrs Bloomington.

J. B. Dutcher Bloomington.

Samuel E. Earp Indianapolis.

A. A. Eberly Nowata, Okla.

C. R. Eckler Indianapolis.

Max Mapes Ellis Bloomington.

H. E. Enders West Lafayette,

Samuel G. Evans Evansvillc.

James E. Ewers Tcrre Haute.

William P. Felvcr Logansj)ort.

C.J. Fink Crawfordsville.

M. L. Fisher West Lafayette.

Mary A. Fitch Lafayette.

A. S. Fraley Linden.

George M. Frier West Lafayette.

F. D. Fuller West Lafayette.

Austin Funk Jeffersonville.

John D. Gabcl North Madison,

Jesse J. Galloway Bloomington.

Andrew W. Gamble Logansport.

H. O. Garman Indianapolis.

J. B. Garner Crawfordsville,
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Florence A. Gates Toledo, Ohio.

Robert G. Gillum Terre Haute.

E. R. Glenn Bloomington.

Frederic W. Gottlieb Morristown.

Vernon Gould Rochester.

Melvin K. Haggerty Bloomington.

Guy E. Grantham West Lafayette.

Frank Cook Greene New Albany.

Earl Grimes Russellville.

C. F. Harding West Lafayette.

Mary T. Harman Bloomington.

Walter W. Hart Indianapolis.

Victor Hendricks Springfield, Mo.

John P. Hetherington Logansport.

C. E. Hiatt Philadelphia, Pa.

John E. Higdon Indianapolis.

Frank R. Higgins Terre Haute.

S. Bella Hilands Madison, Ind,

John J. Hildebrandt Logansport.

Geo. N. Hoffer Lafayette.

Geo. L. Hoffman West Lafayette.

G. E. Hoffman Logansport.

Allen D. Hole Richmond.

Lucius M. Hubbard South Bend.

Martha Hunt Indianapolis.

O. F. Hunzikcr West Lafayette.

Joseph G. Hutton Brookings, S. D.

Roscoe R. Hyde Terre Haute.

Harry M. Ibison Marion. '

J. Isenberger Louisville, Ky.

C. F. Jackson Durham, N. H.

D. E. Jackson St. Louis, Mo.

P. D. Jenks Indianapolis.

A. G. Johnson Lafayette.

W. J. Jones, Jr West Lafayette.

A. M. Kenyon West Lafayette.

Frank D. Kern West Lafayette.

Clinton A. Ludwig West Lafayette.
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L. V. Ludy Madison, Wis.

R. W. McBride Indianapolis.

Richard C. McCloskey Chicago, 111.

T. S. McCulloch Charlestown, Ind.

N. E. Mclndoo

Edward G. Mahin West Lafayette.

James E. Manchester Minneapolis, Minn.

Wilfred H. Manwaring New York City.

M. S. Markle Richmond.

William Edgar Mason Borden.

Clark Mick Indianapolis.

A. R. Middleton West Lafayette.

G. Rudolph Miller Indianapolis.

F. A. Miller Indianapolis.

H. T. Montgomery South Bend.

Chas. R. Moore West Lafayette.

Geo. T. Moore St. Louis, Mo.

Richard Bishop Moore Indianapolis.

Herbert Morrison Indianapolis.

Edwin Morrison Richmond.

Frank K. Mowrer Redkcy

.

F. W. Muncie Crawfordsville.

Fred Mutchler • Bowling C!re(>n, Ky.

B. D, Myers Bloomington.

Leslie C. Nanney Bedford.

Charles E. Newlin Indianapolis.

J. A. Nicuwland Notre Dame.

Milton S. Nugent Elnora.

Clayton R. Orton West Lafayette.

G. A. Osner Ithaca, N. Y.

D. A. Owen Franklin.

Everett W. Owen Indianapolis.

C. E. Owens Bloomington.

E. J. Petry West Lafayette.

Ferman L. Pickett Bloomington.

Rollo J. Pierce Richmond.

F. J. Pipal West Lafayette.

Ralph B. Polk Greenwood.



James A. Price Ft. Wayne.

W. H. Rankin Ithaca, N. Y.

C. A. Reddick Crawfordsville,

C. J. Reilly Syracuse.

Allen J. Reynolds

George L. Roberts Lafayette.

J. Schramm St. Louis, Mo,

E. A. Schultze Laurel.

Charles Wm. Shannon Brazil.

Fred Sillery Indianapolis,

Oscar W. Silvey West Lafayette,

James P. Simonds Indianapolis.

Charles M. Smith Lafayette.

C. Piper Smith Logan, Utah.

Essie Alma Smith Shannon. .

.

'. Bloomington.

E. R. Smith Indianapolis.

Geo. Spitzer West Lafayette.

Brenton L. Steele Pullman, Wash.

Chas. Stoltz South Bend.

J. M. Stoddard

Milo H. Stuart Indianapolis.

Julius W. Sturmer Lafayette.

J. C. Taylor Logaasport.

Albert W. Thompson Owensville.

Clem O. Thompson Terre Haute.

A. D. Thorburn Indianapolis.

Iro C. Trueblood (Miss) Greencastle.

William M. Tucker Osgood.

W. P. Turner West Lafayette,

Chas. A. Vallance Indianapolis.

W. B. Van Gorder Lyons.

H. S. Voorhees Ft. Wayne.

Frank B. Wade Indianapolis.

Luther D. Waterman Indianapolis.

Luther C. Weeks West Lafayette.

Mason L. Weems Valparaiso.

Daniel T. Weir Indianapolis.

James E. Weyant Indianapolis,
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Virges Wheeler Montmorenci.

A. E. White Connersville.

Alfred T. Wiaricko Lafayette.

Kenneth P. Williams Urbana, Ohio.

E. B. Williamson Bluffton.

William L. Woodburn Evanston, 111.

John W. Woodhams Indianapolis.

Herbert Milton Woollen Indianapolis.

J. F. Woolsey Cleveland, Ohio.

G. A. Young West Lafayette.

Jacob P. Young Huntington.

W. J. Young Washington, D. C.

Lucy Youse Terre Haute.

W. A. Zehring West Lafayette.

Charles Zeleny Urbana, 111.

Fellows 66

Members, active 210

Members, non-resident 29

Total 305
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MINUTES OF SPRING MEETING.

TERRE HAUTE, INDIANA.

May 11, 12 and 13, 1911.

Members of the Academy were called to order by President Dryer in

the library of the State Normal at 8 p. m. Thursday, May 11th.

The plans of the meeting as arranged by the Local Committee wert

outlined by the President.

The regular program for the evening was as follows

:

Illustrated lecture—"The Mussel Industry of the Wabash River," by

Prof. U. O. Cox, Indiana State Normal.

Illustrated lecture, "The Autochrome Process in Color Photography,"

by Prof. J. B. Peddle, Rose Polytechnic Institute.

About seventy-live members and visitors were present.

On Friday, at 9 :30 a. m., a boat excursion was taken up the Wabash

River. The party was landed some distance above Fort Harrison for an

hour's tramp ashore. The party then returned to the Fort Harrison

grounds for luncheon, which had been provided by the Local Committee.

After luncheon an inspection of the historic grounds was made. Dr. Sco-

vell gave a brief history of the Fort, supplemented by some interesting

remarks by Mr. Emil Ehrman, present proprietor of the grounds. Mr.

Ehrman distributed souvenirs in the form of small pieces of wood from

a log from the original fort. The following new members were elected

to the Academy during a brief business meeting

:

Milton B. Nugent, Elnora, Ind.

Geo. Cutter, South Bend, Ind.

Edward Barrett, Indianapolis.

Resolution of thanks were voted Mr. Emil Ehrman for his splendid

hospitalities. Similar resolutions were voted the Local Committee for the

splendid program they were providing the members of the Academy. The

excursionists landed at Terre Haute at 5 :00 p. m.

At 8 :00 p. m. a public address was given by Professor Wm. H. Hobbs,

University of Michigan, under the auspices of the Academy.
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May 13, Saturday, was spent by some of the visiting members in a

drive along Sugar Creek.

The following were members of the excursion party :

D. M. Mottier.

Robert Hessler.

T. H. Grosjean.

L. B. Webster.

J. J. Galloway.

John B, Peddle.

W. S. Blatchley.

A. H. Caftee.

Donaldson Bodine.

R. G. Gillum.

W. H. Kessel.

E. M. Bruce.

U. O. Cox.

James II. Baxter.

W. C. Ball.

O. J. James.

George Cutter.

I'red Donaghy.

M. K. Davis.

George W. Benton.

Mrs. George W. ]?onton.

W. A. McBeth.

Charles R. Stoltz.

Dr. Charles Stoltz.

L. J. Rettger.

O. L. Kelso.

B. V. Caftee.

J. W. Beede.

J. P. Young.

W. A. Cogshall.

II. J. Banker.

C. H. Bean.

E. S. Johonnott.

F. R. Higgins.

C. W. Shannon.

R. R. Hyde.

J E. Ewers.

C. R. Dryer.

William H. Hobbs.

E. Barrett.

Mrs. George Cutter.

J. T. Scovell.

W. J. MOENKHAUS,

Secretary Pro Tern.
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MINUTES OF THE TWENTY-SEVENTH
ANNUAL MEETING

INDIANA ACADEMY OF SCIENCE

CLAYPOOL HOTEL, INDIANAPOLIS, INDIANA.

November 30, 1911.

The Executive Committee of tlie Indiana Academy of Science held its

regular annual meeting at 8 :00 p. m. The following members were pres-

ent : Chas. R. Dryer, President ; A. J. Bigney, W. J. Moenkhaus, D. M.

Mottier, W. S. Blatchley, Judge R. W. McBride, W. A. Cogshall, J. S.

Wright, D. Bodine, R. Hessler, C. H. Elgenmann. The minutes of the

Executive Committee of last year were read and approved. The Treasurer

made the following report

:

Treasurer's Report, 1911.

Balance cash on hand November 25, 1910 $323 64

Dues collected, 1911 163 00

Total $486 64

Expenditures during years as per vouchers 222 94

Balance cash on hand November 30, 1911 $263 70

W. J. Moenkhaus,

Treasurer.

Audited and approved.

C. H. ElGENMANN,

L. J. Rettger.

The Program Committee reported that Its work had been performed

as represented on the printed program.

The State Library Committee reported that the State Librarian had

been taking care of all tlie exchanges in the most careful way, that he

had bound 237 volumes and had 300 moi'e ready for binding, and that he
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had published a list of the exchanges, which can be secured on appli-

cation. The committee on the relations of the Academy to the State were

instructed to keep in close touch with the plans for erecting a memorial

bui'ding, so that if there were rooms available they might be secured for

the iJidiana Academy of Science. Mr. A. W. Butler was added to this

committee. The committee on the distribution of the proceedings for

J 910 reported that their work had been performed. Nine hundred vol-

umes had been printed, 300 of which were retained in the State library

for distribution to libraries and learned societies, the remainder distrib-

uted t(i members as exchanges.

The following ])ersons were recommended as Fellows in the Academy

:

Will Scott. Augustus G. Pohlraan, J. M. Van Hook, F. M. Andrews.

The following standing committees were appointed by the President:

I'rograjn.—J. W. Beede, R. Hessler, D. Bodine.

Membership.—D. Bodine, J. S. Wright, E. R. Cumings.

Nominaticns.—A. L. Foley, U. O. Cox, II. W. McBride.

Auditing.—C. H. Eigenmann, L. J. Rettgor, F. J. Breeze.

Stat.; Library.—H. E. Barnard, W. S. Blatchley, A. W. Butler.

Restriction of Weeds and Diseases.—R. Hessler, .7. N. Hurty, A. W.

Butler, Stanley Coulter, D. M. Mottier.

Directors of Biological Survey.—Stanley Coulter, J. M. Van Hook, C.

H. Eigenmann, J. C. Arthur, U. O. Cox.

Rclationp of the Academy to the State.—M. B. Thomas, R. W. Mc-

Bride, G Culbertson, C. C. Deam, A. W. Butler.

Distribution of Proceedings.—J. S. Wright, H. L. Bruner, G. W. Ben-

ton, A. J. Bigney.

I'ublicalion of Proceedings.—L. J. Rettger, Editor; P. N. Evans, D.

M. Mottier.

After disci.ssing the general interest of the Academy the committee

adjourned.
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MINUTES OF THE TWENTY-SEVENTH
ANNUAL MEETING

INDIANA ACADEMY OF SCIENCE

THE GERMAN HOUSE, DECEMBER 1, 1911.

The Indiana Academy of Science met in general session at 9:30 a. m.

with President Chas. R. Dryer in the chair. The minutes of the Executive

Comniittee were approved.

The Editor of the Proceedings, L. J. Rettger, reported that many

difficulties confronted him in his worlv as editor, and he urged those mak-

ing contributions tliat great care should he taken in presenting their

papers ir- the best possible form and that no changes should be made in

the proof if they possibly could be avoided. On motion of Dr. Rettger, it

was decided that the other members of the committee should meet with

the fditor at least twice, and that their expenses should be paid by the

Academy.

The Program Committee introduced the following resolutions: (1)

That the Program Committee shall liave the greatest possible liberty in

choosing what papers sent in shall be read in the Academy and what

shall be read by title only, and they shall choose the place of meeting.

(2) That the Academy vote on the question whether or not they desire

the program to continue through Saturday morning. The first part was

adopted. In the second part, it was voted to have no Saturday session.

The following persons were elected to membership : F. J. Pipal, West

Lafayette ; James E. Ewers, Terre Haute ; E. K. Cliapman, Crawfordsville ;

E. J. Petry, West Lafayette ; C. O. Cromer, West Lafayette ; C. A. Deppe,

Franklin; Melvin K. Haggerty, Bloomington ; Harold Blair, Indianapolis;

Clinton A. Ludwig, West Lafayette; Geo. L. Hoffman, West Lafayette; F.

M. Andrews, Bloomington; E. B. Williamson, Bluffton ; B. D. Myers,

Bloomington ; P. D. Jenks, Indianapolis ; Clem O. Thompson, Terre Haute

;

C. E. Owens, Bloomington ; H. L. Barr. Ann Arbor, Michigan.

After these business items the Academy took up the program as printed.
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111 the afternoon session the following items of business were consid-

ered :

The Auditing Committee reported account of the Treasurer correct.

The Committee on Nominations reported as follows: For President,

Joseph P. Naylor, Greencastle ; Vice-President, Donaldson Bodine, Craw-

fordsville ; Secretary. Andrew J. Bigney ; Assistant-Secretary, E. A. Will-

iamson, Bluffton; Press Secretary, Milo H. Stuart, Indianapolis; Treas-

urer, W. J. Moenkhaus; Editor, L. J. Rettger. Terra Haute.

The printed program was carried out.

Adjournment.
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PROGRAM OF THE
TWENTY-SEVENTH ANNUAL MEETING

INDIANA ACADEMY OF SCIENCE
GERMAN HOUSE, INDIANAPOLIS, INDIANA.

November 30, December 1. 2, 1911.

Charles Kf:DWAY Dryer, Tresideiit. D. W. Dennis, Vice-rresitlent.

A. J. BiGNEV. Secretary. W. J. Moenkiiaus. Treasurer

Thursday, November 30, 7 :30 p. m.

Meeting of the Executive Committee, Clai/jjool Hotel.

Friday, December 1, 9 :30 a. m.

Business

Ilespiration of Necturus, 10 in H. L. Bruner

Chemical Notes on Ventilation, 10 ra P. N. Evans-

Scientific liesults of the Indiana University E.xpedition

to British Guiana, 15 m C. H. Eigeninauii

The String Galvanometer in Physiological Research, 10 m. . . .L. J. Rettger

An Indiana Shell Mound, 10 m W. S. Blatchley

Maternal Impression, 20 m A. G. Pohlman

Through the Yukon and Alaska Gold Fields. 20 ni. (Lantern) . .R. E. Lyons

Mountain Climbing in the Far Northwest Pres. W. E. Stone

Friday, December 1, 1 :30 p. m.

Business

President's Address—The North America of Today and

Tomorrow, and Indiana's Place in It Charles R. Dryer

Purposes, Methods and Progress of the Indiana Soil

Survey, 20 m State Geologist Edw. Barrett

The Water Powers of Indiana, 15 m William M. Tucker

Economic and Social Expressions of Physical Geography

in Indiana, 15 m Harry M. Clem

[3—29034]
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3:30 p. m. Sectional Meetings

GEOLOGY AND GEOGRAPHY SECTION.

Terraces along the Whitewater River, near Riclimona, 2U m. .Al'scn D. Hole

Conservation of the Soil in Dearborn County, 10 m A. J. Bigney

Remarks on t'.ie Nature and Origin of the Stream

Terraces of Southern Indiana, 20 m J. W. Beede

The Geological Conditions of :\Iunicipal Water Supply

in Driftless Areas of Southern Indiana, 30 m E. R. Cuming.s

Some Physiographic Features in the Great Fault, near

the Mouth of the Illinois River (by title) J. G. Hutton

Some Neglected Principles of Physiography (by title) A. H. Purdue

The Function of Hydrostatic Pressure in Glacial

Movement and Erosion. ].j m J. E. Ewers

Sand Dunes in Indiana (lantern), 10 m C. W. Shannon

Some Results of the Work (tf Glaciers in Indiana, 10

m. (lantern ) C. W. Shannon

Physiogra])liy of the (Juiubilupc Mountains, 20 m J. W. Beede

The Georgrai»hic Contrasts of Brown and Johnson

Counties. 10 m Frederick J. P.reeze

Islands in the Border Drift. 10 m M. K. Davis

A Note (in the Bastostomas of tlic Kicliniund Series of

Indiana. 15 m E. R. Cuniings, J. J. (Jalloway

A Note on the Occurrence of Hand Specimens of

Jointed Structure in the New Albany Black

Shale, o m Glenn Culbertson

Observations Having for Their 01ijc<t llic D(tei'mi-

nation of the Time Refjuired for the Erosion

of Cliffy and Butler Valleys in Jefferson

County, Ind., Repoi-t of Progress. (5 m Glenn Culbertson

BOTANY SECTION.

Improvement of Medicinal Plants, 15 m. Fred A. Miller

Notes on Some New and Notable Members of the

Indiana Flora. 10 m E. J. Grimes

The Blooming of Ceris Canadensis in October. 2 m D. M. Mottier

Some Variations in Plants, 5 m F. M. Andrews

The Conjugation of Two Different Species of Spiro-

gyra, 5 m F. M. Andrews
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Indiana Fimgi, 11, ."> in J. M. Van llook

A Monograph oi' the Common Induma Species of

Hyi>oxylon, 5 m C. E. Owens

The Bhiclc Rot, Sphaeropsis Malurum IMs.. 10 m L. R. Hesler

The Root Rot of Ginseng, 10 m G. A. Osher

Disti-ibntion of Trees among Spermatophytes, 10 m F. J. Pipal

Trevalence and Prevention of Stinking Smut in Indiana, 10 m..C. R. Ortou

The Unattached Aecial Forms of Phmt Rusts in North

America, 10 m A. G. Johnson

On IMants New or Little Known in Indiana, 3 m A. J. Bigney

Report of Work on Corn Pollination, III, H m M. L. Fisher

Inheritance of Color in Corn Silk, 10 m C. O. Cromer

Rate of Tree Growth in Southern Indiana. 10 m Stanley Coulter

Orcliard Rust in Indiana, 10 m F. D. Kern

Some Abnormal Plants, 5 m Raymond Bellamy

Experimental Work of the Indiana State Board of

Forestry, 10 m Stanley Coulter

CHEMISTRY, PHYSICS, MATIIEMATIC SECTION.

Effects of Certain Dissolved Salts upon the Cohesion

of Water, 10 m Edwin Morrison

Summary of a Series of Therm.-il Value and Ash Tests of

an Indiana Slack and Nut Coal, 3 m. .F. C. Mathers and I. E. Lee

Effect of Storage on the Composition of Carburretted

Water Gas, 3 m F. C. Mathers and I. E. Lee

A Scheme for the Qualitative Separation and Detec-

tion of Potassium and Sodiuni. 3 m. . . .F. C. Mathers and I. E. Lee

The Effect of Ammonium Chloride in the Precipitation

'

of Barium Sulphate, 5 m R. E. Lyons

A Modified Method for Determining Lead Pero.\^ide in

Red Lead, 5 m A. R. Nees and O. W. Brown

Electrolytic Recovery of Silver from Silver Chloride

Residues. 2 m F. C. Mathers

Analyses and Fertilizer Value of Certain Weeds

Growing in Indiana. 3 m F. C. Mathers and Gail M. Stapp

A New Gas Generator, 10 m Raymond Bellamy

The Nascent State (abstract). 10 m J. H. Ransom and R. A. Stevens

The Use of Hydrogen Peroxide in Hyperchlorhydria,

10 m O. P. Terry
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Nutrients in Green Slioots of Trees, 10 m E. J. Petry

Concerning Spheric Geometry. 10 m D. A. Rothrock

On the Solution of Differential Equations by Caucliy's

Parameter Metho<l, 10 m T. E. Mason

On the Representation of a Number as the Sum of

Consecutive Integers, 10 m T. E. Mason

On Multiply Perfect Numbers, with a Table of 170

New Ones together with the 47 previously

published, 10 m R. D. Carmichael and T. E. Mason

Theorem on Addition Formulage, 10 m Leslie McDill

A Simple Method of Measuring Surface Tension, 5 m Arthur L. Foley

Electromagnetic Induction in (Jorman Silver and

Bismuth, 10 m Arthur L. Foley

A New Method of Photographing Sound Waves,

10 ni Arthur L. Foley and Wilmer II. Souder

Recalescence in Magnetic Alloys, 10 m John B. Dutcher

Diffraction Photographs. .'> m Mason E. Hufford

Effect of Pressure on a Cadmium Cell. 10 m Rolla R. Ramsey

The Cause of Polarization in a r':ulmium Cell. 1(> m Rolla R. Ramsey

FrjDAV, S A'j I'. M.

The Story of Niagara Frank Hursley Taylor

Saturday, 9:00 a. m.

The Regenerated Scale of Fiindulus heteroclitus with

preliminary note on its forniation. ."> m Will Scott

Coniosis. 20 m Robert Hessler

The Effects of Deforestation on the Water I-evel of

Montgojuery Coiinly. 10 m II. L. Barr

Methods of Studying Animal Visifm, 30 m. ( lant<'rn) M. E. Ilaggerty

The Climate of Indiana, 10 m W. A. McReth

The Lessening of Forest Waste. 20 m S. J. Record

Our Diminishing Wood Industries, 10 ra Stanley Coulter

Some Archeological Specimens, 5 m A. J. Bigney

The Archeology of Indiana and Ohio, 10 m (lantern) F. W. Gottlieb

Ethnological Researches in the North Land. l.^> m.

( lantern ) F. W. Gottlieb
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Pkesipent's Address.

By Charles Redway Dryer.

1'HE NORTH AMERICA OF TODAY AND TOMORROW AND IN-

DIANA'S PLACE IN IT.

Among the twei'ty-slx presidents who have served the Indiana Academy

of Science since its oi'ganization, I ha\e the honor to .stand today as the

first representative of geography. One out of twenty-six is hardly as

many as the intrinsic importance of the science might justify, but it is

as many as the standing of the subject among scientific men in Indiana

calls for. However that maj' he, this is geography day in our Academy,

and I feel like opening it witli an invocation to Urania, the muse repre-

sented by that noble figure in the gallery of the Vatican, standing alert

and at ease, with a globe in her left hand, a stylus in her right, and on

her face an expression of dignity, interest and invitation worthy of n

schoolma'am about to demon.strate the change of season.s. In view ol

the infrequency with which geographical topics are discussed before gen-

eral scientific audiences, and in view of the vestigial and appendicular

character of the position which geography generally holds in colleges and

universities (where it has any position at all), it would not be out of

place to enter upon an exposition of the nature, scope, and content of

geography, and its logical place among the sciences. I will content myself,

however, with saying that the grandmother of the scientific family, al-

though often assigned the role of Cinderella, is alive, active and fairly

keeping pace with the growth of her numerous progeny. Her greatest

problems are no longer those of research, but rather those of the organi-

zation of the wealth of facts which her children, to the third and fourth

generation, are continually pouring into her house. Geography is still a

description of the earth ; and how much that means now as compared

with 400 or 100 years ago! Geography is still the science of distributions:

and how the things (Jistributed over the face of the earth do multiply!

Geography is still the study of the earth as the home of man, and physi-

ology, medicine, engineering, agriculture, economics and sociology vie with
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one another in finding means to malvc that home more habitable, hixurious

and Utopian. Geography studies tlie relationships between the earth and

its inhabitants, involved in the influences of natural environment and the

reactions of plants, animals and men. Under the quickening power of

the doctrine of evolution, biologj' has gone to studying "the reciprocal re-

lations of organisms and the external world," and geography has been

compelled to become a universal ecology. The very latest and happiest

statement I have seen is that of Prof. Ilerbertson, that "geography is fast

becoming the scientific study of environments." A distinguished geographer

wlio is also a member of rarliament goes farther and defines geography to

be not a science, but a state of mind, a way of looking at tilings in proper

perspective, in relation to the world organism of which they form a part.

And so I have undertaken by way of both exposition and apologj- to

present to the Academy a con.crete example of the method and the re-

sults of contemjjorary gcHjgraphic science, as applied to those regions with

«hich the i)eople of Indiana are most intimately concerned. Geography

claims the right (jf scientific jirevision. and tliiTefore my tojfic is The

North America of Today and Tomorroir, and Indiana's I'lace in If.

My theme might be very fully presented Ity a series of maps, almost

unlimited in number, but arranged in a few groups. The tirst may be

called the pedographic (Greek pedon, the ground) group, which would

display the features of the ground, or substratum upon which plants grow,

animals live, and men find their homes and do their work. It would in-

clude graphic expressions of the height, depth, outline, relief and struc-

ture of the earth crust. A second group would be hydrographic and dis-

play the features of the sea of water which acts not only upon the surface

of the continent, but stretches through its substance from ocean to ocean.

A third group would be climatic, and deal with the dynamic, thermal and

hyetal conditions of the atmosphere. A fourth group would be biographic,

(in a special sense) showing the distribution of plant and animal life. A

fifth group would be economic and would reveal the secrets of hou.sehold

management, by which the human family makes a living, high or low, on

this continent. A sixth group would be demograiihic. showing the distri-

bution of people of all races, colors, languages, clothes, "diseases, accom-

plishments and sins," and would grade into a final sociologic group dealing

with politics, education, art and religion. Of this possible gallery of maps

1 can display but half a dozen and make them exhibit details, for verbal

mention of which time is lacking. The key to my thesis is map No. 4,
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tvliich divides North America into natural provinces, in each of which the

conditions of environment are broadly uniform. What these conditions

are, may be seen by a comparison of No. 4 with Nos. 1, 2 and 3.

North America in its world relations stands among the continents

third in area and fourth in population. It is built on the triangular plan,

presenting to the Pacific a high and forbidding back, but facing the At-

lantic with a low and inviting coast. The body of it is made up of the

largest continuous plain in the world, one-third of the continent being

less than GOO feet above the sea. Its shores are washed by all the oceans

of the northern hemisphere, and it is crossed, by all belts of climate (Fig.

2). It contains an assemblage of land forms which include all varieties

of structure, relief and mineral products. It would be difficult to name a

plant or animal whicli could not find a congenial home in some part of it.

More than half of it lies in those middle latitudes which are most favorable

for a high degree of civilization. Its position, extent, character and com

plexity render it one of the most valualile assets of the human race on this

planet. It constitutes by itself a world in which nothing essential for

human welfare is lacking.

In the scientific .study of environments extremes are the simplest.

In provinces controlled by one dominant factor, such as the ocean, heat,

cold, aridity or vertical elevation, the outlines of the pictures are clear

and bold. Environmental influence and organic reaction, "the reciprocal re-

lations of organisms and the external world," are apparent at a glanCc^

and leave little that is elusive or conjectui-al.

Greenland, the largest of islands, a broken block plateau capped with

ice, is an absolute desert except around the margins, where a fringe of

barren rock affords a i)erching jilace for sea fowls and Eskimos. Around

its shores the lithosphere covers the hydrosphere in the form of a shifting

crust of pack ice, where the seal, walrus, polar bear, and man live as

ice-riding animals. The basis of subsistence is found in the water, which

teems with life from microscopic infusoria to whales. Uiwn these birds and

beast subsist, and man upon all of them. Metals are absent and vegetable

material is negligible. The kayak, the harpoon pointed with a walrus

tusk and tied witli a rawhide-line to a bladder float, sealskin clothing,

tents and boats, bone sledges, the snow igloo built in an hour and frost

and bear proof, the artic dog sleeping in all weathers with only his tail

for a cover, blubber food and fuel, and the skill which men have acquired
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ill luakiiig use of these simple elements to maintain an endurable ami

cheerful life, form for the geographer one of the most interesting and

satisfactory demonstrations in ecology. The Eskimos live upon the edge

of things, where the struggle for existence is so nicely balanced that it

is easily upset. The interference of the white man and the introduction

of the utensils and habits of civilization, instead of improving their con-

dition, is likely to lead to their ultimate extinction. The destruction of

the seal and the introduction of coal stoves, baths and bacteria are sufli-

clent to bring irretrievable disaster.

In the "barren ground.s" of tlie arctic tundra the basis of subsistence

shifts from sea to land, and the presence of lichens, grass, shrubs, the

caribou and the muskox, brings new elements without materially compli-

cating the problem. On the whole the barren land breeds a race of men

inferior to those of the ice-covered sea.

In the great Canadian coniferous forest, the caribou plays the leadin;?

jtart, furnishing food, clothing, shelter and utensils, much as the seal doe^<

en the ice cap. Native human life is hardly le.ss simple and severe than

in the barren grounds. In the forest the snow shoe and the birch bark

canoe have evolved as jiKinuments of human skill, comparable to nature's

handiwork in tlie double overcoat of the muskux and the concave spread-

ing hoofs of the caril>ou. Europeans began 200 years ago to reap tho

harvest of furs. Trading posts and transitortation lines were established

all over the province, and every scpiare mile of it has been the scene of

the labors of the lonely trapper, gi'catiy to the iM'ciinlary advantage of th'

Hudson Bay Company, and to the luxury of European srtciety, but with

little gain in goods or morals to the Indian and the half-lireed. The re-

sources of the province in pcltiy have Ihmmi so successfully coiiservcnl that

the supply, except in the ca.«e of some si)ecies, such as the beaver, is

scarcely diminished. The fur trade has bred men of iron who have spent

their strength in getting more furs. An occasional exception, like Lord

Strathcona. helps to ennoble the inglorious hei'd.

The lumberman has cut into the southern fringe of the forest an('

may be expected to extend his oix-rations as fast as the demand for timber

justifies the construction of new railroads. At a few points the lure of

gold has led to the irruption of civilization in isolated chunks. The

phenomenon of a city like Dnwson or Fairbanks, with local railroads,

electric lights, telegraphs, newspapers, ix)lice and dog sledge mail service.



41

has appeared almost in a day. Such communities are wholly artificial and

precarious, but will probably be repeated many times as the assuredly

great mineral wealth of the Laurentian peneplain and the Yukon plateau

is prospected and exploited.

The Canadian province will always be a game country, and as it be-

comes more accessible, its thousands of lalies, streams and wooded islands

will acquire new value as ideal play and recreation grounds, where the

weary denizens of crowded marts will find a paradise for camping, boat-

ing, hunting and fishing, and will x'evert temporarily to the primitive and

simple life.

On the ice cap, in the tundra and in the forest collective economy pre-

vails to the exclusion of all others. Men produce nothing but live by

plundering nature of plant, animal or mineral wealth. Yet these resources

are subject to some degree of scientific conservation.

We have heard much of the coal, copper, gold and tin of the Alaskan

coast province, and they are probably worth looking into. We have also

beard marvelous stories of Alaskan agriculture, of the ripening of wheat at

Circle City, and of potatoes and other hardy vegetables grown in ap-

parently impossible places. Summer days are long on the Arctic circle,

but that the province will never do more than furnish a limited and local

supply of agricultural products, and have anything to export excei)t tim-

ber, miiierals, fish and moscpiitoes, are among the certainties of geography.

Tt possesses one literally invaluable asset which can never be exploited,

syndicatetl, monopolized or in anyway diminishe<l, and that is scenery.

The combination of sea, mountain, fiord, forest, and glacier is unrivalled

in the world. "If you are old," says Mr. Gammett, "go to Alaska ; if you

are young, postpone your visit, for after Alaska all other scenery is tame."

If our study of envii'onments proceeds from the simple to the com-

plex, the Arizonan, the "dry belt" province, stands next. '1 he rainfall

ranging from two inches to fifteen is so irregular in successive years and

the evaporation so enormous that Arizona, Utah, Nevada, Sonora and

soutliern and lower California constitute a desert area, saved from ex-

treme Saharan conditions by the fact that there are two less dry seasons

each year. The peculiar forms of desert relief and xerophilous flora were

shown to the Academy by Dr. McDougal a year ago. Animal forms, being

less plastic, are less peculiar and bizarre, but exhibit corresponding adap-

tation of habit. Among the extreme products of desert environment are
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the Grand Caiion of tbe Colorado, the barrel cactus, animals that never

taste water and do not know how to drink, men who can run 800 miles

in five days, and the peaceful Pueblos, where men without yuile. vice or

crime, plead with the Great Father at Washington to be let alone, and to

have the Yankee school teachers removed.

The desert is crossed by rivers fed by mountain snows, and supplying

water enough to irrigate some portion of the area less than two per cent.

Agricultural islands are springing up in the desert sea where seven crops a

year are harvested, each acre supports one person, and wealth is assessed

not so much by acres of land as by acre-feet of water. The lower Colorado

valley will become a little Egypt without the pyramids. Mining camps

will spring up and maintain their high pressure, uncertain existence, fed

by automobiles instead of camel caravans. They will live their day and

disappear, and the desert will remain the desert, witli all its highest values

untouched, its healthful climate, its Inspiring scenery, and the lessons

which the geographer, geologist, biologist, and artist may learn there.

The Mexican plateau, a bit of the tropics lifted into a temperate and

semi-arid atmosphere, is the environment in which the American Indian,

on a maize basis, without iron or domestic animals, attalnetl his highest

indigenous civilization. I'erhaps for that reason the hand of the Spaniard

was not wholly destructive, and a blending of European and American

civilizations occurred. Of ir>,000,000 i)Oople SO i>er cent, are of Indian

blood and nu>re than half f)f those without a stain of white. With all

his faults, the Mexican peon is not lazy or vicious, and remains now, as

of old, the pure American at his best. Mexico is the land of cactus and

agave, of tortillas :ind frijoles, of chili and pulque, of silver .and maniK)wer,

of cockfights and n'Vf>lutions, of opportunity and m:ifinn;i. out of which

I', stable and prosi)erous civilization, more promising than that of Old

Spain, seems to be rising as rapidly as tropical nature and human nature

will permit.

The Caribbean province lies in the equatorial zone of volcanoes, earth-

quakes, perennial heat, heavy rainfall and troi)ical forest. These condi-

tions attain their extremes for the continent in Central America, where

4,500,000 Indians, negroes, and mestizos are leavened with less than one

per cent, of pure European stock. The natural and human conditions are

less favorable than on the Mexican plateau. The most momentous things

it; the province just now are the Tehuantepec railway and the Panama
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Canal. The Mexicans have bettered Captain Eatls' scheme for a ship

railway by constructing a first-class trunk line 192 miles long, with a

summit level below 700 feet, and adequate harbor works at each end. The

traffic amounted the first year to $38,000,000. This route between Atlantic

and Pacific ports is 1,000 to 1,500 miles and four to six days shorter than

the Panama route, and in competition with it can hold mail, passenger

and fast freight transit.

Concerning the consequences to follow from the opening of the Panama

canal, no one can predict with assurance. Whether it is a great big bluff

put up by the United States in response to the world's dare, and will be of

value chiefly as a means of doubling the effective strength of our navy, or

wliether it will transform seaixtrts and routes of trade between Europe,

Asia and America, and even knock down transcontinental freight rates,

remains to be seen. In either event, it will prove well worth doing. It

is eminently fitting that the Great Republic should make I'eal the dream

of centuri(»s, and should overcome the greatest natural obstacle to com-

mercial progress that the world presents. The entei-prise is more com-

mendable and beneficent than the Crusades. Its execution is a victory

of peace, surpassing in discipline, mastery of engineering and sanitary

skill the achievements of Japan in war. The completion of the canal will

make the Caribbean truly the American Mediterranean.

In the West Indies the negro peoples are the most interesting. They

number 2,500,000 and constitute nearly the whole population of Haiti,

Jamaica and Barbados. Here the negro has had the longest time and

the best opportunity to show in a congenial environment his capacity for

civilization. The results under self-guidance in the black republics of

Haiti and Santo Domingo are scarcely better than those in central Africa.

In Jamaica and Barbados, the British Empire has no more orderly, in-

dustrious, intelligent, and loyal subjects than the colored people, a large

majority of whom are members of the church of England. The Caribbean

province has an area about six times that of Java and one-third as many

people. If it were as efiiciently manned and manageti as Java, it could

supply the continent with all ti'opical products, including rubber, coffee,

sugar, cocoa, fruit and spices. AVho will man and manage it?

Thus far I have tried to characterize briefly the pi'ovinces of ex-

tremes, those which may be called cold ajid dry, cold and wet, hot and dry

or hot and wet. I now come to those medial provinces which are called

temperate, but are in a sense the most intemperate of all. The climatic
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map (Fig. 2) shows that the isotherms of 70 degrees for July and of 50

degrees for January cross near San Francisco and spread widely apart,

bounding a belt which belongs to the torrid zone in summer and the frigid

zone in winter. The climate is best characterized as intemperate, having

an annual range of 40 to 60 degrees. Maximum temperatures of 110 degrees

and mininiun) of -50 degrees are not unusual. The belt is swept by a

procession of cyclones and anticyclones which bring rajiid changes from

cool and dry to warm and wet and vice versa, two or three times a weelc.

The weather is iierhaps the most variable and uncompromising in the

world. Cold waves and hot waves intensify the seasons and give everybody

something to tallv and read about. The atmosphere furnishes a perpetual

turkish bath, running tlie ganuit from hot to cold and cold to hot in the

most stinuilating and irritating niaiuier. Our European friends say that

American hustle and restlessness and the strained expression on our

faces are due to the uncertainty and intensity of American weather.

The eastern half of the intem})erate belt is saved from aridity by

cyclonic winds from the gulf and Atlantic, which carry a i-ainfall of 20

or more inches to Hudson Ray. The western half catches its moisture

as catch can and puts uft with the driblets left from the load dropped on

the eastern plains or the western mountains. The line near the 100th merid-

ian where the 20-inch isohyet and the 2,000 fw)t isohyps coincide is one of

the most strongly marked natural boundaries in the world. Tt is the west-

em limit of forest, prairie, agriculture without irrigation and dense popula-

tion. The medial belt of North America is divided into three pairs of

provinces, the Pacific, Interior, and Atlantic. The simplest is the In-

terior, including the Arizonan, already notictnJ.

The Interior province is composed of two plateaus separated by the

broad system of the Rocky mountains. Tliere is not a square mile in it

below 2,000 except in th(> lower ('oluinl)ia valli'y. and most of it lies above

all but the summits of the Appalachians. Dn the west the smaller Co-

lumbia plateau is a frozen sea of lava, trenclied by the Snake and Colum-

bia rivers in ghnimy canons. Most of the scant rainfall sinks into the

crevices to reappear along the caiion walls in voluminous springs. The

dominant plant formation is sagebrush, which is neither grass nor shrub

nor tree, but .iust arteniesia. The eastern ])lateau, commonly known as the

Great I'lains, but better cIiaracterizcHl as the High Plains, is nearly 2,000

miles long and 300 to 500 miles wide. It is liroken here and there by
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islanded uplifts of iiigenons intrusion, sucii as the Black Hills, and carved

into tlie fantastic forms of the Bad Lands; but over much of it the land-

scape has no feature but the bounding curve of the horizon. Overloaded

and dwindling rivers from the mountains wind across it in tortuous or

braided channels. It is semi-arid steppe, a transition between forest and

prairie on the one hand and desert on the other. It is the domain of

bunch grass, fitted by nature for the home of nomad herdsman.

The first chapter in the eventful geography of the steppe is concern-

ed with the buffalo and the plains Indian. You know the story of the

millions of "humpbacked cattle" and the thousands of fierce and restless

red men who lived upon their tongues and hides, and with an economic

basis and an energy that might have made them masters of the continent,

expended both in killing one another. The white men brought them horses,

firearms, firewater and smallpox, a combination which probably shortened

their career.

The first serious invasion of the country was that of the cattle kings

and cowboys from the south, who drove their herds over "the long trail,

'

and inaugurated the strange, brief, pastoral episode of the steppe. The

conflict between the Indian and the cowboy raged for a decade with no

decisive results until the prairie schooners of the Mormons, Oregon emi-

grants, and gold seekers bound for California and Pikes Peak, brought new

elements to tuni the scale. For another decade the life of the steppe was a

chaotic welter of Indian, cowboy, emigrant, miner, hunter, freighter, coach

driver, pony express rider, outlaw, soldier and engineer, which lives in

literature and fascinates young and old as the most adventurous and

romantic chapter in American history. The civil war demonstrated by

how slender a thread the Pacific States were bound to the Union and

spurred Congress to tie them with iron bands. The completion of the

Union and Central Pacific lines in 1869 insured the speedy extermination

of the buffalo, the suppression of the Indian raider and the dawn of an

era of law, order, and peace.

The Indian dozes on his reservation or works on irrigation dams, the

open range has gone, cowboy life has become tame ranching, irrigation

and dry farming are displacing bunch grass with alfalfa, kafir corn and

durum wheat. Through all the shifting scenes in the strange drama of the

rteppe, aridity has been stage manager and will remain so to the end.

The Pacific provinces are but a narrow fringe hemmed in between

the sea and the mountains beyond which desert and steppe begin abruptly.
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California has the only bit of truly temperate climate where the monthly

temperatures are always between oO degrees and 70 degrees on the conti-

nent. The long, dry summer and mild, moist winter invite to a free, out-

door life, where men may take long breaths and live close to nature. Dr.

Jordan claims for California three most valuable assets, climate, scenery

and freedom, and the claim may be allowed in full, and to its items may

be added Stanford University and San Francisco Bay. The Oregon

province differs from the Californian chiefly in having more rain, cloud

and fog. Here the coniferous forest reaches probably its highest floristic

and economic development. Fruit trees and vines are so luxuriant and

prolific that an astute, though amateur scientist, conjectured the presence

of more radium than the average in the soil. Here the Columbia river

makes the only complete gap in the mountain barrier between the tropic

and the arctic circle. Here also the Strait of Fuca and Puget Sound break

200 miles inland. In the eyes of the geographer the better part of the

Pacific provinces is water. The productive area is small, the great valley

of California being about the size of Indiana. The land is narrow and

rough and has no hinterland, but it forms a sufficient base for sea-power

on the Pacific and a strong but gentle grasp upon the Orient.

And thus by a roundabout road I come finally to the core of the con-

tinent, the part of Nortli .\iiicri(ii that really counts, around which the

other provinces stand as natiual and economic tributary vassals. The

Atlantic provinces between the Laurentian heights and the gulf of Mexico,

between the sea and the critical line of the 100th meridian stand out boldly

on every map. The area of the two is nearly 2.(KKi,0(K) square miles, or

one-fifth of North America, and is half as large as Euroi)e. The popula-

tion as about 90.000,000 or 70 per cent, of the total of North America.

This region is the most densely populated large area in the western

hemisphere and the most important center of civilization outside of Europe.

This preeminence is due to many causes, geographical and historical.

(1) Position. It lies on the west side of the North Atlantic ocean

and north of the American Mediterranean. The long, low coastline, with

many drowned valleys, and the number of navigable waterways which

penetrate the interior render it easily accessible by water from the better

half of the world.

(2) Structure and Relief. While its relief is sufficiently varied, not

more than a tenth of it is too rugged for cultivation. Four-fifths of it is

a smooth plain below 2,000 feet in elevation, almost everywhere arable
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and ti'aversible by roads and waterways. Its crust includes the most

valuable coal, petroleum and iron fields yet develoiied in the world. Two-

fifths of its area is covered with the best of glacial soils.

(3) Climate. It lies in that part of the so-called temperate zone

where the summers are long and warm enough to ripen the cereal grains,

and the rainfall in the growing season is everywhere sufficient for agri-

culture.

(4) Vegetatujii. The natural vegetation includes large areas of conif-

erous and summer forests and prairie. The summer forests are easily con-

verted by clearing into grass and agricultural lands.

(5) People. The bullv of population is of Baltic Caucasian stock,

which the presence of negroes, and the recent influx of Alpine and Medl-

teri'anean innnigrants, have not yet notably modified. In race and culture

the region is an oversea colony of western and central Europe.

Here then we have an environment with influences and reaction.s suf-

ficiently complex to task the powers of the most aecomplishetl scientific

geographer. I cannot in a part of an hour undertake to do it justice and

shall attempt only to touch upon a few points. I can sum up its economics

in a brief table.

LEADING PRODUCTS OF THE ATLANTIC PROVINCES OF NORTH AMERICA.

North America. Woiid.

Per cent. Per cent.

Corn 99 80

Wheat 86 21

Oats 90

Barley 75

Rye 94

Potatoes 79

Cotton 98 62

Tobacco 70 32

Rice 91

Coal 90 40

Iron Ore 98 40

Petroleum 70 46

Natural Gas 98

Foreign Commerce 80 12

Population 70 5.6
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The total value of its agricultural products in one year approaches

nine billiou dollars, a sum which Secretary Wilson says nothing short of

omniscience can grasp. The net value of manufactured products is well

over ten billion dollars. However approximate these figures may be, they

•^Iiow the order of the magnitudes.

When goods are produced in sucli quantities, the circulation of prod-

ucts and people must be on a corresponding scale. In the way of this,

<he Ai)p;ilachian liighiand offers the only barrier. This is broken through

by two gateways, the .St. Lawrence and the Mohawk-Hudson valleys.

The gnj) of the Laurentiau lakes and river plays the part of the Baltic

sea in Europe. It lets tide aud shiiipliig Ji(M» uiiles inland to Montreal, and

smaller vessels penetrate to the head of Lake Superior. 2,(KX) miles by water

and 1.0(1(1 miles in a direit line from tlie sea. Modern improvements have

uiade this the greatest conniiercial waterway of the world, next to th^;

North Atlantic ocean. The total tonnage passing through the "Soo" canals

in one season of less tlian eight months is about G0,000,000 tons, or more

tlian four times that of the Suez Canal, and e<pial to the combined tonnage

of New York. Londf»n and Liverpool. The total traffic of the upper lakes

tlu-ongh the Iietroit Itiver amounts to ~i).(HH),(t(H) tons.

Tlie ^loliawk-IIndson gap is even a more important gateway of tlic

continent tlian the lower St. Lawrence. The New York barge canal now

under constrmtion nciy be regardeil ms .m ii;ilf\v;iy measure toward a fii

tnre ship canal at least 24 feet dw^i.

Time is lacking to discus* tlie waterways of the Mississijipi system.

Improvements will be made. l)ut the complete control and utilization of

the Mississippi is a larger propr)sition than mankind has yet anywhere

attempted, and may i>rfive too costly for even the richest country in the

world to accomplish, f venture only to mention as probable future water-

ways of considerable magnitude: Lake Erie to T^ake Ontario. liuffalo t)

Troy, Georgian Ray to Montreal, Cleveland to Pittsburgh and Cairo, Chi-

cago to New Orleans, Kansas City to St. Louis, Winnipeg to Lake Su-

perior. The strategic points on the seaboard are Montreal, New York and

New Orleans. Among tliose inland, Buffalo, Cleveland, Pittsburgh, Detroit,

Chicago, St. Louis and Winnipeg are plainly conspicuous. I want to call

especial attention to Winnipeg. It stands in the wasp-waist of Canada,

through which all currents must pass. If I were a capitalist I wr>uld look

for investments in Winnipeg.



New York already looms up as one of the modern wonders, with a

reasonable prospect of becoming within twenty years the metropolis and

financial center of tlie world. The vision of a city of ten or twenty millio:i

Iieople appalls the imagination. The growth of the seaboard, Cleveland-

I'ittsburgh, and Chicago manufacturing districts sustains the prophecy of

H. G. Wells that there will ultimately be a continuous urban industrial

district, extending from Boston, New York, and Philadelphia to Chicago

and Ht. Louis, with vai'ious outliers along the Mississippi.

For the general map of future economies or use of land, Fig. C, we are

indebted to Raphael Zon of the U. S. Forest Service. (Circular 159.)

The question of future population is not only a fascinating subject of

speculation, but a serious practical problem of vital importance to all stu-

dents of the conservation of natural resources. It is not at all a question

of space. If all the people in the world could be herded in Texas, every

n»an, woman and child could have a domain 70 feet square, equal to an

ordinary city lot. Even in Illiode island they could stand in rows 4 feet

(> iiK'hes apart both ways. The population which any region can support

is fixed, according to Dr. McGee, not by land area or limitation of atmos-

pheric nitrogen, but l)y water sup])ly, a prf)i>osition sustained by a com-

parison of the rainfall and population maps, which might almost serve one

in place of the other.

He calculates that the "duty of water" in relation to human popula-

tion is "the maintenance of one human life a year for each five acre feet

used effectively in agriculture." The annual rainfall of the United States

is five billion acre-feet; therefore the capacity of the United States for

population is limited to one billion, giving a density aix)ut half that of

Belgium, a figure which may be reachetl in less than three centuries. Sev-

eral statisticians, calculating from known rates of increase, place the popu-

lation of the United States in the year 2000 at 250 to 350 millions.

Even more momentous than the questlo,!. How many? is the questioii

What shall we be? In 1830 the people of the United State and Canada

numbered about 14,000,000 and were, except the French on the lower St.

Uawrence, of almost pure British stock. Shortly after 1S30 immigration

began on a large scale, and with some fluctuation has increased until the

present, when in some years a million aliens land upon American shores.

The total number amounts to about 28,000,000, of which 90 i>er cent, have

come from Europe. Previous to 1890, 75 per cent, of them were Baltic

[4—29034]
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and Teutonic people. Since 1890, GO per cent, have been Alpine and Medi-

terranean people. This influx of people who differ widely from the orig-

inal stock in temperament, habits, language, and religion, makes the prob-

lem of assimilation and blending a serious one. The most efficient agent

of Americanization is the public school, where the children learn the Eng-

lish language, absorb American ideas, and undergo a change even in head

form. The Alpine people are noted for their domestic virtues and devotion

to family, divorce being almost unknown among them. The Italians have

a native talent for art and music. These are qualities in which the typical

American is often lacking, and desirable contributions to the society of

the future.

A rapidly developing country like durs has an almost unlimited ca-

pacity to abs(>r)) .md use labor supiily, and there is no indication of a sur-

plus. The numlter of cnlored iKjople in proixn-tion to the total population

is decreasing, and it Is possible that in time even the "black belt" will fade

out. At the twelfth IiiHed .States census the native whites of native par-

ents formed a small majority, the foreign whites and native whites of for-

eign parents a little over one-third. The tardy returns of the thirteenth

census will probably reverse these itroitortinns. The Ignited States is the

melting pot of the nations.

The relative and aiisolute decrease of the rural population, the increase

of foreign l)orn, the relative decrease of food supply, the approaching limit

of f(H)d production under the iiresent systems of agriculture, the steady

rise in iirices. all indicate that the days uf plenty and jirofusion are pass-

ing, and tliat the American standard of living nnist decline toward the

European standard.

In Canada, with a jKiitnlation of about 7,fK)0,000, mostly in southern

Ontario and Quebec, there are too many unknown factors to make predic-

tion justifiable. The greatness of (Canada is chiefly visionary. Their offi-

cial literature gives one the inijiression that they liave learned the art of

boom and ]>rag until they can go us one better in claiming everj-thing iu

sight and more beyond the horizon. In calculating such big round figures

as I have given for the .Mlantic ])rovinc«*s, in most cases Canada is al-

most negligible. Dreams of :i large agricultural i)opulation on the Peace

River in latitude (0° and on the "clay belt" around James Bay seera to

have the same kind of a basis as that of a railroad to Hudson Bay and

regular lines of steamers from riiurchill to Iiiveri»<Mil. The geographic
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probabilities are tliat Canada's most valuable assets lie in tlie great forest,

and the unknown mineral wealth of the Laurentian peneplain.

Standing upon the broad principle postulated by Geddes, that "geogra-

phy in the long run disposes," geographers should not hesitate to express

the general trend of geographic influences. While taking into account the

contravention and annulment of these influences by historical, racial, so-

cial, political and even personal forces, they are disposed to regard appar-

ent violations of geographic laws as local and temporary, or as manifesta-

tions of some higher law. Jefferson was a geographer as well as a states-

man when he prophesied that the Mississippi basin "will ere long yield

more than half of our whole produce and contain more than half of our

inhabitants," and declared that any foreign possessor of the mouth of the

Mississippi is "our natural and habitual enemy." Lincoln and the loyal

people of the north were geographers when they maintained that a separa-

tion of the northern and southern States would be a calamity to both.

The Canadian olection is over, and we know what our next door neigh-

bor thinks of us. Nevertheless I venture to predict that the two nations

will ultimately become one. Annexation of the United States to Canada

might be preferable to the inverse process ; but geographic influences of

maximum intensity crowd the two peoples together with the persistent

pressure of gravitation. "No sane man," says Prof. Grant of Kingston

University, "would, if asked to divide North America into three nations,

draw the present boundary line between Canada and the United States."

The habitable area of Canada consists of a strip 4,000 miles long and

200 to 400 miles wide, almost cut into three fragments by the northward

projections of Maine and Lake Superior. The provinces are held together

like beads on a string by the Canadian Pacific Railway. Is it not probable

that the enormous mass of wealth and kindred population on one side of

the most unscientific boundary in the world will in time attract and dom-

inate the economics and politics of our northern neighbors, and Canada be

peacefully absorbed by economic rather than by diplomatic or military

conquest

V

The scientific frontier along which a geographer would divide the con-

tinent is, of course, the crest of the Rocky Mountains. That is the natural

line of cleavage, but the Pacific States of America, as a world power,

would incur the danger as well as enjoy the strength of their position. If

there are ever as many people and as much wealth between Los Angeles
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and rrince Rupert as between Chesapeake Bay and the Gulf of St. Law-

rence, it will be when San Francisco is the capital of Japanese or Chinese

America.

Whatever may be the changes and chances of the coming centuries,

ours is a big country. We are not to blame for its bigness, and we must

accept its awkward bulk and make the best of it. To live in a large coun-

try requires large mindedness. The American i^eople have fallen heir to

the largest fortune in natural resources and virgin lands that ever came

to any people in the world's hi.sitory. It is an opportunity larger than

can ever come again on this planet. Every influence tends to foster in us

a spirit of extravagance and arrogance. If we can survive the period of

adolescent exultation and riot, and with spirit undiramed and powers in-

tact, attain a sober and dignified maturity, all geographic influences con-

spire to make the Atlantic provinces of North America the home of a

people united in blood, spirit, economics, government, institutions and

civilization, equal in number to the population of Europe, and to make

that people not only dominant in North America but able to divide with

Europe the hegemony in the confederation of the world.

Let me cap my climax with the words of a French sociologist, Ed-

mond Desmolins, who places in the United States and Canada the home

par excellence of the development of the particularist social formation,

where the Baltic and Teutonic peoples, expanding upon new and vacant

lands, are able not only to develop freely, normally and without foreign

influence, but also to acquire an ever increasing i)ersonal initiative. "By

the processes of private life alone," he says, "they have established and will

maintain parliaments, self-government and the predominance of the indi-

vidual over the State. They absorb, assimilate or eliminate numerous and

diverse elements from the old world. They are a society of intense life, of

individual energ>' and aptitude for progress raised to their maximum.

They are the society of the future."

And what of Indiana'/ The prepotent geographic quality of Indiana is

Its centrality. It is not in the center of North America, but near the cen-

ter of its richest province. We, here at Indianapolis, are nearly midway

between the critical line of the 100th meridian and the Atlantic coast, be-

tween the Laurentian peneplain and the gulf coastal plain, between the

Appalachians and the Mississippi, between Lake Michigan and the Ohio,

between the July isotherm of 70° and the January isotherm of 50', be-
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tweeu the isohyet of 20 inches and that of GO inches, between the isopleth

of 250 and that of 8. Indiana sits astride the Cincinnati arch with one

foot over the edge of the interior coal field and tlie other on the oil and

gas belts, and astride the bonndary of glacial drift and the boundary be-

tween summer forest and prairie, with the balance on the right side in

both cases. No State hits more exactly the golden mean, its position

makes it, like France, a "bridgeland" between north and south, east and

west. Tt has been happily called the "midland gap" traversed by many

lines of human interest. The mid-parallel of the United States, the 39th.

triangulated and leveled by the geodetic sun-ey, crosses it. The centers

of cereal production and farm values have ci'ossed it into Illinois. The

center of manufactures is in Ohio headed this way. The center of popu-

lation has been stuck in Indiana for twenty years and is likely to stay

here indefinitely. The National Road, the Wabash and Erie canal and a

score of east-west trunk-lines cross it, and ship canals both ways are mor*-,

than possibilities. Everything comes our way because it must. The happy

mean involves an absence of startling extremes. Few superlatives can be

applied to Indiana, but it is not therefore commonplace. Its central posi-

tion implies a moderate variety and complexity. In Indiana cold waves

are not too cold, hot waves are not too hot, and tornadoes are not very

frequent ; yet the climate is by no means monotonous or enervating. There

are no volcanoes, geysers, earthtiuakes or glaciers, but the moraines and

lakes of tlie north and the hills, knobs, bluffs and caves of the south pro-

vide a pleasing variety of landscape beloved by the artist. The strongest

contrasts in Indiana are between north and south separated approximately

by the boundary of the Wisconsin drift, which also is or was the color

line, the mule-horse line, the neckyoke and chain-trace line, the corn-shuck

and corn-husk line, the tinpail-bucket line, the "thataway" line and the

"right smart" line. In the north the winters are severe enough to compel

a proper degree of foresight and care. In the south a family might live

as Thomas Lincoln's did, with only a blanket for a door to the cabin. In

the days of slavery Indiana was the right of way of the underground

railroad, and during the Civil War no northern State was more evenly

balanced in its sympathies. In party politics no presidential candidate

can count upon it with assurance. Many great men start or stop in Indi-

ana ; not so many stay there. To trace the environmental influences which

have given rise to a banner crop of oratory, poetry, fiction and humor
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would be a fascinating problem, but something must be left for my col-

leagues who are to follow on this program. Indiana is too much in the

way to be isolated, antiquated or one-sided, yet not in danger of being

swamped by foreign elements. If it should ever cease to be the home of

a prosperous community of enlightened and liappy people the event will

not be due to adverse geographic position or environment.
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Chemical Notes on Ventilation.

By Percy Norton Evans.

What is the direct cause of the enervating and injurious effect of

poor ventilation on the human system is still uncertain. The old theory

that it is due to increased carbon dioxide and decreased oxygen in re-

spired air seems quite inadequate in view of the smallness of the actual

difference between ordinary poor air and fresh air ; to be sure the carbon

dioxide may be increased many times, but it is not poisonous, and experi-

ments have shown that equal quantities added to air by purely chemical

means have no such marked physiological effects ; and the concentration

of oxygen is altered to a scarcely appreciable extent in any case of ordi-

nary poor ventilation.

It is held by some that definite toxic substances ax"e exhaled in respi-

ration, and that these, rather than the alteration in the proportions of

inorganic constituents of the air, are responsible for the undesirable effects.

Exhalations from the skin have also been considered of importance, and

this liypothesis receives some measure of confirmation from the veiT notice-

able difference in the intensity of the effect of a well-washed and a not-

well-washed crowd in a poorly ventilated assembly ronm, the respiration

products being tlie same in both cases presumably. Again, some claim

that the excessive moisture is an important factor, but this seems an in

sufficient explanation, for the air of badly ventilated buildings in cold

weatlier contains nothing like the amount of moisture present in fresh air

in warm, damp weather.

Whatever the cause or causes—and they may be many—of the evil

effects of poor ventilation, it is surely true that anything that tends to

cany away the air that has been exhaled or in contact with the person

and replace it by fresh air, must be beneficial.

Elaborate provision is often made to insure by mechanical means this

movement of air. As will be shown, something can also be done by auto-

matic physical means to bring about tjie same result, and where mechan-

ical means are employed they should for economy and efficiency operate in

such a direction as to assist rather than oppose the natural automatic

movement.
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It was formerly thought that foul air. that is air that has beeu

breathed, was more dense than fresh air, because part of tlie oxygen of

the latter is replaced by carbon dioxide in the lungs, and carbon dioxide

is denser than oxygen, and consequently that expired air tended to fall

and foul air to accumulate at the floor of a room, so that for the best

results the removal of air should be from near the floor. This reasoning

overlooked the fact that oxygen is also replaced by water vapor in the

lungs, and water vapor is lighter than oxygen ; also that the expired air

is at a higher temperature than the air of the room and on this account

less dense. This error is no longer generally made in the discussion of

the principles although often in practice. As will be .shown, expired air

is actually lighter than fresh air under ordinarj- ventilation conditions,

and therefore tends to rise and accumulate near the ceiling. This is as-

sisted by the natural upward movement of air in a building warmer than

its surroundings, as in a flue, and further by upward currents in the neigh-

borhood of any body warmer than its immediate surroundings, such as a

stove, a burning lamp or gas jet or electric light, or even the bo<ly of a

person. That foul air tends to accumulate near the ceiling is very evi-

dent to those occupying the gallery of a crowdetl auditorium.

An experiment to test this upward movement of respircnl air was

made by the writer in a class room about 27 by .30 feet and 1(1 feet high.

The room temi>erature was 24° C. (75° F. ). and the outdintr t('mi)erature

10° C. (.^tO" F. ) ; the moisture in the air of the room a.'< shown liy a Mitt-

hof hygrometer was l)etween HO and TM) i>er cent, of sjituration. Tlie win-

dows and d(K)r and a ventilator were closed during the i>eriod of exi>eri-

ment and the only sf)urce of artificial heat in the room was a vertical

steam pipe, the radiator being shut off by the automatic thermostat.

The room was mcujiieil by 20 adults for .50 minutes and wa.s then

unoccupied for TO minutes immediately before the period of exiK'riment,

which also lasted ilO minutes. .3(i adults being present, seatinl.

Carbon dio.xide was determined in the air with a I.uiige air tester,

samples being taken alternately from within r> inches of the ceiling and

the floor, through tiibes, and analyzed on a table, near the center of the

room. The analytical methml consisted in forcing the air through a stand-

ard solution of sodium carbonate colored pink with phenolphthalein, by

squeezing a rubber bulb until the pink color disappeared, the number of

stjueezes being counted, and ranging in this experiment from 8 to 5, fresh

outdoor air requiring 48 squeezes with the apparatus used.
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The results for the successive samples from near the ceiling were

14.5, 16.0, 18.0, and 21.0 parts of carbon dioxide in 10,000 parts of air by

volume; near the floor the figure obtained was 14.5 in 3 successive samples.

Moisture readings with the hygrometer showed an increase from 52 to 58

per cent, of saturation during the exi>eriment near the ceiling, and from

55 to 5S below the table—a greater increase near the ceiling. These re-

sults show that the respiration products, carbon dioxide and moisture,

move upwards under these conditions.

The influence of the temperature and raoistness of the air of the room

on the upward movement of expired air will be shown in what follow.s.

The temperature of the exhaled air is necessarily body temperature,

o7° C. (98.6° F.) ; that of the sui'rounding air of the room can be con-

trolled in an artificially heated building, and since cold air is denser than

warm air the lower the room temperature the greater will be the differ-

ence in density between it and the exhaled air, and the greater the tend-

ency of the latter to rise and be automatically removed from the respira-

tion level. Failure to take advantage of this principle probably accounts

in part at least for the enervating and depressing effects of overheated

rooms in our homes, schools, oflices, public buildings, and, worst of all, our

hotels. The usual temperature aimed at in this part of the country is

well up in the seventies—a very mistaken form of luxury ; it should be at

least ten degrees lower, and sensible habits in clothing, especially on the

part of fashionable women, would soon remove the apparent hardship.

The accepted temperature for school rooms in England is said to be 58'

F., and the standard temperature of the room generally accepted in Euro-

pean scientific worli is 15° or 15.5° C. (59° or 60° F.).

The moisture factor is similar to the temperature factor in its effect

and to a less degree in its control. The exhaled air is always saturated

with moisture, the air of the room if at a higher temperature than out of

doors is not saturated unless moisture is added to it after entering the

building, and in frosty weather is commonly not over one-fifth saturated.

Since, as already stated, water vapor is lighter than air, and since it dis-

places an equal volume of air, the less moisture there is in the air of the

room the greater will be the tendency of the expired air to rise. There

may be other reasons against having very dry air in buildings, such as

irritation of the nose and throat, though this objection is at present de-

batable and not in agreement with the generally recognized benefits of
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breathing fresh air even at low temperatures; also there may be injury

to furniture and wood-work, but from our present standpoint the drier

the room air the better. In harmony with this is the very noticeably de-

pressing effect of a very moist atmosphere.

Let us now consider the numerical values concerned in these densities

under ordinary conditions.

Accepting Ilallibui ton's values for the composition of fresh air and

expired air both in the dry condition,

Fresh air

—

Oygen 2().1)(! per cent, by volume

Nitrogen 79.00 per cent, by volume

Carbon dioxide 0.04 per cent, by volume

Expired air

—

Oxygen 1(^12 per cent, by volume

Nitrogen 79.45 per cent, by volume

Carbon dioxide 4 .43 per cent, by volume

the dejisities. compared with jiydrogon at the same temperature and pres-

sure, are

„ . /20.96 16\ /79.00 14\ /0.04 22\ , , .^
Fresh air: (^^q- x

^
) + (-3^- x

r)
+
(ioo Xt)=

^^'^^

^ . , . /1().12 10\ /79.45 14\ /4.43 22\ . . ,.^

Considering now the effect of moisture on tiio density of expired air.

the tension of aipuMius vapor, or vajior jtressure of water, is 47 milli-

meters of mercury at .'57° C. (9s.<>" F. t. tlici'cfore any gas saturated with

water vapor at this temperature c()nsists of _ x — or 6.2 per cent.
7()0 1

water vapor and 100 -(i.2 or 93.S jM-r cent, by volume of all other constitu-

ents together. The compasition of expired air saturated with moisture

at body temiK^rature is therefore

Oxygen in.l2x.93.S. or 15.12 per cent. l)y volume

Nitrogen 79.45x.93S, or 74.52 per cent, by volume

Carbon dioxide 4.43x.938, or 4.10 per cent, by volume

Water vapor 0.20 per cent, by volume

The densitj- of this mixture compared with hydrogen at the same tem-

perature and pressure, calculated as before, the density of water vapor

being 9, is 14.33.
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Comparing then the densities of dry fresli air and expired air sat-

urated witli moisture, both at 37° C. (98.6° F.), we find them to be 14.42

and 14.33 respectively, the addition of the moisture liaving a greater effect

in decreasing the density than the replacement of part of the oxygen by

carbon dioxide in increasing it, if the inspired air is dry.

Talcing into account such differences in temperature as are likely to

occur between the inspired and the expired air, we find that since the

density of any gas or mixture of gases is proportional to the absolute

temperature, a density of 14.42 for dry fresh air at 37° C, or 310° abso-

lute, becomes at 20° C. or 293° al)S(ilute. O^y^x^^ '^r ^•'"'•26, so that the

relative densities of dry fresh air at 20° C. (68° F.), and ordinary ex-

haled air (at 37° C), are 15.26 and 14.42. The difference between these

figures, which is favorable to the automatic removal of respiration pro-

ducts from the level of respiration, decreases with any increase in temjver-

ature of the fresh air. A density of 14.42 at 37° C. becomes 14.33 at 39''

C, for
(
14 42 310\x—p j or 312° absolute is 39° C. ; therefore dry fresh air

would have at 39° C. (102° F.), the same density as ordinary expired air

(saturated with moistui-e and at 37° C), and at 39° C. the automatic

upward removal of respiration products due to difference in density ceases.

Having considered the case of perfectly dry fresh air, let us take the

other extreme of fresh air saturated with molstui*e at certain temperatures.

The tension of aqueous vapor at 30° and 3r>° C. is respectively 32 and 42

millimeters of mercury, so, by reasoning similar t;) that on page 58, the

composition of fresli air saturated with moisture at these temperatures is

At 30° C—
Oxygen 20.90 x .958, or 20.08 per cent, by volume

Nitrogen 79 . 00 x . 958, or 75 . 68 per cent, by volume

Carbon dioxide 0.04 x .958, or 0.04 per cent, by volume

Water vapor 4 . 20 per cent, by volume

At 35° C—
Oxygen 20.96x .945, or 19.81 per cent, by volume

Nitrogen 79.00x.945, or 74 . 05 per cent, by volume

Carbon dioxide 0.04x .945. or 0.04 per cent, by volume

Water vapor 5.50 per cent, by volume
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The densities of these mixtures compared with hydrogen at the same

temperature, say 37° C, are respectively 14.20 and 14.11, calculated as

l^efore, while ordinary exhaled air has the density 14.33 compared with

the same standard (hydrogen at 37° C). Imagining these mixtures cooled

down to 30° and 35° C, respectively, their densities become 14.53 and

14.20, calculated as before from the absolute temperatures. By interpo-

lation we find that if densities 14.53 and 14.20 correspond to temperatures

"0° and 35° C, 14.33 corresponds to approximately 33° C. ; therefore if

fresh air is saturated with moisture it has at about 33° C. the same den-

sity as ordinary exhaled air (saturated with moisture and at 37° C),

therefore at 33° C. (91° F.) the useful upward movement of expired air

ceases if the surrounding air is saturated with moisture.

A certain temperature between 33° and 39° C. corresponds to each

degree of saturation with moisture.

It has been shown that under all ordinary conditions of ventilation the

products of respiration move upwards; that this upward movement, by

which the harmful products are removed from the level of respiration, is

assisted by a low vmnn teini>erature. and liy dryness of the air of the room;

also, that the fresh air has the same density as expired air (sjiturated

with moisture and at body teniiMM-ature) at 33° C. or 91° F. if the fresh

air is saturated with moisture, at 39° C. or 102° F. if perfectly dry, and

at temperatures intermediate between these with dKTerent degrees of

raoistness.

Purdue UnivcrsH]/,

LaFayette, Indiana,

November, 1911.
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An Indiana Shf.t.t. Mound

By W. S. Blatchley.

Some six or seven years ago while loolviug up the road materials of

Martin County, Indiana, I noted on the northwest quarter of section 30

(ii N.—4 W.) of an old county map which I had in hand the words "shell

mound." I asked my comi>anion, a resident of the town of Slioals, if there

was a mound at the place so marked. He did not know but proposed that

we drive out and ascertain. As our afternoon's work took us near the

place, on returning we drove in a gateway and along a i)rivate road which

followed the bank of White River for half a mile or more. While so doing

we met the owner of the land, one Thomas Ghormley of Shoals, who re-

turned with us and led us to the site of the so-called mound. It was on

the crest of a sandstone bluff on the south side of White River and one

hundred and twenty feet above the water. Here, on a level tract of sev-

eral acres, the surface nearest the brink of the bluff was a few feet higher

than that back of it and through the soil was here and there protruding

a broken shell of a Unio or fresh water mussel. One or two small open-

ings had been made by some superficial investigator which showed the

shells to be closely massed a foot or so below the surface. Having no tools

for digging I at that time made no farther observations, but resolved to

return for a thorough investigation.

The next summer, accompanied by James Epperson, State Mine In-

spector, I spent two days at the place and found it to be, an extensive

kitchen-midden or refuse heap of some ancient race. They probably had

their village site on the level tract to the south or back of the shell heap

and had dumped the shells, after the animals had been extracted, on the

edge of the bluff. The area co^ered by the shells and other remains was

found to be one hundred and seventy-feet in length from east to west by

sixty-five feet in width from north to south, the edge nearest the bluff

being curved or in a half circle. Over most of that area the shells were

from three and a half to four and a half feet in thickness and covered

with one to one and a half feet of sod and soil, through which in many

places the shell fragments had worked to the surface. At several points
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on the slopes there was found to be a hiyer of shells, then a layer of sev-

eral inches of soil, followed by another layer of shells, this indicating an

irregularity of dumping, brought about iierhaps by the village site being

vacated at inter\-als. n the thickest iwrtion of the heap the shells were

occasionally mixed with much humus, but for the most part they were

nearly clean, appearing as if but recently dumped, though rapidly disin-

tegrating when exfiosed. They represented the more common species of

mussels now occurring in the river, but were mostly of small size. Among

those noted were T'nio triaiif/iihiris, JuieuhtH. JUiamentinua, teres, rectus,

(irciilus, (lonaciformls, tubcr<:iihilu.s, irraratus, gihhosus, plicatus, undu-

Uituft, ciflindrcus, mctancvrus, lachrymosus, pustulosus, ruhiginous, etc.

Numerous specimens of fresh water univalve shells of the genera Pleuro-

crra and Campcloma were mixed among the bivalves, as were also frag-

ments of elks' and deers' horns and bones of various mammals. Almost

all the bones, even the smaller ones, had been split for the marrow.

Mixetl with the shells were also many fragments of sandstone rock

about 3x2x3 inches which appeared as if they had been exposed to fire;

also small pieces of charcoal and in two or three places thin beds of ashes

tightly cemented together.

One very small fragment of coarse pottery of a reddish hue was fouml

and one or two imi>erfect flint arrow-heads. The most interesting arti-

ficial objects taken were a number of bone awls and thicker pieces of bone

sharpened down to serve as prys in opening the shells. The majority of

the awls were broken, but of some all the pieces were found and cemented

together. One had an eye or small opening at the end and had doubtless

served as a needle. Some fragments of red orpiment or clay from which

it is burned were also found.

T. Ghormley. the owner of the land, has ploughed up two small axes

and a number of flints, stone hammers, etc., from the supposed village site

just south of the shell heap. Whether these belonged to the people who

dumped the shells or to a later race which aftenvard inhabited the same

site, there is no means of telling. They would indicate, however, that the

former owners lived in the stone age before the advent of the white man

with his weaiions and implements of metal. By the best authorities such

mounds in other localities are referred to the early part of the Neolithic

age when the art of polishing flint instruments was known but before it

had reached its greatest development.
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Similar shell heaps are known to occur in a number of places in Indi-

ana, though but few if any of them have been tlaoroughly investigated.

Along the Ohio River in Clark County there is one near the mouth of

Fourteen-mile Creek and another two miles east of New Washington. The

large one formerly at Clarksville, just below Jeffersonville, has been mostly

eroded away by the stream. Others occur on the banks of the Ohio in

Perry and Posey Counties. On a high bluff just below New Harmony there

is a large kitchen-midden, and also another on the Wabash near Merom,

Sullivan County.

All of these Indiana refuse heaps are composed mainly of the shells

of Unio, and show that that mollusc once formed an important element

in the food supply of an ancient people. The larger number of Unios in

our .streams have in recent years been removed to furuLsh ornaments, not

food, for the over-civilized white man. It might be well for him to culti-

vate a taste for these fresh water clams and so add another variety of

food to his menu, thereby reducing in slight degree the high cost of living

of which he now so much complains. I do not know, however, that I

would advise him to try any of those (if any tliere be) in the West Fork

of White River between Indianapolis and Martinsville.

Shell mounds or kitchen-middens of marine shells, some of them of

great size, occur frequently along the Atlantic coast and are especially

numerous in Florida. They have not as yet received the close attention

from archaeologists that those of Europe have had. A thorough study of

tliem would, without doubt, disclose many iwints of interest regarding the

food habits and domestic life of our prehistoric I'aces.

It was from one of these refuse heaps, 1,138 feet in length and with an

average width of 160 feet, located near Ormond, Florida, that, in 1899 I

secured the bones of the Great Auk, and so extended the known range of

that now extinct marine bird more than 1,100 miles.
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Maternal Impression.

A. G. PoHLMAN, Indiana University.

When a doctrine lia-s been in vogue since tlie earlie.st cliapters of re-

corded liislory, and when evidence in its favor may be found in all climes

and peoi^les, one is tempted as was Von Welsenburg to believe that some

basic facts underlie tlie belief in maternal impression. Belief must however

not be confused with fact, and the antiquity, iniquity and ubiquity of ma-

ternal Impression are not synonymous with convincing evidence. In days

gone by, slvepticism was not particularly encouraged and the truth in a

given matter was in direct proportion to the caliber, mental or physical,

of the individual who uttered the statement, not to the amount of evi-

dence he produced. Nostradanms' excellent contention for the peculiar

inherent psycliic qualities in the seventh son of a seventh son had a face

value once upon a time, but now-a-days the Civil Service Commission would

give him opportunity to pass the examination for Custom's Inspector if

he applied for this position. Even in my o\Aai lifetime I have remarlied

that the clairvoyants are no longer born with a "caul" and have ceased

to use the "caul" as the fulcrum upon which they pry into the affairs

of others. Possibly through selection they have develoi>ed an instinctive

second-sight. The fact that it is physiologically impossible for the hair

to turn white in a single niglit may not be convincing, and I doubt tliat

the inability of the German anatomist Stieda to find a single authentic

case will be received any more seriously. Indeed we find that a single

case cited upon good authority, even before history was, is slill observed

daily by trusting minds. The antiquity and ubiquity of the doctrine of

maternal influence do not convince me as they did Von Welsenburg of

certain fundamental facts. The sun went around the earth for myriads

of years and wall continue to do so even in remote peoples. Why deny

our senses?

The antiquity of the doctrine is phenomenal and practically all writers

pro or con hark back to the source whence all this blessing flows—the

story of Jacob and his cattle. I will make an exception and dismiss Jacob

with a word. It may be that Jacob used the "pilled rods" on the more

susceptible human observers much after the fashion that the present day

[5—29034]
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magiciaus use their wands—to divert the attention and "cover the experi-

ment." As evidence I cannot consider it any more seriously than the re-

markable feat of Joshua might be taken as proof conclusive of the futility

iii the study of celestial mechanics.

The ubiquity of the doctrine may also be satisfactorily explained.

Like "Little Orphant Annie," every race has its own peculiar story of how

"the goblins will get you," and it would be more than strange if supersti-

tions of like character did not arise even in remote peoples over the birth

of a child—jiarticularly an abnormal one. I am not pre]>ared to deny

that folklore has some truth in it ; but then folklore never loses in the

telling and does not necessarily imply close analytical study.

The iniquity of the doctrine is notorious and consists in an attempt

to convict Mrs. X. of giving birth to a mentally, morally or physically

misshapen child or to a inathematic(>-musico-ix)etic prodigy by reason of

certain influence she has exerted, and without giving her a chance to de-

fend herself. If the law holds that a jierson must be proved guilty be-

yond reasonable doubt, let us first look into the evidence; for without the

facts, there is nothing to disi>rove; without tlie facts, the argument may

be entertaining but not productive.

Inasniucii as everyone has his own cases wliicli illustrate the work-

ings of maternal influence and which he looks upon anywhere ranging

from a grave suspicion to conviction, I will arrange the evidence presented

into several classes and illustrate each with a case.

I. Alleged bona-fide maternal impression—conscious type.

"Dr. Napheys tells of a woman, the wife of a baker, who during the

earlier months of her pregnancy, sold bread over the counter. Nearly

e^ery day a child with a double thumb came in for a penny roll, present-

ing the moi>ey between the thumb and finger. After the ilrd month, the

mother left tlie bakery but the malformation was so ii ressed on her

mind, that she was not surprised to see it reproduced in her own child."

Neither was Dr. Napheys, for that matter, for Ixad he been skeptical, ho

would have inquired into what the mother of tlie first child saw to create

the deformity, and would have commented on the frequency of this par-

ticular deformity at this time. Otherwise the evidence is excellent.

II. Alleged bona-fide maternal impression—subconscious type.

"We have heard of a mother (evidence?) who gave birth to a child

that had but one hand. The other arm was handless as if amputated be-
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tvveen elbow and wrist. The only way she could account for the deficiency

was the fact that her husband's brother, who had his hand amputated,

lived in the same family during the earlier months of her pregnancy.

While she received no special shock, being familiar with his condition, yet

maternal impression continued through a considerable period had its dis-

astrous effects." This case is illustrative and suggestive for, as Dr. Stall

says, it shows that the unconscious impression may be as potent as the

conscious. Assuming that the evidence is quite good, how does Dr. Stall

account for the normal children born directly of our mutilated war vet-

erans?

IIT. Missed maternal impression; where a well defined shock occurred

but the resulting defect did not resemble its alleged cause.

"An instance came under my observation but a few years ago in which

the boy of the family had fallen from a banister of a porch some eight or

ten feet to the ground belov/ wliere his head came into contact with stones

inflicting a large gaping wound of the scalp. The mother had it to care

for until my arrival. In a few months (seven to be exact) she gave birth

to a child with spinal defect that soon extended to the head to form hydro-

cephalus, causing great enlargement and the death of the child." Here

the unborn child did not exactly register its mother's distress. Inasmuch

as Goethe misunderstood the bones of the head and regarded them as

modified vertebra?, the error on the part of the child is wholly excusable

under the circumstances, for as Dr. Rlondel said nearly two hundred years

ago, it is "not yet acquainted with the outward objects that disturb the

mother."

IV. Postpartum maternal impression ; where a woman on beholding a

marked child remembers the circumstance that must be held re-

sponsible.

I abbreviate a ' ise reported by Ballantyne. "On July 2, 1884, she

gave birth to a ful; 'term male child on whose chest there was a peculiar

mark similar in size to the apple which was thrown at the patient, but

rather paler in color. She then remembered the above mentioned circum-

stance (being hit by an apple in the previous October) and connected the

impression and the mark together as cause and effect." Ballantyne, while

he places this case in his list of maternal impression, remarks that it Is

not a strong case ; to which I heartily agree. As evidence we cannot ac-

cept it any more than we accept the statement of several individuals on
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beholding a well-filled pocket book—"It's mine"—as conclusive proof of

the wallet"s collective ownership.

V. Non-selective maternal impression; where a mother succeeds in mark-

ing both ol the twins.

These cases are extremely uncommon, for as we shall see, maternal

influence appears to be extremely rare and twins occur about one in

eighty-eight births. I am therefore glad to report as an illustration, a

case given by Wiistnei. He tells of a woman who was accustomed to

taking her nap witli her forehead against a porcelain stove. She gave

birth to twins and it was found that each had a rather long impression

running up and down on the forehead. The case is not reported in suffi-

cient detail to comment on it. I present it for its face value, together with

the suggestion that a mark down tlie forehead of each of the twins would

be likely to make a skeptic examine the liirtli caiial of the mother for a

bony prominence in the pelvis.

VI. Non-selective type of maternal impression ; where a mother only suc-

ceeded in marking one <if the twins.

These cases must also be uncommon and I liave found no instance

£ei>orted by the champions for maternal impression either because they

do not occur at all or beciuise they do not strengthen the cause. I am of

the opinion that the latter is the case; for abnormality in one twin is not

particularly infre<juent. I can, however, call attention to a case where the

twins did not succeed in marking a single l)aby— tlie notorious example

of the Balzac twins—a variety of Siamese—and one of them, I forget

which, gave birth to a normal baby.

VII. Threatened maternal intluence ; where the mother is profoundly

shocked and the infant refuses to register any marking whatever.

It may be remembered that the Messina disaster was calculated to

upset the routine of that town, and yet after the earthquake only one

abnormal child was born of the women who were pregnant at the time,

and that in a woman who had been pinned down for many hours with u

beam over her abdomen. Indeed, it was reported tliat a number of women

that had alwrted spontaneously in previous pregnancies were so severely

shocked that they carried their children to term. Rischoff could not dem-

onstrate a single case of maternal impression in ll.OCXl confinements; and

William Hunter "during many years every woman in a large London

lying-in hospital was asked before her confinement whether anything had
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specially affected her mind, and the answer was written down, and it so

happened that in no instiince could a coincidence be traced between the

woman's answer and any abnormal structure ; but when she knew the

nature of the structure, she frequently suggested some new cause." To

this I would add a statement from Mauclerc: "Do we not know how

shy Women are always in confessing their Longings? They will never

own upon the vSpot, that they longed for such a Thing. It must be pre-

sented before them as if we knew nothing of their Desire. And, if they

are so unwilling to confess their Longing and Affections before the Ef-

fect, why may they not be sometimes as backward to confess them after-

wards? Certainly some Women are such unaccountable Creatures, thai

no more Stress can be laid on their Denials, than their Affirmations." (i

would state the gentleman has I)een dead over a century.)

Mauclerc attacked Blondel's famous treatise and based his contention

on the Art of Criticism. He says : "All that lies uix>n me is to shew,

that he (Dr. Hlondel) has not proved his Negative." This argument holds

today ; for, as I have said, without the facts we have nothing to disprove.

While nothing can be brought forward to demonstrate that a pregnant

woman actually does influence her unborn child, it can be definitely proven

that the child does affect the mother. Now, then, based on this fact, and

with the idea that six equals half a dozen, if I propose the doctrine of

fetal impression, I can defy anyone to prove me wrong—provided of course

that any intelligent person will enter into argument with me. Further,

this pseudo-hypothesis is much stronger than tJie maternal impression

doctrine. If a child through congenital defect has hare-lip or what yon

will (and I can show that these defects arise spontaneously in egg-laying

animals) ; and I can also show that the metabolism of the child (or call

it what you like) influences the mother, then with justice I can also infer

that carrying a child with a given defect will make the mother more sus-

ceptible to being shocked by a creature having a similar abnormality.

It is strange how difl^cult it is to think a new thought. I constructed

an Illustrative example for my hygiene class. "If a pregnant woman goes

to the sideshow and is frightened at beholding a two-headed steer and

later gives birth to a two-headed child, the biological question is, "What

did the cow see?" I can not replace this with an authentic case reported

by Wiistnei. It seems that a woman gave birth to a child with a sort of

tumor in the pelvic region. The child died on its attempted removal, and
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the tumor was found to contain a second child, or at least additional fetal

parts. The mother then related that while she was pregnant she had a

goose which brought forth her goslings and among the number was a

double one. This double gosling she gave to her child of four years to

play with but presently the sight of it became hateful to her and she was

forced to dispatch it. Now while the maternal impressionist must explain

what the goose saw ; my pseudohypothesis of fetal impression can explain

why the double gosling became hateful to the mother very readily.

I would therefore close this brief paper by repeating: The doctrine

of maternal impression has four strong factors, its antiquity ; its ubiquity

;

its iniquity and its unquestionable lack in proof. After all, the human

being is more sni>erstitious than he will oi)enly admit, and i>erhaps P. T.

Barnum, who capitalized credulity, should be accounted some word of au-

thority in his statement "The public likes to l>e humbugged."



71

Terraces op the Whitewater River Near Richmond, Indiana.

By Allen David Hole.

INTRODUCTION.

The terraces referred to in this paper constitute a small part of the

complex series of terraces which characterize practically all the larger

\alleys in a considorahle portion of the glaciated area of the United States.

The terraces along the Whitewater River near Richmond have been recog-

nized and referred to by a number of observers, but so far as the writer

knows, there is no record of any systematic, detailed study of them prior

to 1909. n that year Harold Chapman, then a student at Earlham Col-

lege, studied carefully under the direction of the writer the terraces within

the gorge from Richmond to a point about one and one-half miles south of

the city. A continuation of this work for the three forks of the White-

water above the city, extending four or five miles along each fork, was

undertaken by Wendell H. Pitts, another student, and completed by him

in 1911. The author has, by permission, used freely the data gathered in

these two studies, which covered the areas indicated on the accompanying

outline map. Fig. 1.

GEOLOGY.

The geologic formations involved include (1) thin-bedded limestone

and intercalated shale of Upper Ordovician age, exposed in the gorge-like

^alley near the city of Richmond and for some distance above and below

:

(2) Middle Silurian limestone exposed scarcely at all within the limits

here referred to, but forming the underlying bed rock in the northern

(upper) parts of the area studied; (3) glacial drift of Pleistocene age,

both unassorted (moraines), and assorted (valley trains, outwash plains,

etc.) ; and (4) deposits of Recent age, mainly alluvial (flood-plains), but

including also fans, material shifted by sheet wash, accumulations of

talus, etc.

Structurally, the bed rock forms a part of the northernmost end of

the Cincinnati anticline; the strata exposed are, however, practically hori-



72

Fig. 1. Outline map of the reKion studied. Spaces included between doited lines, or between
one dotted line and the adjacent stream are approximately the areas within which terraces are found

that is, a coasiderable part, though not all, of the included spaces are terraces.
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zontal within the area observed, clinometer measurements Ir.dicating either

no inclination at all or dips varying in amount up to about 1° in various

directions, showing that the strata are either horizontal or departing from

it to a very slight degree in such a way as to form an irregularly warped

surface. Evidence of continued warping in the same direction of relatively

recent date, considerable in total amount, yet occasioning dips too slight

to be measured with a clinometer, will be presented in connection with the

detailed discussion farther on.

No great systems of joints have been detected, and no faults except

exteedingly diminutive ones.

GEOGRAPHY.

Whitewater River at Richmond is strictly East Whitewater River, the

western branch crossing Wayne County rear Cambridge City, and finally

uniting with the eastern branch just below Brookville, in Franklin County,

to form the Whitewater River proper ; but in this paper, for the sake of

brevity, the stream at Richmond will be referred to as the Whitewater

River. This (East) Whitewater River is formed by the junction of three

smaller streams just north of the city of Richmond, known as the West,

the Middle, and the East Forks, respectively, of the Whitewater River.

For the greater part of their course these three forks flow in valleys which

are formed for the most part in glacial drift, bed rock being encountered

at only a few points. Beginning a short distance north of Richmond, how-

ever, the valleys of these streams have cut into the underlying rock, which

from this ])oint on forms a large part of the slope of the sides of the val-

ley ; sometimes being exposed in steep, cliff-like faces, sometimes covered

with a thin layer of soil, talus, or other rock waste.

From the vicinity of the junction of the three forks for a distance of

over two miles southA\ard. the valley is narrow, steep sided, and canyon-

like, its width at tlie top being from GOO to 1.000 feet, and its depth 60

to SO feet. A little farther down, the valley is somewhat deeper but pro-

portionately much wider, with sides which, while still steep, are less

precipitous, having cliff-like faces at relatively few points, and in general

showing signs of greater topographic age.

THE TERRACES.

The region at and near the points of junction of the three forks marks

the approximate location of a natural division separating the series of

terraces along the valleys of the three forks above from those along the
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ScAfcE.

Fig. 2. Map of the gorge of the East Whitewater River and country adjacent, showing the ap-

proximate location of two levels of terraces within the gorge, viz: (A) a higher series, shown by

solid black areas ; and (B) a lower series, shown by obliquely-lined areas.



single, narrow, gorge-like valley below. The reasons for emphasizing this

area as a division point will be clearer when the details of the different

series are understood; but it may be worth while to note certain general

differences jnst here between the terraces and valleys above the area near

the junction and the corresponding phenomena below. The more obvious

or the more imiiortant differences are:

1. Different materials ; slo[x;s mainly of outcropping bed rock below,

mainly of glacial drift above.

2. Different number of terrace levels ; four clearly marked below

;

seven above.

3. Different gradient of terraces ; slope being upward in the down-

stream direction, or nearly horizontal below the junction area ; level to a

gradient about the same as the beds of the streams above the area.

Summary of Observations on Terraces Above the Gorge.

The different terraces along the three forks of the Whitewater can be

referred to seven different series. For the West Fork these seven series

are indicated in Fig. 3 by broken lines numbered from (1) to (7) inclusive.

In nearly every case each series is made up of a number of disconnecte<7

terrace remnants. The total number of these remnants along the West

Fork is 51 ; along Middle Fork, 2G ; along East Fork, 31 ; total, 108. From

this total when deduction is made for terraces counted more than once

near the junction of the streams, the net total is 103.

In size these remnants vary greatly. The largest forms the surface on

which the principal part of West Richmond is built, and contains about

420 acres; its total length is more than IJ miles, and its width from J to

i mile. This terrace is a part of the fourth series and has an elevation

above the stream at its south end of 82 feet ; at its north end, of 45 feet.

At its southern end bed rock is within a few feet of the surface; farther

north the covering of drift, mostly assorted, becomes thicker.

At the other extreme of size are the very small patches forming flat-

topped points or shoulders, in some cases having areas of only a few square

feet. These exceedingly small patches, while sometimes of value in the

field in correlating remnants of terraces, have not, however, been included

in the count of terrace remnants given above. The smallest area included

In the numbers as given contains about one-fifth of an acre ; the average

is, however, much larger, being for the 103 areas a little over 20 acres.
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The gradients of the diffei'eiit seiies vary in about the same way on

the three forks, though tliere is not perfect agreement. The general rela-

tions are shown by Fig. 3, viz.

:

(1) Tlie recent terraces above the point of junction of the forks

agree quite closely in gradient with that of the stream to which they

are adjacent.

(2) The older terraces have lower gradients than that of the

adjacent stream.

One seri(.^s, the tiftli, has a surface almost horizontal so far as the

West Fork is concerned ; but its extent along this fork is limited to about

three-l'ourtlis of a mile. When considered as a part of the corresponding

series along Middle Fork with a total e.xtent of neai-ly six miles, it agrees

in general with the older terraces in having a distinct gradient, but less

than that of the stream at present. The terrace profiles shown in Fig. 3

may suggest that the lower and upper parts of the third series do not

belong together, since the degree of slope is so noticeably different. It

cannot, of course, be considered as settled beyond question, yet the work

in the field indicated so strongly that the two ix)rtions are part of the

same series that the correhition was made as here given.

In most cases the remnants belonging to a given series are found part

on one side, part on the other side of the stream. n only a few cases

are remnants of the same series found on Ijoth sides of the stream at a

given point.

. n ex]ilanation of the profile of the West Fork it should perhaps be

remarked that the Falls indicated are due to a diversion of the stream

from a part of its natural channel for water-power purposes, which has

forced it to abandon a |)art of its former course and re-enter its valley

at a jioint where the slope is steep and formed of outcropping bed rock.

The terraces of series (J) and (2) are, therefore, plainly not to be cor-

related, although the height of (2) above the stream bed above the Falls

is about the same as that of (1) above the stream bed below.

Terraces Within the Gorge.

Within the part of the main valley which is canyon-like, extending

from a little north of the city of Richmond to a point about two miles

south, are two well marked terrace levels, an upper and a lower, indicated

in profile on Fig. 3 by (A) and (B) respectively, and shown on Fig. 2 by

solid black (upper), and obliquely lined (lower), areas. At neither level
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are the terraces coutiiiuous for the whole distance incllcated on the pro-

files, but consist of remnants, part on one side, part on tlie other side of

the stream.

At the upper level, there is first a continuous terrace on the west side

of the stream for about half a mile; next, in the down-stream direction,

for about i mile on the east side ; below this for some distance not more

than a trace on eitlier side, succeeded b.v nearly continuous terraces ou

both sides for more than l mile ; again a distance of about i mile with

eitlier no trace remaining or merel.v .shoulder-like projections here and

there: and finali.v at the sontli end of the canyon-like part of the valley,

a terrace 2 mile in length on the east side, with a renmant only a few

rods in longtli on the west side.

At the lower level the terraces are likewise discontinuous in places

and found only at times on both sides of the stream at the same ix)int.

The width of these terraces is, at the maximum, about 60 feet; aver-

age, perhaps 20 to 30 feet; see Figs. 4 and 5. At both levels the terraces

are chiefly rock cut, only a small amount of soil, talus, glacial debris, and

rock waste l)eing found upon tlioir surfaces, and the rock in place rising

in each case on the side away fri>m the stream sometimes as a steep, wall-

like slope until, at an elevation above the upper terrace nearly as great

as the general level of the country, a considerable amount of glacial drift

it found.

Perhaps the most interesting and significant feature about these ter-

races is their gradient as compared with the gradient of the stream, and

with sea-level as a datum. The terraces of the upper level vary in height

above the stream from to 8 feet at the point farthest upstream where

they are clearly marked, to 04 feet above the stream at the farthest down-

stream point, a differential elevation of about 57 feet, rising higher and

higher the farther downstream they are found. This suggested at firsc

that there might be :in error in correlating the separate remnants as parts

of the same terrace ; but it was observe<l that in each case where the ter-

race was continuous for al)out A mile, there was this consistent rise in the

downstream direction ; in one case a rise of about 25 feet in a half-mile's

distance; in another case a rise of 11 feet in a little less than * mile. The

shoulder-like points and projections and smaller terrace remnants where

the terraces are discontinuous, have elevations agi-eeing closely with the

general rise of the gradient in the downstream direction.
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Referred to sea level, the southern or downstream end of the upper

terrace is about 20 feet higher than the northern, or upstream end. That

is, in a distance of a little more than two miles the terrace level rises.

20 feet higher above sea level, while the surface of the water in the stream

has a fall of about 37 feet in the same distance, making a total differen-

tial level between the surface of the terrace and the surface of the water

of about 57 feet.

The terraces of the lower level are from 25 to 35 feet lower than those

of the upper level and are found only in the lower portion of the canyon-

like part of the valley ; their width is about the same as that of the upper

terraces, averaging perhaps 25 or .30 feet, with a maximum of from 50 to

00 feet. The height of surface of this lower .series above the stream also

increases in the downstream direction, but at a much smaller rate than in

the case of the upper terraces; in a total distance of about two-thirds of

a mile the difference in elevation is about (! feet. The fall of the stream

l8, in the same distance, a little more than (5 feet, which leaves the surface

of the lower series of terraces with a very slight gradient in the down-

stream direction, when referred to sea level as datum.

Considering, then, the upper terrace level, the lower terrace level, and

the present gradient of the stream in their relations to each other, the

lower terrace level can be represented by a nearly horizontal line drawn

a little lower than midway between two other straight lines which diverge

in the downstream direction ; the upper representing the surface of the

upper terrace le\el. and the lower the present gradient of the stream.

CONCLUSIONS.

The causes which operated to make the conditions resulting in the

terraces above described may. no doubt, be inchnhd for the most part in

the following:

1. Variiitifins in the amount of sediment carried by the streams.

2. Variations in the amount of water carried by the streams.

3. Variations in gradient due to

—

(a) Diastropbism ;

(b) Dams of ice and glacial debris more or less complete,

resulting in ponds, river-lakes, etc.

While it is not po.ssible to say jiositively just what share each of these

causes may have had in the formation of e.'ich one of these terraces, the

following ]inrti;il ex|ilMiiations seem to be justified:
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1. Terraces (A) and (B) iu the gorge of the Whitewater Rivnr

(mainly below the city of Richmond), were developed by the stream

at periods, in each case, when its gradient was very mnch less than

at present; a gradient sufficiently low to permit it to erode chiefly

laterally.

2. In the case of the upper terrace, at least, this period of lateral

erosion was interrupted by a relative elevation of the land (bed

rock), which was not uniform, but increased southward from the city

of Richmond to an undetermined distance. The total amount of the

movement as indicated by terrace (A), is not less than 10 feet of ele-

vation per mile in a general southward direction.

H. Since the terraces along each of the three forks are composed

very largely of glacial material, it seems probable that tempoi'ary

ponding of waters, and variation in amounts of water and sediment

present, are largely responsible for their presence and for their rela-

tive positions. It seems probable also, however, that diastrophic move-

ments may have had some part in producing the lack of parallelism

in surface gradient of terraces of the different series.

The time relations involved can be stated clearly only in part. Foi-

example, the lowest terraces along the three forks, such as (1) along the

West Fork, must be of date so recent as to fall within the category of

present-day formations. Others, such as (A) in the gorge, must evidently

be considered as belonging to a i>eriod sufficiently remote to allow for the

erosion of a channel in bed rock GOO to 800 feet in width and 64 feet deep.

Geologically this is still, however, quite recent, and this work may all

have been accomplished since the final withdrawal of glacial ice from thi*s

latitude.

Earlliam College,

Richmond, Indiana.

-200341
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Some Neglected Principles of Physiography.

A. H. Purdue.

All sciences suffer from errors and misconceptions, wliicli liave in one

way and another crept in ; and as sucli are difficult to eliminate. Many are

passed on from older to younger worlvers, and are used in both theory and

practice. Of such in geologj' are the popular notions of the characteris-

tics of entrenched meanders; the origin of limestone sink-holes; and (in

the opinion of the writer) of anticlinal valleys, and possibly of sonic

transverse drainage.

The Entrenched Meander. It is an accepted principle of physiography

that after a stream reaches base-level, it begins to meander. Uninter-

rupted by diastrophic movement, the meandering continues until the region

OR either side has been reduced to a plain, the width of which depends

upon the size and strength of the stream. If such a region be elevated,

the stream, from renewed vigor, will resume the downward cutting of its

bed, producing a new (entrenched or incised) valley within the old one.

Thus far, the popular notion of the entrenched meander can be accepted

without question ; but it is also the popular though erroneous notion that

the new valley occupies the bed of the old one, and is V-shaped.

While it appears that some rejuvenated streams do have V-shaped val-

leys, such are rare. The rule is that the valleys of such streams are un-

symmetrical. The slopes above the insides of the curves are of compara-

tively low gradient, while those on the outside are steep. This may be

seen by inspecting almost any good topographical map of an area with

rejuvenated streams. The explanation is simple. In an old stream, the

downward cutting is little or nothing, while the lateral cutting on the

outside of the bends may be relatively great. In rejuvenated streams, the

downward cutting is resumetl, but the lateral cutting does not cease. On

the contrary, it becomes more rapid, because the impingement upon the

banks is greater than before. The resulting topography is shown in Fig.

1, A and B. As all bends become greater, the rejuvenated stream is more

crooked than when in its previous stage of old age, which of course means

that it has shifted from its old bed.
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Just why some V-shaped valleys occur in older, wide, flat ones is not

clear to the writer. Whether the mner gorge of the Grand Canyon is the

result of rejuvenation or not, there has been little lateral erosion accom-

panying the great vertical cutting. Whether lateral cutting takes place or

not, may depend uiwn the acceleration of the stream's force, which in

turn would depend upon the rate and amount of elevation ; or, it may de-

pend upon the character and structure of the rocks. Unmetamorphosed,

horizontal rocks of alternating hard and soft beds would favor lateral

erosion, while metamorphosed crumpled beds, such as occur in the inner

gorge of the Grand Canyon, probably would retard it.

Limestone kiink-holes. The common notion, and the teaching of most

text-books, that limestone sink-holes are formed by the collapsing of the

roofs of caves, is erroneous. That some sink-holes have had such origin

doubtless is true, but they are the rare exception. Most of them are the

result of solution by descending groundwater. As this has been discussed

somewhat at length elsewhere, it will be only mentioned here.

Anticlinal Valleys. The common explanation of anticlinal valleys is

that streams have gradually shifted from synclines to anticlines, the shift-

ing having been invited by the excessive fracturing of the latter over the

former. The writer believes that most anticlinal valleys have had a differ-

ent history. It will be conceded that most folds had their inception while

yet submerged. This granted, the first part of the folds to appear at sea

level were the crests of the anticlines. Except at considerable depths, all

the sedimentary material but that of calcareous nature was in the incoher-

ent state at the time of elevation, and consequently was easily eroded. As

soon as the anticlinal crests came within the effective force of the waves,

they were thereby truncated. The rate of rise was greater than we are

accustomed to admit, if the truncation did not for a long time equal the

elevation. As the truncated material was shifted to the synclinal troughs,

the whole process was a leveling one. It is not unreasonable to suppose

that many folded areas emerged as practically level plains, and that streams

were at least as free to flow along anticlines as synclines.

In those cases where the rise of any anticlines was rapid enough to

overtake the erosive action of the waves, that action was still effective on

the sides of the resulting islands. Added to this, was the work of the

subaerial agencies. On the whole, the direction of the resulting small

lA. H. Purdue. Science, Vol. XXVI, p. 120.
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streams was transverse to the anticlines. Tlie anticlines did not every-

where emerge at a uniform rate, but appeared as rows of islands over

each of which streams flowed radially. Consequently, some of the streams

were, from the stai't, longitudinal to the direction of the anticlines, and

others nearly so.

If at this stage the streams were still on incoherent material, the

longitudinal ones had no particular advantage over the transverse ones;

but if the indurated or partly indurated material had been reached, they

had the special advantage of l>eing able easily to seek out the soft beds

and follow their strike. In the meantime, the material lapped off the

sides by the waves and that washed into the sea by the streams was still

filling up the adjacent synclines.

During the ele%'ation, tlie synclines were occupied first by lagoons of

salt, then brackish, and after complete emergence by those of fresh water.

Even during tlie last stage they continued to be lines of deiX)sition until

the lagoons dwindled into lakelets and finally disappeared. Meanwhile,

the anticlines were lines of degradation, and it is not improbable that as

many synclinal lakelets were drained into streams that fallowed anticlines

as into those that followed synclines ; and it seems not unreasonable to

suppose that in the course of stream adjustment, as many have shifted

from anticlines to synclines as from synclines to anticlines, if, indeed, the

former has not been the rule.

Major Streams Trait.svrrsc to Folds. Folds are parallel to the old

iand areas from which the clastic material of their rocks was derived.

In the addition of new land areas to old, the growth was often exogeneous.

If a newly added area was folded, Mn<l the folds were leveled as above

suppcKsed. the streams from the old land gradually extended themselves

over the new and in general were at right angles to the folds. As the

clastic sediments were yet incoherent and nonresistant, it seems probable

that many streams so thoroughly ('st!iblishe<l themselves across the folds

as to maintain this cotirse as the elevation continuc^l and after the in-

durated rocks were reached. May it not be that this has been the history

of some of our transverse drainage? This conception, while closely re-

lated to that of antecedent streams, is different because it contemplates

folding that antedates the streams, while the latter contemplates a well

established stream before folding takes place.
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In cases where anticlinoria emerged, not contiguous to existing land

areas, it seems \\ holly within the probabilities that many of the transverse

streams assumed and maintained their courses across the minor folds of

the limbs. It has occurred to the writer tliat possibly this has been the

history of some of the numerous transverse streams in the Ouachita area

of Arkansas.





CONSERVATIONT OF THE SoiL IN DEARBORN CoUNTY.

A. J. BiGNEY.

Since Theodore Roosevelt called the Governors of the several Stales

together to consider the preservation of our forests and other natural

resources, the word "conservation" has had a new meaning, not a differ

ont meaning, but an intensified meaning. A general awakening is occur-

ring along many lines that were very remote from that considered by the

council of the Governors. The recent congress in our own State called by

Governor Marshall exhibited the range of the use of the term.

Since boyhood I have been observing the wasting of the land in my

native county, Dearborn. The developing of the interest in these lines has

stimulated me to more serious thought and has kindled a desire to be of

some service in helping in the conservation of the soil in my own county.

1 believe that every member of the Academy should make himself felt in

his own locality at least. The ear of the average citizen is open to the

scientific man as never before, for his work is seen on every hand.

Dearborn County is drained by the tributaries of the Ohio River. On

the south the Laughery Creek forms the boundary and drains that part.

It empties into the Ohio River two and one-halt miles south of Aurora.

About six miles to tlie north and running nearly parallel with Laugliery

Creek is South llogan, wliicli empties into the Ohio at Aurora. The B.

& O. S. W. follows it to Aurora. Between these creeks is a ridge of good

farming land. Flowing from this ridge toward either stream are numer-

ous branches. About eight miles further north, measuring on the west

side of the county, is North Hogan, wliich joins South Hogau at Aurora.

About the same distance to the north is Tanner's Creek. The Big Four

follows it much of the way to Lawrenceburg. The northeastern part of

the county is drained by the Great Miami River, the main Indiana branch

being the Whitewater. Witli so many streams of various sizes it is plain

to see the county is very hilly, no part of the county has much level land.

Twenty-five years ago most of the hilly land was heavily timbered.

Since then, however, tlie greater part has been removed and the land put

under cultivation.
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This is wliere the most serious mistal^es laave been made. Year after

year the hills were planted in corn, barley or wheat. The ground was

thereby kept loose and the rains eroded it and transported this rich soil

to the valleys below, thus enriching them. As the forests were cleared

away the erosion increased until at the present time the rich black soil

Is largely removed from the hills and the clay beneath it is now being

eroded very rapidly and this new soil is being transported to the bot-

tom land and deposited upon the rich soil previously deposited. This

not being mixed with humus is not very productive. This is seen on the

large bottoms of the Ohio and Great Miami. Twenty-five years ago those

alluvial plains produced corn in an extraordinary way. but today their

productiveness has greatly decreased.

It is plain to see that the farmers on both the hill lands and also the

bottoms have suffered great losses on account of this unfortunate method

of procedure. Many of the landowners have seen the error of their way

and are changing their method of farming. Alfalfa is now being sowed,

and this is protecting the land and at the same time is rendering large

profit. Others are sowing to blue grass and using the land for pasture

—

another wise and productive plan. Still others are setting out locust plants

and in this way they are in-otecting the land and providing for the future

realization of profit. .Much of the waste land in the connty could very

profitably be used in this way. Others are clearing away the little timber

that remains and planting this to tobacco year after year, and in this way

the wasting of the land continues.

A large per cent, of the farmers have never realized the real value

of their land. They have so much of it that it makes very little difference

to them even if some of it is going to waste. The time is coming when

this county will be more densely populated, and some one will be com-

I>elled to reclaim this waste land. Many are so selfish that they do not

care; but is this a sensible way in which to act?

The greater number of the landowners do not consider how important

the soil is. They fail to realize that mankind must look to it as the source

of sustenance.

If we could look into the future more and try to see the coming needs

it would be better for the present as well as the future generations.

Uoores Hill,

Indiana.



The Effect op Deforestation upon the Water Level op

Montgomery County.

H. L. Barr.

HISTORICAL.

The relation of the forest to many problems of vital interest to the

welfare and prosperity of the people is becoming more apparent. Until

comparatively recent times the far reaching influence of the forest has not

been seriously considered, but the gradual disappearance of our vast areas

of forest cover and the simultaneous appearance of certain phenomena

that are, in the popular mind, probably incorrectly in many cases, ascribed

to the cutting off of the forests, has stimulated interest and study along

these lines. European countries were the first to recognize the importance

of these questions and have conseciuently taken the lead in matters that

have to do with their study or solution. Our own vast forests, with their

seemingly inexhaustible supply of timber, have, until recently, blinded us

to the facts and lessons which other nations have begun to leam.

One of the far-reaching asi)ects of forest influence is its relation to

the ground water level. Influenced by public men, the press, private preju-

dices, etc., the public is divided on the question, the partisans of one side

asserting that forests have a beneficial effect upon the water level, the

others that they do not. Scientists are not agreed upon the subject, and

many observations and experiments have been made which give conflicting

results. The greatest faults have been that the areas under consideration

have been too large for careful study, preventing definite conclusions.

Really simple and trustworthy data in sufficiently comprehensive quantity

has not been secured. We have deemed it possible that .some definite con-

clusions might be reached by obtaining from a small area all statistics

and data available regarding the past and present water level, also the

forest, swamp, and drainage conditions. This paper has been undertaken

to show the effects of deforestation upon the water level in Montgomery

County, Indiana.



92

Source and Disposition of Water.

Source.-—It is deemed advisable to consider first the geological condi-

tions which govern ground water. All terrestrial water is drawn primar-

ily from the ocean, trom whence it is taken by evaporation and carried by

winds to he deposited upon the surface of the ground, principally as rain

but partially as snow, mist, fog, or dew. There can be no other source of

ground water available to man in any portion of the globe, with the prob-

able exception of the special cases in which sea water penetrates through

the pores of the rocks for a considerable distance inland in coral and other

islands of a porous material.

EvajHUution.—The rainfall is dispdsed of in a variety of ways. A

great portion of it is returned to the atmo.sidiere in the form of vapor by

evaporation. This may be made to include the great amounts given off

by vegetation in transpiration. A small i)ortion of water is used in supply-

ing the organic needs of the plants. The proi>ortion that evaiwrates from

the surface of the soil varies greatly under different conditions. Winds,

a warm temperature, sunshine, etc., are very conducive to evaporation.

The character of the soil and soil covering also has a great influence upon

the amount of water returned to the air. a mulcli of any character reduc-

ing the same.

I{in\-t)ff.—Another jiortidu of the water which falls upon the earth is

known as run-off. This may be divided into two classes: surface run-off

and seei)age nni-off. That iiortion of the precipitation which flows over the

surface of the ground into .streams and rivers without gaining access to

the soil is known as surface or suixM-ficial run-off. P,y seepage run-off is

meant that portion of the rainfall which sinks into the earth but which

later rcaitjiears on lower levels as s])rings, seeps, etc.. and joins the surface

run-off. Another portion of the water is known as dtK'p-seepage, and this

sinks into the soil to such depths that it does not later reappear on the

drainage basin.

Underground Water.

The amount of water which enters the soil, rocks, and other materials,

varies greatly with the nature of the materials, the porous mediums ab-

sorbing the most water. The porosity of a soil or rock is determined by

the fractional part of it which is occui>ied by the open spaces.

In Drift.—Drift is a heterogenous mixture of clay, sand, gravel, and

boulders left by glaciers. It varies from very porous to impervious, ac
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cording to the relntive anioniits of sand and clay. Watei* is also found in

this in more or less tubular channels a few inches in diameter as well as

in the interstices between the particles. Sands and gravels are very por-

ous, the water sinking into beds of such material and the whole mass being

saturated with water below the water level. Clay is very impervious to

water.

In Rock.—Water found in the pores of roclis is given up readily only

vn the coarser rocks such as sandstones. The waters found in finer grained

recks are generally from joint, fault, or foliation planes. In limestone the

water occurs mainly in channels and caverns whicli have been dissolved

out or eroded by water. The amount of absorbtion also depends upon tlie

inclination of the pcjrous beds, the gently inclined ones absorbing more

than the steeper ones.

Water-tahle.—As the water passes down through the ground it soon

leaches a level at which the soil is completely saturated. The surface of

this saturated zone is kncnvn as the water level or water-table. Above

this plane the soil contains a large percentage of moisture which is a most

important factor of plant and animal life, but only the water beneath this

is generally included in the term underground water. The water-table in

general follows the contours of the overlying soil, but the angles and slopes

are much less abrupt than the surface of the land. The deittli of the

water-table below the surface of the ground varies greatly in different

localities. In regions of abundant rainfall it is generally within a few

feet of the surface, while in arid countries it may be hundreds of feet

below. Moreover, the water level of any locality is subject to changes

because of seasonal variations of rains and drouth. Underground water.

l>esides being drawn up as soil moisture by caijillarity, also creeps later-

ally, its direction and I'apldity of flowing depending upon the porosity of

the soil and rock through which it i^asses.

Forests and Water Level.

Regarding the effects of forests upon water level, it is evident from the

above considerations that any factors which tend to increase the condi-

tions that make it possible for a larger per cent, of the precipitated water

to enter the soil, will aid in raising the water level of the region on which

the rainfall occurs, and any agent which tends to increase evaporation,

surface run-off, etc., will help to lower it. Let us now consider the im

portance of the forest as a factor in both of these conditions.
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Rainfall.

The water level of a region is necessarily affected by the amount of

precipitation which falls upon its soil. It cannot be said, however, that

forests have any great influence uix>n the rainfall of a country. This

question has long been debated but no conclusion, backed by convincing

proofs of sclentiflc exactness, has been reached. It is true that rainfall

iu most abundant wliere forests grow, but it is more reasonable to believe

that rainfall controls the density and distribution of the forests rather

than that forests are great factors in determining the amount of rainfall.

Precipitation talies place whenever the air is suddenly cooled below the

dew point. Forest air is cooler and contains a relatively greater amount

of moisture than air in the open, and for this reason it is fair to infer

that forests may have at least some effect in increasing local precipita-

tion. The trees also have a mechanical effect in retarding a vapor laden

wind, which condition may be conducive to the precipitation of moisture.

On the other hand, the following quotation from Blanford (3) shows the

opinion that meteorologists are adopting. "As a result of a long study of

rainfall in India, and i>erhaps no country affords greater advantages for

the purpose, I have become convinced that dynamic cooling, if not the

sole cause of rain, is at all events the only cause of any in)portance, and

that all the other causes so frequently appealed to in popular literature

on the subject, such as the intermingling of warm and cold air, contact

with cold mountain sloi)es, etc., are either inoperative or relatively insig-

nificant."

Many experiments and observations made in Europe and elsewhere

show an excess of rainfall in forested areas over that of open countries.

Some of these excesses were so small, however, that they might have been

due to errors in rain gauges and other extraneous conditions which affect

them. In Prussia the following records have been gathere<l from the ordi-

nary meteorological stations showing the excess of rainfall in forest sta-

tions over those in the oi)en regions.

Between sea level and 328 feet elevation, 1.25 per cent.

Between 328 and 556 feet elevation, 14.2 per cent.

Between 1.9'.)7 and 2,297 feet elevation, 19 per cent.

Between 2,297 and 2,025 feet elevation, 43 per cent.

These figures seem to show that forests have very little effect on rain-

fall in the plains, but that their influence becomes greater with increasing
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elevation. In studies made by Schubert (31) in Silesia a few years ago,

the experiments indicated that the rainfall varies with forest cover and

altitude as 529 + 0.78 p. + 0.57 a, that is, precipitation varies above a con-

stant amount by 0.7S unu. for each per cent, of the surface of the country

under forest cover and 0.57 mm. for each meter in altitude. It is further

stated that beyond about 50 per cent, of the total forest area, forest cover

seems to have little additional influence upon rainfall, so that in Silesia,

which has about GGO nun. rainfall and 29 per cent, forest cover, complete

deforestation would reduce tliis amount only 5 per cent., and 20- to 80 per

cent, additional forest cover would increase it but by 1 per cent. Schu-

bert (32) has also presented data for the provinces of West Prussia and

I'osen and tliis data corresponds closely with that compiled in Liberia and

Sweden. "Correlating these three series of data it may be stated gener-

ally that at altitudes under 500 meters an elevation of 100 meters increases

the rainfall by 8-12 per cent.—the higher figure for the drier region

—

while in a country averaging 15-25 per cent, forest an increase of 10 per

cent, in the forested area gives a corresponding increase of 1-2 per cent, in

rainfall." Near Nancy, France, observations were made for seven years

in two stations, one in a forest and the other in an almost woodless country.

The results were as follows:

Excess in Fwest.

February to April 7 per cent.

May to July 13 i>er cent.

August to October 23 per cent.

November to January 21 per cent.

Mean of year 16 per cent.

This shows an increase of 16 per cent, at the forest station. Even

this, however, cannot be taken as entirely conclusive proof because other

factors may have helloed to produce the difference. Willis L. Moore, Chief

of the U. S. Weather Bureau, says : "The records of precipitation of the

United States Weather Bureau do not show that there has been any ap-

preciable permanent decrease in the rainfall of any section of the United

States." It should be said of the statement of Moore's that this conclu-

sion was given in a paper prepared to prove that the removal of the for-

est* has not influenced the erosion of the surface of the ground or the
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water level of the streams. But his rejiort has been shown to be so fnl:

of glarluii iiiacourafie;- and misstatements that its conclusions are almost

wholly discredited by scientific men. (12), (29), and (3S.)

Other literature, much of which has contributed nothing new to the

subject, has been gone over and after considering all the facts it may be

safely said that the weight of evidence seems to show that forests do in-

crease precipitation, at least to a small extent.

Evaporation.

Under the best of conditions much of the precipitated water is lost

by evaporation. The proportion evaporated varies gi'eatly in different parts

of the world and under different conditions of season and soil. It de-

pends principally on the temperature, the wind, and the amount of moist-

ure alre:idy in the air. That the forest retards evaporation cannot be

denied. The shade which it affords the s<^)il and its relatively cooler tem-

perature in sununer retards evaporation to a great extent. The greater

amount of moisture in the atnios]>here of the forest is another factor which

reduces evaporation. Winds are checlved by the forest and their iKJwer

to take up moisture limited. The wind and sun in winter evaporate a

great portion of the snowfall. In the San Rernardiuo Muinitains, snow-

falls a foot in dejitli are fre(iuently evaiw)rate<l in two or three days with-

out even moistening tlie soil. The forest aids in reilucing this loss in so

far that it furnishes shade and checks the wind. K.xperinients in Ger

many have jimved that evaporation luider trees is altout one-half of that

In the open and show a sjiving of 21 per cent, of the precipitation by the

wood.s. The evaiKpration and saving by the forest were both greatest i'l

M;iy and June. It was also found that deciduous trees when in leaf re-

tarded evaporation more than the evergreens and that evaporation under

young trees was only 20 per cent, less than in the open. Following is

data from a series of investigations by Dr. Eberniayer and by Cierman in-

vestigators :
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EVAPORATION IN WOODS IN PER CENT. OF EVAPORATION IN THE OPEN.



98

Tkanspiration.

Great amounts of water are returned to the air through evaporation

from leaves and stems of plants. This is known as transpiration. Careful

exjierimeuts and estimates have shown that plants differ widely as to the

amounts transpired and that conditions such as wind, the amount of

humidity, sunlight, etc., affect this to a great extent. An oak tree, with

seven hundred thousand leaves, will transpire one hundred and eighty

gallons of water per day. Von Hohnel estimates that a beech will trans-

pire about two thousand two hundred and fifty gallons of water in one

summer. Schleider believed that a forest transpired three times as

iiuich water as would be evaporated from a water surface equal in extent

to the territory covered by the forest. Schiibler considered it only one-

fourth as much, and Pfeff, who studied only one oak, found it to

vary from 0.87 to 1.50. Hartig believed the transpiration from a forest

loss than the evaporation from bare soil of equal extent. Schiibler found

that a forest transpired .OG as much as evaporated from bare soil and

from sod three to five times as much. Investigations by WoUny show

that agricultural crops and forms of low vegetation, such as weeds,

transpire greater amounts than do forests. Risler, after a long series of

experiments, concludes that forests take up less than one-half as much

\\ater from the soil as the average agricultural crop. Some investigators

claim that the ground water levd of a forest is lower than that in the

()l>en, and that this is caused by excessive transpiration. Others draw

opiK)site conclusions. On the wlmle, Jiowever, it may he said that the

forest, at least, transpires no more water than docs any other ordinary

form of vegetation.

Forests anu Run-ofp\

It is generally lielieved that forests are great regulators of run-off.

that is, that they Increase seepage run-off and decrease surface run-off.

This is true to such an extent that the government has recently made

provision for buying certain timber lands with the express pur^wse of

protecting the headwaters of several navigable streams.

Many factors enter into the question such as the slope of the ground,

the underlying rock, the amoimt and length of time of precipitation, etc.

The forest canopy intercepts the raindrops and extends the period of time

during which the rain reaches the ground. This gives the soil more

time in which to absorb the precipitation and thus lessens the surface
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run-off. All added advantage is also olitained m tliat the force of the

raiiidroiis is diiiiiiiislied and prevents the soil from becoiuiiig hard and

compact, thus reducini; its absorbtive pnwer. It must not be forgotten,

however, that the blanches of the trees catch from S-10 per cent, of the

rainfall, and this is, of course, immediately evaporated.

The character of the soil has much to do with the distriI)utiou of the

fallen water. Many experiments have been made concerning the con-

ductivity of certain soils, but as many of these have led to contradictory

results, no attempt will here be made to discuss them. It is fair to say,

however, that the forest soil is well adapted t(i alisorb a great deal of

water. The humus and litter of leaves, limbs, etc., serve to keep the

soil in a loose, spongy condition, which undoulitediy assures a great ab-

sorbing capacity. The great mass of roots also aids in this and facili

tates the passage of the water down through the soil. It may be true,

however, that after a long continued rain the forest soil will become so

saturated that the water will run off as freely as from bare soil. The

forest floor oft'ers niiny obstructions and obstacles to the water that is

not immediately absorbed as it runs over the surface of the ground.

These retard its passage and thus more is taken into the soil.

In the case of bare land, the water is gathered into little rivulets

which form larger and larger ones, which flow with constantly increasing

velocity with the result that very little water gets into the soil.

Forests also have a great power in conserving snow water. Mattoon

(21) in Northern Arizona has shown that the forest retains the snow

later in the spring than does the open parks. The snow melts more

slowly and more is taken into the earth. A layer of ice which kept

the water from entering the soil was formed above the soil and under

the snow in the park, while this was absent in the forest.

By retaining the rainfall the forest is a benefit in two ways. It tends

to prevent disastrous and destructive floods, and holds the water until

long after precipitation and gives it out slowly to streams, springs, etc.,

in times of drouth. Many, however, do not concede the regulating effect

of the forest and much discussion has arisen concerning the subject.

Professor Engler reports that at the Swiss Station experiments made for

three years show that the springs in times of drouth continued to give

out water for a longer period in a forested region than in au unforested

one. Buffault (4) discusses the evidence reported at the Navigation
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Cougress at Milan iu which Wolfschiitz of Briinu gave proof to show that

the efficacy of the forest in retarding water fails in times of long-continued

and extraordinary rain, and Honsell claims that the best wooded basins

of the Black Forest, Harz, Spessart, etc., contributed most of the water

of the floods of the Rhine in 18S2. Like experiences were reported from

Ihe watersheds of the Elbe in 1897, of the rivers Enns, Traun and Ybbs in

1899, and from the densely forested Riesenwald in Silesia in ISSS, 1897

and 1903. Wolfschiits, however, thinks that forests have a limited and

local influence in certain regions in reducing floods. Lauda, director of

the Austrian Ilydrographic Bureau, comes to the conclusion that weather

conditions preceding the nrecii)itatiou has a bearing on forest influences,

the forest ha^ ing the gi-eater i-etentive capacity after a drouth. Ponti,

an Italian engineer, asserts experiences of increased floods due to de-

forestation in Sardinia, Sicily, and Canipobasso, and of the watersheds of

Aflda and Matero. lie also finds favorable influences from forest planting

in several provinces. The Russian, Lokhtine, cites a long series of gen-

eral experiences and observations from parts of Europe and especially

from Russia which indicate injurious effects from deforestation. Other

instances were given which sliow that the water level is decreasing with

deforestation.

After considering these and much additional testimony on the subject,

one is justifietl in saying that forests do act as great regulators of rain-

fall but that their value in this resjiect is a relative one which is motlified

by many conditions.

F(U!i:sTS AM) W.\ii:r I>Evr',r,.

Let US now consider the rclatidu of forests and water level as shown

by observations and experiments.

Professor Biihler [see (7)1 found a much lower ground water level

imder forest growth than in the meadows. Ototsky in the steppes of

Russia, where a low rainfall prevails, came to the same conclusion as

Biihler. Ebermayer and Ilartman in Bavaria, however, found no differ-

ence between the ground water level of forest and field. Otoski states

that Wollny and King found the ground water level lowered by a forest

and that this caused its lowering in adjacent open soil. . In a bulletin

by A. Tolsky and E. Henry (10) it is shown that observations made inde-

pendently in France, near Nancy, and those made in the Russian Steppes
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in 1S'J5 and in the neigliborhood of St. retersl)nrt? in 18!»T and later,

all agree in the following, at least as far as Enrobe is cDneernod.

(a) AVater level is never higher nnder a forest cover than nnder

bare soil, (b) The surface of ground water is alwaj'S found farther

from the surface of the ground under a forest than outside of it, this

being true for both summer and winter, (c) Fluctuations in ground w;;ter

are smaller in forests than outside of them, (d) Water level is l;)wer

in old forests, (e) Depressions of water level is greater in dry dimites.

Wysotski, a Russian, finds that forests lower ground water level :i'.;d

also streams in summer time, hut that this effect is reduced in moun-

tainous regions. Buffault (4) in a paper gives the work of others. The

Russian, Lakhtine, gives the statement of Schreiner and Cjpehuid re-

garding conditions in Monroe County, Wisconsin, wliere in seveity yeais

the forest area was reduced from S3 per cent, to (lO per cent., and the

effect was noticeable in 1S87 in a striking manner by low river beds and

abandonment of mills. Results of a special commission on tJie Dnieper

and its tributaries show the deforesteil basin as retaining from 3-2(1 per

cent, less water than the forested liasins, in proporlion to the deforesta-

tion. In the Soma, a gradual decrease of the average water level has been

observed from 18SS in proportion to progressive deforestation. .Similarly

on the upper Bielaja at Oufa, where deforestation lias been going on from

1SS7-1900, the average water level lias decreased, while on the lower

Bielaja at Grouzdecka, where the forest cover has remained undisturbed,

the water level has remained practically the same. Like observations

are cited for the Volga basin. I']xperiences were also given by the depart-

ment of Aude in 1893. The main river rose fifteen feet. In the two

branches which passed through a country mostly deforested, great d:image

was done. In another branch which ran through a well forested reiiion,

little damage resulted. From these evidences, it is seen that although the

water level under a forest may be lower than in the surrounding land.

it is evident that deforestation causes a lowering of tlie ground water

which is very detrimental to the continued flow of springs, streams and

wells.

MONTGOMERY COUNTY.

We have discussed the general relationship which exists between for-

ests and water level. We shall now take up our own particular problem

and consider the effei-t which defnreslation has had in this county.
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^Iijiitgoiiiery County is located in the middle western part of the

State and contains 504 square miles, or 322,560 acres. Tlie surface is

somewhat diversified. The western and central part near the principal

streams is hilly and broken ; in the north central it is gently undulating,

and at the east and southeast fiat and level. The northern part of the

county is, in general, a prairie region, level or gently rolling. The dip

of the underlying rocks gives direction to the drainage, whii'h is gener-

ally a little west of southwest. The main stream is K(ji'k Kiver or

Sugar Creek, which enters south of the UDrtheast corner and traversing

the central area, i>asses out six miles north of the west corner of the

county. Its triltutaries from the north are Ulack and Lye creeks; from

the south, OtHeld, Walnut and Indian creeks. The southern and south-

eastern parts are drained by P.ig and IJttle Raccoon creeks and at the

southwest hy Coal Creek, which flows directly into Rock Kiver. (Jlaciers

liave left the bed rock of the county covered with a drift which reaches

in some places to a depth of 200 feet. In only a few places, mainly along

streams, does the bed rock ont( rop. Tlie average depth of tlie drift,

however, is very nuicb less than the figure given above.

( 'OLLECTION OF DATA.

In order to discuss this question intelligently, it is evident that one

must be fanuliar with not only the past and jiresent history of the

water level of the county, but also the past and present forest, swanq)

and drainage conditions. To obtain data, trips were made personally to

the principal towns in the county. Old residents were interviewed as

to the past condition, and well-drillers and digger.s were asked concern-

ing their observations as to tin' water level. Stress was laid particularly

on the history of old dug wells, because in these any fluctuations of

the water level of the region would be evident. Owners of old wells

were asked concerning the water level. From men well acquainted in the

difl'erent conmunuties visited, were obtained names of farmers w'ho

had or who would be most liable to have old dug wells on their farms.

Letters of explanation and lists of questions were then sent to these

men. These questions covered ])oints concerning \\at<'r level as exhibited

by wells, and forest an<l drainage conditions, imth ]iast and jtresent. They

were asked to return answers on blanks furnished. One hundred and

thirty-six letters were sent out and forty-two answers were received,

eight of which contributed Hojiiing to the solution of the problem.
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Past and Trksent ("ondition.s in tiik County.

Forests.—Early settlers in the county found a vast forest ; broken only

here and there by paths left by cyclones, and by marshy prairies. Their

way had to be cut with the axe, and, from the first, war was made on the

tree as an enemy to progress and civilization. Clearings were made and

regular logging bees were Iield where thousands and thousands of trees

\A'ere cut, rolled together, and bunied. Great amounts of timber were used

for cabins, fences, cortUiroy roads, etc. Practically the entire county was

covered with this virgin stand of timber. The northern part of the county

in the neighborhood of New Richmond, Linden, and Klrkpatrick borders

on a prairie country which extends northward up into Tippecanoe, but

even there the forests were in evidence. The soil over the greater portion

of the county was covered with leaves, underbrush and general litter, undei"

which was a thick layer of humus which acted as a reservoir for the rain-

fall of the region.

The needs of a growing poimlation and civilization has increased the

drain upon our once luxuriant forests until, today, little remains to remind

us of them. Only here and there are patches of woodland, and these are

so thin that they cannot be called forests at all. Fields, pastures and bar-

ren slopes have taken the place of our great stands of timber, and this

has done much to lessen the efficacy of the soil as a retainer of rainfall.

The following figures from the report of the statistician show the above

conditions in the county :

1S81 07,574 acres of timberland

1SS2 (12,983 acres of timl>erland

1883 (;0,390 acres of timberland

1884 09,451 acres of timberland

1885 46,508 acres of timberland

1886 44,183 acres of timberland

1900 7.184 acres of timberland

Inaccurate data is respoi:sible for the dlscrejiancies in the early re-

turns ; the later reports are more reliable.

Streams.—It is evident to any one who has given the matter the

slightest consideration that the flow of streams in the county is much

changed. The amount of water carried by the streams is probably no

less, but the flow is much more irregular, being greater than formerly in

times of rain and lower in times of drouth. This js very noticeable }n
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Sugar Creek. This stream was once much used us a means of transporta-

tion. In 1824 William Nicholson came from Maysville, Kentucky, to Craw-

fordsville in a keelboat of ten tons burden, which landed at the mouth of

Whitlock's Spring Branch. Trips were also made between Crawfordsville

and Terre Haute in flatboats. Only the liglitest of canoes can now do so.

Records also show that Sugar Creek has furnished the motive power for

at least nineteen mills situated along its course in ^lontgomery County.

Xot over three of these mills are imw in operation, and these have to de-

pend upon steam during most of the sunuuer months. It may be that

oilier factors, such as com]ietition. have helped to cause their abandonment.

No accurate information regarding the mixiniuin and minimum flow

of tlie stream in different seasons in iiast years can be obtained, but it is

tb.e prevailing opinion that floods are now higher and more frcniuent and

that the waters are lower diu'ing the sunuuer monlhs than formerly. The

smaller .streams of the county have also been affected. One stream near

New Market has been reported as being dry for half the year, whereas,

formerly it was never dry. A stream near Waveland under my own ob-

servation used to furnish fishing and swinuning i)ooIs fcir the boys during

the summer, but such sports are now rarely ])ossible in this stream. Nu-

merous other examples of the same nature can be cited.

This evidence proves that the water escai>es from the gi'ound In times

of rain faster than formerly. From this it is evident that less water is

held in the soil, thus causing a corresponding decrease in the water level

of the county.

t<l>rintjs.—The early settlers built their cabins where fresh water

was easily obtainable. Springs were found on almost any hillside and

wells were not thought of. Many springs in all parls of the county have

eiliier dried up or their water flow has been reduced. Several large

springs just southwest of Crawfordsville have disappeared. Many springs

have been reported as having failed or decreased in water flow in the

neighborhoods of Ladoga. New Market, Waynetown, Darlington and else-

wbere. all of which show a falling of the water level.

\\'(lis.—The letters sent out dealt with tbe water level of old dug

wells and the forest and drainage conditions in their vicinity. The data

received V\as not siuh that it furnished a very reliable basis for positive

conclusions aiul was only useful in connei-lion with (ttlier information

secured in a variety of ways. In some cases it must be remembered that
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ecological and geographical conditions would maintain the water level in

certain small areas irrespective of the changes in soil cover, however

important these might become. Many cases were cited by residents of

wells which have failed. Many old wells have been dug deeper in order

to keep up the flow of water. In many localities well diggers reported

as having to go deei>er for water than they formerly diil. The weight

of evidence shows that the falling of the water level is general in the

wells all over the county.

i^icdDips.—Many places in the cnnuty have been wet and swampy.

Natural ponds of greater or less extent were numerous, some of these

being ten acres in area. The water level was very near the surface in

these places. The region around Whitesville was especially very wet,

water even running into shallow post holes. Such places have now all

been drained and the ground water level much lowered.

Drainage.—A great amoimt of drainage has been done in the county.

The county surveyor reports about 200 county ditches, open and large

tile, with a probable average of t\vo miles in length, which makes a total

of 400 miles. The county is also well underdrained bj' many thousand

rods of private tile ditches under farm lands. Swamps, ponds, wet

fields, etc., have been drained and much of the water that sinks into the

soil is quickly carried by ditches to the nearest stream.

Wuter-lcrtl.—That the water level of the county his lowered certainly

needs no additional proof. Observant and intelligent men in all parts

of it have given their opinion that this is undoubtedly so. The lowering

has been greater in some places than in others. As reported by wells, the

lowering lias been 2-9 feet.

Causes of the Change.

Deforestation.—That deforestation has been a great factor in causing

a lowering of the water level can not be doubted. The cutting off of the

timber has increased evaixiration and surface run-off to such an extent

as to affect the water table. One man gives the following experience : A
well was dug on the farm and in ten years it went dry. During that

time, a large tract of timber was removed from the farm. Another well

was then dug with the same result in a few years, deforestation also

having proceeded during the time. The same occurrence also happened

again. Of course, it can not be asserted that deforestation was the

sole cause of the lowering.
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Drainaye.—Drainage is also responsible in a great measure for the

lower water level. The miles of tile and open clitclies, city storm sewers,

etc., carry a great part of the water to the streams as soon as it falls.

The water is thus carried away instead of being held to feed the wells,

springs, etc. Two instances have been given me in which wells went dry

after sloughs, lower than but near the well, had been drained.

Greater Aiiiouuts Used.—A growing population has increased the

drain upon the (uidergvouiid water sup[>ly. Water is put to more uses than

formerly and this, no doubt, has its effect upon the water level.

RELATIVE nI^()UTA^X'E OF ABOVE FACTORS.

It was liojK'd that it would be possible to sejiarate the effects of de-

forestation and drainage and deterndne just the iiart each had played,

but this can not be done in .Abmtgomery County. My own judgment, based

on field work and reported data, is that drainage has i)Iayed as great a

part ill the loweiing of tlie water h'vel as has deforestation.

The results of tliis study are not as definite as were at first expected,

lait it is bi'lieved that the rather tlKU-ougli study of such a typical county

in Indiana is well worth recording, and if is hojied that it may induce

others to nndei-take simihir surveys in various ]iarts of the State until

more definite data ai-e discovere*! upon which to base conclusions that, as

far as Indiana is concerned, will be sufficiently reliable for real scientific

work on the problem which depends upon these things.

This investigation was carried on in the Botanical Laboratory of Wa-

bash College under the direetiou of Prof. M. B. Thomas.
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The Geological Conditions of JMunicipal AVater Supply in the

Driftless Area op Southern Indiana.

By E. R. Cumings.

I. Introduction.

Description of the driftless area.

Character of the rocks and topography.

II. The Knobstone area.

Peculiarities of the rock formations.

Topography and soil.

Water-bearing qualities.

Water-producing qualities of the alluvial valleys of the region.

Climatological data of the driftless area.

Relation of rainfall to runoff.

Conditions affecting the impounding of water in the Knobstone

region.

Proper construction of dams.

Indiana University dam.

III. The limestone area.

Peculiarities of the rock formations.

Topography and soil.

Cavernous character of the rocks and development of underground

drainage.

Difficulties of impounding water.

Character of the springs of the region.

General inadequacy of springs without impounding the water.

Deep and shallow wells.

Valley alluvium.

IV. The Chester-^Mansfield area.

Peculiarities of the rock formations.

Topography and soil.

Intermediate character of the region.

Conditions affecting the impounding of water.

Wells.
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V. Relation of forests to water supply in the driftless area.

Runoff and ground water.

Erosion.

Silting of ponds.

VI. Summary.

I.

The iH'oblem of nuinieipal wau-r supply involves a large number of

factors, among which the geological conditions enter with varying im-

portance, and have received a varying degree of emphasis at the hands

of water-supply engineers. Some, as for example Vermeule^, have been

inclined to assign to the geological factors an importance second only

to that of the fundamental factors of rainfall and run-off. Others, as

Rafter", assign only secondary Imiwrtance to the geological conditions.

This difference of opinion is very probably attributable, in some degree,

at least, to the sort of regions that have fallen most under the study of

the respective students of these problems. In the glaciated portion of

the United States, for example, where the geological conditions are apt

to be measurably uniform over large areas, and where, at all events, the

country rock is apt to be so deeply buried as to have little effect on the

character and movements of surface waters, it is altogether likely that

the geological factors, other than topography, would have received a rela-

tively small amount of attention. In driftless areas, on the other hand,

such as the area at present under considerati(Mi, the character of the rock

formations may powerfully affect the case; and as a matter of fact, in this

region, the geological factors are, next to rainfall, the most important

factors to be taken into consideration.

The driftless area of southern Indiana comprises all of the counties

of Floyd, Harrison, Perry, Crawford. Orange, Lawrence. Spencer and

Warrick, and portions of the counties of Clark. Washington, Jackson.

Brown, Monroe, Greene, Martin, Dubois, Pike, Gibson, Vanderhurgli and

Posey. It is a region of varied, but on the whole of rather strongly

accentuated topography. The eastern portion of this area, the region of

1 Venneulc, C. C. Ooolo^ical Snrvoy of Now .Torscy, Report on wator-supply.
Vol. iii of the Final Report of the Slate Geologist, 1894.

^Rafter, fl. W.. Ilyflrolopry of the State of Now York. New York State Museum,
Bull. No. 85, 190.'"..
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the "Knobs," compromising the counties of Floyd, eastern Washington,

Jaclison and Brown, and lapping over into eastern Lawrence and Monroe,

is a region of mature topography, with deep, steep-sided valleys, very little

level upland, and broad flat valleys only on the larger streams. To the

west of this lies the great limestone region (Mississippiau limestones) in

Harrison, western Washington and eastern Orange, central Lawrence and

Monroe, and northeastern Owen counties. The topography of this region

ii-. rolling, with deeper valleys on the eastern and western edges only. It

is the region of caves and sinkholes, and consequently, to a marked de-

gree, of underground drainage'. It is also the region of chief interest

in the present connection.

To the west of the limestone belt lies the region of the Chester

(Huron) formation and the Mansfield sandstone, which for our present

purposes may be treated as a unit. Topographically this region bears con-

siderable resemblance to the region of the "Knobs." In places it is

even more rugged, as in Martin and Crawford counties. One important

point of difference, liowever, from the standpoint of the water-supply engi-

neer, is the fact that in this region of the Chester formation, the larger

streams cut through the shales and sandstones to the limestone beneath,

while in the region of the "Knobs," the valley floors are always in the

same material as their sides. This tyioe of valley in the Chester region

is well exemplified by Richland Creek, in Monroe and Greene counties,

and by French Lick Creek in Orange County.

To the west still of the region of the Chester and Mansfield forma-

tions, is the region of the Coal Measures, which presents no points of

special interest to the present discussion.

Broadly speaking, we may say that the driftless area presents, from

the standpoint of the water-supply engineer, two main types of geo-

1 For descriptions of the geology, topography and caves of this region see

:

BJatchley, W. S.. Indiana Caves and their fauna, 21st Ann. Rept. Indiana Dept.
Geo!, and Nat. Res., 1897, pp. 120-212; Hopkins, T. C, and Sicbenthal, C. E.,

The Bedford Oolitic limestone of Indiana, Ihid., pp. 289-427 ; Tfeiosom, ./. F., A geo-

logic and topographic section across southern Indiana, Ibid., 26th Ann. Rept., 1901,

pp. 227-302 : Ashley, G. H., and Kindle, E. M., The geology of the Lower Car-
boniferous area, Ihid.. 27th Ann. Rept., 1902, pp. 49-122 ; Shannon, C. W. and
others. Tlie Indiana Soil Survey, in the 32d to 34th Ann. Repts., Ibid., 1907-10;
Ciiminos, E. It., On the weathering of the Subcarbonlferous limestones of southern
Indiana, Proc. Ind. Acad. Scl. for 1905, pp. 85-100 ; Greene, F. C, Caves and cave
formations of the Mitchell limestones, Ibid., for 1908, pp. 175-183; Beede, J. W..
The cycle of sulttorranean drainage as illustrated in the Bloomlngton, Indiana,

quadrangle, Ihid., for 1910, pp. 81-111.

[8—29034]
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logical formation, and a type intermediate between them. One of these

lirincipal types, the Knobstone formation, consists of compact, insoluble,

impervious sandstones and shales; and the other, the Mississippian lime-

stones, consists of conspicuously fissured and jointed, highly soluble, and

consequently pervious limestones. It is also apparent that these two prin-

cipal types of formation present interesting differences of topography,

which are of importance to the student of water-supply problems.

IT.

The first of these, the Knobstone formation, consists of a considerable

thickness of fine-grained sandstones, with clay cementing material; and

of sandy shales, becoming more argillaceous toward the base of the

formation. Both sandstones and shales are imi)ervious to an unusual

degret?. The evidence of this is seen iu the general absence of springs

in the region of the Knobstone formation, in the impossibility of obtaining

good wells, either deep or shallow in the rock, and in the small dry-

woather flow of the streams in the area underlain by this rock. An

indirect evidence ot the minute size of the pores of the Knobstone sand-

stones, is the damage that the rock suffers when exposed to freezing.

Experiment and microscopical examination reveal the same thing. If a

sample of the rock be tested, it will l>e found to absorb water ratlier

readily, but to transmit it very slowly. As a matter of fact the purely

geological evidence already presented, of the imperviousness of the rock,

is altogether more satisfactory than the experimental evidence mentioned,

because it deals with the formation in masses commensurate with those

with which the water-supply engineer has to deal.

What the Knobstone formation lacks in water-bearing qualities, it

more than makes up iu its perfection as a substratum for reservoirs and

ponds. Its qualities in this respect will be brought out in the description

of a typical water-supply plant—that belonging to Indiana University

—

and need not be further discussed at this point. It is sufficient to say

here that wherever the conditions are sucli that an ade<iuate supply of

pure water can be impounded, the Knobstone formation may be de-

pended on, with properly constructed works, to hold the water with a

minimum of leakage, and with perfect security to whatever structures are

placed upon it.

The soil cover in the region of the Knobstone is usually ratlier thin,

owing to the steepness of the slopes. It is of a sandy character, more
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or less mixed with clay, and is not in its usual state a fertile soil. As

a consequeuce of this last fact, it is apt to be covered with a rather open

fiud scanty vegetation. Where under cultivation, unless great care is

observed, the steeper slopes gully badly\ Where this soil is fairly sandy

and of some thicliness, good well water may be obtained for domestic

supply. Owing to its usual thinness and indifferent permeability, however,

it is not a good conserver of the ground-water, and consequently, in com-

mon with the underlying rock, constitutes a poor reservoir for equalizing

the flow of streams.

Some of the larger valleys of the Kuobstone region contain consid-

irable thicknesses of alluvium. Examples of this type of valley are the

Beau Blossom and Salt Creek in Brown and Monroe counties, and the

White and Muscatatuck rivers. All of these streams enter the area from

the glaciated region, and their flood plain deposits are therefore com-

I'osite, consisting partly of vallej*-train material, and partly of silt,

pebbles and sand washed from the neighboring hills. The nature of

these valley deposits, so far as concerns their water-bearing qualities,

lias not yet been investigated in a satisfactory manner. Some evidence

obtained in the Bean Blossom Valley in the vicinity of Bloomington indi-

cates that the valley train in that valley is both deep and amply pro-

vided with pervious water-bearing strata. The evidence referred to is

the log of a well 70 feet deep, drilled about a year ago in the valley near

Bloomington. This weU passed through 10 feet of white sand and 15

feet of gravel before reaching the depth mentioned. No attempt has

been made by the owners of the well to ascertain the maximum yield.

The geological history of Bean Blossom Valley and of other similar

valleys coming out of the glaciated into the driftless area is such as to

indicate that these strata of sand and gravel, revealed in the Bloom-

ington well, are extensive. It is not necessary to enter into the details

of this subject here. They may be found in the writings of Mr. Leverett-

of the U. S. Geological Survey. At least one indication of the immense

quantities of water that must be carried as underflow by these valleys

is the fact that the majority of the smaller streams and gulleys that

emerge iqion the sides of the valley do not flow out to the main stream

1 Shannon. C. W., Indiana soil typos, Indiana Dept. Geol. and Nat. Res., 82d
Ann. Kept, 1908, pp. 99-105.

^ Levcrett, Frank. Tlio Illinois Glacial Loho. iSIonog. \]. S. Geological Survey,

No. XXXVIII, 1899,
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at all, but deliver their water to the pervious alluvium of the valley,

and build their transported sediment into alluvial fans. These fans are

a prime characteristic of the larger valleys of the driftless ai'ea.

In one instance tlie water-producing qualities of a valley of the

Knobstone region have been carefully investigated by the writer, in con-

nection with the investigations instituted with a view to obtaining the

best available water-supply for Indiana University. This is the case

of the valley of Griffey Creek at a point four miles due north of Bloom-

ington. The valley at this point is about 3,000 feet wide, and the drainage

area above the point where the tests were made is about seven square

miles. The valley receives its water from steep slopes, and is entirely

outside of the glaciated region. It contains no glacial drift of any

sort. At the point named, four holes, about e(iually spaced across the

valley, were drilled with an eight-inch soil augur through the alluvium to

bed rock. The two nearest the west ^ide of the valley reached a coarse

impure gravel at a depth of eight feet. The two toward the east side of

the valley pa.s.sed through eighteen feet of fine silt, and very fine dark

blue sand, and finally through two feet of coarse gravel to bed rock. All

of these bores reached bed rock at a depth of about twenty feet.

At the second hole from the west side of the valley, a measurement

of the rate of flow of the ground-water was made in the following man-

ner: Four drive points were sunk into the gravel beds, so placed that

one well was up stream and three down stream. The three down-

stream wells were two feet from each other and each four feet from the

up-stream well. The middle down-stream well and the up-stream well

were as nearly as possible in the main axis of the valley. The up-stream

well was then dosed with fluorescein, and the interval that elapsed before

the reagent could be detected in the down-stream wells was noted. At

the end of six hours the fluorescein was first detected in the middle down-

stream well. It did not appear in the other two down-stream wells. It

Is believed that the fluorescein would not have diffused at a rate that

would introduce any appreciable error into this computation, and conse-

quently the rate of flow of the ground-water under this valley may be

taken as about two-thirds foot per hour, or sixteen feet per day. Near

this same spot a largo test well, five feet in dianH'ter, was sunk to be<l

rock. This well passed through eight feet of fine silt and twelve feet of

fairly clean gravel. Careful tests of this well made by pumping it out
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una noting the rate of filliiig, indicate a capacity of 12,000 gallons per

(lay, under a head of Cfteen feet, the water-table being depressed five

feet when the test was made. This is probably about the usual dry

weather depression. Allowing 50 per cent, interference of wells, this

Aalley should produce 50,000 gallons of water per day during the driest

year. Sucli a supply would be sufficient for a town of 1,000 population,

and would be of first-class quality.

There arc many valleys of this type in the Knobstone region, that

would be good water producers for small towns, or for manufacturing

l)lants. The water would be of excellent character and exceptional purity.

The larger valleys, such as Bean Blossom, should furnish sufficient well-

water for cities of 10,000 inhabitants or less, or for extensive industrial

plants.

The conditions affecting the impounding of water in the Knobstone

region can not be adequately discussed without introducing cerl^ain cli-

matological data. Since these data will also serve for the limestone

region, they may properly be discussed in full at this point.

The following climatological data are obtained principally from the

publications of the U. S. Weather Bureau. Between the coldest and

warmest portions of this section of the State there is a difference of

about 5 degrees in the mean annual temperature. The wannest locali-

ties are in the Wabash and Ohio valleys, the temperature increasing quite

regularly from the upper to the lower portion of each valley. The mean

annual temperature varies from about 52 degrees at the north end of

the area, to nearly 57 degrees at Evansville.

The length of the growing season is somewhat greater in the south-

ern than in the northern portion of the area under consideration. It

is from two to three weeks longer at the Ohio River than in the northern

part of Indiana.

The mean annual precipitation varies from about 40 inches to 55.21

inches (at Marengo). The maximum precipitation for any one year

within the area was 97.38 inches at Marengo, in 1890. The maximum

for any one month is 18.00 inches, also at Marengo, in August, 1888. The

minimum for one month is a trace in October, 1908, at Mt. Vernon. Pre-

cipitations of 10 inches or more in one month are not uncommon,

having been recorded an aggregate of 35 times at the seven stations

reporting within the area, Teii of these were in the month of Marah,



118

four each iu January, July aud August ; three iu September ; aud two

each in February, June and November. Over ten inches have not been

reported in any of the remaining months. . Six inches or more have been

reported an aggregate of 233 times at these seven stations. Of these

18 were in January, 2S in Februaiy, 44 in March, 19 in April, 18 in

May, 25 in June, 14 in July, 17 in August, 8 iu September, 8 in October,

20 in November and 9 in December. Less than 1 inch has been reported

an aggregate of 120 times at the seven stations. Of these, G were in

January, 14 in February, 4 in March, 4 in April, 3 in May, 1 in June, 11

iu July, 10 iu August, 25 iu September, 25 in October, 12 iu November

and 5 in December. These statistics by stations are as follows : At

Bloomingtou there have been 10 inches or more of rain iu one month,

twice. There have been G or more inches 19 times; and less than 1 inch

11 times (indices, 1-78, 1-8 aud 1-141'. At Paoli, there have been

10 or more inches 2 times; G or more inches IG times; aud less than 1

inch 12 times (indices, 1-60, 1-8 and 1-11). At Jeffoi-sonville there

have been 10 or more inches 4 times ; G or more, 34 times ; aud less than

1 inch 22 times (indices, 1-78, 1-9 and 1-14). At Marengo there have

been 10 or more inches 18 times; G or more, 77 times; aud less than 1

inch, 17 times (indices, 1-17, 1-4 and 1-18 )^ At Evansville. there have

been 10 or more inches G times; G or more inches, 51 times; and 1 inch or

less 32 times (indices, 1-G4, 1-7 and 1-12). At Rome there have been

10 inches or more, once; G inches or more, 8 times; aud 1 inch or less,

5 times (indices, 1-G8, 1-8 and 1-13). At Mt. Vernon, there have been

10 inches or more, 4 times; G inches or more, 3G times; and 1 inch or less,

21 times (indices, 1-GG, 1-7 and 1-12). The mean annual precipitation

for these towns is as follows: Bloomington, 43.43; Paoli, 43.47; Jef-

fersonville, 42.51; Marengo, 55.21; Evansville, 44.11; Rome, 44.62; Mt.

Vernon, 42.05. The maximum annual precipitation for these stations is

as follows: Bloomington, 52.15 (in 1898); Paoli, 55.86 (in 1907); Jef-

fersonville, 54.16 (in 1898) ; IMarengo, 97.38 (In 1890) ; Evansville. 70.61

(in 1882); Rome, 57.12 (in lOCr)) ; Mt. Vernon, 57.46 (in 1890). Tlie

' In orrter <o coniparo tlio data of the soveral stations, it is necessary, since

tlie length of record varies notably, to divide the number of times a given pre-

cipitation Is reported at a jrivon station by the total number of monthly reports
for that station. Thus for Bloominsrton, where the length of record is 13 years,

the divisor is J.'tO. Since in each the numerator Is made 1, these indices are only

approximate.
- The unusual character of the record at Marengo arouses suspicion that some

nilstalscs have been made in meas\iring the precipitation at that station.
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Uiinimum aunual precipitation for tliese stations is as follows : Blooin-

ington, 33.14 (in 1901); Paoli, 20.12 (in 1901); Jeffersonville, 30.18 (in

1904) ; Marengo, 32.37 (in 1!X)1) ; Evansville, 28.0.5 (in 1SS7) ; Rome,

35.8G (in 1904); Mt. Vernon, 34.10 (in 1902).^ At Indianapolis, which

has a rainfall record going back without interruption to 1871, a period

of forty years, the minimum recorded precipitation for any one year

is 30.33 Inches, in 1901.

An analysis of these data by seasons is interesting, and for our

purposes more valuable than ai^y other. Water-supply engineers are

agreed on dividing the year into three periods, as follows: (a) The

storage period, which in tliis latitude is ordinarily made to include the

months from Dtcember to May, inclusive; (b) the growing period, from

June to August, inclusive; and (c) the replenishing period, from September

to November, inclusive. It is a well-known fact that in many years,

and especially in dry years, the run-off is practically confined to the

months from December to May, inclusive. It is imiwrtant to ascertain,

therefore, what is the minimum expectation of rain in these months.

From the stations reporting there have been the following low precipita-

tions during the storage period: Bloomington, 14.35 (Dec, 1895, to May,

1896) 16.58 (Dec. 190O, to May, 1901) ; Pjioli, 13.03 (Dec. 1900 to

May, 1901); Jeffersonville, 15.80 (Dec, 1888, to May, 1889), 13.02 (Dec,

1900, to May, 1901) ; Marengo, 14.58 (Dec, 1900, to May, 1901) ; Evans-

ville, 11.83 (Dec, 1900, to May, 1901) ; Mt. Vernon, 12.70 (Dec, 1900, to

May, 1901). The year 1901 will be remembered as one of the most dis-

fistrously dry seasons on record. It Is clear, from the above data, that

as low as 12 inches of rain may be expected within the area, during the

slorage period. A deficiency in this period is rarely made up by an

excess of rainfall in the other periods of the year. In fact, a very

considerable excess would be necessary to overbalance the effects of a

deficiency in the winter and spring months. In other words, a relatively

wet summer, following a dry \yinter and spring does not necessarily

mean an ample supply of water for municipal use. During the summer

months not only is all of the rainfall ordinarily consumed in the gi'owth

of plants and in other sources of evaporation, but in addition the ground-

water is more or less extensively drawn upon, leaving a deficiency of

ground-water at the end of the growing season, that must be made good

^1901, for which one mouth's rpport is lacking, was undoiibtodly drier by

several inches than 1902.
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by the rains of the fall season (the replenishing period). If, now, there

is a deficiency of rain in the replenishing season also, a greater or less

Iiroportion of the rainfall of the winter and sitring months must go to

fill up the ground, and the run-off of this i:)eriod will be correspondingly

decreased. The most unfavorable condition, therefore, is a dry fall,

followed by a dry winter and spring. If, for example, such a fall as

that of 1908, with as low as 2.2 inches of rain at several of the stations,

for the three months, September, October and November, should be com-

bined with such a winter and spring as that of 1900-19(H (a not impos-

sible contingency), the probable catch of water, on the basis of 50 per

cent, of the rainfall of the stf)rage period, would be only 5 inches for

the entire yearV

The available catch of water in a dry season, that is, one of 30

inches of rainfall, will be a considerably smaller proportion of the rain-

fall than the catch of a wet season. In the latter case the run-off may

be from 50 to CO per cent, of the rainfall, while in a dry season it is

likely to fall as low, in the region under consideration, as 25 per cent..

ov even lower.- From these data it aip]iears that there will be years*

' It is not doomed necossary to cutor licic into the technical discussion of the

relation of rainfall to run-oflf. A very full discussion of these points may be found

in the works of Vormeule and Rafter, cited above. Ordinarily, in this latitude the

runoff of the winter and spring months may vary from 50 to 75 per cent, of the

rainfall. For the remain ing months of the year it will vary from 0.0 to 20 per

cent, of the rainfall. rnfortunntoly there are no satisfactory run-off data for

the region. The gagings at Shoals from 100.'$ to 190C, inclusive, are the only ones

of a stream lying largely within the region under consideration. These indicate a

mean annual run-off of 12'>'.i inches, which is about .30 per cent, of the rainfall of

the region for the same interval. (The mean annual rainfall for the nearest sta-

tion, I'aoli, for this interval was 41i.7."> inches.) This interval includes two years

of less than 40 inches rainfall, namely, 100:'>, with ."55.18 inches, and 1904, with

39.09 inches. On the Muskingum I{iver in Ohio, a stream lying In a region of

similar topography and climatic conditions to the catchment of tlie east fork of

White River, and like the latter, mostly in the driftless area, the run-off has been

known to fall as low as 25 per cent, of the rainfall.

- The run-off formula* of Vormeule are of interest in this connection. While

designed to cover the conditions in New .Jersey and southeastern New York, they

are based on certain general considerations, s-uch for cxanin!i> as mean annual tem-

perature, etc., which are applicable to other regions as well. Vermeule's general

formula is: E^dl -f 0.29 R i M. where E stands for annual evaporation, R for

rainfall, and M is a factor depending on mean annual temperature. The values

of M are as follows for the mean annual temperatures noted in the present region :

52°, 1.14; 53°, 1.18; 54°. 1.22; 55°, 1.26; 50°, 1.30; and 57°, 1.34. Thus for a

mean annual temperature of 52° the evaporation, with a rainfall of 30 inches,

should be 22.46 inches, and this subtracted from the total rainfall would leave a

run-off for the year of 7.54 inches. For the higher temperatures the run-off would

be correspondingly less, and might, according to the formula, fall as low as 2

inches. It is not probable, however, that it ever does fall as low as the latter

figure.
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when we can not safely count on more than about 7.5 inches of run-off,

at the northern end of the area, and possibly not more than two or three

inches at the southern end. If several dry years occur in succession,

as, for example, 1S90, 1900 and 1901 at Bloiiniinj^'ton, the problem of water-

supply becomes all the more difficult.

We are now prepared to return to the conditions affecting the im-

jiounding of water in the region under discussion. Tliat the flow of any

except the largest streams of the region, such as the White, Blue and Ohio

rivers, will be insufficient for municipal water-supply, without provision for

impounding the run-off of the wet season, is a certain inference from

the data presented above'. It has also been shown that there are no

.springs in the Knobstone area that are of use for other than domestic

purposes; and in dry seasons it may be said that tliere is scarcely a

spring of living water in the entire region. It will be necessary, there-

fore, for all towns, not located on one or other of the two or three

largest streams of the area, to build reservoirs and impound water for

municipal supply, except in those instances, already discussed, where the

underflow of such valleys as the Bean Blossom, Salt Creek, etc., is

available.

It has already been pointed out that for the purposes of impounding

water the Knobstone formation is almost ideal. This is especially true

of the upper portion of the formation, known as the Riverside sand-

stone. The latter, where it has not been exposed to the weather, and

especially to frost action, is very firm, close-grained, impermeable, insolu-

ble and strong. Its toughness and resiliency are remarkable. When

the fresh I'ock is struck with the pick it is almost !mi)ossible to force off

a clean spall, esiiecially when the rock is wet. The rubber-like toughness

of the rock causes blow after blow to spend itself with little effect. The

writer has also noticed this same peculiarity of the rock in blasting. In-

stead of shattering the rock extensively, the whole charge will often

enough spit out of the drill hole with little effect, or raise only a few

fragments of rodi in the immediate vicinity of the charge, lliis difficulty

in blasting was exi>erienced in the excavation of the cuts on the Illinois

* During the dry season of 1008, tlie writer observed the condition of the

larger streams in the vicinity of Bloomington, drawinu their water supply largely

from the Knobstone region. In the Bean Blossom, the water stood in the deeper

pools only. One mile from the month of this stream, with a draina-^e area of

nearly 200 square miles, all of the riffles were dry. That is, all surface flow of the

stream had completely ceased. The condition of Salt Creek was similar.
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Central Kailway, and again in tlio exi-avatlon for the fonndation of the

Indiana University dam. When, however, tlie roclv is exposed to the

action of the sun in summer, and of frost in winter, the differential expan-

sion and contraction in the one case, and the wedging effect of tlie freezing

of interstitial water in the other, rapidly reduce the rork to a mass. of

fragments, which in turn slack down to a sandy soil. For this reason

the sandstone is of no account as a building stone. The peculiarities of the

rock, just enumerated, are due in large measure to the fineness of the

grain, and to the fact that the cementing material is clay, which, when

moist, gives the rock its unique toughness and impermealiility.

Structurally also this sandstone is extremely favdrahle as a sub-

stratum for dams. It is singularly free from open joints and bedding

planes. In the case of the Fniverslty dam. which is IKiJ feet long at the

base and M4 feet high above the rock, there is nut a single .Joint or

bedding seam in the rock except iiear the top. The Imttom and ends of

the dam are in perfectly sound and unlissured rock. The thickness of

weathered rock that it is necessary to remove in order to reach struc-

turally sound material is usually slight. In the case of the University

dam again, the maximum depth of excavation into rock was about five

feet. On the crests of narrow ridges the rock will be found to l>e

weathered to a greater depth than the above figure. lUit under the allu-

\ium of valleys, and on the sides of steep hills, the depth of weathered

:tnd fractured rock should sebl<)m be great'.

The Riverside sand.^tone constitutes ai>i)roximately the ui>per 100 feet

of the Knobstone formation. I'.elow this are alternating shales and

sandstones, with the shale ]>redominating. This shale is sandy or ai'gil-

laceous, and toward llie lower i)art of the formation, as may be seen

in the ([uarrles of th(» l.ohigh Cement Company, at I'.rownstown, it

becomes dark colorwl and somewhat carbonaceoiis. When unweathered the

shale is firm and tough, and shows, on account of its sandy character,

very little tendency to slip under heavy loading. In the excavation of

the cuts on tlie Illinois Central, most of th(> sli;ile reipnred heavy

blasting, and like the sandstone, described abov(>. was tough and hard

* The reason for this is clrar ciiohkIi, whon it is rL>mpnihorcd that the onl.v

agents of weathering tliat mafcrially aflfect this i-oek are meelianical, such as

insolation, frost action, and Hio wedging action of ireo roots; and that unlike the

liiiicstone, presently to lie discussed, it is not at all affectc-d by solution—an agent

I hat fi<"ts to rpueh greater depths,
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to shoot. Like the sandstones, also, it will not endure frost action and

insolation. Structurally and texturally it is very imiiermeable, and ideally

free from objectionable joints and crevices. Sound rock will usually

be found fairly near the surface, especially on steep slopes.

This shale formation is known to geolcgists as the New Providence

shale. It is 400 to 5lX> feet thick. Where, in the eastern portion of the

Knobstone area the larger streams cut through the New Providence

shale, they enter the ujiper portion of the New Albany black shale,

which is, like the former, a very Impervious format inn. It is evident,

therefore, that any part of the Knobstone region will afford satisfactory

foundations for dams of all sorts.

The proper type of dam for the Knobsttme region will depend, of

course, (in the conditicms at the particular site. In the majority of

cases comparatively narrow, deep. steei>sided valleys will have to be

dealt with; and this will be so iu practically every instance where only a

few square miles of catchment are needed.^ For this type of valley

where the breadth of the valley floor is not more than 300 feet, the

most satisfactory, as well as the cheapest type of dam, is the concrete

dam, arched up-stream to a radius of .SOO feet or more. Such a dam,

depending to a large degree on its curvature for its stability under water

pressure, may be built with less material than any other type of safe,

permanent dam. The construction should be such that the water face

of the dam is perfectly tight. The balance of the dam may, however,

be built of rubble concrete (uncoursed stone) i. e., large stone imbedded

in a mortar of concrete. Some reinforcing steel to assist the sti*ucture

in taking up the strains due to setting of the concrete and to thermal

readjustments, will tend to prevent cracking. After the pressure of the

water comes against the dam, there should be no tendency of an arch

dam to crack. The ends and base of the dam should be mortised into

the solid, unweathered rock, and every precaution should be observed

to make these contacts perfectly water-tight.

'From the rainfall and run-off data given above, it will be seen that it is not

gate in the present region to allow more than 2.1 per cent, of the rainfall of a dr.v

season as available for impounding. This will approximate .300,000 gallons per

day from each square mile of catchment with reservoir capacity sufficient to hold

the entire i-un-off of the year. With reservoir capacity sufficient to hold the run-

off of the three driest years—it is not economical to increase capacity beyond this

point—the yield can be increased by about 50 per cent. A very full discussion of

this subject will be found in the article on Water Supply in the 11th edition of the

Encyclopaedia Britannica, by Mr. G. F. Deacon. This article is a mine of infor-

mation on most phases oi water supply.
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Earth dams will not ordinarily be feasible in the Knobstone region,

owing to the general lack of clay of good imddling qnalities for the

core or the dam. In the edge of the limestone region snch clay may be

available, bnt would in most cases have to be moved down very steep

slopes at considerable expense. Except on large contracts, where the

construction of a cable-way would be worth while, the use of clay for

short dams would probably be more expensive than concrete\ In some

instances it might be advisable to use earth embaukments with a rein-

forced concrete core, mortised well into the rock, and extending to the

top of the structure. With this type of construction any sort of material,

having the re(iuisite stability, could be used for the embankments, since

the waterproof qualities of the dam would depend entirely on the core.

Great care is necessary in this typo of dam to prevent settling of the

embankments in such a way as to warp or crack the core. It is best that

no water should be allowed to come against the dam until thorough

settling has taken place. For long dams in the Knobstone region some

such construction as that just described is almost a necessity.^ It may ba

said finally that timber dams arc '>nly makcsliifts, and should not bo

tolerated by any conununity.

As an example of a successful concrete arch dam in the Knobstone

region, a brief descrijition may be given at this point of the dam recently

built by Indiana T'niversity. The cross-section of this dam is shown in

the accompanying figure (Fig. 1), and photographs of the dam and

pond in Fics. 2, :\ and 4. The length of the dam on the rock substratum

is IIGJ feet, and on the crest 2(H) feet. The thickness at the base is

2S4 feet, and the total height subject to water pressure is 34 feet. The

maxinunii height above the valley alluvium is 2S feet. The dam is

stepped up in ledges on both the up-stream and down-stream faces, and

the cross-section is such that ample stability is provided, even without any

arching. The arching (to a radius of .'540 feet) gives very greatly in-

creased stability mider water i)ressnre, and vastly decreases the liability

As a niattor of fact, nearly all of tho bids on eartli dams for the University

were liigher than on tlie type of concrete dam constructed, and to be described

later.

2 A type of dam, consist ini;- of a thin plate of reinforced concrete, supported

by buttresses of concrete is described hi I'.uel and Hill's treatise on reinforced con-

crete, and has actually been constructed, in a few cases. This type of dam uses a

minimum of structural material, but demands a considerable outlay for forms.

It would probably cost about the same as a good rubble concrete dam.
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to cracking. The dam is mortised into tlie rock on both bottom and

ends, and is also anchored to the roclc liy 1-incli steel bars, grouted into

the rock and extending well up into the daui. Reinforcing bars of |-inch

section lap past these and extend to the top of the structure, being

spaced four feet apart. The center of the crest and of all ledges is one

foot lower than the ends, so that the water spills over the middle sec-

tion of the (lam. The pump installation is a triplex Deming pump, driven

l>y a 25 H. P. Otto gasoline engine; and it works against a 220 to 240

foot static head. The water is pumped one mile to a reinforced concrete

Fig. 1. Indiana University dam. Crosa-section, showinj dimensions, and distribution of rein"

forcing steel (a, b, c, etc., m-n, s-t, etc.). After a drawing by A. L. Foley.
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Fig. 3. Indiana University water-works dam from above north end, sliowing arching up-stream.
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tank of 120,000 gallons capacity, and 100 feet above the University cam-

pus. The main pipe lines are of 8-inch asphalted cast iron with leaded

joints, and for the heavy pressure near the pump-house are of double

strength. For the present consumption of 30.000 gallons per day, a few

liours' service every three or four days is all that is required of this

pump.

The pond formed by this dam has a water surface of four acres, and

is deep and narrow. Its estimated capacity is 20,000,000 gallons. The

area of the catchment is approximately 200 acres, most of which is

characterized by steep, sparsely wooded slopes.

The dam was completed in July, 1911, and the pond began to fill in

September. There was very little run-off, however, till the 15th of Septem-

ber, when a three-inch rain raised the pond from a nearly empty condition

to within eight feet of the top of the dam. During the remainder of

September the pond completely tilled, and by the first of October was

spilling over the crest. The total rainfall of this period was ten inches,

from the first five inches of which there was no immediate run-off of any

consequence. In other words, five inches went to replenish the ground-

water, after the severe drouth of the summer. No leakage has developed

in any part of the structure of the dam, nor in any jtart of the contact

between the dam and the Ixittom and sides of the valley.

III.

The geological conditions of water supply in the limestone i-egion are

radically different from those just-.described for the Knobstone area.

First of all the slopes are much less steep, and the soil is less i)er-

meable than in the Knobstone region. The soil is also of greater thick-

ness and more fertfle. Originally the region was heavily forested, and a

few examples may still be seen of virgin forest, as for example, en the

University farm at Mitchell.

The central portion of the region, away from the deep valleys to

the east and west, is nearly level, and is the area of the Mitchell limestone,

preeminent as a cave-bearing formation. In this central portion of the

limestone region, nearly all of the drainage is imderground, and springs

and sinkholes abound'. In manv instances the entire headwater portions

^ It is the sinkhole retrion of Ncwsom. the Mitchell plane of Beede. See New-
Rom, J. F., A Geological Section Across Southern Indiana from Hanover to Vln-

cennes, Free. Ind. Acad. Sci. for 1807, pp. 250-253; Bccde, J. W., The Cycle of

Subterranean Drainage as illustrated in the Bloomington, Indiana, Quadrangle,

Proc. Ind. Acad. Sci. for 1910, pp. 81-111.

[9—29034]



13G

(tf strennis have been taken nu(ler,i;ixiuii(l ami diverted from tbeir ancient

channels to new and alien outlets in jjreat springs on the eastern and

western borders of the area'.

Eeniarkable examples of this are to be seen in the nnderground

capture of the headwaters of Indian Creek in Monroe County, by Salt and

Richland creeks. In the case of the famous Lust River, in Orange County,

some twelve miles of the surface cliannel liave been al);ni(loned in favor

of a subterranean course.

The dejith to whicli these uudergi'ound clijuinels penetrate the rock is

limited only liy the thickness of the limestone formation and its eleva-

ti<in alime the main lines of drainage'-. Near the Ohio River, where the

main drainage is deeply intrenched into the Mitchell plain, the rock is

cavernous |o a depth of .'!<)() feet'. In the northern portion of the area,

where the main streams li,M\-e not cut so deei), and where also the lime-

stone formations are thinner, the underground openings in the rock do

not go so deep, but even in this part of the area the limestone may be

cavernous to depth of more than 100 feet'.

Nor is the cavernous cli.ira(t<'r of the region confined to the higher

portions, well above drainage. In all but the deeper valleys, the valley-

floor itself may be riddled with solution holes and underground channels.

This is e.\emi)litie(l in the valley of French Lick Ci'cek. The extremely

free underground cdnnnmiication of the waters underneath this valley

has been i'ei)eatedly in-oveu by the interference of wells in the valley with

the How of the mineral spi'ings. The testimony taken in the case of the

French laik Sjirings Co. vs. Howard et al. showed this so conclusively

that it may not be out of jilace to review it at this point.

'P.ccdo, lor. (if.

-'('ininn;is, On llir \\i:i I li> riiiu: nf (lie Snlxii i-l>iinii'i'i-i>iis Linn'sluncs of Sdiinicni

Iiidijina, Proc. 1ni\. .Vend. Sci. for 1!i0."i, pp. S.".-1(iii.

'(iriM'iio, Caves and Cave I'(iri;iatiiiiis of tlii' MitclicU l/inipstono, I'roc. Ind.

.\oad. Sci. for tOOS. p. 100.

•Most peoplo do not realize tlic depth to which limestone formations may be

affected by soUition. In the remarlvable treatise by Martel on the cave regions of

Kiirope (Les Abimes), there are described many well-like solution holes that go

almost straight down into the rock to depths of GOO feet or more. Into many of

those Martel actually descended by means of roije ladders, and e.K])loved tlie i aves

at the bottom. Tl)e famous region of the Karst, on the eastern side of the Adri-

atic, has been litei-ally honeycombed with caves and sinkholes to great dei)ths. A
more extraordinary region could scarcely be imagined. The Recca, in Austria,

flows in a subterranean chnnnel, wliicli is in i)laces more than 1,000 feet l)eneath

the surface.
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At one time and another a nnniber of wells have been sunk in this

valley at West Baden and French Lick. These wells are the Ritter well

on the bank of Lost River north of West Baden (3S8 feet deep) ; the

Howard well on the east side of the valley, opposite French Lick (529

feet deep) ; the Caves and Wells well (510 feet deep) ; the two wells of

tiie Colonial Hotel Company (each 93 feet deep) ; and a well near the

French Lick station, known as Cerberus (4(i5 feet deep). The most

noted of these, and the most imi)()rtant in the present connectinn, is the

Ritter well. This well had at lirst a strong artesian How, that very

soon affected all the springs of the valley. Those at French Lick, the

famous Pluto, etc., were the first to be affected, because their outlets

are highest al>ove that of the well. These springs are a mile and a half

away from the Ritter well. Later even the springs at West Baden

ceased to flow. The same result, so far as the French Lick springs were

concerned, was experienced from the wells near French Lick station

(later purchased and plugged l)y the French Lick Springs Company), and

especially from the wells of Howard and Gagnon. The pumping of these

latter wells interfered so seriously with the flow of IMuto spring that

the Springs Company was driven to resort to the courts for relief, and

succeeded in obtaining an injunction against the pinni)iiig and wasting of

the water. The injunction was granted by the court sitting at Paoli

and at Salem, and was afterwards confirmed and made permanent by the

Supreme Court of Indiana.

It was brought out in the hearing on this case that the pumping of

the wells of Howard and of (iagnon inunediately affected the flow of the

Pluto spring at French Lick, thi'ce-iiuarters of a mile away, and that as

soon as the pumping ceased, the spring resumed its tlnw. This effect was

noticed repeatedly^

Another evidence of the same thing is the frequency of sinkhole.-^

in the valley floors themselves. This is illustrated in many of the valleys

to the west of Bloomington, as on the headwaters of Richland Creek,

Blair Hollow, etc. In the excavation for the foundations of the bottling

works at the French Lick Hotel, cavennms rock \\as met with under the

1 The distances of these various wells and springs from Pluto are as follows:

Pluto to the wells near French Lick depot, 1,.500 feet; Pluto to the (ias^non (Colonial

Springs) wells, 4.000 feet; Pluto to Howard well, 4,000 feet; I'luto to Ritter well.

8,000 feet ; Pluto spring to Bowles spring, 050 feet ; Pluto spring to Pagoda spring

ft West Baden, 5,000 feet; West Baden Hotel to Ritter well, 3,000 feet.
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MM
i-iH. 5. .Spillwa.v i)( till' upper p >nil af Blooniin^Lon water-works, sh^iwiinj joints in iho rock.

I'i.;. I). Joints onlarj;eJ bj- silulion. Cut on Illinois ("cnlral K. U., Hlooiiiin-iiton.
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valley. In the excavations for the foundation of the second dam of the

Bloomington water-works, a joint, widely opened by solution, was traced

down seventeen feet into the rock, witliout closing up. Some of these

vreathered joints are illustrated In the accompanying photographs (Figs.

and 7), and other illustrations may be found in the papei's of the

writer and Dr. Beede, cited above.

Fig. 7. A quarry ace in the Hunter valley region, Bloomington, showing joints widely opened

by solution.

The valley sides in the limestone area are apt to be so leaky as to

render them totally unfit to act as retainers of impounded water. This

has been very thoroughly demonstrated in the case of the Bloomington

water-works plant. The original dam at this plant has long been decrepit,

and the extensive leakage is due to a variety of causes, among which the

chief is probably faulty construction. A considerable quantity of water,

however, finds its way into the joints and bedding planes of the rock, under

the spillway (Fig. 5), and is recovered by the second pond, which is

immediately below the first. In the case of the second pond, built in
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1!)05, the daiu was very carefully constructed of good clean clay, with

a concrete core carried down into the rock far enough to prevent any

likelihood of leakage through the substratum. As soon as this pond

filled, nevertheless, severe leaks developed under the spillway, through

the crevices of the rock, as in the case of the old dam. It is thought that

some of the water appearing at this leak actually comes from the upper

(fir.st) pond, making the entire journey through the cavernous rock of

the valley-side. An attempt was next made to repair this leak by tun-

neling into the valley side at the spillway. This excavation developed

Ihe fact that there is a mud-filled seam, extending back into the hill be-

tween two layers of limestone. This seam was followed back into the hill

about 40 feet, and as it showed no sign of closing up, the portion excavated

was filled with concrete, and the attempt at repair was abandoned. It is

altogether likely that tlie entire hill is cavernous to an unusual degree,

and that the only way to render the valley side tight would be to expose

the rock along this entire side of the pond, and close all of the joints and

seams with concrete. At the present time the entire water supply of

Bloomington is pumr)ed from the leak under the spillway of the lower

pond, and an equal amount is pumped back Into the ponds. That is, the

leakage at present amounts to over a million gallons a day. Both of

these ponds are locate<l in the Mitchell limestone, the foundation of the

dam of the lower iwnd resting on the top of the Oolitic limestone.

Enough eviden<e has now been cited to prove beyond any (piestion

that the general geological conditions in the limestone region are distinctly

unfavorable to the imjutunding of water. One corollary to be drawn from

this fact is that all towiK wiliiin a rcason.-ible distance (a few miles) of

the Knobstone area, sliould utilize the latter for their water-snj)ply sys

loms. Where it is necessary to olttain water, if at all, from the limestoni'

area, the portions underlain I'V tl'.e Oiilitic limestone or the Harrodsburg

limestone should be utilized in jtreference to the area underlain by the

Mitchell limestone, and the OJilitic is to be ])referred to the Harrodsburg.

If it becomes necessary to utilize the Mitchell area, the following facts

should be noted: First, it will be notice<l by any one familiar with the'

Mitchell limestone tliat there is a layer or l)cd of rather impervious rock

about 50 feet above the base of the formation. This layer serves as the

floor of many of the caves of the region, and is the level at which many

of the large .springs emerge. Examples of this are the Leonard and Shir-
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ley springs and tlie 8tone spring (Bloomington water-works) near Bloom-

ington. Ill some cases this layer might be made to serve as the substra-

tum of a pond. Great care would then be necessary to make the sides of

the pond secure, since they would be in an extremely cavernous part of

the formation. .Second, for ponds to be fed by springs of the type just

mentioned, the top of the Ocilitic limestone can be utilized for the bottom

of the pond, and here again the sides of the pond must be made secure.

The second pond of the Bloomington water-works is built on this layer,

and all of the leakage is through the valley sides, and not through the

floor of the pond. Where the valley sides are thickly covered with residual

clay, and this is carefully puddled, ponds at this level should be fairly

tight. Third, in a few cases the flow of the larger springs of the region,

or of several springs combined, will be sufficient for small towns, without

impounding. In such 'ases the flow of the springs should be veiy care-

fully gaged, throngh a period of years, before any money is spent on works

to utilize the water.

In this connection it is proper to speak of the special characteristics

of the springs of the limestone region, especially since they are usually

very much overrated, and their nature and cause misunderstood. All of

the large springs of the limestone region are the outlets of subterranean

solution channels in the rock, and very often serve also as the mouths

of well-defined caves. These caves and channels are in turn, as already

shown, intimately connected with the sinkholes of the region. The sink-

holes are the main gathering grounds of the waters that emerge at the

springs. Or, to be more precise, they are the avenues through which the

v.ater is taken under ground. The sinks, like the caves themselves, are

largely the work of solution. (See Fig. S.) Where the sinks are open at

the bottom, as is usually the case, storm water passes very readily and

very quickly into the subterranean channels, and as quickly emerges at

the springs. At such times the spring water is muddy, showing that it

is merely surface water that has made a journey of gi'eater or less lengtii

through an underground conduit. It is indeed possible in some cases to

drop a handkerchief into a sinkhole, and to presently see it emerge at a

distant spring. Sometimes the journey from the sink to the spring is very

short, a few rods ; at other times it may be many miles. In any case the

storrn water conies to the sjiring unfiltered.



136



137

The drainage area of these springs can usually be defined with a fair

degree of accuracy, and is as important to know as in the case of surface

water, for it must not be forgotten that the water of these springs is just

as certainly conditioned by rainfall, as the water of surface streams. The

criteria of rainfall and run-off, discussed above, apply here with equal

force, though it is probable that a somewhat larger percentage of the rain-

fall is available than in the Knobstone region to the east ; at least the

run-off is more regular.

If the element of catchment area be analyzed, it will be perfectly ap-

parent why so few of the springs of the region are adequate for municipal

supply without Impounding the wet-weather flow. The great Shirley and

Leonard springs, near Bloomington, drain an area of about six square

miles. During the storage season tlie flow of these springs must be at

times several million gallons per day. At the end of the dry season of

IDOS the writer estimated their combined flow at less than 100,000 gallons

lier day. At that time the writer gaged the Hottel spring in Bloomington

and found a flow of 12,000 gallons per day. At the same time also the

Rogers springs, just east of Bloomington, had a flow of 10,000 gallons per

day. All of these springs have the local reputation of being very strong

springs. The Stone spring, at the Bloomington water-works, during the

same season had an estimated flow of about 20,000 gallons per day. On

the other hand, Wilson's spring, on Blue River, is estimated by Tucker^ to

have a dry-weather flow of nearly 10,000,000 gallons per day. It is said

to be the largest spring in Indiana.

Several attempts have been made to obtain water in quantity from

deep wells in the limestone region. Invariably the water so obtained has

been mineral water. The wells at French Link and West Baden are

typical. The writer is unable to state definitely the yield of these wells,

but from a rather intimate acquaintance with those that are still flowing,

it would be safe to say that none of them, except the Ritter well, has a

/low greater than that of the Pluto spring. The flow of this spring is

said by Blatchley^ to be nearly 26,000 gallons per day. The water con-

tains about 300 grains of mineral matter per gallon. The flow of the Rit-

ter well was at first much greater than this, and the water was less

> Tucker, W. M., Water Power of Indiana, 35th Ann. Rept. Indiana Dept. Geol.

and Nat. Res., 1910, pp. 34-37.

= BlatchUy. W. ^., Mineral Waters of Indiana, 26th Ann. Rcpt. Indiana Dept.

Geol. Nat. Res., 1901, p. 102.
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strongly impregnated with mineral matter, but was nevertheless unlit for

domestic use. The Nashville well, 500 feet cleey, flows about 29,000 gal-

lons per day, and the water is strongly impregnated with sulphur. The

White Sulphur well, in Crawford County, flows about 15,000 gallons per

day. There are many other wells of this type in the region, but even if

their flow were increased by pumping, none of them have a capacity

suflicient, to be of any consequence, and, moreover, they are all too strongly

impregnated with mineral matter to be of use for domestic or nuniicipai

purposes. They vary in depth from a few hundred feet to 1,000 feet or

more.

Attempts have also been made to obtain water from shallow wells in

the limestone. There are three levels at which water may be e.xpected

In small quantities in the Mississippian limestones; namely, at the top of

the Oolitic, at the top of tlie Harrodsburg limestone, and at the top of the

Knobstone formation. The latter horizon is the most important. The

writer is familiar with the liistory of a considerable number of such wells

in the vicinity of Bloomiugton, and these are typical of the entire lime-

stone region. The University has drilled, at one time and another, three

wells on the campus in the hope of obtaining water for boiler-water. These

wells vary in depth from 50 to more than iOO feet, and reach the top of

the Knobstone formation. The city of Bloomiugton also drilled a well in

the dry season of 1908, starting at the top of the Oolitic limestone and

reaching to the top of the Knobstone. Private individuals in and about

Bloomington have drilled a number of wells of a similar sort. None of

these wells have produced a supply of water sufhcieut for even a small

town, and some of them have been total failures. The reason for these

failures is not far to seek. First of all the Knobstone formation, an ini-

l)ervious rock, underlies these limestones at a comi)aratively slight depth,

constituting a level beneath which no water can be obtained, except small

quantities of mineral water, as descril)ed above. Second, in the eastern

part of the area, the extent and thickness of outcrop of the limestone above

the Knobstone, are not suflicient to furnish gathering grounds for water

in quantity, and the limestones are, in addition, very thoroughly drained

out by the deep ravines that trench the eastern edge of the region. Third,

in the central port of the area, where the limestones are thicker and more

extensive, they are also so cavernous that sliallow wells are a failure,

except where tliey strike tlu^ nndergroiuid streams, and deeper wells pro-
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cliice mineral water. Fourth, in the western edge of the area, where the

limestone is under cover of the Chester formation, except in the deeper

valleys, the rock-water is artesian, and more or less highly impregnated

with mineral salts, as in the case of the water of the French Lick Val-

ley. In this part of the area mineral water is constantly making its way
from considerable depths to the surface, along the joints of the soluble

limestone, and consequently mineral springs abound, and even shallow

wells produce mineral water.

Except in the valleys of White, Blue and Ohio rivers, the limestone

area contains, so far as known, no coarse deposits of alluvium, from whicli

water can be obtained, as in the Knobstone region. The larger valleys of

the area, with the exceptions already mentioned, are of two types. One

of these is represented by the headwaters of Indian Creek in Monroe

County, and by Lost River in Orange County, and Indian Creek in Har-

rison County. These creeks flow in broad shallow valleys on the lime-

stone upland, and have lost many of their tributaries and much of their

v.-ater by underground piracy to the deeper valleys on the east and west

Their floors are leaky, and their deposits of alluvium are thin and very

fine grained. The other type of valley is exemplified by Richland Creek

in Monroe and Greene Counties an.d by the lower course of Indian Creek

in Lawrence County, and by French Lick Creek. These valleys are deeply

intrenched, having cut through the Mansfield and Chester formations into

the top of the Mitchell limestone. They are broad, conspicuously terraced,

and have well-developed alluvial deposits; but the character and water-

bearing qualities of these deposits have not been carefully investigated.

IV.

Similar to the Knobstone region in topography, but differing consider-

jably in type of geological formation, is the area occupied by the Chester

find Mansfield formations. The Chester (Huron) formation consists of a

•series of limestones, shales and sandstones, varying from place to place in

;the thickness of its members, and in the details of its lithology, but pre-

senting everywhere the following general sequence, in the ascending order

:

(a) Lower sandstone, l to 12 feet thick; (b) Lower limestone, thin-bedded,

oolitic or lithographic, 2 to 5 feet; (c) Middle sandstone and shale, argil-

laceous or arenaceous shale and cross-bedded, soft sandstone, 45 to 62 feet

thick; (d) Middle limestone, crystalline, generally light colored, occasipti-
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ally oolitic, 6 to 21 feet
; (e) Upper sandstone, ferrugiuous, reddish brown

to white, laminated sandstone, 40 feet; (f) Upper limestone, grading from

limestone at the bottom to shale at the top, 25 feet thick.^ The limestones

of the Chester are not unlike those of the Mitchell and Salem (Oolitic)

formations. They are usually rather pure carbonate of lime, and hence

soluble, as in the case of the limestones already discussed. Springs often

occur at the base of the limestone beds. The sandstones are coarser

grained than those of the Knobstone formation, and are cross-bedded and

pervious, and conspicuously jointed, the joints often being widely opened

by weathering. Springs occur at the base of the sandstone strata, where

they rest on shale. The shales of the Chester formation vary from strongly

bituminous to argillaceous or even arenaceous. The bituminous bands are

very fine grained and impervious. The argillaceous shales are more per-

vious and grade into coarse grained pervious sandstones.

The Mansfield sandstone, forming the basal member of the Coal Meas-

ures of Indiana, and resting unconformably on the Mississippian forma-

tions, is a ferruginous, soft cross-bedded, rather coarse grained, some-

times conglomeratic pervious rock. It varies greatly in thickness. Where

it is thick, as at Shoals, it produces a rugged topography, with cliffs and

pinnacles. The deejily weathered joints and honeycombed weathered sur-

faces give it a very characteristic appearance. Small springs abound in

the area of the Chester and Mansfield formations.

The soil of the Chester-Mansfield region varies from red residual clay,

such as characterizes the limestone region, through sandy clay to almost

jiure yellow sand. In the more rugged portions of the region the soil is

thin and poor, and the vegetation scanty. Some of the worst gullying

seen in Indiana is to be found in this area. The rain water runs off very

rapidly, carrying with it quantities of sediment. Greene and Martin

Counties afford many excellent examples of this.

From the standpoint of the water-supply engineer this region is to

be consideretl as intermediate in character between the Knobstone region

and the limestone region. It is topographically similar to the former, but

the greater permeability of the formations, and especially the presence of

beds of cavernous limestone, and the fact that the deeper valleys are

floored by the leaky Mitchell limestone, are all charactoristics connecting

' Greene, F. C, The Huron Group in Western Monroe and Eastern Greene
Counties, Indiana. Pror. Ind. Acad. Sol. for 1910, p. 270. This paper contains a,

full dlsciis'^ion of tho rhfslpr formation of tbo aroa nndor discussion.
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it with the limestone region. Sniiiller anionnts of wuter enter tlie ground

than in the limestone area, however, owing to the steepness of the slopes,

especially where these are not under forest. The run-off is concentrated

more into the winter ai:d siu'ing mouths, flood stages are higher, and the

streams carry a greater amount of sediment than is the case in the lime-

stone region.

Furthermore, there are, in contrast with the limestone region, beds

of impervious shale in the Chester formation, that where favorably located

might serve as foundations for dams. It should be noted, however, in this

connection that these shales are less firm than those of the Knobstone

formation, and would consequently be less capable of sustaining the weight

of heavy structures.^ AA'here the shales and sandstones are underlain by

thick beds of limestone, they will often be found to have collapsed into

large solution cavities in the latter, and consequently to present a con-

fused and broken structure, wholly unfit for the foundation of a dam.

Numerous examples of this collapse may be seen in the cuts on the Illinois

Central Railroad near Stanford, Indiana.^

Because of their greater permeability the formations of this area will

also be found to be weathered to a greater depth than those of the Knob-

stone area. In view of all thef'e facts it will be seen that great care should

be exercised, and very careful study of the geological conditions should ba

luidertaken in every individual case before placing any impoiniding struc-

tures upon the rocks of the Chester formation. The Mansfield formation,

while not as leaky as the limestones of the driftless area, is nevertheless

not a favorable formation for impounding water, on account of its porosity.

In regard to deep wells, the Chester-Mansfield area is similar to the

limestone region to the east. Deep wells ordinarily produce mineral water.

In the western edge of the area, where the sandstones of the Chester or

Mansfield are deeply buried, it may be possible to obtain from them water

not t<x> highly impregnated with mineral matter for domestic use. The

writer is not in a position to speali with authority on this point. It is

quite likely that the upward moving water from the limestones beneath'

would even here cause enough admixture to render the water of the sand

stones unfit for use.

1 The reccut failure of the .Vusliii (lain iii Penusylvauia, was due to the pres-

ence in the substratum upon whioli the dam stood, of a bed of soft, slippery shale.

The dam seems to have slid bodily forward, carrying the rock on which it stood

with it. Even in this case, however, it is very doubtful if there would have been

any failure had the dam been arched, as a dam of its length should have been.

2 See Greene, loc. cit.
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V.

Several times in this paiier it has l)eeii necessary t<» eall attention to

liie forest conditions of the driftless area. While this subject does not.

in strictness, come within the view of a geologist, nevertheless the succes.s

or failure of a water-sni)i)]y system, in a region where steep slopes pre-

ponderate, is so intimately bound up with forest problems, that it may

not be out of place to devote a little space to the consideration of this

topic.

A'ery little virgin timber is left standing in southern Indiana. Where

tlie timber has not been removed entirely, it has been closely culled, and

in many instances burned over, so that the stand is often thin and the

forest cover poor. The writer has often been struck by the character of

the woods in lirown County, which gives the impression of being largely

under forest. And so it is, if one considers merely the area occupied

mainly by trees; but when one notes carefully the character of the stand,

one is innnediately imjiressed with the fact that scarcely a tree can be

found that apjiears to be over fifty years old, and much of the stand con-

sists of mere saplings and inferior copjnce. Cutting is still going on in

the whole of the driftless area, and the writer has seen tracts of many

acres of steep slopes denuded of their trees within the last five years. The

fate of these sloi)es, ur.der the type of farming generally practiced in the

legion, is ]iathetic (Fig. 0.). (Jnllying begins immediately, especially

where the soil consists largely of clay, and absorbs the rainwater slowly,

and in a few years the hillside is a scarred ruin. The regimen of the

streams is radically changed. Floods increase in fiecpiency and violence.

Springs that formerly had a steady and abundant flow throughout the

year, are i-educed to dwindling threads of water throughout the drj- sea-

son.

From the standiioint of watcr->-upiily. one of the most serious of these

effects is the change of stream regimen. As CJlenn' has pointed out in the

southern Appalachians, whether or not the total rainfall of a region is

alTected by deforestation, it can be demonstrated that the regimen of the

streams is notably changtMl. lie has shown, and the same thing can be

shown in southern Indiana, that in regions still under adequate forest

cover, the streams are clear even at flood stage. He also points out the

^ Olcnn, L. C, Denudation and Erosion in the Southern Appalachians. U. S.

Geol. Surv., Professional Paper Xo. 72. ]!tll.



143



144

very significant fact tliat the former regimen of a stream is revealed in tlii!

cliaracter of its valley deposits. If a stream has been in the habit of

depositing only very fine silt, the valley deposits (alluvinm) will consist:

of fine material only. On the other hand if the stream has been in the

habit of depositing coarse material, the valley deposits will reveal this

fact. If furthermore a stream is now deiK)siting coarse material where it

formerly deposited only fine material, and if this change has come about

pari passu with the deforestation of the region, and no other adequate

cause can be assigned, it is a fair inference that the deforestation of the

region has changed the regimen of the stream. This effect also finds ample

illustration in southern Indiana. Torrential streams now emerge on the

sides of broad alluvial valleys, building fans of coarse and sterile gravel

out over the finer silt of the main stream fiood plane. Deep scouring of

fertile valleys by flood waters is only too common.

Now the importance of this change in stream regimen for the water-

supply engineer is two-fcild. First, if floods are notably increased in fre-

quency and V()lunu> it will bo necessary to build more massive structures

to withstand thcni, aiul it will also be necessary to build large enough

reservoirs to hold tiie flood water, since very little catch of water can bo

expected in the growing season. Second, the greatly increased erosion of

slopes and valleys brings down immense quantities of sediment which tends

to silt up reservoirs. Tlie raiiidity and completeness with which reservoirs

are silted up, in the soutiiern Appalachian region, as described by Pro-

fessor Glenn, almost passes belief.' lie says: "From the slopes along these

streams a steadily increasing amount of waste is working its way down

the channels, filling the dams and destroying their storage capacity' ; and

this loss of storage means a decrease of efliciency that is calculated by the

most experienced mill engineers to amount to 'M) to 40 per cent, in plants

that have been built especially for storage and a somewhat less marked

decrease in other plants, the exact amount depending on the topography

of the basin and the regimen of the particular stream on which the plant

is located. So universal is this silting of storage basins that a promuient

mill engineer of wide experience in his reports on the construction of

power plants no longer calculates on power or anything except the flow

of the stream, and he has increased his usual estimates by an allowance'

for increased storm waters that must be taken care of without endanger-

ing the dam or plant.

' Glenn, loc. cit.
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"At one large plant storage basins that originally had a capacity to

hold the water accumulated by several days of ordinary stream flow have

been so filled that they cannot now hold the flow of a single night.

"At one dam where two years before, when the dam was first closed,

there was a depth of 28 feet, an island has recently appeared. At another

place, where a high dam had been built on a small stream, the pond has

been so filled that its storage capacity has all been lost A ix)nd

four miles long and forty feet deep at the lower end was in four years

entirely filled in its upper part and near the dam was three-fourths full."

The differences between the southern Indiana region and the southern

Appalachians are largely such as arise from the greater relative relief of

the latter region. Plenty of examples on a somewhat less pronounced scale

can be found in Indiana, of precisely the same process here so vividly out-

lined by Glenn.

There is only one remedy for this condition, and that is to remove

the cause. The writer can vouch for the fact that where the forest cover

is adequate, slopes in the Knobstone region, almost too steep to climb, are

not suffering an appreciable amount of erosion. The steep slopes of water-

supply catchments must be maintained in forest cover if reservoirs are to

be kept free of mud. It would be a blessing to the future citizens of Indi-

ana if large sections of tlie more rugged portions of the driftless area of

southern Indiana could be protected by the State from further denuda-

tion, and if, furthermore, slopes which have already been denuded, and

which are too steep for agricultural purposes, could be reforested. The

great Knobstone region, with its innumerable deep valleys and ample rain-

fall, and impervious strata, must ultimately be called upon to furnish the

water supply of great cities. It should be seen to that the one condition

which alone can make this region unfavorable for such purposes, namely

erosion of its steep slopes, is remo^-«?d by early and adequate steps to for-

ever maintain these slopes in forest.

VI.

Summary. The driftless area of southern Indiana comprises an east-

ern portion of impervious sandstones and shales and rugged topography

;

a central portion of cavernous limestone and mild relief, and a western

portion of shales, sandstones and limestones, and similar in topography to

the eastern region. The mean annual temperature and the mean annual

rainfall are slightly greater in the southern than in the northern portion

[10—29034]
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of the area. The minimum annual rainfall of the region is about thirty

inches, and the run-off may, in dry years, fall as low as t\A'enty-five per

cent, of the rainfall. In the eastern region (Knobstone fnrniation i water

for municipal supply will have to be impounded, except where the under-

liow of the larger valleys may be usetl ; and the conditions for building

dams are Ideal. In the central portion of the area the rock substratum is

evei'ywhere very cavernous and leaky, and tight ponds will be dilHcult t >

obtain. A few of the larger springs furnish sufficient water for small

cities without inipunnding. All deep wells produce niiut'ral water, and

shallow wells are inadequate. In tlie western portion the conditions are

iutermetliate between those of the eastern and central portions. To main-

tain the perennial tlow of springs and ]irevent the silting of ponds the

steep slopes of the area should ]»e reforested, where neces.sary, and for

ever kept in forest.

Geological Lahoratory,

I n dill n a Uti ivcrsiliJ.
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A Note on the Batostomas op the Richmond Series.

Bv E. It. (.'UMINGS and J. J. Galloway.

Four specifs of tlic m'lnis Jialoslouui have been roiiorttnl from the Rich-

mond series, namely: Baioatoina iiiiiiiitohcii.se Ulrich, from Stony Moun-

tain, Manitoba; B. (?) ri([/osuin (Whitfield), (possibly a species of Cal-

lopora) from Delafiekl, Wisconsin; B. Varians James and B. rariabile Ul-

rich from A-arious places in Ohio, Kentucky, Indiana, Illinois and Wis-

consin. Tho two species last named have heretofore been confused, owin;?

to inadequate descriptions and figures, although it appears that they never

occupy the same horizon and are really very distinct. Batostoma raria-

hile, which has been considered a rare species, occurs in great abundance

at Kallstown and Weisburg, Indiana, in the lower part of the Whitewater

formation.

Associated with Batostoma varians, in the upper Waynesville and

lower Liberty formations on Tanner's Creek, Indiana, near Weisburg, is

another species of Batostoma, not lieretofore recognized. This is the form

described in the present paper as Batostoma, prosscri nov. It differs from

B. varians in its ramose growth, more numerous mesopores, larger acan-

thopores with a smaller lumen, and the absence of a metlian lamina. These

two species cannot readily be distinguished by external characters alone,

but internally tliey are very different.

Batostoma prosscri and the ramose forms of B. varians are difficult

to distinguish by external appearance from Eridotriipa simitlatiix and

CaUopora snhnodosa with which they are associated. The encrusting

forms of B. varians might be confused with certain phases of Ccramo-

porcUa. In any of these cases, however, close inspection will reveal char-

acteristic difl'erences. The only species occurring with B. variahilc, with

which it might be confused is Rhomljotrijpa quadrata, which it resem-

bles in zoarial characters, and to a less extent in deep tangential and long-

itudinal sections; but the quadrate zooecia at the growing ends of tho

branches are sufHcient to distinguish the Rhombotrypa.

Communication jwres, which have heretofore been considered as char-

acteristic of the genus Homotrj/pa, are found in abundance in many speci-
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meus of Bntostoma varians and B. Prosscri. They are also typically de-

veloped in the following genera of the Trepostomata : Bythopora, Callo-

pora, Dekayia, Eridotrypa, Monticulipora, Nicholsonella and Peronopora.

It seems quite probable that communication pores are characteristic of all

of the Trepostomata. They are most numerous near the surface, but are

sometimes found in the deeper portion of the mature region. They are

most readily seen in fairly thick tangential sections cut near the surface

of well preser^-ed material ; but very thin sections show their structure

better. Communication pores may also be seen occasionally in longitudi-

nal sections. These pores usually pass through the region where the inter-

zooecial wall is narrow, going directly from one zooecium to another. But

(hey are sometimes very irregular in their course. They may be straight,

curved, or looped, and are sometimes branched, so as to connect thresh

zooecia. In the sections the pores usually appear clear and empty, but

they sometimes are filled with dark colored, opaque pellets.

Batostoma varkibUe was quite certainly derived from B. minneso-

tcnse Ulrich, of the middle Trenton formation of Minnesota' ; from which

locality it migrated southward during the late Richmond invasion. The

two species seem to be almost identical.

B. prosacri, in everything but the possession of imperfect diaphragms,

presents striking points of resemblance to Hcmiphragma irrasum Ulrich.'

In B. proftscri, however, the diaphragms are always complete, so that it is

a true Batostoma.

Batostoma varians api)ears to be more closely related to the Edeii

forms, B. jamesi (Nicliolson) and B. imjHicatiDii. The detailed description

of these three Richmond species follows.

Batostoma varians (James).

Plate I. Figs. 1-le ; Plate VII, Figs. .3, 3a.

ChcEtetcs rar'Mns. James, Taleontologist, No. 1, 1878, p. 2 (not figured).

Monticulipora (Chdtetes) varians. James, Paleontologist, No. 5, 1881, p.

36.

Monticulipora varians. James and James, Jour. Cin. Soc. Nat. Hist., Vol.

X, 18S8, p. 177, pi. ii, Figs. 4a, 4b.

' Geology of Minnesota, vol. iil, pt. i, p. 297, pi. 2G, figs. 38-40 ; pi. 27,

figs. 0-15.

2 Ibid., p. 299, pi. xxiv, figs. 5-9.
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lUttostoma varlahite (pars). Ulrich, Geol. Surv. 111., Vol. VIII, 1890, p.

4G0, pi. XXXV, Figs. 4b, 4c (non 4, 4a, 5, or pi. xxxvi, Fig. 1).

MonticicUpora varians. J. F. James, Jour. Cin. Soc. Nat. Hist., Vol. XVI,

1894, p. 199.

Batostoma variabile. J. F. James, Jour. Cin. Soc. Nat. Hist., Vol. XVI,

1894, p. 200.

Ralosionm varians. Nlckles and Bas.sler, Bull. U. S. Geol. Surv., No. 173,

1900, p. 179.

Batostoma varhuis. Nickles, Kentucky Geol. Surv., Bull. No. 5, 1905, p.

57, pi. iii, Figs. 8, 9.

Batostoma varians. Bassler, Proc. U. S. National Museum, Vol. XXX.

1906, p. 18.

Batostoma varians. Cumings, Indiana Dept. Geol. Nat. Res. 32d Ann.

Rept, 1907, p. 778, pi. vii, Fig. 9; pi. viii, Figs. 3-3b; pi. xxvi. Fig.

14.

Zoarium irregularly ramose, branches .5 to 10 mm. in diameter, 10 to

SO mm. long; subfrondescent, or encrusting on the shells of brachiopods.

Orthoceras, or other bryozoa. The encrusting forms are from one to 5 mm.

Uiick, and frequently cover an area of 20 to 60 sq. cm. Cylindrical branches

and knobs may spring from any portion of the zoarium. Surface smooth,

no monticules, and only an occasional macula of larger zooecia and meso-

pores. On unweathered specimens the knob-like projections of the acan-

thopores appear at the angles between the zocecia. The pores at the ends

of the acanthopores are funnel-shaped. The zooecia, at the surface are

usually angular or oval, sometimes rounded, and vary much in size and

the thickness of the walls. The thin-walled zocecia are angular, and the

thick-walled ones are round or oval. Mesopores fewer than the zooecia,

at the angles of the latter, and in the maculae ; sometimes long and nar-

row, separating the zooecia in thick-walled specimens. 6 or 7 zocecia in

2 mm.

The tangential section shows the zocecia to be thick-walled and sep-

arated by a conspicuous median lamina. Zocecial apertures oval, meso-

pores fairly abundant, not so numerous as the zocecia. Acanthopores abun-

dant, situated at almost every angle between the zocecia, rather large, thin-

walled with wide central canal. Acanthopores sometimes occur in the

wall between two zoa-cia and then slightly indent the wall. Communica-

tion pores abundant in some specimens, l.nit rsually absent. In very shal-
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low or very deep tangential sections the zooecia are thinner walled and

angular, and in the deep sections the mesopores appear to be more nu-

merous.

In longitudinal sections the zooecia are seen to be thin-walled and

without diaphragms in the axial region, and gradually curving to the sur-

face, they emerge at right angles to the lattei". The mature region is

fairly deep and here the zooecia are thick-walled, except very close to the

surface. Diaphragms from 2 to S in each zoopcial tube, in the mature

region, one-half to two tube-diameters apart, the lirst one usually not

nearer than two tube-diameters to the surface of the zoariuni : more nu-

merous in the mesopores, which present a chain-like appearance. In the

submature region the acanthopores are thin-walle<I with a wide canal,

crossed by numerous diaphragms. The external portion of the walls of

the acanthopores as seen in longitudinal sections presents a spiny appear-

ance, due api)arently to an interrupted or periodic deposition of scleren-

cliynia.

According to Bassler, Jiotosioiiui nirUiiiK is "aliundant in the Arnheim,

Waynesville, Liberty and Whitewater formal ions of the Richmond group

in Ohio. Indiana and Kciilucky."' It occurs in the Tanner's Creek section

rarely in the Arnheim and lower sixty feet of the Waynesville, and

abundantly in the upper thirty feet of the Waynesville and lower twcnt.\

feet of the Lihcity loniiat ions. It does not occur in the ui)])er Lib-

erty, Saluda or Whitew.-iter formations in Indiana. Th(> Whitewater

form Is B. variahilc. B. rai-ians occurs in the base of the lyiberty near

Altington. AVayne Conuty. Indian.-i. ;nid in the .Vrnhcini and Waynesville

near Madison.

B.\TOSTO>rA V.\IU.\I5ILE (I'lricli).

(IMatc II, figs. ]-lc: I'lata III, figs. 1-lc; IMato IV, figs. 1, la; rial<- VW. figs. 1-tc.)

fiiitosfoma rariahilr (i»ars). ITlrich, Geol. Surv. 111., Vol VIII, 1890, pi.

xxxvi. Fig. I. (non pi. xxxvi. Figs. 4b, 4e, — B. varians).

liotostonia ravkihilv. Ras.sler, Proc. V. S. Nat. Mus., Vol. XXX, 1906, p.

IS, pi. vii. Figs. 9, 10.

/Uitofttowa rariahilr. Cumings, Indian.-i Dept. Geo]. Nat. Res. 32d Ann.

Rept., 1907. p. 777, pi. xxvi. Fig. ^?,.

Zoarium ramose, robust, cylindrical or subcylindrical, H to 20 mm. in

diameter, and 10 to 70 mm. long, dividing every 10 to 20 mm. either dichot-

omously or irregularly. The basal expansion forms large Irregular masse.?

1 Proc. U. S. National Museum, vol. xxx, 1006, p. 18.
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by throwing off nnnierons large brandies, which sometimes anastomose.

Surface smootli, but liaving maculae of conspiculously larger zooecia, which

rise slightly above the surrounding zooecia. Six niiieulae in 1 sq. cm. Acan-

thopores usually not visible at the surface, but sometimes in unweathered

specimens, they project as very minute spiues. Mesopores absent, except

an occasional one in the macuke. Zooecia very thin-walled at the surface

in well preserved material, but thick-walled just below the surface. In

weathered material the zooecia appear tliick-\\'alled at the surface, owing

to the fact that this outer thin-walled zone has been removed. Zooecia

very regular in size, angular or rounded by deposits of secondary scleren-

chyma ; six or rarely seven in 2 nun., those in the macuke one-half larger

than the ordinary zooecia.

Tangential sections show the zoacia to be angular, thick-walled, and

usually separated by a dark conspicuous lamina; their apertures rounded.

Mesopores absent, but an occasional very small zooecium, having the same

wall-structure as the larger zooecia is present. Acanthopores small or

large, abundant, from 4 to 16 surrounding a zooecium. Their walls thin,

indistinct, and continuous with the median lamina. The central canal is

nsunlly minute, and not shari>ly defined. Communication pores few or

absent. k

In Ihe lor.gitudinal section the zooecia are thin-walled in the axial

region, slightly flexuous and crossed by straight diaphragms, from one to

three tube-diameters apart. The zooecia curve gradually till they reach

the mature region, where they turn abruptly and go straight to the sur-

face, and emerge at right angles to the latter. Diaphragms more numer-

ous in the mature region, one-half tube-diameter or less apart. Some of

the diaphragms are irregular, curved like cystiphragms, infundibular, and

either concave or convex upward. Zooecial walls abruptly thickened in

the mature region, except in young zoaria, and becoming very thin again

at the surface. Diaphragms thickened in the mature region by a secon-

dary deposit.

Balostoma rarhihUc occurs abundantly in the lower 40 feet of th^

Whitewater division at Weisburg and Ballstown, Indiana.
<

Batostoma prosseri nov.

(Plate V, figs. 1-lc ; Plate VI, figs. 1-ld ; Plate VII, figs. 2-2c.

Zoarium ramose or digitate, cylindrical, or eomjiressed, dividing dichot-

omously or unequally at intervals of 10 to 20 nun. ; 3 to 15 mm. in di-

ameter and 20 to (iO mm. long. Surface smooth, but having maculae of
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large zooecia and mesopores, elevated above, or depressed slightly below

tbe general level of the surface. About 9 maculoe in 1 sq. cm. Mesopores

abundant at the surface, frequently entirely surrounding the zocecia ; at

other times not conspicuous. Zocecial apertures round, and regular in size.

Acanthopores, in unweathered specimens, appearing at the surface as

large blunt spines at the angles of the zooecia, and giving to the surface

a decidedly spinose appearance. The zooecia average 7 in 2 mm.

In tangential sections the zocecia are tliick-walled and round. The

angles between the zooecia are filled witli secondary sclereneliyma and

acanthopoi'es. Mesopores usually aliuinl.int, Imt nearly absent in some sec-

tions. Acanthoi>ores numerous, 4 to 10 surrounding a zocecium ; large and

thicli-walled, with a small distinct central canal ; sometimes indenting the

zocecial walls. No intermural lamina. Connnnnication pores usually ab-

sent, but numerous in some sections.

In longitudinal sections the zoo'cia are thin-walled and wavy in the

axial region, and usually without diaphragms. Diaphragms begin ab-

ruptly as the mature region is entered, and become numerous toward the

surface, where they are from one-half to one tube-diameter apart. Zocecial

walls much thickened in the mature region, and proceeding directly to

the surface, where they emerge at right angles to the latter. In immature

specimens the zocecial apertures are oval, the mature region shallow, and

the zocecia emerge obliquely to the surface. In the longitudinal section

the acanthopores are thick-walled, with a small central canal, crossed by

an occasional diaphragm. The diaphragms in the zooecia are usually

straight, but are occasionally cystoid. Diaphragms are more numerous in

the mesoix>res.

The distinguishing features of Batostoma prosso-i are the ramose

growth, numerous mesopores and large acanthopores. The species is named

in honor of Professor C. S. Prosser of Ohio State University. It occurs

in the upper 40 feet of the Waynesville, and commonly in the lower 20

feet of the Liberty, at Wei-sburg, Indiana. It disappears abruptly at the

level of the Plectamhonites sericcus layer, as does also B. vatiajis, with

which it is associated.
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I'LATK I.

rage.

llotost'tiiHi niriatix (.Imiui's) 14.S

1. Smrace. x 1). T'piier Waynosvillo.

la. A suhfi'oiulescent si)0{'iinon, natural size. I.nwcr LilK>rt.v.

lb. Typiral taui^cnlial section, sluiwin.ix conmiunication pores.

X IS. I'ppor Wayncsvillo.

Ic. A suliranioso siiccinicn, natnral size. Lower lJl)iMty.

1(1. LoniritudiiKil section, sliowini; deeji mature re;iion and spiny

aeantiioi><)res. x is. Lower Tiil)erty.

le. Typical ionjiitudinal section, x IS. Tpper Waynesville. All

specimens from Weislmri;. Ind.
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rLATii II.

Page.

/iaioi^tonia rurluhilc I'lridi 150

1. Typical taiiKeiitial soctioii. .\ is. r.allslowii. Ir.d.

la. Tangential section, showing nnnsnally large acantliopores

and faint median lamina, x is. AVeisIjurg, Ind.

II). Shallow tangential section, showing thin walls and few

aeanthopores, x is. Weishnrg. Ind.

Ic. Ramose specimen, natural size. Weisburg, Ind.
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ri.ATi: !!'.

Jldlosloiiiii niridhilc Ilrich luU

1. Sm-raco. slidwiiifi a iiiaciila and lliiii-wallcd zi>;r(ia, x i).

la. ]iOii.!;i1ii(liiiaI section, x Is.

]l(. Typical loiijiitiidiiial s(><ti<'n, x IS.

Ic. A (MHii|H('ssc(l siK'ciiiH"). naiiii.il size. All s|i('ciiii('iis from

AVfislmi-i,', I ml.



Plate III.
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ruMK IV

Pa Re.

liatostoma variahiU- Tliicli 150

1. Cross section, sliowiiifr an nnnsiial (It'li-vdiinicnt of cystoid

diaphragms, x IS. Ballstown, Ind.

la. Longitudinal section of a specimen liaving an unu.sually deep

mature region, x 18. Weisburg, Ind.



[11—29034] Plate IV.
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I'lAii; V.

PaRp

I'ntosloniil juos.si I I \-nv 1;j1

1. Tiin^i'iiti:il sccliiiii. sliuwiiiiT (•niiiiiiiinic;it idii pdrcs, x is.

I.owei" LilK'ily.

la. Tangential section, slidwin.i,' iniusnally lar;ie acantlinpurcs,

X IS. Lower I.ilierty.

11). Typical tangential section, x IS. ITpj)er Waynesviile.

le. Surlace, showing nnnierons nn'sopores and acantimpores, x 9.

Lower Lil>erty. All sjieciniens from Weisburg.



Plate V.



164

Pr^TE VI.

Page

liatostoma prosscri uov 151

1. Longitudinal section, sliowinc sliallnw mature region, x 18.

Lower Liberty,

la. and b. Two specimens natural size. Lower Lilterty.

Ic. Typical longitudinal section, x IS. Tipper Waynesville.

Id. Ix)ngitudinal section, sliowiiig (lee|) mature region, x 18.

Tapper Waynesville.



Plate VI.
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Plate VII.

Page.

Hntostoitia rtiriahHc I'lricli IHO

1. Shallow Tiingcntial section, showiiij; thin walls. Weishurg,

Ind.'

la. Deep tangenital section, showing thick walls. Weishurg, Ind.

lb. Tangential section, showing numerous indi.stinct acantho-

pores. Ballstown, Ind.

Ic. Longitudinal section. Weishurg.

liato.stotna prosfieri nov IHl

2. Typical tangential section, showing large acanthopores and

numerous mesoj tores. Weishurg, Ind. Upper Waynesville.

2a. Tangential section, showing (oiiiniuiiication jMires. Weis-

hurg, Ind. I'pper Waynesville

2b. Tangential section, showing unusually large and numerous

acanthoiK>res. Weishurg. Iiid. riijier Wiiynesville.

2c. Ixjngitudinal section.

liatostoma rariaiiK (James i 14S

3. Typical tangential section.

3a. Longitudinal section, showing spiny acanthopores crossed

by diai)hragnis.

' All figures magnifiod 44 diamolrrs.



Plate VII.
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Observations, Having for Their Object the Approximate De-

termination OP the Time Required for the Erosion of

Clifty and Butler Ravines in Jefferson County, Ind.

Glenn Culbertson, Hanover, Indiana.

In the Proceedings of the Indiana Academy for 1897, there is given

au account of preliminary woric hxtking forward to tlie determination of

llie period required for the erosion of Clifty and Butler ravines or valleys.

This preliminarj- work consisted in making accurate measurements of the

length of the valleys mentioned, and in drilling holes and in driving steel

rods into the rocks both above, and in the amphitheater-like si)ace beneath,

the falls, and in making accurate measurements from these rods so that

the rate of recession of the falls could be determined.

Nothing of value has resulted from the measurements from the rods

driven in the bed of the streams above the falls. From those driven into

the softer rocks beneath the falls, as described in the Proceedings of 1897,

results so far as Clifty Valley is concerned are quite satisfactory. The

evidence obtained in case of P.utler Valley is as yet of little value.

A comparison of the measurements made at Clifty Falls fourteen

years ago and very recently indicate that the sapping, as the weathering

caused by the mists carried by the waterfall winds against the rocks be-

neath the falls, followed by frost action, is called, has been quite marked.

Since 1897 the sapping has amounted to four and one-fourth inches. The

sapping has been of a uniform character throughout the whole period,

and certainly indicates veiy closely the present rate of retreat of the

falls.

Four and one-fourth inches in fourteen years is very approximately

at the rate of two-sevenths of an inch per year. The period required for

Ihe retreat of the falls from the edge of the deep valley of the Ohio, a

distance of 11,000 feet, if the present rate of erosion has held throughout

its history, should be 402.000 years.

The rock over which the water now flows at the falls is of the same

character essentially as that over which the water flowed during the whole

of the past history of the valley. Hence so far as that element is con-
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cerned, the erosion should have l^een uniform throughout the period of

the growth of the valley.

Whether or not the stream flowing over the falls at present is as great

as in the past is a problem rather difficult of solution. The falls are in

the main valley, yet as they have retreated through the two and a twelfth

miles, several tributary valleys have been left to work back their heads,

and because of this element it may be that there is a smaller volume of

water flowing over the falls than in the i)ast, and hence a somewhat slower

retreat.

Again, the valley above the falls has certainly been gi'owing longer,

and developing tributaries, and hence has been adding to its volume of

water during these milleniums, and because of this factor the falls may be

retreating more rapidly than during the earlier period of its growth.

Considering all the possible factors which may have influenced the

erosion of Cliffy Valley, it is iirobable that the present rate of sapping

beneath the falls, and hence the retreat of the falls up the valley, is very

approximately that which has held throughout the history of its growth.

Whether the valley has l>een entirely or only itartially eroded since reti'eat

of the ice sheet, pr(»l)ably the lUinoian, which at one time covered the

entire region concerned, is an open question.
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The Occurrence of Hand-speciaiens of Jointed Structure in

THE New AiiBANY Shale.

Glenn Cxjlbektson, Hanover, Ind.

About one and one-half miles northwest of the village of Kent in

Jefferson County, Indiana, and near the entrance to Lloyd's Cave, there

is an outcrop of the New Albany black shale. This outcrop is found for

some distance along the east and west road, and also along the road

extending in a northwest direction past the upper entrance of the cave.

One stratum of the shale, which is somewhat more indurated than the

others, and which is approximately one-half an inch in thickness, furnishes

excellent specimens of jointed structure. Both master and minor joints

run so close together as to leave the weathered remnants of the shale

in pieces from four to eight Inches long and from two to six inches wide.

The joint planes are approximately parallel, although in some cases there

is considerable variation from parallelism.

Such specimens furnish excellent illustrations of jointed structure

for museums and for the classroom, and are very convenient. The accom-

panying photograph shows several typical specimens, as found weathered

out and lying on the surface. The relation of master and minor joints and

the sharp outlines of the specimens are clearly indicated.

The number of specimens is seemingly rather limited, but further ex-

amination may disclose many more. So far as the writer is aware, the

occurrence of such perfect specimens of jointed structure in sizes con-

venient for handling is very unusual if not entirely unique.
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Typical speLitaens ol jointed structure in New Albanv
Indiana.—Photo by Glenn Culbertson, Hanover, Indiana.

liiack .Shale from JeiTer.son C'ountv'
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Rp:sults of Gi.actation in Indiana.

By Charles W. Shannon.

Diu'iiig the past five or six years my field work lias been iu both the

^hiciated and uuglaciated parts of Indiana. The work has been chiefly

c-onceniing the surface features, such as drainage, soils, clays, gravel and

sand deposits, and stone outcrops. A study of these surface features has

revealed many contrasts between the two areas. Some of these are very

marked, others are not so prominent at first consideration. It is the

purpose of this paper to show some of these results of glaciatiou within

the State.

For the general hiformation concerning the ice sheets which have

invaded the State, and their influence upon drainage and other physical

features, I have drawn upon the works of Prof. T. C. Chamberliu, Mr.

Frank Leverett, Dr. Charles R. Dryer, and others who have made special

studies and investigations in glaciation within the State.

The work of the glaciers in Indiana has been attracting the attention

of geologists and other investigators for a number of years. Both the

State and the United States Surveys, as well as individuals, have done a

great amount of work and are at present engaged in the investigation. A
careful study of the glacial deposits in Indiana will throw much light

upon the conditions present in adj(;ining States, and on the results of

glaciation in general. According to Mr. Leverett, the glacial deposits and

scorings of the State have been recognized from the earliest days of set-

tlement. "It is in Indiana that we find about the first recognition in

America of the boulders as erratics and of strife as products of ice action.

So long ago as 1828, granite and other roclvs of distant derivation were

observed by geologists near New Harmony, in the southwestern part of

the State; at nearly as early a date (1842), stripe were noted near Rich-

mond, in the eastern part of the State." But even with these observa-

tions, very little attention was given to the deposits until within the past

twenty-five or thirty years.

About four-fifths of the State lies in the glaciated area. In the south

central part of the State is a driftless area comprising all or a part of

twenty counties.
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Toposnipliy outside of induunce of Glaciers. Knobatonc area in Binwn C )unty.

TopoKrapliy just outside the (.ilacial lioundary, but mllurn

Measure area, Dubois County.

>Ii;;htly by out wash. Coal
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Two fli.stinct periods of glaciation are recognized and in addition

mncli material derived from a third, in \vlii(,-h the advance of the ice

sheet did not reach the limits of Indiana, but produced many important

features by the action of wind and water upon the outwash material.

The various stages producing glacial deposits are spoken of as ( 1

)

The First Ice Invasion, chietly that of the Illinoian ice sheet and probably

an eastern lobe which reached the eastern side of Indiana. (2) The Main

Loess Depositing Stage, the lowan drift. (3) The Wisconsin Stage of

Glaciation.

First Ice I)ivasion.—The State was invaded by ice which had its cen-

ter of dispersion in the elevated districts to the east and south of Hudson

Bay. From the region to the north of Lake Huron there was a move-

ment to the west of south over the Lake Michigan Basin, Illinois and

western Indiana. From a part of this sheet the part known as the Illi-

noian lobe was formed. The deposit left by this invasion constitutes the

surface (aside from the thin covering of loess) over southwestern

Indiana and an area of almost equal size in southeastern part

—

that is, It covers the entire area bet\A'een the glacial boundary and the

line of the Wisconsin drift. Many wells and drillings have shown that this

drift is also present farther to the nortli underlying the Wisconsin. The

thickness of this drift over the area of its exposure is in general about

twenty-five feet except in filled valleys. In places the ridges carry but a

thin coating, while adjoining valleys may be filled lOO feet or more. At

the southern limit the coating of material is very thin in most places, and

while the boundary is not marked by a w^ell defined ridge, the character

of the soil and the natural vegetation mark approximately the limits of

the drift.

In general, the material is of a yellowish brown color to a depth of

fifteen feet or more, beneath w'hich the color is a gray or blue gray. There

is every transition from the brown to the gray; it is therefore probable

that the brow'U is an altered gray till, the oxidation of the iron having pro-

duced the color. In the filled valleys sand and gravel are often found, and

in Ihc northern part of the area the drift becomes more variable. The

underlying rock formations in most of the area appear to have contributed

largely to the material of the till. Where the underlying rocks are of a

friable nature the material has been reduced to sand or clay and few if

any pebbles remain in the till, the coarse and pebbly constituents of the
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til] thus varies with the character of the underlying rocks. The locally

formed pebbles and rock fragroeuts are chiefly sandstone, but numerous

foreign rocks and boulders of large size are occasionally found near the

limit of the drift. Tlie region presents^ a fairly even topography. lu

places, knolls and ridges with undulating surfaces occur, but in no place

do they become of great height.

Striae are found in several places. They occur in Sullivan, Vigo, Clay,

Greene and Owen counties. The markings are chiefly upon sandstone ex-

posure. The drainage of the area covered by the Illinoian Invasion was in

many respects greatly modified. In attempting to work out the history

of an area whose drainage has been assisted by the invasion of the ice

sheet, the lite resolves itself into four fundamental parts. First. What

were the topographic characteristics of the area during the preglacial

history? Second. What changes took place during the glacial history?

Third. What has hapi>ened since the disappearance of the ice sheet; its

post glacial history? Fourth. What was the effect produced on the

uuglaciated parts of this area? The drainage is discussed to some ex-

tent under the heading of "Rivers and Lakes."

I/f>c.s's Dcpof<iti)if/ Stage.—The lowan Drift.—rrior to the invasion by

the Illinoian ice Icibe there was a marked interval of deglaciation and a

similar interval occurred at tlie close of the Illiiinian jieridd. These inter-

vals were marked l)y leaching and oxidation of the drift, the accumulation

of i)eat and soil, and the jtrocesses of erosion. The intevglacial interval

following the Illinoian invasion is known as tlic Sangamon Stage.

The surface of the Illinoian drift outside the limits of the Wisconsin

drift is covered with a fine grained yellowish silt or loam, to which the

term loess has been apijlitnl. Loess is a deposit wliidi. like sand or gravel,

may lie laid down whenever conditions are favorable, but since the great

bulk api>ears to have been deposited at a definite stage in the glacial pe-

riod, the time of deposition may be referred to as the Loess Stage. This

loess may be of different ages, but since the materials contained are such

as occur in glacial drift it juust have been derived from the drift. The

source is supposed to be from the lowan drift, and the distribution due

to the combined action of wind and water. The loess of Indiana varies

from a fine silt of a loose floury texture to compact masses, held firmly

by a calcareous cement. In some places small pebbles are found imbedded,

also fossil remains of fresh water mollnsks. and some insects and bones
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of mammals are found. The color varies from yellow to almost white,

due probably to modified forms of the same material. The thickness varies

from a thin coating to twenty-five feet or more. Where exposures of

the loess material occur the faces are vertical and compact, and any

markings upon the face remains well preserved indefinitely. (See photo-

graph of exposures along Wabash River north of Old Fort Knox, Knox

County.) How far the material from the lowan drift extends under the

Wisconsin is not known.

The M'lsvousin Stage.—Considerable time elapsed between the main

deposition of loess and the invasion of the Wisconsin ice sheet. This

time is designated as the Peorian Stage. Erosion produced many changes

in the surface of the loess and the underlyuig drift. In places extensive

deposits of muck and peat have been found. Following the Peorian Stage

there occurred one of the most important stages of glaciation m the en-

tire glacial period. "It is marked by heavier deposits of drift than those

made at any other invasion. Throughout much of its soutliern boundary in

the United States, a prominent ridge of drift is to be seen rising in places

to a height of 100 feet or more above the outlying districts on the south,

and merging into plains of drift on the north, which are nearly as elevated

as its crest.

"The southern border of this drift sheet is less conspicuous in In-

diana than in the States to the east and west. The ridge on its southern

border in ^vestern Indiana rises scarcely twenty feet above the outer

border tract, and it is no more conspicuous in central Indiana. Indeed,

from near Greencastle to the vicinity of Columbus there is not a well

defined ridging of drift along the border, the limits there being determined

by the concealment of the loess beneath a thin sheet of bouldery drift.

From the east border of East White River a few miles below Columbus,

northeastward to W'hitewater Valley at Alpine, in southern Fayette County,

tliere is a sharply defined ridge of drift standing twenty feet to forty

feet above outer border tracts. Upon crossing Whitewater where the

border leads southeastward, it is not so well defined as west of the river,

though there is usually a ridge about twenty feet in height."

Thickness of the Drift.—"There are surprising differences in the

thickness of the drift within the State. The portion of the older drift

exjiosed to view has, as already noted, an average of about thirty feet.

The additional 100 feet of the newer drift is, however, deposited very

[12—29034[
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irregularly. In the belt of thick drift ^Yhich leads from Benton County

southeast to Marion County, and thence east into Ohio, the thickness is

probably 200 feet. The portion of the newer drift area to the south of

this belt has an average of about fifty to seventy-five feet. A still larger

tract extending north from this belt of thick drift as far as Allen County

and the west flowing portion of the Wabash, has only fifty to seventy-

five feel, with limited areas where its thickness is but twenty to thirty

feet. In northwestern White, southwestern I'ulaski, and southern Jasper

counties there are several townships in which scarcely any drift appears

excepting boulders and sandy deixisits. In nin'tlicrn Indiana the drift is

very thick. Its average thickn(>ss for fifty miles south of the north

boiuidary of the State is probably not less than 2.^10 feet and may exceed

.''00 feet. At Kendallville it is 4sr> feet, and at several cities on the

uioraine which leads northeast from Fulton County to Steuben County, its

thickness has been shown by gas jjorings to exceed 300 feet. The rock

is seldom reached in that region at less than 20O feet. Were the drift

to be stripi)ed from the northern [wrtion of Indiana its altitude would be

about as low as the surface of Lake Michigan, though much of the present

surface is 200 to 300 feet above the lake"'

TOPOGRAPHY.

The stirface of Indiann presents no great diversity of t;ip(igrai)lii('

features. The elcv.-itimi above sea level ranges from .'>1."! feet at the jnnc-

tion of the Ohio .-ind Wai>asii rivers to almut l,2sr» feet, in the southern

jiart of Randolph County. II is on this height of land that both the

east, and west forks of White Kiver liave their soui'ce. The average

elevation of the State is aliout Tco feet. The greater part of the State is a

jilain of accumulation. North of the glacial l)oundary iinicli of the area

has a comparatively level surface, or oidy gently niidulaling. In the

northeiistern part of the State are some considerable bills and ridges,

formed frf)m the coarser materials and large boulders of the drift. These

morainie ridges, some of which reach a height of 200 fe(>t, stand out in

sharp contrast to the level area of old Lake Maumee on the south, and

to the sand covered area to the west. Here on the west, the Kajikakee

Marsh with an area of 1,000 s«iuare miles is very flat, and the are.a to

» See U. S. G. S. Monograpli XXXVIII, I.cvcr.'tt. Also "Studios in Indi.Tiia

Geography," Di-jer, pp. 29-40.
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Showing topography in level till plains near Princeton, Gibson County.
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the north has scarcely any significant ridges. When sand ridges occur

on the area they are usually not more tliau 30-50 feet higli. In the dune

area some of the elevations will exceed 100 feet. The lower moraine of

the Wisconsin sheet presents a distinct ridging in places, with a gently

undulating surface, but the range in elevation is slight. The area lying

between the Wi-sconsin drift boundary and the farthest advance of the

early ice sheet is a flat. to ;geiitly rolling surface.

Exposures, wells and borings show that the preglacial surface of the

drift area was much eroded, and drainage lines well advanced. If the

surface could be seen it would perhaps have much the same appearance as

the surface of the driftless area.

The unglaciated region is a thoroughly dissected plateau. The eleva-

tion ranges from 350 feet at the southwest corner, along the Ohio, fo 1.147

feet, at Weedpatch Ilill in Ilmwn County. The hills iuul ridges vary

much in general characteristics, according to the geological formations.

r.ut the greater part of the area may be classed as very rugged, no level

tracts of very large size occur, and much of the surface is too hilly for

cultivation. In general the work of the' glacier in Indiana has been to

make the surface more level and of much greater value from an agri-

cultural standpoint.

DRAINAGE.

The drainage has been greatly inthienccd by the glaciers whicli have

invaded the State. Many of the preglacial valleys were filled with drift

and have been able to cut out only a part of the material, or in many

ca.ses have followed new lines entirely. (liacial water streams have done

much on the surface, but most of these lines are represented only by the

olrl channels, oi by streams which arc insignificant as compared with the

flow from the ice front. In the driftless area doe]) valleys, gorges and ra-

vines, are characteristic of the drainage, some of the special drainage fea-

tures will be considered under the heading of Rivers and Lakes.

liiicrs.—All the rivers of the State have been more or less influenced

by the glacial action. In the glaciated part there is no uniformity in the

drainage lines; in the driftless area a section of drainage worked out in

detail will present a perfect dendritic system.

The Ohio River forms the southern boundary of the State, and flows

in a winding course for 352 miles. The valley of the Ohio is very nar-



181

row except for ji few miles near Louisville where it has developed a

valley several juiles wide on the Devonian shales and again widens in

the southwestern part of the State, in the area of the coal measures.

There are a few places between Pittsburg and Louisville where the width

of the valley exceeds two miles, and usually it is less than a mile wide.

The narrows above Louisville range in depth from 300 to 450 feet, below

Louisville the average is about 300 and in the wider parts the depth is

from 100 to 150 feet. The lower Ohio appears to be a very old drainage

line.

The course of the lower Ohio is almost parallel with the dip of the

formations.

There has been almost a total disregard of topographic features; the

part of the river as boundary which has been directly affected by the

glaeiation is between Louisville and the Indiana-Ohio line. The early

history of the stream has been largely obliterated by glacial deposits.

The entire part of the Ohio which has been influenced by the result of

glaeiation extends from Louisville to Maysville, Ky., a distance of 190

miles, and including the abandoned channel near Cincinnati the glacial

extent is about 225 miles. The drift deposits are found to extend down

to the rock floor at a lower level than the present bed of the river, and as

the material is unmodified the full excavation of the valley precedes the

stage of glaeiation. This work was done during the Illinoian period.

White Water.—White Water River in the eastern part of the State

drains an area of about 1,500 square miles, partly from Ohio. The source

of the stream is in a moraine in southern Randolph County. The east

and west forks unite near Brookville.

"The head water portion for 15-20 miles ai'e flowing in channels cut

ill drift. The east fork, then, near Richmond enters the roclc and has

carved its course partly in rocks from that point to Brookville. The west

fork encounters rock at only a few points. Below Connersville it is in a

partially filled preglacial valley, with broad bottom and elevated uplands

on either side.

"The west forli, with its head waters, constituted an important line of

drainage for the waters from the ice sheet at the time the moraine above

referred to was forming and probably also at earlier stages in the glacial

epoch. It is in consequence a gi'avel -filled valley, and the work of the

present stream has been merely a removal of a small portion of these
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gravel deposits. Above Cambridge it lias cut scarcely twenty feet into

these deposits. The deiith gradually increases toward Brookville. At

Brookville and below th;it city it has formed a chennel G0-7o feet in

depth."— ( Leverett.

)

It is possible that the northern part of the river basin drained west

to the Wabash, as would be indicated by channels encountered in oil and

gas borings. However, the width and depth of the lower White Water

valley would require a drainage area almost as large as the present.

Blue River has a drainage area of 450 square miles, which lies wholly

in the unglaciated. The flow of the stream is greatly influenced by under-

ground cliannels. T]i(> fall is cstiniMted liy Tucker to be 5.34 feet per

mile.

The WItitc River {^i/slciii (Irnins about onc-lhird of the State. There

are two main hranchcs, the e;ist and west forks, which unite at the south-

west corner of Daviess County. Below the point of union the .stream flows

the entire distance to its junction with the Wabash through the lower part

of the Illinoi;m drift. The west fork rises in Randolph County, where the

rnaxinnun elevation is 1.2S5 feet; the elevation of the mouth is 375 feet.

The total length of the stream is about 275 miles, with i)roI)ably another

100 miles of windings. 'IMic avcriigc fall is nearly three feet per mile

or more than twice that of the Walcish. The entire course is througli

the glacial area. The two main trihut.iries are Fall Creek having its

source in a cascade ten feet in lieighl at Pcndiclon. ;ind lOcl River which

hns a length of 100 miles; the source of the west fork is in southern

Boone County. It flows over the edge of the Wisconsin drift in Putnam

County. The eastern fork rises in Hendricks tind Ihiws through the lime-

stone region in Owen County, where a series of falls are produced. Eel

River is a very meandering stream with a sand-cjioked channel. The

material is derived in part from glacial material but largely from the

heavy sandstone formations exposed along the course, and especially on

the tributaries.

The east fork of While River rises Just below the southwest corner

of Randolph County, a short distance from the liciul of west fork.

The main streams of these forks grow farther :iiinrt until they reach

Shelby and Marion counties, where they approach ciicli other tlien again

turn from one another until the east fork reaches the southeast corner of

Bnrtholomow County. This fork then turns in a southwest direction
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Showing polished surface of sandstons. James Campbell farm north of Bowling Green.

Glacial Striae on Mansfield sandstone. James Campbell farm, north of Bowling Green.

The marks to the left running at right angles to the scorings are cracks. Markings are filled with

white sand to give contrast.
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and crosses the glacial boundary near Brownstowu, Jackson County. It

cuts across the unglaclated area in a west-southwest direction, and is

cut to a comparatively low gradient, although it has cut through many

rock formations of great hardness. The valley has been filled to such an

extent that the present stream is on the average about 100 feet above

rock floor. The bluffs are 200 to 300 feet above the present valley floor,

thus giving the preglacial valley a depth of 300 to 400 feet. In the un-

glaclated area the east fork receives only one important tributary from

the north, that is Salt Creek. Tliis creek lies wholly in unglnciated area

hut probably carried nuich water I'nun the melting heads of glaciers

wliich passed through tiie divides ti» the imrtheast. as is evidenced by the

filliiiir of s;iii(i and gravel in the upiier cimrse of the triliutaries, as ex-

iiiiiplc Iliihli.-ird's Ciij), Monroe ('ounty and cnstcni part of lirown County.

The streams leading down from these gajis iiavc strewn along their courses

glacial boulders of considerable size.

In the Salt Creek basin the valleys are cut to great deptli and a

dendritic system of drainage lias been developed which stands out in con-

trast to the irregular and unsyinmetrical drainage system of the streams

within the dril't area to tlu' nortli and east.

Lof<t h'ircr, an eastern triliutary to east fork, is entirely out of drift

limits area and for a distance of 12-ir) miles flr)ws through a subterranean

channel. In llnod limes [lart of tlie wnter tiows over the old surface l)e<l.

TIk Musea I (if lick, a lai'ge triluitary from the east, has little fall

compared with the neighboring part of the east fork. At the railway

crossing soutii of Seymour tlie lied of tlu' Muscatatucic is forty feet lower

than at the crossing on the east fork to the north of Seymour. The dif-

f(>rence is due to a filling of the east fork valley by deposits of gravel

from the Wisconsin glacier. 'I'iie .Mnscatntuck lies outside of the Wiscon-

sin drift lindts ;ind the rea<'h of its waters and the vnlley reni;iins nu-

ll lied.

The principMl trilmlaries of east foi-k to the northeast are Blue River

and Little Flat Rock Creek. These tributaries have an average fall of

about five feet per mile. From Columbus near the edge of the Wisconsin

drift to the mouth of the Muscatatuck the fall is about twenty inches per

mile. In the old preglacial valley through the driftless area the fall is

about ten inches per mile. Riffles and rapids in this part of the course,

however, increase the fall. The Iliudostan Falls below Shoals give a
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descent of about fiA'e feet ; here the stream has cut oft" an old oxbow and

is cutting down the rocli in the ridge encircled by the oxbow.

The Patolca is a sluggish stream flowing along to the south of east

fork of White River for a distance of about 100 miles, with a very nar-

row drainage basin, nowhere exceeding twenty miles in width. The river

rises in the Huron Sandstone of southern Orange County, thus having

its source in the driftless area, but in the vicinity of Jasiier, Dubois

County, it conies in contact with the drift. The present drainage system

is made up of three small drainage systems which were fonuerly distinct

and the waters of which flowed to the northwestward to west and east

forks of White River. "The upper system embraced the portion above

Jasper, the old divide being at the northeast border of that village. The

middle system embraced the portion between Jasper and Velpen and the

lower part from Velpen down to the vicinity of Princeton. The old drain-

age way there turned north to White River near Hazelton, but the pres-

sent stream continues westward across a rock pass into the Wabash."

—

Leverett.

These streams which had then a northwestern discharge have been

turned westward, just outside the glacial boundary to form the present

Patoka River.

The Wahash River has a large drainage area within the State. The

river rises in the western part of Ohio, flows across central Indiana then

turns south and from a point a few miles below Terre Haute forms the

Indiana-Illinois boundary to its junction with the Ohio. The main

.stream lies entirely within the glaciated area and practically all the

waters from the system come from the drift surface. The river enters

a preglacial valley just north of Lafayette, and after following this valley

for a few miles, turns southwestward across a rock point, while the pre-

glacial valley takes a longer route to the west and south, joining the

river at the bend near Covington. From this \yom\. southwest the river

follows the preglacial valley to the Ohio. Above Terre Haute the pres-

ent stream has cut out only a part of the old valley, while to the south

the river bottoms extend from bluff to bluff of the old valley. At Ten-e

Haute the valley is five miles wide, to the north from 2-4 miles, and

increases to the south to about fifteen miles near the mouth of the river.

In the upper part of its course at Huntington the river enters the old

outlet of glacial Lake Manmee. The old valley here is several times
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as wide as that occupied by the river above tliis point. From Hnntiiigton

it flows in a westward course and has opened up a post glacial line as

far as Lafayette, where it joins a preglacial channel as mentioned above.

Big Raccoon Creek and its main tributary Little Raccoon Creek drain

an area of about 50O square miles. At the southern edge of Parke County

the stream enters an old channel of the Wabash and follows this chan-

nel for about fifteen miles northward before entering the Wabash.

Busseron Creek, a tributary of the Wabash, has its source near the

Clay and Vigo line. The general direction of the stream is southwest

across Sullivan County into the Wabash. For a few miles near the mouth

the stream probably occupies a i)reglacial channel, otherwise it is not in-

fluenced by preglacial drainage.

There are two Eel rivers within the State. One a tributary of the

Wabash entering at Logansport and the other a tributary of White River

entering just aI)ove Worthington.

Along the latter and its tributaries are some of the best rock ex-

posures in southern Indiana. These exposures are chiefly in the Mans-

field sandstone. It is a very meandering stream and at present the ques-

tion of the drainage of some of the bottom lands which are subject to

overflow is i-eceiving serious consideration in Clay, Vigo and Greene

counties. From the great bend westward to the Wabash there is a con-

tinuous strip of almost level country.

The Salamonic River enters the Wabash from the southeast near the

city of Wabash. The river is about seventy-flve miles in length and

flows alojig a plain along the south side of a moraine. The Mississinewa

enters near Peru. It has a length of about 100 miles and its channel is

cut mainly in drift, but in a few places down to solid rock. The Tippe-

canoe River is the main tributary from the northwest. Its source is

in the moraines in the northeast part of the State. Its course is con-

trolled by the moraines. From the moraines it passes through a sand

plain of "Old Lake Kankakee" then again follows the course of a moraine

along the northwest side of the Wabash, and enters it a few miles below

Delphi.

The Kankakee River Is a very sluggish stream, flowing a distance of

about seventy-five miles in Indiana by a very meandering course in whicli

the river is said to make 2,000 bends
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\Va~lii-s in (Ihicial till, (•:istc'rn Gibson Count\-. Thickness about 50 feet.

Glacial till interniinelod with large fragments of sandstone from local formations. Gibson
County.
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111 Illinois the Kaiikakee unites with the DesIMaines to form the

Illinois. The river drains an area of ahout 3,040 square miles in Indiana.

The general trend of the watershed is from east to west with an entire

length of 200 miles and a north and south width of seventy miles. All

the north tributaries have their source in the Valparaiso morainlc sys-

tem. The southern limit of the watershed is in the Iroquois and Mar-

seilles moraines. There is no well defined ridge separating the water-

shed of the Kankakee from that of the Wabash. Tlie river rises in a

marsh near South Bend in the edge of a moraine. The Kankakee

marshes comprise the most extensive body of swamp land in Indiana.

In the seven counties drained by the river the original area of the marsh

was almost a half million acres. In many places wild rice, rushes, water-

lilies and grasses grow so abimdantly in the channel as to cause the

flooding of the marshes even during a summer freshet. In former years

the river could scarcely be approachetl but now more than a dozen rail-

ways cross the stream and numerous highways bridge its waters. The

surface of the marsh land is for the most part a treeless plain except

along the Immediate border of the river, where some trees are found. The

soil is in general a dark, sandy clay soil, rich in organic matter. The

sand content varies, and presents a number of soil types. According to

situation the soils would be classed as swamp, marsh, island, peat and

muck.

The St. Joseph River, nov\' tributary to Lake Michigan, formerly dis-

charged througli the Kankakee. It has a drainage area of about 4,000

square miles. Papaio Ricer which joins it near the mouth is the chief

tributary. It has its source in the swampy region to the east of Val-

paraiso Moraine. I'iiicstone Creek and Doicagiac River are other trib-

utaries.

Yelloiv River drains an area of about TOO square miles lying to the

east of the moraine in which the Kankakee also has its source.

About 800 miles of the Iroquois watershed lies in Indiana. In most

of its course the stream is sluggish and the drainage imperfect. The soil

of the area is a sandy loam and is largely under cultivation. The natural

waterways have been greatly assisted in drainage by systems of ditching.

The Calumet River has its source in the Valparaiso morainic system

south of Michigan City. All the tributaries enter from the south side.

The course of the stream and tributaries are controlled to some extent

by the sand dunes along the beaches of the old lake. The stream now
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discharges at South Chicago in Illinois. The old discharge was in Lake

County on the southeast border of the lake. Near the source the river

fiOws in an almost straight line and has the appearance of an artificial

ditch rather than a natural stream. After flowing across the counties

of Porter and Lake it crosses the State line but three miles south of

its entry into Porter County and almost due west of its source. From
the State line it flows in a northwesterly direction, for about seven miles

and then at Blue Island, Illinois, it makes a sharp curve, then flows north-

east then southeast and again crosses into Lake County about three miles

north of its first line then continuing eastward for fourteen miles to

its old point of discharge, but two and a half miles from the ixiint where

it first entered Lake County. The area Inchided in this meander con-

sists of sliglitly elevated morainie tracts, sandy beaches and marshes.

LAKES.

In the nortliern part of the State are hundreds of lakes varying much
in size. These lakes are chiefly confined to the four northern tiers of

counties. These lakes are .ill due to the irregular deposition of glacial

drift. They occupy basins within the morainie area. They may be di-

vided into three classes. (1) Kettle Hole Lakes, those which have been

formed by tlie melting of detached blocks of ice. (2) Channel Lakes, in

which the basins are the abandoned channels of glacial streams. (3)

Irregular lakes, those with no general form of outline but are due to the

irregular depressions formed in the accumulated drift.

The abundant vegetation has pnidnced considerable deposits of ])eat

about the margins of many of the lakes, and many of the smaller ones

have been completely filled. Good marl deposits also occur in many of

the lakes and is being utilized for the manufacture of cement, brick and

tile.

No lakes occur outside the limits of the Wisconsin drift, although

many basins of extinct lakes occur over the southwestern border of

the Illinoian. Some small ponded areas are found which take consid-

erable proportions in wet .seasons but are not permanent. In the drift-

less area numerous small ponds are found, which owe their origin chiefly

to sink hole depressions in which the outlet has become clogged.

For (loscrlption of Indiana Stroams, see U. S. G. S. Monographs XXXVII and
XLI.—Leverett.
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Niagara limestone exposed in the Wabash Arch at Wabasli

Niagara limestone exposed in the channel of the Wabash river at Logansport.
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SOILS.

The soils of the State are of two general classes.

First. Sedentari/ or Residual Soils.—These are the hoils in place,

they have not been removed from the parent rock. Such soils occur

throughout the driftless area. They vary much in color, texture struc-

ture and natural fertility, according to the nature of the formation of

which they have been derived. The poor soils are those derivetl from

the shales and the sandstones. Those from the limestones are rather

fertile, but will not stand continuous cropping, but soon become depleted.

The residual soils are as a rule not very deep and do not withstand

drouth very well.

Another group of soils to be classed as sedentary are In cumulous

deposits as peat, muck and swamp, since they result from the gradual

accumulation of material "in situ." Tliough differening in both cdinposi-

tion and origin from those just described sucli soils are common in the

northern part of the State in the Wisconsin drift.

Peat occurs only in very limited areas outside of the Wisconsin drift

boundary. Muck areas occur about the margins of the many lakes and

thousands of acres are in the swamp areas of the lake region and the

Kankakee basin.

Second. Transported Soils.—Those which have been transported by

tlic power uf water, wind and ice. These are known as collnvial, alluvial

and glacial drift soils. The two latter classes are of most importance.

.M! of the alluvial soils of the State are fertile both in the glaciated and

di'iftless areas. A large part of the river Ixittom soils are low lying and

(lillicnlt to drain. These soils vary from the sands and gravel to the

slilt'cst clay.s, but in general they are a giKxl clay loam. Corn is the

principal crop.

Tlic drift soils an' composed of a great variety of types, and mostly

of good to fair fertility. The black loam of the drift has made Indiana

take first place among the States in the production of corn and other

staple crops. The glacial drift is for the most part a verj' productive

and permanent soil. The drift deposits are varied in the arrangement

of clay, gravel and sand, so that what is true in one locality may be en-

tirely different in another. But in general it consists of a confused mass

of material derived from many sources and is usually rich in all the

necessary plant foods.
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The liue between the residual types and the loess covered tracts is

well defined as to differences of plant growth and crop production, but

the line between the pale silt and the black soils of the Wisconsin drift

is very conspicuous.

The loess soils are easily cultivated, much of the surface of a well

tilled ilekl is frequently a loose tioiu'y dust, and when small clods occur

they are easily broken. The soil may be plowed when wet and yet

easily be worked to a loose pliable condition. There is a marked deficiency

of organic matter in the virgin soil .and as this amount becomes less the

soils get in a poor physical con.ditioi' and are sometimes difficult to man-

age. A systematic rotation of crops and good application of stable ma-

nure are necessary to keep the soils in good condition for cultivation.

Much of the land is used for pasture, but when left uncultivated for a

few years the gi'ouiid becomes covered with a browth of briars.

The principal alluvial soils of the State are those of the White

niver, Wabash and Ohio Valleys. The valleys of these streams and

their tributaries are the results of stream erosion, and chiefly by the

streams w'hlch now occupy them. During the glacial period they were

largely choked with drift, only a small part of which has been removed

;

gorges and ravines exist in great numbers along the White Water, White

and Ohio rivers and their tributaries. The eastern ti*ibutaries of tlie Wa-

bash in Fountain and Parke comities flow through deep gorges cut in

the sandstone. The streams flow'ing from the glacial area had their

valleys flooded with glacial waters and choked with glacial debris. The

effett of this is shown by the extensive terraces of sand and gravel which

border their present channels. Between these terraces are the bottom

lands, large areas of which contain very productive soils.

A larger percentage of the drift so/Is are suited for cultivation than

those of the driftless area, but there are, however, large areas of the

former which are either too rough for agricultural purposes, as in the

boulder morainic belts, or too wet, as in the lake and marsh districts of

the northern part of the State.

ROCK OUTCROPS.

In the northern part of the State rock outcrops are few. At Mo-

mence, Illinois, occurs the first limestone outcrop along the Kankakee,

and from that point to its junction with the Iroquois there is a solid

[13—29034]
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Oolitic- liiinstone weatln'ring into soil. Cleveland Quarry near Harrodsburg, Monroe County.

Typical example of the source of the residual soils of the driftless area.
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rock bed. At Momence some of the rook ledge has been bhisted away in

an effort to give a better How to the Kaiilvakee. The Wabash arch presents

the best exposure in the central and northern part of the State. Follow-

ing down the Wabash numerous outcrops occur, at Logansport, Coving-

ton, Merom, Vincennes and l>elow New Harmony. The rock gorges along

Sugar Creek below Crawfordsville afford some of the most picturesque

scenery within the State. Above Crawfordsville the channel is shallow

and touches rock only at a few places. Rocky Fork, in Parke County,

also has many erosive features of similar apiJearance. In Vigo County

many exposures occur along the tributaries of the Wabash. Along Eel

River in Putnam County and Clay County are some excellent examples

of erosion in the Mansfield Sandstone. Croy's Creek, a main tributary, is

lined with gorges, undercuts, vertical walls, and cliffs with steep slopes.

The falls of the east fork of Eel River at Cataract in Owen County are over

the limestone. In the eastern part of the State along Clifty Creek, Big Flat

Rock and Little Flat Rock there are long stretches of rock bottom and

bank exposures in the Devonian and Tapper Silurian. Along the channel

of White Water and at Madison is found some of tlie very best of scenery.

The rock bluffs along the Muscatatuck, as at Vernon, and the shale

in the beds of the streams to the south, as about Henryville, are also

of prominence in the southeastern part of the State. In the southwest

the bluffs of the Patoka are si>ecially noted. These are only a part of

the rock outcrops within the drift area, and in addition to the many ex-

posures of natural ledges may also be mentioned the great deposits of

conglomerate gravel which presents some rugged surfaces, as along the

upper Wabash and along White River to the northeast of Xoblesville.

In the driftless area the bare rock surfaces give all sorts of weath-

ered forms. The sandstone areas have the most striking features, with

the almost vertical cliffs, rising in some cases to 200 feet or more. The

scenery of the driftless area is not excelled by any in the State, or along

the Ohio Valley, or indeed, by any in the Middle West.

Most of the streams of the State would afford good water power;

many examples of good power sites are present which could be utilized

with little cost. Rock exposures in the bed of some of the streams afford

greater fall and at the same time good solid bases for dams or other

works to be constructed.
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An accurate topographic map of the State would show the contrast

iu the physical features of the glaciated and the unglaciated portions bet-

ter than any other description or illustration that could be given to a

person whoh had not been over the area to investigate the contrast.

In the glaciated area the lines would run in large regular curves and

far apart, showing the snioothncss and regularity of the surface. South

of the drift limit the lines would l)e close together with a very winding

coui'se and sharp curves, showing a region of deep, narrow valleys, ir-

regular divides and abrupt cliffs.

I'OITLATIO.X AM) LAX1> VALUES.

About four-lifths of Indiana is in tlie glaci.-iti'd area.

Excluding Indianapolis, almut one-eiglitli <if the pnpulafion of the

State is in tlie unglaciated ai'c;i. New Alliank ;ind Jefferson ville, although

included in the unglaciated area, really d<i not belong in tiial class but

are river valley towns and tlieir jpoiiiilation Ji.-is lu'cn increased by the

condition of tlie surrounding .irea.

The next largest towns in tlie unglaciated area ai'e. IMooniington and

Bedford, with jKipnlations of alioul ;i.(H)(» cacli. with no other towns com-

ing up to this size liy less than lialf.

In the unglaciated area the aver.ige jier cent, of the l;ind under

cultivation is abont •',(» jier cent, and is valneil on the average at about

^40 per acre, wiiile in the glaciated area over "."i jier cent, is under culti-

vation and sells on the aver.age at .$S5 per .acre. The average is lowered

greatly by the sand hills of Lake County. In the central counties about

95 i)er cent, of the land is under cultivation, and nuich of its sells at

prices ranging from $10f) to $ir)0 per acre, or even nioic where within a

few miles of good market centers.
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The Sand Areas of Indiana.

By Chas. W. Shannon.

Sand deposits may be studied from two points of view, first as to

origin and structure, second as to their economic value. Dune sand is a

kind of soil and at the same time is a particular kind of deposit.

The sand areas of Indiana consist of sand-dunes, sand-hills, sand-

flats or "swales" and sand prairies. The pricipal areas of the sand de-

posits are. (1) The dunes and ridges al>out the head of Lake Michigan.

(2) The great expanse of the sand-hills and plains to the south of the

principal dune area, extending to the southern limit of the marshy area

south of the Kankakee River and east to the gravelly moraines. (3)

The sand prairies of the lower Wabash Valley. (4) The deposits along

the Ohio River. (5) The deposits along White River and its tributaries.

The Dune Area.—One of the marked features of the northern part

of the State is the shifting dunes and ridges of sand. These great tracts

of sand about the head of Lake Michigan belong wholly to beach ac-

cumulations, being sand derived from the immediate south shore, and

from the erosion of the eastern and western shores and carried south-

ward by shore currents during northern gales, and after being rolled upon

the south shore it is carried inland by the winds and built up into unstable

hillocks and ridges.

"Dune sand consists of loose, incoherent sand forming hillocks, rounded

hills and ridges of various heights. Dunes are found along the shores

of lakes, rivers or oceans, and In desert areas. Tliey are usually of

little value in their natural condition because of their irregular surface,

the loose open nature of the material, and its low water holding capacity.

Dunes are frequently unstable and drift from place to place. The con-

trol of these dunes by the use of windbreaks and binding grasses is fre-

quently necessary, as at Cape Cod and on the coast of California, for

the protection of adjoining agricultural lands. In certain regions they

have been Improved for agricultural purposes or employed as catchment

areas in city water supplies or planted to pine forests for the protection

of agricultural lands and for revenue."—U. S. Bureau Soils.
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Showing Progress of Dune from "A" to "B."

))-^

Relation of Dune Profile to the Wind.

As AfTected by a Solid Object—as a Feneo

By an Inflexible Object—as a Tree.

By a Flexible Object—a.s Grass.
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Wherever a sandy soil oce-urs uniirotected by vegetation dunes are

built up. They are usually roughly stratified, the degree of stratifica-

tiou and the thickness of the beds depending upon the force and direction

of the wind. The sand grains become much rounded by abrasion, and in

many cases become very small. Sand grains are heavier than dust p.'.r-

licles and are not raised far above the surface by tlie winds; the larger

grains being rolled along on tlie surface. The movement is very similar

to that of "frozen" snoW in drifting.

From Michigan City, Indiana, west for a. distance of about twenty-

five miles the lake beach presents a line of sand-dunes, averaging in

width from one-third to one-half mile, and in places 150 to 200 feet

high. Farther to the west to the State line the beach spreads out into

a broad belt of low ridges running parallel and with an extreme width

of about two miles. It has been estimated that after deducting the

sand deposited by Lake Chicago that at least half a billion cubic yards

of material have been added to the surface of Lake and Porter counties

alone by the waters of the present lake. The dunes and ridges are

most typically developed on a large scale about Michigan City in the

great "Hoosier Slide," which has stood as the greatest and most noted

of the dunes. During the past few years this dune has had its bulk

greatly decreased by the hauling away of the sand by the hundreds of

train-loads for various economic purpo.ses. The sand sells for about

three dollars a carload. Railroad switches are laid along the sides of

the dune and steam shovels scoop out the sand and dump it into the

cars. Many cars are also loaded with hand shovels and wheelbarrows.

When a cavity is made in the sand the wind soon brings down a new

.'upply from the top and renews the deposit. A sand brick and building

block factory located in the southeastern part of the dune finds its sup-

I)ly of raw material continually replaced at its shed doors. Practically

all the railroads entering Chicago have used this sand in track ballast

and elevation. Great trestles have been filled and swamps and marshes

along rights of way have been covered with the sand. The dunes and

ridges at Dune Park, about twelve miles to the southwest of Michigan

City, are very extensive and are also a source of much of the sand shipped

out for numerous purposes. In addition to the use mentioned the sand

is used for the filling of city lots, building sand, and many manufactured

products.
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The Origin and Accunnihtthm of tlic Sdnd.—Estimates were made

several years ago by Dr. Andrews tt> determine tlie amonnt of sand be-

longing to the Lake Chicago deiwsits and the amount belonging to the worli

of the present lake. It was found that the lake was encroaching upon

the western liorder and on the eastern border along southwestern Michi-

gan. In Indiana the lake is filling in rather than extending its Iwrders.

The estimates sh(jw that the comliined bulk of the beaches formed by Lake

Chicago is nearly eipial to that due to the present lake. The length of

time involved in tlie accunmlation of the beach deposits was estimated by

measuring the amount of s.-mkI carried southward past the piers at Chi-

cago and Michigan City. The sand stopped by the two piers annually

was found to be 121>.(HlO cubic yards. Since the estimate shows that not

more than one-1'oiirth or one-tifth of the drifting sand is stopped by the

piers, the i>eri<Kl for the accunudation is given as less than (j,00<) years,

or about 3,000 for Lake Michigan. Dr. Andrews has also estimated the

age of the lake from the annual amount of destruction from the bluffs.

"Dr. Andrews's estimates were based on the assumption that there

is a southward-flowing current on each side of the lake, carrying sand

to its present head. Investigations made liy the Weather Bureau in 1892

and 1893, under the direction of Pro. Mark Harrington, led him to the

conclusion that the currents on the east shore in the southern portion of

the basin are northward instead of southward. He accounts for the ac-

cumulation of Siind on the north side of breakwaters along this coast by

the action of the surf, in storms blowing from the north which is more

transient than the currents proper and would affect the southern part of

Lake Michigan only when the wnid was in tlie north. This occasional

phenomenon is very ellicii'nt when it occurs. He concludes that the esti-

mates of the time involved in the formation of l»eaches have less value

than they w(»uld have if the accunudatioiis were due more largely to

lake currents.

"Considerable study of th(> movement of water in Lake Michigan has

been made by the Chicago Drainage Commission, largely under the direc-

tion of Professor Cooley. As a result of these investigations, which in-

volve not only a study of bottle papers but also a thorough canvass of the

opinions of lake captains and an examination of breakwaters, Cooley has

reached the conclusion that the effective work on the shores is due to

waves and not to currents, and it is a matter of doubt if this lake has
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Hoosier Slide as viewed across the docks at Michigan City. The entire foreground is a solid

expanse of sand.

Hoosier Slide as viewed across the docks at Michigan City. Chicago-Michigan City steamer

"Roosevelt" in the foreground.
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such a system of currents as is indicated by Professor Harrington's

charts. The movement of the water seems to depend mainly upon the

wind, but is governed to some degree by the contour of the shores. If

the north winds prevail for a few days, as is often the case in the spring

months, the surface water api>ears to have a southward movement through-

out the breadth of the lake, and return currents must be at some depth.

On the other hand, a prevailing south wind, such as occurs for short

periods during the summer, will induce a northward movement across

the entire breadth of the lake. The contours of the shore seem to favor

a northward movement from direct west winds in the north half and a

southward movement in the south iialf of the lake. As the prevailing

winds are often from the west, these become the most protracted of the

movements of the surface water. Cooley has found that breakwaters

along the shore sui)port this interpretation. In the southern half of the

lake they are largely constructed to protect tJie harbors from the drift

on the north side, while in the northern half they are constructed to

protect them from drift coming from the south. In view of this ap-

parently changeable course of lake movements, it seems doubtful if esti-

mates, such as Dr. Andrews attempted, have the value that some have

attached to them.'

"Near the shoi'e the bottom of Lake Michigan is uniformly covered

with .sand. At the slioro line this sand is about ten feet deep and it ex-

tends out to where tlie wati'r reaches a depth of about thirty-five feet.

Beyond this depth of water the lake bottom is composed of a stiff, tena-

cious blue clay, wliicli is said to contain partings, or pockets of sand from

wlience, in [tart, conies the supply which is constantly being carried to the

shore by the waves. Much of this sand is doutbtless blown frmi the dunes

by south wir.ds back over the lake, and. falling on its surface is again

brought to land. Moreover, by storms and by ice jams in the spring all

projecting points along the lake are slowly wnni down and the material

composing tliein is c.-irried out to be again returned and built up in a new

place. Thus much of the sand is in constant circulation, and the necessary

new supply is not as great as it seems to be.

".Much gravel, consisting of pebbles ranging in size from the size of a

lion's egg to that of a small marble, is washed uj) by the waves to within

a foot or two of tlie margin of the water. In ninny places it is raked out

> U. S. G. S. Monograph XXXVIII, pp. 4.5.5-.''»0.
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Uprooting of trees on sand dunes at Dune Park Inl. W ind ripples in foreground

Uprooting of tree caused by the south side of the dune being disturbed by the building of

interurban line. The sand at once began to move on and the old dune was destroyed.
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by hand and carted beyond the reach of the high storm waves, and after-

wards loaded and shipped by rail to Chicago, where it is nsed in roofing

and concrete pavements. The immediate source of this gravel doubtless is

the blue glacial till which forms the greater part of the floor of the lake,

since the composition of the pel>bles plainly show that they came originally

from formations which lie far to the northwest."'

If a person stands uiwn the southern shore of the lake and observes

the waves coming in, he will notice that each wave carries up a small

quantity of sand, and when it is rolled up far enough to be out of the

reach of other waves until it has had time to dry it is rolled farther inland

by the wind and is added to the great mass of sand already accumulated,

which goes to build up the dunes and the ridges. The surface of dry sand

over whicli the wind blows for a considerable length of time is generally

marked with ripples just as the sand in the bottom of a shallow stream.

The ripples are small, but their shape and structure is the same as that

of the larger dune of which they are a part. The long gentle slope of the

dune is formed on the windward side. As the wind blows over the surface

the current is turned upward, and as it passes over the crest an e<ldy is

left on the leeward side and the grains roll over the crest and droj) down-

ward. Objects in the path of the dune influence the outline of the dune

as shown in the page of diagrams. The transporting power of the wind

varies as the sixth power of the velocity, i. e., if the velocity be doubled

the carrying power is sixty-four times as great. Consequently any increase

in velocity rapidly increases tlie carrying and erosive power.

The grains of sand freshly brought up from the lake from the erosion

of the shores are angular pieces of quartz, but soon become rounded by

abrasion. The sand of the Lake Michigan region is of a light brown color,

but when viewed at a distance in the sunlight has a very white appearance.

Vegetation.—The .surface of a great part of the dune area is without

vegetation. The tops and sides exposed to the winds are in most cases

bare, while in the swales between the ridges are shrubs and grasses of

distinctly sand soil types. The bare surfaces gleam in the siuilight and

give the appearance of great snowdrifts. On cloudy days the top of the

ridges, the clouds and the lake in the background present a confused out-

line. Farther inland the vegetation gets a better hold on the sand and

many of the hills are practically covered with black and barren oaks, north-

ilndlana State Geological Report, 1S07, p. 41, Blatehley.



205

Sand dunes and ridges at Dune Park, Ind. Some vegetation finds a footing on the sides and

in the swales.

CROSlSlNG-.

Buildin;;.- of ihu ,-:;and Brn/k and liuildiny. Block Co., l(jratrd in ili'' -ouilna.-' corner of

Hoosier Slide. Raw material is close at hand and with natural transportation renewing the

supply.
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em scrub pine and white pine, but often after a tree lias attained consid-

erable size and apparently firmly rooted, the crust of the surface is broken

slightly in some manner, or the grasses and other protecting plants are

burned and the wind again gets free action on the bare surface and the

sand is moved along and the trees uiirooted. On the other hand, the sand

often drifts about a tree and wholly or partly covers the tree. If the toi)

of the living tree be found to be projecting from a dune it is a good

evidence of a recently constructed dune. In most cases the trees are dead,

and after the twigs and limlis become brittle or decayed, they are broken

from the main I)ranches or trunk and lilown away. The wind then agaii

begins its wf»rk, and as new parts of the tree are exposed the process

continues and the sand once present has constructed new hills or ridges

and the resurrected tree witli only the trunk and larger brandies stands

as a marker of the former location of the sand.

Animal life is rare in the dune region. Vegetation is too scarce to

furnish a sufficient sujiply of food. In (he area (piiet prevails but work is

constantly going on, the surface is always iH'ing modified.

2. TJic tSand-hills mid I'luins. This area in a very general way com-

prises the tract of sniui to tlic soutli of llu' priiciiial dune ansa e.xtendiu'.;

to the scnithern limit of tiie Kankakee marshes, and east to the gravelly

moraines. The term "saiid-liill" is used to (Icscrild" ridges and uneven

tracts of sand not in motion. (Mtbcr on account of p.-irtial consolidation, or

because the sands are li.xed by a natural growth of vegetation.

In addition to the sand-<lune .ind sand-hill areas, large tracts of sand

are conunon, the surface of which is very even. Such areas occur usually

in connection with the dune or iiill areas, but are desiguat(><l as "sand-

plains" or "sand-prairies." Such areas also occur along the old flood

plains of rivers. Some of the best agricultural lands, and especially for

the growing of small fruit. ;ire found in tlicsi> level sand tracts. The sand

u.sually carries a large pencntage of organic matter, and retains moisture

sufficiently well to instire good yields except in times of long continued

drought. The dry gi owing .season of T.ill was a severe test on such soils.

Sand-plains vary in size from tlie low narrow swales between dunes and

ridges to areas many square miles in e.xtent.

In the area under consideration the sand ridges and hills (X'cupy south-

eastern Starke, the greater jiart of I'ulaski and the central portion of

Jasper and Newton Counties; all of which lie southeast of the Kankaketi
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marsh; also a narrow strij) of ridges on the east and south borders of the

sand area in Fulton, Cass, White and Jasper Counties; and the ridges

from the southern limit of the typical dunes to the flats on the north of

the Kankakee. Scattering ridges and "sand-islands" are found scattering

over the level portions of the sand area.

The thickness of the sand varies much because of the irregularitie.s

of the surface. Over much of the region the sand is very thin except in

tlie ridges. Throughout nuich of the region wells are obtained without

passing below the sand. They are shallow, having depths of ten feet or

less on the level tracts and corresiwndingly deeper on the ridges. It would

appear from all available data and estimates made that the sand is on an

average about ten feet in thickness over the area. The ridges range in

height from five to forty feet, but the majority are less than twenty feet.

They vary in breadth from a few feet to an eighth of a mile, but in gen-

eral are from two hundred to three hundivd feet wide. The prevailing

trend of the ridges is usually easily determined, but in places they wind

about apparently without system. Mr. Leverette, Dr. Cliamberlin and

Professor Purdue have attempted to work out a system of the ridges and

the bouldery tracts associated with the ridges. Further study of the region

is contemplated to work out the system.

"Those on the east border in Pulaski County, Indiana, show a tend-

ency to a north to south trend, while those on the south border in Cass.

White and Jasper Counties trend nearly east to west. Those on the south

border of the Kankakee trend about with the course of the stream, south

of west in the .ndiana portion, and north of west in the Illinois portion.

Between the ridges bordering the Kankakee in Indiana, and those on the

south and east borders of the sand area, the trend is not so easily sys-

tematized. The ridges there are arranged in groups and strips, among

which there are extensive jilain tracts, often boulder strev,-n ar.d having

only a thin sand covering."

—

V. S. G. S. Monograph XXXV ill, p. 832-33.

The soils of the area vary from peat and muck, with a considerable

percentage of sand and high in organic content, to the loose barren sands.

Much of the area is low lying and marshy, thousands of acres of which

have not been reclaimed for agricultural purposes. In the undulating and

lolling parts the .soil is chiefly a fine sandy loam, with good natural drain-

age. All the ordinary crops are grown to some extent and many special

crops are of great importance in the region. While much of this land has
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.showing stratification lines in sand dune at Michigan City

Markings caused by sluinpings in sand dunes, Michigan City.
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been considered worthless, present indications are ttiat all will be reclaimed

and made to yield good returns. The nearness to Chicago maizes the region

of special value for truck farming and the growing of small fruit.

3. Sand Plains of the Waljash Valley.—All along the course of the

Wabash from its source to its mouth are found deposits of gravel and sand

which are of great importance. From Parke County to the mouth of the

river are extensive level stretches of sand occupying tlie area between

the lower bottoms of the river and main tributaries and the higher uplands

to the east. These sand tracts have the widest development and the most

even topography through Vigo, Sullivan and Knox Counties ; in tlie greater

part of the widest expanse being from two to five miles in width and with

a very even surface. This part of the area consists of a sandy loam with

a high percentage of organic matter, giving the soil a very dark color and

rendering it of high agricultural value. It is devoted chiefly to the grow-

ing of corn. In the region about Carlisle in Sullivan County the sand is

built up into hills and ridges rising in some places to considerable lielght.

This region is devoted chiefly to the growing of cowpeas. They make .i

very ranl-c gi-owth of a good quality. A very similar type of topography is

found in the region about Emison in Knox County and in the ]»;irt of the

county to tlie south of Merom and extending southward past Decker into

the region about Owensville in Gibson County. Melons are grown on all

these sandy soils, but the great melon producing part of the State is in

the vicinity of Decker and Owensville. The growing of melons has in-

creased the price of the sand land in the past ten years from about .$20

an acre to $100 or more.

From tlie neighlwrhood of Decker southward the sand is of a coarser

quality than tliat farther to the north. In the coarser sands the soils nre

so porous and so well drained that they are pooi'ly adapted to the general

farm crops. Much of the sand strip from Hazelton to New Harmony has

in many places a tyi»ical dune topography, but in general it lias been sonie-

\\hat modified by tlie reworking of the surface and by the effects of the

natural growth of vegetation. Low swales are also present which are

difl^eult or impossible to drain. These dune deposits are due either to

recent agencies or represent a transitional stage between tlie deposits from

the flood waters of the Wisconsin stage and the recent stages. The ma-

terial of the dunes is a coarse quartz sand which in some places shows

[14—290341
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some degree of stratification. The sand varies in thickness from a thin

coating to 100 feet or more.

To the south of New Harmonj- the same type occurs, but in many

places it appears a true sandy loam. In addition to the areas of sand

mentioned above, many areas of small extent and varying quality occur

In the lower bottoms along the river.

4. The Deposits Alon^ the Ohio River.—Great bans and deposits of

sand occur in the bends of the Ohio River all along Its course, but no

valley deposits of Importance occur until below Rockport. From this point

to the junction of the Ohio and the Wabash there is a continuous deposit

of sand except where broken by the bluffs coming down to the river, as at

Rockport. The most characteristic occurrence of the sand is in a narrow,

persistent ridge lying only a short distance back from the river. The slope

on the river side is rather abrupt while Inland the sloi>e is long and gentle.

This ridge seems to have been formeil l>efore the river cut its channel down

to the present level. During times of overflow the coarser materials were

deposited near the channel and the finer grades carried farther Inland,

thus forming a natural levee along the river.

5. The Deposits Aloii;/ White Hirer and Its Tributaries.—Both forks

of White River have considerable deposits of sand and gravel along their

courses and have contributed much to road nmterial. building sand, etc.

Along the east fork large (|uaiitities of .si\nd occur in the bed of tlie river

at Brownstown. and south of Bedford old stream deposits furiiisii much

sand for ballast and other purposes. Here on the south side of the river

the sand is built up into dune-like hillocks. At West Shoals considerable

sand occurs in the present valley, and also on the toj) of the blufif is a

deiK)sit made by the stream in its early history. Again to the west at

I'ortersville river sand occurs on tlie blufif. From this point to Petersburg

the sand continues in an irregular line, and from there to Hazleton the

area widens and btH-omes a part of the line of the Wabash deposits.

Through Greene and Davle.ss Counties considerable sand occurs along thi>

west fork, but in most places where it occurs it becomes a sandy loam.

To the northwest of Bloomfield some magnetite is found in the sand, and

similar dei)osits of less extent occur at other iMiints to the north along

the main stream and its tributaries.
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Polarization of Cadmium Cells.

By R. R. Ramsay.

This work is a continuation of some worlv reported at a previous meet

ing (Ind. Acad. Proc. 1909), in wliich it was shown tliat if a cadmium

cell was polarized it would regain its normal E. M. F., if the cell contained

niercurous sulphate, but' vy,p«ld X'emain polarized if the mercurous sulphate

was absent. In that pai)er it was stated that wlien the mercury from the

polarized cell was spai-ked, a spectroscope showed the cadmium lines.

Since then I have been able to obtain a photographic record of the fact,

which I present at this time. The photographs were made with a large

Hilger quartz spectograph using Cramer spectrum plates, which are

sensitive for the entire visible spectrum and far up into the ultra violet.

The cadmium amalgam from the mercury terminal of the polarized

cell was placed in a small arc lamp made as follows: The lower terminal

was made of the amalgam in a quartz tube which had a heavy copper wire

leading into the bottom. Fireclay was used to make the tube mercury

tight around the wire. The upper terminal of the arc was a heavy copper

wire. After filling the cup with the amalgam the terminals were drawn

apart and an arc could be maintained for about 10 seconds, after which

it was necessary to fill the cup again with the amalgam. The current

strength was about three amperes. The arc was focused upon the slit of

the spectrograph by means of a quartz lens. The spectrum of the amal-

gam is shown, together with the spectrum of mercury taken with the same

fire lamp, the spectrum of cadmium arc between C. P. cadmium rods and

also the spectrum of an arc between copper terminals. Referring to the

plate beginning at the top : We have 1st, mercury arc of short exposure,

the brighter lines showing on the plate; 2d, the cadmium amalgam arc

made with three different lengths of slit, thus bringing out the fainter

lines and avoiding to some extent the blurring due to the brighter lines

;

3d, the spectrum of the cadmium arc, showing four lines in the visible

spectrum, which can be identified in the cadmium amalgam spectrum, to-

gether with a large number in the ultra violet; 4th, the spectrum of the

copper arc. The wave lengths of several of the more prominent lines are

marked. This will serve to give one an idea of the accuracy of the scale

as well as to identify the copper lines; 5th, the mercury arc of long ex-

posure; 6th, the cadmium amalgam arc, and, 7th, the cadmium arc.
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The Effect of Pressi^re on a Cadimum Celi..

By 11. R. Ramsey.

This work is an extensinii of some \vorIv done in 1901 (Phys. Rev..

Vol. 13, July, 1901), in whicli tlie pressure was raised to 300 atmosptieres.

In 1909 there appeared the work of f'olien and Swinge (Zeit. Phys. Chem.

07, 5 pp. 513. Sept.. 1909), in wliicli the cell was placed under a pressure

y*~"

>.•;.

Fig. I.

of 700 atmospheres. "Within the past year the Department of Physics has

secured a compression pump extending to 1,000 kilograms per square cent!

meter (1 atmosphere^l ,033 kilogram per sciuare centimeter) and inasmuch

as Cohen and Swinge's results were not in exact accord witli my former

results I thought it well to repeat and extend the work.
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The apparatus and plan of the experiment was practically tlie same

as in my former work. The pump was a Ducretet compression pump fitted

with a gauge recording pressure up to 1,000 kilogi'ams per square centi-

meter. The cell is made in the H form with very short connecting tube

(Fig. I), so that it will go inside the piezometer (Fig. II), whose inside

Fig III.
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diameter is three centimeters. The top of the cell is drawn to a capillary

after the electrodes and cadiuiiuni sulphate crystals are placed inside. The

cell is then immersed in kerosene inside the piezometer. A special cap

was made for the piezometer. This cap has two insulated connections

leading through it so that the cell can be connected to a iX)tentiometer.

The piezometer is connected to the pump with a copper tube of small in-

side diameter. The potentiometer (Fig. Ill), is so arranged that the cell

can be compared with a standard Weston cell and also so that the differ-

ence between the cell undt'r pressure and a second cell can l)e measured.

This second cell is immersed in a quantity of kerosene and placed as close

as possible to the piezometer. In this way any fluctuations due to change

of room temperature will be avoided.

The results are given in Table I.

TABLE I.

Pressure in Killograms per
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when first placed under pressure is increased more than the value given

above. The pressure caused an increase of the temperature of the oil and

a decrease of the temperature of the electrolyte in the neighborhood of the

crystals. This has been shown by means of a thermo-junction. The exact

results will be reserved for further investigation.

Both these temperature changes affect the E. M. F. of the cell. After

a time, a half hour say, the cell reaches a constant E. M. F. When the

cell was first placed under a pressure of 1,000 the E. M. F. was changed

78x10"^ volts. The final change after thirly minutes was 6.4"^xlO"^ volts.

Indiana Unircrsitn. February 2, 1912
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Notes on the Calibration and Use of the Ballistic

Galvanometer.

By C. M. Smith.

The ballistic galvanometei* is an important adjunct to an electrical

laboratory, inasmuch as it integrates the transient and varjing currents

in the ease of circuits which contain inductance or capacity or both, if

the time constant of the circuit is small compared with the quarter period

of the suspended system of the galvanometer, the first throw is propor

tional to the total charge which passes, orQ = yidt = G0. Where Q is the

charge, ^ is the observed first throw, and G is a constant expressed in

terms of coulombs or micro-coulombs per scale division. To interpret any

reading the galvanometer must be calibrated by passing through it a

Icnown cliarge and observing the resulting first throw, the quotient giving

the value of G.

This first throw is reduced somewhat by the so-called "damping," by

which is meant the effect of all those resisting forces which tend to absorb

the enei'gy of a vibrating system, of any sort whatever. These forces are

generally assumed to be proportional to the velocity of the moving parts,

although tliere is no reason a priori why they should not depend upon other

functions of the velocity, as indeed they appear to do in some cases. How-

ever, long experience has shown that the simple proportion above stated

is a satisfactory generalization for slowly moving bodies, and one which

introduced into the general efjuations of motion leads to results quite in

accordance with experimental observations, for a large class of physical

Iiroblems.

The earlier forms of ballistic galvanometer, now seldom seen in actual

service, were designed with small, highly polished needles of the Siemens

pattern, boll-shaped and slotted, and usually arranged much like tlie Kelvin

galvanometers of the same period, astatic, and highly sensitive. An essen-

tial feature, as pointed out in the older text-books, was that the damping

should be a minimum, in this type of galvanometer being due to fiber vis-

cosity, air friction and the electro-magnetic reactions of induced currents.
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this latter effect however being very small. Such damping as did occur

was corrected for by the use of that convenient fiction, the throw which

would liave occurred if there had been no damping, wliich is given by

=*('+t)
where <p is the observed throw and ^ is the logarithmic decrement of Gauss,

which is the natural logarithm of the ratio of successive amplitudes.

This method was known to lack precision, and indeed became unusable

when the logarithmic decrement reached a value of 0.4 or 0.5. A common

laboratory experiment' of this perifnl was one designed to determine the

resistance of a galvanometer or of an unknown coil in terms of the loga-

rithmic decrements taken successively on open circuit, circuit closed through

the galvanometer only, and circuit closed including the resistance to be

measured. Satisfactory results were iK>.ssible only with a needle of large

magnetic leakage, and with special adjustments of the coils.

With the intrmluction of the suspended coil type of galvanometer and

It.s rapid displacement of eiirlier types, it claimed attention also as a val-

uable and accurate ballistic instrument. However the normal damping is

much greater in this case, first because of the increastnl air friction as

compared with that acting on the small polished bell-shape<l steel needles,

and second because of the very greatly increased electro-magnetic reac-

tions due to induced currents circulating within the coil itself.

In passing from the older to the newer type there are certain consider-

iitions which nM|uire careful attention, inasnnich as the methods applicable

to the older tj'pe will usually lead to incorrect results if applied to the sus-

pended coil tyi>e. Particularly is this true in calibrating the galvanometer.

With the older type concordant results were obtained either with a stand-

ard cell and condenser, or with a mutual inductance, the logarithmic de-

crement being calculated in either case, and the ai)i)roi)riate corrections

being ai)i)lied. But with the suspended coil galvanometer, where the elec-

tromagnetic damping is large frecjuently indeed causing the motion to lose

its oscillatory character entirely and become aperunlic, it is impracticable

to calculate or use the logarithmic decrement in the regular way. It is

then clear that the damping, and hence the discordance between the ob-

served and fictitious throws will not only be large, but will be a function

of the resistance in the external circuit, which function is not easy to de

terraine.

' Kohlrausch. Lphrbuch dor Prnk, Pliysik. 9th Pfl.. p. 399.
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Ii('«iirdiiig this matter of calibration, existing band boolvs, laboratory

text books, and maker's catalogs are not clear, and the reader, whether he

be a student, an inexperiencetl instructor, or a practical man can be, and to

to the writers knowledge often is, misled. In discussing the use of the

ballistic galvanometer in iron testing for example, the statement in va-

rious sources which should be authoritative is not infrequently seen, that

the galvanometer may be calibrated with a standard cell and condenser,

and students have been known to follow these directions, without counsel

fi'om the instructor, although the condenser was introducing perhaps 4,000

megohms in series with the galvanometer, while the resistance of the sec-

ondary circuit otherwise used was less than 100 ohms. This procedure may

give rise to errors of several hundred per cent, with corresiwnding influence

on the values for the B-H curve.

Recognizing that this problem is satisfactorily treated in much of the

existing literature, it must also be admitted that many of the current helps,

to which one first turns for reference, are quite inadequate and mislead-

ing, and it is tlie purpose of this article to offer a wider discussion of the

facts. A single example with calibration curves of a Leeds and Northrup

type H galvanometer will serve to illustrate the principle. Iii figure 1,

curve D gives the relation of charge to deflection for the case of calibra-

tion with a standard condenser. For the same galvanometer, A, B and C

are the corresponding calibration curves when the total circuit resistances

are res|)ectively 486, 880, and 1,486 ohms. These curves show clearly thf

influence of diminishing total circuit resistance upon the value of the gal-

vanometer constant. Curve D shows 8.2 scale divisions for 1 micro-coulomb,

while curve A, for a circuit resistance of 486 ohms, shows 1.4 scale di-

visions for the same charge.

Curves A, B, C, and D were taken with the small rectangular damp-

ing coil removed. A similar set of curves, Ai, Bi, Ci, and Di give the call

bration values after the damping coil has been removed.

Various suggestions have been made for calculating the true value of

the ballistic constant for any given condition from the known constants of

the galvanometer such as period, moment of inertia, moment of torsion,

strength of field, etc. These methods, entirely adequate theoretically, are

nevertheless difficult to apply practically, because the values of the con-

stants are seldom known with sufficient precision, and are themselves liable

to change when the galvanometer is readjusted.
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To eliminate the effect of damping due to eddy currents two sugges-

tions have been made. (1) to insert in the galvanometer circuit a special

key so arranged as to brealv the galvanometer circuit a brief instant after

the charge has passed, thus securing always the open circuit conditions of

curve D
; (2) to insert a special key in the galvanometer circuit so ar-

ranged that the galvanometer will always be closed through a circuit of

constant resistance. Both of these methods are satisfactory, but only with

perfectly operating keys, which condition is not easy to secure.

By far the safest and most convenient procedure is then to calihrait

the gnlvanoir.etcr for the precise eomlitions under which it is to be used.

This may readily be carried out by permanently including in the galvano-

meter circuit the secondary coil of a standard nuitual inductance, and by

simply reversing a known current in the primary circuit the constant can

be accurately determined from the resulting throw.

For a standard of nuitual inductance it has long been customary tn

rely on the long solenoid with a short coaxial solenoid fur a secondary

coil. Unless these are well made, with exceptional care and by experienced

hands, they are by no means standard. The writer has measured the mu-

tual inductance of a large number of such coils from different makers, and

the subjoined table will show the discordances between me:isui-ed and cal-

culated values for a few of them.

Solenoid.
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with a marble spool standard for which the Bureau of Standards had

furnished values. These coils represent several makers, and one, No. 7,

was made by the writer. It is known to be the practice of some makers

to wind the coils with only approximate measurements and data, then to

standardize them against a known value and subsequently to adjust cer-

tain factors in the data so that the calculated and measured values agree.

It has long the writer's belief that, except as a brief laboratory

exercise, to show the student how a standard mutual inductance may be

realized, the coaxial solenoids should be replaced by calibrated standards,

wound preferably on white marble spools thoroughly varnished and baked

hard. These when calibrated at the Bureau of Standards or elsewhere

are very permanent, convenient and relialtle.

Purdue University.

Lafayette, Ind,
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Qualitative Detection and Separation of Potassium and Sodium.

F. C. Mathers and I. E. Lee.

The quiilitative detectimi ;uh1 separjitidU of potassium and sodium is

less satisfactory tlian tests for any otlier group. Some manuals have

abandoned wet methods and use spectrum tests. This is objectionable on

account of the great difhculty in testing for potassium in the presence of

an excess of sodium and also because the test is so delicate that sodium is

detected in almost every chemical substance.

The test for sodium with potassium pyroantimonate has been unsatis-

factory in this lal)oratory. There are numerous excellent and satisfactory

tests for potassium.

A new method which has been tried in this laboratory and which has

been found satisfactory is as follows?: Separate the hydrogen sulphide

and ammonium sulphide groups by the ordinary methods. Then precipi-

tate barium, strontium, and calcium with ammonium carbonate. This

leaves, in the solution, magnesium, potassium, sodium, and ammonium

.salts and perhaps traces of barium, strontium, and calcium, which are

sometimes incompletely preciintated by annnonium carbonate.

Introduce this solution into a small evaporating dish and evaporate to

dryness. Heat (in the hood) over the free gas flame until the ammonium

compounds are completely volatilizetl, i. e., until white fumes are no longer

given off.

Allow the dish to cool, dissolve the residue in about one-fourth of a

test tube full of distilled water (H-T cc.) and (uUl 2 to 3 cc. of alcohol (not

)))orr tlidti an equal rohnnc of alcohol should be added) and then add a

few drops of sulphuric acid' and filter (I) through a small paper but do

not wash. Discard the residue.

Transfer about one cubic centimeter of filtrate I to a test tulve and add

one drop of sodium c*obaltic nitrate, NasCo (No,),..

A. No precipitate is formed. I*roceed as in B, 2, for the detection of

sodium.

' The sulphuric acid will romove any barium, strontium, or calcium which was
not prpcipitated Ity the ammonium carbonate.
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r>. A yellow precipitate proves the presence of potassium in the sohi-

tion (ammonium compounds must be absent).

1. To the remainder of filtrate I add an excess of perchloric acid'.

A white crystalline precipitate of potassium perchlorate is formed. Fil-

ter (II) and test a few drops of filtrate II with the sodium cobaltic ni-

trite. If a precipitate is formed, add to the filtrate II more perchloric

acid, filter again and test as above, \yhen the sodium cobaltic nitrite

shows that all potassium has been removed by the perchloric acid, proceed

as directed in B, 2, for the detection of sodium.

2. To the filtrate from B, 1, add a few drops of hydrofluosilicic acid,

H=SiF". A cloudy flocculent precipitate indicates the presence of sodium

in the solution. This precipitate is not very voluminous and must be

looked for carefully if only a little sodium is present. Tnrn the test tube

and examine the sides for adhering precipitate.

This method has been trietl in this laboratory with excellent results

Some of the advantages are:

1. JMaguesium does not interfere and nee<l not be removed. Mag-

nesium pcrclilorate is very sttlulile. Magnesium tluosilicate is soluble and

only precipitated, even in the alcolu)] solution. wIumi large amounts are

present.

2. The test for sodium is delicate liut traces of swlium which are

present in so many rcai^cnts arc not detected. This is an advantage over

the spectrum test where all sul)Stances show sodium.

3. The tests are simple and easily understood an<l followed by the

students.

4. The tests are decisive and tiie student has confidence in his work.

n. Only a short time is nHjuirwl to make a test.

2 Tho percliloric acid must be free from sodium but thn prosonco of potassium

does no harm bocanso potassium is detected previously, by the use of sodium co-

baltic nitrite, and any potassium present is precipitated by the alcoholic perchloric

acid solution.

/ iidia na Uni rcrsiti/,

Bloomlngton, IiuUana.
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An Apparatus for the Stttdy of the Radiation from Covered

AND Uncovered Steam Pipes.

By O. W. Silvey and G. E. Grantham.

"The measurement of the efficiency of materials in preventing loss of

heat from bodies involv^es the determination of the constant K in the

expression

:

A(t2-tl)

Where D = thickness of the specimen.

H = Amount of heat per sec. flowing through A.

A = Area .of specimen.

ti = Temperature of cooler side of specimen.

to = Temperature of hotter side of si>ecimen.

"The determination of H, ti, and to are attended with considerable

difficulty if accurate work is attempted, and for much engineering work

the relative efficiency of two coverings for heated surfaces is all that is

required. For the testing of the relative efficiency of two such substances

as are commonly used for covering steam pipes, or for determining the

relation between the heat loss from a covered pipe and that from an un-

covered pipe, the following method has been found suitable:

"The apparatus consists of two short pieces of steam pipe which may

be heated electrically from within by means of a current bearing coil

of wire Immersed in oil. If sufficient electrical energy be supplied, the

pipe becomes gradually heated to some temperature at which the amount

of heat energy lost to the surroundings is just equal to the electrical

energy supplied to the heating coil. By measuring the electrical energy

witli an ammeter and voltmeter we may find at once the amount of heat

lost from the pipe by radiation, convection, and conduction. At some

temperature the heat loss would be such as to require some other rate of

energy supply to keep the temperature of the pipe constant, and the

electrical supply would, therefore, have to be varied. Again, if the bare

pipe be heated to some convenient reference temperature (200°O iS

usually selected for testing steam pipe covers) and the current adjusted
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until a condition of temperature equilibrium is obtained—that is, the

electrical input just compensates for the tliormal output—and a second,

and exactly similar pipe, be covered with a 'non-conducting' cover and

heated in the same niAiiner, it will be found that much less electrical

energy is needed to keep the covered pipe hot than is required by the

bare pipe. The difference represents the saving due to the use of the

covering."—Laboratory Notes, Massachusetts Institute of Technology.

In accordance with the above plan, we are now vising for a lab-

oratory exercise for engineering students the apparatus shown in Fig. 1.

Two pieces of ordinary three-inch gas pipe of equal length (40 inches),

are closed by means of caps at both ends. They are mounted on an oaken

support, and separated by a g-inch oak board, which prevents one pipe

receiving heat from the other. Three short pipes are fitted into holes in

the upper cap extending through about an inch; one (B. Fig. 2), of

f-inch pipe, five inches long in the center, another (A), of ^-inch pipe, five

inches long, for the support of a thermometer, and a third (C). of §-inch

pipe, nine inches long on the opposite side of the center from the second,

for the lead wires of the heating coil.

The heating coils (G), made of No. 16 advance wire, are wound on a

paper-insulated brass tube, which extends along the axis of the pipe.

Each turn of the coil is separated from the neighboring coil by a hemp

cord. The tube is held in position at the top by telescoping over the lower

end of the pipe which pierces the middle of the cap. At the lower end

it is held in position by a wooden frame (E), clamped rigidly around it

by means of screws. This frame also holds firmly the lower end of the

heating coil and the lower part of the paper insulation. A similar clamp

holds the upper end of the coil and insulation.

The two pipes are covered alike at the ends by means of magnesia

covering one inch thick (D and F), leaving 36 inches of each one bare.

Brass collars having a flange extending out flush with the circumference

of the covering are clamped to the pipes and prevent the end covering from

slipping along the pipes. W:hen a test is to be made, a piece of pipe

covering of regulation length (36 in.) and suitable size, is placed on one

of the pipes, thus completely covering it, while the other one has an

equal length left bare.

The tube (Fig. 3), upon which the heating coil is wound, acts also as

the cylinder for a puni]). by means of which the oil is stirred. It is J inch
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in diameter and has near the bottom a hollow wooden cylinder (H), upon

which rests a small marble, which acts as a valve. The piston of the

pump is made of a smaller tube, which is just large enough to slip easily

inside the §-inch tube. The valve in it is of the same type as the one at

the bottom of the tul>e. The piston rods extend through the central hole

at the top of the heating pipe, and are attachetl to a lever which is piv-

oted to a supiwrt fastened to the oaken partition.

Above the pipes is mounted a switchboard (Fig. 1), containing the

necessary measuring instruments. The ammeter on the right side of the

switchboard measures the current used in heating the covered pipe, and

the one in the upper central part of the board measures the current used

in heating the uncovered pipe. The two coils are in multiple circuit, and

when switch C is closed current passes through both coils, the amount

in each coil being regulated by the two I'heostats. The upper rheostat

controls the current in the covered pipe, and the lower one controls the

current in the uncovered pipe. When the switch on the left side of the

board is thrown, closing circuit A, the voltmeter is connected to the

terminals of the coil in tiic unjacketed pipe, and when thrown, closing

circuit B, it is connected to the terminals of the jacketed pipe. Switch

B is in multiple circuit with an impedance coil, and may be used when

a large circuit is needed in the heating coils.

Each of the heating coils has a resistance of about 6.5 ohms, the im-

pedance coil a resistance of about 9.3 ohms, and each rheostat has a re-

sistance of 7..J ohms when all is used. At the outset of a measurement

the resistance of the rheostats is thrown in. switch D is closed, then the

sides of the rheostats moved until the current in the covered pipe is 8

amperes. The oil in the pipes is stirred by means of the pumps. When

the temperature of about 100° C. is reached switch D is opened, and

while the oil is vigorously stirred the current is regulated until the tem-

r^erature of both pipes is kept at the same constant value. After the two

pipes have kept at the same constant temperature for about ten minutes,

the temperature of each oil bath, the voltage at the terminals of each coil,

and the current in each coil, is read.

A record of the test is as follows

:

Outside diameter of pipes, 3..j in.

Length exposed, 3G.0 in.

Temperature of surroundings, 23.1° C.
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Uncovbked Pipe.
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At 50% efliciency 14 x 10" B. T. U. are used in pipes at a cost of

$0.00.

Cost of covering per 1,000 square feet at 25 cents per square foot, is

$250.00 ; interest 107o = $25.00.

Total $275.00.

123 X 10' ^ 14 X 10''=87.9 tons of coal required.

S7.9 X G = $527.40 loss per 1,000 feet per year.

$527.40 — $275.00 = $252.40 saving for tlio first year for a pipe cov-

ering of 53% efficiency.

Physical Lahoratonj of Purdue University,

Lafayette, Ind.
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Ash AND Calorimeter Tests of Coal Purchased by Indiana

University.

By Frank C. Mathers and Ira E. Lee.

Coal is inircliased by Indiana University under a contract tliat all

coal with ash greater than 15 per cent, shall be rejected. The analyses

given in this paper represents the ash tests (and some determinations of

British Thermal Units, B. T. U.) of the nut and slack coal which has

been delivered by the Summit Mine under this contract.

The sampling was done by an employe of the University in the follow-

ing manner : The coal from six holes, each about 1.5 feet deep which

were dug at uniform intervals into the car of coal, was mixed thoroughly.

This large sample weighed 50-75 pounds. After the large lumps had been

broken, the sample was quartered until about one pint remained. This

sample was then brought to the laboratory.^ The analyses are upon

samples dried at lO.S to 110 degrees Centigrade for 0.5 hour. A Parr

calorimeter was used in deterniiiiirg tlie British Thermal Units.

The results are as follows

:

No. of cars Dates between which
analyzed. dehvpred. Maximum. Minimum. Average.

B. T. U. 148 9/1/09 & 7/10/10 13,470 11,525 12,719

Ash % 270 9/1/09 & 0/20/11 22.6 6.37 11.047

The ash determinations when averaged by months are as follows

:

September, 1009, 10.06; October, 10.53; November, 10.97; December,

16.64.

January, 1910, 11.25; February, 12.35; March, 11.39; April, 11.50;

May, ll.SS; June, 10.20; July, 13..32 ; October, 11.80; November, 13.15;

December, 10.81.

January, 1911, 10.70; February. 10.07; March, 12.37; April. 11.41;

May, 11.33.

1 The analysis of the sample obtained by taking portions of coal from each

wagon load from a car did not differ materially from the analysis of the sample

obtained from the car in the manner described. This showed that the method of

sampling was accurate.



238 '

There is no relation between time of year and low ash values. This

indicates tliat the variation in ash and heating value is due to variation

in the quality of the coal and not to any greater carelessness in mining

due to rush periods, since high ash tests do not coincide with winter

months.

These determinations are presented on account of their value. They

represent actual coal and show exactly' the kind of coal that can be de-

livered to customers. Many of the samples of coal which are furnished by

the mine operators for analysis are improperly taken and do not rep-

resent the average character of the coal. A small sample taken in a

mine will almost always show a better analysis than a sample taken

from a car. The official taking the sample leaves out the slate and takes

only the coal. The miner puts in the car as much slate as the boss will

allow. A black, shiny lump of coal, picked up at random and submitted

for analysis will show a higher grade than tlu» dull, lusterless pieces.

A United States bulletin advises mine officials to have analyses made of

f--amples taken from cars and warns them that analyses of samples taken

from mines will generally show a (luallty which cannot be reached in

car lots. For exan)ple, the analyses of coals "from nineteen of the lead-

ing mines of the State' (Indiana)" show an average ash of (i.OtJ per cent.

The analysis of coal from the Summit Mine as given in the same report

shows 5.42 per cent, ash on the dry basis. No analysis in this laboratory

of samples of Indiana coal, which were known to be accurately taken from

cars, has shown such a low ash. Of course nut and slack coal is higher in

ash and lower in B. T. I', than run-of-mine coal, but the difference be-

tween 11.04 and (i.t>l> in ash is greater than really exists between the

two grades of coal.

It is of value to coinpai-c this Indiana coal with the coal iiurchased

l>y the United States under rigid tests and .si)ecifications during the year

lyOS-t). The following table shows the analyses of bituminous coals which

were delivered tnider these specifications. The analyses of the coal pur-

chased by Indiana University are also included in the table.

' The rojocted cars arc inchidccl in tin- averaKos.

' ."list Annual Report of Indiana Department of Geology and Natural Uesourccs.

paw 21 (1006).
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B T. U.
State Ash. u'^vcrage for each State.)

Peuusylvauia 7.85 14,321

West Virginia , G.OO 14,715

Illinois 13.33 12,437

Alabama 9.50 13,917

Virginia 5 .40 14,941

Maryland 7.81 14,480

Average of the six States 8.325 14,133.5

Indiana 11.64 12,719

All the coal received liy the T'nited States Government from Virginia

and West Virginia had percentages of ash 0.03 and 0.09 lower respectively

than the average ash from "nineteen of the leading mines of the State

(Indiana).""' Pennsylvania coal showed 1.70% more ash than the Indiana

coal. No one thinks that Indiana coal is as good as comparisons fi'oni

these analyses indicate. However, if Indiana coal is given the value of

11.04% ash and 12.719 B. T. U., it will occupy a position where it seems

to belong. While there are objections to Indiana coal, nevertheless it makes

a good showing when compared with the eastern coals, which are actually

of a higher grade. A maximum number of heat units for a dollar is what

one wishes in a coal and "* * * it is possible to burn coal of low

heating value as efficiently as higli grade coals."'- Indiana coal, as deliv-

ered, generally contains more moisture than eastern coal, say 10 per cent,

in the place of 3 per cent. There is. say 1 per cent., additional expense

for the extra cost of handling the greater amount of ash in the Indiana

coal. This gives eastern coal an advantage of, say 8 per cent., over

Indiana coals, i. e., if two samples of coal (dried at 103 degrees Centi-

gi'ade) have equal calorimetric value, the Indiana coal, as delivered (with

the water in it) is worth 8 per cent, less than the eastern coal. The

B. T. U. values of Indiana coal, after deducting 8 per cent, for the excess

of water and ash, were compared with the B. T. U. values of coals from

the different States which are represented in the United States Purchase

Bull.-'

If one ton of Indiana coal is wortli $2.00; then

One ton of Pennsylvania coal is worth $2.45

;

One ton of West Virginia coal is worth $2.52

;

* Indiana Geological Report, loc. cit.

2U. S. Ceol. Survey B<ill., No. 32.5, p. 94. "Four Hundred Steaming Tests."
•'• Loc. eit.
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Oue ton of Illinois coal is worth $1.95;

One ton of Alabama coal is worth $2.38

;

One ton of A'irgiuia coal is worth $2.55;

One ton of Maryland coal is worth $2.48.

This gives a method of figuring the value in dollars and cents of east-

ern coals compared with Indiana coal. This table is for average values of

many grades of eastern coal, but for only one coal from Indiana.

For example, if one ton of this Indiana nut and slack costs $1.G0, the

value of oue ton of Tennsylvania coal (7.85% ash and 14,321 B. T. U.) is

(lG0x245) ,/200, or the eastern coal is more economical, if it costs less

than 190 cents.

If Virginia <<ial is $2.50 per ton, then Indiana coal is more economical

if it costs less than (2.10 x 200) /2.55, or 190 cents per ton.

SlMMARY.

The nut and slack coal which has l)i'en delivered to Indiana Univer-

sity from the Sunnnit Mine showed an average ash of 11.04% and an aver-

age B. T. U. of 12,707.

A compari.son of this coal with the coal ]iurchased liy the United

States during the year P.)OS-l> shows tliat the Indiana coal is inferior to

the coal from Virginia, West Virginia, rennsylvaiua, Maryland, Alabama,

but superior to that from Illinois.

A method is given for calculating from the V>. T. TT. the relative value

of Indiana coal compared witli eastern coal.

This article is an attemi)t to show the real worth of Indiana coal and

to make clear the errors due to inaccurate sampling. The luiyer of coal

should know exactly what he purchases. Eastern coal lias been incor-

rectly sampled, the same as Indiana coal. Analyses and method of sam-

l)ling given in the Government bulletin ar<> without doubt correct. Analy-

ses of Indiana coal from samples incorrectly taken are worthless for use

in calculating the comparative values of the coals and should not be given

the least weight or consideration by a purchaser of coal.

It is urged that coal samples for analysis he taken from cars by

some one who understands sampling.

The figures given in this paper for Indiana coal are not assumed to

he average values, since coal from f)nly one mine is represented. The

average value of Indiana coal can not be determined without making a

series of analyses of proper samples from many Indiana mines.

Indiana nnirers-ifti, Bloo)))inf/lfHi.
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Recovery of Silver from Silver Ciilortde Residues.

By Frank C. Mathers.

The silver rroni any silver residue or solutiun can be easily precip-

itated as the chloride. Some silver electro-plating experiments in this

laboratory gave silver chloride residues which wei'e treated in various

ways for the recovery of the metallic silver. One of the schemes was so

satisfactoiy tliat it is described In this paper.

Metallic zinc and hydrochloric or sulphuric acid will reduce silver

chloride to metallic silver. The objection to this method is that it intro-

duces any impurity whicli is in tlie zinc into the metallic silver. Also the

finely divided precipitate of silver is very dilHcult to filter and to wash

free from the zinc salts.

If silver chloride is boiled in sodium hydroxide solution with glucose

or other reducing sugar, it is reduced to metallic silver. The very serious

objection to this method is that the finely divided silver is exceedingly

dKRcult to filter and wash free from the sodum chloride.

The method which has given the best results in this work is an

electrolytic reduction scheme. The silver chloride was filtered and was

washed free from soluble salts. The silver chloride, after drying, was

transferred from the filter paper to a porcelain crucible and fused with a

Bunseu burner. One end of a platinum wire was dipped into the fused

mass just as it begun to solidify. This crucible, containing the silver

chloride, was suspended by the platinum wire into a dilute sulphuric acid

solution. This platinum wire was connected as cathode. A platinum foil

served as anode. The electric current should not be strong enough to heat

the solution, since this would cause platinum to dissolve from tlie anode.

After several hours of electrolysis, the crucible either drops away from

the partially reduced silver chloride or may be removed easily by pushing

with a rod. The electrolysis was continued until the large amount of

hydrogen evolved from the cathode showed that the silver chloride was

largely reduced. The electrolyte was changed, at intervals of several

hours, until the odor of chlorine could not be detected in the gases which

were given ofi'. The reduced silver, which retained the shape of the cru-

[16—29034]
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oible, was suspended in distilled water until the sulphuric aeid of the

electrolyte was washed out. This pure silver was then ready for use

again.

The advantages of this method are:

1. No metal or other ipapurity is introduced during the reduction.

2. The silver whicli is obtained in a Arm condition can be very easily

handled. This avoids tlie very troublesome filtration of finely divided

slimy silver, which is obtained by reduction with glucose.

LJnivcrsity of Indiana, Bloomhu/ton.
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A New G7\s Generator.

By Raymond Bellamy.

This generator is really so new that it exists only on paper. There is,

therefore, still a question as to its efficiency, although it is so simple in its

construction that it can hardly fail to perform its work satisfactorily. It

is designed for use whenever a gas is to be made by intermingling of a

liquid and a solid and will be found to be especially adapted to the gen-

eration of hydrogen sulphide for analytical work.



244

This geuerator's claim to superiority is bastnl on its simplicity of

structure, its inexpeusiveiiess and its ease of oi>eration. All the special

apparatus required is a bowl-shaped member, attached to an upright rod,

the bowl being perforated. This can be made any size desired, but should

be of some material which will resist chemical action, preferably glass.

This can be used with a vessel constructed especially for the puriwse, or

with an ordinary wide-mouthed flask or bottle.

In use, the rod extends through one of the holes in an ordinary rub-

ber stopper. Through the other hole is the tube furnishing an outlet for

the gas. The acid or other liquid is put in the bottle or flask receptacle

and the solid is placed in the bowl-shaped member. Now when a quantity

of gas is desired, by pressing downward on the rod, the bowl with its

solids will be lowered into the liquid and the chemical action will begin.

When a sufficient amount of the gas has been obtained, by raising the

bowl out of the liquid the action will be stopped, as the acid will run out

through the perforation in the bowl. This will save the unused chem-

icals and prevent the escape of the poisonous and obnoxious gas. As a

still further safeguard, the bowl can \ye constructed with a projection on

it, this projection having a concave depression ; this will be arranged in

such a way that when the Innvl-shaped member is lifted from the liquid,

this depression will fit over the outlet for the gas and completely shut off

the escape.

The principle of the generator will be made clear by an examination

of the accompanying drawing.

Moorcfi Hill, ludiunn.



245

Some Abnormai, Plants.

By Raymond Bellamy.

While tramping across the country in nortliern Montana, my attention

was caught by a plant of the Campanula rotunilifolia (L) species. This

was remarkable for its abnormalities. It was in full bloom and the cen-

tral stem appeared to be formed by the union of three separate stems,

while all the flowers on this stem showed the same triple growth in all

their parts. Surrounding this stem were a number of others, each of

which showed a double arrangement throughout, in the same manner that

the central stem had showed a triple one. The specimen was preserved,

but lost, along with a number of others, somewhere between there and

Indiana.

Another interesting abnormality was noticed this fall while sprouting

some white beans for laboratory work. In the bunch were two that had

three cotyledons, one being much smaller than the others, but seemingly

as sti'ong and full of vitality as they.

Moorcs Hill, Indiana.
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A Modified Method for the Determination of Lead Peroxide

IN Red Lead.

By a. R. Nees akd O. W. Brown.

Two general methods are used for determining how near commercial

red lead corresponds to the fornuila rb304. One method depends upon dis-

solving the free litharge from the sample and assuming the residue to be

j)ure PbsOi. Other methods depend upon the determination of the per

cent, of PbO., in the material, and calculating from this value the per cent,

of Pb.Oi in the sample.

Mr. E. E. Dunlap (J. Am. Chem. Soc. 80, p. Gil) has proposed a

method of determining the free litharge in red lead. He states that by

digesting a sample of conunercial red lead in a boiling dilute solution of

lead acetate, all of the free litharge is dissolved and that the material re-

maining corresponds to formula I'bjO^. This method is employed in many

conunercial laboratories. However, the writers have not obtained accord-

ant results when it is used, because the amount of litharge dissolved by

the lead acetate solution depends upon the length of time the sample

i5 digested. The analysis of a single sample by this method gave

results of 4.71% to S.8% litharge when Mr. Dunlap's directions were care-

fully followed, and the time of digestion was varied from ten to thirty

minutes.

For accurate results the writers believe that it is necessary to use

some of the methods for the determination of PbO,. A number of metliods

have been described in the literature and most of them have been tested

in this laboratory.

The method of Lux (Treadwell and Hall's Quantitative Analysis, p.

4[/l) is based upon the fact that oxalic acid is oxidized by PbO, in dilute

nitric acid solution. Our experience with this method is that it usually

gives high results and that they are not concordant. A series of deter-

minations on the same sample gave results varying between 35.1% and

31.54%.

The method of Diehl as modified by Topf (Treadwell and Hall, p. 531)

was also tried. This method depends upon the fact that potassium iodide
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reduces lead peroxide in an acetic acid solution in the presence of an ex-

cess of alkali acetate. The iodine liberhted is titrated with N/10 sodium

thiosulphate. This method gives concordant results when proper precau-

tions are taken. ITie best results were obtained when the potassium iodide

and sodum acetate were ground in a mortar, dissolved in 50% acetic acid,

the sample then added and the solution diluted. It is essential that all of

the lead iodide be dissolved. This is the chief ol)jection to this method,

since it usually requires considerable time and trouble to bring about the

complete solution of the lead iodide.

A method which has given good results is l>ased niton the fact that

dilute nitric acid will dissolve the I*b() in red lead and leave behind the

PbOo. Careful tests have shown that the concentration of the acid should

be at least 1 to 20 and not stronger than 1 to 10. We proceeded as fol-

lows :

Digest a weighed quantity of about one gram in about 100 c. c. of

warm dibit.- nilric acid (1 part acid. 10 parts water by volume) for

lliirty niimites. The saiiiiilc is then liltcrcd and the residue of h-ad i>erox-

ide washed with dilute (1 to 10) nitric acid, and tlien dissolved in equal

parts of dilute nitric acid and hydrogen ixn-oxide. This solution is evap-

orated to dryness to remove oxides of nitrogen. The evaporation carried

out in a Kjeldahl flask to prevent spattering. This residue of lead nitrate

is dissolved dilute nitric acid and electroyzed in \\\v usual way. This

iiietiiod gives good resull.> Imt re(|nires considerable time .-ind very careful

manipulation. A .'series of determinations on one sample gave the follow-

ing percentage of lead peroxide: .•',2.04, .31.S4. .-'.I.SO. .",1.70. 31.SO.

Tlu> most rapid method for the deterniinat ion of I*i)(», is distillation

witli hydrochloric add. Tlic I'bO. reacts witli tlie IK'l to lilterate free

('] according to the following reaction:

Vh(h. 2rbO -I- 8Hcl = .SPbCL + 4H,0 + CI...

Tlie chief (ili.jection to tliis method, as described in the various books,

is the cumbersome apitaratus used. Cork or ruidter stoppers on rubber

connections of any kind can not be used because of the corrosive action

of the strong lid. After many trials we finally d<'vised a very simple

and workable apjiaralns. It consists essentially of a KH) c. c. distilling

flask having a long bent delivery tube and provided with a perfectly fitting

ground glass stopper. The c-omplete apparatus is shown in the figure.
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The deteriuiiiation is carried out as follows : One gram of the sample

is introduced into the distilling flask, together with a few lumps of pure

magnesite. The neck of the flask is washed down with 5 to 10 c. c. of

distilled water, then 40 to 45 c. c. of concentrated HCl is added and the

flask quickly stoppered. The delivery tuhe of the flask, which is drawn

out to point, dips into a 100 c. c. Nessler tube containing a 3 to 4 per cent,

solution of potassium iodide. The chlorine given off liberates free iodine

which is soluble in the excess of potassium iodide present. The amount

\— A '*" *
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pJete reaction to take place. Care must be taken during the last stages

of tlie reaction, since the maguesite is used up and the HCl gas given off

being extremely soluble allows the potassium iodide solution to suck back

into the flask. This is prevented by heating. Heating at this i>oint not

only prevents the sucking back of the KI solution, but is necessary in

(iider to exiiel the last traces of chlorine from the flask. A second Nessler

tube should be inserted and the heating continued a few minutes, in order

to make sure that the reaction is complete. During the distillation the

Xessler tul)o is surrounded by a beaker of cold water, in order to keep

Ihc temperature of the potassium iodide i'juluticn as low as possible so as to

lirevent the volatilization of the iodine.

This method is iKitli (piick and accurate. A series of analyses on one

sample gave the following results: 31.84, .'il.!>2, 31.!i2 per cent, lead per-

oxide. In all about fifty different samples were run by this method and

in every case it was easy t(t check the results to within 0.10 per cent.

If a distilling flask with a ground gla.ss stoppt'i" i« not at band, onr*

can be made in a few minutes. Select a glass stopper of the proi»er size

to fit the neck of the flask and fasten it in an horizontal position to the

end of a slowly rotating shaft or axle fit the flask over the rotating stop-

jicr and grind with fine emery tliist moistened will a nii.xture of equal parts

of ether, turpentine, and alcohol.

(liemica I l.ithonitorii.

Iiididiiu Viiirvrsitji.
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A Simple Laboratory ^Method of ^Ieasurtng ^'"apor Tension.

By a. E. Caswell.

About ;i year a.i.'<i I desifined a slight UKuliticat ion of tlu» ordinary

barometer tuhf aiijiaralus for nieasurini: vapor i)ressiire of less tban an

atmof-phere. This has Ijeeu used in connection with a lieat course for

engineers with very satisfactory results, the accuracy attainable bein.j;

about the same as by the usual nietluxls.

The general arrangement of the apparatus is shown in the accompany,

ing figure. A, is a piece of glass tubing about 2 cm. in diameter and IOj

cm. long, graduated at suital)le intervals. B. is a metal tube of slightly

larger cross section than A. and ending in tlie reservoir C. This is pro-

%ided with a tripod supiiort. The length from the bottom of the tube to

the top of the reservoir may be 15 cm. less than the length of A. The

top of the tube A is surrounded by the vessel D. which may consist simply

of a metal or glass tube fitted with a iiiljber stopper E. The vessel D,

together with the tube A, to which it is rigidly attached, is raised or

lowered by means of a clamp attached either to a rigid support attached

to the tube B, or to a common laboratory support. When the tubes A

and B are being filled with mercury about o cm. of the length of the tube.

A is filled with the li(inid wliose vapor tension is to be measured. The

vapor space can be varied by raising or lowering I), and by noting the

corresponding change in height of the mercury colunui the necessary coi--

reetion for any contained air may l)e determined. Ten centimeters is a

convenient length for the vapor space. D is equi])ped with suitable ther-

mometer and stirrer.

This method involves determining the temperature correspojiding to u

given vapor pressure. The vessel D. is filled with water, or other liquid,

heated to a temperature above that at which the determination is to be

made, and raised or lowered until the mercury surface in the tube is bo-

low graduation G. which is about 1.") cm. from the upper end of the tube,

and another graduation coincides with the level of the mercury surface

in the reservoir C. The li<iui(l I>. is kei)t well stirred and allowed to cool
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slowly ; the temperature being read the instant that the meniscus coin-

cides with G. The vapor tension in cm. of mercury is then the difference

between the barometric reading and the height of the mercury column in

A plus the mercury equivalent of the liquid in A and pressure of air in

the vapor space.

The principal advantage of this arrangement lies in the ease with

which one may secure a series of determinations at different temperatures

by merely raising D 5 or 10 cm. as soon as one determination is made,

and allowing the liquid in D to cool until the meniscus again coincides

with (J. In this way a series of ten or twelve determinations may be made

in a half hour.

Purdue VnivcrsHy,

LaFai/rttc, Ind.
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D

A simple laboratory method of measuring Vapor Tension.—A.E.Caswei/.
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A Theorem on Addition Formulae.

I'.v Leslie MacDill.

The theorem stated here is a corollary of a general theorem on a certain

class of functional equations, whose theory has not been completed at the

time of writing.

Abel has shown that if a function, ((> (x, y), has the property:

^ [z, (p (x, y)] is a symmetrical function of x, y, and z; then there exists

another function such that:

f (x) + f (y) = f [0 (x, y)].

The corollary mentioned proves the converse of this theorem, and shows

further, that a necessary and sufficient condition for the solution of an addi-

tion formula in the form:

f (x) + f (y) = f [z (x, y)],

w'.iere z (x, y) is supposed given as a known function of x and y, is that the

ratio:

dy

shall assume the form of the ratio of a function of x alone, to a function of y

alone, both of which functions have an indefinite integral, possessing each aq

inverse function, viz:

5x u' (x)

dy

Furthermore, if we designate the inverse function by the bar,

z (x, y) = n [u (x) + u (y)]

is another necessary and sufficient restriction on the function z (x, y).

If the equation be given in the form:

(2) z[f (x),f (y)] = f (x + y),
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the necessary and sufficient conditions are:

5s u' (s) s = f (x).

~dz~
"

u' (t) t = f (y).

at

z (s, t) = u [u (s) + u(t)].

The solution for the unknown function in (1), under the restrictions

named abov'e is

f (x) = A u (x), ^ = arbritrary constant,

and for (2) is

f fs) = / u (s). or as before; f (x) = / u (x).

It will be further noticed that if

z [w, z (x, y)] = sj'mnictric function,

^ t! e.i

f (x) + f (y) = f [z (x, y)], by Abel's theorem.

Wo prove the converse. Necessarily

z (x, y) = u [u (x) + u (y)].

z [w, z (x, y)] = u [u (w) + u -ju (u (x) + u (y)) \] = u [u (w) + u (x) + u {y)\,

which is a symmetric function.

Indidna Unii'crsily.
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Note on IMultiply Perfect Numbeus. Inci.i'ding a Table of 204

New Ones and the 47 Others PKEViorsLY Published.

By K. D. Cakmiciiael and T. E. Mason.

§1. I litrod uci ion and Historical ISlotc.

If the snin of all the divisors of X is niN, where m is an integer, we

bhall tall N a multiply ixn'fect Jiuniber of multiplicity m. If m=2 we shall

call N a perfect number.

The study of such numbers gave rise to tlie principal contributions of

F( rmat to the Iiigher arithmetic ; and consequently they have been a means

of prime importance in leading to the development of the modern theory

of nun.ibers.^ As is well kr.o\A'n their history goes back to Euclid, wlio

proved that every number of the form 2"~U2''-1). where 2^—1 is a prime, is

a perfect number. Euler and others- have shown that every even perfect

raimber is of the Euclid type; but it remains an open question as to

v.hether there do or do not exist odd perfect numbers. Several supposed

proofs that no otld perfect number exists have been given, but none of

liiese is rigorous. The actually known perfect numbers' are included in

the Euclid formula 2P-'(23-l) for the ten values of p, p = 2, 3, 5, 7, 13, 17,

19, 31, Gl. S9.

It appears that the first discovery of a multiply perfect number of

nuiltiplicity greater than 2 is due to Mersenne, who observed that 120 is

one-third of the sum of all its divisors. In response to a problem proposed

by Mersenne, Fermat pointed out that G72 has also the property of being

equal to one-third the sum of all of its divisors. From time to time other

nmltlply perfect numbers have been discovered.* Up to the present time

^ Cf. Lucas, Thcorie des nomhrcfi, I, p. 376.

^ A very simple proof of this theorem has recently been given by Dickson,
American Mathematical Monthly, vol. 18 (1911), p. 109. See also a proof by Car-

miohael, Annals of Mathematics, vol. 8 (1907), p. ].')0.

^ For reference to the literature of perfect numbers, see Encyclopedic des

sciences mathematiques, I3, pp. 53-56.

* For a short history of these numbers, with references, see EncyclopMie den

sciences mathematiques, I3, pp. 56-58.

[17—29034]
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there have been published altogether, so far as we have been alile to find

out. a total of forty-seven multiply perfect numbers. Cunningham^ has

announced that he has a table of eighty-tive multiply perfect numbers;

but lie published only one of them. In the table of perfect and multiply

lierfect numbers in §3 we have credited to the discoverer each of the forty-

sincn numbers which have heretofore been published.- The remaining two

hundred four luunbers of the table are believed to be publislied here for

the tirst time. It should be noted that numbers of multiplicity 7 occur in

this table for the tirst time.

In §2 we have given some working rules which. were found useful in

obtaining new multiply perfect numbers from those already known or dis-

covered in the process of constructing the table. Their further use would

consist in the possible discovery of several new nniltiply perfiH't numbers

from a single new one found by any other means whatever. It was in

this way that many of the new numl>ers in this pai»er were discovered;

one was obtaine<l by direct means and others followed by use of the rules.

As to the rules tliemselves, some of them were gotten by direc-t means and

others by comparison of numbers in the tal)le while the table it.self was

being con.structed. The list of nuiiihcr pairs in tlic rules might be largely

extende<l by a further comparison of mnnbers in the table. We have

selected a i)art of tliose which actually proveil to be of most use iu the

construction of tlie tal)Ie.

S2. Ritli'S for FiiKliiii/ Miiltii)li/ Perfect Xiniihrrs.

The following two tlieorems afford useful working rules for finding

new multiitly perfect numbers

:

I. //"II Pi"' and 11 q-,/''' (in either order) are a pair of factor sets from the list

below and if a multiply perfect number N of multiplicity m contains the factor

II jV'i without containing either any fador Pi"'+ ' or any factor q, different from

every pi) then the number

N n qjh

n pi«i

is also a multiply perfect number of multiplicity m.

^British Anfuxiatiiin I{<t)<,r1. X'MrJ.. pp. .528-529.

2 We are indibtcd to I'rcf. Dickson for leforence to this first publication of six

of these numbers,
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2M7, 21". 23. 89

2M7, 2". 19 . 683 . 2731 . 8191

2».31, 2>^43.127t

2".3S 22».3M27.337

2^8. 7 . 23 . 233 . 1103 . 2089, 2=«. 7\ 43 . 223 . 7019 . 112303 . 898423 . 616318177

2". 131071, 2". 174763 . 524289

23«. 53 . 229 . 8191 . 121369, 2«'. 59. 157 . 43331 . 3033169 . 715827883 . 2147483647

3^ 11M3, 3M1. 13=

3«. 137 . 547 . 1093, 3'o. 107 . 3851

3'. 23. 41, 3'". 232. 79. 107.3851

5=.7=. 19.31, 5'. 7'. 13

oM3-. 31=. 61. 83. 331, 5M3M7
5=.72. 19M27, 5^7M9
5'. 1\ \ZK 17-. 307 . 467 . 2801, 5^ 1\ 13 . 17 . 71

If N = ri/i r2/= Tn'" , where ri, r-i,. . . ., r,, are different primes, is a

multiply perfect number of multiplicity m, then from the formula for the

sum of all the divisors of N and the fact that this sum is now supposed to

be mN, we have

n Tj—

1

m = n
i = 1 > i

Therefore in order to prove the accuracy of the rules we have only to show

in each case that

Pi - 1 Qi - 1n—^^ = n ^'

Pi (Pi-1) Qi (Qi-l)

The verification is not carried out.

II. // n p,oi (nil) and n q^ ,^i (n\.{) (in either order) are a pair of factor sets

and viultiplicitij from the list below and if a multiply perfect number Ni of mul-

tiplicity mi contains th3 factor II Pi"i without containing either any factor P,"'+l

or any factor q^ different from every pi; then the number

N,nq,3i
No

Pi"

This pair Is due to i:)escaifos.
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is a multiply perfect number of muUipliciiy m..:

3^ 5 . 1\ 13 (5) , S^". 7 . 23 . 107 . 3851 (4)

V.7 .n\ 19 (5), 3«. 23 . 137 . 547 . 1093 (4)

5.7 (5), 5^7% 13.19 (6)

5-. 31 (5), 5'. 7. 13 (6)

In order to prove the theorem it is clear that we have onlj' to show in

each case that

— n Pi~^ = J- n ^' ~ ^

mi °'4-l mi /^i

Pi(Pi-l) Qi^qi-l)

The verification is omitted.

The following theorem, due to Descartes, is also readily proved:

III. If N is a multiply perfect number of multiplicity p', where p is a

prime number, and if N is not divisible by p, then pN is a multiply perfect

number of multiplicity (p + 1)'^ .

§3. Tabic of Multiply Perfect \ii)nherK.''y

2) 2. ."}. (Euclid, >>'ic()maquo.)

2) 2^ 7. (Euclid, Nicon)aque.)

4) 2". 31 5. 7\ 13. 19. (Lelimer.)

3) 2\ 3. 5. (Mersemie.)

4) 2\ 31 5. 7. 13. (Descartes.)

2) 2'. 31. (Euclid, Niconiaque.)

3) 2\ 3. 7. (Feruiat.)

4) 2'. 3^ 5. 7. (Descartes.)

4) 2'. 3*. 7^ 11=. 19=. 127.

2) 2". 127. (Euclid, Nicomaque.)

4) 2\ 3\ 5=. 17. 31. (Morscnne.)

5) 2\ 3*. 5. 7. ir. 17. 19. (Descartes.)

5) 2'. 3'. 5. 71 13. 17. 19. (Descartes.)

4) 2\ 3\ 5. 17. 23. 137. 547. 1093. (l-\Tmat.)

4) 2'. 3'". 5. 17. 23. 107. 3S.51.

4) 2\ 3. 5. 7. 19. 37. 73. (Lucas.)

* The numbers markotl with a star wero discovered liy Mr. Mason. The re-

maining hitherto unpublished numbers were discovered by IMr. Oarmichaol.

t The multiplicity of each number Is written to its left, if previously pub-

lished the discoverer's name is given to the right.
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2^ 3-. T. 13. 19=. 37. 73. 127. (Lehmer.)

2\ 5. 7. 19. 37. 73. (Legendre.)

2\ 3. 11. 31. (Jumean, Ferruat.)

2\ 31 7. 11. 13. 31. (Descartes.)

2\ 3\ 5. 11. 31. (Descartes.)

2\ 3\ 7. 11^ 31-'. 61. 53. 331.

2'". 31 51 23. 31. 89. (Mersenne.)

2^°. 3\ 5. 7. 11=. 19. 23. 89. (Fermat.)

2^". 3\ 5. 7=. 13. 19. 23. 89. (Frenicle.)

2". Z\ 5=. T-. 13. 19. 31. (Lehmer.)

2". 3'. 5. T-. 13=. 19. 31. Gl.

2'\ 3'. 5=. 7^ 13^ 311 61. 83. 331.

2'\ 3\ 5^ V. 13^ 17.

2". 3». 5. 7=. 13. 19. 23. 137. 547. 1093.

2". 3^". 5. r. 13. 19. 23. 107. 3851.

2'\ 8191. (See EncyclovMie I, 3„ p. 55.)

2". 3. 11. 43. 127. (Descartes.)

2'\ 2,-. 7. 11. 13. 43. 127. (Descartes.)

2'\ 3'. 5. 11. 43. 127. (Descartes.)

2". 3. 5. 7. 19. 31. 151. (Fermat.)

2". 31 7=. 13. 19=. 31. 127. 151. (Carmichael.;)

2". 3=. 5=. 7^ 13. 19. 3r. 83. 151. 331.

2". 5. 7. 19. 31. 151. (Fermat.)

2". 3'. 5=. T. 11. 13. 17. 19. 31. 43. 257. (Carmichael.)

2'\ 3\ 7i\ T. 11=. 13^ 17^ 19. 43. 2.57. 307. 467. 2801.

2>^ 3\ 5^ T. 11=. 13. 17. 19. 43. 71. 257.

2'\ .3^ 5. 7. 11. 17. 41. 43. 257.

2''. 3^ Vj\ V. n. 13. 17. 19. 41. 43. 257.

2'". 131071. (See Encycloiu'dlc I, 3i, p. 55.)

2'^ 3^ 51 7^ 11=. 13=. 19^ 31. 37. 61. 73. 181.

2". 3\ 5. 71 13. 19=. 37. 73. 127. (Fermat.)

2". 3". 7. 19=. 23. .37. 73. 127. 137. 547. 1093.

2". 3^ 5=. T. 11=. 17. 19'. 31=. ,37. 61. 73. 83. 101. 227. 331. 137561.

2". 3'^ 7. 19=. 23. 37. 73. 107. 127. 3851.

2". .T\ T. ir. 13. 171 19^ 43. 53. 73=. 101. 227. 307. ISOl. 137561.

2'\ 3". 5. T. 11=. 13. 17=. 19^ 43. 53. 73=. 101. 227. 307. 1801. 137561.

2". 3". 5\ 7'. 11. 131 17=. 19. ,53. 73=. 307. 467. 1801. 2801.
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6) 2". 3". 5*. 7^ 11. 13. 17. 19. 53. 71. 731 1801.

2) 2'^ 524287. (See Encyclop6die I, 3„ p. 55.)

6) 2'». 3^ 51 7=". 11'. 18. 19% 3P. 37. 41. 61. 127.

6) 2». 3^ 5''. V. IV. 13. 19. 3r. 37. 41. 61.

6) 2'«. 3'. 5=". 7-. 11. 13^ 19^ 31^ 37. 41. 61. 127.

6) 2". 3'. 5\ T. 11. 13^ 19. 3P. 37. 41. 61.

5) 2'\ 3". 5. 7. 11. 23. 31. 41. 137. 547. 1093.

6) 2^\ 3«. 5\ 7-. 11. 13. 19. 23. 31. 41. 137. 547. 1093. (T.elimei-.)

5) 2'». 3^ 5% 7. 11. 31=. 41^ 83. 331. 431. 1723.

*6) 2^». 3^ 5^ T. 11. 13=. 191 31=. 41. 61. 83. 127. 331. 379. 7.".7.

6) 2'«. 3«. 5^ V. IV. 1Z\ 17. 31. 41. 61=. 97. 467. 2801.

5) 2". 3". 5. 7. 11. 23. 31. 41. 107. 3851.

6) 2". 3'". 5\ 7-. 11. 13. 19. 2.3. .31. 41. 107. 3851.

5) T". d,\ 5=. 7^ 13\ 17. 31. 127. 3.37.

5) 2=". 3\ 5. T-. 1.3=. 19. 31. 01. 127. 337. (Fermat.)

S) 2=". 3\ .5=. 7\ 13% 31=. 61. 83. 127. 331. .3.37.

5) 2=". 3\ 5^ 7\ 1.3\ 17. 127. 3.37.

*6) 2=". 3*. 5=. 7^ 11=. 1.3\ 17. 19. 31. 127. .337. 467. 2801.

5) 2=°. 3". 5. T. 1.3'. 17. 41. 127. 3.37. 467. 2801.

5) 2='. 3\ 5=. 7. 19. 2.3-. 31. 79. 89. 137. 547. 683. 1093. (LHinior.)

5) 2='. 3'. 5=. 7. 19. 23. 31. 41. 89. 683.

5) 2=". 3'. 5. 7. 13. 19=. 23. 89. 127. 379. 683. 757.

*6) 2=». 3». 5». 7^ 11=. 13==. 19=. 23. 61=. 89. 97. 127. 083.

5) 2-\ 3'°. 5=. 7. 19. 2.3=. 31. 79. 89. 107. 683. 3851.

*6) 2='. 3". 5=. 7=. 13. 17. 19'. 23. 31. 37. 73. 89. 101. 227. 6S3. 1 .'{7.161.

5) 2=". 3'=. V. 11. 13. 17=. V.)\ 23. 89. 101. 103. 227. 307. 617. 6S3. i;{7561.

398581. 797161.

6) 2=*. 3'=. .5. 7=. 11. 13. 17=. 19'. 2.3. 8«). 101. 103. 227. .307. 617. 6S3. 1.37.".61.

398581. 797161.

*6) 2=^. 3'*. 5=. 7-'. 1.3=. 17. 1U\ 2:5. 31'. 61. 8.3. SO. 103. ISl. .TJI. 617. 6.S3.

398581. 797161.

5) 2==. 3". 5. 7. 11. 19. 41. 47. 151. 197. 17S481.

*6) 2=*. 3'. 5=. 7= 11. I.'!-". 19\ 31-. 47. 61. s.3. 151. isl. T.I7. ;}31. 379. 7.57.

178481.

*6) 2-\ 3\ .51 7=. 11. 13\ 17. 191 47. 151. 181. 197. .379. 7.57. 178481.

*5) 2=-. 3". T-. 11. 13. 17. 19*. 37. 47. 7.3. 101. 1.51. 197. 227. 1.37.561. 178481-

*6) 2=. 3". 5. 7=. 11. 13. 17. 19*. 37. 47. 73. 101. 151. 197. 227. 137561. 17S4SL
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2». 3^ 5\ T. 11'. 13\ 17=. 31. 41. 61. 241. 3U7. 4(i7. 2S01. (Fermat.)

2'\ 3^ 5\ 7\ ir. 13. 17. 31. 41. (Jl. 71. 241.

2='. 3'. 5^ 7^ 11. 13. 17. 31. 41. 43. 53. (j'Ol. 1801.

2-\ 3'. 5\ 7'. 11". 17. 19. 31. 41. 43. 53. 71. GOl. ISOl.

2='. 3^ 7'. 11. 13. 17. 10^ 31. 43. 53. 127. .370. (JOl. 757. ISOl.

2='. 3^ 5. T. 11. 13. 17. 19-. 31. 43. 53. 127. 379. GOl. 757. l.SOl. (Leh-

uier.

)

2='. 3^ 5=. 19. 31. 683. 2731. S191. (Canuicliael.)

2-'. 3^ 7. 11-. 19=. 127. 683. 2731. 8191.

2--'. 3\ 7=. 13. 191 127. 683. 2731. 8191.

2-\ 3". 5. 19. 23. 137. 547. 683. 1093. 2731. 8791. (Carmichael.)

2". 3'". 5. 19. 23. 107. 683. 2731. 3851. 8191.

2-". 3=. 5". 7^ 11=. 13=. 19\ 31. 37. 43. 61. 73. 181. 199. 257. 19531. 11939.

262657. .

2=^ 3^ 5\ 7\ 11=. 13. 19==. 31. 37. 43. 73. 181. 199. 11939. 262657.

2-\ 3\ 6'. T. IV. 13. 19=. 31. 37. 61. 73. 127. 199. 11939. 262657.

2-\ 3\ 5^ 7=. 11. ]3=. 19'. 31. 37. 61. 73. 127. 199. 11939. 262657.

2=". 3". 5'. 7=. 11. 13. 19^ 23. 37. 73. 127. 137. 199. 547. 1093. 11939.

262657.

2-\ 3^ rj\ 7\ 11=. 13. 19=. 37. 41. 71. 73. 127. 199. 467. 2801. 11930.

262657.

2-\ 3^ 5\ 7\ 11. 13. 19. 31. 37. 41. 73. 199. 467. 2801. 11939. 262657.

2=". 3'. 5". 7'. 11=. 17. 19^ 37. 41. 43. 73. 101. 199. 227. 257. 11039. 19531.

137501. 262657.

2=". 3'". 5^ 7^ 11. 13. 19=. 23. 37. 73. 107. 127. 199. 3851. 11939. 262657.

2=^ S\ 5''. 7. IV. 13. 19. 29. 31. 43. 61. 113. 127.

2='. 3'. 5^ 7. 11. 13=. 19. 29. 31. 43. 61. 113. 127. (Fermat.)

2='. 3^ 5\ 7\ 11. 13. 19. 29. 31. 43. 113. 127.

2=^. 3". .5=. 11. 19. 23. 29. 31. 43. 113. 127. 137. 547. 1093.

2=^ 3". -51 7. 11. 13. 19. 23. 29. 43. 113. 127. 137. 547. 1093.

2=^. 3". ,5^ 11\ 19. 29. 31. 4.3. 61. 71. 113. 127. 179. 3221.

2". S'". 5=. 11. 19. 23. 29. 31. 43. 107. 113. 127. 3851.

2-\ 3'". .5^ 7. 11. 13. 19. 23. 29. 43. 107. 113. 127. 3851.

2=«. 3". .5=. 7=. 11. 13. 19=. 23=. 31. 79. 127. 137. 2.3.3. 547. 1093. 1103. 2089.

2=1 3". 5^ 7. 11. 13=. 19. 23=. 31. 61. 79. 137. 2.33. .547. 1093. 1103. 2089.

2=^. 3". 5^ 7\ 11=. 13. 19=. 23=. 71. 79. 127. 137. 2.33. .547. 1093. 1103. 2089.

2=^. 3\ 5\ 7^ 11. 13. 19. 23=. 31. 79. 137. 2.33. 547. 1093. 1103. 2089.
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-0) 2^. 3', 5^. 7-. 11. 13, 19^ 23. 31. 41. 127. 233. 1103. 20S'J.

G) 2*^. 3'. 5*. 7. 11. 13=. 19. 2.3. 31. 41. CI. 233. 1103. 20S9.

6) 2=«. 3'. 5*. 7\ IV. 13. 19-. 23. 41. 71. 127. 233. 1103. 20S9.

6) 2^. 3\ 5=. 7\ 11. 13. 19. 23. 31. 41. 233. 1103. 2089.

*5) 2='. 3«. 5. 11. 13^ 19=. 23. 31. Gl. 127. 233. 379. 757. 1103. 2089.

6) 2=«. 3^ rx. 7. 11. 13-. 19=. 23. 31^ 61. 83. 127. 233. 331. 379. 757. 1103.

2089.

*G) 2==^. 3'. 5''. 7. 11. 131 17. 19=. 23. 127. 233. 379. 757. 1103. 2089.

6) 2=^. 3\ b\ 7. 11\ 13. 19. 23. 31. 61. 71. 179. 233. 1103. 2089. 3221.

*6) 2". 3'". 5=. 71 11. 13. 19=. 23=. 31. 79. 107. 127. 233. 1103. 2089. 3851.

(!) 2='. 3'". 5^ 7. 11. 13=. 19. 23=. 31. Gl. 79. 107. 233. 1103. 2089. 3851.

6) 2=«. 3'". 5*. 7'. 11=. 13. 19=. 23=. 71. 79. 107. 127. 233. 1103. 2089. 3851.

6) 2=«. 3'°. 5\ 7\ 11. 13. 19. 23=. 31. 79. 107. 233. 1103. 2089. 3851.

*G) 2=«. 3". 5'. 7=. 11. 13^ 19^ 23. 37. 73. 181. 191. 2.33. 1103. 2089. 30911.

(J) 2=". 3\ 5=. 71 IT. 13. 19=. 31 \ 37. Gl. S3. 127. 151. .3.31.

6) 2^. 3'. 5=. 7'. 11. 13=. 19=. 3P. 37. 61. S3. 127. 151. 331.

5) 2='. 3". 7=. 11=. 13. 19^ 23. 31. 43. S3. 137. 151. 181. 331. 547. 1093.

G) 2=". 3". 5. 7''. 11=. 13. 19^ 23. 31. 43. S3. 137. 151. 181. 331. 547. 1093.

6) 2^. 3". 5^ 7\ 11. 13. 19. 23. 31. 83. 1.37. 151. 331. .517. 1093.

5) 2». 3'". 7". IV. 13. 19'. 23. 31. 43. 83. 107. 151. 181. 331. 3S51.

G) 2=°. 3"'. r>. 7\ IT. 13. 19\ 23. 31. 43. S3. 107. 1.51. 181. 3.31. 3851.

6) 2-'. 3"'. 5^ 7\ 11. 13. 19. 23. 31. S3. 107. 151. 3.31. 3851.

2) 2'"'. 2147483047. (Eiiler.)

*5) 2". 3'^ 7*. IT. 13. 17. 31. 41. 43. Gl. 83. 1(;3. 257. 307. 331. 4G7. 547=.

613. 1093. 2801. 05537.

*0) 2''. 3". 5. 7\ IT. 13. 17. 31. 41. 43. Gl. 83. 1G,3. 2.57. 307. 331. 4G7. 547'.

613. 1093. 2S01. G5537.

*G) 2". 3'. 5". 7\ 13-'. 17. 19. 2.3. 31. Gl. 79. 89. 157. 313. .379. 757. 2141.

599479.

*7) 2''=. 3". 5\ 7\ IV. 13=. 17=. TV. 2.3. 31. .37. 43. Gl. 73. 89. 101. 227. 307-

2141. 1.37.5G1. 599479.

*7) 2-. .3". 5'. 7\ IT. 1.3=. 17. 191 2.3. 31. .37. 4:'.. 01. 71. 7.3. 89. ISl. 2141.

599479.

*7) 2". 3". 5=. 7\ IT. 13. 17=. V.}\ 2.3. 3T. ,37. 41. Gl. 8,3. 89. 101. 1G3. 227.

.307. 3.31. 1003. 2141. 2281. 4-561. 137561. .599479.

6) 2=1 3". 5'. 7^ IV. 17. 23. 29. .31. 61. 71. 89, 179. 197- 521. 1181. 2141,

3221. 599479.
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4) 2'\ 3*. 7. 11\ 31. 61. ?3. 331. 43091. 131071.

5) 2'\ 31 5. 7'. 11. 13. 83. 331. 43G91. 131071.

4) 2'\ S\ 7. 11. 23. 83. 137. 331. 547. 1093. 43691. 131071.

r.) 2'\ 3'. 5. 7-. 11. 19. 41. S3. 331. 43691. 131071.

4) 2". 8'°. 7. 11. 23. 83. 107. 331. 38.51. 43691. 131071.

*G) 2'\ 3". 5^ 7'. 11^ 13=. 17. 311 41. 61. 163. 179. 331=. 407. 22S1. 2617.

2801. 3221. 4561. 5233. 43691. 131071.

"G) 2'\ S\ 5\ 7. 11. 13. 17. 191 31. 71-. 127". 271. 379. 6S3. 757. 1279. 2557.

5113. 5419. 6S29. 122921.

5) 2". 3^^ 7". 11. 13. 17=. W\ 31. 71. 101. 103. 127. 227. 307. 617. 6S3. 6829.

122921. 137561. 398581. 797161.

6) 2". 3". 5. 7?. 11. 13. 17=. 19\ 31. 71. 101. 103. 127. 227. 307. 617. 683.

6829. 122921. 137561. 3985S1. 797161.

*6) 2". 3". 5=. 7'. 11. 13. 19. 31=. 41. 71. 83. 127. 163. 307. 331. 467. 547'.

613. G83. 1093. 2S01. 6829. 122921.

*6) 2". 3^=>. 51 7\ 13=. 17. 19. 31=. 41. Gl. 71. S3. 97. 127. 193. 331. 467.

683. 2801. 6829. 122921.

*6) 2". 3". 5'. 7. 11^ 17. 19=. 31=. 43. 61. 71. S3. 127=. 179. 197. 257. 271.

331. 683. 1181. 3221. 5419. 6829. 19531. 122921.

7) 2'\ 3". 5=. 7\ 11'. 13. 17. 19=. 31=. 37=. 41. 43. 61. 67. 73. S3. 109. 127.

163. 307. 331. 547=. 613. 1093.

*7) 2^^ 3". 5^ 7'. 11=. 13^ 17=. 19=. 23. 37=. 41. 43. 67. 73. 109. 127. 163. 307=.

367. 467. 547=. 613. 733. 1093. 2S01.

*7) 2^"'. 3". 5". 7^. 11*. 13=. 17. 19=. 31. 37=. 41. 43. 61. 67. 73. 109. 127. 163.

179. 257. 2281. 3221. 4561. 10531.

7) 2'^ 3". 5". 7\ IV. 13. 17=. 19. 29. 37=. 41. 43. 67. 71. 73. 97. 109. 179.

193. 307. 521. eOl. 1201. 3221.

6) 2'\ 3^ 5^ 7^ 11=. 13=. 19. 31. 43. Gl. 71. 223. 601. 1201. 7019. 112303.

898423. 61G31S177.

*G) 2'". 3°. 5=. 7\ 11. 13. 19. 23. 31. 43. 137. 223. 547. 1093. 7019. 112303.

898423. G1G31S177.

6) 2^\ 3". 5^ 7^ 11=. 13. 19. 23. 43. 71. 137. 223. 547. 601. 1093. 1201. 7019.

112303. 898423. 616318177.

*6) 2^". 3'. 5^ 7\ 11. 13=. 19. 31. 41. 43. 61. 223. 7019. 112303. 898423.

616318177.

*6) 2"". 3\ 5=. 7'. 11. 13=. 19=. 31=. 43. 01. S3. 127. 223. .331. 379. 757. 7019.

112303. 898423. 616318177.
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*6) 2'". S\ 5-. 7'. 11. 13". 17. 19=. 43. 127. 223. 370. 7r.7. 7019. 112303. S98423.

616318177.

6) 2'". 3\ 5'. 7^ 11. 13-. 19. 31=. 43. 61. S3. 223. 331. 379. 601. 757. 1201.

7010. 112303. 89S423. 616318177. (Gerardin.)

*6) 2'". 3'. 5*. 7\ 11\ 13. 19. 31. 43. 61. 71. 179. 223. 3221. 7019. 112303.

898423. 616318177.

6) 2="'. 3". 5\ 7". 11". ]3=. 19. 29. 31. 61\ 223. 263. 1861. 4733. 7019. 112303.

898423. 616318177.

"6) 2"". 3'". 5=. 7\ 11. 13. 10. 23. 31. 43. 107. 223. 3851. 7019. 112303. 898423.

616318177.

6) 2"-'. 3'". 5*. 7\ n-. 13. 10. 23. 43. 71. 107. 223. GUl. 1201. 3851. 7019.

112303. 898423. 616318177.

*6) 2^". 3". 5=. 7^ 13=. 17. 19=. 31=. 37=. 61. 67. 73. S3. 127. 223. 331. 1063.

7019. 112303. 898423. 616318177.

*5) 2'". 3". 7\ 11. 13. 17. 19*. 37. 41. 101. 163. 223. 227. 307. 547=. 613. 1063.

1093. 7019. 112303. 137561. S9S423. 61()318177.

*6) 2^». 3". 5. 7^ 11. 13. 17. 19*. 37. 41. 101. 163. 223. 227. 307. 547=. 613.

1063. 1093. 7019. 112303. 137561. 898423. 61631S177.

*G) 2'«. 3". 5*. T'. IV. 13=. 29. 31. 41. 61. 71. 163. 179. 223. 263. 2281. 3221.

4561. 4733. 7019. 112303. 898423. 616318177.

4) 2". 3*. 7. 11'. 31. 61. 83. 331. 43691. 174763. 524287.

5) 2". .3\ 5. 7^ 11. 13. S3. .331. 43691. 174763. 524287.

4) 2". 3". 7. 11. 23. S3. 137. .331. .547. 1093. 43691. 17476.3. 5242S7.

5) 2=". 3^ 5. 7=. 11. 19. 41. 83. 331. 43691. 174763. 5242S7.

4) 2'^ 3'". 7. 11. 23. S3. 107. 331. .3S51. 43691. 174763. 524287.

*6) 2". 3". 5=. 7*. 11*. 1.3=. 17. 31=. 41. (51. 163. 179. .331=. 467. 2281. 2617.

2801. 3221. 4561. 52.33. 43691. 174763. 5242S7.

6) 2^. 3'. 5«. 7^ 11. 13. 19. 23. 43. .5.3. 70. 220. 2.")7. 8101. 10.531. 121369.

*5) 2^. 3\ 5\ 7\ 2.3. 31. 41. 53. 70. 220. 8101. 121.360.

*6) 2='. 3«. 5*. 7=. 11. 13. 19=. 23. 53. 71. 79. 127. 229. 379. 757. 8101. 121360.

*6) 2'\ 3». 5=. 7\ 11=. 10=. 23. 31=. 43'. 53. 61. 79=. S3. 127. 229. 331. TSl.

8191. 121.369.

*6) 2'^ 3". 5*. 7'. 11\ 13. 23. 43=. .53. 61=. 71. 70=. 97. 229. 601. 631. 1201.

8191. 121369.

*6) 2^. 3". -y: 7\ 13=. 1!». 23. 31=. .37. 53. 61. 73. 79. S3. 229. 331. 467. 2801.

8191. 121309.
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"7) 2^". 3". 5'. 7\ 11. 13^. 17. 19=. 29. 31^ 37. 41. 01. 73. 79. S3. 127. 157.

313. 331. 2203. 30S41. 616S1.

*7) 2'". 3'^ 5'. T. Ill 13=. 171 19=. 29. 31=. 41. 43. 61=. 83. 97. 103. 127. 307.

331. eOl. 617. 1201. 2203. 30841. 61681. 398581. 797161.

*7) 2'\ 3". 5\ T. 11=. 13. 171 19\ 23. 29. 31. 411 43. 101. 163. 227. 307=.

367. 431. 547=. 613. 733. 1093. 1723. 2203. 30841. 61681. 137561.

*7) 2'"'. 3^\ 5*. T. IV. 13=. 11\ 19=. 29=. 31=. 41=. 61. 67. 71. 83. 97. 127. 193.

331. 431. 467. 1723. 2203. 2801. 30841. 61681.

*5) 2". 3". T. Ill 17=. 19\ 81. 37=. 43. 47. 67. 103=. 127. 257. 307. 557. 617.

1063. 3571. 7621. 13367. 15241. 398581. 797161. 164511353.

^O) 2"'. 3'=. 5. -71 11=. 17=. 191 31. 37=. 43. 47. 67. 103=. 127. 257. 307. 557.

617. 1063. 3571. 7621. 13367. 15241. 398581. 797161. 164511353.

.*7) 2^". 3'1 5=. 7". ir. 13. 17. 19=. 29. 31=. 37. 41. 43. S3. 97. 103. 127. 193.

257. 263. 331. 557. 4733. 7621. 13367. 15241. 164511353.

*6) 2". '6\ 5'. T. 11. 131 17=. 31. 431 79. 127. 271. 307. 337. 601. 631. 1201.

5419.

•'7) 2". 3". 51 T. IV. 181 17= 19. 29. 31=. 37. 43. 61. 73. 83. 127. 263. 271.

307. 331. 337. 4733. 5419.

*5) 2". 3". V. IV. 13\ 17. 31. 41. 43. 61. 127. 163. 191. 271. 337. 467. 2281.

2801. 4561. 5419. 80941.

*6) 2". 3^*. 5. T. IV. 13*. 17. 31. 41. 43. 61. 127. 163. 191. 271. 337. 467.

2281. 2S01. 4561, 5419. 30941.

0) 2". 3". 51 V. 131" 17. 19. 31. 37. 61. 73. 79. 83. 157. 313. 331. 431. 9719.

2099863.

5) 2". 3^1 T. IV. 13. 19=. 31. 41. 43. 61. 83. 127. 168. 807. 331. 431. 547=.

613. 1093. 9719. 2099868.

6) 2". 3". 5. T. IV. 13. 19=. 81. 41. 43. 61. 83. 127. 163. 307. 331. 431. 5471

613. 1093. 9719. 2099863.

*6) 2". 3". 51 T. 11. 19 . 23. 31. 37. 41. 89. 127. 151. 163. 199. 307. 397.

547=. 613. 683. 1063. 1093. 2113.

•i=7) 2". 3". 51 T. IV. 13. 17. 19*. 23. 31. 41. 43. 61. 89. 101. 151. 168. 199.

227. 2.57. 397. 683. 2113. 2281. 4.561. 19581. 137561.

*7) 2". 3^1 51 T: 11. 13. 17. 191 23. 29. 81. 41. S3. 89. 97. 151. 181. 193.

199. 263. .397. 683. 829. 2118. 4783.

*6) 2". 3'". 51 7. 11*. 19=. 23. 29. 31. 61. 71. 89. 127. 151. 179. 197. 199,

397. 521. 683. 1181. 2113. 3221.
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*7) 2". 3''. 5". T. 11. 13. 17. 19^ 23^ 29. 43=. 67. 79". 83. 89. 107. 151. 181.

199. 257. 263. 331. 397. 631. 661. 683. 2113. 3851. 4733. 19531.

*6) 2". 3^ 5^ 7^ 13. 19'. 23. 31=. 37. 47. 73. 79. 83. 127. 137. 151. 331. 547.

631. 1093. 23311,

6) 2". 3^ 5\ v. 11. 19=. 31=. 37. 41. 47. 71. 73. 79. 83. 127. 151. 331. 631.

23311.

*6) 2". 3^ 5^ V. 13. 19=. 23. 31=. 37. 47. 73. 79. S3. 107. 127. 151. 331. 631.

3851. 23311.

*7) 2". 3". 5\ 7". 11=. 13'. 17=. 19«. 29. 31^ 37. 47. 53. 73=. 79. 151. 181. 2G3.

307. 631. 1801. 4733. 23311.

5) 2*'. 3". T-. ir. 17. 19=. 31. 41. 43. 47. 61. 127. 151. 103. 197. 271. 307.

547=. 613. 1093. 5419. 178481. 2796203.

*6) 2*'. 3". 5. T. 11'. 17. 19=. 31. 41. 43. 47. 01. 127. 151. 163. 197. 271.

307. 547*. 613. 1093. 5419. 178481. 2796203.

•7) 2". 3". 5'. V. ll^ 13^ 17=. 19\ 31. 37. 41. 43. 47. 61. 101. 151. 163.

197. 227. 271. 307. 2281. 4561. 5419. 137561. 178481. 2796203.

*7) 2". 3". 5*. r. ir. 13=. 17. 19^. 31. 37. 41. 43. 47. 61. 71. 151. 163. 181.

197. 271. 2281. 4561. 5419. 178481. 2796203.

*7) 2". 3^'. 5^ 7'. 11=. 13. 17=. 19'. 29. 37. 41. 43. 47. 71. 97. 151. 181. 193.

197. 263. 271. 307. 4733. 5419. 178481. 2796203.

*7) 2". 3=\ 5'. T. ir. 13. 17'. 19*. 23. 29. 43. 47. 67. 83. 101. 107. 151. 197.

227. 271. 331. 661. 3851. 5419. 137561. 178481. 2796203.

*7) 2". 3". 5'. T. 11. 13. 17=. 19*. 23. 31. .37'. 41. 61. 89. 97. 127. 193. 307.

1063. 2351. 4513. 442151. 13264529.

*7) 2". 3". 5'. 7M1. 13. 17. 19=. 23. 31=. 37=. 43. 61. 67. 83. 89. 127. 331.

.379. 601. 757. 1201. 2351. 4513. 442151. 132r>4529.

*7) 2*\ 3='. 5*. V. 11. 13. 17. 19. 23=. 31. 37. 61. 67. 71. 79. 83. 89. 107. 331.

467. 661. 2351. 2801. 3851. 4513. 442151. 13264.529.

*6) 2'". 3*. 5'. 7*. 11'. 13'. 17*. 31. 61. 67. 103. 139. 307. 467. 2143. 2801.

11119. 131071.

6) 2'". 3^ 5\ 7'. 11'. 13. 17. 31. 61. 67. 71. 103. 139. 2143. 11119. 131071.

6) 2=*". 3\ 5\ 7'. 11. 13=. 17. 31. 61. 67. 71. 103. 139. 2143. 11119. 131071.

*6) 2^. 3'. 5'. T-. 13=. 17. 19. 23. 31. 61. 67. 103. 137. 139. 547. 1093. 2143.

11119. 131071.

*6) 2'". 3". 5'. V. 11. 131 17^ 23. 67. 103. 137. 139. 307. 467. 547. 1093.

2143. 2801. 11119. 131071.
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6) 2^^ 3'=. -r. 7\ 11. 13. 17. 23. (il. 71. 103. 137. 139. 547. 1093. 2143. 11119.

131071.

*6) 2'". S'". Tr. T-. 13^ 17. 19. 23. 31. 61. 67. 103. 107. 139. 2143. 3851.

11119. 131071.

*6) 2^". ^'\ 5\ T. 11. 13'. 171 23. 67. 103. 107. 139. 307. 467. 2143. 2801.

3S51. 11119. 131071.

6) 2"°. 3^". 5'. T. 11. 13. 17. 23. 67. 71. 103. 107. 139. 2143. 3851. 11119.

131071.

*0) 2^\ 3^\ 5'=. T. 11. 17. 19=. 41. 43. 53. 79. 97. 127. 157. 193. 257. 269.

683. 1613. 2731. 8191. 19531.

•=6) 2^\ 3". W. T. 13. 17. 19''. 31. 37=. 53. 07. 79. 127. 157. 269. 379. 683.

757. 1063. 1613. 2731. 8191.

*5) 2
'. 3^". 5". ir. 19=. 31. 43. 53. 61. 79. 127. 157. 179. 197. 2.57. 269. 683.

1181. 1613. 2731. 3221. 8191. 19531.

"6) 1'\ 3=1. 5'. V. 13. 17. 19=. 23. 53. 67. 79. S3. 107. 127. 157. 209. 331.

661. 683. 1613. 2731. 3S51. 8191.

*6) 2^1. 3". 5^ 7. 11. 17. 19. 23. 53. 07. 71. 79. S3. 107. 157. 269. 331. 661.

683. 1613. 2731. 3S51. 8191.

*7) 2'\ 3=^ o\ T. 11. 13. 17. 19\ 29. 37. 41. 43=. 53. 71. 73. 79=. 101. 157.

227. 269. 463. 631. 683. 1613. 2731. 6481. 8191. 137561.

*7) 2"'=. S^\ 5\ 7=. IV. 13. 17. 19=. 31. 37. 41. 43. 53. 61. 79. 97=. 127. 157.

193. 263. 313. 317. 2503. 3169. 3181. 6361. 69431. 485581. 20394401.

*6) 2'". 3". 5^ 7^ 13^ 11\ 19=. 29. 37=. 67. 73. 79. 127. 157. 313. 1063. 1619.

16189. 32377. 524287. 1212847.

*6) 2^'\ 3". 5'. 7=". 11*. 13^ 17=. 31. 41. 163. 179. 191. 307. 467. 1619. 2281.

2801. 3221. 4561. 10189. 32377. 5242S7. 1212847.

*7) 2^». 3=^ 5^ 7". 11=. 13\ 19'. 29^ 31=. 37. 41=. 53. 61. 73. 79. 83. 151. 157.

181. 191. 211. 203. 313. 33r. 421. 431. 463. 661. 1321. 1723. 1889.

4733. 6481. 30941.

2) 2™. 2305843009213G93951. (Seellioff, Pervusin.)

6) 2". 3^ 5". T. 11. 13. 19. 23. 43. 59. 79. 157. 257. 19531. 43331. 3033169.

715827883. 2147483647.

*5) 2'--\ 3^ 5^ 7^ 23. 31. 41. 59. 79. 157. 43331. 3033169. 715827883.

21474S3G47.

6) 2". 3«. 5\ 7=. 11. 13. 19=. 23. 59. 71. 79. 127. 157. 379. 757. 43331.

3033169. 71.5S27SS3. 2147483647. (Cunningham.)
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*6) 2"'. 3\ 5-. 7\ 11-. 19=. 23. 31=. 13". 59. Gl. 79=. S3. 127. 157. 331. 631.

43331. 30331G9. 715S27S83. 21474S3647.

*6) 2"'. 3". 5\ T. 11^ 13. 23. 43% 59. 61=. 71. 79=. 97. 157. COl. G31. 1201.

43331. 3033169. 715S27SS3. 21474S3G47.

=^^G)
2'-''. 3". 5% T. 13=. 19. 23. 31". 37. 59. Gl. 73. 79. 83. 157. 331. 4G7. 2801.

43331. 3033169. 715S27S83. 2147483647.

-7) 2". 3^=^. 5^ T. 11=. 13. 17. 19. 23. 41. 43. 47. 53. 79. 83. 97. 137. 157. 193.

313. 331. COl. 953. 1201. 131.59. 2G317. 43G91. 131071.

*7) 2'\ 3=^ 5". 7". 11\ 13. 17% 19''. 23. 37. 43=. 67. 79=. 97. 107. 139. 181=.

191. 199. 229=. 257. 307. 331=. 457. 467. 631. 661. 2617. 2801. 3851.

5233. 11939. 19531. 4;{(,91. 1747G3. 2G2G57. 524287. 525313.

2) 2'". 61897tH>19642G9(ll37449.5G-_'111. (I'dwers.)

JUoninington, JnO,
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Concerning Spheric Geometry.

Ey David A. Roth rock.

(Abstract.)

In this pajior is develoi)od a system of analytic fjeometry npon the

surface of a spliere, in wliich the axes of reference are great circles and

the coordinates of a point are arcs of great circles. With a proper choice

of axes, the equations of the loci known as spheric straight line, spheric

circle, spheric ellipse, spheric hyperbola, spheric parabola defined metri-

cally as in plane analytics, appear in a form analogous to their equations

in the plane.

The paper also investigates other loci of more complex character, to-

gether with a discussion of the notion of spheric pole and polar, radical

axis, etc. A summary of the literature upon this system of geometry is

also included.

inooniington, Indiana,

^^orember 30, IDll.
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On the Representations of a Number as the Sum of Consecutive

Integers.

By T. E. Mason.

(Abstract.)

Theorem

:

If we define a series of consecutive integers so as to include zero and

negative numbers and if we consider a number itself as a series of con-

secutive integers with one term, then a number

m = 2« . p/'' . Pa"' p,.">-,

where the p's are the odd prime factors of m and the «'s the power to

which they occur, may be expressed as the sum of a series of consecutive

integers in

2(«, + l) («2 + l) («r+l)

ways. When m = 2" it may be so expressed in two ways.

One-half of the total number of series will have an even number of

terms and one-half will have an odd number of terms.

One-half of the total number of series will consist of all positive terms

and one-half the number of series will contain zero or zero and negative

terms.

We shall now apply this theorem to express 15 as the sum of con-

secutive integers.

15=3x5.

The number of series will be

2(1+1) (1+1)=S.

Series.

15

4 + 5 + 6

1+2+3+4+5
-6-5-4-3-2-1+0+1+2+3+4+5+6+7+8

7 + 8

0+1+2+3+4+5
_3_2- 1+0+1 +2+3+4+5+6

-14-13.... -4- 3 -2 -1+0 + 1+2 + 3 + 4 + 5+.... +14 + 15

//( (liana Univcrsitij,

Novemher, 1911.

[18—29034]

No. of
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Application op the Cauchy Parameter Method to the Solution

OF Difference Equations,

By T. E. Mason.

In the application of tlie Caucliy parametei' metluKl to the solution

of difference equations the following are the necessary steps:

1) Break the equation up into two parts, one of which gives a part

f)(x) which may be readily solved and multiply tlie other part of the

equation by the parameter t, so that the equation

f(x)=0

becomes

(a) fi(x)+tf,(x)=0.

2) Assume a solution of the form

U(x)=A(x)+B(x)t+C(x)tHD(x)t''+

3) Substitute 'in the etpiation (a) and eipiate the coefficients of the

different powers of t to zero and solve. Then the parameter t is made

equal to 1.

4) The solution

U(x)=A(x)+B(x)+C(x)+D(x)+

must be shown to be convergent and to satisfy the original equation.

In breaking up the equation it is necessary to make such division

that the resulting solution is convergent. In equations with constant

coefficients the solution of the resulting equations is, in general, no easier

than the solution of the original equation, so that this methotl of solution

ib of little or no value there.

By a proper division of the equation the method of Cauchy will give

the same results as the method of successive approximations. Let us illus-

trate this by means of the example

AU(x)=<l'(x)U(x),

where*

*(x)=*"x ' + *"'x^+

*The general linear homogeneous difference equation of first order may be transformed to this

form by a transformation of the form

g(x)=xa^a^x'"f(x),

where the a, a and m are constants to be determined for the particular equation.
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Let us write

AU(x)-t0(x)U(x)=n

and assume for the solution

U(x) = A(x) +B(x)t + C(x)t = + D(x)t3+

Then

AU(x) = AA(x) +:iB(x)t + ^C(x)t= + AD(x)t3+ ....

Substituting in the equation we have

AA(x) +t[AB(x) -ci(x)A(x)] + tnAC(x) -^(x)B(x)] + tnAD(x) -9(x)C(x)]+ . . =0.

Equating the coefficients of the powers of t to zero we have

AA(x)=0

AB(x)-^(x)A(x)=0 or AB(x) =^(x)A(x)

AC(x)-^(x)B(x)=0 or AC(x) =^(x)B(x)

AD(x)-9(x)C(x)=0 or AD(x) =^(x)C(x)

Solving we have

A(x) = 1

B(x)^Sx^(x), where Sx<?(x) = - 2 ^(x + i)

i=0
C(x)=Sx^(x)Sx^(x)

D(x)=Sx0(x)Sx0(x)Sx^(x)

.•.U(x) = 1 + Sx9(x) +Sx^(x)Sx<^(x) +Sx«/>(x)Sx^(x)Sx0(x) +

This series has been proven to be convergent* and gives a particular

solution of the linear homogeneous e<iuation of the first order.

But this parameter method may be applied in such a way as to obtain

solutions difTcrent from those obtained by the ordinary method of successive

approximations. We shall illustrate this remark by the solution of the

equation
A2U(x)-aU(x)=x'"»t, a<l.

Let us write

A2U(x)-x("'-taU(x)=0

and assume the solution

U(x) =A(x) +B(x)t + C(x)t' + D(x)t'+ ....

•Carmichael, Transactions American Mathemathical Society, Vol. 12, No. 1, p. 101. If in that

discussion we put a=l, m = 0, the two problems are identical.

tx(°)=x(x-l) (x-2^ (x-n+1).
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Substituting in the equation and equating to zero the coefficients of the

powers of t, we have

A=A(x)-x'°' = or A2A(x)=x(°'

A2B(x)-aA(x-)=0 or A=B(x)=aA(x)

A2C(x)-aB(x)=0 or A=C(x) = aB(x)

A2D(x)-aC(x)=0 or A-D(x) = aC(x)

A=A(x)=x<°)

AA(x) = ^^ +pi(x)
n + 1

x(n+2)
A(x)-- ^ +p/x) .x + p,(x)

ax(n+2)
A=B(x) = + api(x) . X + ap2(x)

(n + 2)'2)

„2y(n+4) „(3) „(2)

A=C( x) = + a=pi(x) — + a=P2vx) —
(n + 4)(''' 3! 2!

Cvx) = —- + a=pi(x)— + a-p2(x) —

-

(n+6)'6)
»- 5! 41

. ,., . x("+2) ax(°+4) a^x(°+6)
, , r ax(3) a^x^^^ a'x^^)

1 +p/x) F]
ax<2; a^x^'" a'x^^^

Since a<l these series converge, and it can readily be shown by substi-

tution that this does afiford a solution of the equation.

If we denote the solution of the previous equation by U^°Kx), then the

solution of the equation

A=U(x)-aU(x) = P(x), a<l,

where P(x) is a polynomial in x of the form

P(x) = ao + aix^i' + a2X<2) + asx'^' + + amx'""',

may be written in the form
m

U(x) = i- anU<°'(x).

n =

The 2m + 2 periodic functions combine into 2 independent ones.

The solution of other examples would follow the same method.

Blornningtoii, Ind.
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Some Variations in Plants.

By F. M. Andrews.

In llie proceedings of the Indiana Academy of Science for 1905 and

VM9 I have mentioned some variations in phmts. Some of those have

heen noted and studied hy de Tries, who considered the subject of such

importance as to undertake its fnrtlier study.

Flattened stems of various kinds are not infrequently found and

sometimes twisted stems also. The latter de Vries^ has noted in wild

teasels and he was able by selection and cultivation to increase the per-

centage of plants of teasel having this peculiarity.

One instance of stem flattening, not due to a traumatic effect, is that

of the blackberry. The stems of this plant are ordinarily more or less

rounded in transverse outline and it would be interesting to see if this

monstrosity could be increased in any way in plants grown from them as

in teasels.

This same tendency to produce occasionally flattened parts occurs in

dandelions. De Yries" was able to increase in various plants the per-

centage of flattened stems. Not iufi*equently the scapes of the dandelion

are so united with others and so flattened as to be more than a centimeter

in width.

Likewise deviations are often shown in the flowers of dandelions

This is especially seen in the union of two or more heads of flowers. Two,

three and once five of flowers were more or less united into one and pro-

duced by this means a rather confuse<l and irregular mass of many flow-

ers. Here also was a flattening of the more or less perfectly united scapes.

A sunflower which had several heads fused into one very large and curi-

ously shaped mass was observed.

The vinion, how^ever, of most flowers or branches in the neighborhood

of one another are always of rare occurrence, as DeVries'' has mentioned

is the case with most plants. An exception to this is seen in the case of

* De Vries—Species and Varieties, their Origin by Mutation. 1905, pp. 404, 405.

- De Vrie.s—Species and Varieties, their Origin by Mutation. 1905, p. 411.

' De Vries—Species and Varieties, their Origin by Mutation. 1905, p. 428.
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sojne plants, however, which show a decided tendency to bring about a

union of frnits, as in tlie strawberry, several of whose fruits and leaves

at times grow together.

Deviations as to the time of the blooming of flowers are sometimes

noticed. In Bloomington an apple tree that, besides blooming profusely

during the regular time in spring, has two years bloomed twice each year.

After blooming in the spring it produced a few blossoms again in August

and September of the same year. After blooming the next spring an in-

creased number of blossoms were produced in August and September as

compared with the same time the preceding year.

It is well known that apple trees often bloom a second time in the

fall in very dry seasons, but in this case the climatic conditions were just

the reverse.

It will be interesting to see what this tree will continue to do in this

respect. At the time that the second period of blossoming occurred the

tree was bearing a fairly good crop of apples from the first blooms. The

same may be seen in many other plants at times, as in violets, horse-

chestnuts, anemones, gentians, redbuds, some primulas' and weigela.

The sudden and complete transformation of color in flowers from the

normal sometimes occurs, as in Achillea millifolium, where the rays are

pink instead of white.

The same is true of the common yellow adder's-tongue (Erythronium

Americanum) which sometimes, though rarely, produces purple instead

of the usual yellow flowers. When found such specimens should be trans-

ferred to a rich garden (if it is not possible to guard and grow them in

their native habitats, which would be better) and cultivated and closely

watched and protected in order to see whether they would reproduce the

monstrosities again or even to a greater extent.

Apparent monstrosities are sometimes caused not naturally by the

plant but are frequently caused by some sort of traumatic effect. This 1

have repeatedly seen in plants. Especially is this true in the more hardy

plants that are able to bear a rather considerable injury without a fatal

termination. The common iron weed (Vernonia fasciculata) shows fre-

quently a branching only a short distance above the ground and below

the usual branching, if partly crushed or otherwise injured.

Another instance of an ai)parent monstrosity, is the change brought

' Kerner, Vol. 1, p. 564.
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about in Ambrosia ai'teiui.si;vfolia clue to traumatic causes, as shown by

A. C. Life.^ Tliis plant was injured by a wafxon running over it and

showed a number of abnormal conditions in which the reproductive pri-

mordia had a tendency to change into vegetative parts.

It is well, therefore, on finding any monstrosities of any kind to con-

sider and inquire into the cause or source of the deviation and to try to

ascertain whether these deviations are traumatic in origin or are inherent

ii^. the plant itself for some other reason.

'A. C. Life, Botaniral Gazette, 1904, Vol. 38, pp. 383-384.

J!J :()i)iington, Indiann.
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Report op the Work in Corn Pollination, III.

M. L. Fisher.

A brief resume may be helpful. In 19<)S a series of studies in corn

I>ollination was begun. Of tliese studies two were reported to this society

at the lOOS meeting. One of these dealt with the vitality of pollen as

affected by age. The other dealt with the results of cross-pollinating

varieties of different colors also, the crossing of sweet and dent corn.

Seed obtained from these crosses was used for planting in 1909. The re-

.>ults of this planting were reported at the 1910 meeting. In brief they

showed an agreement with Mendelian principles.

In 1910 seed was selected from the various types developed in 1909.

For example, from ears which showed white and yellow dent, and sweet

kernels all on the same cob, the white kernels were picked out and

planted separately ; the same was done with the yellow dent and sweet

kernels. In all sixteen different selections were made. These were

lilanted in single rows side by side and given similar treatment in every

way. Hand pollination was resorted to as in the two previous years. It

may be said here that after three years of self-pollination there was not

Iho marked deterioration which breeders have told us would happen from

such in-breeding.

A full account of the results of this experiment may not be given in

this place, but the following observations are presented:

1. Tlie effect of using Reid's Yellow Dent as a male on Boone County

White was to increase the height of the stalk noticeably, while the recip-

rocal cross showed a sturdier stalk than is nsual with either variety.

2. Sweet corn as either parent induced an abundance of suckers.

I'he average for six different rows in wliich the seed used had some sweet

ill it was 47.") per cent, of the stalks being suckered, some stalks having

as many as six to eight. Also, where Reid's Yellow Dent was the male,

the per cent, of suckers was large, amounting to 42.G per cent, of all the

stalks, while the reciprocal gave only 9.G per cent. It is well known that

sweet corn normally produces many suckers, and under favorable condi-

tions Reid's Yellow Dent produces more than most dent varieties.
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3. The Sweet-Reid's Yelow Dent and the Reid's Yellow Dent-Boone

County White crosses which had the largest per cent, of suckered stalks

also showed the largest per cent, of twin ears and the smallest per cent,

of barren stalks. It may not be accepted that suckers are an indication

of prolificacy, but this series of experiments indicated as much.

4. This being the third year of the experiment the constancy of

dominants and recessives would be expected to show itself. Sweet, red.

speckled, and white are supposed to be recessive to dent and yellow. In

18 self-pollinated ears from sweet, 15 were pure sweet and 3 mixed white,

sweet, and yellow. In 12 ears from speckled seed, 9 were pure speckled,

2 pure yellow, and 1 pure red. In 15 ears from red seed, 13 were pure

red and 2 pure yellow. However, in none of the pollinations from white

seed was the percentage of pure ears so high. The highest being from tho

white seed selected from the Sweet-Reid's Yellow Dent cross, in which 7

out of 12 ears were pure.

In the experiments of 190S yellow showed itself dominant to all other

colors, consequently it would contain not only the dominants but the

hybrids and such a condition manifested itself in the various selection

from yellow seed. A notable exception was from a row planted with

yellow seed from a twin ear. Every sclf-jxiUinatcHl ear from this row

was pure yellow.

5. From the Sweet-Reid's Yellow Dent cross two types arose, one

with whitish kernels and white cobs, like tlie original Stoweli's Evergreen,

and the other with yellowish kernels and red cobs. These two types were

planted in 1911 on the grounds of tho Horticultural Department, Purdue

T.'niversity. The season being backward the crop was not large, but

enough was obtained to sliow that the types were fixed and would breed

true.

Purdue University,

LaFayettc, hid.
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New and Notable Members of the Indiana Flora.

E. J. Grimes.

The following notes deal with the distribution and the ecological

condition of the species mentioned. They pertain for the most part to

the flora of Pntnam County.

The determinations have been verified by authorities, and the speci-

mens are deposited in the National Herb., Gray Herb., and my herbarium.

The nomenclature follows the Vienna Code as exemplified in the

seventh edition of Gray's Manual.

The seventeen species and varieties that are recorded as new to the

Indiana flora are marked with an asterisk (*).

Ophioglossum vulgatnm L.

Putnam County. Four miles south of Russellville a large colony of

this plant was found June 4, 1911, on a wooded hillside along Raccoon

Creek.

The plants were very thrifty, from 24 to 32 em. in height, the leaves

3.5-4 cm. wide, and 6-7 cm. long. The sterile regments were attached

below the middle.

Woodsia obtusa (Spreng.) Torr.

Putnam County. Grows sparingly on sandstone ledges. September

4, 1911.

Aspidium noveboracense (L.) SW.

Parke County. Low woods in moist soil. Small colony was found

one mile north of Ferndale, September 11, 1910.

Asplenium Thrichomanes L.

Putnam, I'arke and ^Montgomery counties. Frequent on dry sandstone

ledges, found with Polyodiutn rulgare.

*Marsilea quadrifolia L.

Putnam County, south of the Vandalia station at Greencastle in an

old pond. Tills species is quite abundant on one side of the ix»nd, but

is rapidly disappearing, due to the draining of tlie pond and the subse-

quent encroaching of the vegetation, which is filling up the pond and

eventually choking out the IMarsilea. This plant was first detected by

Dr. Banker of De Pauw Univer.sity in 1904. Possibly introduced by some

botanist.
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*Paspaluni stramineuin Nash.

I'utuaiii County. Oiieii. dry hillsides and along railways, October 4,

1911. The range as given iu Gray's Manual is Nebraska to Missouri and

southward.

Panicum huachucae Ashe.

I'utnam County, di-y open hillsides, June 11, 1911. Reported from

Indiana at Clarke Junction (Bebb), Gibson (Hill). (Hitchcock and Chase.)

— (N. A. Species of Panicum, p. 21(5).

Aristida tuberculosa Nutt.

I'utnam County, along old P>ig Four Railway, August S, 1911. "In

sandy soil along the lake beach. Lake (Hill)."— (State Catalog, p. G33.)

Diarrhena diandra (Michx.) Wood.

Rich soil in a wooded ravine along Raccoon Creek. I'utnam County,

July 9, 1911. RejMirted only from counties bordering the Ohio River and

IcAver Wabash.

Bromus piirgans L.

Putnam County, rich liilLside along Raccoon Creek. First detected

as a member of our tlora by G. W. Wilson.— (Proc. Ind. Acad. Sci. 1905,

i(i<;.)

Cyi)erus aristatus Rottb.

Southern part of I'utnam County on wet sandy shore of Mill Creek,

.\ngiist i(». r.m.

*Eleocharis jialustris glaucescens (Willd.) Gray.

Putnam County, one mile east of Russellville, in ditch along C, II.

& I). Railway. In flower May 22. 1911.

Carex cristata Schwein.

Putujim <'ounty. tlirei' and one-half miles south ni' Russellville, in

Iherman's Swamji along R.-iccoon Creek. June 11, 1911, with Caret stiixita,

(' ((iilinlDitlKtrn ;iud Sciiinis ntlidiis.

*C:\rex virescens Swaiiii Fernald.

Putnam County, on rocky, woo(le<l hiiisidi' at Fern, August S, 1911.

'Mnncus elViisus solutus Fei-nald and Weigand.

I'utnam County, near Limedale, in ;in abandoned rock quarry, Oc-

tober 5, 1911.

Mai;inthenmm canadensis I)esf.

Putnam County, two miles northea.st of P.;iinbridge, on dry hillside,

associated with Tsnga canadensis, June 2.1. 1911. Most southern station

kncnvn in the State.



287

Kanniiculus circiiintus Sibetli.

Putnam County, three miles east of Kussellville. It is abundant in a

bayou of Raccoon Creek. In flower May 22, 1911. Reported only from

Hamilton County.— (State Catalog, p. 757.)

Conrin^'ia orientalis (L.) Dumort.

I'utnam and :Montgompry counties, along the Monon R. R. In flower

May 6, 1911. First reported by G. W. Wilson.— (Proc. Ind. Acad. Sci.

1005; 171.) Becoming more abundant each year.

*Sisymbrium officinale leiocarpum DC.

Putnam County in cultivated grounds with the type, but far more

abundant.

*Hesperis matronalis L.

Montgomery County, along roadside near Crawfordsville, August 11,

3911.

*Hydrangea cinerea Small.

Posey County, July 7, 1910 (C. C. Deam) ; Montgomery County (Deam

and Grimes), July 23, 1911. Putnam County, two miles northeast of

Bainbridge, on Knobstone shale along Walnut Creek. In flower August

15, ]911. Flowering later than H. arborescens, this is the predominating

species wherever found. The range in Gray's INIanual is South Carolina

and Georgia to Tennessee and Missouri.

*Pyrus ioensis (Wood) Bailey.

Putnam County, two miles west of Greencastle, on embankment of

old Big Four Railway. Fruit was collected from a single individual about

eight feet tall, August 27, 1911.

^Crataegus pruinosa (Wendl) K. Koch.

Putnam County, on dry wooded hillside along Raccoon Creek. This

is the first species in our area to ripen its fruit, mature fruit having been

collected July SO, 1911.

*Geum flavum (Porter) Bicknell.

Putnam County, four miles south of Russellville, in moist wooded

ravine near Raccoon Creek. Taken at only one other station. Infrequent,

July 10, 1910.

Rosa blanda Ait.

Putnam County, near Greencastle, on dry banlv along Big Four Rail-

way, in full flower June 4, 1911. "In a few localities in the rocky hUJs

of tlje southern counties."^— (Sfate Catalog, p. 789.)
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De.^iiianthus lUinooiisis (Miclix.) MacM.

I'utnam County, on embankment of old Bi}; Four Railway, west of

Greencastle, August 8, 1911. Well established at two stations along the

Hiilway. "I have seen specimens from no other region (Clark County).

In my opinion the form is of rare ocenrrence in tlie southern and south-

western counties. If found it would ])r<)liably be on alluvial banks or in

prairies."— (State C'atalog, p. Sli).) I'osslbly a migrant in Tutnam

County.

Strophosfylcs iiauciHora (Ucntli.) AVats.

Putnam County, near Fern, along (he old Big Four Railway. This

interesting species is frequent along Ihe roadside for abnut a quarter mile,

where it is associated witli Euphorbia Iictcr nplnilld. Mcilk-itiio sdlii-a and

Aristada fiiherciilosa. The leaves varied from i;-!..") cm. long, the ])od.-^

were from 2 to 2.5 cm. long and H nun. wide. Stipules 3 mm. long. The

jHMhuicles varied from 2 to 10 cm. long, the seeds were grayish brown in

color and 8.-3.5 mm. long.

'IMie most northern station known in Indiann. having been rejxirted

<;nly from Gibson and Posey counties, wlierc I »r. Schneck recorded it as

rare.

Croton glandulosus septentrional is Muell. Arg.

Putnam County, three miles west of Greencastle on right of way of

old Big Four Railway. Flowering and fruiting specimens collected Au-

gust 27, 1011, Local and rare. Previously reported only from Daviess

County,

Cnttoti monanthogynus Michx.

Putnam County. fre(iuent live miles west of (Jreencastle along old

Big Four Railway. August 8, 1011.

Hypericum A.scyron L.

Putnam, Parke and Montgomery counties, in alluvial soil and on

banks of streams. A beautiful species deserving cultivation.

Vacclnum corymbosum amoenum (Alt.) Gray.

Montgomery County, on Devil's Back Bone at Pine Hills. Collected

In fruit July 23, 1911. A single individual about one meter tall, grows

on the very dry ledge, associated with Txiir/a canadensis.

Ligustrum vulgare L.

Montgomery Comity, along roadsides and |n waste places. June 25,

ion,
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*Asclei)ias Sullivaiitii Eii.!j;elm.

Putnam Comity, one mile west of Bainbridge, in a pasture. In full

{lower, June 2r>, 1911. Two additional stations liave since been detected

near Russellville, associated with A. fujriaca.

Verbena angustifolia Miclix.

Putnam County, in a ditch along the C, H. & D. Railway near Russell-

ville. In flower July 10. 1011.

*Verbascum Blattaria albiflorum Ktze.

Putnam and Montgomery counties. Common in old fields and pastures.

The form with purplish corolla is frequent throughout the State, while

the type with yellow corolla is infrequent or rare.

Ruellia ciliosa Pursb.

Putnam County, four miles south of P.ainbri(lge along the Monon

Railway. In flower August 14, 1911. Less freiiuent than R. strcpciis.

Viburnium molle Micbx.

Putnam County, tliree and half miles .south of Russellville, on rich

wooded hillside along Raccoon Creek. Collected in flower June 14, and

mature fruit September 4, 1911. Fre<iueiit throughout the county on wooded

slopes adjoining streams. A shrub 3-4 m. high, easily recognized by its

gray exfoliating bark.

Erigeron divaricatus Michx.

I'utnam and Parke counties, on dry exposed hillsides. Abundant

wherever found. I have seen this species in Russell and Washington

townships in I'utuam County, and near Ferndale in Parke County. "Re-

ported only from the extreme southern part of the State, where it is

foiuid on the banks of streams."— (State Catalog, p. 978.)

Antennaria fallax Greene.

I'utnam County, three miles south of Russellville. Poor soil on dry

hillside. April 30, 1911. Previously taken by H. H. Bartlett in Marion

County.— (Proc. Hid. Acad. Sci., 1904; 303.)

*Antennaria neglecta Greene.

Putnam County, three and half miles south of Russellville. Poor

soil in an old field, AprU .30, 1911. More frequent than the preceding

f-pecies.

*Galinsoga parvitlora hispida DC.

Putnam County, in town of Russellville, in cultivated grounds, Au-

gust 18, 1911. Associated with Malca rotuiuUfoUa.

liusscIlviUe, Iu(L, December, 1911.

[IC—29034]
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A ]\[ONOGRAPH OP THE COMMON TnDIANA SpECIES OF HyPOXYLON.

Charles E. Owens.

It is the purpose of this iiaper not to present an exliausti^ve treatise

on the genus Hjiioxylon. hut to give a brief account of tlie habit and

habitat of these fungi as the writer has observed them, together with a

key to the species which have been collected in this State. Descriptions of

the species covered by the key have also been included.

The Hypoxylons, like most other fungi, have a vegetation phase which

grows hidden in the sulistratum, and a fruiting phase which grows on

the surface of the host for the purpose of facilitating the dissemination of

the spores. The essential part of this fruiting body consists of from one

to many perithecia which contain the spore-bearing asci. The perithecia

are usually aggregated in clusters and imbedded in a carl)onaceous crust

known as a stroma. The stroma is more or less conspicuous and varies

greatly in form and size. Sometimes it may take the form of a broadly

effused crust several inches or even many feet in extent ; again it may be

a globose, subglobose, or hemispherical structure varying in size from a

single perithecium approximately 1 mm. in diameter, to a large stroma

1 to 2 cm. in diameter and containing numerous perithecia. The perithecia

are usually arranged peripherally in a single, regular or irregular layer.

Sometimes, however, they are crowded into several more or less irregular

layers, so that the spore-bearing layer of the stroma may be several times

the thickness of a single perithecium. The stromata ai'e usually of a

carbonaceous nature, but sometimes they are woody or corky-fibrous. The

color of the substance is generally dark-brown or black ; while that of

the surface exhibits a range from whitish or gray, through various shades

of red, ferruginous and purple, to black.

Without exception, the species of this genus are saprophytic and live

Vipon the dead trunks, branches and rotten wood of various kinds of trees.

They prefer the shade and moisture of the woods and are seldom found in

the open where they would be exposed to direct sunlight for a large part

of the day. Certain species, however, are sometimes found around the

edge of woodlands where they are not shaded at all times. This is es-
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pecially true during raiuy seasons. Some species are found upon the dead

barli of trees and branclies which are not in an advanced stage of decay.

Others are usually found uiwu decorticated wood which is still sound.

Still others seem to prefer wood which is very rotten. Occasionally a

species is found which seems to flourish equally well under any or all of

these conditions. Especially is this true of certain species which grow

in great profut^ion both on souiul bark and decorticated wood.

It is* thus evident from the very nature of this group of fungou.s

plants that they are of very litth\ if any, economic importance. Since

they arc not iiarasitic. they never cause the death of living plants, and,

aitiiough true to fungous natui-e, they aid in the decay of timber already

dead, yet, because of the fact that they thrive only in the forest, they

are not destructive of tinilter which has Imumi promptly removed to its

propi-r i)lace of use. The chief interest, then, which attaches to them is

a scientific one. ^lost .species of Ilypoxylon are large and conspicuous

hi coniiiMrisoii with must otlu'r genera of Pyrenomycetes, and therefore

they attract the attention of the collector. It is i)erhaps this character-

isiiv- more than any other which makes them interesting to the student

o!' fungi.

The Ilypo.xylons develop late in the season, passing through the

couidial stage during the sununer or early autunm. The perfect stage

follows the conidial and arrives at maturity sometime during the fall or

early winter. The time foy collecting mature specimens, then, is during

the late autuuni or early winter. They persist throughout the winter,

however, and may lie collected in good condition until the warm weather

of .'•priug comes, when they begin to disintegrate rapidly.

In attempting to make a key to the species of Hypoxylon a great

dillicnlty is encountered. Perhaps there are few genera of fungi, or even

nf .-my group of plants, which offer more difficulty along this line than

the genus under cousideiation. In the first i>lace the genus itself is not

s(t off from all other genera by distinct and unmistakable characters.

!"or example, it would take an expert to distinguish with accuracy be-

tween some sjiecies of Xunnnularia and certain of the Hypoxylons. This

lack of reliable marks of identity is even more evident when it comes to

distinguishing between tlie various species of Ilypoxylon.

Most investigators who have worked with this genus have attempted

U) divide it into groups of doubtful extent on the basis of the form and
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color of the stroma. But this is not entirely satisfactory, because these

characters are not at all constant in a great many species. Specimens of

a certain species may be found at one time which sliow tlie effused form

hi a very marked degree. Again specimens of the same species may grow

in a globose or hemispherical form with scarcely a sign of the effused

nature. Similarly the color of the same species may vary greatly under

different conditions of growth and with increasing age.

In any given species perhaps the spore measurements are the most

constant of any of the characters, and even these vary within certain

limits. But the differences between the .spore measuiements of all tha

various si>ecles are not of wide enough range to be of any great advantage

in throwing them into groups which would be usable in a key. It is true

that there are a few sjjecii's here and there which might lie thrown out

upon the basis of spore size, but the great ma.iority of them range so

nearly together that it is not feasible to attempt a key upon this basis.

Since it has Ik'cu our (inal pui'pnso to make a key which could b9

used chiefiy in the field without the u.se of the microscope, we have deemed

it best to follow, for the most part, the example of former writers. There-

fore the more evident, although more superficial and unstable characters

have been employed, and the key has been based tn a large extent upon

the form and e.xtemal cniur of the stroma. Although in a few of the ulti-

mate divisions spore measurements have been used, it is hoped that in

most cases the student will be able to locate any of the species covered

by this key, by means of the naked eye, aided, perhaps, only l)y the hand

lens.

I'ei'liaps not the least valualih' .-lid in identifying species may l)e found

in the accomiianying figures. When working with oltjects wliicli are of

such a uniformly dark appearance and wliieh show such little contrast

between stroma and substratum as do most of the Ilypoxylons. it is no

easy task to i)roduce photographs which show their form and external

ajipearanee to good advantage. The figures ai)pended are from photo-

graphs which wer(> taken near a west window with the rays of the after-

r.oon sun falling directly ni)on the .sijecimens. It is the experience of the

writer that this gives more contrast and makes the stromata and the

perithecla stand out more prominently in the iiliotograpii than is the cas^

\Ahen the exposure is made in diffused light.

Sixteen species have been collected thus far and the key has been

made to fit the specimens at hand without regard to any others.



295

The descriptions of species have been taken to a great extent from

the original descriptions and comments appended thereto, as given in

'North American Pyrenomycetes" by Ellis and Bverhart. In nearly all

cases, however, the writer has made some changes, and in some instances

the whole description has been rewritten to suit the specimens at hand.

All measurements of asci and spores are original. Where the measure-

ments given by Ellis and Everhart differ, their figures are given in paren-

theses. In some cases the measurements given by Saccardo are included

also.

The identification of all species covered by this paper has been verified

by Dr. Charles H. Peck, State Botanist of New York, who was kind

enough to examine all our specimens. In a few cases the species was de-

termined by liim. I take this opportunity to express my thanks for his

assistance in this work.

I am also indebted to Prof. J. M. Van Hook, of Indiana University,

for material placed at my disposal, and for aid and advice in forniulatin'.i;

this paper.

Key to Species.

I. Stroma large, irregular, thrown into folds or ridges, spores 8 microns

long or less 1. H. Petersii.

II. Stroma more or less effused.

A. Stroma broadly effused.

1. Externally colored whitish or gray.

a. Smooth, whitish, dotted with black ostiola

2. TI. atropinictatniii.

2. Externally colored not whitish or gray.

a. Perithecia 2/3-1 mm. long, spores 11-13 microns long

3. H. a tropurpure It in.

b. Perithecia 1/2 mm. long, spores 9-11 microns long

-'/.//. rubiginosum.

B. Stroma variously effused or confluent, usually in small areas.

1. Externally colored not black.

a. Surface of stroma bright purple, ostiola not white-margined,

spores 12-1.1 microns long 5. H. fuscopurpurcum.

b. Surface of stroma brown or slightly purplish, ostiola white-

niargined, spores S-11 microns long *6. H. perforatum.
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2. Externally coloiecl black.

a. Sti'oma scant, composed of large peritlieeia which are almost

solitary, or contlnciit in variously shaped, thiu-crusted patches.

1. II. effusimi.

b. Stroma thick or thin, in more or less effused patches 1/2 to

1 or 2 cm. long and wide. (Some very convex forms might

be mistakenly placed under III.) 8. H. multiforme.

J. Stroma globose oi sul>gloljose.

A. Externally colored not black.

1. Stroma glol>ose.

a. Substance of stroma concentrically-zoned, radiate-fibrous,

'<pores s microns long or less .0. //. Howeiamim.

h. Substance of stroma homogeneous, spores more than 8 mic-

rons long 10. II. coccineum.

c. Substance of stroma scant, perforate or granular, ostiola

white-margined *6. H. perforatum.

2. Stroma depressed-imlvinate or rounded, surface dark purple.

11. II. fuHCum.

P.. Externally colored black.

1. Peritlieeia annulate-truncate.

a. Stroma laige. with the small (.5 mm.) perithecia deeply

and evenly sunk in the substance of the stroma so that

scarcely more than the di.sk projects, giving a rounded,

even appearance 12. II. marginatum.

b. Stroma of medium size and irregular from the large (2/3-1

nun.), prominent perithecia, many of which project one half

their length beyond the surface of the stroma

13. II. annulatum.

2. I'erithecia not annulate-truncate.

a. Stroma scant, perithecia large, solitary or confluent in

small, elongated areas in grooves of the bark

I'l. H. sassafras.

b. Stroma roughly sultgloliose, composed of a few loosely-

aggregated perithecia (I'sually not over 15 or 20 in a

* n. perforatum is sometimes found with the effused form of stroma, and again
with a subglobose or hemispherical stroma. In order that the student may not be

at a loss to know where to place it In case he should have only the one or the
other form, the key has been arranged so that this species will run under either the
effused or the globose group.
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stroma ) 15. H. cohaerens.

c. Stroma flattened above, turbiuately narrowed below, bear-

ing numerous (usually over 25). not very prominent peri-

thecia 16. H. turhiiiuhitum.

Descriptions.

The following de.^criptions are adapted mainly from "North American

I'yrenomycetes" by Ellis and Everhart.

Hypoxvlon, BulUard.

Stroma of carbonaccuis or woody-corl^y consistance, dark-lirown or

l)lack within, e.\ternally ranging from almost white through shades of

red, brown or purple, to black, free from the first or erumpent-superficial,

sometimes more or loss sunk in the wood, globose, subgloboso, or more or

less effused and crustaceous, at first covered by a conidial growth, finally

bare. I'erithecia peripherical in a single layer or sometimes in several

layers concentrically or irregularly arranged, globose, ovate or oblong,

coriaceous or corneo-coriaceous, sunk in a stroma, but generally with the

upper part more or less projecting, with a papilliform or umbilicate osti-

oium. Asci cylindrical, S-spored. Spores uniseriate, elliptical or fusoid,

inequilateral or curved, continuons, brown.

7. JI. Petersii, B. & C.

Stroma large, 2.rt-ii cm. long. 2.~>-4 cm. wide, .Tn-l.") cm. thick, ranging

iii shape fmrn .ilniust circular to oblong or elliptical, convex above, some-

times even, often raised into a few large folds or ridges which usually

extend cro.sswise but occasionally lengthwise of the stroma, centrally at-

tached with a s])rca(ling margin free at the sides. In the elliptical forms

the attachment extends lengthwise almost from end to end. The surface

sometimes exhibits deep cracks. The stroma is covered at first with a

thick, leathery, membranaceous veil which soon disai)i)ears except around

the margin where there persists a leather-colored strip of irregular width

which becomes narrower and darker-colored with age. Substance corky,

slightly fibrous, brown, ujiijer spore-bearing part blackish-brown, slightly

carbonaceous. I'erithecia subglobose or sub-elongated, .o-.7o mm. long,

with necks ending in i)a]iilliform ostiola. arranged in several layers, which

in places are so crowded tlnit the layers are not distinct. The entire

spore-bearing stratum averages about H mm. in thickness. Asci cylin-
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(irical. ('<t-7.j X ."» microns, siiore-licariui.' part o."i-J(»xr) inicroiis. Spores

luiiseriate or .sub-biseriate above, elliptical, rather iiaimw, brown, 7-8x3-4

microns.

On rotten lo.i^ of (^uercus. Huckleberry Woods, near Bloomingtou,

Indiana.

?. //. (itropiDtrtiitiini, (Scliw.) Cke.

Hpliaeria atmpnnctata. Scliw.

Antliostoma atropnnctatiun, Sacc.

Ilypoxylon atropunctatnm, Cke.

Stroma very broadly effused, forming a thin (.7.")-! nnii.i. smooth,

whitish or gray crust which is flush with the surface^ of the surrounding

bark, irregularly dotted with the black ostiola. usually surrounded by a

black, sterile margin or circumsciibing line, substance hard and rigid,

black inside. Peritliecia in a single layer, not crowded, ovate, about .H

mm. high, sometimes reaching almost to the base of the stroma. Asci

abruptly contracted below into a short, stii)itate base. 17r)-22U x 1.1-17 mi-

crons, spore-bearing part ICO-ISO x l."-17 microns. Sjiores acutely elliptical

or almond shapcMl. dark. 2l'-:]0 x 11-14 microns (E. & E.—Asci 150x10-12

microns. Sjiores 2ri-o(>x 10-12 microns.) (Sacc.—Spores 2.5-30x8-9 mi-

crons.)

On Fagus and Quercus. vicinity of F.loomington. Tiid. Also in Orange

County, Indiana.

This spe( ics often extends in broad exjtanses for many feet along

dead, standing tree trunks. It is easily overlooked on beech because of

its similarity in color to the bark, but is readily identified by its black-

punctate character.

o. II. iitriiiiKrinnrion, Fr.

Sjiliaria atropurpurea, Fr.

Stroma broadly effused, varying greatly in extent, sometimes 1-2 cm.

\\ ide and .5-10 cm. long, occasionally continuous or interruptedly contin-

uous for two or three feet in strips 1-3 cm. wide; 1-2 mm. thick; brown

or purple, changing to dark-purple or almost black ; margin of stroma

rounded and distinct; surface papillate from the slightly prominent peri-

tliecia which are .6G-1 mm. high, oblong or obovate, and are closely packed

in a single layer. Spores ovate, subacute at each end, opaque, 9-13x4.5-6

microns. No asci were present in our specimens. (B. & E.—Asci, spore-

bearing part, 50-60x7-8 microns. Spores 10-14 x5-(i microns.)
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On Carya and Fagus, vicinity of Bloomiiigtoii. Ind. Also rei»orted ou

bark of Tilia and other trees.

This species was found growing on the smooth surface of a hicliory

log from which the hark had been removed by man apparently one or two

jears previous to the finding of the specimen. The wood was slightly

decayed. The stroma was extensively effused in a strip which was approx-

imately one inch wide, entirely continuous for one foot and almost cou-

thiuous for three feet in length.

This species is distinguished (in our specimens) from //. rabiyinosuin

by its larger and more prominent perithecia.

4. H. ruhif/lnosiim, (Pers.) Fr.

Sphaeria rubiginosa, Pers.

Hypoxylon rubiginosum, Fr.

Stroma broadly effused, occasionally found, however, in small patches

a few millimeters or a few centimeters across ; rusty-red or brown, finally

black, sometimes with a distinct purple tint ; .75-1.5 mm. thick and adher-

ing closely to the substratum, the lower part consisting of the altered

wood so that it is sometimes difficult to distinguish between stroma and

substratum; at first even and sterile but finally distinctly mammillose

from the small (.5 nun.) perithecia which generally appear at first sepa-

rate in the center and spread outwardly, becoming closely packed in a

single layer. Asci 105-130x5-6 microns, spore-bearing part 70-80x5-6

microns. Spores 9-11x4.5-5.5 microns. (E. & E.—Asci, spore-bearing part

G0x6 microns. Spores 10x4-5 microns.)

On decorticated Liriodendron, Borden, Ind. Also on Ulmus, Bloom-

ington, Ind. Reported on Acer, Quercus, Fagus and other deciduous trees.

Seems to be very common.

This species is difficult to distinguish from H. atropurpureum, but has

smaller perithecia and slightly smaller spores. It may also be confused

with H. fuscopurpureum, but the latter (in our specimens) has larger

spores and a more elegantly purple surface.

5. H. fuscopurpureum, (Schw.) Berk.

Sphaeria fuscopurpurea, Schw.

Hypoxylon fuscopui-pureum. Berk.

"Variously effused, margin generally sterile, outer crust rather hard,

black and shining within, surface elegantly purple, regularly granulose

from the subjacent perithecia which are oblong-ovate, polystichous, numer-
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ous, small, iininersed in the shining black stroma, staining the wood or

bark around it black, inseparably adnate, extending for an inch or more

in length and preferring depressions in the surface of the wood. Sec.

Cooke Grev. XI, p. 124, the sporidia are 14 x 7 microns. The specimen

in liav. F. Am. 053, on bark of ash, seaboard of South Carolina, has spor-

idia 9-11x4.5-0 microns, iind looks more like a smooth form of H. rubig-

inosum."

The above is quoted verbatim from the description as given in Ellis

and Everharfs work. The specimens at hand are rather meagre. Our

measurements are: Asci 120x9-10 microns, spore-bearing part 85x9-10

microns. Spores 12-15 x ('-7 microns.

On rotten wood of Liriodendrnn, Bloumington, Ind.

To distinguish from II. nihii/iiiusiint, see under description of tlu> lat-

ter. It may also be confused with //. atropurpiirciiiii. but lias a more

elegantly jiurple surface and slightly larger spores.

6. II. perforatum, (Schw. I Fr.

Sphaeria perforata, Schw.

Stroma superficial, effused, tubercular-convex or depressed-hemispher-

ical (2-4 mm.), often interrui)tedly confluent for several centimeters in

narrow (2-4 nnn.) strijis. dirty-brown, dark, or iiui'jilish rust-color, dotted

with tlie minute, white-margined, punctiform ostiola. I'erithecia sub-

monostichous. globose, small (.25-.33 mm.), lying near the surface of the

stroma, crowded, mostly n(}t distinctly prominent. Asci S5-110x7-S mi-

crons, spore-bearing part <:0-70 x 7-8 microns. Si)ores S-llx4-(> microns.

(E. & E.—Spores 10-14 x.5-7 microns.)

On T'lmus. Fraxinus, llbns .uid Sassafras, vicinity of Blooraington,

Indiana. Also reported on (^uercus.

I have frequently found this species with the hemisplierical or tuber-

oular-convex form of stroma. When found in this form alone, it is not

at all probable that the collector would think of placing it in the effused

group. (See note immediately following the key.)

7. II. cffuftuiii, Nitschke.

Stroma su])erficial. thin, forming black, crust-like patches of various

shapes and sizes, 3-4 mm. across, or often confluently seriate, 3-4 em. or

more long by .5-1 cm. wide. Perithecia in a single layer, rather large (the

central cavity ))eing about .33-.5 mm. in diameter), prominent, but usually

fattened above, sometimes with a central papilla nnich as in //. annu-
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latum, but not so distinctly nnniilate-depressed. Asci 90-110 x S-ti microns,

spore-bearing part 55-05 x 5-G microns. Spores ovate-oblong, pale brown,

8-10x3-4.5 microns. (E. & E.—Spores 9-10.5x3.5 microns.)

On decorticated I'lmns, near site of university reservoir, Bloomington,

Indiana.

Tlie stroma in this species is very scant. The peritbecia are sparingly

fused or confluent so that there is not much substance aside from that

comprised in the peritbecia themselves.

S. H. multiforme, Fr.

Sphaeria nuiltiformis, Fr.

Sphaerla peltata, DC.

Sphaeria rubiformis, Pers.

Hypoxylon granulosum, Bull.

Stroma erumpent and often margined by the ruptured bark, of various

shapes, at first rounded, tlien spreading and becoming somewhat flattened

above, dull rusty-red, finally black and smootli. Peritbecia irregularly

inonostichous, rather large (1 mm.), globose, distinctly prominent, with

papilliforin ostiola. Asci cylindrical, on long pedicels, 95-110 x(i-7 microns,

spore bearing part 00-70x0-7 microns. Spores 9-12x4.5-0 microns. (E.

& E.—Spores 9-10.5x3.5 microns.)

On Fagus, Ulmus and Juglans, vicinity of Bloomington, Ind. Also

reported on Betula (where the stroma is usually transversely elongated),

Alnus, Sorbus, Quercus and Castanea.

Specimen No. 2193 in the lierbarium at Indiana University seems to

be the most typical one in our collection. Several other specimens in the

same herbarium were identified by Dr. Peck as depressed forms. They

have somewhat smaller peritbecia.

,9. H. lloweianum, Pk.

Stroma globose or depressed-globose, 5-15 mm. across; surface brick-

red or someti.mes orange colored or slightly olivaceous, becoming darker,

almost smooth but densely punctuate with the minute, black ostiola ; sub-

stance of a shining blue-black or brown-black color and showing a radiate-

fibrous structure, usually with from one to three or more faint, concentric

zones. Peritbecia ovate, .25-.75 mm. high, peripherical in a single layer,

with scarcely more than the minute ostiola projecting. Asci 75-90x4-5

microns, spore-bearing i)art 50-GO x 4-5 microns. Spores 7-S x 3-4 mici'ous.

(E. «& E.—Asci, spore-bearing part 45-50x5 microns. Spores 0-7x3-3.5

microns.)
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On Acer and Fagus, vicinity of Bloomington, Indiana.

Tbis species is distinguished from //. coccincum by the radiate-fibrous,

concentric-zoned structure of the stroma, wliicli is lacking in the latter,

and also by its much smaller spores.

Specimen No. 2245 in the Indiana I'niversity Herbarium is a peculiar

form, having a thin orange-colored or brick-red crust which peels o£f

easily, and shows only a few scattered perithecia. This is perhaps an

immatui'e specimen.
^

10. II. coccineum, Bull.

Sphaerla fragiformis, Pers.

Sphaeria rubra, Willd.

Sphaeria lycoperdoides, Weigel.

Sphaeria radians, Tode.

Sphaeria tuberculosa. Sow.

Sphaeria bicolor, DC.

Sphaeria lateritia, DC.

Lycoperdon pisiforme. Sow.

Iiyci)]K'r(l()n Aiirinlnsuni, Lin.

Stromatosphaeria fragiformis, (Jrev.

Stroma glolx/se or snbgbtbose. erumi)ent, turning llic hark daru m
streaks for a short distance around, then superficial, completely liidinz

tlie scar where it Itroke through the outer bark, deep brick-red when

mature, often p-aler when young, sometimes turning darker with age after

maturity, 2-1(> mm. in diameter; interior homogeneous and of an even

sooty or gray-black color; surface evenly mannnillose from the slightly

p-rojecting perithecia ; finally solitary or joined together in tufts of two.

three, or more. Perithecia peripherical in a single layer, subglobose or

ovate, sliglitly prominent, crowded. ..33-..") mm. in diameter. Asci 11.5-140

X (j-S microns, spore-bearing ijart 7(>-!X> x (i-s microns. Spores black, often

2guttulate, 10-14 x .5-7 microns. {K. & E.—Sjiores 10-12x4-5 microns.)

On bark of dead Fagus, vicinity of Bloomingt<m, Indiana. Also re-

ported on other trees such as Quercus, Salix and Betula. This is one of

our most conunon sjiecies.

11 II. fusrnm, (Pex'S.) Fr.

Sphaeria fusca, Per.s.

Si>haeria fragiformis, Hoff.

Sphaeria confluens, Willd.

Sphaeria tuberculosa. Bolt.
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Sphaeria castorea, Tode.

Sphaei'ia coi-yli, DC.

Sphaeria glomerata, DC.

Hypoxyloii fuscuui, Fr.

Stroma erumpent, then superficial, generally 1-4 mm. in diameter,

solitary or snbconnate, depressed-pulvinate or hemispherical, dark purplish-

brown or purplish-red, finally almost black, somewhat uneven from the

slightly projecting, small (.5 mm.) perithecia which are closely packed,

irregularly monostichous, subglobose, with minute mammilliform ostiola.

Asci 95-110x7-8 microns, spore-bearing part 80-90x7-8 microns. Spores

10-12x5-6 microns. (E. & E.—Spores 11-14 x 5-G microns.) (Saccardo.

—

Spores 32-16x5-7 microns.)

On dead Ulmus, Acer and Ostrya. vicinity of Bloomington, Indiana.

Also reported on Alnus, Betula, Corylus, Fagus and other deciduous trees.

Tliis species sometimes grows with a few of the perithecia in the

center of the stroma projecting farther than the remainder, forming a

kind of papilla and giving the entire stroma the appearance of a nmch

fiattened volcanic cone.

12. U. ynarginatum, (Schw.) Berk.

Sphaeria marginata, Schw.

Sphaeria durissima, Schw.

Sphaeria truncata, Schw.

ITypoxylon durissimuni, Cke.

Hypoxylon marginatum. Berk.

Stroma pulvinate or hemispherical, 3 mm. to 2 cm. across or by con-

fluence more than that, ranging up to 6 or 7 nnu. in thickness; black when

luattire; surface slightly roughened by the projecting perithecia with their

pniiilliform ostiola. I'erilhecia ovate, monostichous, peripherical, about

.5 mm. in diameter, with black ostiola which arise from the center of a

small, flat, circular disk or depression which, however, does not aitpear in

the earlier stage of growth. Asci 7.~)-100x5-7 microns, spore-bearing pari

,'i5-75 X 5-7. Spores 7-9x3.5-,^) micrdus. (E. & E.—Asci 75-SO x n-7 microns.

Spores 7-9x8-8.5 microns.)

On bark and wood of (Juercus, vicinity of Bloomington, Indiana.

This species has the annulate-truncate perithecia similar to //. annul-

((turn, but is distinguished from that species by its smaller and less prom-

inent perithecia, and by its larger stroma. (See under description of //

annulatum.)
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13. II. anuulutum, (Seliw.) Mout.

Sphaeriii aniiulata. Schw.

Hypoxylon aumilatum, Mont.

Stroma berai8]>heric-tnbercii]iforiu, about 2-.j mm. across, or irregularly

effused and interruptedly confluent-tuberculose. brown isli-black or purplish-

black. Perithecia snbglobose, irregularly mimosticlions. large (.75-1 mm.).

^A ith from one fourth to one half of the upper part free, finally annulate-

truncate above, with the black, papilllform ostlola in the center of the

truncate disk. Asci 90-12.'5 x (7-7 microns, spore-bearing part 65-80 x 6-7

microns. Spores 8-9x4-5 micron.s. (E. & E.—Siwres 7-9x3.5 microns.)

Conmion on bark and wood of Quercus, vicinity of Bloomington, In-

diana.

This species is readily distinguished from //. manjiiiatum (which also

has the annulate-truncate perithecia) by its usually smaller stroma, which

is very irregular on account of the larger, rounded and prominent peri-

il!ecia, while the stroma of the latter species is even and regular.

i-y. II. sassafras, (Schw.) Berk.

Sphaeria sassafras, Schw.

Hypoxylon sassafras, Berk.

Stroma scant; perithecia large (1-1.5 mm.), the internal cavity nearly

1 mm. in diameter, occurring either singly or aggregated in clusters of 3-8

or more, standing in elongated areas mostly in gi'ooves of the bark, some-

times flattened or compressed by mutual pressure, with their bases united

in a thin str(jnia of a dirty bro\A-nish-black, and with one half or more of

their upper part free, sub-truncate above, with a minute, papilliform osti-

olum. Asci 110-1.50x4-5 microns, spore-bearing part 05-75x4-5 microns.

Spores 7-9 x 3-4 microns.

On dead fallen Sassafras, vicinity of Bloomington, Indiana. Also re-

ported on Liudera, where the perithecia may be more evenly scattered

over the matrix.

I found this species growing in great abundance on dead saplings in

a thicket of Sassafras about four miles east of Bloomington, Indiana. In

some cases the whole trunk of the tree was thickly covered with the fun-

gus. It seems to prefer cracks and grooves in the bark, and thus grows

in long, interrupted strips, which are parallel with the trunk, and in most

cases a single perithecium wide.
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/.3, 77. roliacrcns. (Pers.) Fr.

Spliaeria cohaereus. Pers.

Stroma enimpeiit-snporfieial, irregularly sul)«lobose or depressed-

hoiuispherical, usually about 2-4 uuu. in diameter, gregarious or crowded,

often conflueut. at first diity Im'owh. becoming black or nearly black. Peri-

thecia irregularly mouo.stichous, usually 5 to 15 or 20 iu a stroma, large

(.75-1 mm.), with papilliform ostiola. Sometimes the perithocia are dis-

tiuctly prominent, forming an irregular stroma composed of a few, large,

rounded in'iitliecia loosely joined together. Asci 100-150x0-7 microns,

si)ore-b('aring jiart ('."'(-Iio .\ ('-7 microns. Spores .s-12 x 3.5-5.5 microns.

("onnnon on bark of Fagus, near P.loomington, Indiana.

Some forms of this sjiecies slightly reseml)le //. annulatum, from

which it is distinguished by the absence of the annulate-truncate disk on

the perithecia. (ttbei' forms resemble //. tiirhiiiulatum, but the latter

usually has less prominently projei-ting perithecia, with more prominent

o.stiola, a larger number of iicritliecia in a stroma, and is more turbinu-

hitely narrowefl below.

10. II. tiirhiinilittiiiii. (S<-hw.) P.erk.

Sithaeria turbinulata, S<hw.

Stroma turbinate-pulvinate, 2-(i nmi. in diameter, subcontinent, but

with the stroniata nearly always distinct, at first brown, then black. The

slromala arc ari-angcd in a seriate manner so as to bear stmie I'esemblance

to Hebrew letters, and are sometimes seated on a black crust which over-

spreads the l)ark. I'erithecia large, scattered through the entire stroma,

with small, scattered, but conspicuous ostiola which are the most promi-

nent part of the perithecia above the .surface of the stroma. Asci 120-140

x5-6 microns, spore-bearing part 70-80x5-0 microns. Spores 9-11x3.5-5

microns. (E. & F.—Spec, in Herb. Schw., Spores 8-10x3.5-4.5 microns.)

On dead l)ark of Fagus, neighborhood of Blooraington, Indiana.

To distinguish this species from 77. cohaercii.9, see under description

of the latter.

All figures in this jiajier ai-e practically natui'al size.

Indiana University,

lilooin ington, Indiana.
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The Improvement of iMedicinal Plants.

F A. Miller.

The ]irinciiil<.'s (•!' plant breeding Inive a.s yet luirdly been bi'DUght to

bear iiiuni Uie improvement of medicinal plants. Tlie necessity of im-

provement and tbe possibilities of the application of inodern methods of

breeding to this group of ])lants has led the writer to undertake a series

of investigations upon this su])ject. A discussion of the results and prog-

ress of these investigations is the object of the present paper.

The bioadening influence of plant breeding is gradually bringing

under control members fi-om all groups of the plant kingdom, and it is

only fitting that this very important group of i)lants should be made to

yield the best of nature's possibilities. That the group contains many

plastic forms which will yield readily to modern methods of breeding is

evidenced by the fact that some of the most potent medicinal forms ap-

pear in families from which have been obtained many valuable horticul-

tural varieties. The Solonacea' for example, with the genera Atropa. Hyo-

scyamus. Datura, Solauum and Capsicum, and the no less important Scro-

phulariaceiTe containing the now widely known genus Digitalis, which is

found to be equally as variable both in chemical and physical character-

istics as the common garden forms derived from the same and related

genera, will serve to illustrate this point.

A review of the literature on drug plant improvement reveals but

few attempts at systematic investigation by the employment of standard

methods of breeding. On the other hand much has been written and no

little accomplished upon the introduction and cultivation of medicinal

plants. Introduction and cultivation with no improvement has been the

order of procedure. It is (juite true that some improvement has resulted

from a changed environment and a reduced struggle for existence, but not

through the intensive application of particular methods. Improvement by

means of seed and plant selection, the isolation and testing of favorable

varieties, the study of soil and climatic conditions, trials in hybridization,

grafting, or other methods which might prove applicable, have not been

tried except in comparatively few instances. Had the government made
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selections of bydrastis (Hydrastis oaiiadeusis L. ) ten years ago npon a

basis of alkaloidal percentage, their plantings made at that time might

now be yielding interesting and valnable data upon the behavior of this

plant under cultivation. I'roblems relating to propagation, cultivation,

collecting and curing have been solved, but the cause of the wide range

in the percentage of alkaloids in this drug remains an unknown factor.

P'rom JanuaiT G, 1909 to November 8, 1911, this range in the percentage

of alkaloids was found to be from 2.79 to 7AV).

Another illustration of cuitivatidu without improvement which will

nt the same time serve to demonstrate the practical value of the applica-

tion of a single standard method is the growing of the drug burdock. This

drug consists of the root of Arctium Inppa L. collected from plants of

Ihe first year's growth. For the past tifteeu years this plant has been

gi-own under cultivation oii a conunercial scale near IndiMuapolis for the

p'.'oduction of the first year's routs in the recent condition. TIk^ superior

(juality of the resulting jiroduct over that obtained from wild plants was

early recognized. The drug was more uniform in every resivect, almost

free from fibrous tissue and is believi-d to pnxhice a mure iictive prei)ara-

tion. With this favoraltle beginning it is surprising, indeed, to learn that

the final results of fifteen or more years of continuous cultivation have

failed to advance tliis iilant beyond the point readied at the end of thi'

first year. Upon seeking an e.xiilanation of this fact it was found that

from one year to the next the total seed snpjily came from wild i)lants

found growing liy the roadside. This jilant being a biennial and the crop

being harvested at the end of the first year's growth has left the farmer

at the end of each season to search for a new seed supply. Wh(>n inter-

viewed as to why see<l plants were not selected u]n>u a basis of green

weight of root produced, the answer has been that it would not pay. That

seed and plant selection could be made to pay can be demonstrated upon

a basis of original investigation and reliable data. A study of the results

obtained in the Division of Botany of the T'nited States Department of

.\gricultnre upon "the Superior Value of Large, Heavy Seed," indicates

an increase in the weight of the plant which is in direct proportion to

the weight of the seed emjiloyed. To obtain data for calculations upon

such a basis, burdock seeds were taken from a lot collected miscellaneously

from wild plants and separated into light and heavy portions. The sep-

aration was accomplished by the use of an ajtparatus designed after one
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used for the separation of tobacco seeds, in tlie experiments on tobacco

breeding pei'formed at tlie Connecticut State Experiment Station. This

apparatus is described in tlie Yearboolv of the Department of Agriculture

for 190i. Sliglit modifications were found necessary to adapt it to this

t>pe of seed. A number of seeds fi'om both the heavy and light portions

wore accurately weighed. The average of the light seeds was 0.0035

grams and of the heavy 0.0084, a ratio of 1 :2.40. Tlie variation in the

lieavy seeds was from 0.0077 to 0.0091 grams and in the light from 0.0017

to 0.0046. The greater variation in the light seeds was found to be due

to the force of the air current employed in the separation. That a sep-

aration into light, medium and heavy can be made just as readily as into

light and lieavy will be shown in connection with another form.

A planting of three acres of burdocli of the present year has been

clioseu as a type upon which to calculate the increase in yield which

might have been obtained by means of seed selection. This planting was

made upon a deep mellow loam and the total yield of 33,890 pounds is

rather uiiusvial. Assumijig that the seed supply used on this planting con-

sisted of light and heavy seeds in the determined proportion of 1 :2.0, the

total yield can be theoretically divided into two portions of 6,778 and

27,112 pounds, respectively produced by the light and heavy seed. Had

ihe light seed used been equal in weight to the heavy seed they would

have produced twice as much as they theoretically did, whicli would have

been ISj.loG pounds. Tliis would make a total yield of 40,668 pounds in-

stead of 33,890, an increase of 20 per cent.

Even of greater importance, however, to the medical and pharma-

ceutical professions is the improvement of henbane and digitalis, repre-

senting as they do two valuable drugs of the United States Pharmacopfpia.

P-.\ their being more amenable to chemical and physiological methods of

siandardization, the investigator is furnished with additional means of

following the progress of various methods of improvement. Official hen-

bane is supposed to consist of the dried leaves and flowering tops of

llyoscyamus niger L. collected from plants of the second year's growth

and yielding not less than 0.08 per cent, of mydriatic alkaloids. That the

above chemical and botanical conditions of this drug rarely obtain has

been clearly demonstrated. An average of a large number of samples

examined from August 25, 1908, to September 23, 1911, indicates that only

13 per cent, conformed to the requirements of the United States Pharma-
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DIGITALIS PURPUHF:A L.

Result of equal volumes of selected and non-S3lceted seed. Upper seed pan sown with s-^lccted

heavy seed. Lower seed pan sown with non-selected seed.
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f'opoeia from a chemical stan(l])i)iiit. The average alkaloidal percentage of

all samples for the same period was 0.0G40 and the range of variation in

individual samples was from 0.018 to- 0.125 per cent.

The hotanical charactei'istics approach the official re(iuiremenls with

no greater degree of certainty. The crude drug varies from fragmentary

sjteeimens of unevenly cured leaves and stems containing an admixture

of grass, straw and other plant parts, as well as the refuse of chicken

and barn lots, to pure, bright, clean, evenly cured leaves, compressed in

such a manner that the entire leaf is available for inspection. The botan-

ical source of the drug is also (inestinnable, as evidenced by numerous

seed tests from samiiles and lots from which viable seeds could be obtained.

I'hese tests have shown this di-ug to consist of a mixture of two distinct

forms. The so-called annual variety, which is not included in the pharma-

copceial description, appeared regularly in these tests. Specimens of this

form have been grown to maturity in the writer's garden and close obser-

vation has failed to substantiate the statements that it is identical with

Hyoscyamus niger L. Sei^lling plants from both forms are now under

observation and will be studied both botanically and chemically through

succeeding generations. To determine the iiosssibility of obtaining a uni-

form henbane, seeds were purchased from August and George Fischer of

London, which were found- to possess a high percentage germiinitioii.

Plants from these seeds differed greatly in size and vigor in the early

seedling stages, and a selection from ajipioximately two thousand see:l-

lings was necessary in order to oI)tain one hundred and f( rty plants ol"

uniform character. The gre:it \ariation noted in the seedling stages of

these plants led to a second application of the seed separator. The seeds

of this form being quite small, several p/irtions of two hundred seeds each,

were taken from light, medium and heavy separations. The respective

weights of these were O.OrtM, 0.045 and 0.125 grams. IMantin',^s fvoin

tliese different weight seeds have not progressed sufficiently at the present

time to jusify a discussion of the merits of the method. Open field exper-

iments with this drug have demonstrated that seed germination is uncer-

tain, that the plants are subject to the attacks of many insects and that

the seedlings transplant with considerable difficulty. No conclusions can

be drawn from these facts, however, since the seeds employed in all out-

door tests were imported and but very few lots of such seeds, have given

satisfactory results. The two forms of henbane me::tioned, i. e., annua!
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aud biennal do not represent tlie limit of possibilities in tliis geuus. Ac-

cording to Engler and Prautl the genus consists of eight species widely

distributed throughout temperate and subtropical regions. In the sub-

tropical is found the very promising form, Hyoscyamus mutieus L., yield-

ing over one per cent, of alkaloids, while the remainder are found in the

temperate regions. Of these, some have passed through periods of prom-

inence in different countries, as Hyoscyamus albus in France, the annual

forni in jiarts of Germany and the biennial form in England, all of which

suggest the possibilities within the entire genus.

In this group of plants the necessity of systematic efforts leading to

the development of pure-bred strains of jiromising si)ecies, and to an in-

crease in the percentage of alkaloids is indicated by the above data. The

famous corn-breeding experiment at the Illinois State Experiment Station,

the records of wliich now cover thirteen generations, indicates what may

be done through selection. That the ('fforts to increase and decrease the

protein and oil have met with great response is shown by the fact thai

two strains of corn have lieen produced out of a singU' variety, one of

which contains more than half again as much protein as the other. The

effect upon the oil content is even more striking, since from this same

variety two other strains have been ]iroduce<l. one of wiiich contains prac-

tically three times as much oil as the other. The sugar beet industry of

tins and other countries is illustrative of the necessity of the intensive

breeding, essential to the production of high yielding iilants. The gain

of 22.2 per cent, in the total sugar beet output of Germany for 1010-11

with an increased acreage of only 3.0 per cent, was due to three factors,

one of which was the higher sugar content of the beets. Exr)eriments

have shown a variation of seven per cent, in sugar content in beets of the

same parentage grown in different localities, a fact which is suggestive

of the necessity of a careful choice of localities for drug plant investiga-

tion. The intro(Uiction of various species of Cinchona into India by the

British Govermnent over fifty years ago has long passed the experimental

stage, bTit the records of the difRculties overcome stand as convincing

evidence of what may be accomplished in the introduction and improve-

ment of arborescent forms. Many of these forms were long grown and

in'opagated under glass until individuals could be isolated which would

endure the new environment and be made to serve as starting iK)ints for

future generations. The work of the Department of Agriculture on capsi-
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DIGITALIS MONSTROSA.
Upper seed pan sown with heavy seed. Lower seed pan sown with Ught seed. Equal volumes

of seeds were used.
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cum. camphor, tea. tobacco anrl a host of other forms bears out the evi-

dence of the foregoing, and furnishes the worker with a wealtli of data

applicable in many wajs to drug plant improvement.

The drug digitalis, consisting of the dried leaves of Digitalis purpurea

r.. collected from the second year's growtii at the commencement of flower-

ing, is equally in need of improvement. I'hysiological tests have shown

a variation in the toxicity of preparatic.ns made frc^m drugs represent! ig

difl'erent geogiaphical sources. Differences of opinion also exist as tj t'-i.>

relative medicinal value of first and second year leaves, of those i'roii'

wild and cultivated [ilants and of those from iilants of different speclp-;

.•nid varieties, as well as to the effects of different periods of collecting;

and methods of curing, packing and storing of the crude drug and t'\

relative value of preparations made from fresh and diy leaves. A hot in

ical examination of the genus reveals conditions wiiich will iiroliably ac-

(•(iuiit. in part at lea.st, for the above differences of dpinion.

Tlie genus is a large one, consisting of twenty-one widely disti ilnile 1

species, a fact whitli alone increases tlie possibilities of a:i admixture o'

leaves from several species or from the same sj)ecies growing undi'r differ-

ent climatic conditions. This possibility is also increased by ll^e numerous

varieties originated by florists and gardeners who have not been slow in

recognizing the aesthetic value of the genus. Their catalogues now con-

t!;in many stnndard vaiMeties whicli are noted for their attractive nature

and ease of ciilturi'. The oliicial species Digitalis purpurea I>. has ligured

largel.v in tiiis pi-(;du< ti.in. ha\irg given riso t i no less thiui half .-i dozen

distinct forms which are nnw listed as liaidy perennials. ()(liei' sjiecies

liave been active in this resiieet but liavi' not i>roduced such a diversity

of forms. This jiroperty of a genus to yii'ld nuiltiple forms is strongly

suggestive of a wide range' of variations in the corresponding percentage

of active i»rin.cipl(s. The botanical inspection of the crude drug is in n:i

degree indicative of this ir.-icentage of active iirinciple, but that such ai

indication is possible is suggested by recent investigations of (Jregory

I'.pon the association of transmissible characters in rrinnila sinensis, whe e

ii has been shown that some characters art' always found to acconi])auy

(rthers with recurring regularity. lint until such a convenient relation is

found to exist between active principle and specific mori)hological char

acters, the botanical examination can only i)oint to the possible source

and not to the comparative medicinal value of the drug.
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DIGITALIS PURPUREA L.

Upper seed pan sown witli heavy seed. Lower seed pan sown with Ught seed. Equal volumes

of seeds were used

.
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Observations now being made upon several species and varieties of

digitalis have revealed variations which wonld prove of considerable

commercial value if fi^und associated with a correspondingly high per-

centage of active principle. A dissimilarity of leaf forms has been ob-

tained in plants grown from seed which offer valuable material for selec-

tion as to form, size, color, and arrangement, relative number per plant,

length of petiole, texture and curing properties. Differences have also

been noted as to rate and percentage of seed germination, flowering period,

1 roduction of suckers, hardiness, and ease of propagation and cultivation.

In the course of an investigation upon a form of digitalis found grow-

ing adveutively in iiarts of Oregon, an excellent example has been obtained

of the uncei'tainty of the botanical origin of commercial digitalis and the

difficulty of the separation ot distinct forms upon a basis of leaf char-

acters. One hundred and forty plants said to represent the first year's

growth were obtained from this source. These plants were collected in

Ihe open and represented a locality from which connnercial digitalis leaves

had been marketed. These plants arrived in excellent condition and were

transi)lanted in the open near Indianapolis in early spring. They were

closely observed throughout the season and during this time but few

l!lants llowered, all of the.se, however, coming true to the description of

Digitalis purpurea I., and were (juite uniform as to leaf characters. The

plants made excellent growth during the sunnner and went into the winter

as large, strong lu-altliful iilants in fit rondition for ex])eriniental pur-

l!oses. To test this form for hardiness in this latitude tlies(> plants were

left in an exposed locality in an unprotected condition throughout the

year. Forty-three per cent, withstooil the seven- winter of litiu-ll and

llowered, but very irregulaiiy, during the ensuing sunnner. The effects of

the exposure were niai'ifested by a much lower production of leaves than

that attained during tin' lirst year's growth. Among the sixty plants

v^iiich survived the winter there was one which produced racemes of pure

white floweis instead of the characteristic purple Howers of Digitalis pur-

laii-ea L. The pivsenc e of this form among a comiiaratively small number

of plants indicates the admixture of a varietal form, the medicinal prop-

erties of which are not known. The other individuals which flowered

Wire fairly uniform in all visible characters except as to variations in

flower arrangement, some bearing upright instead of dronjdng flowers,

an arrangement which gave the plants a striking appearance. Seed selec-
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tions were made from these forms arid a further study will be made of

tliem both for hardiness and as to, fitness for medicinal use.

Prelimiuavy work has been done on seed selection with several forms

of Digitalis. Seed tests of light and heavy seeds obtained by means of

the apparatus preAiously mentioned have given striking results in the

early stages of seedling growth as shown by the accompanying photo-

graphs. The following data will indicate the accuracy of this method of

seed selection and the uniformity in the seeds separated. It also demon-

strates the practical value of the method if applied to the commercial

production of digitalis leaves. Seeds collected from the foregoing plants

of Digitalis purpurea L. were separated into light, medium and heavy.

The extreme smallness of these seeds made it necessary to use five hun-

dred seeds from each separation for weighings. Seeds of Digitalis grandi-

flora Lam. obtained from Henry A. Dreer of Philadelphia were also sep-

arated, weighed and tested. These were heavy enough to be weighed in

one hundred lots and were of such unitormity that they were only sep-

arated into light and heavy portions.

The following table includes the results of these separations and

weighings :

Dlffitalis purpurea.

Light. Medium. Heavy.

500 seeds 500 seeds 500 seeds

0.0217 gm. 0.0253 gm. 0.0341 gm.

Dii/itdlis (innuliponi.

Light. Heavy.

100 seeds O.OKIS gm. 100 seeds 0.0215 gm.

100 seeds 0.01(17 gm. 100 seeds 0.0223 gm.

100 seeds O.OKil gm. 100 seeds 0.0223 gm.

100 seeds O.OKil gm 100 seeds 0.0215 gm.

100 seeds 0.0104 gm. 100 seeds 0.0217 gm.

Total 0.0S21 gm. Total 0. 1093 gm.

In conclusion it is only necessary to say that the application of these

methods of breeding and the possibilities in drug plant improvement herein

suggested should be extended until they include such valuable forms j^s



320

csnniabis iiuli.-a. belladonna, Imehu, and others. Hardy productive vari-

eties of these forms nnist be discovered or produced, and these brought

under the influence of modern agriculture where they may be utilized to

meet the conditions of growing scarcity, advancing prices and the demand

for better products.

Bolanical Department, Eli Lilly tG Company,

IiKtianapolifi, lufh, Norember, 1911.
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Nutrients in Green Shoots of Trees.

By E. J. Petry.

The foods of ])ro\vsin.!j; animals, both wild and domestic, have doubt-

less engaged the interest of many observers.

Especially, sheep and goats consume much of the succulent leafage

of the second growths of forest trees, while the undergrowths of foi'est

seedlings never survive the visitations of these animals, unless the species

have particularly obnoxious flavors or principles.

In order to learn the comparative nutritive values in the succulent

l>arts of some of these plants, the writer made numerous chemical analy-

ses,^ the results of which are given in Tables I and II.

The samples were collected between ]May .3d and 17th of a very "back-

ward" season; the data therefore apply only to the first crop of shoots

in the spring. Subsequent crops of shoots would doubtless vary within

wide limits, dependent on moisture and other conditions. Tlie materia!

was collected early in the forenoon, tlie hour depending on the disappear-

ance of the dew on the leaves, and only material of a certain "hardness"

v.'as taken. This "hardness" or shearing quality was taken as nearly

uniformly for all samples as was possible.

Branches were cut and enclosed in an airtight case. These were

immediately carried to the balance, where only the succulent shoots, 1. e..

new growth, was removed, and 20() gram samples were weighed out im-

mediately. Tliey were then placed in the sun to dry. By calculating the

per cent, moisture of Table I to the moist sample and subtracting from the

moisture as given in Table II, one may find the amount of water lost by

drying in the sun. It will be seen that they vary from 05.9% to 81.45%

in the amount of water driven off by air-drying in the sun. The time

consumed in drying varied from two to five days, tliey being considered

rdr-dry as soon as they would grind well in a drug mill. This mill was

thoroughly cleaned after grinding each sample. The ground sample was

inune'diately put into a bottle and tightly stoppered.

1 Abstract from thesi.s, Ohio State University.

[21—29034]
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TABLE I.

Percentages Calcclated to Air-dry Weight.

No. Name of Species.

Tilia americana L
.Acer saccharum Marsh

Acer saccharinum L
Ulmus fulva Michx

Celtis occidentalis L
Robinia Pseudo-Acacia L
Gleditsia triacantlios L
Populus alba L
Liriodendron Tulipifera L
Fraxinus americana L
Acer Negundo L
Populus dcltoides Marsli

Sassafras variifolium (Salisb) Ktze

Liquidambra Styraciflua I^

Gymnocladus dioica L Koch
Quercus alba L
Quercus rubra L
Fagus grandifolia Ehrh
Platanus occidentali.s L
Morus rubra L
Hetula alba. var. papyrifera Spach.

Prunus serotina Ehrh
Catalpa speciosa Warder

Populus tremuloides Michx

Dry Feeds (Wolfe*).

Red clover

Peas (bloom)

Timothy
Leaf feed

Poplar leaves

Moist-

ure.

(Oven)

8.72

18.5

16.7

14,3

16.0

16.0

Pro-

tein.

(NX6.25)

19.25

16.62

17.50

27.56

28.00

27.13

30.18

14.37

18.81

17.06

18.81

16.18

25.81

17.06

26.69

17.94

19.25

16.69

22.75

28.00

17.06

19.69

26.25

22.75

13.5

14.3

9.7

10.5

10.8

Ether

Extr.

1.84

2.22

3.12

2.46

2.48

2.54

3.24

4.37

3.14

4.06

2.80

4.02

4.14

3.92

3.06

3.81

3.82

3.82

2.83

3.54

5.80

5.43

3.41

8.41

2.9

2.6

3.0

3.0

8.7

N-free

Extr.

40.45

49.26

57.38

38.08

36.78

44.17

38.80

44.66

45.48

47.77

48.91

49.30

44.24

55.53

39.51

45.83

42.42

47.35

44.28

39.96

54.30

54.72

47.94

46.19

37.1

34.2

45.8

49.3

39.6

Crude

Fibre
Ash.

20.30

17.16

9.36

15,40

15.64

13.96

14.80

19.72

17.23

18.67

14.63

16.60

10.67

11.40

18,58

21,64

24.29

19.26

18.44

12.54

12.82

9.54

12.06

13.71

24.0

25.2

22.7

14.2

17.4

9.50

6.02

5.80

8.74

10.12

6.64

5.70

4.62

7 10

5.48

10.06

8.12

6.30

5.24

6,02

4,50

4,70

4.84

6.74

10.28

5.40

5.58

6.64

4.32

6.0

7

4 5

7.4

7.5

•Wolfe, Emil; Landwirdschaftliohe Ritterung.slehre, 3rd Ed.



TABLE II.

Percentages Calculated to Green Weight.
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No Common Name.

Basswood
Sugar maple

Soft maple

Red elm

Hackberry

Black locust

Honey locust..

.

White poplar. .

.

Tulip tree

White ash

Box elder

Cottonwood

Sassafras

Sweet gum
Ky. coffee tree.

White oak

Red oak

Beech

Sycamore

Mulberry

Birch

Wild cherry

Catalpa

.\merican aspen

*Wolfe's Data.

Meadow grass

Timothy grass

Clover (bloom)

Peas (bloom )

Beans (bloom)

Poplar leaf

Moisture.

(Air+Oven)

77.71

75.40

68.23

79.10

79.20

76.15

77.88

71.71

80.88

76.60

80.61

73.94

82.31

75.64

82.54

68.13

75.86

72.69

77.04

82.08

70.86

70.51

82.13

71.18

80.0

70,0

80.4

81.5

87.3

55.0

Protein.

(NX6.25;

4.6.)

4.47

5.96

6.24

6.25

6.85

7.19

4.38

3.88

4 29

3.80

4.47

5.00

4.46

4.95

6.00

4.91

5.66

5.49

5.31

5.21

6.11

4.86

6.87

3.5

3.4

3.0

3.2

2.8

Fat.

.44

.59

1.06

.56

.55

.64

.77

1.33

.81

1.02

.56

1.11

.80

1.02

.56

1.29

.97

l.OJ

.68

.67

1.77

1.68

.63

2.54

1.1

.6

.6

.3

4.6

N-free

Extract.

9.86

13.27

19 56

8.62

8.22

11.15

9.25

13.62

9.30

12.00

9.90

13.63

8.58

14.52

7.34

15.58

10.83

13.61

10 69

7.58

16.58

16.99

8.89

13.95

9.7

16.3

8.9

7.6

5 1

21.3

Fibre.

(Crude)

4.95

4.62

3.19

3.48

3.49

3.52

3.52

6.01

3.55

4.69

2.96

4.47

2.07

2.98

3.45

7.35

6.20

5.53

4.45

2.38

3.91

2.96

2.23

4.14

4.0

8.0

5.8

5.6

3.5

9.3

Ash.

2.31

1.62

1.97

1 97

2.26

1.67

1 35

2 93

1.46

1 36

2,03

2 24

1.22

1.37

1.12

1.43

1.20

1.39

1.62

1.95

1.64

1.73

1.23

1.38

2.0

2.2

1.3

1.9

1.0

4.0

*Wolfe, Emil: Loc. cit.
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These grouud samples were subjected to analysis according to the

method of the A. A. O. A. C. for feed stuffs. In order to compare with

other similar feeds, data from the Analyses of Wolfe' are added at the

bottom of each table. The figures in all cases represent per cent., those

in Table I being calculated to snn-diy sample, while those in Table II

are calculated to green weight as collected.

P'rom these tables it will be seen that these shoots compare very favor-

al)ly with the other green feeds usually fed, and especially numbers 4, 5, 0,

7, IC; and 22 slmw a favornlde pi'otein content. By the aid of such data, it

slmuld imt he diliicult u< c.xiilain why animals can live almost indefinitely

on such fodd. wliik' in the <lry condition they cnmitare favorably with

most of the connnon concentrates fed to stock. The leguminous species

No. G and No. 7, as well as others, are of especial interest in this con-

nection.

Wolfe uses a digestion coefficient which varies from ai)proximately

55% to 70% for the various valuable constituents. I)oul)tless these, too.

would show a high degree of digestibility.

No ilrteniiinations of llie ainids have l)een made as yet, nor have the

slioots of later dates in the season been used. These two points, along

with an investigation of the nitrogen-free extract now in progress may be

embodied in a latiT report.

1 Loc. cit.

Purdue University,

'Somnhcr ,?.-7, /.''//.
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The New York Apple Tree Canker

By Lex K. IIesleb

(Abstracted from a tlu'sis pi'tseiited iu competition for the Eastman Prizo

in IJioloiry, Wabasli College.)

Much credit is due those who have aided in writing this paper; to

Prof. M. B. Thomas for valuable suggestions, to Prof. Donald Reddick and

I'rof. 11. II. Whetzel for suggestions and i)hoto.gi'aphs.

THE HOST

The economic importance of the apple tree makes the disease iu ques-

tion well worth consideration. That the apple as a:i agricultural product

has a vast relative value cannot be denied. We have cmly to turn to cer-

tain statistics to find fairly accurate figures regarding the absolute dollar

value of a single crop. Gannett ("03)' estimates that the annual crop is

worth above $175,000,000. As an orchard product, the apple comprises

05% of orchard trees and produces 82% of the total bushels of orchard

fruit.

THE DISEASE

The term "canker" has c(tnK' to be a general one, and is usually applied

lo any disease which causes the death of definite areas of bark on the

limbs and trunks of trees. Consequently some modifying term is necessary

in order to indicate which canker is under C(insideration. Paddock ('l)O)-

first used the name New York apple tree canker, thus distinguishing it

from the European canker, Illinois blister canker, fire blight canker, and

ethers.

The disease fre<iuently occurs ou twigs, where it is usually called "twig

blight," but this is confusing, since this term is applied to fire blight.

AVhen the disease occurs on leaves it is known as "frog eye." Black rot

refers to the disease as it appears ou fruit.

The earlier theories regarding canker lead us to believe that the dis-

eases under consideration probably were not the New York apple tree

^'03, Gannett, H. Twelfch Census of the Uuited States 1900: 74-78.

' '99. Paddock, W. Thj Now York Apple Tree Canker. N. Y. (Geneva) Agr. Exp. Sta. Bull.

153:180. 1899.
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canker, nevertheless, they are interesting. Parliinson (1629)' in a rare

volume discusses canker after the following manner: "The canker is a

slirewd disease when it hapijeueth to a tree; for it will eate the barka

lound, and so kill the very heart in a little space. It must be looked into

in time befoi'e it hath runne too farre; most men do wholly cut away as

nnuh as is fretted with the Canker, and then dresse it, or wet it with

vinegar, or Cowes dung and urine, etc., until it be destroyed, and after

healed againe with your salve before appointed * * *."' Hales (17;12)-

wrote iu regard to the manner in which canker spreads. Marshall?

(ITitO)' says: "The canker is a disease that originates ehietiy in the soil,

pervades the juices of the plant, and tinally operates towards its dissolu-

tion."

Other workers have discussed canker, but I'adibck ("OSj' was first

to present anything definite regarding the New York apple tree canker.

Mangin ('02)^ and Delacroix ('03)'' described an apple disease. Until

recent years there has been confusion as to the cause of the leaf-spot or

"frog-eye" disease, but Sc-ott and Rorer ('OS)' proved its identity with the

canker disease.

GeoffraijJiical Distribution.—The disease is known to occur in Eng-

land, France, Austria, Italy, probably in Scotland, South Africa and in

America. In our country it is found in practically all apple growing dis-

tricts.

Economic Importance.—From careful conservative estimates it has

been determined that this disease is second in importance among the fun-

gous disea.ses of the apple. The annual loss can be safely put at $10,000,-

000, which makes it apparent that the disease is a serious one.

Symptoms.—The first signs of canker are usually the dying out of the

top of affected trees (Fig. 1). Upon approaching more closely, the

bai'k is found to be roughened in more or less definite areas (Fig. 2).

'1629. Parkinson, Jjhn. Pardisus Terrestris, London. 1629:.5.'0.

'17.32. Hales, Stephen. Statical Essays. 1732:264-265.

• 1799. Marshall 7 An Inquiry into the Cause of Diseases in Plants with Hints Respecting their

Cure or Prevention. Edinburg (J. Ruthven and .Sons). 1799:24.

•'98. Paddock, W. An .\pple Canker. Science n. s. 8:.i9.5-596. 1898.

•'02. Mangin, L. Sur une nouvelle maladie dcs Pommiers causee par le "Diplodia pseudo-

Diplodia." Jour. d'Agr. Prat. 2:138-139. 1902.

'03. Delacroix, G. .Sur un chancre du Pommier produit par le .Sphaeropsis malorum Pk. Bull.

Soc. Myc. France. 19:132-142. 1903.

''08. Scott, W. M. and Rorer, J. B. .\pple I,eaf-Spot Caused by Sphaeropsis malorum. U. S.

D. A., Bu.Pl.Ind.BulI. 121:48. 1908.
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These areas begin as slight discolorations, which liecome tlepresserl, and a

distinct crevice marlvs the line between the healthj' and diseased bark.

The bark may fall, exposing the wood, or it may adhere closely to the

underlying wood. A plate of cork seems to limit for a time the extent

Fig. 1. Twenty Ounce apple tree dying from the attacks of New York apple tree canker. Note
the characteristic dying out of the top.

of the diseased area, but this is pierced and the healtliy tissue invaded.

Soon the affected cells are killed; they shrink, and the healthy portion

again is separated from the diseased by a crevice and by a second plate

of cofk. This process cniitinues until we have concentric rings as shown
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Fig. 2. Photograph of Xe

Wbetzel.)

of New York apple liec canker shouinj; pycnidhi in abundance. (After
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in the figure. The writer has not seen cases where healthy wood is in-

vaded, and the canil)iuni is attacked only rarely. In such cases where

only the barlv layer is attacked, the canker is not so destructive as when

it is less superficial.

Fig. 3. Black rot oi apple. Enlarged to show distribation of Iruit bodies of the fungus. (After

Whetzel.)

"Frog-eye" spots on leaves begin as small reddish lirown spots with

imrple margins. Later the spots become brown, and if infection is bad

tliey may coalesce, forming large br^wn patches which involve a larger

portion of the leaf.

Black rot (Fig. 3) begins as small darkened area. After a few days

alternating bands of lighter and darker colored brown appear, forming
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couceutric circles of uniform breadth about the point of infection. Finally

the fruit is mummifiecl, and according to Dandeno ('00)^ there seems to

be a distinct production of cellulose in the cell-wall of the apple, and also

a production of starch in the invaded cells. The walls become thick and

the fruit is temporarily' in a state of preservation.

ETIOLOGY

Tlie disease is caused by a fungous parasite, SiJliaeropsis maloriDn.

Its general nature is that of a wound parasite, though it frequently fol-

lows blight, thus acting as a saprophyte. Its pathogenicity has been es-

tablished by Paddock ('00)- and by Scott and Rorer (1. c, p. 49). The

writer lias confirmed the work of these men, but at present the results

are not entirely satisfact(n\v. In few cases luis the canker been produced

by artificial inoculation even midcr the most favorable conditions. The

only explanations at hand are that the fungus is strictly saprophytic or

tliat tlie work was not done at the right season of the year. Where maxi-

nnun sterile conditions were maintained and where the inoculations were

iiiado in early summer the wi'itcr has failed (o rciiroduce the canker dis-

ea.se. Further (>xt»eriments may show, however, tliat infection is possible

if done at earlier seasons, i)erhaps at tlie time of the rise of sap. Leaves

liave been iimcnlalcd in all ciiiic('i\;il>lc iiianncr. hut only where spores

were sprayed on the under side were we able to produce "frog eye." :n

these cases abundant fruit bodies appeared. Extended discussion, as re-

gards the iialhogcnicily of tlic organism cannot be taken u\) here, but it

may be said that the present state of our knowledge is very unsatisfactory

and many experiments will l)e necessary to clear up these i)oints.

Syiiononijj.—In literatui'e we find tlie fungus referred to as Spha-cr-

opsi.s malanim lierk. and »S'. iiiulondit I*k. Oilier names have been apiilied

to the same species, so tlnit it is only by making a careful outline of the

work done, tracing it from its discovery to tlie present time, that tiie sit-

uation may become clear.

Berkeley (':>IJ)'' foiuid ;i lungiis wliicli lie called Sphdcria iinilonnii.

He described it ;is follows: "(ilobnse or snhglobose, covered with a black-

ened cuticle; stroma lilackish, cuticle erumpent, more or less strcmgly

''06. Dandeno, J. B. A Stimulus to tho Production of Cellulose and Starch. Kept. Mich.

Acad. Sci. 8:40-44. 1906.

»'00. Paddock, W. The New York Apple Tree Canker (Second Report) N. Y. (Geneva) Art.

Exp. Sta. Bui. 185:205-213. 1900.

>'36. Berkeley, M.J. English Flora 5:257. 1836.
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Itupillai form. On apples lyijij;- on j^round, Winter King's X'lifte, Norths,

Jiev. M. J. Berlceley. Asci broadly elliptic, septate filled with yellowish

green granular " Why he should say "Asci septate," etc., is not

known. In his Outlines ("00)^ he changed the name to Sphacropsis ma-

loniDi Berk, listing ^plnicria inaloniiii in synonomy.

Since the spores of Sphacropsis malorum are brown when mature, and

those of Phoma are greenish, Saecardo ('84)- used the name Photmi ma-

lorum. (Berk.) Sacc. for Berkeley's fungus. In 188(5, the genus Phoma

was divided, the basis of separation being the size of the sivores. Species

of the genus Phoma with spores less than 15 microns long were retained

in that genus, while those species with longer spores were placed in the

genus Macrophoma. Consequently, Saccardo's Phoma malorum (Berk.)

Sacc. was renamed by Berlese and Voglino ('8(5)^ as Macrophoma m-alorum

(Berk.) Berl. and Vogl. Meanwhile Dr. Peck ('78)' found a black rot

fungus on apples which had brown spores. He believed it to be Berkeley's

fungus, and so called it 8p]iaeropsis malorum Berk. But Saecardo ('84)'

believed that, since the spores were brown, Peck's fungus was new and

used the name Sphacropsis inalorum Pk.

Paddock ('90)° points out that Sphacropsis uiali Westd. and *S'. cin-

crea (C &E.) Sacc. are identical with *S'. malorum Pk. In his second re-

port (1. c, pp. 211-212) he states, as a result of inoculation work, that

S. malorum Pk. occurs on apple trees, pear trees and hawthorn trees, and

on apple, pear, and quince fruits. From this it seems that the species

of Sphaeropsis on these different hosts are all identical with >S. malorum

Pk. O'Gara ('02)^ records that Spltaeropsis rhoina (Sehw.) Starb. on

Rlius yhihra is identical with 8. malorum Pk.

Unfortunately it seems that species of Sphaeropsis have been con-

fused with species of Diplodia. The two genera are almost identical, the

chief distinction being that the spores of the former are usually 1-celled.

wliile the latter embraces species with 2-celled spores. But both genera

fail in their chief distinction, so that mycologists have frequently been

''60. Berkeley, M. J. Outlines of British Fungology (Lovell Reve, London). 1860:316.

= '84. Saecardo, P. A. Sylloge Fungorum, 3:152. 1884.

"'86. Berlese, A. N. and Voglino, P. Atti. Soc. Veneto-Trentina 1886:184.

«'78. Peck, C. H. Report N. Y. State Mus. Nat. Hist. 31:20. 1878.

»'84. Saecardo, P. A. Sylloge Fungorum, 3:294. 1884.

«'99. Paddock, W. The New York Apple Tree Canker. N. Y. (Geneva) Agr. Exp. Sta. Bull.

163:202. 1899.

' '02. O'Gara, P. J. Notes on Canker and Black Rot. Science n. s. 16:434-435. 1902.
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uiisled oil this point. Fnckel ('62)' describecl DipJodia malonnn ami D
psendo-Dlplodia on the brunches of apple, and according to his descrip-

tion S. maloruin is identical with these. Delacroix {'0?,)- states that,

since -S. malorum Pk. is only a species, which was formerly observed by

I'uckel and described by him under the name Biplodia pscudo-Diplodia,

the name S. maloruin Pk. should disappear. As a substitute for all pre-

\ious names he says that the logical name should be Spliacropsls psendo-

Inplodia (Fuckel) Delacroix.

Scheweiuitz ('34)^ in his treatment of the North American Fuiigi de-

scribed a fungus wliich he called Sphacria Sumach i. Cook and Ellis

('76)* evidently recognized this organism as a Sphaerojhsis, for they listed

it as Splmcrops'is Sumachi (Schw.) ('. & E. giving Sphacria Sumach i Schw.

as a synonym. According to their description and figures, this organism

is identical witli N. imilorum I'k. If tliis is true. X\\e\\ Sphacropsrs Su-

iiiiiilii (Schw.) ('. & K. is most nncicnt. and sliould stand.

Schweinitz (1. c. p. 2is) desci-ibed a fungus, calling it Sphacria

rhnina. Starback evidently considered this fungus as a Spliacrnpsis for

Saccanlo ("li.")" lists it as Spltacropsis ilidiiKi (Schw.) S(arb. ; but we

liave not seen Starback's original description. 0'(iara (1. c, pp. 434-435).

as we have jiointed out. has sliown that S. rlioina (Schw.) Starb. and S.

iiKiloriDii Pk. are identical. We lind again that Schweiiut/. (1. c.. ]i. L'lO)

described a fungus which be called Siiliacria pomorum. Conke (1)2),"

after having examined Schweinitz's collection, states that it should be

classed with the species 4)f Kiilntcropsi.s. and that it is ])robably identical

v.-ith S. mnlorum Pk.

At this point it iiiiulit be stated tlnit the writer has collected species

of Sphacropsia on several different liosts, all of which agree morphologi-

cally witli tlie Sphacrop.sifi malorum of Peck ; so that in order to clear up

this confusion, these different sp(>cific names may also have to be con-

sidered in tlie synonomy. This will I)e determined by cross-inoculation

work. The hosts folhiw: Ai)iile (wood, bark, leaf, and fruit), RIius

'69. Fuckel, L. Symboiaa Mycologicae. ISee:*!!)').

''03. Delacroix, G. Sur I'identite reello Sphaeropsis maloruin Peek. Bull. Soc. Myc. France

19:350-352. 1903.

•'34. de Schweinitz, L. D. Synopsis Fungorum .\niprica boreali media degcntium. Trans.

Amier.Phil.Soc.n.s.. 4:205. 1834.

.
«'76. Cook, M.C. and Ellis, J. B. New Jersey Fungi. Grev. 5:31. 1876.

•'95. SaccardcP.A. Sylloge Fungorum. 11:512. 1895.

•'92. Cooke, M.C. Sphaeriaccae Imperfectac Cognitae. G rev. 20:80. 1892.
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typhlna; Peach twisis ; Pear (bark and fruit); Quince (fruit and leaf);

Tilia amcricnna; Moms alba; Vlmus americana ; ^ainhucus caiiadoisis;

Hamamclis virginiana and Crab apple (bark).

With regard to tliis whole situation it may be said tliat the suggestion

made by Dr. Peck ('81)^ should have prevented any such confusions. He

states that DipJodla and Sphacropsis are merely form genera, and that

both fail in their chief distinction. Accordingly the oldest generic name

should be selected for species like this one, where spores are such tliat it

may be classed either as Hphacropsis or Diplodia, and further tlie sep-

aration of the two genera on the basis of the presence or absence of a

septum in tlie spores seems little warranted. It seems that Saccardo was

little justifled in changing the name Spliacropsis inalonim Berl^. to Phoma

inalonon (Berlc. ) Sacc, for it is quite possible that Berkeley described

an immature organism. It is quite common to find spores gi'eenish in

black rot of apples. After maturing they are brownish.

The discussion of such a situation in regard to the name of a fungus

may seem somewhat unimportant, yet it serves as a good example of

some of the lack of tliorough investigation and the mere guessing at de-

tails, wliich lead to just such confusion. As yet the writer is not wlaolly

satisfied with any of the names. The types of several species will liave

to be carefully compared before any name can be accepted.

In concluding this phase of the subject there are listed a number of

species with citations to literature, vphich it seems to the writer must be

considered in determining the correct name of this fungus, and which

names should appear in synouomy.

Sphacrla SitmacJii Schw.

Trans. Amer. Phil. Soc. n. s. 4:205. 1834.

Sphaeria rhoina Schw.

Trans. Amer. Phil. Soc. n. s. 4:218. 1834.

Sphaeria pomorum Schw.

Trans. Amer. Phil. Soc. n. s. 4:219. 1834.

Sphaeria malorum Berk.

Eng. Flora. 5:257-258. 1836.

Podosporium demersum Bon.

Handb. 1851 :227.

I '81. Peck, C. H. Report of the Botanist, N. Y. State Mus. Nat. Hist. 34:36. 1881.
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tSiiJnun/psis iiKihtniiit I>erk.

Outlines Brit. Fung. 1860:316.

Diploilia i>seinlo-Dii)I(i(1ia Fckl.

Syra.Myc. 1869:393.

Diplodiu iiiahnnin Fckl.

Sym. Myc. 1869:395.

Sphacroih^is l^iiinacht (Scliw.) ('. t^c V..

Grev. 5:31. 1S7(3.

Mdcrdjildfliii ciiicrca ('. <fc E.

Grev. 6:2. 1S77.

Spliacropsi.s (iidoiiiac ('. & E.

Grov. 6:S1. ISTS.

I'luiinu iiKihinnii (lU'rk.) Sacc.

Syll. Fung. 3:152. 1884.

Sph aeropuis dcnncrsu (Hon.) Sacc.

Syll. Fung. 3:298. 1884.

KpJid crop-sis ciiicrcu (('. & E.) Sacc.

Syll. Fung. 3:293. 1884.

Mdcroplniliii iinili Wcstd.

Lamb. Fl. Myc. Bclg. 3 :(>().

HphiK-ropsis Mali (West) Sacc.

Syll. Fung. 3:293. 1884.

t^pJiacropsis iiKilorinii I'k.

Syll. Fung. 3:294. 1884.

Macrophoriia niulorum (Berk.) Berl. et N'ogl.

Atti. Soc. Myc. Veneto-Trcntina 1886:184.

Sphaeropsis pscudo-Diplodia (Fckl.) Delaci'.

Bull. Soc. Myc. France, 19:350-352. 1903.

LIKK IIISTDUY

Upon examination of a cankered limb, epecially if comparatively

young, pycnidia will be found. Occasionally, too, they are developed on

leaves, and very abundantly on the fruit. They are borne beneath the

cuticle, which is ruptured at their maturity, and a papillate ostiolum
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protrudes (Fig. 4). The size of pycnidium varies from 200-270 microns

iu the vertical diameter, by lSO-210 microns in the horizontal diameter.

Typically, there is a unilocular spore-bearing cavity and an ostiole; how-

ever, certain conditions of culture have developed pycnidia which lack

the ostiole (Fig. 5). This has been ol)served l»y Walker ("US)^ who

regarded the character as sufficient to call it a "new form." Whether or

iiot this is so to be regarded cannot be said, but the strain which pro-

duced pycnidia in our culture lacking the ostiole. originally possessed an

ostiole in nature. Isolations were made from unilocular pycnidia and

when mature fruit bodies had developed in culture, tliey were larger,

measuring 400-000 microns x 060-720 microns, and were nniltilocular. Just

bow we are to interpret these variations is yet a question, but it seems

Fig. 4. Camera lucida drawing of a typical pycnidijm of iSpAaez-opsis malorum.

that they are not to be taken too seriously when questions of taxonomy

are involved. If these characters A\ere constant they would be more

important, but since they are only variations, little importance should be

attached to the absence of an ostiole or to the number of conceptacles.

Tlie pycnidial wall is thick, but not uniformly so. The reason for any

variation in thickness may be that less protection is needed at the base,

01 that its thickness, there, is determined by purely mechanical pressure

brought about by the resistance offered to the apex of the pycnidium by

the epidermal and cuticular layers of the host tissue. It is made up of

two distinct layers, the pseudo-cells of which are very thick-walled and

black, and an inner layer of thin-walled cells.

Conidiophores arise from all points of the inner layer and extend

entad. They are variously shaped and each is terminated by a conidium

>'08. Walker, L. B. A New Form of Sphaeropsis on Apples. Nebr. Agr. Exp. Sta. Rept
21:31-44. 1908.
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or pycnospore. A spoi'e arises as a swelling at tlie tip of the stallv which

bears it and after it has reached a certain size, is cut off by a septum.

Spores vary in color, size, and shape. When young they are hyaline, later

becoming greenish, and when mature are brownisli. They may or may

iiot become septate ; just what determines tliis is not understood. One-

celled spores in some cases develop two-celled spores in culture. The

sporophore is binucleate (Fig. 4) and as the swelling begins at the ter-

minal end, one nucleus passes into the swelling. About this time, a con-

Fi^. 5. PiDtomiCro^rapa i). a py,-.ii.lij.ii in m.'.li.in s,'.-.ii)n, dcvflope

artificial inoculation. Note the absence of an ostiole.

m fruil of appL- by

striction bi'gins to appear a short distance from the spore-end of the

stalk. This marks the line of detachment of the si)ore from the sporo-

phore. Further develii]iMient (annot be given at present, except to say

that the mature spore is binucleate. The most noteworthy difference in

size of spores is that they are larger on fruit and in culture than on

limbs or leaves. There is also slight variation with host-plants.

Spores readily germinate in water (Fig. 0), about six liours being

required, though we have observed germination after three hours. The

tube first appears as a slight swelling at one end or the side. Two-celled
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spores frequently put out two germ tubes. Those kept in the laboratory

for a year have been found capable of germination.

Micro-conidia have been found frequently in cultures. They are pro-

duced near the tips of young mycelial threads and will reproduce the

fungus when sown in pure culture. They are colorless and measure

8.G-6.3 X 7-14.5 microns.

Fit. 6. Spores. Germinated in water after a tew hours.

Fig. 7. Chlamydospores produced in culture after lour months. Germinated in water after a

few hours.

ChJamydospores are also quite common (Fig. 7). The first notice

of these bodies was made in agar cultures alwut three months old. Their

formation seems to be brouglit about as a result of certain mycelial cells

becoming rich in protoplasm and becoming delimited by transverse walls

to form the chlamydospore, which later acquires a thick membrane. In

older cultures, oil drops have been seen in the chlamydospores. These

germinate readily in water (Fig 5).

[22—29034]
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The Mycelium.—The germ-tube as it branches to develop the luycelium

is at first hyaline, but soon becomes darker. In old cultures it is very dark

brown. The contents are granular, glycogen frequently being present. Its

diameter ranges from 4-10 microns ; averaging about 7 microns.

The ascogonous form has been reported by Shear ('10),^ who sowed

ascopores of Mclanops qnerctium (Schw. ) Rehm forma vitis Sacc. and

obtained brown pycnospores which agree morphologically with those of

»?. malorum Pk. and Diplodia pseudo-Diplodm Fckl.

Pure Cultures.—The fungus grows and fruits well on any of the

media whidi we have used, including several vegetable and fruit decoc-

tion agars. Growth is at first cottony, the colonies effuse and radiating.

The brown color characteristic of the older threads soon spreads through

the aerial hyph;e until only the extreme surface threads remain a light

gray color. The production of pycnidia in culture has never failed in our

experience, and at present we have about fifty different strains growing.

Whether or not <-eitMin strains will not fruit in culture remains to be

tested.

CONTROL

Preventive measures have not been (arcfully worked nut, though a

few general suggestions can be given.

So far as an immediate reme^ly is concerned it seems that eradica-

tion, protection and imnnini/ation arc jtoiiits most wortliy of considera-

tion. Clean culture should be jiracticed along with surgical measures.

Cankers should l)e cleancKl out and this done carefully. Wiiether this is

practicable or not dciicnds iii>oii the energies of the grower. In one or-

chard of about 4()0 trees whidi we call to mind, the work was done ef-

fectively at a cost of about twenty-five cents per tree. In removing can-

kered sjKits, all diseased bark should be removed, the wounds disinfected

with corrosive sublimate (1-10()0) and painted with coal gas tar. Tools

which we have found convenient are those which any farmer has, namely,

a draw-shave, a farrier's knife foi' triniiiiing tlie margin of the wound,

and the necessary coal tar and disinfectant. In ])erformiiig these opera-

ticHis. as well as when picking the fruit, it is reconunen<le(l the work-

men use cure about breaking the Itark. Any such wounds are oidy an

o]>eu door for the finigus.

''10. Shear, C. L. Life History of Melanops querruum (S"h.v.) Retim. forma vitis Sacc.

Science n.s. 31:748. 1910.
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SprMviii.t,' for canker is jiracticed ; hut do not uiisiinderstand what is

meant. If the organism is establislied then it is lilvely tliat spraying will

not be effective, but trees can be protected against infection. It is often

stated tliat canker is not found in well managed orchards, Imt this has

not been our observation. Even in some of the best cared for orchards

we have found the most cankers. In these cases, either the fungus gained

entrance to the caml)iuni in only a few instances, or if it did pierce this

layer, the limbs were cut off just back of the diseased area and a new

shoot allowed to form.

It has been noticed for a number of yoars that not all varieties are

attacked. We have in mind an orchard in which three rows were the

Twenty Ounce variety. Other varieties on either side were unaffected.

Just why this difference? Is it due to the virulence of the fungus or does

it depend upon increased susceptibility of the host, this in turn to be at-

tributed to some subtle change in nutrition, soil condition, or some other

overlooked factors of environment? Soil conditions were apparently uni-

form, so that some more remote factor nuist have contributed to this

phenomenon.

Is it possible to inject into a tree a substance wliicli would render it

immune? It is claimed by some that such a thing is possilile. After all,

then, just how far is the canker fungus responsilvle for the destruction of

the host? ]May not its invasion be the result of changes from some of the

causes suggested rather than the direct work of the parasite? The ques-

tions are only to be answered by hoping that future investigation will reveal

some of these remote, yet interesting, questions to such an extent that

economic conditions generally will ]k> l>eneflted.

Wahash College,

CrawfordsvUlc, Inch, June 1911,
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Value of Fertilizing Constituents op Weeds of Indiana.

Analysis of Ironweeds.

By Frank Mathers and Miss Gail M. Stapp.

This paper is the beginning of worlc to determine tlie value of weeds.

Ironweeds, wliich grow everywhere in great abundance, were selected for

analysis. Samples were collected from the university campus on Sep-

tember 29, 1911. They were cut into small pieces and dried for several

days iu the air. Finally the material was dried for sevei'al hours at about

00°. The analysis was made upon this dried sample, but the results were

calculated to the air dried njaterial. The loss on drying was 14 per cent.

The analyses' of several other substances are given in tliis table for com-

parison.

Ironweeds

Blue grass

Oxeye daisy

Wheat straw

Foxtail

Corn stover (fodder) ...

Timothy hay

Red top

Red clover

Per Cent of

Nitrogen.

1.29

1.28

1.19

0.28

0.59

1.54

1.04

1.26

1.15

2.07

Phosphoric

Acid.

0.66

0.63

0.40

0.44

0.12

0.44

0.29

0.53

0.36

0.38

Potash.

0.95

0.98

1.57

1.25

0.51

1.99

1.40

0.90

1.02

2.20

Value per Ton.

S6 50

6 65

3 28

2 87

8 45

5 76

6 24

4 14

10 54

*The values used for N, P2O5 and K2O are 18, 6 and 6 cents per pound respectively.

These calculations do not consider the value of the organic matter,

v.'hich is really the thing of greatest importance iu manures and soiling

crops. The values assigned represent the cost of a commercial fertilizer

containing the same amounts of nitrogen, phosphoric acid and potash.

' Yearbook of the U. S. Dept. of Agriculture, 20: 611 (1896).
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The object of this work is to point out the value ot weeds and to

call attention to the possibilities of utilizing; these waste products for

increasing the fertility of the soil. Many tons of ironweeds grow each

summer in the pasture fields of the State. In some cases the weeds are

cut but are not used in any way. The cost of ciittin.i:;, rakini;. hauling and

scattering these wee<ls upon some field uuder cultivation would be only

a small part of their value. If there were a market for ironweeds at

say $2.50 per ton, farmers would harvest the entire crop. Then why are

the ironweeds not used by the farmer himself, since they are worth $0.50

to him? The value of clover as a fertilizing material is recognized by

everyone, but ironweeds, which are worth CO per cent, as much as clover,

are never considered of any value whatever.

In dian a Un i rcvHttii, Bloom ington.
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The Prevalence and Prevention of Stinking Smut in Indiana.

By C. R. Oeton.

In bringing before tlie Aciideniy tlie subject of "Stinlcing Smut" tlie

writer wislies to impress upon its members the fact that this disease is

of considerable economic importance, and that so far little, if any, sys-

tematic effort has been made to eradicate it. It is hoped that the im-

portance of this disease will soon be brought before the wheat growers

and agriculturists of Indiana, and since the disease is one which has been

proved, Ixtth experimentally and practically, to be easily and cheaply

prevented, that active measures will be taken to check its further spread

in the State.

There is little doubt that stinking snmt has been pi'esent in Indiana

since the introduction of wheat growing in the State, and that in some

years comparatively small loss has been occasioned, but it is not a mat-

ter of doubt that in some years a very severe loss is reported which

amounts to startling figures when represented in monetary values.

There have been several bulletins' issued from the Purdue Experi-

ment Station in years past concerning this disease, but none which have

given any definite information regarding its prevalence throughout the

State.

In the fall and winter of 1910-11, Dr. Frank D. Kern. Associate

Botanist at the Purdue Experiment Station, sent out from that Depart-

ment about 1.2CK) interrogatory letters, oi:e of which is here reproduced,

to the leading elevators and grain dealers throughout the State, each

county being represented.

"Name

Postofflce

County

Did stinking smut of wheat occur in your vicinity the past season?

'Arthur, J. C. S nut of Wheat and Oats. Bull. Agr. Exp. Sta. of Ind. 28:1889.

Arthur, J. C. Treatment of Smut in Wheat. Bull. Agr. Exp. Sta. of Ind. 32, 2:1890.

Arthur, J. C. and Johnson, A. G. The Loose Smut of Oats and Stinking Smut of Wheat and

their Prevention. Circular Agr. Exp. Sta. of Ind. 22. 1910.
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If so, to what extent? (Oeiieral, local, or occasional.)

About how many bushels of smutted wheat from the past season's

crop did you buy V

What was the average dockage on such wheat?

Kindly estimate as closely as possible the total number of bushels of

smutted wheat from the past season's crop bought in your county

What was the general average of dockage in your county?

Is the formaldehyde (formalin) seed treatment practiced in your ter-

ritory?

If so, to what extent, and with what success?

What are the greatest pests of wheat, and the greatest drawbacks t()

its sncccssful culture in your vicinity?

In your opinion how may t best' be ovei'come?"

The following statistics are couipiltMl from 503 replies to these let-

ters: I'"iv(' counties were not heai'd fi'om. Keixtrters fi-oni r.ciiton County

replied tliat no wheat was raised in that cnunty. lOiglit counties reported

that stinking smul did not occur with them, and eight counties reported

it as occurring, but did not report tlie amount of snnit estimated present

or actually purchased. This leaves seventy counties from which we com-

pile oui' statistics. I'l'om tliese sex'eiity countii's V2- rei)orts were re-

turned, of wliich i)ractically all slated that stinking snuit occurred locally

or generally with them, showing tliat it is thoroughly distributed through-

out the State.

Of these 422 rei>ort(>rs who i-ejilied. only 247 rejiorted the number of

bushels of snuitty wheat which they actually purchased. These were in

vaiwiiig amounts from lifty liushels by one corresi)ondent in Morgan

County, to ir>(MX»(> bushels by another in \igo County. In all there were

885,010 bushels .actually purchased by tliem. This was "docked" varying

amounts, from 2 cents to 40 cents per bushel, averaging Si cents i)er bushel.

This made a total reported loss to the State for 1!»10 of $75,27(i.8.5. Con-

sidering that only 247 of the 1,200 dealers written to replied with figures

fi-om which we can draw conclusions, it seems very conservative to esti-

mate the actual loss from stinking snmt to lie three times tliat rejiorted,

or about i!;225,fK>0 for the State.
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DESCRIPTION OF THE FUNGUS.

It is not the purpose of the writer of this article, in the treiitmeut

of the subject-matter at hand, to attempt a techuical description of the

fungus popularly called "stinking smut of wheat," or known scientifically

as TiUctla foctcus (B. & C. ) Trel. It is in order that those not acquainted

witli the disease may recognize it that a l)rief description is here included.

The fungus belongs to a family of the smuts which form their spore

masses usually within the ovaries of various grains and grasses. In this

particular it differs materially from the so-called "loose smut" of oats,

wheat and b.-irley. The spores when mature render the seed coat brittle and

it is soon ruptured. The spores in dissemination become attached to tlie

sound seed and remain there until planted. Germination of the smut

spores takes place about the same time that germination of the wheat

kernel occurs. This is an especially favorable time for the vegetative

growth (mycelium) of the fungus to invade the soft tissues of the wheat

seedling, and their growth and development goes on simultaneously. When

the wheat plant has attained its growth and is forming its seed, the

fungus has also attained to its maximum mycelial development and pro-

duces its spores within the maturing kernel of the wheat. These spores

soon mature and form a greasy mass of dark brown color which gives off

a disagreeable odor if the seed coats become ruptured. They are soon

disseminated by various agents.

Thus the wheat, instead of growing sound heads, produces heads

v/hich are light and chaify and worse than worthless, for any appreciable

amount of them ground together with sound seed prcxluces an unmarket-

able flour. They are also a very grave source of further contamina-

tion and infection of seed wheat. A field infected with stinking smut or

a bin of wheat containing a very small per cent, of stinking smut is

readily detected by the strong disagreeable odor it gives off. Thus it is

that grain dealers and elevator men instantly detect stinking smut in the

wheat they buy.

PREVENTION AND TREATMENT.

From the nature of the disease and its habit of gi-owth it is readily

understood that a contact fungicide should be effective in controlling this

disease. It has l)een conclusively demonstrated by several exi>erimental

workers, including the Purdue Experiment Station, that the following

treatment of seed wheat will entirely prevent it and at a very low cost.
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This is quite clearly brought out in the report. Of the tive hundred and

three reporters, only forty-four knew of the formaldehyde treatment being

tried for stinking smut, and forty-two of these had been successful. The

two failures reported could easily have been caused by careless methods

of treatment or perhaps by storing in contaminated vessels after treat-

ment.

The formaldehyde treatment consists in spreading the seed on a tight

lloor or canvas and sprinkling until thoroughly moist with a .1% formalde-

hyde solution (made by adding one pound of 40% commercial formaldehydf

to about 50 gallons of water). The grain should be shoveled over several

times during the sprinkling process in order that the formaldehyde may b.^

evenly distributed. It should then be shoveled into a pile and coA'ered

with canvas, or some closely woven material, for about two hours. The

covering should then lie removed and the grain either i>]niited immediately

ov else dried by shoveling or sjireading the seed into a thin layer and

stirring occasionally. It may tlicn be stored, care being taken to tlioroughly

disinfect the bins or sacks in wliicii tJie treated wheat is placed.

The cost of ti-cating llic seed reiiuired to jilant the ero]) of IHIO is

estimated as follows: I'.y multiplying the niniiher of acres planted in

wheat, or li.( lil.tHlO. by one and oiie-(piarter liuslu'ls. or the amount of

seed planted jier acre, we obtain .l.L's.'i.T.'l* bushels of seed I'ecpiired to

raise a croji eipinl to that of IPKi.

Figuring that I'ornialdeliyde costs 4<» cents jier pound, and that one

Ijound ini.xed with oO gallons of water will be sullicient to disinl'ect >0

bushels of seed, we have a cost of tlie lormaldehyde for treating one

Itnsliel, of aitproximately one-halt cent.

Then the amount of seed re<piire<l, or 3,2S3,7r)0 bushels nndtlplied

I.y one-iialf cent, gives $1(!.41S.7."i. or the cost of the fornnildeliyde for treat-

ing all the seed wheat i>lant<'(l in the State. Tills sum subtracted from

the estimated loss of .$i;U.".,(inii. leaves ,l;2(>S.r)S2. apjiroximately, which

would be tlie gain to the State in one year Ity treating the secMl wheat

with formaldehyde. These figures need no emphasis. The whole subject

is one which is now in the hands of the farmer. It is for him to decide

whether he w.-ints to iirevent this lieavy loss or not. 'I'he I'nrdue Experi-

ment Station is anxious to assist, in every possible way, those interested

in this work.

I'nrdue Inu'rcrsitij,

Lafajicttc, Indiana^



347

Indiana Fungi-II.

J. M. Van Hook.

The collecting of fleshy fungi during the mouths of July and August

was almost a total failure, due to the extreme dry weather. On the other

hand, the continued rainfall during September and October was pro-

ductive of a great many species common to the fall months. Many of

these had not been met with during the four years previous to 11)11. It

is interesting to observe during such seasons how the rains will awaken

apparently dormant mycelia which produce immense quantities of sporo-

phores. Moreo^'er these seem most abundant on dry exposed liillsides,

which under ordinary conditions produce but few mushrooms.

One plant not previously observed was Armiliaria nardosmia Ell.

This species grew in abundance in several places in Brown and Monroe

counties in October. It is one of our most attractive mushrooms (Fig. 1).

In color and general appearance it reminds one of the soft feathers of

our native pheasant.

Likewise specimens of Lactarius sordidus Plv. were abundant in sit-

uations commonly very dry. (Fig. 2.)

One of the most interesting things ever observed by the writer was

a most splendid fairy ring formed by Clavaria formosa Pers. This ring

was complete ; about twenty feet in diameter and composed of "bunches"

for the most part six or eight inches in height and two to four inches in

diameter.

One species collected the year before and resembling in its manner

of growth Institale maxuna, which is occasionally found on the hymenium

of the common Fames applanatus, was found on the hymenium of a re-

supinate form of Fomes conchatus. Specimens of this were sent to Dr.

Peck, who describes it in the New York State Museum Report for 1910 as

a new species, Sporotriclium chryseum Pk. The following is his Englisli

description : "Hyphte slender, 3-4 microns thick, continuous, long, intri-

cate, hyaline, forming a soft, thin, subrosy separable membrane, golden

yellow beneath ; spores abundant, minute, globose, 2.5-3 microns in diam-

eter."
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"On the hymenium of a resupinate form of Fomes conchatus (Pers.)

I'r., Bloomington, Indiana, J. M. Van Hook."

Most of the fungi collected during the year have as yet not been

identified. The list for 1911 includes only species new to Indiana Uni-

versity herbarium and collected in the State.

The Myxomycetes, omitted from last year's list, are here included.

All specimens not otherwise marked were determined by myself and col-

lected in 1911.

rSTILAGINE^.

Ustilago anomala J. Kuiizc. ( >n Polygoinim scandens. Coll. F. L.

Pickett, Monroe County, October.

I'OI.YPOPACE^.

Boletus cyanescens P.ull. Crouiid. rich leaf mold, woods, Clark

County, September S, 1910. .7. M. A'.

Polyporus berlceleyi Fr. (Jrowing from the ground but attached to

the root of an oak stunii>. Monroe County, July 15. Cue.

AGARICACE^.

Agarlcus abruptus Pk. Monroe County, October 4. Meier.

Amanita caesarea Scop. Ground, campus, September 27.

Armillaria nardosmia Ell. Ground, Monroe County, October 4. Det.

Pk. (See Fig. 1.) J. M. V.

Collybia zonata Pk. Ground, Monroe County, October 4. J. M. V.

Cortinarius cylindripcs Ivaulf. Ground, Monroe County, October 4.

J. M, V.

Hygrophorus pratensis (Pers.) Fr. Gmund, forming a fairy ring,

Moni'oe County, October 10. Edmondson.

Lactarius cMmpluir.if us (P.iiU.) Fr. (Jiouiul, Monroe County, October

n. J. M. V.

Lcpiota (onspnr<ala (Willd.i ]Morg. Iticli humus, cjimims, under

trees, Octnbcr 9. J. .M. V,

I.epiola viri'sccns (S|)eg. ) Morg. (Jround, cam]ius, Sejitember 27.

Meier.

Marasmius delcctans Fr. On dead leaves, ground, ciiniims, September

27. J. M. V.
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Pholiota angnstipes Pk. Tvawii, INIonroe County, October 12. J. M. V.

Rus.sula lepida Fr. AVoods, ground, July 12, Brown County. J. M. V.

Russula sordida Pk. Low wet ground, beech woods. Brown County,

July 12. J. M V

LYCOPERDINE.E.

Lycoperdon cruciatuni Rost. Ground, between cement blocks, Kosci-

usko County, September 28. Elder.

Tylostoma verrucosum Morg. On very rich leaf mold, campus, Octo-

ber 2. Woolery.

ASCOMYCETES.

Didymclla luphospora Sacc. & Speg. On living leaves of Quercus rubra,

JNIonroe County, November .3. Sutton.

Dothidella ulmea (Schw.) E. & E. On fallen leaves of Ulmus ameri-

cana, campus, December. J. M. V.

Erysiphe graminis DC. On old wheat straw. Monroe County, August

9. Pickett.

Erysiphe polygoni DC. On Polygonum aviculare, cami)us, August 17.

J. M. V.

Helvelhi huunosa Afz. Ground, toi> of hill, Moiu'oe County, October

21. J. M. V.

Ilypoxylon atropnrpureum Fr. On Iteecli, Monroe ('(uuity. Noveml)er

12, 1910. Owens. Det. Pk.

Hypoxylon effusum Nitschke. On elm, Monroe County, January 7,

1910. Owens.

Hypoxylon marginatum (Schw.) Berk. On oak, Monroe Comity, No-

vember 25, 1910. Owens.

Hypoxylon nmltiforme Fr. On beech. Monroe County, November 12,

1910. Owens.

Hypoxylon perforatum (Schw.) Fr. On ash, ^Monroe County. January,

1910. Owens.

Hypoxylon rubiginosum (Pers.) Fr. On elm, Monroe County, January

28, 1910. Owens. Det. Pk.

Hypoxylon sassafras Schw. On sassafras, Monroe County, February

11. 1911. Owens.

Numnmlaria microplaca P.. & C. On sassafras, Monroe County, Jan-

uary 28, 1911, Owens.
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Nummularia repanda (Fr.) Nitsch. On elm, Monroe County, November

25, 1911. Owens.

Rbylisma aeerinuni (Pers. ) Fr. On living leaves of Acer rubrum,

INIonroe County, October. Sutton.

Kosellinla subiculata (Scbw.) Sacc. On stump of Liriodendron tulipi-

fera, Clark County, November 2. 1908. J. M. V.

Valsaria exasperens (Ger.) Sacc. On lieech bark. Monroe County, No-

vember IS. Owens. Det. Owens.

SPH^ROPSIDALES.

Phyllosticta cercidicola E. & E. On living leaves of Cercis canadensis,

Monroe County, October. Sutton.

Phyllosticta cruonta (Fr.) Kickx. On living leaves of Smilax rotundi-

folia, Monroe County, August 17. 1909. Sliekell & Culp.

I'hyllosticta faginoa Pk. On living leaves of Fagus ferruginea, Mon-

roe County, August IT. 1!ki<». Sliekell & Culp.

Phyllosticta labruscMc Tbneni. On living leaves of Vitis cordifolia.

Atigust 17, 1909. Monroe County. Slickcll & Culp.

Phyllosticta solitaria E. & K. On .M;iiden P.lusli ajiples, fall of 1909.

Clark County. J. M. V.

Septoria erigerojitis ]\. & C. On Erigeron sp., Monroe County, August

11. 1909. J. M. V. & Culp.

MELA.XCOXIALES.

Collctitirichuiii tril'dlii P.ain. On red clover, Monroe County. June 0,

190S. J. M. V.

Cylindrosiwrinm toxicodendri (Curt.) E. & E. On living leaves of

lilnis toxicodendron, ]Monroe County, fall of 1910. J. .M. \'.

(!]oeos]»oi'ium septoi'ioides Sacc. On living leaves of (^uercus rubra,

:\Ionroe County, August 17, 19(19. Sliekell & (;^ulp. (Some spores ajipear

one-septate. This is Marsonia <iuercina Wint.)

Marsonia martini Sacc. & Ell. On living leaves of o.Mk, Monroe

County, fall of 1910. J. M. V.

IIVIMIOMYCETES.

Cercospora cercidicola Ell. On living leaves of Cercis canadensis, Mon-

roe County, fall of 1910. J. M, V.
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Cercospora grannliforiuis Ell. & Holhv. On living leaves of Viola

cucullata, Clark County, September 21, 1906. J. M. V. (Varies slightly

from the description.)

Cercospora oculta Ell. & Kell. On living leaves of Vernonia novebora-

censis, Monroe County, August 11, 1909. J. M. V.

Cercospora vlolae Sacc. On living leaves of Viola cucullata, campus,

August 11, 1909. J. M. V. (Spores as much as 250 microns long. Conidio-

phores up to 150 long.)

Sporotrichnm chrj'seum Pk. On the hymenium of a resupinate form

of Fomes conchatus. In Monroe County or Brown County. Exact location

not known. Data temporarily lost. Fall of 1909 or 1910. J. M. V.

MYXOMYCETES.
Arcyria denudata (Linn.) Sheldon. October 28, 1901, Monroe County.

IMutchler.

Dictydinm cancellatum (Batsch.) Macbr. Mutchler.

Dianema depressum List. Mutchler.

Fuligo ovata (Schaeff.) Macbr. On bark of rotten hickory log, Mon-

roe County, November 11, 190S. J. M. V.

Hemitrichia clavata (Pers.) Host. Monroe County, October 29, 1901.

Mutchler.

Hemitrichia leiocarpa (Cke.) Macbr. Monroe County, October 29, 1901.

JIutchler.

Hemitrichia stipata (Schw.) Macbr. Monroe County, October 25, 1901.

Mutchler.

Hemitrichia vesparum (Batsch.) Macbr. Monroe County, November 4,

1901. Mutchler.

Lamproderma scintillans (P.. & Br.) List. On oak bark, Brown County,

August 25, 1908. J. M. V.

Lycogola epidendrum (Buxb.) Fr. Montgomery County, November

S. 1908. Wood.

Oligiinenia nitens (Lib.) Rost. Monroe County, October 25, 1901.

Mutchler.

Perichaena variabilis Rost. Monroe County, October 20, 1901. Mutch-

ler.

PJasuKididphdi-a In'assiciT? Wor. (No data as to county.)

Stemonitis ferrnginea Ehrenb. IMonroe County, October 25, 1901.

Mutchler.

[23—^9034]
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Stemonitis fiisca (Roth.) Rost. Browu County, October 22, 1908.

Oil rotten log. J. M. V.

Stemonitis smithii Macbr. Winter 1S97. Copeland. Monroe County.

Tricliia contorta Rost. Monroe County, October 25, 1901. Mutcliler.

Trichia decipiens (Pers.) Macbr. Monroe County, October 22, 1901.

Mutchler.

Trichia favoglnea (Batsch.) Pers. ivronroe County, October 30, 1901.

Mutchler.

Trichia persimilis Karst. Monroe County, October 25, 1901. Mutch-

ler.

Trichia scabra Rost. Monroe County, fall of 190S. J. M. V.

Indiana University,

Deccnihcr J, 1911.
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Diseases of Ginseng Caused by Sclerotinias.

By Gko. a. Osner.

The diseases of ginseng may be divided into two main classes ; first,

tliose whicti attaclv primarily only the part above ground, and second,

those which directly affect the root of the plant. Of the former class,

the two most destructive diseases are the Alternaria Blight and Phytoph-

thora Mildew. Of the latter class, four or five of the most important

ones may be mentioned, among which are: Wilt, End or Fiber Rot, Soft

liot, and those diseases caused by Sclerotinias—the Black and Crown

IiOts. It is with the two last named diseases that this paper deals.

Fig. 1. Photograph of a portion of a ginseng garden, showing a spot in one of the beds killed

by Black Rot fungus.
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The Sclerotinias ai'e characteiizcd during the vegetative stage by the

formation of sclerotia. Tlie sclerotia are white wlien first formed, but

soon the outer cellular layers become black and more or less roughened.

These sclerotia are usually formed abundantly on the diseased root, es-

pecially during the later stages, thus affording an easy means of dis-

tinguishing these diseases.

There are two distinct types of Sclerotinial diseases of ginseng; one

in which the entire root becomes black and covered with hard black

sclerotia and the other in which the root retains its natural color, but in

v.hicli a number of black sclerotia are developed on the outside. The

former type is known as Black Rot and is familiar enough in those gar-

dens infested l)y it. The diseases of the latter tyi>e have collectively gone

under the name Crown liot, although it is l)y no moans certain that the

various diseases given this name have all Ixhmi caused l)y tlie same or-

ganism.

It was with the object of determining the name and characteristics of

eacli organism connected with these diseases and of finding some means

for successfully combating them that the present investigation was under-

taken. The work during the summer of 1910 was carried on at Cornell

University under tlie direction of Trof. II. II. Wlietzel, to whom grateful

acknowledgments are due for the use of his private notes collected during

Ids work on ginseng diseases. Tlie work was continued during the pasi.

winter in the laboratories of the Botanical Department of Wabash Col-

lege under the direction of Prof. M. B. Thomas.

BLACK ROT.

The first recorded mention of tliis disease was by Van Hook (()4

»

from a ginseng garden in New York. However, with the increased culti-

vation of ginseng it has spread, until last summer it was reported not only

from several counties in New York but from other States as well. While

to the author's knowledge, its destruction has been extensive in only a

few cases, it is well worth while to be on the lookout for it, as tliis dis-

ease is very difRcult to eradicate when once it obtains a foothold.

Roots attacked by Black Bot are coal black in color when dug, chang-

ing to a dirty gray when dried. 'I'hcy are devoid of all their small fibrous

(•04) Van Hook, J. M. Diseases of Ginseng. New Yorlt (Cornell) Agr. E.xp.

Sta. Bui. 219: 1. c. 181-182. 1904.
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roots and are covered with many black protuberances or sclerotia. The

disease is caused l),v a soil fungus which penetrates tlie epidermis of the

root, attacking and lirealcing dnwn the tissue, wliidi is replai-ed by a

tangled compact mass of mycelial threads. The fungus is apparently able

to gain entrance into any part of the root, as some infections were found

which had started at the crown while others seemed to have originated

in the smaller roots. The outer tissue is first attacked, the mycelium

gi'adually turning black and giving the root its characteristic appearance.

At this stage the center of the root still retains its natural color, but in-

stead of being compact and brittle is ratlier soft an<l watery, while the

whole root is tough and pliable. Infected roots which have lain in the

soil two or three years gradually become black throughout and flimlly

decay.

One of the ]iecnliar things about this fungus is that its period of

attack is during the winter. Healthy roots with well-formed buds, when

set in the fall in infected soil, fail to send up shoots the following spring,

and on examination are found diseased with Black Rot, the blackening

by this time usually extending one-fourth of the way to the center. After

the plants come up in the spring, with the return of warm weather, there

is no further spread of the disease until the next winter. In working

with the fungus in pure culture in the sunnner, an ice-box is necessary,

as it will not grow at tlie ordinary temperature.

The organism causing this disease is a new species of fungus belonging

to the genus Sclerotinia. Tlie mycelium is septate, branching, and when

eld becomes more or less blackened. In pure culture it grows luxuriantly

on almost any medium if kept at a temperature of 40° Fahr. On nutrient

agar or potato agar, sclerotia are produced in three to six days. The

sclerotia are at first white compact masses of tangled mycelium, which

soon become black on the outside. They are for the purpose of producing

the perfect stage and carrying the fungus over unfavorable periods for

growth, being able to withstand submersion in boiling water for three

minutes without having their germinating power destroyed. Under favor-

able conditions of moisture and temperature, these sclerotia send out

germ tubes .iust as do spores. Under other conditions they may give rise

1o the perfect stage, although this has never been obtained in pure cul-

tures. However, last spring, (1910), the perfect stage^ was found in one

1 Note,-—A technical description of this fungus is to bo published in an early

number of Phytopathology by Mr. W. II. Rankin.
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Fig. 2. Ginseng roots attacked by Black Rot and showing sclerotia.



359

of the ginseng gardens in New Yorl^. Tliis perfect stage developed from

sderotia on roots wliicli liad lain in the garden during the winter, very

near the surface of the ground. In the spring short stalks were sent up,

bearing large cup-shaped apothecia containing the asci with their asco-

spores. These spores when mature are shot up into the air to be dissem-

iimted by the wind and rain.

Fig. 3. Black Hot. Cross and iLinniseclions of root and bud of diseased and liealtliy plants.

The blackening of the diseased roots will later extend to the center of the diseased root. Section of

healthy plant on right. (After H. H. Whetzel.)

When once established in the garden the parasite apparently spreads

by the mycelium growing through the soil from one plant to another, kill-

ing all that come in its path. It is also spread by the tools used in weed-

ing or spading the beds, especially in tlie fall. Its distribution from one

garden to another is probably brought about by infested soil or perhaps

by spores being carried on the shoes of people visiting the various gardens,

or by the importation of diseased roots.

A number of experiments were performed to determine if possible

some method of eradicating this disease by soil treatment. It was found
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(hat the fimgns would srow equally well on alkaline and acid media in

any strength which could be used on the soil. From this it seems prob-

able that changing the acidity of the soil would be of no benefit here, as

It is in the case of some other ginseng diseases. Until some other means

lor its control is found, it would be advisable to keep a sharp lookout for

black roots when digging in the fall, and to examine all spots where plants

fail to come up in the spring. If any diseased roots are found, search

the area carefully and remove and burn all of them. The .soil in the in-

fested area should tlien be sterilized with formalin, diluted 1-100, care

being taken not to injure the adjacent healthy roots, or if suitable appa-

ratus is at hand, steam sterilization may be used. If the garden becomes

too badly infested, the only remedy is to move the seedlings to another

garden, carefully sterilizing all tools with formalin or corrosive sublimate

before using them in t])e new garden. Van Hook ("04) cites a case where

a grower had set roots in a bed from which black roots had been taken

six or seven years before. The roots faile<l to come up in the spring, and

on being examined were fmnid to be infected with P.lack Kot. thus show-

ing that this fungus is appan-ntly capable of remaining in the soil as a

saprophyte for several years.

CROWN HOT.

This disease has been Known to ginseng growers for several years,

but except in a few cases it has not been found very abundant. The first

nienti(in of it was by J. II. Koehler ("03)' in a letter to Special Crops. Since

then it has been reported fmni various cdunties in .New York and from

Slates as far we.st as Wisconsin.

Tlicrc are two different tyjies of the disease: one in wliidi it attacks

llie upper part of the stem, and tlie other in wiiich it attacks the root at

or near the crown. In tlio latter type, the organism causing the trouble

seems to gain entrance into the plant through the base of the stem near

the surface of the ground, or in some cases through the upper part of the

root. It works slowly up the stem and quite rapidly down, soon entering

and rotting the root. TJie stem loses its green color and the tissue be-

comes shrunken, so that the fil^ro-vascular-bundles stand out sharply as

long striations or ridges. The stem soon becomes hollow and inside are

found lai'ge black si-lcrntia. These are also found <in tin- rnnts. The

tissue of tlic (liscascil rout generally becomes soft and '•diMigby."' The

>('03) Koehler, .7. H. Letter to Editor. Special Croi)s 2 :148. Sept. 100.3.
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mycelium is abniKL-int llironglioiit tlie diseased tissue and seems to travel

between the r-ells. dissolving tlie middle lamella.

In case the disease attacks the upper part of the stem, the first effect

noticed is that the petioles all droop, or the leaflets droop from the petiole.

The leaves soon fall off. and on examination the stalk will lie found to

contain several black sclerotia. In one garden, e.xamined l)y the writer

last summer the plants had been attacked by this disease in June after

they had attained their growth, and when examined in August the leaves

Fig. 4. Black Rot of ginseng showing apothecia. (After Rankin.

had fallen off, leaving only the straight dead stems containing sclerotia.

In this type of injury the root may send up a new stalk the next year,

but in the year of the attack no growth is added.

From obser\ations in the diseased gardens it would seem that the

trouble is increased by the presence of too much moisture ; that is, if the

fungus occurs in the soil with these conditions present it will produce the

disease. One man. whose garden was troubled with this disease, stopped

it almost immediately liy removing the shade and aerating the enclosure.

The cup fungus, Sclcrothiia lihcrtiana Fuckel, has been connected

with this disease. This is a soil parasite which is widespread and com-

mon on other plants such as hemp, rape, cucumber, tobacco, many forced
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vegetable and bulbous plants. The mycelium is septate, irregularly branch-

ing, and freijuently very nnicli vacuolated. It grows from the cracks in

the root as a white felt, later giving rise to large, hard, black sclerotia.

When first formed, these are white, but later they change to brown, and

fmally black. Mature sclerotia are white or dirty-white within, of densely

woven threads and with a black cellular outer coat. As in the case of

the Black Rot fungus, they are for the purpose of carrying the organism

over periods unfavurnlile to growth and for giving rise to the i>erfect

-''"^^"m^:
^^.

Fig. 5. Crown Rot of ginseng showing large, well developed sclerotia. (After Whetzel.)

Stage. Under suitable moisture and temi)erature conditions, they send

out germ tubes directly, just as the Black Rot fungus. The perfect stage

has never been obtainetl by the writer in pure culture, although during

the past winter an effort was made to do so. A hirge number of sclerotia,

grown on various media, wore placed out of doors in sterile sand, con-

tained in earthen pots, and this spring one-half of them were brought into

the greenhouse. Some of the pots containing the sclerotia were kept very
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moist, some fairly moist, and others rather dry, but hi no case did any

I'ruiting stage appeal-. However, in tlie spring of 1910, in a ginseng

garden near Apulia, N. Y., the perfect stage was found, having developed

from some old sclerotia which liad Iain near the surface of the soil over

winter. Specimens of this perfect stage sent to Dr. E. J. Durand of Cor-

nell University were pronounced by him to be Sclerotinia Ubertlnla Fuckel.

It is possible that some of the diseases reported by ginseng growers

and described as Crown Rot have been caused by other species of Sclero-

tinia. During the past winter, the \^Titer has grown several different

Fig. 6. Crown Rot showing sclerotia inside the old dead steins. In this case the roots were

not diseased.
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strains of this Crown Rot fungus—secured from various parts of the

(ountry—on culture media in an effort to classify them. Cultures were

made on a large numher of media, including nutrient agar, potato agar,

l>ean plugs, jidtato ])lugs, ginseng plugs, sweet potatoes, turnips, nutrient

gelatin, corn-meal. Kaulins' culture fluid, and several others. On all the

media mentioned the various strains made a good growth, the optimum

being at the temi)erature of .!(>' ('. On several of the media the growths

of a number of the strains were uidike, so there may be more than one

species, but as the fruiting stages were not obtained, this could not be

determined definitely.

The ("I'own Kot is apparently disseminated in two ways; by the myce-

iium and by spores. The mycelium nia.v grow tlirongh the soil to other

roots or it may I'l- distrii)ute(l by im]»lements used in spading or weeding

the beds. The sp(»res may be scatteied b.v the wind and I'ain or Ihey may

may be carried on diseased seedlings or on tlu' shoes and clothes of peo-

ple visiting the various gardens. As stated before, this fungus grows on

a luunber of plants other than ginseng and it may also gain entrance to

the ginseng garden directly from these other plants liy any of the agencies

given abo\e.

"i'he growth of this fungus does not seem to be affected by any change

in the .acidity or all<;ilinity of the soil whicli could be brought about in

tlie field. I'ntil some better means of coniliating it is foinid. the old

lotted roots should be carefully dug and burned so as to remove the

('anger of infection from the cup stage in tlu' sjjrin.g. The attacked stems

should also !)(' removed ;nid burned as soon as noticed. Spraying with

l.ordean.x mi.xture will pi-ob.-ibly lessen the in.iury to the stems above

gi'ound. In a<ldition in this the garden sliould be well-drained, and if the

disease becomes \-ei'y prevalent, it would be well t<i remove ji.nrt of the

over-h(>ad covering and loosen tlie sill ;ironnd the ]il;infs so as to allow

them to dry out.

WalKish College,

Croirfordfin'lle. Iml., Jiiik /7. IDIJ.
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Additions to the Flora op the Lower Wabash Valley, By Dr.

j. schneck.

By Chas. C. Deam.

Among some volumes wliicli I recently purchased from the library of

the late Dr. J. Schneck is a copy of "The Flora of the Wabash Valley

Below the Mouth of White River, by Dr. J. Schneck," published in the

7th report of the Indiana Geological Survey, 1875, in which Dr. Schneck

made numerous annotations and additions. Believing that these notes

and additions are of sufficient interest and value to justify their publica-

tion at this time, the following list has been prepared, which excludes

those reported in the Botanical Gazette, Volume 1. page S3. The nomen-

clature adopted is that of Gray's Manual, 7th edition.

Cystopteris bulbifera (L.) Bernh. Hanging Rock.

Potamogeton foliosus Raf.

Potamogeton pusillus L. 1SS7.

Zanchinella palustris pedunculata J. Gay. In muddy water at Grand

Rapids, August 18F0.

Najas flexilis (Willd.) liostk. & Schmidt. October IS, 18S0.

Tripsacum dactyloides L. July.

Paspalum laeve Mlchx.

Paspalum mucronatum Muhl.

Panicum anceps Michx.

Panicum dichotomiflorum Michx.

Leersia lenticularis iVIichx. September 25, 1878.

Muhlenbergia Schreheri J. F. Gmel.

Muhlenbergia sobolifera (Muhl.) Trin.

Muhlenbergia sylvatica Torr.

Sporobolus asper (Michx.) Kunth.

Sporobolus vaginiflorus (Torr.) Wood.

Agrostis perennans (Walt.) Tuckerm.

Calamagrostis canadensis (Michx.) Beau v.

Sphenopholis pallens (Spreng.) Scribn. 1887.
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Eragrostis megastachja (Koeler) Link.

Glyceria canadensis (Miciix.) Trin.

Festuca octoflora Walt.

Bromus ciliatus L.

Agropyron Smitliii Kydb. Embanlvment of tlie Sontlaern Railroad,

east of Mt. Cannel, June 25, 1900.

Cyperus filiculmis Valil.

Dulichium arundinaceum (L.) Britt.

Eleocharis acicularis (L.) R. & S. Margin of Burnett's pond in Gib-

son County, Indiana. August 11, 1S91.

Eleocbaris olivacea Torr.

Eleocharis palustris (L.) R. & S.

Eleocharis rostellata Torr.

Scirpus fluviatilis (Torr.) Gray.

Carex alata Torr.

Carex bromoides Schkuhr.

Carex canescens L.

Carex Davisii Scbwein. & Torr.

Carex filiformis L.

Carex Frankii Kunth.

Carex hystricina Muhl.

Carex lanuginosa Miciix.

Carex lurida Wahl.

Carex lupulina Muhl.

Carex pallescens L.

Carex pennsylvanica Lam.

Carex retroflexa Mulil.

Carex ripni-ia W. rurtis.

Carex rosea radiala Dewey.

Carex stricta Lam.

Peltandra virginica (L.) Kuntli.

Lemna trisulca L. Cypress pond.

Wolffia Columbiana Karst. 1891.

Juncus effusus L.

Juucus nodosus L.

Luzula campestris (L.) DC.

Stenanthium gramineum (Ker.) Kunth.



367

Allium vlneale L. 1896.

Yucca filitomentosa L. Escaped from yards and cemeteries.

ymilax pseudo-china L.

Smilax Walteri Pursh. In low, damp woods about Dan's pond in

Knox County, Indiana. August 13, 1900.

Orchis spectabile L.

Ilabonaria flava (L.) Gray. Border of Foote's pond in Posey County.

Indiana. July 14, 1877.

Quercvis Michanxii Nutr. Gibson County, Indiana.

Quercus texana Buckley.

Comaudra umbellata (L.) Nutt.

Chenopodium Botrys L.

Anychia canadensis (L.) BSP.

Stellaria media (L.) Cyrill.

Cerastium nutans Raf.

Silene regia Sims. July 2, 1879.

Dlanthus Armeria L.

Nymphae advena variegata (Engelm.) Fernald. Not rare, in all de-

grees of dark purple to yellow.

Ranunculus circinatus Sibth.

Ranunculus laxicaulis (T. & G.) Darby.

Cocculus carolinus (L.) DC.

Papaver dubium L. In Shannon's lot. June 5, 1879.

Sisymbrium canescens Nutt. May 20, 1887.

Sisymbrium Thalianum (L.) J. Gay.

Barbarea vulgaris R. Br. In Harrington's meadow. 1904.

Arabis dentata T. & G.

Cleome serrulata Pursh. 1888 and 1894.

Saxifrage virginiensis Michx. This may be pennsylvanica L.

Gillenia stipulata (Muhl.) Trel. June 10, 1879.

Amelanchier canadensis (L.) Medic.

Potentilla monspeliensis norvegica (L.) Rydb.

Geum canadense Jacq. 1879.

Prunus angustifolia Marsh. French or Chicasaw plum.

Melilotus officinalis (L.) Lam.

Desmodium viridiflorum (L.) Beck.

Lespedeza procumbens INIichx.
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Vigna sinensis (L.) Endl. Escaped, 1S9S.

Amphicarpa Pitclieri T. & G.

Polj'gala verticillata L.

Crotou capitatus Miclix.

Euphorbia Cyparissias L.

Eupliorbia tiumistrata Engelm.

Callitriche deflexa Austrina (Engelm.) Hegelm. May, 1879.

Rhus copallina L.

Vitis cinerea Engelm.

Vitis palmata Yahl.

Viola lanceolata L.

Didiplis diandra (Nutt.) Wood. In a pond along the Sontliern Rail-

road east of Mt. Carmel. July 24, 1897.

Rotala ramosior (L.) Koehne. Rare. October, 1888.

Oenothera laciniata Hill. In sandy soil ncnr Lyles Station in Gibsnn

County, Indiana. July 10, ISOH.

Oenothera si>eclosa Nutt. 1893.

Myriophyllum lieteropliyllnm Miclix.

Sanicula canadensis L.

Thasi)iuni barbinnde (Miclix.) Nutt. Near the mouth of White River.

Not rare there. May 22, 1887.

Hottonia infiata Ell.

Lysimachia thrysiflora L. May, 1881.

Vinca minor L. About open and grassy jilacos.

Asclepias amplexicaulis Sm.

Cuscuta Cephalauthi Engelm.

Cuscuta Coryli Engelm.

Cuscuta Epithymum Murr. On clover on the Keene farm.

Cuscuta obtusiflora HBK.

Hydrophyllum cauadense L. June 4, lS9<i.

Ellisia Nyctelea L. Near Cypress pond. 1888.

Lithospermura arvense L. May 15, 1879.

Lithospermuni canescens (Michx.) Lehm.

Trichosteraa dichotomum L. In Wabash County, Illinois.

Lamium amplexicaule L. April, 1878.

Salvia azurca granditlora r>enth. On the farm of Martin Myer. June

30, 1890.
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Melissa officinalis L. Along streets and old roads. June-Sept.

Physalis subglabrata Mack. & Bash. July 2S, 1S82.

Datura Metel L. Occasionally spontaneous.

Bacopa rotundifolia (Michx.) Wettst. August, 1888.

Gratiola sphaerocarpa Ell.

Gerardia auriculata Michx.

Utricularia cleistogama (Gray) Britton. In mud where there had

been several feet of water. Gibson County, Indiana, October 9,

1901.

Utricularia gibba L. In pond along the Southern Railroad, about

three miles east of Mt. Carmel.

Orobiinehe ludoviciana Nntt.

Plantago aristata Michx. June, 18S3.

Plantago elongata Pursh.

Plantago lanceolata L.

Galium tritlorum Michx. August 5, 1887.

Eupatorium nltissnaum L.

Kuhnia eupatoides L.

Chrysopsis villosa Nutt. August, 1878.

Solidago speciosa Nutt.

Aster laevis L. On the Walter farm. October 9, 1878.

Polymnia canadensis L.

Xanthium echinatum Murr. Biver bottoms. 1877.

Budbeckia speciosa Wenderoth.

Bidens discoidea (T. & G.) Britt.

Chrysanthemum Leucanthemum L.

Senecio glabellus Poir.

Cirsium arvense (L. ) Scop. 18S7.

Cirsium spinosissimum (Walt.) Scop. June 18, 1878.

Tragopogon porrifolius L.

Sonchus oleaceus L.

Lactuca Scariola L. Found for the first time ne.-ir the shops of the

Big Four Railroad. July 31, 1891.

rihifftoii, Indiana.

[24—29034]
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Plants New or Rare in Indiana.

By Chas. C. Deam.

Specimens of the following species are deposited in the writer's

herbarium and in the larger herbaria of the United States. The number

cf specimens in all cases has been ample for correct determinations, wliich

have been checlved by specialists.

Elymus australis Scribn. & Ball.

Knox County, September 2s, 1910. Frequent on the north bank of

White River near its mouth.

Carex laxiculmis copulata (Baily) Fernald.

Noble County, June 20, 1910. In moist, rich woods about six miles

southwest of Rome City.

Muscari racemosa (L.) Mill.

Harrison County, April 17, 1911. Common in a clover field of about

(i acres on the farm of Aaron Wolf, located about seven miles northwest

of Corydon.

Dioscorea glauca Muhl.

Clark County, June 30, 1910. In a wooded ravine on the east side of

the Forest Reserve.

Dioscorea quaternata (Walt.) Gmel.

Posey County, July 7, 1910, in Black Oak woods, about four miles

northwiest of Mt. A'ernon. Jennings and Jefferson counties, 1911.

Cocculus carolinus (L.) DC.

Posey County, September 23, 1911. Frequent on the wooded bank

of the cypress pond near Bone bank. Robert Ridgway was the first to

reix)rt this species for the State. (See Amei*. Naturalist, "Vol. 6:729, pub.

1S72. Also taken by Dr. Schneck. Collected also by Dr. Schneck near

Burnett's pond in Gibson County, October 20, 1S79.)

Chrysoplenum americanum Schwein.

Porter County, May 4, 1911. In anthesis on this date. Frequent in

M-et woods just north of Willis stop on the South Shore Electric line. It
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was associated with Acer sacchariiuun. riiiiis Strobus. A'iola conspersa.

Panax trifolium and Coptis trifoliata.

I^espedeza striata (Thunb.) H. & A.

Posej' County, September 23, 1911. A small colony in a woods pas-

ture at Bone bank.

Vitis rotundifolia Mlchaux.

Gibson County, September 4, 1911. Two specimens over three inches

in diameter were noted in a woods on the flood plain of the White River

about six miles northwest of Patoka. One was suspended from the top

of a tall sycamore tree. This species was noted several times in Gibson

County along White River and in the vicinity of Long pond. It was noted

in Knox County near the mouth of White River, and in I'osey County

aIoi;g the Wal)ash River alwut four miles below New Harmony. It may

easily be distinguished from other species of the genus by the lighter

green of the leaves and by the bark of old stems being deeply fissured and

not slireddy like the other species. It has the habit of climbing to great

heights and small vines will soon overtop shrubs 'i~t-2~} feet high. In Knox

C^junty it was associated with Aristolochia tDUinitosa, competing for the

top of shrubs and trees. Perry County, July 3, 1912.

Viola emarginata LeConte.

Laporte County, May 22, 1910. A few specimens found in the woods

en the l)aid< of an open ditch just west of the State Prison at Michigan

City. It was associated with Epigaea repeus and Pinus Strobus.

Viola pedata linearlloba DC.

Steuben County, August 13, 1903. Also found later in Laporte. Lake

and Porter counties. In Steuben County it was found in dry sandy woods

on the east side of Tamarack Lake. Viola pedata is frequent in all parts

of this county, but the varietal form was noted l)ut in the Jibove locality.

In the counties bordering Lake Michigan the varietal form only has been

noted. It is frecpient or conunon on the wooded sand dunes.

Kalmia lati folia L.

Crawford County, April 18. 1911. In anthesis on May 20, 1911. Found

for about one-fourth mile on the top of a cliffy ravine about one mile

east of Taswell. It is infrequent on the east bank, while on the west it

is so thick that one c.-in with difliculty get through it. It is generally

,'!-4 feet high, however, in favorable locations it gi'ows larger. One speci-

men measured was 3 inches in diameter and 15 feet high, It is associated
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oil tlie top ol" the ravine with Querciis veliitina and Quercus alba, and on

the sides of the cliffs witli Tsuga canadensis and Betula lutea. This

species is said to occur also in Floyd County. In Coulter's catalogue of

tlie plants of Indiana this species was included in the list of plants, the

locations of which could not be verified. Perry and Martin counties.

Spigelia marylandica L.

Posey County, May 20, 1911. Just coming into anthesis. A few speci-

mens only were found on the wooded bank on the southwest side of Ilovey

Lake. This species was reportetl for the .State by Moffatt from INIarion

County. This is a southern species and is no doubt very rare in this

State.

Monarda clinopodia L.

Ripley County, June 27, 1910. In anthesis on this date. In a beech

and sugar maple woods, on the .south side of the public road and on the

^sest side of a ravine about one mile west of Morris. Brown and Jennings

counties.

Lonicera canadensis Marsh.

Lapnrte County. ]May 2. 1911. In anthesis on this date. A few speci-

mens 2-3 feet hi.^h were noted in a moist woods about nine miles north-

west of Laporte.

Viburnum rufidulum Raf.

This species was reported by Young from Jefferson County iu the

iJept. Ind. Geol. Surv. 2:1871. It is no doubt rare but well distributed

in the southern counties. It was collected this year on the sides of rocky

ravines in Jefferson, Jennings, Lawrence and Washington counties.

Aster fnrcatus Burgess.

Tippecanoe County, September 7, 1902, along Wildcat Creek, near

Lafayette, by H. B. Dorner. This specimen is in tlie writer's herbarium,

and not until the species was collected again was it recognized as new to

the State. Found also in Warren County at the narrows of the west

tributary of Pine Creek about one mile north of Mudlavia on September

11, 1911. It is rare in this locality and was not noted again along Pine

Creek for a distance of over three miles,

(-alinsoga parviflora hisi)ida I>C.

Ripley County, June 27, 1910, Couinion in a few lots and adjacent

street in Batesville,
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Senecio plattensis Xiitt.

Steuben County, May 25, 1905, on the north side of Clear Lake, asso-

ciated with Quercns velutina. Noble County, June 20, 1910, on a wooded

hillside just northwest of Koine City. EUihart County near Middlebury.

Prenanthes altissima cinnamomea Fernald.

Wells County, October 2, 1904, and later in Allen, Clark, Dekalb, Mor-

gan and Steuben counties. The writer has not seen Prenanthes altissima

in the State and it is believed that only the variety occurs in our area.

rHiifftfi)), Indiana.
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The Unattached Aecial Forms of Plant-rusts in North
America.

By A. G. Johnson.

Ever since the detinite establisliiueut of lieteroecism in the Urediiiales

by DeBary in 1804 and ISGO, many different aecial forms have been, one

by one, pro])erly connected with their respective telial forms, so that now

the proper relationships are definitely Icnown for a large number. On the

other hand, there still remain a considerable number of aecial forms whose

telial connections are still unknown.

The aecial forms of Uredineae are included mainly under the form-

genera of Cacoma, Pcridcrmiton, Roestclia and Aecidium. In this paper

the treatment will be limited to the last named form-genus, viz : Aeci-

dium.

The genus Aecidiuin was established by I'ersoon in Linne, Systema

Naturae 2 :1472. 1791, by the following brief generic description : "Theca

(membranacea) utrinque glabra semiuibus nudis non cohaereutibus

plena." As now most generally accepted the diagnostic characters of the

genus are: a more or less cupulate peridium, rupturing at apex, within

which spores are borne in chains.

The genus was at first considered distinct and independent by the

early botanists, yet practical farmers had for a long time observed and

lecognized the connection between rusted barberry bushes and rust on

wheat in the fields, and were very certain that the former was a direct

cause of the latter. To the end of protecting wheat from the disease due

to this origin, a strict law providing for the destruction of all barberry

bushes in Massachusetts was enacted as early as 1755, the same to take

effect in 17G0 and be in force for practically four years. Following this,

various observations were made and experiments performed by different

men, with varying degrees of conclusiveness. While observations and

experiments had been previously made by Schroeter in 1816, DeBai'y was

the first to show conclusively the exact succession of spore-forms in the

life history of a heteroecious rust. He showed definitely by experiments
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that aeciospores were produced on Bcrheris from infections from telio-

spores of I'ticcinia pocuJifonni.s from wlieat, and tluis definitely estab-

lished heteroecism in tlie Uredineae in 1804. He also showed that nredi-

niospores followed by teliospores were produced on wheat by sowing aecio-

spores from the barberry. DeBary's radical discovery was rather slow

in being accepted by many other botanists, yet his evidence was indis-

putable and his interpretation prevailed.

Oersted, working independently and contemporaneously with DeBarry,

established similar alteration of spore forms on different hosts between

the genera Gi/innosjx/raiif/iiim on cedars and RocstcJia on the apple family.

This was epoch-making work in this line and showed the necessity

for accurate observations and most careful cultures to show the definite

lelationships of the different aecial forms. This work was taken up by

liotani.^ts both in the old and new world and is still being carried on with

much success. Early workers in Europe, beside DeBary and Oersted,

were Fuckel. Magnus, Schi<)eter, Wolff, Rostrup, Winter, Nielson, Reich-

ardt, Ilartig, Kathay, roriui and I'lowrigJit. .M(He recent workers of the

did world are Fischer, Klclmlm, 'I'ranzschel, von 'I'liheur, Wagner, I'.ubak,

,Iuel, Ilennings, Eriksson. Dietci, Llro and others.

In America Farlow and Tha.xter did pioneer work, followed later, and

with greater success, in this line l)y Arthur, Kellerman, Clinton, Kern

and others. The work of I >r. J. C. Arthur stands out prominently above

all others.

The methods used l>y the different workers are, in the main, very

similar, viz: germinable spores of one stage are placed on sterile phints

of the suspected alternate host. Conditions of heat and moisture being

kept as favorable as possible throughout. In the methods use<l I)y Dr.

.\rthur, the perfectly healthy potted plants are kept covered with bell-

Jars for three days after the spore sowing is made. Each day the bell-

jars are removed fen- five minutes or so to allow the entrance of a fresh

supply of air, after which they are sprinkled within and replaced over

the plants, and the plant thus covered is left in a shaded place until about

a day after the bell-jar is removed. The inoculated leaves are then kept

well moistened and kept out of too strong light and carefully watched

for spore develoi)ments. especially after the first week. If the culture is

successful the first spore structure will usually he evident in a week or

ten days, followed later by the second spore structure, when that is pres-
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eut, and thus showing tlefluitely that the two alternate phases on wholly

different plants belong to the same species of fungus.

Thus a large number of aecla have been properly assigned to their

telial connection, and still many others remain to be thus connected.

At first the species of Aecklium were placed in groups largely accord-

ing to hosts, but as they were studied more closely, both microscopically

and in cultures, it was found that often there occurred many forms on

the same family of host plants, and often on the same host genus, several

distinct species could be segregated. Even on the same host-species it

was not infrequent to find more than one species of Aecidium. As cer-

tain of these aecia were properly referred to their telial connections, these

were separated as carefully as possible from the unattached forms and

tlu' latter reniahied to be studied further. In certain cases the definite

mori)hological characters of the forms that are properly connected with

their telial stages have made it possible to segregate definitely the at-

tached forms from the unattached forms. In other cases where the mor-

phological differences are less distinctive, and where certain physiological

differences exist, the separation between the attached and luiattached

forms has been less definite, and in some cases it is impossible to make

such separation with certainty until further cultures are made in order

to help decide the matter. In making such separation of attached from

unattached forms it is clear then that it is necessary to take into con-

sideration not only the morphological characters of a species but also its

physiological behavior in cultures.

It has been the purpose of this study to make such separation, farther

than it liad already been made, and to determine as far as possible the

number of forms still unattached and to work out clues for probable con-

nection wherever possible.

The forms of aecia whose telial connections still remain unknown,

are arranged and follow in the form of an annotated list preceded by a

provisional key, for convenience of reference. Under eacli species are

given as far as possible the citation of the original description and dat?

of publication, the hosts inhabited, the states and provinces in which the

species has been found on each host, the type locality, type host, general

distribution, and reference by number to specimens published in sets o''

exsiccatl. Notes follow in most cases, especially where the form is es-

pecially striking, or where there are clues to relationship, or where there
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is some question as to the defiuiteness regarding the placement of the

form in the unattached list. Notes are also added in some other cases.

The arrangement in the list is according to host families and genera

in the sequence used in Brittou and Brown's Illustrated Flora of the

Northern States and Canada, supplemented by Engler and Prantl's Natiir-

liche Pflanzen-familien in cases where the host is not within the range

of the former work. The provisional key precedes this list and follows in

this connection.

KEY TO THE UNATTACHED SPECIES OF AECIDIUM IN NORTH
AMERICA.

I. Aecia scattered, arising from diffused mycelium

:

Host belonging to I'rticaceae A. Vibcrtum 10

Host belonging to Chenopodiacae A. EuroUae 12

Host belonging to Caryophyllaceae A. Cerastii 15

Host belonging to Fumariaceae I. Dicentrae 27

Host belonging to Malvaceae

:

Aeciospores with thin walls

:

Peridia fugacious, aecia more or less ('llii)li(iil

in outline I. liiJicrcuJatiim 48

Peridia less fugacious, aecia pradically ciicular

in outline A. sp. 49

Aeciospores with very thick walls A. intervcniens 50

Host belonging to Iloloragidaceae 1. Prospinaceae 50

Host belonging to Boraginaceae 4. Myosotidis 60

Host belonging to Solonaceae 4. PhysnUdlH 72

Host belonging to Scrophulariaceae A. CoUinsiac 77

Host belonging to Valerianaceae A. Valcrianellae 80

Host belonging to Cichoriaceae 4. Colnmhierise 90

II. Aecia gregarious, arising from a limited mycelium:

Host belonging to Scheuchzeriaceae 1. Trif/lochims 1

Host belonging to Melanthaceae 4. Uvulariae 2

Host belonging to Liliaceae

:

Of the genus Leucocrinum ^. sp. 3

Of the genus Anthericum A. sp. 4

Host belonging to Convallariaceae A. Trillii 5



379

Host belonging to Amnrylidaoeae A. Zephranthis 6

Host belonging to Iridaceae A. Iridis 7

Host belonging to Myricaceae A. Myricatum 8

Host belonging to Urticaceae A. Boehmeriae 9

Host belonging to Loranthaceae A. sp. 11

Host belonging to Allioniaceae

:

Of the genus Abronia A. Ahroniae 13

Of the genus Mirabilis A. Mirahilis 14

Host belonging to Eanunc-ulaceae

:

Of the genus Caltha A. sp. 16

Of the genus Actaea, or Cimicifuga A. Cimicifugatum 17

Of the genus Delphinium A. Delphinii IS

Of the genus Aconitum

:

Aecia in rather large groups, not crowded..!. Aconitl-NapelU 19

Aecia in small crowded groups A. circinans 20

Of the genus Anemone A. Anemones 21

Of the genus A^iorna A. occidcntale 22

Of the genus Ranunculus

:

Aecia crowded in dense

groups -1. Hanunciihiccanim (in part) 23

Aecia less crowded ....I. Raniiiiciihtccarutn (in part) 24

Of the genus Thalictrum A. ThaUctri 25

Host belonging to Berberidaeeae A. Fendleri 20

Host belonging to Saxifragaceae A. sp. 2S

Host belonging to Parnassiaeeae A. Panmssiae 29

Host belonging to Caesalpinaceae A. sp. 30

Host belonging to Fabaceae

:

Of the genus Baptisia A. Kcllermanni 31

Of the genus Psoralea A. Onobrychidis 32

Of the genus Parosela A. Daleae 33

Of the genus Petalostenion A. Pctalostemonis 34

Of the genus Lupinus A. Lupini 35

Of the genus Apios, or Falcata A. Falcatae 30

Host belonging to Geraniaceae A. violascens 37

Host belonging to Malpighiaceae A. Brysonimatis 3S

Host belonging to Rutaceae A. Xanihoxyli 39

Host belonging to Polygalaceae A. polygalinum 40
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Host belonging to Euphorbiaceae

:

Of the genus Croton, or Crotonopsis A. crotonopsidis 41

Of the genus Argithanniia 1. Argithainiiiae 42

Of the genus Mozinua (Jatropha ) A. sp. 43

Of the genus Sabastiana, or Stillingia 1. StiUinglae 44

Host belonging to Hlppocastanaeeae A. AcscuU 45

Host belonging to Vitaceae

:

Of the genus Cissus

:

Aeciospores rather large A. Mcxicanimi 4(;

Aeciospores rather small A. Ci.isi 47

Host belonging to Malvaceae:

Of the genus Sphaeraleea 1. Sphacralccac 51

Of the genus Gossypium A. Gossypii 52

Host belonging to Fouquieriaceae A. Caunonii.53

Host belonging to Passifloraceae .4. ]>assi/loricola 54

Host belonging to Thymelaceae .1. Jnjnoideum 55

Host belonging to Elaeagnaceae A. Allcnii 5C

Host belonging to Lythraceae A. yicsacae 57

Host belonging to Onagraceae A. Anograe 58

Host belonging to Primulaceae .4. Lyfihnnchide GO

Host belonging to Apocynaceae

:

Of the genus Macroslphonia A. Icporinum 01

Of the genus Ai>ocynuni

:

Aeciosi)ores small A. Apocijni 62

Aeciospores large A. ohcsum 03

Host belonging to Asclepldaceae 4. liraiidcgci 04

Host belonging toIIyclroi)hyl]a<eae

:

Of the genus nydrophylluiii .4. Ilijdiophylli 65

Of the genus Phacelia A. Phaccliae 6C

Host belonging to Heliotropiaeeae t. duatcmaJcnsis 07

Host belonging to Boraginaceae

:

Of the genus Bourreria A. sp. OS

Of the genus Lithospormum, or Onosmodiuiii. . . ..4. Onosmodii 70

Of the genus Mertensia 1 . Mertensiae 71

Host belonging to Solonaceae:

Of the genus Chamaesarache A. sp. 73

Of the genus Solanum .4. tuhulosum 74
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Host belonging to Scrophulariaceae

:

Of the genus Clielone A. Cheloiiis 75

Of the genus Pentsteuion A. Pahncri 7G

Of the genus Afzelia, or Dasystoma A. GemrcUae IS

Of the genus Castilleja .4. micropit neturn 79

Of the genus Mehampyruni A. sp. SO

Host belonging to Acauthaceae A. Traci/annm St

Host belonging to Eubiaceae

:

Of the genus Houstonia .1. Oldenlundianiim S2

Of the genus Bouvardia A. Bouvardiae 83

Of the genus liandia 4. pulverulcntum 84

Host belonging to Caprifoliaceae A. Triostei 85

Host belonging to Clchoriaceae

:

Of the genus Lygodesmia A. Lygodesmiac 87

Of the genus Crepis .4. crepidicolum 88

Of the genus Hieracium A. liieraciatum S9

Host belonging to Ambrosiaceae A. sp. 91

Host belonging to Carduaceae:

Of the genus Laciniaria A. Liatridis 92

Of the genus Boltouia A. Boltoniae 93

Of the genus Clibadium A. Clibadii 94

Of the genus Montonoa A. Montonoae 95

Of the genus Wedelia A. Wedeliae 9;!

Of the genus Bahia, or Eriophyllum A. Bahiac 97

Of the genus Senecio

:

Peridia short, not lacerate :

Aecia rather small A. Scnecionis 98

Aecia rather large A. sp. 99

Peridia long, coarsely lacerate 4. Ilcnerianum 100

Of the genus Coleosanthus, Chrysogonum,

Chrysothamuus, Dugaldia, Helenium, Po-

lymnia, or Rudbeckia .4. conipostilaridii 101

1. Aecidiimi TrigJochinis D. & H. Erythea 7:98. 1S99.

On SCHEUCHZERIACEAE :

Trifflochin coxcinna Davy, California.

Triglochin sp., Nevada.
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TYPE LOCALITY: Amedee, Califoruia, ou Triglochin concinna.

DISTRIBUTION: Kuown only from Nevada and California.

There are no clues as to the relationship of this Accidiinn. It has,

however, the habit of a heteroecious form.

2. Aecldium Uvulnriae Schw. Schr. Nat. Ges. Leipzig 1 :G9. 1822.

On MELANTHACEAE

:

Uvularia grumUfiora J. E. Smith, Iowa.

Uvularia jycrfoUata L., Iowa, Missouri, North Carolina.

Uvularia scssUlflora L., Delaware.

TYPE LOCALITY : Salem, North Carolina, ou Uvularia t>crfoliata.

DISTRIBUTION: Delaware and North Carolina west to Iowa and Mis-

souri.

Very similar to Accidium Majanthae Schiim. with which it may be-

long. Cultures are necessary to determine the standing of these closely

related forms.

8. Accidium sp.

On LILIACEAI]

:

Lcucocrinuiii inoiitiniuiii Nutt., Colorado.

DISTRIBUTION: Known only from Colorado.

Thei'e are no delinite clues as to the I'elationship of this Accidium,

but its teliai stajie is most likely to be a Puccinia on some grass.

4. Accidium sp.

On LILIACEAE:

An'thcricnm iiaiiuin Baker, Mexico.

Only one, the collection from the State of Mexico, known.

5. Accidium Triilii Burr. But. Gaz. 9:190. 1SS4.

On CONVALLARIACEAE:
Trillium (jruudiflorum. (^Nlichx.) Salisb., New York.

Trillium rccurvatum Beck., Illinois.

TYPE LOCALITY: Pine Hills, Union Co., Illinois, on Trilliuiu rccurva-

tum.

Closely related to Accidium Majanthae Sebum, with some race of

\Ahich it may prove eventually to belong. Cultures are necessary to Ae-

t( rmine the point.



383

6. Aecicliutn Zeplnjnudliis Shear, Bull. Torr. Bot. Club 29:454. 1902.

On AMARYLIDACEAE :

Zepliyranthcs sp., Hidalgo, Mexico.

TYrE LOCALITY : Near Tlalpam, Valley of Mexico, Mexico, on Zephyran-

thcs sp.

DISTRIBI^TION : Central Mexico.

7. Aecidium Irklis Ger. Rep. N. Y. INIus. 24:93. 1872.

On IRIDACEAE:

Iris versicolor L., Iowa, New York, Massachusetts, Minnesota, Ne-

braska, Wisconsin.

TYPE LOCALITY : Poughkeepsie, New York, on Iris versicolor.

DISTRIBUTION: New York, Massachusetts, west to Minnesota and Ne-

braska.

EXSICCATI: Ellis, N. Am. Fungi 101.',; Roum. Fungi. Sel. 1,011; Rab.-

Wint. Fungi Eur. 2927; Thiim. Myc. Univ. 1519.

There is considerable question as to the relationship of this Aecidinm.

It is very uncertain if it belongs with Piiccinia Iridis (DC.) Wint. on the

same host. It has been suggested that it may belong with a Carea?-inhabit-

iug Pnccinia. Cultures are necessary to settle the point.

S. Aecidinm Myricatum Schw. Trans. Am. Phil. Soc. II. 4:294. 1832.

On MYRICACEAE

:

Myrica cerifera L., Delaware, Ncav Jersey, New York.

Myrica Carolinensis Mill., Connecticut, New Jersey.

TYPE LOCALITY : New York, on Myrica cerifera.

DISTRIBUTION: New York, New Jersey, Connecticut and Delaware.

EXSICCATI: Ellis, N. Am. Fungi 230; Ellis & Ev. Fungi Columb. 62:

Roum. Fungi Sel. .',835; Thiim. Myc. Univ. 1224.

A conspicuous, characteristic Aecidium of rather limited range.

9. Aecidium Boelimeriae Arth. Bull. Torr. Bot. Club 34:590. 1907.

On URTICACEAE

:

Boelimcria cyJiadrica (L.) AVilld., District of Columbia.

TYPE LOCALIl'Y: Takoma Park, District of Columbia, on Boehmeriq

cylindrica.
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DISTRIBUTION: Known only from type locality.

This is very similar to Aecidium Urticae Selium., which is connected

with Pticcinia Caricis (Schum.) Schrot. on Carer, except for having

smaller aeciospores and peridia more delicate in general. Repeated trial

sowings of Puccinia Caricis on Boehmeria have uniformly failed, while

infections have been easily obtained on Urtica. This species of Aecidium

is therefore no doubt distinct and may belong with some other Carcx-

iuhabiting Puccinia.

10. Accidinm lihcitum Arth. Bull. Torr. Bot. Club 37:580. 1910.

On URTICACEAE

:

Urtica chamaedryoides Pursh, Oklahoma.

TYPE LOCALITY: Sapulpa, Oklahoma [Indian Territory!, (.n Vrtim

cliamacdriioidcs.

DISTRIBLTIOX: Known only from type locality.

A very characteristic species. No clues as to possible tolial connec-

tion. It may, however, belong with some telial form inlialiiting some host

other than a grass or sedge.

11. Aecidium sp.

On LORAXTIIACEAE

:

Loranthus .sp., Guatemala.

This is doubtless an undescribed sjjecies. It does not agree with pre-

viously described species on this host.

12. Accidinm IJurotiac E. & PI Juur. Myc. 6:119. 1891.

On CHENOPODTACEAE

:

Eurotia Janata (I'ursh) Mi q. Montana. New Mexho, Wyoming.

TYPE LOCALIl'Y: Helena, Montana, on Eurotia lanala.

DISTRIBUTION: Montana south to New Mexico.

EXSICCATI: Ellis & Ev. N. A. F. 2109; Ellis & Ev. Fungi Columb. 277.

13. Aecidium Ahroniac Ellis & Everhart n. sp. (Ined.)

On ALLIONJACEAE

:

Abronia (micranthn (Torr.) Chois.?), Colorado.

Ahronia umhclUtta Lam., California.

TYPf} LOCALITY: Ft. Collins, Colorado, on Abronia sj).



385

DISTKIBUTION: Colorodo and westward.

As far as the writer can determine this species has never been pnb-

lislied. The name appears to be only an herbarium name by Ellis & Ever-

l;art. The species is no doubt distinct.

14. Accklium MiraJjiTis I). & II. Bot. Gaz. 24:.17. 1897.

On ALLIONIACEAE

:

Mirabilis sp., Mexico.

TYPE LOCALri'Y: Rio Hondo, near City of Mexico, Mexico, on Mira'bilis

sp.

DISTRIBUTION : Known only from type locality.

No specimen seen.

15. AeckUum Cerastii Wint. Jour. Myc. 1 :12G. 1885.

On CARYOPHYLLACEAE

:

Cerastium nutans Rat., Missouri.

TYPE LOCALITY: Perryville, Missouri, on Cerastium nutans.

DISTRIBUTION: Known only from Missouri.

A rare species of the typical perrenuial type judging from the descrip-

tion, no specimen has ever been examined.

10. AccUJium sp.

On RANUNCULACEAE

:

CaUha Icptoscpala DC, British Columbia.

DISTRIBUTION: Only one collection known.

Probably followed by the telial stage, {Pnccinia), on the same host,

only not j'et collected.

This is doubtless a new species collected by Professor E. W. D. Hol-

v/ay on north moraine, Mt. Sanford, Glacier, British Columbia, July, 1910.

17. Aecidhwi Cimicifiujatum (Schw.) Berk. Grev. 3:60. 1874.

Caeoma (Aecidium) Cimicifugatiim Schw. Trans. Am. Phil. Soc. II. 4:293.

1S32.

Aecidium Actaeae Authors. Not Opiz.

On RANUNCULACEAE

:

Cimicifuga raccinosa (L.) Nutt. (Acfaca raccmosa L.), Pennsylvania,

New York, Ohio, Virginia ; Ontario.

[25—29034]
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Actaea alha (L.) Mill., Iowa, Minnnesota, Ohio, Wisconsin.

Actaea rubra (Ait.) Willd. {A. spicata rubra Ait.), New Yorlv.

TYPE LOCALITY: Bethlehem, Pennsylvania, on Ciniicifiiga raccmosa.

DISTRIBUTION : United States east of the Mississippi River, especially

northward.

EXSTCCATI: Ravenel, Fungi Car. 1:94; Sydow, Ured. 13.',3; Rab.-Wint.

Fungi Eur. 3-',20; Kellerm. Ohio Fungi 61; Ellis, N. Am. Fungi 227.

18. Accidiiim Dclphinii Barth. Jour. Myc. 8:173. 1902.

Accidiuin Batcsianinn Barth. Ellis & Everhart's Fungi Columb. 20:1901.

1904.

On RAXUXCULACEAE :

Delpli ill ill III albescens Rydb.. Xcbraska.

Delphinium bicolor Nutt., Montana.

Dclijhinium CaroUnianum Walt. {D. azur(iiin Michx.), Colorado.

Delphinium cuculatum A. Nelson, Montana.

Delphinium geraniifoUum Rydb., Colorado.

Delphinium Gcyerl Greene, Colorado.

Delphinium Nelsoni Greene, Idaho.

])( IpJiiiiiiiiii robustiiin Rydb.. Colorado, Xobrnska.

DISTRIBUTIOX: Colorado and northward.

TYPE LOCALITY: Steamboat Springs, Colorado, im Itrliiliiniiim srnpii-

loruiii, later referred to D. geraniifoUum.

EXSICCATI: Ellis & Ev. Fungi Coluinl». VJitl ; Clements, Crypt. Form.

Colo. 151.

This Aecitlium becomes very al)un(i;in( in Colorado sonic years. Its

tclial coiuicctioii is probably some grass-iiiliabit lug I'lirciiiiii. In 1907, Dr.

J. C. Arthur and ^Nlr. F. D. Kern found it "growing intermi.xed with Elij-

miis condensatus covered with Puecinia monta7icnsis" and this may prove

to be the connection.

19. Aecidium Aconiti-\apclli (DC.) Wint. Die Pilze p. 2(18. 1881.

On RANUNCULACEAE

:

Aconitum Columb ianu in Xutt.. Colorado.

Aeonitum sp., Colorado.

piSTRIBUTION : Known from Colorado o\\\)-.
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EXSICCATI : Ellis .& Ev. N. Am. Fungi 2212.

This Aceldiiim is verj- similar to Accidium DelpJiinii Barth. witli which

it may ultimately prove to be identified.

20. Accidiiim circiiians Erikss. Bot. Centralbl. n. 36:297. 1891.

On RANUNCULACEAE :

Aconitum DelplilnifoUum DC, Alaska.

Type locality : Sweden, on Aconitum Lycoctonum L^

DISTRIBUTION : Known only from Alaska. Also in Eui'ope.

Little is known regarding this AcchVutm. It may prove to be tlie

aecial stage of an autoecious Uromi/ccs similar to Uromyccs Acoiiiti-Liicoc-

toni (DC.) Wint., the aecial stage of which it greatly resembles.

21. Aecidiinn Anemones Am. Authors.

On RANUNCULACEAE

:

Anemone nareisviejiora L.. Alaska.

Anemone Mrijiniana L., Indiana. Iowa. Wisconsin; Ontario.

DISTRIBUTION: Northern :\Iississippi and northward.

22. AecuUitni oceidcntalc Arth. Bull. Torr. Bot. Club 31:7. 1904.

On RANUNCULACEAE

:

Viorna Donglasll (Hook.) (Clematis DougJasii Hook.), Idaho, Wash-

ington.

Viorna WyetJiii (Xutt.) Rydb., Montana, Washington.

TYPE LOCALITY : Pullman, Washington, on Clematis Douglasii.

DISTRIBUTION: Montana to Washington.

23. Aeeidium RamuieuJaveariim DC. (in part).

On RANUNCULARACEAE

:

Ranunculus ellipticus Greene, North Dalvota.

Ranunculus glahcrrhnus Hook., Idaho, Montana. Washington.

Ranunculus selcratus L., North Dakota.

DISTRIBUTION: Northern Mississippi valley west to Washington.

The aecia on the above named hosts resemble very closely the Aeeid-

ium on Oxygrapliis Cymhalaria (Pursh) Prantl. which belongs with Puc-

cinia cinerca Arth. on Pou. and may be shown by cultures to belong with

it. This is especially likely since its range practically coincides with that

of this Puccinia.
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24. AcchViuin Ildnunculaccdntin DC. (in part).

On KAXTNCULACEAE:
Ci/rtorhi/iiclia runuucuUna Niitt., Colorado.

Ranunculus hnJhosus L., Connecticut.

Ranunculus rccurvatus Poir., Missouri.

DISTRIBUTION: Connecticut west to Colorado and Missouri.

These differ slightly from the preceding by the peridia being much

less crowded and the substratum not being thickened. They may prove

to be different.

25. Aeckliuni TlialictrL Am. Authors.

On RANUXCULACEAE

:

Isopjiruni hiternatum (Raf.) T. & G., Iowa.

Sijndcsmon thalictroides (L.) Hoffm., Indiana, Missouri.

TUalictruni (lioicu)n L., Massachusetts, .Minnesota, Vermont.

'J'halictruin polygamutn Muhl., Colorado.

Tlialictrum jiurpurascens L., Nebraska, South Dakota. Wisconsin.

Thalictruia thyrsoideum Greene, North Dakota.

Thalictnihi sp., Idaho; Newfoundland.

DISTRIBUTION : Northern United States and Canada.

EXSICCATI : Barth. Fungi Columb. 2-'i05; Brenckle, Fungi Dak. 10',;

Ellis & Ev. Fungi Columb. 1390; Rab.-Wint. Fungi Eu. 3322; Rab.-

Wint.-Paz. Fungi Eu. 3836.

The aecia on ThaUctrum and related hosts are very closely related,

and cultures are necessary to segregate them with certainty. Those placed

together here are slightly different as to form and habit from those al-

ready connected with lironius and AtiropijronAwXvMnWwz I'urcinac.

20. Accidlum Fendlcri Tracy & Earle, IM. Baker. 1:17. 1901.

On BERBERIDACEAE :

Bcrhcris Fendlcri A. Gray. Cohirado.

TYPE LOCALITY : Mancos, Colorado, on Bcrhcris Fendlcri.

DISTRIBUTION: Known only from Colorado.

This differs sliu'htly in habit from Accidlum lirrhcridis and may prove

distinct, al1hon,t;li it is very similar.

27. Aecidiuni Diccntrue Trel. Trans. Wis. Acad. Sci. 6:i:!(;. (Nov.)

1884.

Accidium. IUccntrac Burr. P.(j1. (iaz. 9:ls;t. (Dec.) 1884.
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On FUMARIACEAE

:

Dicentra Cucullaria (L.) Bernh., Illinois, Indiana, Iowa, Kansas, Mis-

souri, Nebraska, New York, Pennsj-lvania, South Dakota, Wiscon-

sin.

TYPE LOCALITY: Madison, Wisconsin, on Dicentra CucuUarla.

EXSICCATI: Ellis & Ev. Fungi Columb. 1903; Kell. & Swingle, Kans.

Fungi 2; Sydow, Ured. Jf97.

A characteristic species of wide range. It doubtless has its telial stage

on some host other than a grass or sedge. Its pycnia are subcuticular.

28. Accidiuin sp.

On SAXIFRAGACEAE

:

Mitella ntida L., Newfoundland.

Only the one collection known from Shoal Point, Bay of Islands, New-

foundland. No doubt a distinct species.

29. Aecidium Puniassiae (Schl.) Grav. Duby Bot. Gall. 2:904. 1830.

Caeoma Parnassiac Schl. Fl. Berol. 2:113. 1824.

On PARNASSIACEAE

:

Parnassia palustria L., Alaska.

TYPE LOCALITY: Berlin, Germany, on Parnassia paliistris.

DISTRIBUTION: In America, known only from Alaska.

In Europe this is considered the aecial stage of Pitccinia nliginos-i

Juel, which it may also prove to be in America.

30. Aecidium sp.

Aecidium Cassiac E. & K. Trans. Kans. Acad. 10:91. 1SS7. (nomen uu-

dem) not Aec. Cassiae Bres.

On CAESALPINACEAE

:

Cassia Clianiaecrista L., Kansas, Nebraska.

TYPE LOCALITY: Manhattan, Kansas, on Cassia Chamaecrista.

DISTRIBUTION: Central Mississippi valley.

This Aecidium dift'ers decidedly from Aec. Cassiae Bres. in having

considerably smaller spores than the African species, and is without ques-

tion distinct from it. Ellis & Kellerman's name was never established,

as far as the writer can determine and not now an available one. This

being the case, this Aecidium is still uiuiamed.
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31. Aecidium KeUermanni DeT. Sacc. Syll. 7 :7SS. 1S8S.

Aecidium amphigenum Ellis & Kell. Jour. Myc. 2:4. 1SS6. uot A. drnphi-

genum Hazsl. 1877.

On FABACEAE:
Baptisia austraUs (L.) R. Br,, Kansas.

Baptisia hractcata Ell. (jB. leucophaca Nutt.), Kansas.

Type locality : Manhattan, Kansas, on ''Baptisia leucophaea.''

DISTRIBUTION: Known only from Kansas.

32. Aecidium Onohnjcliidis Burrill, Bot. Gaz. 9:189. 1884.

On FABACEAE:
I'soralea onobrychis Nutt., Illinois.

TYPE LOCAIvITY : LaSalle County, Illinois, on Psoralca onohrycliis.

DISTRIBUTION: Known only from Illinois.

EXSICCATI : Ellis & Ev. N. Am. Fungi 1826.

This is no doubt heteroecious and probably belongs witli some unat-

tached XJromyccs. It is characteristically distinct from the aecial stage

of Uromyccs I'soralcac Pk., which has scattei'ed accia and is followed by

teliospores, without an intervening uredinial stage.

33. Aecidium IHilcae Kollerm. & Sw. .Tour. Myc. 5:13. 1S89.

On FABACEAE:
Parosela cnncandra (Nutt.) Britton {Dalca la.tiflnra Pursh), Kansas,

Nebraslca.

TYPE LOCALITY: Rockport, Kansas, on ''Dalca la.riflora."

DISTRIBUTION: Nebraska and Kansas.

EXSICCATI: Barth. Fungi Columb. 3301; Shear, Ell. & Kv. Fungi Co-

lumb. J//73; Sydow, Ured. i////S.

A characteristic species. Very abundant in Kansas some seasons, be-

coming rather destnictive to host plants.

34. Aecidium Pctalostcmonis Kellerm. & Carl. ; Arth. P>ull. Torr. Bot.

Club 34 :5S9. 1907.

Aecidium fluxum Arth. Bull. Torr. Bot. Club 34:590. 1907.

On FABACEAE:
Petalostemon candidus (Willd.) Miclix., Kansas, Nebraska.

Petalostemon jnuUiflorus Nutt., Kansas.
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Petnlostoiion oligiopJiyllus (Torr.) Hydb., Nebraska.

Petalostcmon inirpnrcus (Veut.) Eydb. {P. violaceus Michx.), Kan-

sas, Nebraska.

PetaJostemon villosus Nntt., Colorado, Nebraska.

TYPE LOCALITY : Manhattan, Kansas, on Petalostemon candidus.

DISTRIBUTION: Nebraska and Kansas west to Colorado.

EXSICCATI: Barth, Fungi Columb. 2296, 2J,91, 260J,, 2903; Clements,

Crypt. Form. Colo. 595; Ellis & Ev. N. Am. Fungi 18',5.

Similar to Aeeidium Daleae K. & S. in general habit, but has thinner

walled and slightly smaller aecispores. It is no doubt distinct and

b.eteroecious.

35. Aeeidium Lupini Peck, Rep. N. Y. State Mus. 46:33. 1S93.

On FABACEAE:
Lupinus perennis L., New l^ork.

TYPE LOCALITY : Karner, New York, on Lupinus perennis.

DISTRIBUTION: Known only from the type locality.

Tlais form differs somewhat from the aecia common in the western

mountains belonging to Uromyces Lupini B. & C. The type locality is

within a few miles of Albany, and it is difficult to explain why it has not

been met with a second time.

36. Aeeidium Falcatac Arth. Bull. Torr. Bot. Club 33:32. 1906.

On FABACEAE;
Faleata coii-osa (L.) Kuntze {Amphiearpa monoica Ell.), Illinois,

Iowa, Minnesota, Wisconsin.

Ajnos Apios (L.) MacM. (A. tuherosa Moench.), Iowa, Minnesota, Ne-

braska.

TYPE LOCALITY : Decorah, Iowa, on Faleata comosa.

DISTRIBUTION: Upper Mississippi valley.

EXSICCATI: Barth. Fungi Columb. 2303; Barth. N. Am. Ured. 1; Ellis,

N. Am. Fungi lJi36.

A distinct species, pi'obably of some Uromyees connection.

37. Aeeidium riolaseeiis Trel. ; Sacc. Pk. «& Trel. Harriman Alaska

Exped. 5:37. 1904.

On GERANIACEAE:
Geranium erianthum DC, Alaska.
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TYPE LOCAJJTY: Kadiak, Alaska, on Geniuiiiin oriaiithum.

DISTRIBUTION: Known only from Alaska.

This differs from Aecidium sanffuiiwlcntum Lindr., which belongs with

Puccinia poJiigoni-umphihii Pers., in having the peridia less exserter* \ind

less recnrved, and in having larger spores.

38. Aecidium Byrsonimatis P. Henn. Hedwigia 34:101. ISOo.

Aecidium hyrsonimaticola P. Henn. Hedwigia 34:322. 1895.

LndopJiyllum singulare Diet. & Holw. Bot. Gaz. 31 :330. 1901.

Aecidium Byrsonimae Kern & Kellerm. Jour. Myo. 13:24. 1907.

On MALPHIACEAE:
Byrsonima era us ifalia (L.) DC, Guatemala, Jalisco.

TYPE LOCALITY: Goyaz, Brazil, on Byrsonima sp.

DISTRIBUTION: Central Mexico and southward. Also in South Amer-

ica.

A strikingly characteristic form with conspicuous poridin ; often pro-

duces hypertrophy.

39. Aecidium XantlioxyU Peck, Bot. Gaz. 6:27;". 18S1.

On RUTACEAE:
Xanthoxyhim americamim Nutt., Iowa, Kansas, Missouri, Nebraska.

Xanthori/lum Claia-lferculis L. (X. Caroliimiiium Lam.), Texas.

Xauthoxylum Clava-Ilcrculis fruticosum (A. Gray) S. Wats., Ala-

bama.

TYPE LOCALITY': Decorah, Iowa, on Xanthoxylum amcricanum.

DISTRIBUTION: Iowa and Nebraska south to Texas and Alabama.

EXSICCATI : Carleton, Ure<l. Am. 6; Barth. N. Am. Ured. 102: Ellis, N.

Am. Fungi 1013; Ellis & Ev. Fungi Columb. i//77; Rab.-Wint. Fungi

Eur. 292S; Sydow, Ured. lo.',S.

A characteristic species, probably belonging with some grass-inhabiting

Puccinia.

40. Aecidium polygalinum Peck, Bot. Gaz. 6 :27.j. 1881.

On POLYGALACEAE

:

Poiygala Hcnega L., Iowa, Michigan, Wisconsin.

TYPE LOCALITY : Ann Arbor, Michigan, on Polyyala Senega.

DISTRIBUTION: Upper Mississippi valley.
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EXSICCATI: Ellis, X. Am. Fnugi 1000; Rab.-Wint. Fungi. Eur. 3StD

;

Sydow, Fred. 1396.

A dlstluct species of ruthor limited range.

41. Aecidiuin crotonopsidis Bnrr. Bot. Gaz. 9 :190. 1884.

Aecidmm splendens Wint. Rab.-Wint. Fungi Eur. 322'/. 1S85.

On EUPHORBIACEAE

:

Croton monanthogijnus Michx., Illinois, Missouri.

Crotonopsis linearis Miclix., Illinois.

TYPE LOCALITY : Johnson Count}', Illinois, on Crotonopsis linearis.

DISTRIBUTION: Central Mississippi valley.

EXSICCATI: Ellis & Bv. X. Am. Fungi 182.',; Rab.-Wint. Fungi Eur.

322.'i; Roum. Fungi Gall. Exs. 3S60.

Xo doubt a lietcroeoious species.

42. Aecidiitm Argithamniae Arth. Bull. Torr. Bot. Club 33:33. 1906.

On EUPHORBIACEAE:
Argithamnia Schiediana Miill.-Arg., Hidalgo.

TYPE LOCALITY: Trinidad, State of Hidalgo, Mexico, on Argithamnia

Schiediana.

DISTItlBUTIOX : Known only from the type locality.

43. Accidiuni sp.

On EUPHORBIACEAE:
Mozinna spathulata (Miill.-Arg.) Ortega {Jatropha spathulata Miill.-

Arg.), Guanajuato.

DISTRIBUTION: Only one collection known.

Doubtless a distinct species of heteroecious connection.

44. Aecidinm StiUingiac Tracy & Earle, Bull. Torr. Bot. Club 26:492.

1899.

On EUPHORBIACEAE:
Sehastiana ligiistrina (Michx.) Muell.-Arg. {StUlingia ligustrina

Michx.), Mississippi.

StUlingia sylvatica L., Florida.

TYPE LOCALITY: Wisdom, Mississippi, on "StUlingia ligustrina."

DISTRIBUTION: Mississippi to Florida.
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45. Aeciclium Aesculi Ellis & Kell. Bull. Torr. Bot Club 11 :114. 1SS4.

On HIPPOCASTANACEAE

:

Aesculus arguta Buckley, Kansas.

Aesculus glabra Willd., Kansas, Nebraska.

TYPE LOCALITY: Manhattan, Kansas, on Aesculus glal)ra.

DISTRIBrTIOX: Central Mississippi valley.

EXSICCATI: Earth. Fungi Columb. 2301; Ellis, N. Am. Fungi J//29;

Ellis & Ev. Fungi Columb. 1296; Kell. & Swingle, Kans. Fungi 1;

Rohm. Fungi Gall. 3863; Sydow, Ured. 1198.

Bartholomew (Trans. Kans. Acad. Sci. 16:lsG.) reports that this

striking Aecidium was so abundant on several small trees of A. argiiia in

Ivooks County, Kansas, in 1S97, that it became quite destructive.

4G. Aecidium mexicanum D. & II. Bot. Gaz. 24:30. 1807.

On VITACEAE:

Cissus sp., Mexico.

TYPE LOCALITY: Near City of Mexico, Mexico, on Cissus sp.

DISTKIBL'TIOX: Known only from type locality.

Distinguishable from Aec. Cissi Wint. by having larger spores.

47. Aecidium Cissi Wint. Hedwigia 23 :168. 18S4.

Oil VITACEAE:

Cissus sicyoides L., Guatemala, Jamaica, Porto Rico.

'I YPE LOCALITY : Near Sao Francisco, Brazil, on Cissus "SyciaefoUus."

DISTRIBUTIOX : West Indies and Guatemala; also in South America.

48. Aecidium tuberculatum Ellis & Kellerm. Jour. Myc. 4:20. 18SS.

On MALVACEAE

:

Callirrhoe alceoides (Michx.) A. Gray, Colorado.

Callirrhoe involucrata (T. & G.) A. Gray, Kansas, Nebraska.

Sidalcea Candida A. Gray, Wyoming.

TYPE LOCAI>ITY : Rooks County, Kansas, on Callirrhoe involucrata.

DISTRIBUTION: West central Mississippi valley.

EXSICCATI: Carleton, Ured. Am. 31; Kellerm. & Sw. Kans. Fungi 30;

Rab.-Paz. Fungi Eur. -i239;_ Sydow, Ured. 1199.

An especially cliaracteristic species. Its tellal connection Is doubtles.s

something other than a grass- or se<Ige-inhabiting rust.
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49. Aecidhiin sp.

On MALVACEAE:
Althaea rosea L., Nebraska.

Sidalcea Candida A. Gray, Colorado.

Sidalcea Neo-Mexicana A. Gray, Colorado.

DISTRIBUTION: Colorado and Nebraska.

A distinct species formerly confused with Accidiuin interveniens Pk.

(.4. roestelioides E. & E.) and Aecidiiiin tuberculatum E. & K. Its thin-

walled spores readily distinguish it from the former and the form of its

aecia, which are circular in outline, distinguish it from the latter.

50. Aecidium interveniens (Peck) Farl. Bibl. Index N. Am. Fungi

1 :5S. 1905.

Roestclia interveniens Peck, Bull. Torr. Bot. Club 10:74. 1SS3.

Aecidium roestetioides E. & E. Jour. Myc. 1 :93. 18S5.

On MALVACEAE:
CaUirrhoe alccoides (Michx.) A. Gray, Nebraska.

CallirrJioe digitata Niitt., Texas.

Malvastrum marnihioidcs Dur. & Hilg., California.

Malvastrum Thurheri A. Gray, Lower California.

Sidalcea asprcUa Greene, California.

Sidalcea Candida A. Gray, Washington.

Sidalcea delphinifolia (Xutt.) Greene, California.

Sidalcea huniills A. Gray, California.

Sidalcea mahaefolia (Moc. & Seese) A. Gray, California.

Sidalcea yeo-Hlexicana A. Gray, Colorado.

Sidalcea rivularis, Washington.

TYPE LOCALITY: Lower California, on Malvastrum Thurheri.

DISTRIBL'TION: Nebraska south to Texas, west to Lower California

and Washington.

EXSICCATI: Earth. Fungi Columb. 2Ji01, 3201; Clements, Crypt. Form.

Colo. 600.

A strikingly characteristic species readily distinguishable by its very

thick-walled spores and deeply lacerate peridium.

The names Aecidium roestelioides E. & E. and Aecidium interveniens

(Pk.) Farl. are here considered as synonyms. Type material has been

examined and the two species are thought to be the same. The latter

species name has priority, hence becomes the accepted species name.



396

51. Aecidium Sphacralceac E. & E. Bull. Torr. Bot. Club. 22:364.

1895.

On MALVACEAE:
Sidalcea Candida A. (iruy, Colorado.

SijJiaeralcea anoiislijolia Don., New Mexico.

TYPE LOCALITY: Las Cruces, New Mexico, on SphacraJcea anr/ustifolia.

DISTRIBUTION: Colorado and New Mexico.

EXSICCATI: Ellis & Ev. N. Am. Fungi SS'io ; Ellis & Ev. Fungi Columb.

811.

There is no definite evidence that this form belongs with Piicciiua

h'liliacraJccac E. & E., with which it sometimes occurs and with which it

has been listed. It has the appearance of a heteroecious form and is so

regarded here. Its telial form is likely to be a Puccinia on some grass.

It may possibly belong with Puccinia Dochniia B. & C.

52. Aecidium Qoissiipii E. & E. Erytli. 5:0. 1>\)1.

On .MALVACEAE

:

Gossypium herhaccuin. L., Texas.

Gossypiuiti s])., California, Lower California ; Mexico.

TYPE LOC.VLITY : California, on Gos-^i/piuin sp.

DISTRIBUTION: Texas to California, south to -Mexico.

A rarely collected species. It may possibly belong with the aecia of

Puccinia Dochmia B. & C.

53. Aecidium Vaniionii Griff. Bull. Torr. Bot. Club 34:210. 1907.

On FOUQUIERIACEAE

:

Fouquicra splcndeiis Engelm., Ari/xtna.

TYPE LOCALITY: Sabino Canon, Santa CataJina iiiounlains, Arizona,

on Fouquicra splendcns.

DISTRIBI'TION: Known only from type locality.

A characteristic species with long peridia.

54. Aecidium passifloricola P. ITenn. Hedwigia 43 :lfiS. 1904.

On PASSIFLORACEAE

:

Passiflora rvhra L., Jamaica, Porto Rico.

TYPE LOCALITY : Tarapoto, Peru, on Passiflora sp.

DISTRIBUTION: West Indies, also in South America.
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DO. Aecidiuin Injdnoidenm B. & C. Grev. 3 :G1. 1S74.

On THYMELACEAE :

Dirca pahistris L., Alabiuim. Indiana, Iowa. Maine, Michigan, Minne-

sota, Missonri, New York, Ohio, Wisconsin.

TYPE LOCALITY: Alabama, on Dirca palustris.

DISTRIBUTION : New York west to Minne.sota, south to Alabama.

EXSICCATI: Ellis & Ev. N. Am. Fungi 1S16; Kab.-Wint. Fungi Eur.

3017; Raveuel, Fungi Car. 4:9'/; Roum. Fungi Gall. 3S62; Thiini.

Myc. Univ. J120.

There are no definite clues as to relationship for this characteristic,

conspicuous Accidiiiiii. It is of the typical heteroecious type and may pos-

sibly belong with some heteroecious telial form, within its range, on a

host other than a grass or sedge.

56. Aecidiuin Ailcnii Clinton, Peck, Ann. Itep. N. Y. Mus. 24:93. 1S72.

On ELAEAGNACEAE

:

Elacafinns argent ca I'ursli, ^Montana, North Dakota ; Assiniboia.

Lepargijraea argeiitata (Nutt.) Greene, Colorado, Nebraska, Wyoming.

Lcpargiiraea Canadensis (L.) Greene {Shephcrdia Canadensis L.).

Colorado, Michigan, Montana, New Mexico, New York, South Da-

kota, Washington, Wisconsin, Wyoming; Alberta, Yukon.

TYPE LOCALITY: Buffalo, New York, on ShepJierdia Canadensis.

DISTRIBUTION: Northern United States, western Canada to Alaska.

EXSICCATI: Ellis & Ev. N. Am. Fungi ISlo ; Ellis & Ev. Fungi Columb.

1702; Griff. AV. Am. Fungi 297; Rab.-Wint.-Paz. Fnngi Eur. 'lO.Hi.

Roum. Fungi sel. -Jf/2.

From field observations, I'rof. E. W. D. Holway is reasonably certain

that this Accidiuni belongs with a coronate /'»c(/» /a inhabiting Agiopi/-

i(/n and Elymiis in the Canadian Rockies. Later Mr. E. Bethel found the

same coronate form on Bromns and Calamagrostis in the mountains of

C'olorado intimately associated with the same Aecidium. From the geo-

graphical distribution of these alternate forms, this connection seems very

likely.

57. Aecidium Nesaeae Ger. Bull. Torr. Bot. Club 4:47. 1S73.

On LYTHRACEAE:
Decodon verlicillains (L.) Ell. (Yesaea verticiUata H. B. K.). Dela

ware, Massachusetts, Michigan, New York, Ohio, Wisconsin.



398

lYPE LOCALITY: r'onghkeepsio, New York, on Yc.s(/e« vcrticilUita.

DISTKIBrTIOX: New York and Massachusetts, west to Michigan and

Wisconsin.

EXSICCATI: Ellis. N. Am. Fungi 1015; Ellis & Ev. Fungi Columb. 191;

Kellerni. Ohio Fungi 91; Rab.-Wint. Fungi Eur. 3019.

No telial form is known on this host. Piiccinia Xcsaeae E. & E. was

described from material erroneously supposed to be on Nacsea vertlciUatu,

but subsequently ascertained to be on Ludirhiin poh/carpa, belonging to

the family Onagraccae. The form is probably heteroecious.

58. Aecidium AiiOf/rac Artli. Bull. Torr. Hot. Club 28 :(;('4. IHOl.

On ONAGRACEAE:

Aiiogra pallida (Lindl.) Brittou, Nebraska.

TYPE LOCALITY : Long I'ine. Nebraska, on Aiiogra inillida.

DISTRIBUTION: Known only from Nebraska.

EXSICCATI: Barth. Fungi Columb. 2601.

Distinguishable from Accidinni I'ccldi DeT. which belongs with I'nc-

cinia J'echii (DeT.) Kellerm. by having larger and rougher spores.

59. Acfldium I'rosciiiiiiacrac B. & C. Grev. 3 :G0. 1S74.

On IIALORAGIDACEAE :

rroscrijiiiacca sp., Alabama.

TYBE LOCALITY: Alabama. <.n leaves of I'roscrpiinicca.

DISTRIBT'TION: Known only from type locality.

GO. Aecidium Lysinidcliiuc Schw. Silir. Nat. Ges. Leipzig 1 :(I7. IS22.

On PRIMULACEAE:
Lysimachia quadrifolia L., Connecticut, New York, North Carolina.

Lysinnichia tcrrcstris (L.) B. S. I\ (L. stricta A. Gr.), Connecticut.

Delaware, North Carolina. I'ennsylvania.

TYI'E LOCALITY: Salem, North Carolina, on LifsintacJiia (jiiddrifoUa.

DISTRIBUTION: New York south to North Carolina.

EXSICCATI: Ellis. N. Am. Fungi i'/i'/; Ellis & Ev. N. Am. Fungi l.',2Jih.

IV)ssibly belongs with some ('(//r.r-inhabiting f*iiccinia.

ai. Aecidium IvpuriiiKin Avih. Bull. Toi-i-. Bot. ("lub 37:578. 1!)10.

( in APOCYNACEAE :

Macrosiphonia bvdcliyxiphon (Torr.) A. Gray. Chihuahua.
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TYPE LOCALITY : Guayauoba Cauou, Sierra Madre Mountaines, State of

Cliiliiialiiia, Mexico, on MdcfosiplKJiiiu hr<t<hij'<ll>h<>n.

DISTRIBUTION: Kiicnvn only from type locality.

62. Accidium Apocynl Schw. Schr. Xat. Ges. Leipzig 1 :G8. 1822.

Ou APOCYNACEAE:
Apocynum cannaiiiium L., District of Columbia.

Apoci/ninn piihescciiS R. Br., Delaware, New Jersey, North Carolina.

TYPE LOCALITY : Salem, North Carolina, ou Apocynum cannahinum.

DISTRIBUTION: New Jersey south to North Carolina.

EXSICCATI : Ellis & Ev. Fungi Columb. 1?,95.

An eastern species characterized by its small spores.

63. AcciiUum ohcsnm Arth. Bull. Torr. Bot. Club 37 :."')79. iniO.

On APOCYNACEAE:
Apocynuni hypcricifolinni Ait., Illinois, Kansas, Nebraslca.

'lYPE LOCALITY: Manhattan, Kansas, on Apocyiuiin liijpcricifoliuni.

DISTRIBUTION: Illinois west to Nebraska and Kansas.

EXSICCATI: Ellis & Ev. N. Am. Fungi 1S23; Vestergreu, Micr. Rar. Sel.

1101.

A western species readily distinguishable from Accidium Apocyni

Schw. by having much larger aeciospores.

64. Aecidium Brandcgci Peck, Bot. Gaz. 3:34. 1878.

On ASCLEPIADACEAE

:

Aaclepias pumiJa (A. Gray) Vail, Kansas.

Asclcpias suhverticeUata (A. Gray) Yail, New Mexico.

Asclcpias vcrticellata L.. Colorado, Nebraska, South Dakota.

Philibertella Barticegii Yail, Chihuahua.

PhilibertcUa Hartiveyii heterophylla (Engelm.) Yail, Arizona.

TYPE LOCALITY: Colorado, on Asclcpias vcrticellata.

DISTRIBUTION: South Dakota to Kansas, west to New Mexico and

Arizona, south into Mexico.

A striking species often causing considerable hypertrophy,

65. Aecidium Hydropln/lli Peck. Bull. Buff. Soc. 1:68. 1873.

On HYDROPHYLLACEAE :

HydrophyUuin alhifrons Heller. Idaho.
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Ilydrophyllum canadcnse L., New York.

JJ l/droi)hijlIuiit caiiUutioii Dout^l., Colorado, Idaho, Montana, Utali.

Washington, Wjoniing.

JlydrophjjUiun Fcudlcri (A. Gray) Heller, Colorado, Idaho, New Mex-

ico, Wj'oming.

HydroplijjUuiii occidcntalc A. Graj', California.

IJydrophyUuin tciniipcs Heller, Washington.

JlydrophyUuin Virfjlnicum L., Iowa, Minnesota, Nebraska, New York,

Washington.

llydrophyUnm Watsonii (A. Gray) Rydb., Utah.

Mucroc(ily.v Xyciclca (L. ) Kuntze {EUlala Kyctelca L.}, Iowa, Kan-

sas, Nebraska.

I'YPE LOCALITY: CalsUill Moniitains, New York, on II iidmph iiUnw

canndense.

DISTKIP.rTIOX : New Y(jrk, across the continent to Idaiio nnd Wasli-

ington. sontli l<» New Mexico.

EXSICCATI : Ellis & Ev. Fungi Cohiinl). 210.1; Garrett, Fungi Ttali. 3'>,

36; Sydow, Fred. J',',',.

A consTtlcnons species of wide range. Its telial connection is jirob-

lematical. A large nuniber of trial sowings on it have been made in cul-

tures, but without success.

no. Accidiiiui riiucclitic I'k. I'.uU. Torr. P.ot. Club 11 :."0. 1884.

On HYDKOPHYLLACEAE:
J'liaccUa alpina Rydb., Utah.

I'liacelia hcterophyUa Pur.sh, Colorado, New Mexico, Utah; P.ritish

Columbia.

Phacclia hucopJiylla Torr., Colorado.

PhaccUa ramosisshna Dougl., California.

Phacelia ramosissinui hispidd Gray, California.

PhaccUa lanacetifoUa P>enth., California.

TYPE LOCALITY: I'tah, on PhaccUa sp.

DISTRIBUTION: P.ritish Columbia south to California, Colorado and

New Mexico.

EXSICCATI : Barth. Fungi ("olumb. .WOl ; Garrett, Fuugi Utah. 31, 77;

Ellis & Ev. N. Am. Fungi 22 IR.

A species of wide range in the Rocky Mountains and ad.jacent regions.

Doubtless belongs with a telial form on some mountain gi'ass.



401

G7. Accldiiun Gnatciiialoisis Kern & Kellerni. Jour. Myc. 13:23. 1907.

On IIELIOTROPIACEAE :

Helioptropiuin iiulicinii. L., Guatemala.

TYPE LOCALITY : Gualan, Department Zacapa, Guatemala, on Helio-

tropium indicum.

DISTRIBUTION: Known only from type locality.

68. Aecidium sp.

On BORAGINACEAE

:

Bovrrcria hai-anensis Miers, New Providence Island.

No doubt a new species.

C9. Aecidium MyoHotidis Burr. Bot. Gaz. 9:190. 1SS4.

On BORAGINACEAE :

Mijosotis Virginica (L.) B. S. P. (M. rerna Nutt.), Illinois, Missouri.

TYPE LOCALri'Y: Cobden, Illinois, on Mijosotls vernu.

DISTRIBUTION: Illinois and Missouri.

EXSICCATI : Ellis & Ev. N. Am. Fungi 1S32.

70. Aecidium- Onoamodii Arth. Bull. Torr. Bot. Club 31 :G. (Jan.)

1904.

Aecidium WiUiamsi Ricker, Jour. Myc. 10:165. (July) 1904.

On BORAGINACEAE:
Onosmodium Varolinianum (Lam.) A.DC, Kansas.

Onosmodlum inoUe Michx., Kansas, Nebraska, North Dakota.

Onosmodium ocetdentale Mack., Colorado.

LithospermHm I i)iearifolium Goldie {L. aiigustifoUum Michx.), North

Dakota, South Dakota.

TYPE LOCALITY : Callaway, Nebraska, on Onosmodium molle.

DISTRIBUTION: From Kansas and eastern Colorado northward.

These two names are placed here as synonyms. The aecia can not be

distinguished, the hosts are closely related, and their ranges coincide. It

is therefore thought that they are one and the same species.

Morphologically the species is very similar to Aecidiujn Lithospermi

Thiim. and may possibly prove to be the same.

A rather likely connection for this Aecidium- is the subepidermal leaf-

inhabiting Puecinia of Hordeum or possibly Puccinia triticina Eriks. on

Triticum.

[26—29034]
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71. AecdiiiDi Mertcnsiae Arth. Bull. Torr. Bot. Club 31 :(">. 1904.

Ou BORAGINACEAE

:

Merteusia paniculata (Ait.) Dou., Idaho.

MettcuHla Sibirica (L.) Don., Oregon.

TYPE LOCALITY: Ne^ir Lolo Creek. Idaho, on Mcrtcnsia panic u lata.

DISTRIBUTION: Idaho and Oregon.

In many ways this species is very similar to the preceding.

72. Acvidiiuii PhysaUdis Burr. Bot. Gaz. 9:190. 1SS4.

Accidiiim Solan i Am. Authors. Not. Mont.

On SOLONACEAE:
I'hysaUs hetcrophyUa Nees., Indiana, Nebraska.

Physalis lanceolata Michx., Colorado, Kansas. Nebraska.

Physalis longifoUa Nutt., Nebraska.

Physalis Virginiaiia Mill., Colorado, Missouri.

Physalis viscosa L., Illinois, Texas.

TYPE LOCALITY: UrbanM. Illinois, mi I'fn/salis viscosa.

DISTKIBTTION: Mississijjpi valley from Nebraska to Texas.

EXSICCATI: Ellis & Ev. N. Am. Fungi 31.',7, 2D0.1; Ellis & Ev. Fungi

Columb. 1518.

While it is considered by some that this Accidiam belongs with Puc-

cinia Physalidis Peck, there is no definite proof to that effect either by

cultures or otherwise. However, the fact that the two forms are largely

co-regional and also that they resemble each other in general habit might

be taken to reinforce the above supposition, but cultures are necessary to

lu-ove or disprove it definitely. No doubt the better way to make the cul-

ture is to sow fresh aeciospores on a sterile plant of their own host. The

species is distinguishable from Aecidium Solani Mont, by its sm.ill aecio-

spores and its revolute and more coarsely lacerate peridium.

73. Aecidium sp.

On SOLONACEAE:
Chamacsaiacha C'oronopus (Dunal) A. Gray, New Mexico.

DISTRIBUTION: Known only from New Mexico.

Entirely distinct from the aecial stage of Pucciiiia Chamacsarchae Syd.

which has a diffused mycelium while that of this is limited.

74. Aecidium tuhulosum Pat. & Gaill. Bull. Soc. Myc. p. 97. 1S88.

Aecidium Vlcanum Pazschke, Iledwigia 31:91. 1.S92.
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On SOLANACEAE:
Solanum Hartircfji Bentli. (8. torvum Scblecht.), Cuba, Jamaica, Porto

Kico, Mexico.

TYPE LOCALITY : Venezuela, on a spinose Sohniaccous plant.

DISTRIBUTION: Mexico and West Indies.

75. AecUlium Chclonis Ger. Bull. Torr. Bot. Club 5:40. 1S74.

On SCROPHULARIACEAE

:

Chcloiie (jlahra L., Connecticut, Massacbusetts, New York.

TYPE I;OCALITY : Pougbkeepsie, New York, on ChcJone glabra.

DISTRIBUTION: New York, Massacbusetts and Connecticut.

EXSICCATI: Ellis, N. Am. Fungi l.',33; Rab.-Wint. Fungi Eur. 301S;

Sboar, N. Y. Fungi 322.

7G. AccidiuiH I'ahncri Auds. Jour. Myc. 6:122. 1S91.

On SCROPHULARIACEAE:
Pentsttmon virgatus A. Gray, Arizona.

TYPE LOCALITY: Willow Spring, Arizona, on Pcnt-sfcinon virgatus.

DISTRIBUTION: Known only from type locality.

Distinguisbable from Accidiuin rcntstemonis Sebw., wbicb belongs

witb Puccinia Andropogonis Scbw., by tbe relative tbickness of tbe outer

and inner walls of tbe peridial cells, and from tbe aecia of tbe autoecious

J'licciiiia I'ahncri D. & H. by tbe persistent and more cylindrical peridia.

and tbe smaller spores. It is possibly connected witb some western grass-

inbabiting Puccinia.

77. Accidiuin VoUinaiac Ell. & Ev. *Bull. Wasbb. Lab. 1:4. 18S4.

Accidiinn ToncUac D. & H. Erytbea 3:77. 1S95.

On SCROPHULARIACEAE:

CoUinsia parviflora Dougl., Wasbington.

CoUinsia Rottani A. Gray, Wasbington.

Tonella tcnclla (Bentb.) Heller, Wasbington.

TYPE LOCALITY : Falcon Valley, Wasbington, on CoUinsia parviflora.

DISTRIBUTION: Known only from Wasbington.

Distinct from aecia of Puccinia CoUinsiae P. Henn. wbicb arise from a

limited mycelium, tbat is, are in groui)s.

Not verified from orisinal description.
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7S. Aecidinm Gerardiae Teck, Ann. Rep. N. Y. Miis. 25:92. 1ST3.

Od SCROPHULARIACEAE :

Afzelia macrophyUa (Nutt.) Kiuitzo, Nebraska.

Dasystoma flora (L.) Wood (Gerard ia flara L.), Alabama.

Dasystoma virgiitica (L.) Brittou (Gcrardia qucrcifolia Pui'.sh), Con-

uecticut, Michigan, North Carolina, New Jersey.

TYPE LOCALITY: Near Cold Spring, New York, on Gcrardia quercifolia.

DISTRIBUTION : Nebraska and Michigan, Connecticnt sonth to Alabama.

EXSICCATI: Bartli. Fungi Colunib. 3302; Ellis & Ev. N. A. F. 2770;

Roum. Fungi Sel. -',618; Thiini. Myc. Univ. 1225; Seym. & Earle, Econ.

Fungi Suppl. B30.

This Aecidinm is very similar to the one on Pentstcmou. whicli be

longs with Puccinia Andropogonis Schw. and probably also belongs with

this Puccinia. This supposition is strongly reinforced liy a Held observa-

tion made by Rev. J. M. Bates in 1910. After ol)serving aecia in June on

a plant of Afzclia macrnphyUa, he later foiuid Puccinia Andrnpnynnis de-

veloped close by. Since Pentstemon, Dasystoma, and Afzclia all belong

to the same family, it is very likely that the similar aecia on thcin have

the same tollal connection, viz: Puccinia Andmixtyanis Sdiw.

79. Aecidinm micropuiutum K. & E. Jour. Myc 6:119. 1S91.

On SCROPHULARIACEAE :

CastiUeja coccincu (L.) Spreng., Iowa.

Castillcja intcyrifolia Colorado.

CastiUeja scssiliflora Pursh, Iowa, Ncl)raska, South Dakota.

TYPE LOCALITY: Piiic Kidge, Nebraska, on CastiUeja [scssiliflora].

DISTRIBUTION: Iowa. Nebraska and South Dakota.

From field observations in Nebraska, Rev. J. M. Bates suggests that

this Aecidinm belongs with Puccinia. EUisiana Thuem. on Andropnyon.

SO. Aecidium sp.

On SCROPHULARIACEAE:
Melampyrum Uneare Lam. [M. americannm Michx.), Connecticut, Del-

aware, Massachusetts.

DISTRIBUTION: Southern New England Stales.

This Aecidinm, while slnill:ir to. is probably ditlerent from Aevidin)n

Melanipyri Kuntzo Sc Sebum, of Eurojie which belongs with Pucfinia
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Moliniae Tul. on Mollnia coerulea, especially since that rust is not yet

recognized as American. The American Aecidium probahly belongs with

some other grass-inhabiting Puccinia. It is doubtless a distinct species.

51. Aecidium Tracyanum Syd. Hedwigia 40: (129). 1001.

On ACANTHACEAE:
Colophanes ohJongifoUa (Michx.) Don. (RueUia oNongifoUa Michx.),

Florida.

TYPE LOCALITY: Braidentowu, Florida, on RucUia [ohloiif/ifoJia].

DISTRIBUTION: Known only from type locality.

Distinct from aecia of Puccinia lateripes B. & R.

52. Aecidium Oldcuhnidiainim Ellis & Tracy, Jonr. Myc. 7:43. 1S91.

On RUBIACEAE :

Houstonia vtiuor (Michx.) Britton, Alabama.

Houstonia purpurea L., Mississippi.

TYPE LOCALITY : Starkville, Mississippi, on ''Houstonia coendea," error

for //. purpurea L.

DISTRIBUTION: Gnlf States.

Distinct from Aecidium Houstoniatum Schw. which belongs with Uuro-

mijces on Sisyrincliium, by aecia being produced from a limited mycelium.
«

53. Aecidium Bouvurdiuc I). & H. Bot. Gaz. 24:36. 1S97.

On RUBIACEAE:
Bouvardiu hirtcUa H. B. K., Guanajuato, Qneritaro.

Bouvardia triplnjlla Salib., Mexico.

Bouvardia sp., Guanajuato.

TYPE LOCALITY : Rio Hondo, near City of Mexico, on Bouvardia tri-

phylla.

DISTRIBUTION: States of Guanajuato, Qneritaro, and Mexico.

Distinct from the aecia belonging to Uromyces Bouvardlae Sydow.

54. Aecidium pulrcrulcntum Arth. Bull. Torr. Bot. Club 33:521. 190G.

On RUBIACEAE:
Randia sp.. Morelos, Jalisco.

TYPE LOCALITY : Cuernavaca, State of Morelos, Mexico, on Randia sp.

DISTRIBUTION: Morelo.s and Jalisco.
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85. Aecidiiim Triostci Arth. Bull. Torr. But. Club 33:32. lOOa.

On CAPRIFOLTACEAE :

Triosteum angustlfolium L., Missouri.

TYPE LOCALITY : Perryville, Missouri, on Triosteum angustifolium.

DISTRIBUTION: Known only from Missouri.

S6. Aecidiiim Valcrianellae Biv. Bernli. Stirp. Rar. Sicil. 1816.

On VALERIANACEAE

:

Valcrianella congesta Lindl., California, Washington.

TYPE LOCALITY: Sicily, on ValeriancUa oampanulata.

DISTRIBUTION: Washington and California.

87. Aecidiiim Lygodesmiae (Webber) Shear; Ellis & Ev. Fungi Co-

lumb. IJ/IG. 1901.

Aecidium compositariim Lygodesmiae Webber. P.ull. Neb. Agr. Exp. Sta.

l:n.9:61. 1889. Nomen nudem.

Aecidium compositarum Lygodesmiae Webber, Rep. Neb. Bd. Agr. IssO:

210. (70). 1890.

On CICHORIACEAE

:

Lygodcsmia jnncea (I'ursh) I>. I>(ni.. Montana, Nebraska, South Da-

kota.

TYl'E LOCALITY : Belmont, Nebraska, on Lygodcsmia jmicea.

DISTRIBUTION: Nebraska, South Dakota and Montana.

EXSICCATI : Ellis & Ev. Fungi Columb. L',1G.

This is definitely a heteroecious form, as cultures by Di*. J. C. Arthur

spring of 1911 show the telia on this same host to be autoecious. Possibly

connected with some .sedge-inhabiting I'liccinia within its range.

88. Aecidium crepidicolitm E. »& G. Jour. Myc. 6:.'^.l. 1890.

On CICHORIACEAE:
Crepis acuminata Nutt., Montana.

Crepis glauca (Nutt.) T. & G., Utah.

Crepis runcinaia (James) T. & G., Montana, Nebraska.

TYPE LOCALITY : Helena, Montana, on Crepis acuminata.

DISTRIBUTION: Nebraska, Montana and Utah.

Doubtless heteroecious and probably goes with some Piiccinia on Carex.

89. Aecidium Hieraciatum Schw. Trans. Am. Phil. Soc. II. 4:293.

1832.

On CICHORIACEAE:
Hieracium Canadcnse Michx., Illinois, Minnesota.
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Ilieracium alhiflorum Ilook., British Columbia.

Hieracium cynoglossoides Arvet., Montana.

Hieracium panicidaUim L., Pennsylvania.

TYPE LOCALITY : Bethlehem, Pennsylvania, on Uicraciiiin paniculatum.

DISTRIBUTION: Pennsylvania west to Montana and British Columbia.

This Aecidiimi is very similar to the one on Lactuca which belongs to

what has been referred to the so-called Piiccinia OpizH Bubak on Carex.

Further, in 1907, Prof. E. W. D. Holway collected the Aecidium at Glacief,

B. C, and made the observation that it was possibly connected with a

I'liccinia on Carex Deweyana Schw. and C. vitilis Fries which PuccuUa is

practically indeutical with the so-called Puccinia Opizii Bubak. This to-

gether with the fact that this Hieracium Aecidium and Puccinia Opizii have

practically the same general geographical distribution, makes it very likely

that this Aecidium belongs with the above named Carex rust, but cultures

are necessary to prove this definitely.

i)0. Aecidium columhiense Ellis & Ev. Erythea 1 :20G. 1893.

On CICHORIACEAE

:

Hieracium alhiflorum Hook., Washington; British Columbia.

Hieracium Scoulerl Hook., British Columbia.

TYPE LOCALITY: British Columbia, on Hieracium [Scouleri].

DISTRIBUTION: Washington and British Columbia.

Distinct from Aecidium Hicraciatum Schw. in having a diffused myce-

lium.

Prof. Holway l)elieves this to be connected with Puccinia on Luziila.

91. Aecidium sp.

On AMBROSIACEAE

:

Iva waria Bartlett (/. frutcscens A. Gray, not L.), Delaware, Flor-

ida, Louisiana, Virginia.

DISTRIBUTION: Salt marshes along the ocean and gulf coasts from

Delaware to Louisiana. Evidently a heteroecious form.

92. Aecidium Liatridis (Webber) Ellis & Anders. Bot. Gaz. 16:47.

1891.

Aecidium compositarum Liatri Webber, Bull. Neb. Agr. Exp. Sta. 1 :n.

9:60. 1889. Nomen nudem.

Aecidium compositarum Liatridis Webber, Rep. Neb. Bd. Agr. 1889:210

(70). 1890.



408

Ou CARDUACEAE:
Laciniaria punctata (Hook.) Kimtxe (Liatris punctata Hook.), Mon-

tana, Nebraska, North Dakota.

Laciniaria splcata (L.) Knntze {Liatris spicata (L.) Willd.), Ne-

braska.

Laciniaria scarlosa (L.) Hill (Llatrls scarlosa 'Willd.). Kansas, Ne-

braska.

TYPE LOCALITY : Ansemo, Nebraska, on Llatrls scarlosa.

DISTRrBITlON: Kansas to North Dakota and Montana.

EXSICCATI: Earth. Fungi Coliimb. 2603,' 2902; Brenckle, Fungi Dak.

101; Carleton, Ured. Am. 3S; Sydow, Ured. 23J,T.

Numerous trial sowings of teliospores ou these hosts in cultures have

been unsuccessful. The telial connection may possibly be some unrecog-

nized Pucclnla on some sedge.

u:\. Accldlum Jioltonlac Arth. r.ull. Torr. Rot. Club 28 :GG4. 1901.

On CARDUACEAE:
Boltonla asteroidcs (L.) L'Her., Iowa, North Dakota, South Dakota.

TYPE LOCALITY: Spirit Lake, Iowa, on lioUonla aslcroides.

DISTRIRT'TION: Iowa to North Dakota.

"With this as with the preceding species, numerous unsuccessful sow-

ings have been made on the host in cultures. The telial connection is

likely to be some sedge-inhabiting form.

94. Accidium Cllbadil Syd. Ann. :\Iyc. 1 :333. 1903.

On CARDUACEAE:
' CUhadliim arhoreum V. D. Smith, Mexico.

Vllhadlum Dotinell-Smlthil Coult., Guatemala.

TYPE LOCALITY : Guatemala, on Cllbadium Donnell-Smithii.

DISTRIBUTION: Known only from two localities.

95. Aecldium Montanoae D. & II. Bot. Gaz. 24:30. 1897.

On CARDUACEAE:
Montunoa sp., Mexico.

TYPE LOCALITY: Near City of Mexico, Mexico, on Montanoa sp.

DISTRIBUTION: Known only from type locality.
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90. Accidiuiii Wcdeliac Earle, Muhl. 1:16. 1901.

On CAKDUACEAE:
Wcdelia ciiriiosa Pers., Porto Rico.

TYPE LOCALITY: INIayaguez, Porto Rico, on Wcdelia caniosa.

DISTRIBUTION: Known only from type locality.

97. Aecidium Bahiac B. & C. Grev. 3 :fiO. 1874.

On CARDUACEAE:
Baliia sp.

EriophiiUum stuchadifolium Greene, California.

TYPE LOCALITY: (North America) on Baliia sp.

98. Aecidium Senecionis Authors.

Aecidium compositannit Senecionis Antliors.

On CARDUACEAE:
Senecio aureus L., Iowa, New Hampshire, New York, Wisconsin.

DISTRIBUTION : New Hampshire west to Wisconsin and Iowa.

99. AccidiiDii sp.

On CARDUACEAE:
Senecio praccox DC, Mexico.

DISTRIBUTION: Known only from State of Me.xico.

A very characteristic form, no doubt a distinct species, doubtless be-

longing to some grass- or sedge-inhabiting telial form.

100. Aecidium Herreriamim Arth. Bull. Torr. Bot. Club 33:520. 1908.

On CARDUACEAE:
Senecio saliffnns DC, Hidalgo.

TYPE LOCALITY : State of Hidalgo, Mexico, on Senecio salignus.

DISTRIBUTION : Known only from type locality.

A strikingly ch;iracteristic form, on account of its conspicuous perid-

ium and lai'ge, thick-walled, dark colored spores. Doubtless heteroecious

and possibly belongs with some telial form other than a grass- or sedge-

inhabiting one.

101. Aecidium Compositarum Authors.

(The following closely related forms, which have not been properly

assigned to their telial connections and regarding which little is known.
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are placed together iiuder this one general "catch all" name, which has no

particular significance. Field observations and cultures, along with further

microscopical work, are necessary to segregate these forms. No doubt some

of them will be found to belong with aecial forms already connected,

while others of these forms will doubtless be found to have new heteroe-

cious connections.)

On CARDUACEAE:
ColeosantJiits grandiflorus (Hook.) Kuntze {BrickclUa grandiflora

Hook.), New Mexico.

Chnjsogouum virginianum dcntatuiii A. Gray. District of Columbia.

Chrysotlianiiius Parnji (A. Gray) Greene {Aitl<q)(ii>pii>< I'amji A. Gray)

New ^lexico.

Dugaldia Iloopsii (A. Gray) liydb. {IlcJciihon Iloopsil A. Gray), Col-

orado.

UclenUim autumnalc L., Colorado.

Polymnia canadensis L., Iowa, Wisconsin.

RudVcckia hirta L., Nebraska.

Rudhcckia laciniata L., Iowa, Nebraska, Wisconsin, Wyoming.

Rudbcckia triloba L., Delaware.
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INDEX OF SPECIES OF AECIDIUM.

Abroniae *lo

Acouiti-Napelli 19

Aesculi 45

Allenii 56

Anemones 21

Anograe 58

Apocyni 62

Argithamniao 42

Bahiae 97

Boehmerlae 9

Boltoniae 93

Bouvardiae 83

Brandegei 04

Brysonimatis 38

Cannonii 53

Cerastii 15

Chelonis 75

Cimicifiigatuin 17

circinans 20

Cissi 47

Clibadii 94

columbiense 90

Collinsiae 77

Compositariiiu 101

crepldleola 88

Crotonopsidis 41

Daleae 33

Delphinii 18

Dicentrae 27

Eurotiae 12

Falcatae 36

Fendleri 26

Gerardiae 78

Gossypii 52

guatemalensis 67

Herreriauum 100

Hieraciatniu 89

Hydrophylli 65

hydnoideiim 55

intervenieus 50

Iridis 7

Kellermaiini 31

leporinuui 01

Liatridis 92

libertuni 10

Lnpini 35

Lygodesmiae 87

Lysiniachiae 00

Mertensiae 71

niexicanmn 46

mlci'opunctuiii 79

Mirabilis 14

Montonoae 95

Alyosotldis 69

Myricatnni 8

Nesaeae 57

obesnm 63

occidentaU' 22

Oldenlandiaiiniii 82

Ouobrychidis 32

Onosmodii 70

Palmeri 76

Parnassiae 29

passifloricola 54

Peitalostenidiiis 34

Phaceliae 66

Physalidis 72

polygalinum 40

Pi'ospinaceae 59

pulverulentiim 84

Ranunculacearuiii 23, 24

Senecionis 9S

* List number.
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74Sphaerulceae 51

Stillingiae 44

Thalictri 25

Tracyaimm SI

Triglocliiiiis 1

Ti-illii 5

Triostei 85

tuberculatuin 4S

Species iiuiiiumMl :',. 4. 11, 1(1, 2S, 30. 43, 49, (18, 73, SO, 91, 99

tubulobiiiii

L'vulai'iao 2

Valeriaiiellae SG

violascens 37

Wedeliae 90

Xanthoxyli 39

Zeplirauthis 6

GENERIC INDI-

Abronia *13

Aconitum 19, 20

Actaea 17

Aescnlus 45

Afzelia 78

Althaea 49

Amphicarixi 3G

Anemone 21

Anogra 58

Antherlcnni 4

ApJopapinis 101

Apocynuin (12, 03

Argithamuia 42

Asclepias 04

Bahia 97

Baptisia 31

Berberis 20

Boehmerla 9

Boltonla 93

Bourrerla 08

Bouvardla 83

lirickcllia 101

Byrsonima 38

Collirrhoo 48, 50

Caltha in

Cassia 30

;X OF H0ST8.

Castilleja 79

Cerastiuni 15

Chamaesaraclia 73

Chelone 75

Chrysogonuin 101

Chrysothannnis 101

Clmicifiiga 17

Cissus 40, 47

Vlcmafis 22

Clibadiuin 94

Coloosantlios 101

Colllnsla 77

Colophanes 81

Crepis 88

Croton 41

Crotonopsis 41

Cyrtorhynclia 24

Dalea 33

Dasystonia 78

Decodon 57

Delpliinimn 18

Dlccntra 27

Dirca 55

Dugaldla 101

E'lao.-iiimis 50

I'JUisia 05

* Acci(]iiini number in list.
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Eriopbylliuii 97

Eurotia 12

Falcata 36

Fouquiera 53

Geranium 37

Gcrardia 78

Gossypiuni 52

Heleuium 101

Heliotropiuin 07

Hieracium 89, 90

Houstonia 82

Hydropliylluin 65

Iris 7

Isopyrum 25

Iva 91

Jatroplia 43

Laciniaria 92

Lepargyraea 56

Leucocrinuiii 3

Liatris 92

Litliosperninin 70

Lorautlius 11

Liipinus 35

Lygodesmia 87

Lysimacliia 00

Macrocalyx 65

Macrosiplionia 01

Malvastrmn 50

Melainpyrum 80

Mertensia 71

Mirabilis 1-1

Mitella 28

^lontanoa 95

Moziiina 43

Myosolis 09

Myrica 8

Nesaea 57

riirdiiG Uidvcrsitij.

Lufayettc, Indiana.

Oiiosinocliiiiii 70

Paruassia 29

Parosela 33

Passiflora 54

Peutstemou 70

Petalostemou 34

Pbacelia 06

Pliilibertella 64

Pbysalis 72

Polygala 40

Polymiiia 101

Proserpina cen 59

Psoralea 32

Randia 84

Ranunculus 23, 24

Rudbeclda 101

Ruellia 81

Sebastiaua 44

Senecio 98, 99, 100

S]tei)]ierdia 50

Sidalcea 48, 49, 50, 51

Solanum 74

Spbaeralcea 51

Stilliugia 44

Syndesmou 25

Tbalictruni 25

Tonella 77

Triglocbiu 1

Trillium 5

Triosteum 85

Urtica 10

Uvularia 2

Valerlanella 80

Viorna 22

Wedelia 90

Zantboxylum ; 9

Zepbrantbes <>
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COMOSIS.

(Abstract

By Robert Hessler.

This paper relates to an experiment on the part of Nature, one that

is going on all about us on a large scale, namely adapting man to live in

cities overhung with smog clouds, in other words, changing man from an

open air animal to an indoor air animal.

Like all of Nature's adaptative processes, this one is attended with

great loss of life. The outcome is still a matter of doubt. It seems that

besides destroying individuals tliere is also a tendency to destroy the

species. To what extent man can counteract this weeding-ont process is

an Interesting as well as vital question. Besides great loss of life there

is much misery and ill health, all of which may be regarded as a reaction

to an abnormal environment.

In the evolution of living matter we find organisms adapted to all

sorts of surroundings : lichens in the cold arctics and algae in the almost

boiling hot water of geysers; animals in water and on land, in deep caves

and high in the air.

The naturalist and the evolutionist see a life and death struggle

eveiTwhere, plants fighting for possession of the soil, animals destroying

life and seeking to avoid destruction. Nothing is at peace, war every-

where, a struggle for existence with a survival of the fittest. Nature is

constantly at war with man, and civilized man himself is at war with

Nature trying to counteract her.

Man as a species of animal is still undergoing the process of adapta-

tion, the law of the survival of the fittest is still in active operation.

Man has not even outgrown destroying his own kind ; the annual expend-

iture for war or being prepared for war is a burden that threatens to

ruin many a nation.

Man as a species has adapted himself to a variety of surroundings

from pole to pole. In some regions there is perpetual winter, in other

places there is perpetual sununer. In the temperate zone there is an

alternation of half a year winter and half a year summer. Man indigenous

to the temperate zone is adapted to these changes in temperature. Indi-
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viduals from extremes, from the frigid and torrid zones, are not adapted

to changes. If the Esliimo and the South Sea Islander exchanged places

they would quickly perish.

In his evolution man has passed thi-ough different stages of civiliza-

tion, or as some one has said domestication. At first he was a hunter and

fisher, living an outdoor life like the animals about him. This was fol-

lowed by the pastoral stage. Then came the agricultural in which for the

first time he had a fixed home, and that meant to keep alive his old and

decrepit and sick ; many house diseases now found favorable opportunity

for propagating themselves. In the handicraft stage where men were

confined indoors the conditions for the propagation of house diseases be-

came still more favorable. During the present industrial stage man has

actively countei'acted the ravages of many specific diseases, has prncli-

cally banished some, but many still flourish unchecked. Common ill

health that can not be dignified by the name of disease is perhaps more

prevalent twlay than ever. Many people are not adapted to domestica-

tion, to a life under indoor conditions, in short, to an artificial climate.

In many regions of the globe man still leads the simple outdoor life

(in the interior of Africa, Australia, South America), in others men aro

massed in cities. City life means a many-sided contact with all sorts of

causes of ill health and disease and the woeding-out process. The process

of adaittation is attended witli great loss of life, as just mentioned. Here

again we see a survival of the fittest, those best able to live under un-

sanitary environment. But fittest does not mean best—the inhabitants of

overcrowded filthy Chinese and East Indian cities do not head tlie list

(if best men, most highly civilized.

Dismissing far away people and confining ourselves to man at hoim^.

we again see how the process of adaptation has been at work in iiroducin,'

tlie fittest, but not necessarily the best.

We trace our ancestry to Europe. Parentage goes back either to

country or city ancestry. The ancestors of some of us have always led

a quiet isolated rural life, othei's were more or less in contact with city

life. A few have ancestoi-s who for generations lived under crowded city

conditions. City life means a many-sided exposure to all sorts of weeding-

out factors.

The man among us wiio has p('rii;i]is undergone the weeding-out

process attending citj- life most thoroughly is the Jew wlio traces his an-
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cestors have been killed off to such an extent that he is largely immune

to unsanitary conditions found in our cities. But he can not thrive under

extreme conditions, such as are found in Asiatic cities, nor does he try

to. Being ambitious he gets out of our own slums as quickly as possible.

On the other hand are the descendants of Southern Mountaineers, the

latter a class of people who for several generations have lived in isola-

tion, under so-called healthful surroundings, with an almost complete

abatement of the weeding-out process found in cities. When they go to

crowded, smoky and dusty cities they quickly fail. There may be com-

plete failure, that is death, or failure of health with much ill health,!

the ill health attendant upon the proce.ss of adaptation. One can not

])roperly speak of this as disease but as a reaction to an abnormal, an

unsanitary environment.

Country-bred man goes to the city with a "stock of health." This in

time fails, quickly in some, slowly in others ; it may suffice for an indi-

vidual but not for descendants and then we hear of race suicide.

Children bom of city parents may perish at once or they may live

for weeks, months or years and then die, perhaps after having had much

il) health which finally terminates in disease. Certain diseases must be

regarded as city and house diseases par excellence.

Just where health shades off into ill health, into minor maladies, and

then into disease and death, is always an interesting study to the student

of environmental influences, not to speak of the student of pathology.

Ill health touches many of us or our relatives or friends. Well-

defined disease is comparatively rare, it may not appear until near the

end of life. We should sharply discriminate between ill health and dis-

ease.

Some diseases have a rapid onset and may be fatal in a few hours,

but as a rule the onset is slow and announced by preliminary warnings.

Change of environment, making the conditions favorable for the body,

may mean a continued existence.

Some diseases must be considered incident to city life and indoor

life, notably tubex'culosis and pneumonia—diseases with a frightful mor-

tality. Then there is a host of minor maladies which must be looked

upon as "diseases of civilization"—we need only think of catarrh, dysr

pepsia and nervous prostration.

[27—?9034]
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We have not yet reached a stage where we judge the salubrity of

a community by the amount of ill health. Our statistics relate to deaths

—many individuals when fatally stricken leave the cities. The large in-

dustrial city overhung by smoke clouds has no use for the man over forty

or forty-five. Men are soon worn out.

Besides people bom in this country, natives as we say, there are

those who come in directly from old European homes, immigrants of all

kinds. How do they fare in our country? Here again we must consider

the former life conditions and ancestral history and to what extent the

weeding-out process has been operative. The conditions for existence in

the new home may be better or worse.

There is an old saying, The good die young. I do not know where

that saying originated but I feel sure it is one based on city life. Such

a saying is diametrically opposed to the belief in the sun'ival of the

fittest. The man best adapted to live in slums is not the best type of

man—if this were so the inhabitants of crowded Asiatic cities would

head the list.

There is another saying. Mens .«ana in corpore sano. yet when we

study biography we find that many of the world's greatest minds had

much ill health, some constantly complained. What makes a healthy

body? Must or should we contrast healthy or health with disease? or

would it be better to contrast it with ill health? The physician con-

stantly meets people who have ill health and yet no disease. In general

it may be said that liealth results from country life, ill lienlth from cit.v

life.

Wiien we study tiie lives of city ]ioople who coniiil.iin much of ill

health we may find that their bodies are '•healthy" enough but that there

is a reaction to an abnormal environment, jjarticularly abnormal air con-

ditions; there are all sorts of symptoms of ill health. If we carefully

study life histories of individuals who have had much ill health we may

find that although they had ill health in the city they lived comfortably

under simple country life conditions. We may come to the <-onclusion

that symptoms of ill health must be regarded as warnings from nature to

be heeded. Formerly it was assumed tiiat "neuralgia is a cry for imro

blood;" today we may safely assume tliat most symptoms of ill health iv

city i)ooi»le are r-ries for pure air.

What distinguisJies city from country life? One could quickly make

a long list of antitheses, beginning with crowding in the city and living
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in isolation in tlie country. Many conditions are so extreme that ttio

reader has no difficulty in determining where a mention applies : pure

food, contaminated food; good water, polluted water; pure air, impure

air ; smog clouds overhead, Ijlue sky overhead.

Crowding, food, water have all for a long time received attention and

great efforts have been made to improve conditions. But not until re-

cently have air conditions beea given attention. Black smoke clouds re-

ceive fre<iuent mention in the public press. The dust problem is liliewise

receiving more and more attention— if the people knew to what extent it

is a factor in producing ill health ai'd disease and death they would soon

make a determined effort to alter existing conditions.

What are the effects on a pure air man when he goes into the large

and dirty city overhung with smog clouds? Dust makes him feel dirty.

his hands and clothing are soiled; he "blows black" into his handker-

chief and spits black ; there is more or less free production of mucus,

followed perhaps by pus formation, and he will speak of having catarrh

;

in attempting to hawk up morning phlegm he may become nauseated and

even vomit ; dust particles reach his lungs and become imbedded, the lung

becomes black (in old city residents it is coal black, pneumokoniosis) ;

he experiences all sorts of disagreeable sensations, symptoms of ill health

.so-called, symptoms shade off into affections, minor maladies and disease

;

infective particles are locked up in the lymphatics, forming "kernels" in

the neck and tumors along the windpipe and in the lungs and these burst-

ing proiluce disease and death. The two great dust diseases are tuber-

culosis and pneumonia, they decimate mankind by thousands and millions.

^ledical men have names for the effects produced by the inhalation

of different forms of dust : Anthracosis for the effects produced especially

ill coal miners; Byssinosis due to inhaling cotton dust, as in cotton fac-

tories ; Clialicosls, Silicosis and Siderosis are names applied to affections

in potters, stone masons and iron workers who inhale gritty matter. The

term Pollenosis is expressive and should come into general use ; the name

indicates a state or condition produced Vty inhaling pollen, that is in those

susceptible.

Kinds of Dust\—There are all kinds of dust, all of varying impor-

tance in the welfare of man. To the iiliyslci.st dust is of great importance

in the matter of light and shade and precipitation; to the tidy house-

1 For a synoptical table of Kinds of Dust an relationship to stages of civiliza-

tion, see my Presidential .\ddress, Indiana .\cademy of Science, for 1906, p. 23.
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keeiier dust is something to be foiiglit constantly; tlie merchant looks upon

it as something that spoils his goods ; the physician looks upon it in the

light of a producer of ill health and disease. In industrial cities factory

dusts of many kinds occur and produce so-called industrial diseases.

A very pernicious kind of dust to which people living massed together

are exposed is dust containing dried spittle and full of all sorts of in-

fective matter, infective dust. This is the kind of dust of most importance

to the student of Coniosis.

The modern dust problem can be considered from many viewpoints,

physical, mechanical, economic, sociologic, esthetic, medical, pathologic,

biologic.

Biology and pathology are closely related, often it is difficult to de-

termine what is normal and what is abnormal, or what must be considered

normal in the light of an abnormal environment. Dusty air produces

reactions, states or conditions, in living organisms. Is the change adapta-

tive and biological? Is it degenerative and pathological? We expect a

tree to grow in the woods but not in the crowded city ; we expect children

to grow in the country—but many of us doubt their thriving in crowded

cities. We ask what is abnormal, the child that does not thrive or the

environment.

Disease, 111 Health, Symptoms, Reactions to Environment.—Disease

is a term loosely applied to all sorts of conditions, to all sorts of reac-

tions of the human body (not to speak of animals and plants), on the

one hand to the morbid processes induced by the great epidemic diseases

that kill by the thousands, and, on the other, to mere feelings of discom-

fort as those attendant on overeating, over-exercising, worry, etc., etc.

Symptoms and disease and stales of ill health are constantly confused,

and indeed are often vei'y confusing.

Shall the reaction due to inhaling dust be regarded as a disease or as

a condition of ill health, or as a reaction to an abnormal or unsanitary

environment? Shall we regard the effects pnxluced on inhaling dusty air

as a disease, or as a reaction that can be studied in the light of biology?

(In answer I may say that several years ago I looked uikhi the reaction

as a disease and jtublished a paper based on data then at hand.)

In this paper I shall consider the subject in the light of a reaction to

an abnormal environment, as a problem in biology. I shall consider symp-

toms as warnings from nature. If the warnings are heeded man lives on

and on; if he does not heed them he perishes. In proportion as man
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gUiirds or protects himself he survives. One need scarcely consider the

few individuals, shall we say the survivals of the fittest, able to live under

filth and filthy air conditions. Fittest does not necessarily mean the best

—the slums of cities do not represent civilization, neither do baclvward

cities represent the civilization of today. We have not yet reached a stage

where we look far ahead into the future. We still act upon the principle

of letting the future take care of itself. After us the flood.

CoNiosis (Konls, dust; osis, a state or condition) may be defined as a

peculiar state or condition due to inhalation of dust (dust with more or

less infection derived from dried spittle) ; it is a reaction of the body.

The reaction varies from a mere feeling of discomfort up to decided pain-

ful sensations, perhaps with a feeling of ill health or threatened sickness.

Metabolism is more or less disturbed, depending on the amount of reaction

;

there is deviation in temperature; the sensory organs and the sensorium

are more or less affected, likewise the circulatory and excretory systems,

with variations in the secretion of gastric juices. Pain may be localized

in old injuries or weak parts of the body. The severity of the reaction

depends on the amount of exposure. The reaction may last a few hours

or indefinitely under continued exposure.^

In attempting to define the term Coniosis one feels himself in th'i

position of the physician in court when asked to define insanity : he may

very well know what it means and to whom to apply the term when mak-

ing an insanity inquest—but to make a definition that will be satisfactory

to a quibbling lawyer is a difficult matter. The definition of Coniosis

(which the general practitioner of medicine may regard as ill health)

may not be satisfactory to the student of specific diseases, there will be

quibbling.

If a man wants to know why it is difficult to make a good definition

of insanity he should spend a few months among the insane. If he wants

to know why it is difficult to define Coniosis or dust infection he should

carefully observe a number of dust victims. (A man may even study him-

self, how he reacts under good and bad air conditions.)

1 In a paper on Atypical Cases and Dnst Infection (American Medicine, 1 Oct.,

1004) I used the following definition :

"It is cliaracterizod clinically by an irritation of mucous membranes ; vague

wandering pains throughout the body, mostly referable to the muscles or ligaments ;

lassitude," headache, feverishness and anorexia, up to vomiting, marked nervous dis-

turbance, and severe localized pain. The manifestations may vary considerably in

different individuals, and the symptoms may be wlioUy subjective. It is often fol-

lowed by other, specific, diseases."

At that time I had assumed that the term Coniosis was preoccupied.
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Here is an illustration which I at times use in discussions with dust

victims.

A man becomes tlie possessor of an automobile, lie learns how to run

it but Ivuows little or nothing about its internal arrangements. On the

road the machine begins to run badly, he knows there is something wrong

but can not locate the trouble ; he may or may not make an attempt

to learn what is wrong ; he may conclude to run the machine as long

as possible and then turn it over to a master-mechanic to have the

difficulty corrected, lie may be sufficiently interested to learn about the

"internal anatomy and physiology" of his machine and just what to do

the next time there is trouble, indeed knowing the nature of the machine

he may look it over at short intervals to avoid trouble on the road. Shall

we say that dust in the carbureter is a frequent cause of trouble?

Any one who has ridden with an experienced and with an inexperi-

enced automobilist will appreciate this illustration: He probably noticed

the direct method of the one in looking for the source of difficulty on the

merest indication of abnormal working of the machinery, and he can not

avoid noting the utter helplessness of the inexperienced man when his

machine balks ; the latter usually does more harm than good in his bung-

ling with wrench and hammer trying to make the machine go.

A dust victim may be regarded as a machine that becomes clogged

with dust. Dust interferes in some way with the proper working of the

machinery, in time the machine may refuse to run. Like the automobilist.

he may in time loarn much about the significance of symptoms, of warn-

ings that something is wrong, and lit' avoids breakdowns, attacks of ill

health and disease.

Dust Victims.—Individuals who react more or less markedly to dust

may be regarded as dust victims. In studying a large number of such

one can make a composite description of the effects of inhaling dust, of

Coniosis as defined above—but in in-o])ortion as a brief comimsite descrip-

tion includes many individuals it must be more or less vague.

An individual as a rule reacts very much the same each time under

similar exposure. Individual reactions however may differ greatly, so

much so that one can speak of types.'

1 In 1904 I df-scrihod several types of dust victims, as far as I then under-

stood the subject. Since then I have been gatherine: more data, more case reports,

but I am not yet in a position to bring together all my data for a complete state-

ment. This pai)er. like all others, must be regarded as provisional, subject to

changes and corrections.
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It needs scarcely be added that nature makes transitions and natural-

ists make divisions, and that divisions overlap. A reaction of the body

may become so marked that we speak of the presence of disease. More-

over some oi-gan or part of the body may be weakened and here the first

evidences of abnormal functioning, or ill health or disease, may appear.

Types of Coniosis ob Dust Infection.—Coniosis can be considered as

an entity. It shades off on the one hand into health and on the other into

disease. By studying a large number of "dust \actims" one can distinguish

certain more or less well-defined types or varieties, briefly characterized

about as follows

:

liospiratory Type : This type manifests itself mainly by symptoms

or conditions that we commonly regard as colds and catarrh ; in more ad-

vanced cases with more or less active inflammation by affections with all

sorts of names, rhinitis, pharyngitis, laryngitis, tracheitis, bronchitis, pul-

monitis. (Often there is much adventive tissue in the upper air passages

—adenoids, hypertrophied tonsils, etc; removal of such tissues may greatly

benefit.)

Peripheral Type : This is marked by the appearance of more or less

ill defined pains and aches, at times by acute pains, especially at the site

of an old injury. The pain is variously referred to as rheumatic or neu-

ralgic. Pain may occur in anj- part of the body but may be localized in

the arm or leg or toe or in the head or chest. (So-called living barome-

ters are often dust victims who react acutely to dust influences.)

Alimentary Tract Type: Under such a head may be grouped indi-

viduals with more or less marked digestive tract disturbances, notably by

conditions commonly regarded as dyspepsia and constipation. In some

there is an excess, in others a deficiency of hydrochloric acid; mucus may

be greatly in excess. (In studying the life histories of individuals one

may find that what at first was an excess of free H CI in time becomes

a deficiency, there may even be a total absence. So-called laboratory

examinations become highly important.) Where dust infection manifests

itself as more or less constant constipation during the closed door season

attention to diet, to exercise and the use of a proper laxative become

imperative. (The best laxative and the best tonic or alterative is pure

air—something many can not afford.)

Nervous Type : Here one can distinguish between nervous and men-

tal symptoms. The ini]iortance of symptoms is largely dependent on the
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life an individual leads. The brain worker may be disabled by symptoms

tliat might not be at all noticed by a common manual laborer. A headache

disables the one, a backache the other.

The nervous type is difficult to define briefly, but if we will keep in

mind the average individual who is called "neurasthenic" or "hysteric" or

as being "imaginary ill" we will have some idea of what is meant. It is

sometimes said that "the complaints of the neurasthenic are innumerable,"

but they are enumerable, and they are preventable in perhaps nine-tenths

of the cases that ordinarily come before the physician. (All some people

iieed is good air—but what patients usually want is medicine that will

enable them to continue life under the old environment.)

Psychic IVpe: Some individuals react mentally, especially to the air

of crowds. Dull school children ai'e often dust victims. Men are subject

to moods and humors; they may be agreoablo or disagreeable. Perhaps

all have noticed that there are times when one can think clearly and

persistently and there are times when thoughts will not come or when

one can not reason clearly; tliis again may largely (Icpcud on air condi-

tions. Tlie reaction may even be so extreme that we speak of insanity.

Cardio-vascular Tjpo: Here there is more or less marked change in

heart action and blood pressure, especially an elevation or hypertension,

this may manifest itself mentally, overlapping the above type.

Dust victims may be divided into two groups according to the blood

pressure, whether low or high. The one tends to end in wasting diseases

like tuberculosis and catarrhal pneumonia and the other by apoplexies,

paralyses and Bright's disease. It Is necessary to mention these things

so that the dust victim will take heed in time. (An Interesting question

to the physician is, What preceded an apoplexy? To what extent, for in-

stance, was something done out of the usual, as riding on an overcrowded

train or street car, shopping In ill ventilated stores. In short, having been

exposed to infected dust?)

Cutaneous type is manifested especially in so-called neuroses of the

skin, conditions or syniptoms at times difficult to explain.

Genital Type : Here come particularly women who have pelvic dis-

turbances, both acute and chronic, which interferes more or less with the

process of reproduction. This type should be considered in the matter of

race suicide. "Flat life" is very destructive to human life, all sorts of

factors nnist be considered—one rarely considered is the dust factor.
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Coniosis should bi> looked upon as a reaction to an abnormal envirou-

nieut, rather than as a disease.^ It manifests itself by a variety of symp-

toms all more or less modifiable by the use of drugs, mainly by masking

them. Although incurable it is readily preventable.

Coniosis is most prevalent during the closed door season when clean

or pure air is at a minimum. It may occur in epidemic form in winter,

at times of a thaw when sidewalk filth is tracked indoors and pulverized

under foot, as by sboiJiiers. It may also occur in epidemic form at times

of higli winds, when street filth is blown about, as on the approach of

spring, when nearly eveiybotly complains more or less—and many think

they need a "spring tonic." ,

Coniosis is prevalent among people in all walks of life. Among poor

people to whom life means a constant struggle for existence there is an

early and constant weeding out on account of the apijearance of well-

defined diseases that kill. Among the well-tf>do many reach old age be-

cause they are careful but there is more or less constant complaint of ill

health. Coniosis is not incompatible with long life, that is in those who

are prudent. The attitude of the poor man, and of those who are heed-

less, is shown by the old observation of Plato

:

"When a carpenter is ill . . . he expects to receive a draught from

his doctor, that will expel the disease by vomiting or purging, or el.se to

get rid of it by cauterizing, or a surgical operation ; but if any one were

to prescribe to him a long course of diet, and to order bandages for his

head, with other treatment to correspond, he would soon tell such a med-

ical adviser that he had no time to be ill, and that it was not worth his

while to live in this way, devoting his mind to his malady, and neglecting

his proper occupation : and then wishing the physician a good morning,

he would enter upon his usual course of life, and either regain his health

and live in the performance of his business; or, should his constitution

prove unable to bear up, death puts an end to his troubles."

What the carpenter needs, what the workman needs, is a knowledge of

the influence of environment, and a l^nowledge of the limitations of the

physician in curing ill health and diseases. Much ill health is incurable

1 The term disease is really an objectionable one because many people at once

think of a "cure." The patent medicine man keeps alive the old belief that there

is a cure for every disease. To simple people all things are simple. As a matter

of fact the "diseases" of the patent medicine man are mostly symptoms. Many
people still have an idea that a disease can be "knocked out" or "killed."
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but preveutable. Proper veutilatiou prevents much ill health—but if the

individual asks for it he is apt to be discharged. We here see the value

of Unions in making a combined demand.

Symptoms.—Symptoms are usually divided into subjective and ob-

jective, those that we experience ourselves and those that we observe in

others. The latter are also called signs. Some signs are discoverable

only by the use of instruments, or laboratory methods.

Ordinarily we do not speak of symptoms of health, but we do speak

of symptoms of ill health, and of course of disease. Indeed, some dis-

eases are said to be made up of symptom-complexes or syndromes and are

diagnosed thereby.

Symptom.s are evidences of abnormal functioning. Symptoms can be

regarded as warnings tluit sojuething is wrong. In this volume I am

speaking of symptoms not as evidences of the presence of disease* but as

an evidence of a reaction due to inhalliig dusty air.

The individual who does not react to his environment is exceptional.

At the other extreme are tlie very susceptible, to these a study of mesology

and ecology may be of advantage.

Symptoms in great variety occur in Coniosis. Many of the common

ones accompany the general type, others are more or less limited to the

special types. Pain, in its widest sense, is a very common symptom.

Cough is common in tlie respiratory type; headache is common in the

nervous type; albumiuviria, arrythmia, edema, palpitation in the cardio-

vascular, etc. I am here, making only brief references. Symptoms enable

us to classify or group.

Susceptibility.—This varies greatly and is determined by a large num-

ber of factors, such as the phylogenetic history; the ontogenetic history;

Ihe place of residence, whether city or country; the amount and intensity

of the exposure; the air conditions before and after exposure; the state

of nutrition, whether over- or underfed ; the ability to take a day, a week

or a month off when not feeling well; etc., etc. The very susceptible indi-

vidual may really suffer less by living within limitations than the less sus-

ceptible who is heedless. It needs scarcely be added that an individual

can largely guard himself against environmental influences but less against

hereditary tendencies.

Some individuals who react acutely are constantly watching them-

selves, are "exceedingly careful," and yet if they do not know where the
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danger lies are constantly suffering. A l^nowledge of Coniosis is of great

value to them.

For a man who has long believed lie liad consumption or was con-

stantly on the verge of it, or that he had cancer of the stomach, or Bright's

disease, or heart disease, not to speak of other diseases and affections, to

know that he is "only a dust victim," that his fears are perhaps wholly

groundless, is certainly a gi'eat relief. But the prudent man will take

care to avoid exposures, knowing that disease may follow an acute attack

of dust infection, emphasized in the warnings of the patent medicine man,

"Beware of a cold."

At the other extreme is the man in "robust tiealth" who is constantly

exposed but who, because he does not complain, is assumed not to react.

Yet he may be reacting all the time, as by gradually developing a high

blood pressure and then suddenly going to pieces prematurely.

Coniosis may be looked upon as a "Protean disease" with which the

general practitioner of medicine is very largely concerned, not to speak of

people who "doctor" themselves. Perhaps the great majority of the "dis-

eases" for which the patent medicine men advertise their nostrums and

cure-alls fall within the scope of Coniosis. If we understand that Coniosis

Is a reaction to an abnormal environment, we at once see the uselessness

of attempting to cure by drugs. Drugs however may palliate—alcohol,

opium, cocaine, acetanilid are largely interchangeable ; all are habit pro-

ducing drugs.

When marked symptoms, as of ill health, appear then Coniosis be-

comes a medical subject—and then the best advice to a dust victim is to

seek the services of a competent physician, one who will properly investi-

gate, if necessary by laboratory methods, and who will discuss findings

freely. Usually good advice rather than medicine is needed in such cases,

but we should not forget that drugs may palliate, may modify severe symp-

toms. (Here is a very practical point: Pay the physician for advice

rather than for medicine—or in self-defense he will dispense medicine or

write a prescription for a tonic in order to get his fee. The practice of

medicine is after all a bread and butter profession. The physician who

makes time-consuming examinations in competition with symptom-pre-

scribers often has difficulty in maintaining himself.)

Results of Exposurk.—What constitutes an exposure? This is a mat-

ter in which personal experience largely enters ; each must learn for him-
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self liow much or how little he cau bear. Exposure to extremely bad air

comlitious, as going to a political meeting with spitters all about or riding

ia a dirty car, may bring on a prompt reaction, or the reaction may appear

under continued exposure to relatively good air.

Since infected dust is a variable quantity there is more or less danger

ol" complications and Coniosis proper may ultimately develop into what

the physician regards as disease and perhaps well-defined specific disease.

Coniosis vs. Disease.—It seems a trait of human nature that the mo-

ment a name is given to a thing or a phenomenon the mind is satisfied and

makes no further inquiry, except the scientific mind. The physician con-

stantly sees this in dealing with his patients. What is the matter? he

will be asked by his patient, who often enough has his own diagnosis and

merely comes for a 'iiftle metlicine." If told he has a cold, or bronchitis

or rheumatism, or stomach trouble, or heart or kidney trouble, etc., he

usually asks no further, still more rarely about causes. If he does ask

about the cause or causes and is told his trouble is due to "cold" he

thinks he undorstiuuls and rarely indeed asks further. And yet the physi-

cian has great difficulty in defining a "cold," just as he has difficulty i;;

defining nearly all the names current among the people or used in i)atent

medicine advertisements.

As long as we look upon every reaction of the body as a disease, or

that a certain combination of symptoms constitutes a disease, the average

individual will make no effort to find the reason why he is not feeling

well, nor will he make any radical attempts to get well. There are not

lacking those who deny there is such a thing as disease, that it is ail

imaginary; they must be taught that just as there is a reaction when th^

hand is put info hot water or when irritating smoke is inhaled, so then^

will be a reaction on inhaling dust. Perhaps we had best not speak of

disease at all, only of a reaction, and that this reaction moreover depends

on what may be called individual susceptibility, varying from slight to

marked. When the subject is once understood each one can determine for

himself to what extent he is susceptible; a good physician will help him.

especially to rule out other reactions, so-called diseases.

Some individuals or patients must be kept under observation for som ^

time before a physician will venture on a diagnosis, some constantly

"fight for time." Diseases that can be readily and accurately diagnoped

and about which the opinions of different men will not vary greatly aro
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comparatively few. States of 111 health where no accurate diagnosis can

be made are many. Some physicians hesitate to make a diagnosis when

they know the patient has already had a variety of diagnoses and likely

will receive more after leaving him. Some "cases" are as easy to "treat"

as they are difficult to diagnose. Physicians have an old saying, Any one

can prescribe, the difficulty consists in making a proper diagnosis.

It should be kept in mind that Medicine like everything else is an

evolution and that it has not yet reached a stage where it can properly

classify the things with which it deals—with reactions and states of the

body variously termed disease, maladies, affections, symptoms. Much is

still to be learned about the common ills of the connnon people.

Primitive Medicine included all the sciences, as knowledge developed

sciences crystalized out and each pursued an independent course ; some

have now little connection with Medicine proper. We need only think of

chemistry, as an outgrowth of alchemy, and the search for the elixir of

life and the transmutation of metals, or of the herbalist changing into a

botanist and more recently into a bacteriologist concerned with microscopic

plants. In short, sciences formerly studied by medical men have now

developed to such an extent that the practitioner of medicine can not ac-

quire more than a smattering knowledge of them ; and that means in pro-

portion as men specialize they must limit their field of work. A specialist

in one department of Medicine may scarcely know what is going on in

other departments.

There are topics that are of interest to all, such as the life conditions

under which we live and the search for the favorable ones and avoidance

of the unfavorable. Favorable conditions tend to what we call health,

unfavorable ones to ill health, disease and death. Extinction may come

suddenly or slowly ; it may not appear for several generations—in what

is called race suicide.

Differential Diagnosis.—Just where reactions, or symptoms shade off

into disease is often difficult to determine, in fact is impossible because

there is no exact definition of the very term disease.^ In order to diag-

nose Conlosis properly one must rule out other more or less related condi-

tions, especially diseases, socalled. For the purposes of this paper it may

1 Dirieasos themselves are variously classifiable. A common division is into

parasitic (due to invasion of parasites of all kinds) and constitutional (due to de-

fects in the body, congenital or acquired), Another general classification is struc-

tural and functional,
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suffice to divide the latter iuto three groups : 1. Diseases proper, due to

specific or definite pathogenic causes; tliey are as a rule self-limited and

run a more or less well-defined course. 2. Diseases due to alteration in

structure and usually incurable when once fully established ; some are

favorably influenced by surgical procedures. 3. Diseases due to altera-

tion in function or temporarily altered functioning, more or less prevent-

able or modifiable.

1. Specific Diseases, those due to definite causes, as pathogenic micro-

organisms. Tlie reaction of the body in its efforts to rid itself of the

ei'eniy is manifested by signs and symptoms, and the syndrome or symp-

tom-complex is designated as disease, in other words, diseases are made

up of symptoms. In the absence of symptoms one would scarcely speak

of the presence of disease (although a disease may exist and not manifest

it.self for a long time). Nosologists are attempting to classify diseases by

their causes, but so far only a good beginning has been made ; much work

remains to be done.

To make fuH statements regarding tlie diseases of our State would

require the possession of data difficult if not impossible to obtain. The

proper method of studying the specific diseases of a country would be to

consider them in tlie <'rder of their appearance and how they dominated

other diseases ai;d jtrcvalent ill health. Here T can only briefly refer to

a few diseases.

Malaria. This disease or its cause came early. Formerly our State

was very "unhealtliy" on account of the presence of malaria. It domi-

nated everything. With the clearing up of wet places where mosquitoes

breed and by tlie free use of quinine malaria has jtractically disappeared.

Malarial fever is to be ruled out in dust infection. Many physicians

still suspect a "malarial element" in many cases of common ill health, at

times referred to as a "touch of malaria." True malaria yields readily

to quinine In sufficient dosage, dust infection not.

Physicians are accustomed to spojik of another form of malaria. Lo-

cally we have the name Fal.se Malaria. It is not dependent on the Plas-

modium malarifo nor is It transmitted by the bite of mosquitoes; it is

transmitted through Infected dust. It is, in short, dust infection or Coui-

osis.

Some writers believe that the civilization of ancient Greece and Rome

passed away on account of the presence of malarial fever, in altering
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iijau's euviroiimeiit to such an extent that he ooukl no longer flourish.

Malaria literally means bad air, but in the case of malarial fever we know

that this is really not true. Regarding the air conditions of our cities we

can properly speak of mal-aria. We can even speculate to what extent

had air is a factor in destroying our own civilization, shall we say by

killing off the desirable and leaving the city to the undesirable?

Tuberculosis: Thi.s is the great indoor air disease which is actively

weeding out those not adapted to city life or to life indoors under bad

air. IndiA'iduals whose ancestors have long been exposed to the ravages

of tuberculosis are largely immune, succumbing only when conditions are

unusually bad or prolonged. It is well known that the descendants of

European ghetto Jews ax'e largely immune while Russian rural Jews are

not. The descendants of southern mountaineers are verj- susceptible.

I'hthisophobiacs are often dust victims whose fears can be allayed.

Pneumonia is another great indoor disease, now ranking with tuber-

culosis. It is a disease of the wellfed rather than of the poor. Individuals

subject to high blood pressure seem especially prone to pneumonia. An

acute "cold" (dust infection) may terminate in pneumonia.

Influenza is a disease that appears periodically, after an interval of

years, and attacks practically everybody. After a pandemic subsides there

may be sporadic cases for a short time. Cases of "grip"' after the sub-

sidence of epidemic influenza are usually cases of dust infection. Influ-

enza manifests itself by several quite well marked types, indeed, the simil-

arity to dust infectiou is quite marked. The best treatment for Influenza,

in reducing the number and severity of symptoms to a minimum and

avoiding a fatal termination, is the pure air treatment.

This enumeration of specific diseases can not be continued but there

should at least be a mention of Cancer.

Cancer : Although the active cause of cancer is still unknown it is

regarded as a definite or specific disease, running a more or less well-

defined course, usually fatal in a short time. Cancer in its various forms

cr kinds is to be ruled out, especially in dust victims of the alimentary

tract type; to do that properly reciuires the use of laboratory facilities.

2. DiseancH Due to Alteration in Structure, to enlargement or atro-

phy, to altered iimervation or imperfect nutrition or circulation, to the

presence of scar tissue, to adhesions, etc. This condition is often due to

injury or to the presence of disease which produced alteration, with an
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alteration iu function. But tlie altered functioning of an organ may be

perfectly natural for such an altered organ, it could not be otherwise.

The presence of an acute disease may so modify "the normal action of an

abnormal organ" that at first sight a case may seem very mystifying

—

lience the need of studying an individual not alone when complaining but

when in apparent health. A good family physician in time learns much

about his patient and knows just what to do in case of an acute disturb-

ance.

Alterations in organs and tissues are very common in people much

exposed to infective matter, especially in the air they inhale. There may

bo at first mere irritation, followed by active inflnnnnation and tlien scar

tissue. In pmixtrtion as tliere is scar tissue there is alteration of func-

tion, finally reaching a stage where well marked symptoms ai)pear. Whether

to speak of disease or reaction is often a matter of doubt ; one may not

1)0 able to decide until the reaction has ceased or the i)at]i(»logical process

b.'is run its course. (One is reminded of "How to distinguish mushrooms

from toadstools.")

If one were to enumerate systematically the diseases, maladies, or

affections to be ruled out in dust victims, one would have to begin at the

nose and mouth where the inhaled infection first shows its effects.

Infection readiing the sense organs may produce all sorts of disturb-

ances, acute and chronic, as impairment of abolition of the sense of smell

and taste, or impaired hearing and siglit.

A host of affections or "diseases" <>f tln' respii-atory system would

have to be considered, such as rhinitis, laryngitis, tonsilitis, tracheitis,

bronchitis, pulmonitis, etc.

Infection may travel down the esophagus with the production of con-

ditions designate<l as jiharyngitis, esophagitis, gastritis of many varieties,

:ind intestinal disturbances in variety, one marke<l form being attended

with the production of large quantities of mucus.

Here I can not consider the influence on other aTul distant organs, the

kidneys for instance, or the nervous system.

3. Discaacft Hue to AUered F\i net ion lap, more or less transient, and

more or less bound up with conditions described above. Here might be

cited a numlior of conditions that can not properly be called diseases at

all—such as the more or less transient effect of much or too little food;

the use of too much or too little fluid: or foods that protluce a reaction.
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perhaps an intoxication ; the excessive use of condiments ; the influence

oi heat or cold, etc. To what extent to spealv of diseases, of symptoms

or of reactions is at times a difficult matter to determine, there are no

hard and fast lines, no more than between species, subspecies and varieties.

Opinions vary.

What is in dust that produces the condition described as Coniosis?

This is really a question for the pathologist and bacteriologist, for men

who study causes. For our present purposes all we need to know is that

there is something to which the body reacts. In illustration might be

mentioned malaria : all we need to linow to protect ourselves from ma-

laria is to keep from being bitten by the mosquito which transmits tlu*

disease, and indeed we need not fear its bite at all if there is no malaria

aliout. We know what the active cause of malaria is but in the case of

Yellow Fever transmitted by another species of mosquito we do not know,

and yet Iveeping the mosquito under control and avoiding being bitten

means to prevent the ravages of Yellow Fever.

In the case of Coniosis as defined above we need only consider kinds

of dust, whether in part it came from man, particularly expectoration

and whetlier sterilized by age or sunlight. The inhalation of country

dust may be disagreeable but it is not the kind of dust that produces

Coniosis. We at once see that infected dust is very common in backward

cities, less in clean cities and wholly absent in the isolated country.

We see an analogy in pollenosls or hay-fever. This occurs where the

pollen of certain plants abounds. The hay-fever victim no longer expects

to be cured by the use of drugs ; lie knows that he will feel miserable as

long as he is exposed to the particular pollen to which he reacts. To get

relief, he "changes climate;" he goes where the air is free from tliis irri-

tating dust—just as people who are educated regarding Coniosis will also

make a change.

"Precolds" under exposure to "exciting causes" result in "colds."

Colds are commonly although not necessarily always attacks of Dust In-

fection.

To what extent the body protects itself and to what extent man

makes an effort to protect himself are very practical questions, but they

can not be considered in this brief abstract. People are often "exceed-

ingly careful" in their attempts to avoid ill health and sickness, but not

128—29034]
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knowing where the real danger lies they are overcareful along some lines

and not sufficiently so in others. Some must fonsider the dust factor in

order to survive.

Dust victims and observant people generally' often have a stock of

unformulated knowledge (obtained tlunugli bitter experience) that is of

more value to them than the advice and medicine of the young physician

who in college is taught about diseases but little or nothing about the

common ills of the common people. The physician like everybody else

learns much in the school of practical experience, and he often learns

from old chronics, if he gains their confidence. Related data may be

formulated by comparing the experiences of many. Often all sorts of

apparently isolated facts are explainable by a tlieory.

Individuals who are designated as "old chronics" often have "tried

everything" and being still uncured have lost faitii in drugs and in the

science (or should I smv nrtV) of Medicine. A pliysi< ian may induce some

to look uixjn their ill health in a new liglit. Some readily take up with

the idea or tbeoi-y of Coniosis—to them it may become a working theory,

a guide that enables them to reduce symptoms to a minimum. Coniosis

moreover is a subject that can be studied by any one, no medical education

is necessary although desirable. It is moreover a study that should be

tiiught in a practical manner in the schools, not as mere book learning.

Like all theories relating to complex biological prol)lems the theory

of Coniosis sliould not be applitnl too rigidly, for the case under considera-

tion may lie wholly exceiitional. Tlie practitioner of medicine must con-

stantly bear in mind that he is dealing with fellow-creatures who have

wants and needs; he must consider all sorts of causes and factors.

There are any number of jiroblems regardintr dust influences that still

seek .solution. The dust victim wlio will study himself and keep a record

of himself and his varying surroundings can greatly assist his physician,

and if he perchance has a physician who is not a student he may deem it

advisable to make a change; he may even conclude to go to a community

where people expect more from physicians tlian merely handing out medi-

cine.

The question. What makes dust dangerous, what is the noxious mat-

ter? is a problem that is beyond the scope of the ordinary physician. It

requires laboratory facilities and unbounded time. The need for a special

institution for studying details is imperative.
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What the Theoky of Coniosis Explains.—In the light of present data

the followiDg statements seem justified :

Coniosis explains many cases of connndn ill health, cases that can not

be definitely diagnosed as disease, cases about which differences of opinion

among doctors are proverbial.

It explains the prevalence of our "Triad of National Diseases"—ca-

tarrh, dyspepsia and nervous prostration.

It explains why much of the "prevalent ill health" is incurable, but

preventable.

It explains why there is a seemingly endless succession of nostrums

advertised in the newspapers and medical journals ; all may have somr-

merit in palliating symptoms—but as to curing that is another question.

It explains the prevalence of patent medicine advertisements and

their seasonal variation.

It explains why our nation is a land of fads in medicine and quack

remedies (mainly because we tolerate the chewer and spitter).

It largely explains the discrepancy of opinion between city and country

doctors regarding typical and atypical cases.

It explains the ordinary ills of the school child and the seasonal

prevalence of some specific diseases.

It explains the "degeneration" of school children and the supposed

influence of "overwork." (Usually there is an overworking of the de-

fences of the body.)

It largely explains why poor people who must work under crowded

conditions perish px'ematurely and why old chronics able to take care of

themselves live on indefinitely.

It explains why many foreigners fail in our cities, some physically,

others mentally. (Immigrants not adapted to city life should be encour-

aged to settle in the countrj' and not in cities and certainly not in slums.

)

It explains the prevalence of tuberculosis in low pressure individuals

and of heart and kidney diseases in high pressure individuals.

Coniosis gives a clew to the chronic ill health of men and women

whose biographies are full of references to ill health.

It puts a new interpretation on the old saying, Acquire an incurable

disease and live long.

It teaches us to make sharp distinctions (or attempt to do so) be-

tween symptoms or ill health and real diseases.
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It shows tilt need for "case teiwrts" extending over years and not

merely over a few weeks or a few months.

It shows w'hy many people need good advice rather than a "little

medicine."

It shows the value of a seventh day of rest and of an occasional

vacation and an annual vacation in the country.

It shows why hospitals should be located in the suburbs rather than

in the heart of large cities.

It teaches why many of the common ills or symptoms are to be looked

upon as blessings in disguise—as warnings to be heeded.

It puts a different interpretation on the old saying, A sound mind in

a sound body.

It shows the need of full co-operation between patient and physician

and that free discussion is necessary to arrive at the truth.

This list could be extended indefinitely. Perhaps needless to say it

takes time to go over accumulated data and digest facts and draw coti-

clusions.

General sanitation is tlic duty of the comnnniity and of the State but

there will always be problems that are purely personal. Every one should

have sufficient education to properly choose a private medical adviser.

Tlie family physician still has a place in our civilization. He must "super-

vise health" and advise liis patients how to prevent ill health and diease.

In the case of actual disease he may be able to direct his patient to the

proper specialist, and he must constantly stand between his patient and

the operator.

The theory of Coniosis allays the fears of specific diseases and on the

other hand it creates a pure air conscience. A sensible man does not

become an alarmist.

The mere ability to live under bad air conditions, to tolerate, is not

synonymous with adjustment or adaptation. A "return to the simple life"

can scarcely be considered a remedy; few care to return to such a life

after having lived a complex city life. The proper remedy is to make the

city sanitary.

Although sanitary science has markedly decreased the prevalence of

many specific diseases, the decrease of common ill health is less noticeable.

We must distingui.sh between individual and communal effort; soiqe coirj-
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itmnities are backward and some iii(li\ iduals are heedless. (Shall we gj

a step further and say our cities will not be properly cleaned until women
ate given a voice in the management of municipal affairs?)

Coniosis needs to be taught, it should be taught in the schools. It

shows why schools should be located under sanitary surroundhigs ami

why cities should clean up and keep clean.
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*The Regenerated Scales of Ftindulus Heteroclituus Linne'

WITH A Preliminary Note on Their Formation.

By Will Scott.

The work of Hoffbaiier, '99, on the scales of the c-lrp established the

fact that, up to the third year, the age of this fish could be determiued by

the sculpture of the scales. Johnston 'Oo-'08-'10 has shown that not only

can the age of the salmon I)e determined by the sculpture of the scale, but

the emigration of the young salmon (parr) from river to sea and each

return to spawn of the sexually mature leave an indelible mark upon the

scale. These marks have been rendered perfectly intelligible by the work

of .Johnston and that of his associates on the Scottish fisheries board.

Hutton, '10, in working on the scales of the Wye River salmon ob-

served, occasionally, scales quite different from the normal ones and sug-

gested that these scales might be the result of regeneration. If this sug-

gestion be true then it would be possible, by scale examination, to deter-

mine the wounds received by and, in a general way, the hazards encount-

ered by any individual. To add this additional index to the life history of

a fish these experiments concerning the regenerated scale were performed.

The Killifish, Fundulus heteroclitus Linne, was selected for the experi-

ment because of its abundance and its well known hardiness. Many fish

of tills species, at this season of the year (Aug.), were infected with a

sporozoan parasite. This infection proved fatal in most cases, conse-

quently great care had to be exercised in selecting material. The opera-

tion consisted in the removal of about six rows of scales from the left

side between the posterior end of the dorsal fin and the anal fin. The

fish were covered with clean cheese cloth which was kept wet with sea

water ; only a small area was exposed at any one time. The scales were

lifted from their pockets with a scalpel, care being taken not to injure

the inner wall of the pocket. If the circulatory system was injured in any

noticeable degree sporozoan infection occui'red.

1 The work was done while acting as scientific assistant in the laboratory of

the U. S. Fish Com. at Woods Hole, Mass., and is published with the permission

of the Hon. Geo. M. Bowers, Commissioner of Fisheries.
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Plate I. Comparing (A) normal and (B) regenerated scale
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Series A. On August 3, twenty-one fish varying from 91 ni.ni. to 114

m.m. were operated on and placed in tank A. in rnnning sea water. The

scales shown in ])]ate II were all taken from this series. No fish from

this series were lost dm lug the experiment.

Plate II. Showing th3 process of differentiation in regenerating scales. All operations

wore performed on Aug. 3. Numbers in low^r right hand corner indicate the day of tlje

month on which the fish were killed.

Series B. August 3, twelve fish varying from 72 m.m. to SG m.m. were

operated on and placed in tank B. In this series two individuals were lost,

one by sporozoan infection and one by being accidentally caught in the

cutlet of the tank.

Series C. On August 4, five fish were totally denuded of scales ex-

cept a few accidentally left around the base of the fins. It was very
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Plate III. Indicating that age and degree of injury do not influence differentiation in the re

generation of fish scales. (A) from the largest fish, 114 m.m. (B) from the smallest, 72 m.m. (C)

Irom one of the fish in series C which were entirely denuded of scales.



443

difficult to remove so many scales without injuring tlie skin. Two fisli

suffered slight punctures in the operation and died of sporozoan infection

two days later. Tlie other three lived until the close of the experiment

The scales regenerated to almost their normal size in twenty-five days.

The rate will probably be found to vary in different species of fish. I was

unable to dissect out the scales before the sixth day after the operation.

On tliis date the scales were very thin and fragile; the cycloid sculpture

was developed to the extent of three irregular yet fairly distinct lines

which surrounded a relatively large unsculptured area.

The radiate sculpture which the normal scales of this fish have on

their inner ends could not be detected on the sixth day. Faint traces of

it appeared on the eighth and tenth days and by the twelfth it was very

evident. From the twelfth day the sculpture developed as it does on the

periphera of a normal scale except that the lines of the cycloid sculpture

were slightly farther apart.

Scales from the largest of series A, 114 num., the smallest in series

B, 72 m.m., and one of the fish that had all its scales removed are figured

in plate III. These show no marked difference in the differentiation, indi-

cating that age and degree of injury do not influence the process to any

great extent, if at all.

It may be noted that no fatalities occurred which were referable to

the osmotic pressure of the sea water. This fact is in direct opposition

to the findings of Garrey, '0.1, but corroborates in part those of Sumner,

'OG, who repeated and extended the work of Garrey. The results may bo

harmonized by assuming that sporozoan infection occurred in Garrey's

experiments of which he took no account. The histological study of this

process has not yet been completed.

Garrey, W. E.

'05. The osmotic pressure of sea water and the blood of marine ani-

mals. Biol. Bull. Vol. VIII, No. 4.

Hoffbauer, —

.

'99. Die Altersbestimmung des Karpen an seiner Schuppe. Jahres-

berichte des Schlesischen Fischerei-Vereiu.

Hutton, J. Arthur.

'10. Salmon scale examination and its practical utility, with notes

on Wye salmon fisheries and the photography of the scales. Sherratt and

Hughes, London.
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Johnston, II. W.

'05. The scales of salmon as indicative of age, gi'owth and spawning

hahit. 2flth Rep. Scot. Fish. Bd. Pt. II, App. II.

'OS. The scales of salmon. 26th Rep. Scot. Fish. Bd. Pt. II, App. III.

'10. The scales of salmon. 28th Rep. Scot. Fish. Bd. Pt. II, App. III.

Sumner, P. B.

'06. The physiological effects upon fishes of changes in density and

salinity of water. Bull. V. S. FLsh. Com., Vol. XXV.
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A Catalogue of Scientific Periodical Literature on File in

Various Libraries of the State.*

CoMPii^D BY Howard J. Banker and Will Scott.

Abbreviations used

—

Bold faced figures = number of volume.

+ after volume number = all succeeding numbers on file and current

numbers received.

Indices = numbers of an incomplete volume. Used in Academy list.

* = incomplete volume,

o.s. = old series,

n.s. = new series.

Roman numerals = series.

The year (e.g. '95) = date of volume. Used where volumes are not num-

bered serially or number of volume was unknown.

N.D. = Notre Dame.

W. = Wabash.

D. = DePauw.

R.P. = Rose Polytechnic.

S.N. = State Normal School.

F. = Franklin.

P. = Purdue.

B. = Butler.

E. = Earlham.

Acad. =» Indiana Academy exchanges deposited in the State Library at

Indianapolis.

I.U. = Indiana University.

*At the meeting of the Indiana Academy of Science for 1911 the compilers of this catalogue were

appointed to collect and publish in the proceedings of the Academy a list of the Scientific periodical

literature on file in the college and university libraries of the State, together with the exchanges of the

Academy deposited in the Indiana State Library at Indianapolis. The lack of uniformity in the lists

submitted, the incomplete statement of titles, and the occasional inexact use of the terms "complete' '

and "current" have probably resulted in some errors. This list may bo made the basis of a very

complete and exact catalogue.

Committee.
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CATALOGUE.

Abhandlungen der Koniglich Prcusschen Akadcmie der Wissenschaften.

I.U. 1+.

Abstracts of physical papers. P. 3.

Academia nacional de ciencias. Cordoba, Argentine Republic. Adas. Acad.

5'-'. Boletin. Ac.vd. T'-'.*, 8'-\ 9, 10, ll'-^ 12=-^ 13', H'--, 15'-^ Ifi'-".

Academia de ciencias medicas fisicas y naturales de la Habana, Havana, Cuba.

Anales. Acad. 36"' '«-2''24.

Academic des sciences; Comptes rcndus. I.U. 1.

Academic imporiale des sciences, St. Petersburg, Russia. BuUeiins. Acad.

IV. 36' =, V. 1-5, 6' *, 7>'=, lOS 11-14, 15' ^ 16'', 22-25.

Academy of natiual sciences of Philadelphia, Pa. Proceedings. N.D. 62+ :

B. '56-'86, '88-'93, '95 + : Acad. 58+: I.U. 1+.

Acetylene journal. N.D. '08-' 10.

Acta niathcmatica. I.U. 1+.

Advanced therapeutics. P. 23*, 24*.

American academy of arts and sciences, Boston. Proceedings. R.P. 1-7, 9-16:

S.X. 34-37: P. 40*, 41*: Acad. 34+ . Mernoirs. R.P. n.s. 1-9: P. 13*.

American academy of medicine. I.U. 6 + .

American anthropologist. I.U. 1+.

American anticjuarian and oriental jounial, Chicago, 111. Ac\n. 3", 6*, 11', 14".

American architect. R.P. 21 + .

American association for the advancement of science. Proceedings. \\. 45+ :

R.P. 1-41, 43-55, 59-61: S.N. 1-44: P. 29+ : I.U. 1 + .

American botanist, Joliet, 111. N.D. 15 + : D. 1+.

American chemical journal. N.D 17+ : W. 1 + : D. 1 + : R.P. 17 + : P. 1 + :

R.8 + : E. 39 + : I.U. 8 + .

American chemical society. Journal. N.D. '76+ *: W. 15, 16, 24 + : D. 15+ :

R.P. 15 + : P. 1 + : I.U. 28. Review of American chemical research. P.

'03-'06. Chemical abstracts. N.D. 1 + : W. 1 + : D. 1 + : P. 1+. Pro-

ceedings. I.U. 31 + .

American chemist. W. 1-4: R.P. 1-7.

.\merican city. P. 1 + .

American druggist. P. 14+.

American electrician. R.P. 11-17.

American electro-chemical society. Transactions. P. 1 + .

American ephemeris of materia medica. P. 1-3.

American engineer. R.P. 9-21.
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American engineer and railroad journal. R.P. 71+.

American fern journal. N.D. '10+.

American forestry, Washington, D. C, (see Conservation). D. 16+ : P. 16+.

American forestry association. Proceedings. P.- 10*, 12*.

American forestry congress. Proceedings. P. 4.

American garden. P. 1-10.

American gas institute. Proceedings. R.P. 2 + .

American geographical society, New York. Bulletin. S.N. 34 + : Acad. 14*,

15^ 16\ 17''-'^'5, 182-S 19'-3, 20'-^: I.U. 1 + . Journal. S.N. 28-33.

Continued as the Bulletin.

American geologist (continued as Economic geology cj.v.). W. 11-26: S.N.

12-36: E. 29+ : B. 10-24.

American health. P. 1, 2.

American homes and gardens (continuation of Scientific American, building

edition). R.P. 1 + .

American horticulturist. I.U. '85-'86.

American institute of the city of New York. T'ransactions. P. 6.

American institute of electrical engineers. Proceedings. R.P. 24 + . Trans-

actions. R.P. 20-21, 28, 29.

American institute of mining engineers. Transactions. R.P. 1 + .

American journal of anatomy. S.N. 1 + : P. 5+: I.U. 1 + .

American journal of archaeology. D. 1-11; II. 1 + : I.U. 1+.

American journal of conchology. P. 1-7.

American journal of diseases of children. I.U. 1+.

American journal of mathematics, Baltimore, Md. W. 15+ : D. 1-16: P. 1 + :

I.U. 1.

American journal of medical science. I.U. 133 + .

American journal of microscopy and popular science, New York. D. 1, 2:

R.P. 1-5.

American journal of pharmacy. R.P. III. 1 18; IV. 1, 2: P. 54, 55, 58+.

American journal of physiology, Boston. D. 15-20: S.N. 1 + : P. 13+:

I.U. 1 + .

American journal of psychology. S.N. 1 + : P. 19 + : E. 2-6, 12, 14, 16, 17:

I.U. 1 + .

American journal of public hygiene. P. n.s. 1 + .

American journal of science. W. 1-150, n.s. 1-28: R.P. 1 + : S.N. 100+ : P.

1 + : B. III. 11-16, 19 50; IV. 1 + : E. 274 : I.U. 1 + .

American journal of science and arts, New Haven, Conn. D. 10, 11.
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American machinist. R.P. 6+.

American mathematical monthly. W. 5+: S.N. 4+: P. 1-8, 12+: I.U. 1+.

American mathematical society, New York. Bulletin. W. 8+: D. II. 1-6:

S.N. 1, 3+ : P. II. 1 + : I.U. 1+. Transactions. P. 1 + : I.U. 1+.

American medical association. Journal. P. 1-3, 9-22, 36, 38, 40+*: I.U. 41+.

American microscopical society, Decatur, Iowa. Transactions. W. 18+:

D. 30+.

American midland naturalist, Notre Dam.e, Ind. N.D. 1, 2.

American monthly magazine. t N.D. '17, '18.

American monthly microscopical journal, Washington, D. C. N.D. 1+*:

D. 1, 10-15, 18-23*: R.P. 1-2: P. 2.

American museum journal. N.D. '09 + .

American museum of natural history, New York. Bulletins. P. 8: Ac.\d.

l'-8. Reports. Ac.\D. '70-'89.

American naturalist. N.D. 1 + : W. 1-34, 36 39, 43+ : D. 1-5, 20+ : S.N. 1 + :

F. 1-4, 11-13: P. 1-8, 10*, 11 + : E. 1-4, 7, 40+ : B. 1-6, 11 + : I.U. 1 + .

American i)l)armaceutical association. Bulletin. P. 2+ . Proceedings. P. 7,

10,14,15,32+ : I.U. '02+ .

American philosophical society, Philadclpliia. Proceedings. R.P. 1744-1838,

'76-'90: Acad. 27-38, 47, 48, 51-156, 158, 197, 199-201.

American physical education review. I.U. 1 + .

American cpiarterly microscopical journal. R.P. 1-3.

American society of civil engineers. Transactions. R.P. 43, 44, 60+.

American society for psychical research. Journal. S.N. 1, 2, 4+ . Proceed-

ings. S.N, 1 + .

American society of mechanical engineers. Transactions. R.P. 1+.

American society for testing materials. Proceedings. R.P. 2-8.

Analyst. P. 8+: I.U. 1-10.

Analyst i.Math.) continued as Annals of mathematics q. v. P. 1-10.

Anatomical record. S.N. 5+: P. 1 + .

Anatomischer Anzeiger. B. 13+ : I.U. 1+.

.4nnalen der Chemie (Liebig). W. 285-350: D. 1 + : P. 301+. Supplement.

D. 1-8.

Annalen aus dem hirnanatomischer Institute in Ziirick: I.U. 1+.

Annalen der Physik und Chemie. W. 16+ : P. III. 1 + : I.U. 284. Beiblatter.

P. 31 + : I.U. 17+.

t Contains writings of Rafinesque.
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Annales de chemie et de physique. N.D. '99-'06: B. 73: I.U. VI. 28. 30; VII.

2 30, VIII. 1 + .

Annales de geographie. S.N.8+ : I.U. 7+.

Annales historico-naturales musei nationalis hungarici, Budapest, Hungary.

Acad. 1-8.

Annales de L'Institiite Pasteur. I.U. 20+.

Annales de paleontologie. I.U. 1 + .

Annales des ponts et chaussees. R.P. VI. 15+.

Annales des sciences natiuelles botanique. W. VII. 19, 20; VIII. 2-14.

Annali di mathematica. I.U. III. 17+ .

Annals of botany, London, Eng. W. 7: D. 1-7, 20+ : S.N. 1 + : P. 1 + :

I.U. 1+.

Annals of mathematics, Charlottcville, Va. (see Analyst, math.). W. 1-12,

n.s. 1-9: D. 1-6: R.P. 1 + : P. II. 1 + : I.U. o.s. complete, n.s. 1+.

(L) Annee biologique. I.U. 1 + .

(L) Annee psychologique. I.U. 1+.

Annual record of science and industry. D. '71-'73.

Annual report on the progress of chemistry. B. 5-7.

Annual of scientific discovery. D. '50-'62, '65, '68-'71.

Arboriculture. P. 1-8*.

Arbeiten aus der kaiserlichen Gesundheitsante. I.U. 24+.

Archiv fiir Anatomie und Physiologie. I.U. '77+ .

Archiv fiir Entwicklungsmechanic der Organismen. I.U. 1 + .

Archiv der Mathematik und Physik. P. 9+ : I.U. 1 + .

Archiv fiir die gesammte Physiologie des Alenschen und der Thiere. D. 27,

28: P. 106+ : I.U. 1+.

Archiv fiir microscopische Anatomie. I.U. 17+.

Archiv fiir pathologische anatomie und Physiologie und fiir klinische ^Medicine.

I.U. 1+.

Archiv der Pharmacie. I.U. '00+.

Archiv fiir Rassen-imd Gesellschaft—Biologic. I.U. 1+.

Archive fiir Schul Hygiene. I.U. 1+.

Archives de Biologic. I.U. 11 + .

Archives de Medicine experiment ale. I.U. 18+ .

Archives de Parasitologic. I.U. 10+ .

Archives de Zoologie experimentale. I.U. 9-10.

Archives of psychology. I.U. 1 + .

Arkansas geological survey. Report. P. 88-92*.

[29—29034J
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Art aniateiir. li.P. 17 45.

Asiatic society of Bengal, Calcutta. Bengal. Proceedings. Acad. '85^^^''"'^.

'861-4,6,81 0^ '87'-'», '88-"91, '92'-9, 93--«'S-'"/ 94'" '», '95. '96, '97'-«5-n

'98'-", '99, '00'".

Association of engineering; societies. Journal. R.P. 1 + .

Astronomical journal. W. 13-21: I). 7+ : I.U. 1+.

Astronomical .-society of the PacifC I.l'. 1+.

Astronomiche Gesellschaft. I.U. 1 + .

Astronomische Xachrichten. D. li;i-13S: I.U. 55 58. 107, 111 118, 121-122,

124 + .

Astronomy and astro-physics. \V. 11-13: I). 11 13.

Astrophysical journal. W. 1-6, 17 + : D. 1 + : P. 7, 19 27, 29 + : I.U. 1 + .

Atti Delia Reale Academia dei Lincea. I.U. "11 + .

Augustana library publications. P. 4-6.

Auk, The, Cambridge, Mass. Acau. 26'.

Australian association for the advancement of science, Sydney, Australia.

Report. Acad. 7-12.

Belfast natural history and philo.sophical society, Belfast, Ireland. Report.

Acad. '85-88, '96-01, '04-'06, 08-' 10.

Berichte der dcutschen botanischen Gesellschaft. W. 13-15.

Berichte der Saechsischen Gesellschaft der Wissenschaften Math. I. U. 63+.

Berichte der deutschen chemischen Gesellschaft. N.D. '96+: W. 1 + : D. 7+:

P. 1+.

Berliner Klinische Wochenschrift. I.U. '06+ .

Bibliographia physiologica. P. 1 + : I.U. 1 + .

Bibliographia zoologica. I.U. 1 + .

Bibliographic geographiciue annuelle. I.U. 7+ .

Beiblatter zu den Annalen der Physik und Chemie. I.U. 17+ .

Beitrage zur Psychologic und Philosophic. I.U. 1 + .

Biological bulletin. Woods' Hole, Ma.ss. D. 1 + : S.N. If: V. IS 20: P. 14 + :

I.U. 1 + .

Biochemisches Centralblatt. I.U. 4 + .

Biometrica. I.U. 1 + .

Biological society of Washington. D. C. I'raccfflwgs. ,\cau. 1-23*.

Biologisches Centralblatt, Ueipsig, CJennniiy. I). 1 30: I.U. 1+.

Bird lore. W. 3 + : F. 12+ .

Birds and nature. S.N. 1-21.

Bolletino della arboricultura Italiana. N.D. '09+ .
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Boletino del comite regional del Estado Duraiigo, Mexico. X.D. "10+ .

Boston journal of natural history. R.P. 1-6.

Boston society of natural history. Mevioirs. Acad. 5'. Prucccdinqa. Acad.

3P, 34'.

Botanical gazette, Chicago, 111. W. 1 + : D. 12+: S.X. 1, 2, 4, 6, 8+ : P. 1 + :

E. 13-30, 33+: B. 26-50: I.U. 13 + .

Botanical magazine. X.D. 12. 13. 15, 18, 27.

Botanical society of Edinburgh, Edinburgh, Scotland. Transactions. Acad.

22'-3, 231-^24', 25+.

Botanische Zeitung. W. 51-59: I.U. 1+.

Botanischer Jahresbericht (Just's). W. 1-20: D. 1-32.

Botanischer \'crein der Provinz Brandenburg, Berlin, Germany. Verhand-

lungen. Acad. 36-52.

Botanisches Centralblatt, Jena, Germany. \V. 49-60, 89+ : D. 1 + : I.U. 1 + .

Botanisches Centralblatt-Beihefte. D. 1 + : I.U. 9 + .

Botaniska notiser, Sweden. N.D. 09-' .

Brain. S.X. 13, 15+ : I.U. 12^.

Brazil museu Goeldi. Bolelin. P. 4, 5*.

Breeder's gazette. D. 55.

Brickbuilder. R.P. 9+.

Bristol naturalist's society, Bristol, England. Proceedings. Ac.vd. 1--', 2''-.

British association for the advancement of science. R.P. '31 -r.

British medical journal. I.U. '06+.

British patents, abridgements. R.P. 1588+.

British journal of psj^chology. P. 2 i-.

Brown University. Studies from the biological laboratory. I.U. 1 + .

Bryn Mawr college. Monographs. Acad. 1-", 5-7, 9.

Bryologist. X.D. 12+ : D. 1+.

Buffalo society ot natural sciences. Bulletin. P. 1, 2: Acad. 1-4, 5'' = '^, 6, 9^

Bulletin astronomicjue. W. 15-17: I.U. 14 + .

Bulletin de I/Institute Pasteur. I.U. 3+ .

Bulletin de jardin botanique de L'etat a Bruxelle.^. X'.D. '09+ .

Bulletin of pharmacy. P. 14+ .

Bulletin des sciences mathematicjue ct astronomiciuc. I.U. 1 + .

Bureau of American ethnology. Report. P. l4-: Bulletin. P. 33+ .

California academy of sciences. Bulletins. Acad. U, 2''"'. Memoirs. Acad.

4, 5^ Occasional papers. Acad. 1-9. Proceedings. Acad. II. 1''-, 2,

31,2^ 41,
2_ 51,2^ g. jxi. bot. l»-i», 2'-"; geol. l''", 2''-; math, and phys.

U-8; zool. U-'^, 2'-!', 3'-i3, 41-3; IV. 1, 3.
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California state board of forestry. Bulletin. P. 1. Biennial reports. P. 3.

California university chronicle. P. 11 + .

Canada commission of conservation. Report. P. 1+.

Canada geological and natural history survey. Sinnmarij reports. P. '85-'87,

'89, '91, '05, '06.

Canada geological survej'. Annual reports. P. n.s. 1+. Report of progress.

P. 20-27.

Canada, interior dei)artment, forestry branch. Bulletin. P. 1 + .

Canada, superintendent of forestry and irrigation. Report. P. '09-' 10.

Canadian entomologist, London, Ontario, Canada. D. 24-30*: P. 39 + .

Canadian forestry association. Report. P. 11 + .

Canadian institute, Toronto. Reports. Ac.\d. '86-'91. Proceedings. Acad.

3- S 4'''-, 5''=, 6'-=, 7'; n.s. l'-«, 2'-«. Transactions. Acad. 11'=, 2^'^, i\

5"'=, 6''-', 7' ', 8'-\. 9".

Canadian record of science. I.U. '96-"05.

Carnegie institute. Annual reports. P. 1 + : Acad. '98+ . Annals. Acad.

'01 + . Memoirs. Acad. 1, 2, 3', 4'"'. Celebration of founder's day. Acad.

'98-'00, '02 '0.5, "07 + . Prize essay contest. Acad. '99-' 04.

Cassier's magazine. P.P. 5-33, 36 + : S.X. 13 + : F. 39 + : I.U. 6 + .

Cellule, La. X.D. 1 + : LU. 22+.

Centralblatt fi'ir normale Anatomic und Microtechnik. LU. 1 + .

Centralblatt fiir Baktcriologie. P. 36 f-.

Centralblatt llir allgemeinc und cxperimentelle Biologie. LU. 1+.

Centralblatt fiir Elect rotechnik. P.P. 7 10.

Centralblatt fiir Physiologic. \V. 6: P. 19+ .

Central Park menagerie. New York. Reports. Acad. '88-'90.

Central states medical monitor. P. 5-11*.

Chemical abstracts. LU. 1 + .

Chemical engineer. X.D. 1 + : P. 1 + .

Chemical engineering aiul physical chemistry. B. 1 + .

Chemical news. X.i). 79 + : \V. 1 6: i:). 1 61: K.l\ 71 + : S.X. 39-52, 61 63,

68 + : P. 33 + .

Chemical society, London. .Jmirual. X.D. 16-96: \V. 65 + : D. 24 + : It. P.

28 + : B. '06 + . R< pints. D. 1 6: P. 1 + : B. '10.

Chemisches Centralblatt. X.D. 77+ : R.P. '04 + : P. 47+: I.U. 52+.

Chemist and druggist. P. 70+.

Chicago academy of sciences. Bulletin. Acad, l''", 2^-*, 3'-\ Reports.

Acad. '95-'97. Bulletin of the natural history survey. Acad. 1-G, 7'.
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Chicago entomological society. Memoirs. Acad. 1'.

Cincinnati lancet-clinic. P. 16-24*.

Cincinnati society of natural history. Journal. Acad. 11, 12'"', 15'-*, 16="^,

17-19, 21'' 2: l.U. 1-2.

Cincinnati university studies. P. II. 1 + .

Civil engineer's journal. R.P. 1-25.

Colorado scientific society. Proceedings. P. 9+ .

Colorado college, Colorado Springs. Studies. P. science ser. 13-20, 23-26,

30-32, 39+ : Acad. '91, '94.

Colorado scientific society, Denver. Bulletin. Acad. '97>o ", '98\ '99''S '00^.

Proceedings. Acad. 1. 2'"^ 3' ', 5-9.

Colorado university. Studies. P. 1+.

Columbia university, New York. Bulletin. P. 1-20. Quarterly. P. 1 + ,

Ernest Kempton Adams fund for physical research, publications. P. 1.

Comite geologique, St. Petersburg, Russia. Bulletins. Acad. 17-28, 29'"''.

Memoirs. Acad. 2\ 7, 8^-', 9'-^, W^*, U\ 13=-^ 14, 15'-S 16''=, 17'•^,

18'- ^ 19, 20'-, U.S. 1-38, 40-52, 56, 57, 59.

Commissao dos trabalhos geologicos, Lisbon, Portugal. Communicacoes.

Acad. 1-5, 6'.

Compressed air. R.P. 9-11.

Comptes rendus hebdomadaires deracademie des sciences. R.P. 104+ : P.

140 + : l.U. 1+.

Connecticut academy of arts and sciences, New Haven. Transactions. Acad.

8, 92, 10-16.

Connecticut, state geological and natural history survey. Bulletin. P. 1 + .

Connecticut, commissioners of fisheries and game. Report. P. '09, '10.

Connecticut, shell-fish commissioners. Report. P. '09, '10.

Conservation (continued as American forestry q. v. See also Forestry and

irrigation). P. 14, 15.

Cuerpo de ingenieros de minas, Lima, Peru. Boleiin. Acad. 1-21, 25-54,

56-59, 62-74, 76.

Curtis' botanical magazine. N.D. 1-12, 22, n.s. 6.

Denison university, Granville, Ohio. Bulleiin of the scientific laboratories.

Acad. 2-5, 6', 9'^ 10, ll'-s, 13'"6, 14'"'». 15, 16'"'^

Deutsche Gesellschaft fiir Natur und Volkerkunde Ostasiens, Tokio, Japan.

Mitteilungcn. Acad. 9' supp. ~, 10'"
',

11'-^, 12''-, 13'-^

Deutsche Chemische-Gesellschaft zu Berlin-Berichte. l.U. '04+ .

Die landwirtschattlichen Versuch-stationen. l.U. 35-47, 49+ .
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Dingler's polyteclinisches jouriuil. R.P. 259-262, 267-319.

Economic geology (see American geologist). S.N. 1 + : E. 1 + : I.U. 1+.

Edinburg mathematical society. Proceedings. I.U. '04+ .

Electrical engineer, London. R.P. 1-32*.

Electrical engineer, New York (combined in 1899 with the Electrical world

q. v.). R.P. 7-27.

Electrical review, London. R.P. 26+ .

Electrical review. New York. R.P. 31 + .

Electrical world. D. 3-4, 19 + : R.P. 24+ : S.N. 23 + : E. 16, 17, 24, 25: LU.

11+.

Electrician. D. 28-37: R.P. 47 + : I.U. 51 + .

Electric journal. R.P. 2+ .

Electrochemical and metallurgical industry. See Metallurgical and chemical

engineering.

Electrotechnische Zeitschrift. R.P. 6, 7, 12+.

Elisha Mitchell .scientific society of the university of North CaroUna, Chapel

Ilill, N. C. Journal. Acad. 13, 4', 5 + .

Engineer. R.P. 1-28, 41, 69, 70, 97+.

Engineering. R.P. 3-42, 47+ .

Engineering and mining journal. R.P. 20-36, 49 + : 1.1.53 + .

Engineering digest. See Industrial engineering and engineering digest.

Engineering magazine. R.P. 2+: S.N. 1 + : F. 27-32: I.U. 1+.

Engineering news. R.P. 13 + : I.U. '00 + .

Engineering record and sanitary engineer. R.P. 12+ : 1'^. 51 60.

English mechanic and world of science. R.P. 45-77.

E^nseignement mathematique. P. 5+ : I.U. 11 + .

Entomological news, Philadelphia, Pa. W. 9+ : D. 1+.

Entomological society of America. Annals. W. 1 + .

Entomological society of Ontario. Reports. S.N. '78, '81-'89. '91 '99, 00 09.

Entomologiska fiu-eningen, Stockholm, Sweden. FynlovioUxjixk lidskrill. .Xcau.

13'
r, 18 25, 26'-*, 28 30. 31' \

Ergebnisse der Anatomic uiul Entwickelungsgeschichte. I.U. 1 + .

Ergebnisse der Physiologic. S.N. 1 + : P. 1-5: I.U. 1 + .

Essex iuslitutc, Salem, Mass. Bullelin. Ac.\D. 19'-\ 20* '', 21-23, 24' '•'=,

25, 26' '-, 27' «, 28-30" '«. Reporl. AfAD. '99. 00.

Field Columbian museum of natural history, Chicago, 111. Reports. Acad.

1, 23-!-, 3^ 41 Erthange rntaloguc. Acad. '96 '98. PiMkations. N.D.

bot. ser. 1 + : P. anthrop. ser. 1 + ; hot. ser. 1 + ;
gcol. .ser. 1 + ;

ornith,
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ser. 1 + ; report ser. 1 + ; zool. ser. 1 + : Acad, anthrop. ser. 2' ^ ", S'''',

4-6', 7'; hot.ser. I'-S'-', 2''3-^32; geol. ser. 1' ••'-', 2=-<' «-'", 3'-». 4'; ornith.

•ser. 1' -•«; zool. ser. p-sn^T^ 2==, 3'2-'«, 4''=, 5-10.

Flora. I.U.86 + .

Folia haemtologica. I.U. 3 + .

Folia seralogical. I.IL 1 + .

Forester. P. 4 7.

Forestry and irrigation (continued as Conservation 7. /'.). P. 8-13.

Forestry (piarterly. W. 3 + .

Forschungs Bericlite aus der biologisclics Station zu PUiii. von Dr. (Xlo Z;i(lia-

rias. .Stuttgart. I.U. 1 + .

Fortschritte der Physilc. P. 4+ .

Fort Wayne medical journal. P. 2, 22, 27, 28*.

Franklin institute. .Journal. R.P. 5-47, 49-51, 86-97, 115+ .

Gas engine. R.P. 4 + *.

Geographische Zeitschrift. I.U. 5+ .

Geographical journal. S.N. 1 + .

Geographical society of America. Bulletin. S.N. 1 + .

Geographical society ot Philadelphia, Pa. Bulletin. S.N. 7+ .

Geological magazine. I.U. 1 + .

Geological society of America. Bulletin. E. 13 + : I.U. 1 + .

Geological society of London. I.U. 60+ .

Geologisches Centralblatt. I.U. 1 + .

Georgia forest association. Forest, fish and game (formerly Southern wood-

lands). P. 2, 3.

Georgia geological survey. Bulletin. P. 24, 25. Report. P. '93.

Giornale di Mathische. I.U. 1 + .

Guide to nature. N.D. '09+ : F. 3+ .

Gulf biological station, Cameron, La. Bulletin. P. 3, 4, 6, 7, 9-11, 13+ .

Hamburgische botanische staatsinstitute. Jahresberichte. N.D. '05+ .

Hamilton .scientific association, Hamilton, Ontario. Journal and prorerding.s.

Acad. IS 14-19, 21-23, 25, 26.

Harvey society, New York. Lectures. P. '05+ .

Harvard university. Puhlicaiions from iJie Jefferson pht/sical laboratory. P. 4,

6+ . Contributions. E. 1 + .

Havana university. Revista de lafacultad de lelras y ciencias. P. 3+.

Hawaii agricultural experiment station. Report and bulletin. N.D. '10+.

Histologisches und Histopathologische Arbeiten vmd die Grosshirnrinde. I.U.

1+.
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Historical and scientific society of Manitoba, Winnipeg. Manitoba. Reports.

Acad. '97-' 06. Transactions. Ac.\d. 51-72.

Horticultural society of London. Transactions. N.D. 1-4.

Hygienisches centralblatt. I.U. 1 + .

Illinois state geological survey. Bulletin. P. 3+ .

Illinois state laboratory of natural history. Bulletin. N.D. '04+ : 8.X. 1-7:

Acad. I'-^-s, 2'''-''''-», 5'-'"-, G\ 7>-i°, 8'-', 9'-".

Illinois university, state water surve}'. Bulletin. P. 1 + .

Illinois university. Studies. P. 1 + *.

Imperial journal of arts, science, etc. F. 1-4.

Index Medicus. I.U. 3+ .

India, inspector-general of forests. Review of forest administration. P. '07-'10.

Indiana academy of science, Indianapolis. Proceedings. N.D. 24+ : S.N.

7-9, 14+: P. 7+ : I.U. 1 + .

Indiana geographical congress. Reports. S.N. 3, 6.

Indiana horticultural society. Transactions. D. '79.

Indiana medical journal. P. 3-27*: I.U. 7+.

Indiana medical association. Journal. P. 1+.

Indiana pharmaceutical association. Proceedings. P. '96, '99.

Indiana state board of forestry. Report. D. 6, 7, 10.

Indiana state medical society. Transactions. P. '79, '80, '91, '93, '95.

Indiana university. Studies. P. 1 + : I.U. 1+.

Indianapolis medical journal. P. 12+.

Industrial engineering and engineering digest. R.P. 3+ : E. 3, 4.

Industries. R.P. 1-15.

Inland architect. R.P. 30-52.

Insect life, Washington, D. C. D. 3-7*.

Institut international de bibliographie, Bru.ssels, Belgium. Bihliographia

physiologica. Acad. 1'"^ 2''^.

Institute medico nacional, Mexico City, Mexico. Anales. Acad. 11'"'.

L'lntermediaire des mathematiciens. P. 18+ : I.U. 1+.

Internationale Monatschrift fiir Anatomie und Physiologie. I.U. I+.

International journal of microscopy and natural science. D. 2.

Internationale wochenschrift fiir Wissenschaft, Kunst, und Technik. I.U. 1 + .

Ion. W. 1.

Iowa academy of sciences, Des Moines. Proceedings. Acad. 11, 12, 17.

Iowa geological survey. Bulletin. P. 1.

Iowa state university. Contributions from the physical laboratory. P. 1*.

Natural history bulletins. P. 2-4. Studies in psychology. P. 1, 2.
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Iron and steel magazine (formerly Metallographist q.v.). P. 7-11.

Jahrbucher fiir wissenschaftliche-Botanik. I.U. 14 + .

Jardin Botanique de Buitenzorg; Annales. (Botanical and Zoological jjarts).

I.U. 1 + .

Jahrbuch der Chemie. P. 19+ .

Jahrbuch fiber die Fortschritte der Mathematik. P. 1 + : I.U. 1+.

Jahresberichte der deutochen mathematiker Verliniguna. I.U. 1.

Jahresberichte iiber die Fortschritt der Anatomic und Physiologie. I.U. 1-8.

Jahresberichte iiber die Fortschritt e in der Lehre von den Pathogenen Micro-

organismen. I.U. 1 + .

Jahresbericht iiber die Fortschritte der Chemie. P. '22-'74.

Jahresbericht iiber die Fortschritte der reinen pharmaceutischen und technichen

Chemie, Physik, Mineralogie, und Geologie. I.U. 1+.

Jahresbericht iiber die Leistungen und Fortschritte auf dem Gebietc der

Neurologie imd Psychiatrie. I.U. 1 + .

Johns Hopkins hospital. Bulletin. P. 17+ : I.U. 1+.

Johns Hopkins university, Baltimore. Circulars. P. 17+ : Acad. 4-21*.

Journal of analytic and applied chemistry. W. 1-7.

Journal of analytical chemistry. R.P. 4-7: P. 4-7.

Journal de I'anatomie et de la physiologie. I.U. 1+.

Journal of anatomy and physiology. I.U. 1 + .

Journal of abnormal psychology. I.U. 1 + .

Journal of animal behavior, Cambridge, Mass. D. 1 + : S.N. 1 + : B. 1 + :

I.U. 1+. Behavior monographs. B. 1 + : I.U. 1 + .

Journal of applied microscopy, Rochester, N. Y. N.D. 1-6*: W. 1-6: S.N.

4-6: B. 2-6.

Journal of biological chemistry. I.U. 1 + .

Journal of botany. P. 10. I.U. 1 + .

Journal of comparative neurology, Philadelphia, Pa. D. 1 + : S.N. 16 + :

I.U. 1 + .

Journal de I'ecole polytechnique. I.U. '10+.

Journal of economic entomology. \V. 2+ : P. 1 + .

Journal of educational psychology. P. 1 + .

Journal of experimental medicine. I.U. 1+.

Journal of experimental zoology, Philadelphia, Pa. W. 2+ : S.N. 1 + : P. 1 + :

I.U. 1+.

Journal of geography. S.N. 1 + : I.U. 1+.

Journal of geology. W. 1 + : S.N. 1 + : P. 1 + : E. 1 + : B. 7-18: I.U. 1 + .
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Journal of mental science. I.U. 40+.

Journal of hygieo-therapy. P. 1*: I.U. 1 + .

Journal ol hygiene. P. 6+ .

Journal of industrial and engineering chemistry. X.D. 1-3: D. 1 + : P. 1 +

I.U. 1+.

Journal of infectious diseases. P. 1 + .

Journal de mathematique. I.U. 1 + .

Journal of the mathematico-physical society of Tokyo. I.U. '11+.

Journal of medical research. I.U. 6 + .

Journal of morphology, Philadelphia, Pa. W. 17: D. 1 + : P. 1 + : B. 10+ *

I.U. 1+.

Journal of mycology, Columbus, Ohio. N.D. 1-8: W. 9-12: D. 1-14.

Journal of nervous and mental diseases. I.U. 27+.

Journal of pathology and bacteriology. I.U. 1 + .

Journal ot philosophy, psychology, and scientific methods. P. 5+ : E. 1-6

I.U. 1+.

Journal of physical chemistry. P. 6-( : l.l'. 1 + .

Journal de physiologic et |)athologie. I.U. 1 + .

Journal of physiology, Cambridge, England. D. 16, 12 16: P. 32+ .

Journal de physique. W. 2, 4, 5: P. 4+ .

Journal fiir Psychologic und Neurologic. I.U. 1 + .

Journal fvir praktische Chemie. W. 1-80.

Journal of the royal sanitary institute. P. 29 + .

Journal of school geography. S.X. 1 + .

Journal of tropical medicine. I.U. 6+ .

Kaiserlich koniglich zoologisch-botanische Gesellschaft, Wien, Austria

Verhandlungen. Ac.\d. 38, 39'-«, 40-^'\ 41-43, 44' -^ 45'-'°, 46'- = '5'''»'>»

47'-'«, 49-60.

Kaiserlich Leopoldinisch Carolinische deutsche Akademie der Naturforscher

Halle, Prussia. Abhandlungen. Ac.\D. 68, 69'-=, 70', 73\. 77', 79-. 81 ''^.s

823'
",

86' -2, 88^ 90' •'•\ 92', 93=.

Kansas academy of science, Topeka. Transactions. E. 13, 15-18: Acad. 9

19-22, 24.

Kansas geological survey. Report. P. 3, 5, 6. Mineral resources. P. '99-'03

Kansas state department of fish and game. Bulletin. P. 1 + .

Kansas university, Lawrence, Kan. Science bulletin. P. 1 + : Ac.\d. 1-5

Quarterly. P. 1-10*.

Kentucky geological survey. Report of progress. P. n.s. 1.
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Kongelige norske videnskabers Selskab, Trondhjem, Norway. Skrifter. Acad.

'97-'09.

Kongliga svenska vetenskaps-akademien, Stockholm, Sweden. Arkiv. Acad.

for kemi l', S'-*, 4'; for zoologi 1', 4, 5, 6'
-^, 7'; for botanik 1'-", 2'-\ 7,

8, 9'"'. Behang till hnndlingar. Acad. 12-28.

Koniglich bayerische Akademie der Wissenschaften, Munich, Germany.

Silzungberichte. Acad. 1-15.

Kbnigliche Gesellschaft der Wissenschaften zu Gottingenmathematische

physikalische Klasse. I.U. 61 + .

Koninklijke natuurkundige vereeniging in Xederlandsch-Indie, Weltevreden,

Dutch East Indies. Natuurkundig tvdschrift. Acad. 52, 53, 55-69.

Koninklijke Akademie von Wettenschafpen. I.U. 13+ .

Leiand Stanford, Jr. university. Publications. P. univ. ser. 1+. Contribu-

tions to biology. P. 1-8, 10-12, 14, 16, 18-30.

Lens. R.P. 1, 2.

Linnean society of New South Wales, Sidney, Australia. Proceedings. Acad.

25, 26>-*, 272-S 28'-^ 29'' 2.

Linnaean society ol New York. Abstract of proceedings. Acad. 1-4, 6-11.

Transactions. Acad. 1.

Lister institute of preventive medicine, London, England. Collected papers.

Acad. 2-6.

Lloyd library, Cincinnati. Bulletins. P. 1 + : Acad. bot. ser. 1; myc.ser. 1-4;

Pharm. ser. 1-4; reproduc. ser. 1-6. N^otes. P. 1-11, 14+ : Acad. 1-8.

19-26, 30-35.

London microscopical society. Transactions. R.P. 1-3.

London mathematical society proceedings. I.U. L, complete; II., 1 + .

London physical societj'. Proceedings. P. 19+.

Louisiana conservation commission. Report. P. '10.

Louisiana geological survey. Bulletin. P. 1-5, 7-8. Report. P. '99, '02.

Louisiana state museum, New Orleans. Report. Acad. '10.

Louisville medical monthly. P. 2*, 3*.

Machinery. R.P. 3+ .

Magyar kiralyi termeszettudom anyi tarsulat, Budapest, Hungary. Megbizas-

&bol. Acad. 1-3.

Magyar maddrtani kozpont folyoirata, Budapest, Hungary. Aquila. Acad.

5-16.

Magyar nemzeti muzeum, Budapest, Hungary. Acad. 1-3.

Maine, commissioners of inland fisheries and game. Report. P. '02, '06+.
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Maine, commissioners of sea and shore fisheries. Report. P. '02+.

Maine forest commissioner. Report. P. 4+ .

Manual training magazine. I.U. 6+.

Marine biological hiboratory, Woods Hole, Mass. Lectures. S.N. '93-'99.

I.U. 1+.

Maryland geological survey. Report. P. 1+.

Maryland weather service. Report. P. 1 + .

Massachusetts agricultural society. Reports. N.D. complete.

Massachusetts horticultural society, Boston. Transactions. Acad. '92-, '93''-,

'94'=, '9.51 3, '961 3 '971,2 -981,2 '991,2^ 'qq^, 03-, '04>"-, 05'=, '06-'09,

'10'=, '11'.

Massachusetts state lorester. Bulletin. P. 1, 3-5. Report. P. 5+.

Mathematical gazette, London. S.N. '07+ : I.U. 1 + .

Mathematical magazine. W. 2.

Mathematical monthly. R.P. 1-3: P. 1-3.

Mathematical questions and their solutions, London. I.U. 1 + .

Mathematische annalen. R.P. 1 + : P. 1 + : I.U. 1+.

Mathematische und naturwissen-schaftliche Berichte aus Ungaren, Budapest,

Hungary. Ac.vD. 1-12, 14-25: I.U. 1 + .

Mathesis. I.U. 1+.

Mechanics. R.P. 1-11.

Medical brief. P. 14-24*.

Medical herald. P. 8, 9*.

Medical mirror. P. 6, 7*.

Medical review of reviews. P. 7 12*.

Medical standard. P. 17, 18*.

Medical and surgical monitor. S.N. 8-10.

Medical and surgical reporter. P. 50-53*.

Medical world. P. 8, 11, 13, 14*.

Merck's bulletin. P. 2-4*.

Merck's report. N.D. 1 + : P. 4, 6 + .

Meriden scientific association, Mcridcn, Conn. Transactions. Ac.\d. 1-6.

Messenger of mathem.atics, London and Cambridge, England (see Oxford,

Cambridge and Dublin messenger of mathematics). D. 1-22: R.P. 1 + :

S.N. 26-36: I.U. n.s. 1-23.

Metallographist (continued as iron and steel magazine q.v.). P. 1-6.

Metallurgical and chemical engineering (formerly Electrochemical and metal-

lurgical industry 9.1;.). N.D. '07+: D.2+: R.P. 1+*: P. 1 + : I.U. 1+.
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Meyer brothers druggist. P. 12, 15, 17, 18, 22, 28+.

Michigan academy of science. Bulletin. P. 1-3*. Report. P. 1 + .

Michigan forestry commission. Report. P. 1 + *.

Michigan state forestry commission. Report. P. 1.

Microscope, The, Washington, D. C. N.D. 1 + *: D. 12.

Milwaukee public museum. Reports. Acad. '98+.

Mind. S.N. 1 + : P. 17+: I.U. o.s. complete, n.s. 1 + .

Mind and body. S.N. 1 + : I.U. 1+.

Mineral industry. P. 7-15.

Minnesota academy of natin-al sciences, Minneapolis. Bulletins. P. 3*:

Acad. 2^-', 3\

Minnesota botanical studies. S.N. 1, 2: P. 1+.

Minnesota forestry commissioner. Report. P. 1-2, 4-8, 11, 12, 14, 16.

Minnesota geological and natural history surveJ^ P. 1-4. Report. P. 9, 24.

Minnesota waterways commission. Reports. P. 1 + .

Mississippi geological survey. Bulletin. P. 8.

Missouri botanical garden, St. Louis. Reports. N.D. 1-12, 14+ : D. 10, 13,

16 21.

Missouri bureau of geology and mines. Report. P. I. 3; II. 1 + . Biennial

reports to the general assembly. P. '01 + .

Missouri university. Studies. P. 1, 2; science ser. 1 + . Bulletin. P. science

ser. 2+.

Mitteilungen der mathematischen Gesellschaft in Hamburg. I.U. 5 + .

Monatshefte fiir mathematik und physik. I.U. 20+.

Montana agricultural college. Science studies. P. 1*.

Montana university. Bulletin. P. biol. ser. 15.

Monthly microscopical journal, London. R.P. 1-18.

Morphologisches Jarhbuch. I.U. 1+.

Muhlenbergia. N.D. 5+ .

Muchner medizinische Wochenschrift. I.U. 53+ .

Municipal engineering. R.P. 22-29, 33+ .

Municipal journal and engineer. R.P. 28+.

Museo de la Plata, Buenos Aires, Argentine Republic. Anales. Acad. II.

V'-. Revista. Acad. 11-17.

Museo de la Plata, La Plata, Argentine Republic. Anales. Acad. sec.

paleontologica 5; sec. botanica 1.

Museo nacional, Buenos Aires, Argentine Republic. Anales. Acad. 4-14.

Museo nacional de historia natural, Mexico City, Mexico. La naturaleza.

Acad. 7i«-i8; n. 11-3,6,6,9, lo^ 2'°-
", 31-'"; III. U'^.
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Museo nacional, Mexico City, Mexico. Anales. Acad. 4' '2.

Museo nacional, Montevideo, Uruguay. Anales. X.D. '09+ : Acad. 2, 3;

II. 1', 4'.

Museu nacional, Rio Janiero, Brazil. Ai-chivos. Acad. 11-13.

Museu paulista, Sao Paulo, Brazil. Revista. Acad. 4-8.

Museum of foreign literature and science. W. 2, 4-7, 12, 23, 24.

Museum national d'histoire naturelle, Pari.s, France. Bulletin. Acad. 11-16,

Museum of natural history, Springfield, Mass. licports. Acad. '9.5, '96, '08,

10, 11.

Mycologia, New York. W. 1-2: D. 1 + : S.N. 1 + : I.U. 1 + .

Nassauischer Verein fur Xaturkunde, Wiesbaden, German}-. Jahrbucher.

Acad. '99+ .

National academy of science. S.X. '83-'89, '91, '94, 03, '07. Annual. P.

'63-'66. Biographical memoirs. V. 6. Memoirs. P. 1 + . Reports. P.

'63, '82 + .

National association of boards of i)harmac}'. P. 5 + .

National conservation commi.ssion. Bulletin. P. 4.

National conservation association. Bulletin. P. 3.

National druggist. P. 18-22, 24. 26-31, 36 + .

National geographic magazine. X.D. 18+ : S.X. 1 + : P. 18 + : K. 15+ : I.U.

16 + .

National museum, Melbourne, Australia. Memoirs. Acad. 1-3.

Natural history society of Glasgow, Scotland. Transactions. Acad. 5-'',

Natural historj' society of Xew Brunswick, St. Johns, Xew Brunswick. Bul-

letin. Acad. 4S 5''S 6'-\

Natural science, London and Xew York. D. 1.

Naturaliste canadien Chicoutimi, Quebec, Canada. Acad. 24'"**'-, 25-2S.

291-3.5-12^ 30, 31, 32' '«-'"•=, 33-35, 36'2'^ ", 37, 38'".

Nature, London and Xew York. W. 1 + : D. 37 + : K.P. 1 + : S.N. 1 + : F.

50-58: P. 1 + : B. 13 46. 48 + .

Nature, Paris. R.P. 1 + .

Nature study review. X.D. 5+: W. 1 + : S.X. 1 + : F. 6+: P. 4+ .

Naturforschende Gesellschaft, Basel, Switzerland. Verhanillungen. Acad. 8\

9' ^ lO'-', 11-19, 20' \ 21.

Naturforschende Gesellschaft, Bern, Swilzerland. M iltheUungcn. Acad. 1073,

1769.
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Nafurforschende Gesellschaft, Zurich, Switzerland. ViciieJiuhrshrift. Acad.

43'-^ 44'=, 45-55.

Naturforschenden Vereincs in Brunn. Verhundlungen. N.D. 4.t

Naturhistorische Gesellschaft, Hanover, Pru.ssia. Jahresbericht. Acad. 49 59.

Naturwissenschaftlich niedizinischer Verein, Innsbruck, Austria. Bcrichte.

Acad. 14, 15, 17, 18, 27-33.

Naturwissenschaftlicher Verein. Bremen, German}'. Abhandluwjcn. Acad.

14-*, IS--^-', 161--', 17''-', IS'-'-, 19'', 20i'=.

Naturwissenschaftlicher Verein, Hamburg, Germany. Abhundlunyen. Acad.

19'"^ Verhundlungen. Acad. III. 10-18.

Naturwissenschaftlicher \'erein flir Hchwaben und Xeuburg, Augsburg, Germany.

Bcrichte. Acad. 33-40.

Nebraska university. Studies. N.D. 10+: P. 1-4*: I.U. 1+.

Neues jahrbuch flir Mineralogie, Geologie, und Palaeontologie. I.U. 1+.

Neurologisches Centralblatt. I.U. 1 + .

Nevada university. Studies. P. 1 + .

New Albany medical herald. P. 15, 16*.

New Hampshire forestry commission. Report. P. '85, '99, '01-'04, 09+.

New Hampshire forests. Society for the protection of. Report. P. 7, 8.

New Jersey forest park reservation commission. Report. P. 1+.

New phj'tologist. I.U. 4+ .

New remedies. P. 7-12.

New York academy of medicine. Transactions. P. II. 3-10.

New York academj' of sciences. New York. Transactions. Acad. 2'"*, 3, 4,

5^-^ 6-8, 9'-^ 10'-«, 11=-^ Annnls. Acad. 3'''°, 4'-« ">''-, 5-9. lOi-'^,

13' ^ 14' S 15' ^ 17-20, 21' ^

New York botanical garden, New York. Bulletin. Acad. 2"'«, 3»-", 4'2.i«,

515-18 619-22 723-26 ContrituHons . P. 90, 95. Journal. P. 3*.

New York entomological societj^, New York. Journal. Acad. 8' ^ ^ 9'"*,

10' =.

New York forest, fish, and game commission. Bulletin. P. 2. 3, 5. Report.

P. '02-'06.

New York geological survey. P. 4-6, 9.

New York mathematical society. New York (continued as American mathe-

matical society q.v.). Bulletin. D. 1-3: P. 1-3.

New York medical journal. P. 51-63, 74, 79-86*.

tContains Gregor Mendel's original paper on plant hybrids.
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New York microscopical society, New York. Juurnal. Acad, l'-* ",

2i'^""'^'^a 3, 4>"'' 5'"'. 6-^* 7''-'''.

New York state museum of natural history, Albany, N. Y. Bulletin. N.D.

'09+ : D. 38, 47, 54, 67, 68, 70, 75, 86, 94, 105, 116, 429, 450: P. 40, 49.

Report. P. 20+ *.

New York state science teachers' association. Proceedings. S.N. '07+ .

New York state veterinary college, Ithaca, X. Y . Abstracts of work done in

luhoratorii. P. 1+.

North American notes and queries, Quebec, Canada. Acad. 1''=.

North Dakota geological survey. Biennial report. P. 2+.

North Dakota school of forestry. Bulletin. P. 1.

North Dakota university'. Quarterly Journal. P. 1.

Nouvelles annales de mathematiciue. I.U. 1.

Nova Scotian institute of science, Halifax, N. S. Proceedings and transactions.

Acad. 7-11, 12'=.

Nyt Tidskrift fiir Mathematik. I.l'. 1.

Oberlin college library, Oberlin, Ohio. Wilson hullctin. P. 14 + : Acad. 14 I .

Laboratory bulletin. P. 3, 11-15.

Observatoire royal de Belgique, Brussels, Belgium. Annales physique. Acad.

3'. Annales astronomique. Acad. 9', 11'.

Observatory. W. 16-19, 21, 22: D. 8+ : I.U. 7, 11-14, 23.

Obstetric gazette. P. 10-12*.

Ohio geological survey. Report. D. 1=, 2', 6, 7: P. 1-4. Bulletin. P. IV. 1+.

Ohio mechanics institute. Quarterly iournal. I'. 1 + .

Ohio naturalist. N.D. 1 + .

Ohio state academy of science. Columbus. Report. Acad. "00 '06. Special

papers. Acad. 3-13.

Ohio topographic survey. Report. P. '03.

Ohio state forestry bureau. Report. P. 4.

Oklahoma academy of science, Norman, Okla. Proceedings. Acad. '09. '10.

Oklahoma geological survey. Bulletin. P. 1-3, 5+ . Circular. P. 1+.

Oklahoma university. Research bulletins. P. 1 + .

Oregon conservation commission. Report. P. '09 + .

Oregon university. Bulletin. P. n.s. 3*.

Ornithologische Gesellschaft in Bayern, Munich, fiermany. .\cad 5-10.

Ornithoiogisches jahrbuch, Hallein, Austria. Acad. 9, 12, 13, 15, 17, 19, 21.

Ottawa iialuralist, Ottawa, Canada. N.D. '09+ : Acad. 1-15*.

Oxford, Cambridge and Dublin messenger of mathematics, Cambridge, Eng-

land (continued as Messenger of mathematics q.v.). D. 1-5.
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Paginas ilustradas, San Jose, Costa Rica. Acad. 2, 3, 11, 12, 14, 15, 18, 30,

34-37, 47, 50-53.

Peabody museum of American archaeology and ethnology, Cambridge, Mass.

Papers. Acad. 1'"^ Memoirs. Acad. V~^. Reports. Acad. '89, '90.

Pennsylvania forestry department. Report. P. '01, '02, '05+ .

Pennsylvania geological survey. Report. P. 1-3.

Pennsylvania university. Contributions from the zo'dlogieal laboratory. P. 1*.

Pharmaceutical era. P. 1-8, 13-21, 23, 25+ *.

Pharmaceutical journal. P. 41 + *.

Philadelphia medical journal. P. 8.

Philippine Islands ethnological survey. Publications. P. 1*, 4*.

Philippine journal of science. P. (all ser.) 3+.

Philosophical magazine and journal of science. W. 5+ : R.P. V. 1-4, 14 + :

P. V. 25 + .

Photo era. R.P. 6 8, 24+ .

Photographic bullethi, Anthony's. R.P. 00*.

Photographic times. R.P. '87-' 10*.

Photo-miniature. R.P. 1-3, 10+ .

Physical review. W. 24+ : D. 1 + : R.P. 1 + : S.N. 8-18: I'. 1 + : E. 24+ :

I.U. 1 + .

Physical society of London. Proceedings. I.U. 1 + .

Physikalische zeitschrift. R.P. 05 + .

Phytopathology, Ithaca, N. Y. VV. 1 + : D. 1 + : I.U. 1 + .

Plant world, New York and Tuscon, Ariz. P. 11 + : Acad. 6' «, 7\ 8\ 13':

I.U. 8+ .

Pomona college journal of entomology. N.D. '09+.

Pontificia accademia romana dei Nuovi Lincei, Rome, Italy. Atti. Acad.

51-57, 58= ^ 59-63.

Popular astronomy. D. 11, 12*, 20+ : F. 10+ : E. 1 + : I.U. 1 + .

Popular mechanics. F. 15+ .

Popular science. F. 1 55, 63 + .

Popular .science monthly. W. 1+ : D. 1 + : R.P. 1 + : S.N. 1 + : P. 1 + : E. 1-12,

15-19, 24-29, 31, 32, 34, 36, 37, 40, 41, 43-65, 67+ : B. 1 + : I.U. 1.

Popular science news. W. 21-24.

Popular science review. R.P. 1-13.

Portland society of natural history, Portland, Me. Proceedings. Acad.
2'l> 5, 8-9

Post graduate. P. 19-21*.

[30—29034]
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Power. R.P. 14+ .

Practical druggist and pharmaceutical review of reviews. P. 1-6*.

Practical engineer. R.P. 13+.

Prince Edward Island forestry commissioners. Report. P. '04.

Princeton university. Contributions to philosophy. P. 1*. Contributions to

psychology. P. 1*, 2*.

Progressive medicine. I.U. 9+.

Psyche. S.N. 2 4.

Psychological bulletin. P. 5 + : E. 1 + : I.U. 1 + .

Psychological clinic. S.N. 1 + : P. 4 + : LU. 1 + .

Psychological monographs. S.N. 6+ : LIT. 1 + .

Psychological review. D. 1 + : S.N. 1 + : P. 15 + .

Psychologische Arbeiten. I.U. 1 + .

Psychologische Studion. I.U. 1 + .

Psychotherapy. I.U. 1 + .

Pure products. P. 4+ .

Quarterly journal of microscopical science, London, England. 1). n.s. 34-36,

38: R.P. o.s. 1-8; n.s. 1-14: B. 22-2.5: I.U. 32-45.

Quarterly journal of pure and applied mathematics. London, I'liigland. W. 28:

D. 1-25: R.P. 1 + : I.U. 1 + .

Quebec department of lands and forests. Report. P. 08, 09.

Queensland museum, Bri.sbane, Australia. Annals. Acad. G-0.

Quekett microscopical club, London, ./numal. ILP. 1-5.

Radium (Le), I.U. 1 + .

Railroad and engineering journal. R.P. 61 68.

Railway age gazette. R.P. 17+ .

Real academia de ciencias y artes, Barcelona, Spain. Jiolelin. .Vcau. I's-^",

21.3-11^ 31,2 Memoirs. Acad. 3, 4'' = '«-", 5'"", 6'^^ 7>-", 8'-=', 10'.

Real academia de ciencias exactas fisicas y naturales, Madrid, Spain. Memoirs.

Acad. 12, 13' -^ 14, 15'', 18', 20, 2V, 22-25, 26'-=. Anuariu. Acau. '89,

'08,41. Revista. Acad, l'*, 2^
-S 3, 4'-«, 5'"^ - '-. 6-9.

Reale accademia dei Lincei, Rome, Italy. Atti. Acad. 9 20*.

Registered pharmacist. P. 10, 11*.

Rediconti del Circolo Mathematico di Palernio. I.U. 1 + .

Repertorium novarum specierum. N.D. 1 + .

Revista montserratina (Spain). N.D. '10+.

Revue des questions scientifiques. N.D. 1 + .

Revue intornationalc der gesamte Hydrobiologie und Hydrographie: I.U. 1 + ,
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Rhode Island commissioner of birds. Annual report. P. '11.

Rhode Island commissioners of inland fisheries. Report. P. 41.

Rhode Island commissioners of shell fisheries. Annual report. P. '91, '92,

'94, '9.5, '99, '00, '05+.

Rhodora. N.D. '09+ .

Rochester academy of science. Proceedings. Acad. 1', 2'^ 3'"'', 4 + : I.U. 1 + .

Revue de Mathematiciues speciales. I.U. 20+.

Revue Philosophique. I.U. 1-42, 49.

Rose technic. R.P. 1 + .

Revue Semestraielle des Publications Mathematiques. I.U. 1+.

Royal Asiatic society of Great Britain and Ireland, Shanghai, China. Journal

.

Acad. 2P ^ 22, 23' 2, 24', 25, 26, 30, 31.

Royal astronomical society. Memoirs. I.U. 41, 47-49, 53.

Royal botanical garden review. N.D. '09+ .

Royal botanic society of London, England. Quarterly record. Acad. 3-10*.

Royal geological society of Cornwall, Penzance, England. Transactions.

Acad. 13-- ^

Royal microscopical society, London. Journal. VV. '92-'03: D. '89, '91-'95:

R.P. I. l-II. 1: P. '82+ .

Royal philosophical society of Glasgow, Scotland. Proceedings. Acad. 29-41.

Royal physical society of Edinburgh, Scotland. Proceedings. Acad, sessions

115-120, 122-124, 128.

Royal society of Canada. Transactions. P. II. 8*, 9*; III. 1.

Royal society, Edinburgh, Scotland. Proceedings. R.P. 11-27: Acad. 21-31.

Transactio7is . R.P. 1 + .

Royal society, London, England. Proceedings. W. 72-75; ser. A. 76+ ; ser. B.

76 + : R.P; 7+ : I.U. ser. A. 1 + ; ser. B. 1 + . Philosophical transactions.

R.P. complete: P. 158+ .

Royal society of New South Wales, Sidney, Australia. Journal. Acad. 19-44*.

Royal society of Queensland, Brisbane, Australia. Proceedings. Acad. 13-22.

St. Louis academy of science. Transactions. P. 6*, 14*: Acad. 4' *, 5'-^,

6i-i«, 7'-2», 8'-'", 9'-8, 10'-", 11'-", 12'-'", 13'-^ 14'-8, 15'-«, 16'-^, 17''=,

18'-«, 19'-", 20'-^

Sanitary engineer. See Engineering record.

Sarawak museum, Sarawak. Journal. Acad. 1'. Report. Acad. '10.

School of mines quarterly. I.U. 12+.

School science and mathematics. N.D. 5 + : S.N. 1-3, 8 + : P. 1 + : E. 9+ :

I.U. 1 + .
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Schweizerische botanische gesellschaft, Bern, Switzerland. Berichte. Acad.

14-19.

Schweizerische naturfor.schende Gesellschaft, Basel, Switzciland. YcrhmnJ-

lungen. Ac.vd. 75, 77, 79-81, 83, 84, 87-89, 91, 93.

Science, New York. W. 5-24, n.s. 7-13, 19 + : D. 1-22, n.s. 1 + : R.P. complete:

S.N. o.s. complete; n.s. 3 + : P. 1 + : E. o.s. 8, 9; n.s. 8, 9, 13+ : I.U.

o.s. complete, n.s. 1+.

Science abstracts. Sec. A. physics. W. 10+: R.P. 4 + . Sec. B. electrical

engineering. R.P. 4+: P. 1 + : I.U. 1 + .

Science News. P. 1.

Scientific american, New York. W. 1-31, 41-45, 48+ : D. 1-25, 50+: R.P. 1 + :

S.N. 86+ : F. 70-93, 96+ : P. 34 43, 76 + : I]. 6-8, 11-14, 16-21, 23-26, 30,

31, 36-74: I.U. 44-45, 47 60, 63, 65, 90 + .

Scientific american, building edition, Now York (continued as American homes

and gardens 7.1^.). R.P. 25-39.

Scientific american supplement. New York. \V. 15-23, 35-54, 56, 58 + : D. 1 + :

R.P. 13 20. 49 + : S.N. 31 + : F. 59-62, 71 + : P. 1-4, 9-24, 29+ : I.U. 1-27.

29-30, 32. 57.

Scottish geographical magazine. S.N. 1 + .

Secretaria de fomento, colonizacion e industria de la Republica Mexicana,

Mexico City. Boletin del instiluto geologico. Acad. 10-15.

Siderial messenger. D. 5-10: W. 1-10: I.U. 1-10.

Smithsonian institution, Washington, D. C. Conlributions to hioirledge. D.

1-t-: P. 6, 10, 20-32, 34 + . Miscellaneous collections. D. 1-30, 32 38, 40-42,

43, 46-57*: P. 1-2, 4, 5, 8, 9, 11-27, 29, 32-41, 44 + . Heporl. D. '53-'96,

'98-00. 02 04, •07-09: P. '53, '54, '56 + .

Smithsonian institution, United States national museum, Washington, I). C.

Contributions from the U. S. vdlioiKi! herbarium. I). 10-15*: P. 1 + .

Bulletin. D. 6-8, 10, 12, 16, 29, 33-51, 53-61, 63-69, 71 76: P. 1-16, 20,

21, 24, 26, 33-38, 40-48, 50+. Proceedings. D. 10-22, 24-28, 32, 34-40:

P. 1 + . Report. P. '84 + : B. '04.

Sociedad cientifica '.\ntonio Alzate," Mexico City, Mexico. Memorias.

Acad. 9'''"«, 10^'=, 11, 12, IS'", 14'-'S 15, 16-18, 19« '=, 20*''-, 21-28, 29'-«.

Sociedad cientifica argentina. Buenos Aires, Argentine Republic. Anales.

Acad. 45- «. 46-72.

Sociedad de geografia y estadistica de la Republica Mexicana, Mexico City.

Boletin. Acad. 1' '=, 2'-\

Sociedad scientifica, Sao Paulo, Brazil. Revista. Acad, l'"*, 2'^, 5'*.
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Societa africana d'ltalia, Naples, Italy. Bulletiino. Acad. 13-30*.

Societa entomologica italiana, Florence, Italy. Bulletiino. Acad. 34-41.

Societa italiana di scienze natiu'ali e del museo civico di stoi'ia natiirale, Milan,

Italy. .4^/.;. Acad. 40-46, 47»' \ 48''2'S 49' ^ 50'.

Societas royale de botanique de Belgique. Bulletino. N.D. '09+.

Societe beige de geologie de paleontologie et d'hydrologie, Brussels, Belgium.

Proces verbaux. Acad. 10-25*.

Societe botanique, Geneva, Switzerland. Bulletin. Acad. 8-9.

Societe des sciences naturelles de L'ouest de la France, Nantes, France.

Bulletin. Acad. 7-10; II. 1-3, A^'\ 5-10.

Societe entomologique de Belgique, Brussels, Belgium. Compterendu. Acad.

54-67.

Societe entomologique de France, Paris. Bulletin. Acad. '97+*.

Societe geologique de Belgique, Liege, Belgium. Memoires. Acad. 25'"',

26-2-4^ 27' "S 28' -3, 29-38.

Societe Helvetique des sciences naturelles, Geneva, Switzerland. Compte-

rendu. Acad. '99-'07.

Societe Helvetique des sciences naturelles, Lausanne, Switzerland. Actes.

Acad. '93, '95, '99, '02, '07, '09.

Societe HoUandaise des sciences, La Hague, Holland. Archives. Acad.

30^ S II. I'^i'S, 2-4, 6, 7'-3, 8'-=^ 9 15; III. A. 1; III. B. 1.

Societe imperiale des naturalistes, Moscow, Russia. Bulletins. Acad. 61-62;

n.s. 1-10, ll'•^ 13-'3, 14, 15, 163'*, 17, 18= ^ 19-24. Memoirs. Acad. 15«

16'- S 17'-=. Beilage. Acad. '87.

Societe mathematique de France, Paris. Bulletin. D. 1-20: I.U. 1 + .

Societe royale de botanique de Belgique, Brussels, Belgium. Bulletin. Acad.

36-43, 45' -3, 46•• = •''^ 47'-4.

Societe royale malacologique de Belgique, Brussels, Belgium. Annales.

Acad. 41-45. Proces verbaux. Acad. 11-24*. Bulletin. Acad. 'OO-'Ol.

Society of American foresters. Proceedings. P. 1 + *.

Society of chemical industry. Journal. R.P. 23 + : P. 1 + : I.U. 1 + .

Society of naval architects and engineers. Transactions. R.P. 1-15.

Society for psychical research. Proceedings. S.N. 1 + : l.V. 1 + .

Society of telegraph engineers. .Journal. R.P. 1-14.

South African philosophical society. Cape Town, South Africa. Transactions.

Acad. 9=, 10= •^ 11' ^ 12, 15' ^. 16' ^

South Dakota geological survey. Bulletin. P. 4.

South Dakota school of mines, department of geology. Bulletin. P. 6, 9.
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Southern California academy of science, Los Angeles. Bulletin. Acad. 1' -.

Sveriges geologiska undersoking, Stockholm, Sweden. Afhandlingar och

uppsatser. Acad. ser. C. 92-111, 113 134, 195, 196, 201-203; ser. Ca. 4,

5, 7. Arsbok. Acad. '07-'09.

Tacoma academy of sciences, Tacoma, Washington. Proceedings. Acad. '93.

Technology review. I.U. 1 + .

Tennessee geological survey. P. '69. Resources of Tennessee. P. 1+.

Terrestrial magnetism and atmospheric electricity. I.U. 1+.

Tennessee university. Record. P. 10, 11, 15, 4-10.

Texas academy of science, Austin, Texas. Transactions. Acad, l'"'^, 2'--, 3.

4pt.2'-», 7, 9-11.

Thereputic notes. I.U. 10+.

Texas university. Bulletin. P. 46, 51, 135, 165, 178, 189. Mineral survey.

P. 3, 4, 7-9. Record. P. 2-4*.

Toronto university. Studies. P. anatomical ser. 1; geol. ser. 1, 2; biol. ser.

1-3; physiol. ser. 1-3; psychol. ser. 1, 2.

Torrey botanical club, New York. Memoirs. 1). 1, 2, 4 11. Bulletin. N.D.

17, 18, 20, 23, 27, 37 + : W. 19 + : D. 19 + : I.U. 18 + : Acad. 12-25.

Torreya. N.D. 9+: D. 1 + .

Trenton natural history society, Trenton, N. .1. Journal. Acad. 1'"^, 2'.

Tufts college, Mass. Studies. P. scientific ser. 1+*: Acad, p-^-e.s, 2'^'^, 3'.

Universidad de Buenos Aires. Anales. P. 1-3, 6-15.

United States census bureau, forest products. P. '07+ .

United States bureau of fish and fisheries. Bulletin. P. 1+. Documents.

P. 603 + *. Report. P. '71-'77, '79-'88, '94+ .

United States forestry service. Bulletin. P. 2, 4-10, 12-21, 24 + *. Circulars.

P. 11 13, 15+*. Silvical leaflets. P. 1 + .

United States geological survey. Annual report. P. 2+. Bulletin. P. 1+.

Mineral resources. P. '67, '68, "70, '73, '74, '76. '82-'93, '96, '97, '00+.

Monographs. P. 1 + . Professional papers. P. 1 + . Water supply and

irrigation papers. P. 1 + .

United States national board of health. Report. P. '79, '80, '83.

United States national museum. See Smithsonian institution.

United States naval medical bulletin. P. 1*, 2+: I.U. 1 + .

United States patent office. Official gazette. P. 1 + *.

United States public health and marine hospital service. Annual report. P.

'94 + . Hygienic laboratory bulletin . P. 1+. Public health reports. P. 14+.

Transactions of annual conference of health officers. P. 1 + . Yellow fever

institute bulletin. P. 1+.
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United States bureau of standards. Bulletin. P. 1 + . Circulars. P. 1+.

Annual conferences. P. 1 + .

Universidad de Chile. Analcs. P. 82+*.

Universita di Napoli. Bullelino dell ortu botanico. N.D. '03+ .

Universite catholique de Lyon. N.D. n.s. 6-9.

University de Rennes Travaux Scientific. I.U. 1+.

University of Iowa. Bulletin of the laboratories of natural history. N.D. '99+.

University of Pennsylvania, Philadelphia. Coniributions from the botanical

laboratory. N.D. complete. Contributions from the zoological laboratory.

I.U. 1 + .

University of California, Berkeley, California. Bulletin of the department of

geology. Acad. P""' '••. I.U. 1+. Publications of the de-partment of -physi-

ology. I.TJ. 1 + .

University of New Mexico, Albuquerque, N. M. Bulletins. Acad. biol. ser.

3'2'i3, 4'; catalogue ser. 16-18, 20; educational ser. P'^; geol. ser. 3';

language ser. l'--.

University of Texas, Austin. Bulletins. Acad, medical ser. 2, 3; reprint ser.

2; scientific ser. 4, 6, 8, 10-17; official ser. 39.

University of Toronto, Toronto, Canada. Studies. Acad. biol. ser. 4-9; geol.

ser. 3-7; chem. ser. 40-52, 54-72, 74-93; physics ser. 18-36; psychol. ser.

2-'*, 3'; physical science ser. 1-4; pathol. ser. 1; physiol. ser. 4-7.

University of Upsala, Upsala, Sweden. Bulletin. Acad. 1-10*.

University of Virginia, Charlottesville, Va. Bulletin of philosophical society.

Acad. V.

Upper Iowa university. Contributions from the biology laboratory. P. 1-3.

Unterrichtsblaetter fiir Mathematik und Naturwissenschaften. I.U. 1+.

Vanderbilt university. Quarterly. P. 1-8.

Van Nostrand's chemical annual. P. 1+ .

Van Nostrand's engineering magazine. R.P. 1-35.

Verein fur Erdkunde, Leipzig, Germany. Wissenschaftliche verofenllichungcn.

Acad. 3-7. Mitteilungen. Acad. '84, '85, '94-'10.

Verein fiir Naturwissenschaft, Braunschweig, Germany. Jahresbericht. Acad.

'87-09.

Victoria institute of Trinidad, British West Indies. Proceedings. Acad. 1,

2, 4.

Warren academy of science, Warren, Pa. Reports and papers. Acad. '07-'08.

Transactions. Acad. 1' '.

Washburn college, laboratory of natural history, Topeka, Kan. Bulletin.

Acad. 1'-', Z^-^-'K
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Washington academy of science, Washington, D. C. Journal. P. 1 + . Pro-

ceedings. R.P. 1 + : S.N. 1 + : P. 1 + : Acwd. 1 + .

Washington university. Record. P. '09+ . Theses. P. 7, 14.

Washington university association. Bulletin. P. 1 + .

West American scientist, San Diego, Cal. Acad. 1, 3-8, 10-15.

Western druggist. P. 8+ .

Western electrician. R.P. 4+ : I.U. 34 + .

Western society of engineers. Journal. R.P. 1 + .

West Virginia conservation commission. Report. P. 1 + .

Wisconsin academy of sciences, arts, and letters, Madison, Wis. Transactions.

P. 3 + : E. 3+ : Acad. 10-16.

Wisconsin archeologist. I.U. 3+ .

Wisconsin geological and natural history survey. Biennial reports. P. 1-5.

Bulletin. P. 2-17, 20+.

Wisconsin natural history society, Milwaukee, Wis. Bulletin. Acad. !'•=,

2 9.

Wisconsin forestry commission. Report. P. 06 + .

Wisconsin state conservation commission. Report. P. 10.

Wisconsin state forester. Report. P. '06 + .
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CONSTITUTION.

ARTICLE I.

Section 1. This assoeiatidu shall be calh'd the Indiana Aeadeniy of

Science. -
i

i
I !

Sec. 2. The objects of this Academy shall be scientitic research and

the diffnsion oC knowledge concerning the varions departments of science;

to promote interconrse between men engaged in scientific work, specially

in Indiana ; to assist by investigation and discussion in developing and

making laiown the material, educatlinial and other resources and riches

of the State; to arrange and prepare for publication such reports of investi-

gation and discussions as may further the aims and objects of the Academy

as set forth in tliese articles.

Whereas, The State has undertaken the publication of such proceed-

ings, the Academy will, upon request of the Governor, or of one of the sev-

eral departments of the State, through the Governor, act through its council

as an advisory body in the direction and execution of any investigation

within its province as stated. The necessary expenses incurred in the pros-

ecution of such investigation are to be borne by the State; no pecuniary

gain is to come to the Academy for its advice or direction of such inves-

tigation.

The regular proceedings of the Academy as published by the State

shall l)ecome a ])ublic document.

ARTICLE II.

Section 1. Members of this Academy shall be honorary fellows, fel-

lows, non-resident members or active members.

Sec. 2. Any person engaged in any department of scientihc work, or

in original research in any department of science, shall be eligible to active

membership. Active meml)ers may be annual or life members. Annual

members may be elected at any meeting of the Academy ; they shall sign

the constitution, pay an admission fee of two dollars and thereafter an

annual fee of one dollar. Any person who shall at one time conti'ibute

fifty dollars to the funds of this Academy may be elected a life member of

the Academy, free of assessment. Non-resident members may be elected



from those \Yho have been active members Init who have removed from the

.State. In any case, a three-fourths vote of the members present shall elect

to membership. Applications for membership in any of the foregoing

classes shall be referred to a connnittee on application for memltersliip, who
.shall consider such application and report to the Academy before the

election.

Sec 3. The members who are actively engaged in scientific work, who

have recognized stan<ling as scientific men. and who have been meml)ers

of the Academy at least one year, may be recommended for nomination for

election as fellows by three fellows or members personally acipiainted with

their work and character. Of members so nonunated a numbei" not exceed-

ing five in one year may. on reconunendation of the Executive Cnmmlt'ee,

he elected as fellows. At the meeting at which this is adopted, the mem-

bers of the Executive Committee for 1S!)4 and fifteen others shall !); elected

feKows. and those now honorary members shall l^econu' hnnorary fellows.

Ilonoi'ary fellows may be elected on account of special pi'niiiiueiice in

science, on the written reconunendation of two uiembers of the Academy.

In any case a three-fourths vote of the nKinbcrs int'scnt shall elect.

AKTK'LE III.

SixrioN 1. The oliicers of Ihis .\cadeniy shall be chosen by b;illot at

the annual meeting, and shall Indd oflice one year. They shall consist of a

Tresdent. \'ice-l'i'esident. Secretary. Assistant Secretary. Tress Seci'etavy

and Trcasnrei-. who shall perform the dnfiis usually jiert lining to their

resiiective oflices :iiid in addition, with the ex-presidents of the .\cademy.

shall constitute an Executive Committee. The I'l-esident shall. ;it each

ainiual meeting, apiioint two mendiers to be n committee, which shall pi'epare

the iirograms and have charge of the arrangements for all meetings for

one year.

Sf.c. 2. The annual meeting of this .\cademy shall be held in the city

of Indianaiiiilis within the week following ChiMstmas of each yeai". unless

otherwise ordered by the Executive Connnittee. There shall also be a sum-

mer meeting at such time and i)lace as may be decided upon by the Execu-

tive Committee. Other meetings may be called at the discretion of the

Executive Connnittee. The I'ast Tresidents. together with the officers and

Executive Committee, shall constitute the council of the Academy, and

rejiresent it in the transaction of any necessary business not esjieciMlIy pro-

vided for in this constitution, in the interim between general meetings.



Sec. 3. This constitution may be altered or amended at any annual

meeting by a three-fourths majority of the attending members of at least

one year's standing. No question of amendment shall be decided on the

day of its pi-esentation.

BY-LAWS.

1. On motion, any special department of science shall be assigned to

a curator, whose duty it shall be, with the assistance of the other members

interested in the same department, to endeavor to advance knowledge in

that particular department. Each curator shall report at such time and

place as the Academy shall direct. These reports shall include a brief sum-

maiy of the progress of the department during the year preceding the

presentation of the report.

2. The President shall deliver a public address ou the morning of one

of the da.vs of the meeting at the expiration of his term of office.

3. The Press Secretary shall attend to the securing of proper news-

paper reports of the meetings and assist the Secretary.

4. No special meeting of the Academy shall be held without a notice

of the same having I)een sent to the address of each memljer at least fifteen

days before such meeting.

5. No bill against the Academy shall lie paid without an order signed

by the President and ccnmtersigned by the Secretary.

6. Members who shall allow their dues to remain unpaid for two

years, having been annually notified of their arrearage by the Treasurer,

shall have their names stricken from the roll.

7. Ten members shall constitute a <iuorum for the transaction of

business.

AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE.

[Ai)proved March 11, 1S95.]

Whereas. The Indiana Academy of Science, a chartered scientific

association, has embodied in its constitution a provision that it will, upon

the request of the Governor, or of the several departments of the State
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government, through the Governor, and through its council as an advisory

board, assist in the direction and execution of any investigation within its

province, without iiecnniary gain to the Academy, provided only that the

necessary exijenses of such investigation ai"e borne by the State ; and,

Whereas, The reports of the meetings of said Academy, with the sev-

eral papers read before it. have very great educational, industrial and eco-

nomic value, and should be preserved in permanent form; and.

Whereas. The Ccfustitutlon of the State makes it the duty of the

General Assembly to encourage by all suitable means intellectual, scientific

and agricultural improvement; therefore,

Section 1. lie it enacted by the General A.ssemhlji of the State of

Indiana. That hereafter the annual rei)orts of the meetings of the Indiana

Academy of Science, licgiuiiing witli the reiiort for the year lsi»4. including

all papers of scientitic (^r economic value, presented at such meetings, after

they shall have be«'n edited and i>repared for publication as lu'reinafter

provided, shall he pnlilishcd liy and under the (lirection of the Connnission-

ers of Public Printing and P.inding.

Sec. 2. Said rei)orts shall lie edited .iiid prepared for publicitioii with-

out expense to the State, iiy a coi-ps of editors to he selected and aiipoiiited

by the Indiana Acadi>my of Science, wiio shall not. by reason n\' such serv-

ice, have any claim against the State for <-onipensation. The form, style

of binding, ijapcr. typc.^rapby and ni.-innci- and extent of illustration of

sncli reiiorts shall be determined b\ the editors, snli.jcct to the aiiiu'oval of

the Connnissicners of Puitlic I'rinting .-ind Stationery. Not less than 1.."tOO

nor moil' th:in :!.((>( copies of each of sai<l rei»orts shall be imblished. the

size of the edition within said linuts to be determined by the concurrent

action of the editors and the Comnussioners of Pulilic I'rinting and Station-

ery : I'rorided. That not to exceed six hundred dollars (.$C)<»0) shiill be

expended for such pnblic.-ition in any <aie year, and not to extend lieyond

ISilC): /'roriihil. That no sums shall be deemed to be a]iiiroiiiM:ite(l for the

year 1894.

Sec. 3. All excejit three hinidred co])ies of each volume of said re-

iiorts shall be placed in the custody of the State Librarian, who shall

furnisli on" copy thereof t<> each imblic libi'ary in the State, one copy to

each university, college or noi'mal school in the State, one copy to each

high school in the State having a library, which shall make application

therefor, and one copy to such other institutions, societies or persons as



may be desi.i;niitetl by the Academy througb its editors or its council. The

remaining tliree iiundred copies sliall l)e turned over to the Academy to be

disposed of as it may determine. In order to provide for tlie preservation

of the same it shall be the duty of the Custodian of tlie State House to

provide and place at the disposal of the Academy one of the unoccupied

rooms of the State Ilonse, to be designated as the office of the Academy

of Science, wherein said copies of said reports belonging to the Academy,

together with the original manuscripts, drawings, etc., thereof can be safely

kept, and he shall also equip the same with the necessary shelving and

furniture.

Sec. 4. An emergency is hereby declared to exist for the immediate

taking effect of tliis act. and it shall therefore take effect and be in force

from and after its passage.

APPKOPKIATION FOR 1912-101.3.

The ai(]U'opriation for the publication of the proceedings of the Acad-

emy during the years 1013 and lOl-t was increased by the Legislature in

the (ieneral Appropriation bill, approved March 9, 1009. That pfjrtion of

the law Hxing the .-iiuount of the ajii)! oiiriatinn for the Ai-ademy is here-

with given in full

:

For the Academy of Science: For the printing of the proceedings of

the Indiana Academy of Science, twelve lumdred dollars: I'roridciJ, That

any unexpended balance in 1013 shall be available in 1014, and that any

unexpended balance in 1914 shall be available for 1015.

AN ACT FOR THE PROTECTION OF BIRDS. THEIR NESTS
AND EGGS.

Sec. 602. Whoever kills, traps or has in his possession any wild bird,

or whoever sells or offers tlie same for sale, or whoever destroys the nest

or eggs of any wild bird, shall be deemed guilty of a misdemeanor and

upon conviction thereof shall be fined not less than ten dollars nor more

than twenty-five dollars: I'lorided, That the provisions of this section

shall not apply to the following named game birds: The Anatid;i^, com-

monly called swans, geese, brant, river and sea duck ; the Rallid.-e, com-

monly called rails, coots, mud-hens, gallinules; the Eimicohe, commonly

called shore birds, surf birds, plover, snipe, woodcock, sandpipers, tattlers

and curlew; the Galliuie, commonly called wild turkeys, grouse, prairie

chickens, quails and pheasants; nor to E'nglish or European house spar-
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rows, crows, liawks or other birds of prey. Nor shall this section apply to

persons taking birds, their nests or eggs, for scientific purposes, under per-

mit, as provided in the next section.

Skc. G03. Perniits may be granted by tlie Ctunmissioner of Fisheries

and Game to any properly accredited person, permitting the holder thereof

to collect birds, their nests or eggs for strictly scientific purposes. In

order to obtain such permit the applicant for the same must present to

such Commissioner written testimonials from two well-known scientific men

certifying to the good character and fitness of such applicant to be en-

triisted with such j)rivilege, and pay to such Conunissioner one dollar

therefor and tile with him a properly executed bond in the sum of two

hundred ddllars. ])ayable to the State of Indiana, conditioned that he will

obey the terms of such permit, and signed by at least two responsible citi-

zens of the State as sureties. The l>ond may be forfeited, and the permit

revoked ujion i)roof to the satisfaction of such Conunissioner that the

holder of such ])ermit has killed ;niy bird or taken the nest or eggs of any

bird for any other purpose than that named in this section.

I'rr.T.T(" OFFENSES—IirXTIXd WIIJ) lURDS—PEXALTY.
[Approved March 1.".. \U]:].\

Section 1. Be it ciuictcd hii Ihc (Iciicrol Asscinhhi of llic Shilc of In-

(lidiia. That section six ((*») of the above entitlcMl act be amended to read

as follows: Section (>. That section six hun<lred two (tld.') of the above

entitled act i>e amended to read as follows: Section (KIL'. II shall l)e un-

lawful for any jjcrson to kill, trap or pns.sess any wild bird, or t'l purcliase

or offer tlu' same for sale, or to destroy tlu' nest or eggs of any wild bird,

except as otherwise provided In this section. I>uf this section shall not

apply to the following named game biids : The .Viiatida', connnnnlv ealleil

sw.ans. '^{v>^{'. iiranf. river and sea duck; the Itallida'. couinionlv known as

I'ails, coots, mud-hens and gallinules; the LimicoliB, connnonly l<nown as

sliori> bii'ds. plovers, surf birds, snipe, woodcock, sandpii)ers. tattlers and

curlews; the (J.nllina'. connnonly called wild turke.vs. grouse, prairie chick-

ens, ((uails, and jilieasants : nor to English or European house sparrows,

Isl.-ickliirds. (rows, h.awks or other birds of i)rey. Nor shall this section

ap|ily to anv nerson t.aking birds or their nests or eggs for scientilic ]iur

l)oses under iiei-niit as pi'ovided in the next section. Any pers m violating

the provisions of this section shall, on con\i(lion, lu' lined nut li'ss than

ten doll.ars (.HilO.rO) n<ir more fh:in lifty diill.irs ( •l^.'iO.dO )

.



UnDiana 3caUemp of Science.

OFFICERS, 1912-1913

President,

Donaldson Bodine.

Vice-President,

Severance Burrage.

Secretary.

Andrew J. Bigney.

Assistant Secretary,

Charles M. Smith.

Press Secretary,

Frank B. Wade.

Treasurer,

w. j. moenkhaus.

Editor,

Chas. C. Deam.

Executive Committer:

Arthur, J. C, Eigenmann, C. H., Mottier, David M.,

Bigney, A. J., Evans, P. N., Mendenhall, T. C,

Blatchley, W. S., Dennis, D. W., Naylor, Joseph P.,

Bodine, Donaldson, Foley, A. L., Noyes, W. A.,

Branner, J. C, Hay, O. P., Stuart, Milo H.,

Butler, Amos W., Hessler, Robert, Waldo, C. A.,

Coulter, John M., John, J. P. D., Wiley, H. W.,

Coulter, Stanley, Jordan, D. S., Williamson, E. B.,

CuLBERTSoN, Glenn, Mees, Carl L., Wright, John S.,

Dryer, Chas. R., Moenkhaus, W. J.,

Curators:

Botany J. C. Arthur.

Entomology W. S. Blatchley.

Herpetology
I

Mammalogy
f

A. W. Butler.

Ornithology
J

Ichthyology H. C. Eigenmann.

(11)



12

COMMITTEES, 1912-1913

Program,

J. W. Beede, J. S. Wright, D. M. Mottier.

Membership,

e. r. cumings, E. 8. JoHNNOTT, F. B. Wade.

Nominations,

R. R. Ramsey, P. X. Evans, H. J. Banker.

Auditing,

L. J. Rettger, Edavix Morrison.

St.vte Library,

H. E. Barnard, W. S. Bi.atchley, A. W. Bittler.

Restriction of Weeds and Diseases,

R. Hessler, J. X. HiRTY, A. W. 1^i;tler,

Stanley Coilteh, D. .M. Mottier.

Biological Survey,

Stanley Coulter, J. C. .\hthuk, J. M. \'an Hook,

C. H. Ekjenmann, U. O. Cox.

Academy to St.vte,

R. W. M( Bride, Ci. Culbertson, C. C. Deam,

A. W. Butler, W. W. Woollen.

Distribution of Proceedi.vgs,

H. E. Barnard, II. L. Bruner. (\. W. Benton,

W. J. MoKNKHAUs, .\. J. Bi(;nev.

Publication of Proceedings,

C. C. Deam, Editor, L. J. Rettger, C. R. Dryer.



13



14

mp:mber8*.

FELLOWS.

ttAbbott. G. A., Grand Forks. \. D;ik tinOS

Professor of Chemistry. ruiversit.v of North Dakota.

Chemistry.

Aley, I{ol)ert J., Drono. .Me li-US

President (if University of Maine.

Mathematics and (ieneral Science.

Anderson, H. W.. 1 .Mills I'lace. (rawidrdsvillc. Iiid I'.iTJ

Professor of I'.ctany. Waliash College.

Hotany.

Andrews. ]•'. M.. 744 !•:. I'liird St.. I'.Iooniin-ton. lud I'.ill

Assistant Professor of I*.otaiiy. Indiana t'niversit.v.

Botany.

Artluir. .loseph C.. 015 Cohnnhia St.. Lafayette. Ind is;)4

Professor of Vegetahle Physiology and I'atliology. I'nrduc I'ni-

versity.

Botany.

P.arnard. II. K., Koom 20. State Ilonse. Indianapolis, nd ll»Hi

Chemist to Indiana State P.t>ard of Health.

Chennstry. Sanitaiy Science. Pnre Foods.

Beede, Joshua W.. cor. Wall and Atwater Sts., Blooiinngton. Ind P.KKj

Associate Professor of Geology, Indiana University.

Stratigraphic Geology, Physiography.

Benton, George W., 100 Washington Square, New York. X. Y 1S!»G

With the American Book Company.

* Hvery effort has boon made to obtain the correct address and occupation of

(>ach in-.-niber, and to learn what line of science he is interested in. The first line

contains the name and address; the second line the occupation; the third line

the branch of science in which he is interested. The omission of an address

indicates that m-iul addressed to the last printed address was returned as uncalled

for. Information as to the present address of memhere so indicated is requested

by the secretar.v. The custom of dividing the list of members has been followed.

t Date of election.

ttNon-rpsident,



15

Bigiiey, Aiulri'w J.. Muures Hill. Iiul 1S9T

^'ict-Plt^-i(l('lit and I'rofcssnr df Hiohigy aiul Geolngy. Moores Hill

College.

lUdldgy and Geolo.uy.

Bitting, Catharine (iolden. West I^afayette, Ind 1895

Microscdiiic E.xiiert, I'ure Ffiod, V. 8. Departnicnt of Agricultiire.

Botany.

Blatchley. W. S.. l.'ioS Park Ave.. Indianapnlis. Ind 1898

Naturalist.

Botany. Entomology and Geologj'.

I'.ddine. Dnunldson, Four Mills Place, Crawfordsvillc Ii:d ]si);»

I'rofessor of Geologj- and Zoology. Wahasli College.

Entomology and Geology.

Breeze, Fred J., care American Bodk ("onijiany. .Xiw Yirk. >'. V..,. 191(i

With the American Bfwk Company.

Geography.

Bruner, Harry Lane. ,324 S. Bitter Ave.. Indianapulis. Ind 1899

Professor of Biology, Butler College.

Comparative Anatomy, Zoologj-.

Barrage, Severance, care Eli Lilly Co.. Indianapolis. Ind 1898

Charge of Biological Laboratory. Eli Lilly Co.

Bacteriology, Sanitary Science.

Butler. Amos W., 52 Downey Ave., Irviugton, Ind 189;*>

Secretary, Indiana Board of State Charities.

^'ertebrate Zoology, Anthropology, Sociology.

Cogshall, Wilbur A., 423 S. Fess Ave.. Bloomington. Ind 190(1

As.sociate Professor of Astronomy. Indiana Fniversity.

Astronomy and Physics.

Cook, Mel T., New Brunswick, X. .T 1902

Professor of Plant I'atliologj-, Rutgers College.

Botany. Plant Pathology. E'ntomology.

Coulter, John M.. care University of Chicago, Chicago. Ill 1893

Head Department of Botany. Chicago L'niversity.

Botany.

Coulter, Stanley. 213 S. Ninth St.. Lafayette, Ind 1893

Dean School of Science, Purdue L^niversity.

Botany, Forestry.
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Cox, Ulysses O., P. O. Box 81, Terre Haute, Ind liM)s

Head Department Zoology and Botany, Indiana State Normal.

Botany, Zoology.

Culbertson, Glenn, Hanover, Ind 18!)!)

Chair Geology, Pbj'sics and Astronomy, Hanover College.

Geology.

Cumiugs, Edgar Roscoe, 327 E. Second St., Bloomington, Ind l!X)r>

Professor of Geology, Indiana University.

(ieology. Paleontology.

Davisson, Schuyler Colfax, Bloomington, Ind 1908

Professor of Mathematics. Indiana I^niversity.

Mathematics.

ii<':Hn. Cliarlcs ('.. P.lufftnn, Ind 1!)1()

Druggist.

Botany.

Dennis, David Wortii. Kicliiuond. Ind 180.5

Professor of Biology, E;irlli:iiii College.

P.iology.

Dryer, Charles R., 3.5 Gilbert Ave., Teire Haute, Ind 18r>7

Professor of (ieograi)by ;ind (Jcobigy. Indiana State Nornial.

Geography, Geology.

Eigenmann, Carl II., 0.30 Atwater St.. Bldomiuglon. Ind is!):*,

Professor Zofilogy. Dean of (Jraduate School, Indiana University.

Embryology. Degeneration. Heredity, Evolution and Distribution

of American Fish.

Enders, Howard Edwin. 10.". Quincy St.. Lafayette, Ind 1!>12

Associate Professor of Zo<ilogy, Purdue University.

Zoology.

Evans. Percy Norton, Lafayette, Ind 1001

Director of Chemical Ijaboratory, Purdue University.

Chemistry.

Foley, Arthur L., Bloomington, Ind 1807

Head Department of Physics. Indi.ina I'niversity.

Physics.

Golden, M. J., Lafayette, Ind 1800

Director of Laboratories of Pi-actical Mechanics. Purdue Uni-

versity.

Mechanics.
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ffGoss, William Freeman M., Urbana, 111 1893

Dean of Collesje of Engineering, University of Illinois,

riatliaway. Artluir S.. 2206 N. Tenth St., Terre Hante, Ind 1895

Professor of Mathematics, Rose Polytechnic Institute.

Mathematics, Physics.

Hessler, Robert. Logansport, Ind 1899

Physician.

Biology.

Hurty, J. N., Indianapolis, Ind 1910

Secretary, Indiana State Board of Health.

Sanitary Science, Vital Statistics, Eugenics.

tlluston, PI. A., Baltimore, Md 1893

Kern, Frank ])., State (V)llege. Pa 1912

Professor of Botany. Pennsylvania State College.

Botany.

Lyons. Robert E'., 030 E. Third St.. Bloomington. Ind 1890

Head of Department of Chemistry. Indiana T-niversity.

Organic and Biological Chemistry.

McBeth, William A., 1905 N. Eighth St., Terre Haute, Ind 1904

Assistant Professor Geography, Indiana State Normal.

Geography, Geology, Scientific Agriculture.

tMarsters, V. F., Santiago, Chile 1893

Mees. C. L.. Terre Haute, Ind 1894

President of Rose Polytechnic Institute.

tMiller, John Anthony, Swathmore, Pa 1904

Professor of Mathematics and Astronomy, Swathmore College.

Astronomy. Mathematics.

Moenkhaus, William J.. 501 Fess Ave., Bloomington, Ind 1901

Professor of Physiology, Indiana University.

Physiology.

Moore, Richard B", Denver, Colo 1893

With U. S. Bureau of Mines.

Chemistry. Radio-activity.

Mottier, David M., 215 Forest Place, Bloomington. Ind 1893

Professor of Botany. Indiana University.

Morphology, Cytology.

2—33213
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Xaylor, J. P.. Greencastle, lud 1008

Professor of Physics. Depauw riiivcrsity.

I'liysics. Matlieiiiatics.

tNoyes. William Albert. I'rbaua. Ill ISO?.

Director of Clieiiiical Laboratory. I'liiversity of Illinois.

Chemistry.

Pohlmau. Augustus G.. 1100 E. Second St.. Rloominut.in. Ind 1011

Professor of Anatomy. Indiana University.

Kmbryology, Comiiarative Anatomy.

Ramsey. Itolla R., 015 E. Third St., P.loomington. Ind I'.KtO

Associate Professor of Physics, Indiana T'niversity.

Physics.

Ransom. .Tames II., .'^23 University St.. Wi'st Lalayctte, Ind 11K)2

Professor of General Chemistry. I'unluc Univci'sily.

General Chemistry. Organic Cliemislry. 'reaching.

Rettger, J.onis .1.. .'{l Gilbert .Vve.. Teire Ilanlt. Ind ISOO

Professor of Pliysiolei^y. Indiana State .Normal.

Animal Physiology.

Rothrock. David A.. I'.lnonnngtoii. Iiid 10(H;

Professor of .Matbemati's. Indiana University.

Mathennitics.

Scott. Will. 7.".1 Alwater St.. Pd ungOai. Ind 1011

.\ssistant Professor of Zordogy. Indiana University.

Zoiilogy, Lake Problems.

Sbanniai. Charles W., Xorman. okla 1012

With Oklahoma State (Jeoiogi( a! Snivey.

Soil Survey, liotJiuy.

Smitli, Albert, 1022 Seventh St.. West Lafayette 100S

Professor of Structural Enginei-ring.

Physics. Mechanics.

ttSnuth, Ale.xander. care Columbia University. \e\v York, X. Y ISOH

Head of De])artment of Chenustry. Cohunbia University.

Chenustry.

Snuth. Charles Marqui.s. 010 S. Ninth St.. Lafayette. Ind 1012

Professor of Physics. I'uidue T'.uiver.sity.

Physics.
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Stone. Winthro]) E.. Lafayette. lud 1893

President of Purdue University.

Cliemistry.

ttSwain, Josepli, Swatlimore, Pa 1S9S

President of Swatlimore College.

Science of Administration.

Van Hook, James M., (J39 N. College Ave., Bloomington, Ind 1911

Assistant Professor of P>otany. Indiana I'niversity.

Botany.

tfWaldo, Clarence A., care Wasliingtcm I'niversity, St. Louis, Mo.... 1893

Thayer Professor Mathematics and Applied Mechanics. Washing-

ton University.

Mathematics. Mechanics, Geology and Mineralogy.

i-tWebster, F. :SL. Kensington, Md 1894

Entomologist, U. S. Department of Agriculture, Washington, D. C.

Entomology.

Westlund, Jacob, 439 Salisbury St.. West Lafayette. Ind 1904

Professor of Mathematics, I'urdue University.

Mathematics.

Wiley, Harvey W., Enos Club, Washington, D. C 1895

Professor of Agricultural Chemistry, George Washington Univer-

.
sity.

Biological and Agricultural Chemistry.

Woollen, William Watson, Indianapolis, Ind 1908

Lawyer.

Birds and Nature Study.

Wright, John S., care Eli Lilly Co., Indianapolis, Ind 1894

Manager of Advertising Department, Eli Lilly Co.

Botany.

NON-BESIBENT MEMBERS.

Ashley, George H., Washington, D. C.

Branner, John Casper, Stanford University, California.

Vice-President of Stanford University, and Professor of Geology.

Geology.
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Brannoii. Melviii A.. lioT Chestmit St., Grand Ff)rks. X. 1).

Professor of Botauy.

Plant Breeding.

Campbell, D. H., Standford University. California.

Professor of Botany, Standford University.

Botauy.

Clark. Howard Walton. U. 8. Biological Station. Fairport. Iowa.

Scientific Assistant. U. S. Bureau of Fisheries.

Botany, Zoology.

Dorner, H. B.. Urbana, Illinois.

Assistant Professf)r of Floriculture.

Botany. Floriculture.

Duff. A. Wilnier. 43 Harvard St., Worcester. Mass.

Professor of IMiysics, Worcester Polytechnic Institute.

I'hysics.

E'verni.-inn. P.;irtoii W.-irrcn. lUircau of Fisheries. Wasiiiniiton. D. C.

Chief, Alaska Fisheries Service.

Zoology.

Fiske, W. A.

Garrett, Chas. W.. Room 718, Pennsylvania Station, Pittsburgh. Pa.

Librarian. Pennsylvania Lines West of I'ittsburgh.

Entomology, Sanitary Sciences.

Gilbert. Charles II., Stanford University, Callfoi'nia.

Professor of Zoijlogy. Stanfoid University.

Ichthyology.

(Jreene. Ch.-irles Wilson. S14 Virginia Ave.. Cohunhia. -Mo.

Professor of Physi(>logy and iiharmacology. University of Missouri.

Physiology, Zo<31ogj\

Hargitt, Chas. W.. IKJfl W.ilnnt Ave.. Syracuse. X. Y.

Professor of Zoologj-, Syracuse University.

Hygiene, Embryology. Eugenics, Animal Behavior.

Hay. Oliver Perry. T'. S. National Museum. Washington. I ». C.

Researcli Associate, Carnegie Institution of Washington.

Vertebrate Paleijntologj', especially that of the Pleistocene Epoch

Hughes, Edward, Stockton, California.
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Jenkins, Oliver P., Stanf(n-(1 University, California.

Professor of Physiologj', Stanford University.

Physiology, Histology.

Jordan, David Starr, Stanford University, California.

President of Stanford University.

Fish, Eugenics, Botany, Evolution.

Kingsley, J. S., Tufts College, Massachusetts.

Professor of Zoology, Tufts College.

Zoology.

Kuipp, Charles T., !)13 W. Nevada St., Urljana, Illinois.

Assistant I'rofessor of Physics, University of Illinois.

I'hysics, Discharge of Electricity thru Gases.

MacDougal, Daniel Trenjbly, Tucson, Arizona.

Dire;'tor, Dt'iiartment of Botanical Research, Carnegie Institute. Wash-

ington, D. C.

Botany.

McMuIlen. Lynn Banks. State Normal Sclioul. Valley City, North Dakota.

Head. Science Department, State Normal School.

Physics. Chemistry.

MendenhalJ. Thomas Corwiu, Kavenna, Oliio.

Retired.

Physics, "Engineering," Mathematics, Astronomy.

Newsom, J. F., Palo Alto, California.

Mining Engineer.

Purdue, Albert Homer, State (Jeological Survey, Nashville, Tenn.

State Geologist of I'ennessee,

Geology.

Reagan, A. B., Nett Lake School, Nett Lake. Minnesota.

Sui)erintendent and Special Distribution Agent, Indian Service.

Geology, PaleontologJ^ Ethnology.

Slonaker, James Rollin, 334 Kingsley Ave.. Palo Alto, California.

Assistant Professor of Physiology. vStanford University.

Physiology, Zoology.

Springer, Alfred, 312 East 2d St., Cincinnati, Ohio.

Chemist.

Chemistry.
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Walker. Ernest, ."')24 Leverett St., Fnyetteville. Arkansas.

Hortieiiltnrist, College of Agrieiiltnre. Arkansas University.

Horticulture.

Wilson, Guy W

ACTIVE MEMBERS.

Allison. Evelyn. Ualiiyette. Ind.

Care Agriciilturjil Kxperinient Station.

Botany.

Baine. 11. Fusler. 4li(» Market St.. San Frant'i.seo. Cal.

Kilitnr. Miiiiiig and Scientitic Press.

Baker. Walter I).. X. Illinois St.. Indi.-inaiKiiis. Ind.

Care Walderaft Co.

Chemistry.

I'.nker. W.ilti r .M.. Aniboy.

Sui»erinlciHU'nt ot Schools.

Mathematics and IMiysics.

Banker. Tlowaid .J.. ."{OU JIanua St.. (ireeneustle.

Professor ol Biology. DePauw Cniversity.

Botany.

Bai-cns. 11. II.. Indiaicij.olis.

liislrucior. .Matliemalics. Slioi-ti'ldge Iligli School.

Barr. Harry li., Wavelaud.

SIndciit.

P.otiiiiy and Forestry.

P>arrett. ICdward, Indianapolis.

State Geologist.

(k'ology, Soil Survey.

Bates, W. II., -30G Russell St.. West Lafayette.

A.ssociate Professor, Mathematics.

Bell, Guido, 431 F. Oliio St.. Tndianaiiolis.

Physician.

Bellamy. Kay. Worcester, Mass.

Bennett, Ijoe F.. 825 Laporte Ave.. Valparaiso.

Professor of Geology and Zoology. Valparai.^o T'liiversity.

Geology, Zoology.



23

Bishop, Harry Eldridge, 170G College Ave., Indianapolis.

Food Chemist, Indiana State Board of Health.

Blanchard, William M.. 1008 S. College Ave., Greeneastle.

Professor of Chemistry. Del*auw University.

Organic Chemistry.

Bond. Charles S., 112 N. Tenth St., Richmond.

Physician.

Biology, Bacteriology, Physical Diagnosis and I'hotomicrography.

Bonrke. A. Adolphus, 1103 Cottage Ave., Columbns.

Instrnctor, Physics, Zoology and Geography.

Botany, Physics.

Brossmann, Charles, IGIG Merchants Bank Bldg., Indi;inai)(ilis.

Consnlting Engineer.

A\'ater Snpi)ly, sewage disposal, sanitary engineering, etc.

Brown, .Tanics. ."'):!72 E. Washington St., In(lianaiM)lis.

Professor of Chemistry. Butler College.

Cliemistry.

Bruce, Edwin M., LMOl North N'iiith St., Terre Haute.

Assistant Professor of Pliysics and Chemistry, Indiana State X(irmal.

( "liemistry. Physics.

Bryan, ^^'i^iam Lowe, P.Iodniington.

President, Indiana Cniversity.

Psychology.

Bybee, Halbert P., Bloomington.

Graduate Student, Indiana Cniversity.

Geology.

Canis, Edward N., 2221 Park Ave., Indianapolis.

Officeman with William P.urford.

Botany, Psychology.

Carmichael, R. D., Bloomington.

Assistant Professor of Mathematics, Indiana TTniversity.

Mathematics.

Caswell. Albert E., Lafayette.

Instructor in Physics. Purdue LTniversity.

Physics and Applied Mathematics.

Chansler, Ellas J., Bicknell.

Farmer.

Ornithology and Mammals.
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Clark. Jediah H., 12fi East Fourth St.. Oonnersville.

Physician.

Medicine.

Conner, S. D., West Lafayette.

Cox, William Clifford.

Crowell, Melvin E., 648 E. Monroe St., Franklin.

Dean ot Franklin College.

Chemistry and Physics.

Cutter, Ge<u-ge. Broad Branch Road, Washington, D. C.

Retired, Manufacturer of Electrical Sujiplies.

Conchology.

Daniels. Lorenzo E.. Rtdling Prairie.

Retireil Farmer.

C/Onchology.

Davis. Melvin K.. Ander.son. ^;^io

Instructor. Anderson High School.

Physiography, (ieology, Climatology.

Deppe, C. P.. Franklin.

Dietz, Harry F.. 271'.» Sliriver Ave. Indiiiu.ipoiis.

Deputy Stiite Entomologist.

Entomology. Eugenics. Parasitology, Plant P;itli(ilngy.

Dolan, Jos. P.. Syracuse.

Drew. David Abbot t, SIT East Second St.. Bloomington.

Instructor in .Mcclinnics and Astronomy.

.Vstronomy, Me<hanics. Mathennitics and Applied Matlicinatic;

Dudcn. Hans A., ."lOno E. Washington St.. Indianajiolis.

Analytical Chemist.

Chemistry.

Du teller, J. B., Bloomington.

.Vssistant Professor of Pliysics, Indian.i Tniversity.

Physics.

Earp, Samuel E., 24?« Kentucky Ave.. Indianapolis.

Physician.

Edmonston, Clarence E., Bloomington.

Graduate Student. Physiology, Indiana University.

Physiology.
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Ellis, Max Mapes, Boulder, Colo.

Instructor in Biology, University of Colorado.

Biologj-, Entomology.

Evans, Samue] G., 1452 Upper Second St., Evansville.

Merchant.

Botany, Ornithology.

Ewers, James E., Terre Haute.

Instructor in High School.

Geology.

Felver. William 1'.. 32.5A Market St., Logansport.

Railroad Clerk.

Geology, Chemistry.

Fisher, Martin L., Lafayette.

Professor of Crop I'roduction. I'urdue University.

Agriculture, Soils and Crops, Birds, Botany.

Frier, George M., Lafayette.

Assistant Sur)erintendent, Agricultural Experiment Station, I'urdue

University.

Botany, Zoology, Entomology, Ornithology, Geology,

Fuller, Frederick D„ 213 Russell St., West Lafayette.

Chief Deputy, State Chemist, Purdue Experiment Station.

Chenastry, Microscopy.

Fimk, Austin, 401 Spring St., Jeffersonville.

Physician.

Diseases of Eye, Ear, Nose and Throat.

Galloway, Jesse James, Bloomington.

Instruction, Indiana University.

Geology, Pa leonto 1ogy

.

Gates, Florence A., 416 Irving St., Toledo, Ohio.

Teacher of Botany.

Botany and Zoology.

Glenn, E. R.. 535 North Walnut St., Bloomington.

Instructor in Physics, Bloomington High School.

Physics.

Gottlieb, Frederic W., Morristown.

Care Museum of Natural History. Assistant Curator, Moores Hill

College.

Archaeology, Ethnology.
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Grautham, Guy E.. 437 Vine St., West Lafayette.

Instructor in Physics. Purdue University.

Greene, Frai;lv C, Missouri Bureau of Geology and Mines, Rolla. Mo.

Geologist.

Geology.

Grimes, Earl J., Kussellville.

Care U. S. Soil Survey.

Botany, Soil Survey.

Haggerty, Melvin K.. Blooniington.

I'rofesscr of Psychology, Indiana University.

Psychology.

Harding, C. Francis. Ill Fowler Ave., West Lafayette.

Professor of Electrical Engineering. Purdue T'uiversity.

Mathematics. Pliysics, Chemistry.

Ilarman, Mary T.. tin Laramie St.. .Maiiiiattan. Kansas.

Instructor in Z()<"'logy. Kansas State Agricultural College.

Zoijlogy.

Ileiniburgcr. Harry V., Tdl West Wasliingtcin St.. lihiina. 111.

Assistant in Zoulogy. University of llliiidis.

Hendricks, Victor K., .S."i5 Benton Ave.. Springlicld. .Mo.

Assistant Chief Engineer, St. L. & S. F. K. K.

('ivil jjigiiiet'i-iiig and Woiid Preservation.

Hetiieriiigton. .Injiu P.. lis Fnurtli St., LogansiMirl.

Physiciiin.

.Medicine. Surgery. X-Pay. Eleetro-Tliera|ieuti(s.

Hilliard, Cui'tis .M.. West Lafayelte.

llininaii. .1. .1.. .Ir., oiiT East Eleventh St.. liidiaiiaiiolis.

City Chennst.

Chemistry.

Hole. Allen I).. Kiclnimnd.

Instructor. Earlliam College.

Hubbard, Lucius .M.. South Bend.

Lawyer.

Hutton, .Toseph Gludden, Brookings, South l>ak<)ta.

AsscK-iate Profes.sor of Agronomy. State College.

Agronomy. Geologj'.
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Hyde, Roscoo Rnyiiiond, Terre Haute.

Assistant Professor, I'liysiolni^y and ZoriloLcy. Indiana State Xornml.

Zoology, Physiology, Bacteriology.

Ibison, Harry M., Marion.

Instructor in Science, Marion High School.

Jackson, D. E., St. Louis, Mo.

Assistant Professor, Pharmacology, Washington University.

Johnson, A. G., Madison, Wisconsin.

Jones, Wni. J., Jr., Lafayette.

State Cheniist. Professor of Agriculture and Chemistry. Purdue Pni-

versity.

Chemistry, and general subjects relating to agriculture.

Kenyon, Alfred Monr(je, 315 University St.. West Lafayette.

I'rofessor fif Mathematics, Purdue ITniversity.

Mathematics.

Kleinsmid. II. P... Jeffersonville.

Care Indiana Reformatory.

Liebers, Paul J.. 1104 Southeastern .Vve., Indianapolis.

Ludwig, C. A., 21(1 Waldron St., West Lafayette, Ind.

Assistant in Botany. Purdue University.

Botany, Agriculture.

Ludy, L. v., 229 University St., Lafayette.

I'rofessor, Experimental Engineering. Purdue University.

Experimental Engineering in Steam and Gas.

Mason, T. E., Bloomington.

(Graduate Student, Mathematics. Indiana T'niversity.

Mathematics.

McBride, Robert W., 1239 State Life Building. Indianapolis.

Lawyer.

MeCulloch, T. S., Charlestown.

Markle, M. S., Richmond.

Middletown, A. R., West Lafayette.

Professor of Chemistry, Puixlue University.

Chemistry.

Miller, Fred A., 534 E. T-\veuty-nJnth St.. Indianapolis.

Botanist for Eli Lilly Co.

Botany, Plant Breeding.
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:Mout.s;omery, Hugh T., South Bend.

Physician.

Geology.

Moore, George T., St. Louis, Mo.

Director. Missouri Botanical Garden.

Botany.

Morrison. Edwin. SO S. W. Seventh SI.. Richmond.

Professor of Physics, Earlhani College.

Physics and Chemistry.

Mowrer. Frank Kai-lsten, Interlaken, New York.

Co!)i)erative work with Cornell Tniversity.

Biology, Plant Breeding.

Muiuie, F. W.

Myers, B. D., 321 X. Washington St., Bloomington.

Profes.««or of Anatomy, Indiana University.

.Xicuwland, J. A.. The Tniversity, Notre Dame, Ind.

Professor, Botany. Editor Midland Naturalist.

Systematic Botany. Plant Histology, Organic Chcmisti'y,

North, C«cil C.. (Ji'ccncastlt'.

O'Neal, Claud E.. Bhinmington.

(Graduate StudcnI. I'.dtany, Indian:i Tniversity.

P.otany.

(trioii. Clayton K.. State College. Pennsylvania.

Assistant Professor of Botany. Pennsylvaida State ('ollege.

Phytopatlu^logy. Botany, Mycology, Bacteriology.

Osner. (i. A., Ithaca. .New York.

Care Agricultural College.

Owen, D. A., l!()0 South State St., Er.inklin.

Professor of Pdology (Retired.)

Biology.

Owens. Charles E.. Corvallis, Oregon.

Instructor in P.otauy. Oregon Agricultural ColN-ge.

Botany.

Petry, Edward .I.icoh. •JUT Wood St.. West Lafayette.

Instructor in Agriculture.

Botany. Plant Breeding. Plant Pathology. Bio-Chemistry.

Phillips. Cyi'us G., Moores Hill.
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Pickett, Fermen L., Bloomington.

Botany Ci'itic, Indiana University Training School.

Botany, Forestry Agriculture.

Pipal, F. J., 114 S. Salisbury St., West Lafayette.

Price, James A., Fort Wayne.

Ramsey, Earl E., Bloomington.

Principal High School.

Sehultze, E. A., Laurel.

Fruit Grower.

Bacteriology, Fungi.

Silvey, Oscar W., 437 Nine St., West Lafayette.

Instructor in Physics.

Physics.

Smith, Chas. Piper, College I'ark. Md.

Associate Professor, Botany, Maryland Agricultural College.

Botany.

Smith, Essie Alma. K. F. D. (5, Bkxjmington.

Smith, E. K., Indianapolis.

Horticulturist.

Spitzer, George, Lafayette.

Dairy Chemist, Purdue University.

Chemistry.

Steele, B. L., Pullman, Washington.

Associate Professor of Physics. State College, Washington.

Stoltz, Charles, 530 N. Lafayette St.. Simth Bend.

Physician.

Stoddard, J. M.

Stuart, M. H., 3228 N. New Jersey St., Indianapolis.

Principal, Manual Training High School.

Physical and Biological Science.

Sturmer, J. W., 119 E. Madison Ave., Collingswood, N. J.

Dean, Department of Pharmacy, Medico-Chirurglcal College of Phila-

delphia.

Chemistry, Botany.

Taylor, Joseph C, Logansport.

Wholesale merchant.

Thompson, Albert W., Owensville.

Merchant.

Geology.
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Thompson, Clem O., Salem.

Principal High School.

Thorbnrn, A. D., Indianapolis.

Care Pitman-Myers Co.

Chemistry.

Trueblood, Iro C. (Miss), 20.5 Spring Ave., Greencastle.

Teacher of Botany, Zoology, High School.

Botany, Zoology, Physiography, Agriculture.

Tucker, W. M., 841 Tliird St.. Chico. (^ilifnrnia.

Principal High School.

Geology.

Turner, William P.. Lafayette.

ProtVssor ul I'rnct ical Mechanics. Purdue Pniversity.

ValiniHc, ('Jiiis. .v.. Indiaiia])(ilis.

Instructor. Manual Training High Sdino].

Chemistry.

Voorlicfs. IIcrlxTt S.. I'M | Ild.-igland .Vvc. Fort Wayne.

Instructor in CJuniistry and Itolaiiy. Port Wnync lligli School.

("licniistry and Botany.

Wade, Franl< T'.crtrain. l(i:;<.i \V. T\vcnty-s('v<Mitli St.. Indian.-iipolis.

Head of <'l)eniistr\- I )ei)artment, Shortridge High School.

("lu'inistry, l'liysi(s. (Jcojngy and .Mincr.-ilogy.

Waterman. lAithcr I)., Indi.inai»>lis.

I'liysician.

Wccms. .M. L., 102 Garfield Ave.. Valparaiso.

Professed- of P.otany.

P.otany and Human Physiology.

Weir, Daniel T.. Indianapolis.

Snjiervising Princi]i.il. care Sclu<ol oflice.

School Work.

Wcyant. James K., Indianapolis.

Teacher of Physics, Shortridge High School.

Physics

Wheeler, Virges. .Montmorenci.

Wiancko, Alfred T.. Lafayette.

Chief in Soils .and Crops, Purdue T'niversity.

Agronomy.
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Williams, Kenneth P., Bloomington.

Instructor in Mathf niatics, Indiana University.

Mathematics, Astronomy.

Williamson, E. B., Bluft'ton.

Cashier, The Wells County Bank.

Dragouflies.

Wilson, Charles E., Bloomington.

Graduate Student, Zoology, Indiana University.

Zoology.

Wood. Harry W.. 84 North Ritter Ave., Indianapolis.

Teacher. Manual Training High School.

Woodburn, Wm. L., 9U2 Asbury Ave., Eviinston, 111.

Instructor in Botany, Northwestern University.

Botany and Bacteriolo,g>'.

Woodhams. John II., care Houghton Mirtlin Co., Chicago, 111.

' raveling Salesman.

Mathematics.

Yocum, H. B., Crawfordsville.

Young. (Gilbert A.. 72.'. Highland Ave.. Lafayette.

Head ot Department of Mechanical Engineering, Purdue TTniversity.

Zehrlng, William Arthur. 308 Itussell St.. West Lafayette.

Assistant I'rofessor of Mathematics. Purdue I'niversity.

Mathematics.

Zeleny, Cliarles, University of Illinnis, Urban;'., 111.

Associate Professor of Zoology.

Zoology,

Fellows : 0<;

Members, Active 138

Members, Non-resident -9

Total 233
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Minutes of the Twenty-Eight Annual Meeting

INDIANA ACADEMY OF SCIENCE
Claypool Hotel, November 28, 1912.

The Executive ("omuiittee met at 1 -MO p. m. in their ;iiuuial session with

Joseph P. Naylor. President, in tlie chair, and the following members

present : Donaldson Bodine, A. L. Foley, W. S. Blatchley, ^y. A. Cogshall.

D. M. Mottier, R. W. McBride, C. R. Dryer. W. J. Moeukhans, L. J. Rettger,

J. W. Beede, R. Hessler, J. S. Wright and A. J. Bigney.

The minutes of the meeting of the Executive Connnittee of lUll were

read and approved.

The reports of the stiuiding conunittees were then taken up. The jiro-

gram committee, with J. W. Beede, Chairman, stated that their work had

been performed as indicated by the publisiied program.

The Membership Connnittee reported that they had sent out printed

notices urging mend>ers to try to secure new members for the Academy. A

goodly nunil»er of names would be reported on Friday.

On motion a committee C(msisting of Professors Botliue and Cogshali

was appointed to revise the constitution.

The following persons were recommen.ded as Fellows : Chas. W.

Shannon, Brazil; II. W. Andei-son. t'rawfcrdsville; Chas. M. Smith, H. E.

Enders, and Frank D. Kern. Lafayette.

Conunittees on Weeds and Biological Survey made no report.

The treasurer read a list of 47 members who were in arrears for dues

for more tlian two years. On motion it was decided to drop these unless

their dues are paid for by January 1. 1918.

J. S. Wright, reporting for the State librarian, stated that not as

many books had been bound as formerly on account of a lack of funds.

J. S. Wright also repoi;ted that of the 900 copies of the Proceedings

printed, 108 had been sent to foreign exchanges, 88 to home exchanges, 200

to libraries, the remainder to the members and as reserves.

The Editor. L. J. Rettger. reported that his work had been completed

as shown by th<» volume of Proceedings. He gave the committee some

notion of the ditticulty connected with this work.

3—33213
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The Treasurer made the followinc report

:

Bahuice from 1911 $203 70

Reeeived from dues 236 50

Total $500 20

Expenditures 225 82

Bahinoe $274 38

Oil motion. (". ('. Deam was aiiiiointcd I'l'ess Secretary, jiro tern.

Dr. C R. Dryer presented a conuuunicatinii from a ("hica.^o connnittee

rehitive to the conservation of Dune I'arlc. On motion a connnittee was

appointi'd to consider the connnnni<-ati(in. 'I'lie following connnittee was

appointed: Chas. R. Dryer, W. S. Blatcldey, D. M. Mottier.

After discussing the general interest of the Academy, the connnittee

adjourned.

German IIoi'se. November 2'.t, 1!t12.

': he Indiana Acadcniy of Science met in gencu'al session at !):;!(l a. ni.

with I'l'csideid Josejih I'. Aayldr in the cliair. The minutes of the iOxecu-

tive ("ommittee wer<' read and ajiproved.

11. .T. lianker stated that he had a mniihcr of sejtarates of the List of

Sclent ilic Literature in CoUege Liltrarics, as piddished in 1!»11 I'roceeding.s,

and that these wi-rc at the djsiics:d of tlie members.

On mot inn the connnitt(>e. consisting ol H. .1. I'.anker and Will Scntl.

was iirdci'c<l to be continued.

On motion the powei's of tliv almvc connnittee were extended to include

other librai-jcs in the State as Ihey might deem wise and thai tlie report

sliould net lie pnblislied until IMII! I'rixcedings.

'I'iie Connnittee on Uevision of the Constitution reported tlirough D.

B(Mline, tlie repMi't to be ;icl<>il upon next ycai-. Tbe report is as follows:

ARTICLE III.

Section L The President shall at ea<h annual meeting a|iiKiint the

standing committees.

Si-:c. 2. The animal meeting of the Academy shall be held in the city

of Indi.-mapolis on the Friday f(illowing Thanksgiving Day. unless other-

wise ordered by the Executive Committee. There shall also be a suinmer

meeting at such time and place as may be decided upon by the Program
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Committee. Other meetings may be called at the discretion of the Execn-

live C.immittec. The Executive Committee, together with the standing

conunittt'cs. sliall constitute the Council of the Academy and represent It in

the transaction of any necessary business not esi>ecially provided for in

this Constitution : l'rori<1<?(1. That no question of amendment shall be

decided in the same session at which it is presented.

The Treasurer made the following report:

Balance from 1011 .*j;2(!3 70

Receipts from dues 23() 50

Total .$.')00 20

Expenditures 225 82

Balance .'f274 38

Accepted and referred to Auditing Cdunnittee.

The Memhersliiii ('(inuuittce reportetl the following applicants for

membership :

Bryan. AVm. L Blooniingtiin

Brown, James Irvington

Bybee, Halberf 1' P.lo:imlngt(m.

Carmichael, K. ]> Bloominiiton.

Conner. 3. D West Lafayett^^

Edmonson, C. E Bloonnngton

Hilliard, Curtis Morrison West Lafayette

llinman, .J. .J., Jr Indianapolis, 507 E. Eleventh

Kleinsmid. K. B .Jeffersonville

Mason, T. E Bloomingtun

North, Cecil C Ureencastle

O'Neal. Claude E Bloomington

Phillips, Cyrus G Muores Hill

Price, Hugh B Greencastle

Ramsey, Earl E Bloomington

Thomas. Cecil C Crawfordsville

Wilson. Chas. E Bloomington

Wood, Harry W Indianapolis

Yocum, Harry B Crawfordsville

On motion they were elected to membership.



36

The following: iiicnil)('rs \vci\' (>lecte(l ass Fellows on rccoiiniu'iKlation of

Executive Committee :

Anderson, II. W Crawforflsville

Entlers, B. K West Ealayette

Kern, Fi-auk I) West Lafayette

Shanncm, Chas. W Norman. Oldahoma

Smitli. ( 'liiis. M West Lafayette

TIk' Academy then tonk up tiie rcirular jiroirvam in uenernl session.

AriLKXOOX 8ES.SION.

Academy mel in ;,'eueral session at 1 :30.

On motion. 11. .1. Itaiiker and L. .J. ItettLTcr were addiMl to the Conmiit-

tee on Xominatioiis.

President Xaylor announced tlie followiuL: standing,' conuuittees:

I'rouram—J. \V. r,<'ede. .]. S. Wii-ht. I ». M. .Moltier.

Memhership—E. K. CumiiP-'s, E. S. .Tolmnntt. F. P.. W;!di>.

Xominatiinis— It. It. Kamsex. I'. .\. E\ans. II. .1. P>aid<er.

Auditiri:— L. J. JteltL'er. ]'",dwiu .MoitIsoh.

State Lihnuy— II. E. P.arnard. W. S. Blatchley. A. W. Rutler.

Restriction or" Weeds and Diseases—IL Ilessler. J. X. Ilurty, A. W.

P.utler. Stanley ("ouller. I). M. .Motlier.

hifectors of Hiolo^rical Sni'vcy

—

Stanley Coulter, .1. C. .Vi'tlinr. .1. M.

\'an n<iok, C. II. Eii.'emnann. F. < ». Co.\.

Kelations ol the .\cademy to the State—U. \V. McP.ride. (J. Ciilhei'tson.

C. C. Deam. .\. W. P.ntlei'. \V. W. Woollen.

Distrihntion of Proi cedinL's II. K. P.arnard. II. L. P.ruiK'i'. .\. J. P>ii;-

ney. (
". W. P.entoii. W. .1. .Moenkliaus.

Pnitlication M' I'r ueedinirs-C. C. Deam. Editor. L. .1. Kettu'ei-. (" K.

I )ryer.

On motion the Proirram C()nnnittee was instructed m oo-ojierate with

the Executive Connniltee of tlii" Conservation Commission in iirejiarinj: a

Symposium on ( 'onservation to he i>resented as a jiart of the Academy jiro-

gram ne.xt ye.ir.

The State Eilirarian rejiorted. per .1. S. Wriiiht. that forelLTn and home

exchanges to the minihei- of .".(»." volumes had heen Iiuund dnrimx tlie jiast

year.

On motion it was decided to I'efer the i>reparation of a topoiirajihi.-

U'ap of Indiana to the connuittee on the Pelation of the .\cadeniy to the
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state, instruetinj; them to urge the State Legishiture to co-operate with the

U. S. Governiueiit in mailing such a map.

1 he Committee on Nominations reported as follows

:

Donaldson Bodine. President ; Severance Burrage, Vice-President ; A.

J. Bigney, Secretary ; C. M. Smith, Assistant Secretary ; F. B. Wade,

Press Secretary ; W. J. Moenkhaus, Treasurer ; C. C. Deam, Editor.

On motion of L. J. Kettger, the Program Committee was instructed to

have the meeting next year late in October, or early in November. This

closed the work of general session and the Academy passed to sectional

meetings.

Evening Session.

The Academy met in the Auditorium of the Y. M. C. A. Building. The

following illustrated lectures were given and greatly appreciated:

An Experimental Investigation of Certain Pharmacological Reactions

—

D. W. Jackson.

The Photography of Sound Waves—A. L. Foley.

A Brief Account of the Indiana University Exi^edition to Columbia,

South America—C. H. Eigenmann,

Adjournment.

J. P. Naylor, President. A. J. Bigney, Secretary.
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PROGRAM OF THE TWENTY-EIGHTH ANNUAL MEETING

INDIANA ACADEMY OF SCIENCE
GERMAN HOUSE, INDIANAPOLIS, INDIANA.

November 28, 29, 1912.

Joseph 1*. Naylok, rresideut. Donaldson Bodine, Vice-President.

A. J. Bkiney, Secretary. W. J. Moenkhaus, Treasurer.

THURSDAY, NO^ EMBER 28, 7 :30 P. M.

McctiiKj of the E.rccKtive ComiiiitTce ai the Chn/pool Hotel.

FRIDAY, NOVEMBER 29, 9 :00 A. M.

Business.

Birds tliat Destroy (irapes, lU ui Amos W. Butler

The Protection of Our Rivers from I'ollution, 1.1 ni Jay Craven

Tlie Potability of Surface and Ground Waters of Indiana, ]."• m
II. E. Barnard

*The I'roblem of the Psych(ilot,'y of Adolescent Grime, 20 n)

R. B. Kleinsmi.l

The Human Factor, 30 m M. E. IIa.ii.i,'erty

Theory and I'ractice, l.j m W. L. Bryan

A Natural Bridge in Parke County, Indiana, 5 ni Charles R. Dryer

FRIDAY. NOVEMBER 29. 1 :30 P. M.

Business.

Sectional Meetings.

Section I.

A Heronry near Indianajiolis. 10 m Amos W. Butler

Further Notes on Indiana Birds. 15 m Amos W. Butler

Food and Methods of Feeding of Fresh Water Mussels. 15 m
William R. Allen-

Further Notes on the Seedless Persimmon in Indiana. 5 m. .D. M. Mottier

A Revision of the Mosses of Monroe County, Indiana. 5 m. . . .F. L. Pickett

On the Age of Corms in Arisaema triphyllum. n m F. L. Pickett

Acetic Alcohol as a fixing Agent in Plant Histology. 5 m F. L. Pickett

Plants New to Indiana. 15 m Charles C. Deam

Papers not presented.
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The Iiiflner.d' of Certain Envinjiiic Fjk tors on the DeveIoi)inent of

P>ni Prothallia. 10 iii D. M. Mottier

Report of the work in C'iirn roUiiiatinn—IV. ."i m M. L. Fisher

Conjugation in Siiii'nuyra. Id ni F. .M. Andrews

An Instructive .ModiMcatiou of an Old Experiment. 'A ni. .Howard J. Banker

*Sunnner Conditions of Indiana Lakes. 15 in AVill Scott

riiotos.vntlu'sis in Snlinierwd Tei'restrial IMants. ." ui...II. \'. Ileiuilierger

Indiana Fuiigi—III. .'i ni .T. ;\I. Van Hook

*()l)s<rvatio". s upon Some Onion Diseases in Indiana, lo ni. .. .C. It. Orton

Fun.ir(»us Knennes on tlie Sweet I'otato in Indiana. 10 ni C. A. Ludwig

Notes on Some rutt'-Iialls of Indiana. 10 ni Franlv I). Kern

*Furtlier Studies of tlie (irowth Kate of tlie White Asli in Indiana.

10 m Stanie.v ( 'oulter

The Cultivation and ImproveuH-nt of Medicinal IMants. 10 in..F. A. Mil]<'r

The Diagnostic Value of Certain Characteristics of the Starch drain.

10 m K. r.. Harvey

*Co<klelMii-. Kim F. .1. I'ii)a]

Skctio.n II.

An I';.\p"rimeiital Investigation of Certain I'liarmacorogical lU'ac-

tions. ( Lantern i 20 ni 1). W. .Ia( ksim

Butter Fat Analysis, ijo m Geor.ire S]iit/.<'r

Nascent Elements, l.'i m I. H. Kansoui

The I'eneti-ation of Wood liy Zim Chloride. IT) m Edward (J. Mahin

Coniolog.v. _'(! m KoheiM llessler

A Statistical Stud.\- of the SI reploox-ci from Mil!< and from the Hu-

man Throat. 1." m . . E. C. Stowell. C. M. Ililliard and .M. .1. Schlesinger

On the Atomic Structnie of Ihiii'gy. l.'i m ^. E. Caswell

Some Ohservations upon the ('rystal Ilahit of Syntheti<' (iems of the

Corundum T.\pe. with .Vjiidication to the I'mhlem of Proper Cut-

ting of the Cems. Kim Frank I'.. Wade

On Linear Diffei-eiu-e E(piations of the First Order, with Rational

Coefficients. r> m Thomas E. .Mason

Notes on the Intersection of Osculating Planes to the Twisted Cuhic.

10 m V. M. Kenyon

Young's M(!dnhis of Steel in a .Magnetic Field. Ki m Edwin Morrison

Terraces of the Wahash Nalh-y in Parke. \'ernn]ioii and \'iLro Coun-

ties. 10 m Charles R. Dryer

The Raccoon Valley. Parke County, Indiana. 20 m Charles R. Dryer
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*Notes oil the Relation of the Native Vegetation to Surface Geology

as Observed in Indiana. Bj- title C. W. Shannon

*The Mansfield Sandstone Area of Indiana. P.y title C. W. Shannon

Remarks on the Value of Core Drilling in Regions of Questionable

Stratigraphic Succession. 10 m J. W. Beede

The Determination of Hydrogen, Methane and Nitrogen in <ias by

Combustion in Quartz Tube. 2 m F. C. Mathers and Ira I>ee

New Methods for the Prei>aration of Selenates. 2 m
F. Mathers and J. Otto Frank

A New (Qualitative Test for Chlorides in the Presence of Bromides

and Iodides. 2 m F. C. Mathers and Ira Lee

Electroplating in Colloidal solutions. 10 m .Tam(>s K. Weyant

EVENING SESSION, 8:1.") p. M.

The Photography of Sound Waves. Lantern. 20 m A. I^. Foley

A Brief Account of the Indiana University Expediticm to Cdlnniliia.

Lantern. 30 m C. IL Eigenmann

Papers not Read at the Previous Sessions.
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The Water Supply of Indiana.

By H. E. Barnard.

In my (li.sciissioii of the water supplies of Indiana I shall refer only to

die waters used for drinking and domestic purposes, and for my data draw

upon the thousands of analyses made at the Laboratory of Hygiene of the

State Board of Plealth during the last seven years. Tlie information we

have collected far exceeds all other available data on the subject.

In the period the laboratories have been in operation we have analyzed

6,127 samples of water collected from every part of the State, and from

all kinds of sources. Of the total number of examinations made 3.051

were from shallow wells, 1,908 from deep wells, 280 si»rings. 207 streams,

IGO ponds and lakes, 190 cisterns, 201 miscellaneous and 49 sewage. Of

all the supplies examined 3,537 have been potable, that is, free from sewage

and chemically suitable for drinking and domestic puiT)oses, 1,837 bad and

753 doubtful.

One thousand two hundred and forty samples have been sent to us

from public suiiplies. Of this number 137 were derived from shallow

wells, 593 deep wells, 251 streams, 61 springs, 140 ix)uds and lakes and 55

miscellaneous.

Four thousand, eight hundred and eight-seven samples were private

supplies, that is, supplies used by a single family. A large number of

these samples were collected in the district by local health officers, but

many samples were sent in by the owners themselves and in the aggregate

no small number represents pi'ivate well supplies fr(un city lots. Of the

private supplies examined 3,029 samples were taken from shallow wells,

1,354 deepvS wells, 246 springs, 205 cisterns, 37 sewage and 16 miscellaneous.

Of the 614 public water supplies classed in another tabulation as dee])

wells 518 were of good quality, 31 bad and 66 doubtful.

Of the 136 shallow wells used as public supplies, 82 were good, 33 bad

and 21 doubtful—that is. while about 15 per cent, of the deep well public

supplies were either bad or doubtful. 40 per cent, of the shallow wells

were either bad or doubtful.

Two hundred and forty samples represented stream waters used as

public supplies. Of this number 146 were classed as good, 46 as bad and

48 as doubtful.
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Of the !I4 iiuhlic spriui^s 50 were of good quality, 18 were bad and 17

doubtfuL

Or" the 147 puiid supplies. !>4 were good, 23 bad and 30 (l()iil)tful.

One thousand, three hundred and seventj'-seven samples of i)rivate

water supplies were taken from deep wells. Of this number 1,091 were

good, 160 were unqualifiedly bad and 126 were doubtful, in other words,

about 20 per cent, of the deep well waters were either of bad or doubtful

quality.

Of the 3.057 shallow wells examined. 1,.331 were good. 1,391 were bad

and 335 were doubtful or rather more than 56 per cent, of all the shallow

well waters examined were unfit for drinking and domestic purposes.

Out of the mass of data collected, we are now able to determine with

such a degi'ee of ;ic<nrai-y th:it our statement is !i(>t a hypothesis but a

fact that the well suiii)ly of the cities and towns of Indiana is not only to

be viewed with suspicion, but in i-ather more than 50 per cent, of the cases,

pronounced polluted.

If .such a statement had Ix'en made the first or sec(md year of our

work, it would have undoubtedly been i)ointed out that the waters anal-

yzed did not I'epresent average conditions and that the samples sent in

were from wells sns]>ected of being impure, and that while many of these

sanqdes did prove to l)e i)ollnted. by far the greater number of wells were

pure and safe. Rut as year after year we have tabulated the results of

our work, we have noticed the very singular fact that our results varied

vciy little indeed. In fact the percentage of bad and doubtful well waters

in the year 1912 is almost exactly the percentage reported the first year

of our work in 1906. It is impossible to believe that the health officers

after studying the well supplies in their community for many years, are

still sending in only the worst waters, or that the individual owner is not

asking for an analysis save when he suspects the purity of his supply. I

am convinced that of the two million wells furnishing water to the citizens

of Indiana, at least one million are not furnishing pure water, but a water

contaminated by the wastes of the home and community. Of 4,959 wells

examinetl in the last few years, 3,051 have been classified as shallow wells,

and 1.90S as deep wells. This classification is not perfect for it is fre-

quently impossible to get data sufficiently adequate to place a well in its

proper class. We classify all dug wells as shallow wells, and all

driven wells as shallow wells when it is e^^dent that the well
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does not pass tlirouj,'!! an impervious starta. In some parts of the State a

layer of clay or hard pan may lie so close to the surface that a driven well

not more than ten feet deep may in fact reach second water and so entitle

it to be classed as a deep \A'ell. In other parts of the State, especially

where sand and gi-avel deposits are deep, a well may be seventy-five or one

hundred feet in depth and still tap only surface water. Obviously, when we

do not know all the facts, our classification is subject to some inaccuracies.

The difference in the quality of the deep and shallow well is strikingly

shown. If the actual facts were at hand, I have no doubt but what the

proportion of deep wells of satisfactory character would be greatly in-

creased. There is no real reason why every properly cased well which

l)asses through ;ni iiii]iervious sti'ata should not furnish pure water, save

in the isolated instances where sewage is poured through sink holes or

abandoned gas wells into the lower levels. Such conditions do- obtain in

the caverncus regions in the southern part of the State, and they are not

unknown in the so-called gas belt.

Indianapolis, Indiana.
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The Protection of Our Rivers from Pollution.

By Jay Craven.

It has only been in the last few years that the two closely connected

problems—pure water supplies and sewage disposal—have been gaining

rapidly, increasing attention from sanitarians and others interested in thp

welfare of the public. Formerly but little attention was paid to the sani-

tary condition of our rivers. They were taken to be the natural and

intended channels for the disposition of sewage and manufacturing wastes.

Before our population was so concentrated, sewage disposal by dilution

was satisfactory from a i^hysical stand'xiint. but now the condition of

nuiiiy of our streams has become such that for a part of the year at least

the odors from them are (luite obnoxious and a nuisance to the cities and

to the iiopulation living along the banks, as well as a menace to their

health. Even though the large rivers may not be offensive, yet whei'e

these rivers have to be used for water supplies, diseases that may be car-

ried by water cimstitute an always present menace to the health of our

lieojih'.

Like many other prolilems, the public is not amused until their atten-

tion has been attracted by severe measures. Epidemics, more terril)!e

because they were due to a preventable disease, have occurred in the last

few years, carrying with them a needless sacrifice of money, and more

important, of human life. Just to cite one case, let me give a few figures

from the typhoid epidemic at Erie, I'a., the population of which was

GS,O0O. From December 1. 1910, to May 10, 1911, 1.012 cases and 12.5 deaths

were reported to the health department. For com])arative purposes a

value of .$5,000 has frequently been placed on a man's value to the com-

munity. The loss til Erie at this figure was $625,000, not including the

expenses, such as loss of time, doctor bills, medicine, etc., of the remainder

of the 1,012 who recovered.

Different States have taken up the problem and cnnsideral)le work has

been done in Massachusetts, New York, New Jersey, Pennsylvania and

Ohio. In our State a bill was passed in 1909 providing for the protection

of the streams from iiollution. Since that time, extensive surA^eys have



48

been made by the State Board of Health for the purpose of determining

the condition of Indiana lalves and streams.

In the summer of 1011 a sanitary survey of the Ohio Kiver along the

southern boundary of Indiana was made. The worlc was started at Cin-

cinnati and samples of the river water were analyzed from this point to

the mouth of the Wabash River. They were collected at every mile with

the exception of a short distance, where circumstances made it necessary

to take them everj' two miles. A study of the water and sewer system in

each city or town of sufficient size to have such improvements, was made.

Analyses, chemical and bacterial, were made of all water supplies, espe-

cial attention being given to those using the river for their source of

supply. Manufacturing ])lants were visited, and if they were emptying

waste into the river, the kind, together witli an estimate (if the .lUKiunt.

was noted.

In the ^unlme^ <if 1012. a survey of the Wabash Uiver from r>lufft.on to

its mouth was made :iim1 similar data collected. On lioth surveys a house-

boat e<|uii)ped tor the lai)oi-atory work and living quarters was used. The

tirst summer a one-room houseboat was prepared, and although it was used

tlircugjioiit tlie snmnier. it was found to he rather small for the work.

Last sunnner a two-room houseboat was built, special attention being i>aid

to the design.

This boat was found to be so well suited to the purpose that a stern

jiaddie and an engine were iustabed. and it is to be used on Wliite Kiver

next sunnner.

Although no inuiiediate results were looked for, yet an agitation was

started in three places on the Ohio Kiver resulting in a treated water

supply for one cit.v and a change from the river to a well supply in two

towns, so that it is felt that the cost of the triji has Huir(> than been

.institied already.

A'aluable work can be done by the ditferent States with resjtect to the

rivers lying wholly within their control. Iiut a great munber of our im-

]x)rtant rivers flow through many States, and instead of having a State

I>r()blem we have an interstate one. which is far more difhcult to handle.

It is therefore not a ]>roblem for one State, mu- for a few of the States

along a river, but one which re<leral legislation will have to regulate.

At a joint meeting of two comjiarative new associations, the Great

Lakes Pure Water Association. an<l the National Association for Prevent-

ing the Pollution of Rivers and Watenvays. h(>]d at Cleveland. Ohio, last
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October, a tentative report of the latter committee on the feasibility of

establishini,^ standards of purity for river and waterways, was read. The

men cniniirisinir the connnittee have a national reputation and have given

much time and study to the problem, and the following extracts from their

report should be of interest

:

"This committee finds that on account of the increasing population of

the country, it is and always will be physically impossible to maintain

waterways in their original and natural condition of purity. A reasonable

degree of cleanliness should nevertheless be demanded.

"The discharge of raw sewage into streams and harbors should not lie

iniiversally prohiltited by law. The method of disposal of sewage l)y

dilution is recognized as sound in jirinciple and safe m practice if carried

on with proi)er restrictions.

"For each waterway at any given point there is a limit to the amount

of permissible discharge of waste matter, depending upon the use that is

made of the river and the character of the territory through which it

tiows. No universal standard of ]iurity can be wisel.v established or main-

tained. When the extent of the pollution is such as to affect the public

health in any way liy any i-casonable use of the river the sanitary aspect of

the situation should control and the degree of the pollution should be reg-

ulated accordingly. The courts must decide what is reasonable use. When

the extent of the pollution is siicli as to cause sensible offense to jiulilic

decency in the course of any reasonable use of the river, this aspect of the

situaticai may properly contrc-l. When the extent of pdllution is such as to

cause material injury to fish or shellfish industries, nr to the ice industry,

this element may control. When the extent of the pollutiim is such as to

cause th;' silting up of the channels of navigable streams, this element

may control.

"Even when the demand of public health, offense to decency and inter-

ference with navigation are such as to place a limit to the pollution of the

streams the economic aspect of the case should be considered in regulating

the amount of permissilile discharge of waste matter, the fundamental

principle being that the results accomplished shall be reasonably commen-

surate with the cost of prevention of the pollution.

"While no universal standard of purity applicable to all rivers and

waterways can be established, it is believed to be feasible to establish and

maintain appropriate standards of a general nature for waters that fall

within certain particular groupings.

4—33213
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"Inasmncli as the safety of public \'\ater supplies is the most import-

ant element in the prnhlem of stream pollution at the present time, the

following ireneral princiiiles should .govern the dischai'ge of sewage and

waste matters into rivers and waterways

:

"Streams from which water su])i)lies are taken without inirihcation

should not receive any fecal matter, sewage, sewage effluent or wastes that

will render the water a menace to health or othenvise impair its natural

quality.

"Streams li'din which water sujiplics are t;d<en and used after i)urifica-

tion shoulti nut receive fecal matter, sewage, sewage effluent or Avaste

matter in sucli <piantities that tlip contamination of the water at any

water-works intake would ]iut ;-n pni'<'asonal)lc Imrdcn upon the jairitica-

tion works, or in (piantities suHi'lent to iiroducc the conditions referred to

iu til;' next i);iragraiih.

"Streams not used for wat<r suiiplies ni:iy receive sewage wherever

and in siich (|naiitities ihat i^s enti'.nicc will not scnsildy offend decency in

til" r(';ison;dile pulilic use of ;iu> stream, or cause interference with naviga-

tion, or vvith v-iluahlc li^h indiisti-ies. nv tile ice industry. When this can-

not lie d IMC. tiie sewage or wastes should I'eceive such trejitmcnt before

discli:ii-ge as to bring the effluent within this rule, due reg;ird being given

to tile relative cost of (lie jirocesses reipiired and the beneht to be derived.

"While !( (iigni/.ing tb;it the ]iollulion ol many ri\-ei's and waterwa.vs

is in('\it:ibh' ind tlnit absolute prev<>ntion of iiolhitinn is impossible, it is

deeined inipci-.it ively necessary- tluit some control o\-er the discharge of

waste n. alter into i-ivers and watei'w;iys be maintained. The committee

heartily endorses, therefore, the movenient I hat is being made to keep the

liollulinn of streams williiii rc.-isoiiable bounds"

'J'he pripblem of proiccfioii of our sfe.-ims from poUution is one in which

a general interest should be taken by eve"yone. .Vlthongh the p(>ople on a

stream below a lity arc directly effeetiij. yet the urban i»opuIation is

affected indirectly by the food products such as veget.-ibles and dairy

suplilies fnni farmeis ••id.jacent to the -Ireams. Rapid strides ;ire now

being made in the protection of (air river- from iiollution, ;iiid it is ho'ied

tli.it problem "an be effectmilly controlled betoi'e long.
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CONIOLOGY.

By Robert Hessler.

(Abstract.)

Ill tills ]i;iiier. illustrated by charts, an attempt was made to sin \v the

need for a new science, Coni.ilogy, the science that treats of dust.

Until recently the importance of dust was not understood and appar-

ently no serious attempt has been made to bring together the literature.

To write a treatise that does the subject justice wduld reriuire the co-oi)er-

atioii of many .scientists, and the investigation of special problems would

require the methods peculiar to different sciences. The aims and methods

of the physicist, of the .astrononuu'. the i)hy^i<-ian. of the bacteriologist, etc..

differ radically.

There are all kinds of dust.'

Cosmic, v<ilcaiiie and desert dusts cillectively are the dust of the

physicist, the astrduomer and the meteorologist. Dust is (tf '.rreat iniimi-t-

aiice in the matter of light and shade, of sunshine and rain.

Dusts due to the activity of man are chiefly of three kinds, street,

house and factory dust. These are concerned in the modern dust problem.

The very practical aspect of the diist problem is of course that of keeping

the house, the streets and cities clean; it is a constant warfare with dust

and dirt.

With an increase in occup.'itions there is an increase in the special

kinds of occupational dusts; some of them are very injurious.

Dust particles in the air arc estimated by the number per c.c. The

first three forms of dust, the dust of the physicist, occur sparingly on

high mountains; there may be from a few to several hundred particles per

c.c. Over the ocean they run from a few hundred to several thousand.

When we come to the dust of everyday life matters change. Street dust

runs from tens of thousands to hundreds of thousands per c.c. ; house dust

from hundreds of thousands to millions. The amount of factory dust

depends largely on ventilation, how fully it is carried off.

Dust on high mountains and over the ocean is usually sterile, that is

free from microbe.s. Dust in crcnvded conmiunities, on the other hand, is

1 See Proceedings for 1911, page 415.
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"full of germs." Some of the microbes are patliogenit-. capable of pro-

ducing ill health and disease. Tlie inhalation of infected dust produces

Coniosis.^

There is urgent need for an institution to study the Dust Problem, of

Coniology and Couiosis, not only in making original investigation, but in

collecting the literature and in gathering and distril)uting information.

In a new science any one can assist, even simple observations are

useful.

1 For a table on The Evolution of Dust see Proceedings for 19C6, page 47.
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Btrds that Destroy GrzVpes.

By Amos W. Butler.

I;i my ivi)ort (lu the Birds of Iiidiana, LS'.tT,' I referred to my oI)serva-

tioii.s coucerniiig the grape-eating habits of the Euglisli sparrow. On

anotlier page reference is made to a similar reported habit wliich I have

never observed myself of the Baltimore Oriole." Also note is made of the

grape punetnring liabit of the Tennessee Warbler,'- which I have smce had

excellent opportnnities several times to note.

The fall of IMl, while an invalid, I spent nuich tinu" in a large porch

swing l)eneath our grape arbor at my home at Irviugton, Indiana. In this

way I had an excellent opportunity to observe the birds found among the

grapevines and note their habits. In the fall of 1912, I made some

further observjitions. We had both years the following kinds of grapes in

l>earing, Catawba, Concord, Brighton, AYorden, Moore's Eaxiy. Delaware

and an unknown variety. In 1912 we had in addition Niagara fruiting.

Those trained upon the arbor were all of two kinds, Concord, and tlie

unknown variety—mostly the former. In 1911 the vines bore very heavily

and generally both bunches and berries were undersized. In 1912 the

Catawba and Concords upon the arbor bore fewer grapes, mostly of small

size and ripened unevenly. The same varieties in other situations bore

better fruit. The behavior of the birds too was different. While the first

year mentioned there were a number of robins among the vines, the most

notable visitors and by far the most destructive were two kinds of war-

blers, the Tennessee Warbler and the Cape May Warbler.

The second year these warblers were few and inconspicuous and there

were more kinds of birds about the grapes. These included great numbei's

of robins, mostly migrants, together with many more Eliglish Sparrows and

Bronzed Crackles. Flickers, and Blue Jays which feasted upon the fruit.

1911.

Sept. 9. Cape May Warbler, one puncturing grapes.

Sept. 10. Cape May Warbler, one puncturing grapes.

Sept. 10. Tennessee Warbler, two.

1 Report of state geologist, 1897, pp. 937-8.

= Ibid, p. 904.
3 Ibid, p. 1037.
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Sept. 11. Tenuef:see Warbler, number.

Sept. 11. Cape May Warbler, two at ,2;ra])es.

Sept. 12. Tennessee Warbler, several at grapes.

Sept. 12. Cape May Warbler, eating many insects about grapes.

Sept. 13. Tennessee Warbler, two at grapes.

Sept. 13. Cape May Warbler, one about gr.-ipes. catching many insects,

pecking at bees among grapes that liad been picked. Saw

none caught. Does it pmictnre grapes to draw insectsV Ap-

parently it makes one incision in a grape, while the Tennessee

seems to strike the beiTies with partly open bill, making two

incisions at each stroke. Tlie Cape Mny Warbler is a tighter.

attacking Tennessee Warblers and driving them away. The

latter show fear of it.

Sept. ](). Tennessee Warltler. several.

Sept. K). Cape May Warbler, one at grapes.

Sept. 17. Cajte May W;ii'bler. two. brighter iilnmage th.-iii llinse heret(>t'ore

seen and more wary. Drove away a Tennessee W;ii'liler.

Sept. 18. Cape May Warbler, two.

Sept. 18. Tennessee Warblei-.

Sejit. 10. Tennessee Warbler, several ;it grajies.

Se|>t. 20. Cajie May Warbler.

Sept. 20. Tennes.«ee Warbler.

Sei)t. 21. Tennessee Warbler.

Sept. 2,3. Tenr.essee Waililer, several.

Sept. 2.^). Tennessee AVarbier. several.

Se]it. 2(1. Tennessee AVarbler.

Sept. 2(;. Cape May Wai-bler. last seen.

Sept. 27. Tennessee Warbler. s(>veral.

Sept. 29. Tennessee Warbler.

Oct. 1. Tennessee Warbler, common.

Oct. 2. Tennessee Warbler, connnon.

Oct. 2. Robins. For several days they have been abundant in flocks in

all phases of plumage and all these are among the grape vines

eating grapes and grape seeds.

In 1!)12 the tirst bird seen eating esirly grapes was a Cati)ird on August

3d. August 23d the later grapes show evidences of birds' work, but have

not been able to identify those engjiged at it. Septenilier 1." the following

birds observed eating Concord grapes: Robins, a number; Flicker, one;
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English Sparrows, several. A Black Poll Warbler was catching insects

among the grajievines and afterwards disappeared among the branches.

Did not see it eat any grapes. The warl)lers were late in appearhig aliout

the grapevines tliis year. They were nut in numbers except for a few

days.

September 20 the following birds eating grapes: Flickers, Tatbirds,

Yellow Bellied Sajisucker (1). Tennessee AVarblers. common. Cape May

Warl)ler (1). These ate them on the vines, as did also many Robins here

in all jihases of plumage, young and old. These ate both from vines and

ground, where berries liad fallen, also berries of elder and poke. The

Robins. Bronzed Grackles. English Sparrows, ate grapes on the ground.

The Robins came in droves a week ago and have cleaned the vin<'S of .-ill

ripe grapes. The Sapsucker seemed to eat insects as well as grai)es.

Toda.v saw first Cape ISIay and yesterday first Tennessee Warblers. Have

susjiected them for several days past from jiunctured grapes noted. The

Cape May and Tennessee Warblers, when alarmed, fiy to the thicli foliage

of some young maples, where they are (piiet, and from whence they can

overlook the grape arbors. The Cape May has less fear of man than the

Tennessee, though both permit quite close approach. They descend from

the top of Ihe arbor or dart like an arrow from the majtle trees to drive

away the Tennessee. The latter evidently are much .ifi'.-iid of them. A

Cape May Warbler \^as lioth puncturing the few remaining i)erries and sip-

ping stale drops from old grape skins. It ca.refull.v observes the bees

around the vines turning its head and bending its neck to h)ok. but

decides not to touch them. The Tennessee Warblers also fight among

themselves. Today one drove another entirely away from the vines.

About the vines, too, were Blue Ja.vs in loud voice, the first real jay lug this

fall. An Olive-liacked Thrush flew u\) from the ground beneath the trellis.

A Blue-headed Vireo was active among vines on the arbor. There, too,

was a black aid yellow warbler looking for fo(xl. A Black-thrnated Green

Warbler went among the vines where berries were tliickest, catching insects,

but was not observed to take a grape. The same may be said of a young

Bay-breasted Warbler on another vine. The Sajisucker evidently was as

interested in searching the .joints in the arlior posts as the vines.
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A Keronry Near Indianapolis.

By Amos W. Butler.

Thirteen miles southeast of Indianapolis is a reniarlvable heronry

occupied I).v a nuuilier of (Jreat Blue Herons. The Indianapolis papers, a

year aso hist May, i)ublislied accounts of this interestin;£c bird colony, but

Jl

*-

• 1
/

Great Blue Herons' Nests Near Indianapolis.
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eallert them cranes. A few days later. May 24. V.)^^. Dr. P.. S. Totter,

Superiuteucieiit of the Marion County Asylum for the Insane at Julietta.

very kiucTly drove me to it. This heronry is situated in Section 23. Town-

ship 5, Range 15. in Hancock County. Indiana. The land is owned l>y

Anton Schildmeier. wlio came to it with his father in 1S";7. aid it li i'^

been in the family ever since. The herons were first seen about five years

before my visit. They occuiiietl a timber tract of 70 acres, which remains

to tills day much as it was when the iiieseut owner came to it. It is a

splendid hit of the primeval forest, containing some of the hrest i-pecinif: s

of the characteristic trees of tliis latitude. No amount of money can

temjjt this old pioneer to i>art with his big trees, which he loves so dearly.

Neither will he iierinit a hunter or <ither itersoii who is li il)le to disturb

the liii'ds iiiron tli'_^ jiremises.

When the herons lirst occui)ied tiiese woods they built their nests in

sycamore and other trees. More re<-enlly they have chosen and are (jccu-

pying tlie largest oak trees.

At tlie time of my visit the heaves had come out so th.e o;'p'irtnnity f'l-

cbservatioii was not as good as it had been a little earlier. Dr. I'otter

reported that on a formi'r visit that spring he had counted sixty-live nests.

One tree contained thirteen. Those who lia\c nttcmiitcil to count them

think there are about sixty birds. If this is true some of tlie ncsls arc old

ones not occnpicd. .Mi-. Scliildmcicr. who is .-i careful iibss-rxcr. sa.\s the/

return every spring with the lirst few warm days in .March. He has seen

twelve to lifteen at «>ne time feeding in tiic wet meadows along Due run.

which flows tliri;n'_'h the farm. When I visiled the locality the eggs wi're

hatched. Tlie young were making a noise and egg shells were common

under the large trees bearing the nests.

'J'o one who knows what to look l'< r. these bii'ils may be seen not only

by travelers along the Rrookville road, but also fi'om the steam ami trac-

tion cars. Doubtless the nests ai-e also visible when the leaves are otT the

trees. I am indebte(l to Paul Shideler for a very good photogi-apli taken

a slioi't time before my visit. It is ]iriiited herewith.
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Further Notes on Indiana Birds.

By Amos W. Butler.

The followin;; notes on the birds observed in Indiana and adjacent

state.s are wortliy of record.

Prairie Worhlrr. I (endroica discolor (Vieill.t

Mr. I'liilip r>aker shot a spec-inieu of this warliler near Ilelnisbnrsr.

BroAvn Connty, July 7, 1910, and another near the same place July 15,

15!]0. Bnth of these were sent to nie foi' veiification. He learned t'le r

song. July 22, l'.)10, he heard another in a different locality. In 11)11 he

heard one on May 7 and another June 14. In 1912 he saw two on May 27,

and June 2."> heard live near Nashville. All of the above were in Brown

County. Mr. Baker says they frequent the sassafras thickets of aban-

doned hillsides. He adds, "I !ia\e no dorlii t'le bii'ds c n!d be founl

nesting in this and similar localities in Brown County." Some of the

above dates, it will be observed, come witliin tlie breeding season.

Mr. Percival Brooks Coffin reports a male of this bird from Millers,

Lake County, Ind.. .May 1(1. 19(i9. One was noted by Miss Hazel Heath

at New I'aris, Ohio, A]\vU 11. I'ldD. I'l'of. Norman A. Wood. Ann Arbor,

Mich., notes one at that place May 11. I!i09: ne.xt seen May 12. Bare.

Does not breed.

Miss Caroline M. CariK'uter, of Bichmond. Ind., in a list of birds

identified .at Lake Maxinkuckee between May s and IC. 1911, reports this

bird.

Yellou'-Jirddcd lil<icl-hinJ. Xantho<'ephalus xanthocephalus (Bonap.).

Mr. I'ercival Brooks Cofthi of Chicago reports a Yellow-headed Black-

bird at Millers, Lake County, Indiana., May 16, 1909. Mr. Clarence Guy

Littell reports seeing one at Winona Lake, Kosciusko County, the summer

of 1902. Ind. Lniv, Bull. Vol. 1. No. 4, 1903, p. 57.)

White Pcliean. I'elecanns erythrorhynchos Gmel.

Professor Glenn Culbertson, Hanover College, reports tliat a White

Pelican was killed on the Ohio Biver near Hanover, Jefferson County,

May 0, 1909. Miss Hazel Heatli informs me of the occurrence of two of

these birds at New Paris, Ohio, August 22 and 23, 1912.
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liedpoll. Acaiitliis linavia liiiaria (Linn.)-

One seen Maicli 7 and again :Marcli 12, 1909, at Ft. Wayne, lud., by

Mr. Harry A. Dinins and Mr. Chas. A. 8tockbridge. Two reported at

Roanoke, Ind.. Ity Mr. Harry A. Dinins December 10. 1911.

Mr. Norman A. Wood reported 500 seen at Ann Arbor, Micb.. December

19, 1908; again noted December 2S, and last seen Marcb 3, 1909. Tbey

are noted as connnou some years ; other years absent.

Prof. E. L. Moseley reports o]ic at Sandusky. Oliio. April 2(i and agair^

May 13, 1911.

A'ttre StcaVoii?: Cliff l^iraHoir. Petnx-helidon lunifmns lunifrons (Say).

About fifty of these swallows were seen by Mr. Harry A. Dinins and

Mr. Charles A. Stockbridge at I-'t. Wayne, Ind., April 30, 1909. They

were again mitcd May 1. Ri-pdrted as tolerably ((iinnion at that station

but not given as breeding. liicknell, Ind., September 2. 191(1. Breeds;

getting rare, nesting at Uicknell. Knox County, in the summer of 1911, is

a n-imrt oi Mr. K. .1.
( "h;uisler. Lyons. Cieene ('(lunty, seen September

5; next Si'i)teuiber (i ; last ^een Se]>tenil)er 17. Rare; does not breed.

(I'rof. W. I'.. \'an Gorder.) The same writer also states, when a boy in

.Vnhh' ('<nmty. thei'e was a l)ai-n (me-lialf mile east of Avilla. which had

(ver K.n nests of the ("liff Swallows. A half ndle north of tiiat town was

auotjier barn with sduie 49 or .",() nests. These birds all disappeared more

tbaii twcnly-Hve years ago. J,a>t August (19101 in Avilla. lie fonnd a

little colony of Cliff Swallows and ten nests close in a row along the

eave of a liarn. Six of these- birds were noted l>y Mr. Harry .\. I>iiiins at

Roanoke, Ind.. .\ugust 2:!. 1911. where he reports them as common and

breeding.

Wawaka. 1911. In this ncighhorhodd there are three or four small

coloiues of Eave or ("liff Swallows. 'About one mile from my home there

is a small barn wliidi lias under its eaves fifty-three nests of this

swallow." ( >. A. Renahan.

I'rof. I >. W. Dennis tells mt» of two localities in Wayne County where a

few paii's still nest.

Where aie the great numbers that fornii'riy built their <iirioiis b )ttle-

sliaiit'd nests of mud under the eaves of the farmers' barns?

W'lilli -irhiii(<l Cros^fhill. I.oxia leucoi>tera ((hiiel.).

A niunbcr rejiorted near lirookville, Ind.. in the winter of 19(i9 and

191U. nndei' date of February 14, 1910, by Mr. Joseith F. Ilonecker.

Wool] Duck. Aix sponsa (Linn.)
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Wortluiiston, nd. Female .shot April 10, 1909. Keported by Prof.

AA^. B. A'an Gorder, who says it liieeds in th:it vicinity. In a letter dated

December 2(!, 1910. the same writer says a man wliile mowin.ij; clover near

AA'hite River in June last, found a number of little ducks. He secured six.

Three died. Some two moriths after he got them, one of these died. The

remaining two were svilisequently transfeired t<> -Mr. AVilliam Ilolton Dye.

Xoblesville. Ind. They proved to l)e young AA'ood Ducl-:s.

Iff'iisloiv'.s S/Kirroir. I'asserherlmius lienslowi henslowi (And.).

]Mr. N(.rman A. AA'ood of Ann Ailior. Alicli., reports finding a male

Henslow's Sparrow dead at that place April is, 1909. May 1, 1909, he

reports two shot, one a female. A'ery rare. This is the first record

for that locality.

RoHijIi-lcfiued Hawk. Archibuteo lagopus sancti-johannis (Ginel.).

Bicknell, Knox County. Indiana. First seen December 23, 1908; next

seen December 24. and last seen December 29. Same locality November 12,

1910, one. Next seen Xovemlier l.">: last seen December 3. Noted as com-

mon that fall. E. J. Chansler.

Egret. Herodias egretta (Gniel.).

Mr. E. J. Chansler reports tliem from Bicknell, Ind., July 25, 1910, and

last seen in that locality August 30, 1910, and says: "Common this fa'l

on jtonds and other good feeding places."

Greater ^now Goose. Chen hyperboreus nivalis (Forst. ).

Ml. Chansler reports seeing two near Bicknell, Dctober 23, 1910. He

marks them as rare, and says: ''These geese were observed in a Hock

of Canada Geese. Usually we find them either with Canada Geese or with

Hutchins" Geese, but sometimes in a fiick liy themselves."

Wood Ihis. Mycterla americana (Linn.).

I'rof. \A^. B. A^an Gorder, Lyons, Greene County. Indiana, informs me

that a A^'(Kid Ibis was killed on AA'hite liiver near that place June 27, 1910.

It had been seen in that vicinity for a month iirior to that time. The

Indianapolis News. July 16, 1910, reported the killing of a AA'ond Ibis

in Brown County. Upon my request. Mr. Philip Baker, an accurate and

reliable observer, was asked to verify the record. He was able to secure

for me the accompanying ph(itograi»h of this bird from Mr. AV. A\^. Frazer.

Mt. Liberty, Ind.

Prof. W. B. A'an (iorder says a number of AA^'ood Ibises were seen in

Greene County the sunnncr of 1911. They arrived near Marco about

the middle of June and left about September 10. "The person who shot
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the one I reiiorted last year told me there were several small drove--- of

ir)-20 and at one time he tlionght there must have been -iO. Several

were shot. They were aliout the trees and marshes along White Kiver."

Evening (Ji-osh<(ik. Hesiieri])hona vesjiertina vespertina ( W. Onop.).

Prof. I']. L. Moseley. Sandusky. Ohio, reports an livening (irusbeak was

shot at Huron. <)hio. January 21. T.ill. Mv. Itohei't S. Campbell reports

six Evening Grosbeaks at South I'.end, Ind.. the morning of .Vpril 11. 11)12,

and adds: "'I'liey were feeding on the seeds of a box elder tree. They

were very tame. I was within six feet of thtnu."

Mr. .Xnnnan .\. Woi d, Ann Arl)oi. .Mi( h.. writing under date of

.March l."). i;Ul. says, ".V few livening (irosbeaks were here this winter."

I'niiiir <'liii-k( u. 'I'ympanurbus nnicricanus americaims (Keicli.).

Knox County ; rare resident: •<till found on Shaker jirairie, western

|)art of this county on tlie Wabash Kiver. ( K. .1. < "liaiisler. i

Mr. (Jeoi-ge W. Miles. State ( 'onnnissioner of Fisheries and (iame, is

reiiorted in the Indianapnlis paiuas. ()ct<ilii'r 22. 11112. as saying. "\ con-
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servative estimate of the luunber of prairie cliicliens now in Indiana is

100,000. Tlie counties about the Kanlcakee basin lioUl the nitijority of

the game birds. Tliere are aii])r(ixiinately Hve hnndred birds in Ivosciusko

County, one thousand in Fult'in County and between twelve tliousand and

fifteen thousand in Wliite Cimr.ty. Otlier counties mentioned as Iiaving

tliese birds in tlieni are I'ulasl^i, Jasper an<l Starlce.

M'ihl Tarlciii. Meleagris gallopavo silvestris (Vieill.).

Knox County. Seen by Mr. Crow on a hill near the government dam

on the Wabash Iliver in the southern part of this county in 1!)(I0. The bird

is probably extinct or nearly so. Mr. Mathias Pickel, of tlie extreme south

ern part of this county, on the Wabash, and a very wild locality, clnims

that he has not seen any Wild Turkeys since 1004. (E. J. Chaiisler).

The Indianapolis News, October is, 1012, in an answer to a correspond-

ent contains these words: "Tliere is a man n(^w living in the city (Indiana-

polis) who has shftt wild turkeys between Wasliington and Xorth streets.

The liev. J. C. Fletcher, son of Calvin, said that one day in 1884, when

walking with his father, he saw a tlock of wild turkeys light in a tree

in wliat is now Military Park. In early times it was n t un MMnmoii

for a hunter to kill fifteen or twenty in a day. and as late as 1.S41 one was

captured in the Circle."

t<ii<nr/t(i],'c: >S'»o/r BiinHn<i. I'lectr(i]ihen.ix nivalis nivalis (Lii!n.).

Indianapolis. Ind., December 28, 1901. .Miss Fh^reuce Howe, who re-

ported them says : "This is the only time I have seen the Snowtlakes

around here. Tliere was a flock of abmit one hundred. The day was very

snowy and the wind blowing. I stayed watching them for an hour or

more and then they flew away."

Doiibh'-crested Coniiorant. Phalacrocorax anritus auritus (Swaim^. ).

A bird of tliis species was taken at Wawaka, Ind., October 24, 1012,

according to INIr. O. A. Penahan, who has tlie skin in his possession.

Plicated Woodpecker. Phkeotomus pileatus pileatus (Linn.).

Mr. Philip Baker reports seeing one near Helmsburg, Brown County,

Indiana, May 5, 1911.

Passenger Pujeon. Ectoplstes migratorius (IJnn.).

The Passenger Pigeon is jirobably now extinct. Many of us remember

it as tlie Wild I'igeon of our childhood. Our parents told of the wonderful

flights tliey had seen ; of the enormous numlier which no one could count

or approximately estimate; of roosts covering many square miles of wood-

laud when the birds settled upon the trees in such numbers that great



64

limbs were broken by their weight. All these cniintless iininliers o!' wil'l

pigeons have disappenrefl. and notwithst/iuding hundreds of dollars have

been offered for evidence of the occurrence or nesting of these birds in

recent years, no authentic report has been received. Specifically, it ni;iy

be said a reward of $1,500 for knowledge of a nesting pair of Wild I'igeons

was lecently made by members of the National Association of Andul)()n

Societies, llie reward stood fui' two years closing December 1, 1911, and

i:o (lie came forward to claim the prize.

In view of these facts it is approi)riate to refer tn the last reports of

the occurrence of the I'assenger I'igeon in rndiana, some of which have

l)een previously printed.

Franklin ("cniity. near Oak I'orest. July i::. ls!)s. nesting. October l!:'..

\S{)S. .-een. July li». 1>'.i<). imtcd. .M:iy is. I'.Kx;. July 18, l!!Oi;. several

seen and rcjjorted nesting.

A bird of this sju'cies wms taken in Siiclliy (';innty. September 24,

]S\)S. ;ind was .noinitcd and presei'ved. ! Ikivc seen this siK'cimen.

Other Tiidi.iua sjiecimens of the Passenger I'igeon known to me are as

follows:

One of two found (l<vi(l in winter in llic woods near I'.rookville, Ind., is

still in the collection of the writer. Tlie other was presented to a

museum in ]\nro|ie.

My infonn.it ion is tlu'i'e is ;\ specimen imw in Ki<lini<in(l. Ind., oblained

by .\lherl Stanliei in Septeniher. 1 sjii ; ;ilso another in the ••ollection of

Karlliam College, obtained by .b.lm \\. Kongan in the fall of 1S78. Mr.

W.ilter S. Kallitf says these were obtained at the great pigeon roost in

Center TownshijK Wayne County, three miles west of Kichniond.

The last verified record for this State is from Franklin County. 'I'wo

birds \\('re seen, and one was shot, near Lam el, .Vpril .'I. llini;. The sjieci-

meii taken was submitted to the writer lor veriticat ion and was retnrneil

to Mr. C. K. Muchniore. the owni-r. at Laurel.

Ilcniiil 'riini.sh. Tiirdus ;ionalaschkoe p ilhisii (i'lb. ).

Mr. C. IL Smith rep'Hts one :it .\ew Castle, Ind., .November 10, I'.llJ.

.Mr. I'hilip I'.aker to:ik a bird of this species ii(>iir lielnisbnru, lirown

County, Ind., Jaiiuar.v 1). IDll. He sent me the wings and tail for verili-

cation.

Ardra Jirrodins irrirdi. I{idgw;iy.

In his iiaiK-r "A lJevisi(ai of the forms of the (Jreat I'Wue Heron
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(Ardea herodias Linnams)'" Mr. Harry C. Oberholser classes the birds that

have been found breeding in the lower Wabash Valley under this form.

He gives measurements of six specimens fallen by Mr. Robert Ridgway at

"Cypress Swamp near mouth of White River, southwestern Knox County,

Ind." The breeding range of the typical form, Ardea herodias Linn., he

gives as from Central Indiana northward.

1 Proc. U. S. Nat. Mus., Vol. 43, pp. 531-550.

r)~-s:y2V.'i
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Further Notes on the Seedless Fruits of the Common
Persimmon—Diospyros virginiana L.

D. M. MOTTIER.

Persiiniiioii trees jirow in two differeiit locations on tlie caniiius of

Indiana University. All of these are pistillate. One group of trees stands

near tlie center of tlie quadrangle, surrounded en all sides l\v large and

small forest trees, chiefly of maple, elm and I)eech. Another tree grows at

the edge of the grounds ni'ar a street. Other iiersinunon trees, botli stam-

inate and pistillate, occur in the town, the nearest being two blocks distant.

Tliis year the tree near the street bore lieavily, all the fruits being

fine, large berries with seeds. The trees near the center of the quadrangle

l)ore fruits, but in smaller quantities per tree. These fruits were smaller,

ripening naturally later and containing, as a rule, fewer seeds per berry.

Moreover, there were a number of i>urely seedless fruits. The proportion

of fruits with only one or t\^•o seeds was much greater tlian in the case of

the former tree. Seedless fruits and those with only one or two seeds

are, as a rule, nmrh smaller than those having several seeds.

According to experiiuents tlius far carried out tlie seedless fruits of

the common persinnnon are due to a lack of pollination or, at least, of

fertilization, and the seedless berries, which have the same flavor as those

with seeds, represent cases of parthenocarpy. Tlie trees near the center

of the quadrangle, being surrounded by other trees, are doubtless less

readily found by bees. The trees out on the farms in this county which

bear seedless fruits in noticeable quantities are usually those that are some

distance from staminate trees. To my knowledge there is no seedless strain

of the common persimmon in Indiana.

An attempt to ripen the fruit artificially was successful. The method

used is an exceedingly simple one, and consists in enclosing the fruits in

Mason .jars and allowing them to remain in a cool place in the basement,

for from ten days to two weeks. The lids of the .lars were screwed on

without rubbers.

The fruits were taken from the trees soon after the leaves had begun

to fall. The berries were fully developed, with very firm flesh, and

astringent beyond description. When taken from the jars at the expira-
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tion of the time mentioned, the fruits were soft, juicy and without a trace

of astriugency.

According to Lloyd (Science. N. S., 34: 924-928, 1911) the ripening is

brought about or hastened by the action of carbon dioxide, produced, of

course, by the fruits tliemselves in respiration.
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The Mosses of Monroe County.

By F. L. Pickett and Mildkio!) Nothnaokl.

1'Ik' 'inly lists of Indituiu musses the writer has been able to tiiul are

as follows : A list of (iO species reported from Jefferson County by A. H.

Young in 1876, and published in the 15otanical Gazette of that date ; a list

of 13 species reported by W. S. Blatchley in March, 1887, and included in

a thesis listing the plants of Monroe County under that date; a list of 49

species reported by L. M. Underwood in the I'roc. Ind. Acad. Sci. for 1893

;

a list of species reported by Guy Wilson from Hamilton County in the

I'roc. Ind. Acad. Sci. for 1S94. Because of the nieageniess of some of

these lists and the changes in classification resulting from careful study

of mosses sinc,^ the publication of the first of these lists, there seems to he

room for a new check list of Indiana mosses. As a beginning of such a

list the i)resent report is presented.

Early in 1911 a small collection of mosses maturing their spores in

spring and early summer was made. A fuller collection of forms fruiting

in fall and early winter was made in 1912. The material of this later

collection has been carefully identified, and that of the earlier collection

reindentified, altogether making a list of 51 species and 3 varieties from 34

genera and 12 families. With the exception of forms easily determined,

only fruitiiig fcuins have been considered. The list as given includes but

five sterile forms.

In every case herbarium prejiarations have been made. These are of

two kinds. Fresh specimens of individual plants and of small typical

groups were taken from a moist chamber and quickly dried under a pres-

sure of lOO i)(innds to l.">() ]inimds and then glued to cards for preservation

in envelopes on herbarium sheets. Other specimens were allowed to dry

without pressure in mats or tufts as they grew, and then kept in card-

board trays. The latter specimens are of special value as material for

future comparison and to show the habit of the dried plants. Notes of

time and place of collection, of substrata, appearance of the sporophyte at

the time of collection, aiipearance of plants under normal conditions, and

any peculiarities due to season and variation from type are recorded.

Imjiortant observations touching these points are given under each species
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in the list. Only Monroe County mosses are included in the present report,

but it is hoped that there will be time and opportunity to later extend the

list to include at least all the common mosses of Indiana.

In general it may be said that the past season has been unusually

favorable for the growth and de^ elopment of mosses, and as a result it has

been possible to collect some very interesting forms. Among these should

be mentioned Anomodon attenuatus with regularly pinnate to plumose

habit due to strong secondary growth from lateral buds, tlie formation in

fall of a second crop of spores by such spring fruiting forms as Campylium

cbrysoiiliylliiiii. Fnnaria flavi<;uis. F. hygrometrica and Weisia viridula,

and the presence of a fairly abundant supply of spcn-e cases on such rare-

fruiting forms as T.eucobryum glaucum, Plagiothecium deplanatum and

Thuidiuui dclicatuluiu.

The worlv of identifying mosses is tedious and time consuming, and in

the main reipiires mucli careful observation with the use of a good com-

pound microscope. The writer has fonnd that only after the collector is

quite well acquainted with groii]) characters can he do any satisfactory

work without a good microscoitc. Tlie most lielpful worli on classification

is A. .1. (Jroufs "Mosses witli .1 Iland-lcns and .Microscoix:',"" with its usable

liey.s, distinctive desciiptions ind sjilendid illustrations. The older man-

ual of L','s(inersu.\ and .lames is often <)f value for descriptions of varie-

ties and of rarer forms not (lcs( ribcd in rinaifs work. In iircparing the

list the arrangement and nomenclature of Gront liave ])een used. Specially

difficult specimens have been referred to Dr. Grout for identification, and

his name appears in connection with siicb.

Order BKYALES.

Sul»i )rder Nkm.v doxte.k.

Family /'nliitrich(irr<r.

Catliarinea undnl.-ita (L. 1 AV. & M. (?,7. (\4). Malnre spore <ases October

-'7.

('om?non along shady roadsides .ind in light woods, on clay.

Pogonatum brevicaule (Brid. ) P.eauv (10). Mature cajisules September 15.

On damp clay banks. Common.

Polytrichnm commune L. (47). Spores in April.

On shady hillsides. Common.

1'. oliidcnse K. & C. Spores in April.

On shady hillsides. This is the form usually met with in the neigh-
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borhood of Bloomington. and is distinguished from P. comnuuie by its

longer and usually darker capsule.

P. piliferum Schreb (23). .Sterile forms only.

On dry day hillside in \vo(xls 3 miles northeast of P)lo(imington. Not

common.

Snixirder ARTHKODoiVTKiE.

Family Fissidentacefc.

Fissidens bryoides (L.) Iledw. (44, ofi). Mature capsules in November.

0]i damp rocks (limestone) in well shaded ravines. Common but

easily overlooked because of minute size (3-Smm. ).

F. cristatus Wils. (07). Matuie capsules November 9. Determined by

Dr. (irout.

This f(«rm usually matures spores in sunniier. I'ound in dense, d;irk

green mats on quite damji soil in woods 5 miles southeast of BloomiuL'tun.

Not common.

F. incurvus var, minutulus. Austin (45). Mature capsules November 0.

On damp limestone in same places and mingled with I-', bryoides.

Family Dicranacca:

Dicranella heteromalla (L) Schimp. (41). Mature capsules in November.

In small tufts witli Leucotiryuni glaucuni on dry hillside (! miles south-

east of I'loomington. Rare.

D. varia (Hedw. ) Schini]). (oO). Mature c.ipsules in (»ctolier.

In small, dense tufts on clay and cinder piles. Common.

Dicrannm scopariuni (L.) Hedw. (19. (jr>). Mature capsules September

and October.

On soil and damp decayed wood in shady hillside woods. Common.

Leucobryum glaucum (L.) schimp. (21). Alature cap.sules in October.

On shady clay bank at head of Huckleberry Ravine. The only fruit-

ing specimen known to have been found in Monroe County was found by

Miss Nothnagel as above stated on October 4.

Family Tortulacew.

Barbula unguiculata (Huds.) Hedw. (53). Mature capsules in November.

On shaded clay banks along roadside. Common.

B. unguiculata var. obtusifolia (.Schultz.) B. & S. (20). Mature capsules

in October. In crevices of walls of limestone cpiarry of (Jolitic Stone

Mills Company. Uncommon.

iJidymodon rubellus (Hoffm.) B. & S. (63). Mature capsules in December.
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On f];iy and stone near wai'ni water near condensing tank of I. U.

power house.

Weisia viridula (L. ) Iledw. {'2s). filature capsules April, 1011, also in

October, 1912.

On thin clay soil over stone and in sunny pastures. Connuou.

Family Orth ofrich accn\

Orthrotichum porteri Aust. (3). ^Mature capsules April, liill.

This rare moss has been found freely fruitinii and in considerable

quantity on the limestone burdi-ring the main stream feeding the I. U.

Water-works pond.

Faunly FitiHiimccm.

Kunaria tiavicans Mx. {'.Vl\. .Mature capsules in October.

On stone waste at ipiairy of Oolitic Stcme ^Mills Company. This was

jiiobably a second gi-o\vtli spccinuii. as this species usually fi-uits in s]U'iiig.

Not connnon.

F. liygi'ometrica ( L. ) Sihtli. (12i. .Mature cajisules September's.

On clay bank in Lively"s woods. This form usually fiMuts in s])ring.

I'liyscouiitrium inuneisum .Sulliv. Mature capsules summer and autumn.

A'ery connnon on pots in greenliouse and on clay in fields.

I', turbinatum iMx.i I'.rid. (li. Mature s])ores in spring and eaily

summer.

\vv\ connnon in lawns and jiastures or old stubble liclds.

Family .1 iilocfiiiniiaccfr.

.\uliHonnnnm In'torostjclMun (Ibdw. i 15. iK: S. (S. i;>|. .Mature capsules

.May. I'll.

On damp liiunus between rocks, shady b.ink. Occasional.

Family liuihuniiacca.

Bartramia pomof<M-nus (L.) lledw. (1, (Hi). .Maturi' capsules in ^lay.

In bright, yellowish green cushicms on moist, shady banks. Common.

I-'amily Hrndc'i.

I'.ryum argenteum I.. (11). .Matuiw capsules in September.

X'ery common on yellow day. This is the small moss usually found

in small silvery cushions between the bricks of sidewalks.

B. capillare L. (55).

Only one specimen fouml and that showing emiity capsules November

22, 1912. Among lichens on dam]) clay baidc 'Huckleberry" Ravine. Rare.

Mnitnn nfhne ciliare (Orev.) C. M. (."i7). Matiu-e cai)sules in March and

April.
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Large spreading mats on rotten woort in sliady, damp places. Common.

M. ouspidatum (L.) Leyss. (36,09). Matnre capsules in April.

On damp, decaying wood in shade. Common.

Rhodobrynm roseum (Weis.) Limpr. (CO). Sterile.

On damp rotten wood and on damp soil. Occasional.

Pohlia nutans (.Schrel). ) Lindb. (5). Mature capsules in ]\Iay.

On damp, shady clay bank, Griffy Creek. T'ncommon.

Family Leskeacea'.

Anomodon attenuatus (Schreli. ) Iluebn. (."(21. .Mature capsules in Novem-

ber.

In close mats on damp rucks and rotten wood. This was found fruit-

ing plentifully although reported as rarely fruiting. Some beautiful regu-

larly pinnate specimens were found.

A. rostratus (Iledw.) Schimp. (14). Mature capsules in October.

Coarse, green, velvetty mats at l»ase of trees. Conunon. Determined

by Dr. Grout.

Thuidium delicatulum (L.) Mitt. (27. .">()). Mature capsules in Octolver.

Although this sjiecies does not conunonly fruit, several collections of

fruiting ])lants were made this season. This, in sterile form is quite

abundant, forming wide-spreading mats of beautiful fernlike branches on

damp, rotten logs.

T. pygmeum Br. & Sell. (fi2). Mature capsules in Novemljer.

Found in but one place, but quite plentiful there. In mouth of cave

on stone and clay, one and one-half miles north of Bloomlngton.

Thelia hirtella (Iledw.) Sulliv. (49, (ill. Mature capsules in November.

On bark of dead and decaying logs in dry shaded i)laces. Occasional.

Family Ifiipnacece.

Amblystegium riparium B. & S. (51 ). Sterile form only.

Attached to stones and soil in shallow running water above I. U.

Water-works.

Bracythecium ox.vcladon (Brid.) P.. & S. (15, 39). Mature capsules in

October and November.

On damp stones and rotten wood. Common.

H. plumosum (Sw.) B. & S. (16,38). Mature capsules in November.

Thin spreading mats closely applied to damp rocks and clay.

B. rutabulum (L.) B. & S. (17). Mature capsules in November.

On wet rocks and soil.



74

I'>. stilelti'dsiini (Hoffin.) P.r. & Sell. (ri4). Mature caiisiiles in Noveiuljer.

On wet, rotten wood, Griffy Creek, shadj- bank.

B. starkei (Biid.) B. & S. (-10). :\Iatiu-e capsules in Novemlter.

In shady ravine ou damp decayed wood with B. salebrosum.

Campylium chrysophylluui (Brid.) Bryhu. (IS). Matui'e capsules in Oc-

tober, although this species i.s supposed to mature its spores in early

summer.

On damp clay-covered rocks in slnidy ravines. Common. Determined

l)y Dr. (iront.

Climacinm americanum Brid. (34). Sterile only.

One dry soil in shaded places. Occasional.

Eiitodon cladorrhizans (Hedw.) C. M. (31,42). Mature capsules October.

On damp decaying logs in shade. Common.

E. s<Hluctvix. (Hedw.) C. M. (3.")). Mature capsules in October.

In close mats on dry, shaded rotten logs North Pike.

Kiirliynchium serrulatum (Hedw.) Kindli. (43 1. Mature capsules cmiity

in Novenilx*r.

In shady ravine on damp lolten log. near Jacksim CreeK.

Ilypnum curvifolium Hedw. (2). Mature <-a]isules in Ajiril.

On damj) underlirush and decayed wood, shade, near water. Iluckle-

lierry Ravine.

IT. imponens Hedw. (4(1 ). Mature cai)sules in November.

In shady ravine on damp decayed wood (> miles east of Bloomington.

Plagiothecium deplanatum (Sch.) Gi'out. (22). Mature capsules in Oc-

tober.

This spe<:-ies, usually reported as rarely fruiting, was found with abund-

ance of capsules. On damp soil. Hucklel)erry Ravine.

P. geopliilu)!' Au.st. (HS). Mature c:i]»sul('s in Noveiiilier.

Abundant on rocks in Huckleberry Ravine. Found fruiting plentifully

I'latygerium repens (Brid.) B. & 8. ( 2."). .33, 08 ) . Mature capsules in

October.

At base of trees and on dry rotten logs. Common. Determined by

Dr. Grout.

Pylaisia sehim])eri R. & C. (7.24). Mature capsules in October.

On trees, living Juglans cinerea. Huckleberry Ravine.

Raphidostegiuni carolinianum (C. M.) .7. <& S. (20). Mature capsules in

October.

On damp rocks in ravine. Common.
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K. carnliiiianuiii var. adniixtuiij Sulliv. (48,59). Mature capsules in Oc-

tober.

On rocks on dry hillsides. Occasional.

Family LcKcoilojttarcw.

Leucodoii julaceous (Hedw.) Sulliv. ((5). Sterile only.

On bark of living trees, Huckleberry Kavine.

Note.—Tlie numbers given after the species are the numbers of the

.speciiriens as arranged and left in Indiana University herbarium.

/. U. Bdfanicdl Lahonitorn.
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Ijengtii of Ijipe of Arisaema Triphyllum CORM8.

By F. L. Pickett.

Ill the suiiiUH-r of litUS the writer's attention was called to tlie siiiii-

larily in tlie nuinher of i^rowtli periods of A. tripliyllnin conns coming from

plants that ninst have heeii of widely different ages. Three years' observa-

tion of inatnre plants in the field and gai'den as well as a stndy of seed-

lings has led to the conclnsion that the conn has a fairly well fixed life

period.

The nnderground stem or conn of A. trijihylhnn is an irregular, flat-

tened, oval body composed of an inner starcli bearing parenchyma mass,

traversed liere and there l)y vascular strands, covered with a thin layer of

brown, scurfy cork, and surmounted by a conical bud. The lower side is

flattened, much wi'inkled and often beais patches of loose, disorganizing

cork tissue. The liud at the toj) is rather large—in mature plants measur-

ing from s 2."inin. thrdugh flic base—and contains the leaves and flowers

for a succeeding year's gro\^'th inclosed completely by closely convolute,

thick, fleshy scales. This bud is formed in late spring, within the petiole or

l»etioles of the aerial leaves, but is left exposed bj' their decay. The roots

grow out from the base <»f the bud scales and so are quite near the outside

of the petiole bases.

The falling away of leaves and roots at the end of the growing season

leaA^es a scar, marked by a depression in which the traces of vascular

bundles are clearly visible, and extending entirely around that part of the

conn just newly formed below the peti«>le bases. This large scar is a

readily usable guide in ((lunting the number of annual growth periods in a

given conn. The number of growth jieriods may also be determined

through the following facts. Vigorous plants usually form one or more

lateral buds of varying size at the base of the petioles each year*. These

buds are carried down, with very little change in size or api)earance, by

the growth of each succeeding year, and so form a record. The interesting

fact has been observetl. that after a corm has reached four growth periods,

its size seems to have nothing to do with the number of such periods, and

that mature plants under observation for three years show the same nnm-

lier of record scars as at the beginning of the observation period. It has
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also been observed that tlic lateral Imds remain (Inriiiant until detached

from the parent conn, and that four year old bnds at the end of their

fonrth season are attachetl not to the corm but to the disorganizing cork

fragments at its base.

An examination of the internal structure of mature corms at different

times in a growing season shows the following features. At the begin-

ning of growth in March the starch-filled parenchyma is a homogenous

mass. When the flowers and leaves are just above ground a lower region

of the jiarencliyma. corresponding to the four year old portion, shows signs

of softening, becoming more translucent and containing less starch. As

tlie season progresses tliis conditinn of cliangc increases until at or sodi

after the time of fertilizaticni of the flowers, there is little but disorgan-

ized parencliyma and scatteied vascular strands in the oldest portion.

Examination with the microscope at tliis time will show that a complete

separatory layer of phellogen has been formed so as to extend l)etweeri

the three and four year old portions, cutting off the older and protecting

the younger witii a layer of cork cells.

The formation and growth of A. ti'i|i!iylluui corms is greatly intiu-

enccd li\ fdod and '-limat*". The vari;iti<.!i in size ol mature corms may

very probably he the direct i-esult of these inthiences. Certain it is that

soine corms lie dormant one year or longer and then grow vigorously

Then again conditions might require an extra amount of reserve food for

the jierfcction of fiuit in some uiifavoralile season and so sliort<'n tlie tim?

of some growth zones. In the majority of cases, barring very unusual con-

ditions, regardless of the number of years since the germination of the

seeds from which they sprung or since their separation as lateral buds

from mature corms, the underground stems of A. triphyllum are four

years old.
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Acetic Alcohol as a Killing and Fixing Agent in Plant
Histology.

By F. L. Pickett.

Tiie writer has found a solution of 5-S9o of glacial acetic acid in

absolute alcohol a splendid killiriL!: and tixing agent in preparin'.; histologi-

cal material. For the best results the alcohol sliould be heated to its boil-

ing point on tlie water bath before the addition of tlie acid and specimens.

For large pieces of stems with well developed wood, tlie tixing agent is

])repared in a flask and is allowed to boil after the specimens have been

placed in it. Tight corking of the flaslv and immediate cooling causes the

withdrawal of air from vessels and spaces and allows immediate penetra-

tion of the reagent. Tlie acid should be washed out with three or four

changes of alcohol and then the specimens imbedded in paratlin in the

usual manner. Hard specimens should be washed in alcohol and then be

placed in a mixture of three parts S0% alcohol and one part gl.vcerine for

preservation.

This solution has been used successfully with leaves, rust, stems,

embryos in situ. It has the advantage over alcohol alone of causing less

slirinking and of fixing cell contents quite well enough for tJiis line of

work. Specimens are not discolored by precipitates, as is often the case

with chromic acid mixtures ; and much time is saved by the elimination

of long washing in water and dehydration before imbedding.
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Plants not Hitherto Reported from Indiana.

By Chas. C. Deam.

Tlie followiug species are new to the flora of Iiifliana. The grasses

and siiecii's of Crataegns were determined by the Department of Agriculture

Washington. D. C. ; the grasses by Agnes Chase, and the Crataegi by W.

W. Eggleston. Duplicates of all of the species are deposited in the her-

barium of that department. The Carices were determined by K. K. Mack-

enzie who retained duplicates for his herlinriuni. other determinations

are credited to the proper authorities.

Panicum Boscii inolle II. & C.

Greene County, May 2(\, 1912. No. lO.GTG. In a woods about 1 mile

soutlieast of Bushrod.

Panicum stipitatidn Nash.

Washington County, August Ki, 1912. No. 12,0f)0. Abundant on the

slopes of the liank and riffles of a very small creek, coursing through a

cultivated field on the south side of the Henryville road about five miles

east of Norris.

Calaniagrostis ci)nioi(]rs (Mulil.) Barton.

Marshall County. .July 2. 1911. No. 9,014. In a ditch on the west side

of the right of way of the railroad, about two miles south of Culver.

Pna Chapmankiiui Scribn.

Clark County, May S. 1912. No. 10.4SG. On the sterile wooded slope

of the ravine just nortli of Tract 28 on the Forest Reserve.

liroiniis incnnis Leyss.

Howard County. July 12, 1912. No. 11,663. Abundant along the right

of way of tlie Lake Erie Railroad for half a mile south of Dyer's Stop on

the traction line, and along the roadside east of Dyer's Stop. It forms

complete stands and is crowding out the blue grass along the railroad and

roadside. The indications are that it may become a pernicious Aveed.

Fiiuhrixfi/li.s Frnnkii Steud.

Laporte County. August 1.1, 1911. No. 9,590. On the sandy shore of

6—33213
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Pine Lake near Laporte. Associated with Hemicarpa micraiitha. Scirpus

Smithii and Jiinciis pelocarpns. Determined by H. H. Bartlett.

Scirpus pcdiciUatus Fernald.

Brown County, October 15, 1911. No. 10,313. On the top of a hill

along Bean Blossom Creek about one-half mile south of Trevlac, in a

small depression in a beech woods. Determined by H. H. Bartlett.

Carex abscondita Mack. (Carex ptijchocarpa Steud.)

Crawford County, INIay 26, 1911. No. 8,4(i3. In a beech woods one-

half mile north of English. Jennings County, June 23. 1912. No. 11,305.

In a beech woods along the north fork of the Muscatatuck River about

one-half mile above Vernon.

Carex Bebhii Olney.

Noble County, June 20, 1910. No. (i,723. In a swamp altnut one-half

mile northwest of Rome City.

Carex caroliniana Schwein. {(.'arcx triceps Smithii I'orter).

Greene County, May 2(;. 1912. No. 10,72(1 In a moist woods one-mile

north of Bushrod. Jackson County, June 0, 1911. No. 8,585. In a woods

( ne-fourth mile south of Chestnut Kidge. Posey County, May 23. 1911.

No. 8,304. On the wooded bank of the cypress pond near Bone bank

along the Wabash River.

Carex chordorrhiza I., f.

Kosciusko County. June 5. 1912. No. 10,928. Growing in sphagnum

moss in a t.imar:ick swamji one iiiilc south of Leesburg.

Carex Emoryi Dewey.

Hamilton County, May 19, 1912. No. 10,54s. Collected l)y .Mrs. Cliiis.

C. Deani in a swamii about one-half mile northeast of Carmel.

Carex lacvi-nifihuitn ( Kukcn i .Mack. (Carer sfipifafa Uicri-vdfiiiidlii

Kuken )

.

Decatur County, May 20, 1912. .\o. 1(t.73s. Collected by Mrs. Chas.

C. Deam in a wooded ravine along Flat Rock River about one-half mile

above St. Paul. Hendricks County, June 1. 1912. No. 10,881. Collected

by Mrs. Clms. C. Deam in a wooded creek bottom along Little Walnut

Creek about two miles south of North Salem.

Carex praitea Dewey. (Carex diandra rainofta (Boott) Fernald).

Noble County, June 20, 1910. No. 0.718. In a peat bog about one-

fourth mile northwest of Rome City.
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Diantlni.s Aiiiiciia L.

Brown County, Jnne Ki. 1912. No. 11,180. Roadside and pasture field

about tliree-fourtlis mile south of Helmsburg. Well established in this

place. Dubois County, .July (1, I!)12. No. ll.Cd."). Roadside and an open

woods about three-fourths mile east of Birdseye. Frequent in this locality.

Reported by Dr. J. Schneck, in the Lower Wabash Valley.

Cratiicf/iis coUina Chapman.

Dearborn County, September 2], 1012. No. 12,249. Bank of Laughery

Creek about three miles west of Aurora.

Crataegus lutricata Lange.

Yerniillion County. Septenil)er 29, 1912. Nd. 12.492. Bank of a

wooded ravine about four miles west (if Hillsdale.

Vratacfius struiniuca Beadle.

Brown County. August 2.1, 1912. Nd. 12.214. Sterile wooded slope of

a wooded ravine about one and half miles east of Helnisburg. Clark

County, August 30, 1912. No. 12.253. A shrub about five feet high, on the

Forest Reserve.

PotenttUa anjuta Pursh.

Jasper County, July 30, 1912. No. ll.sOl. Roadside about four miles

west of Remington. Benton County. July 31, 1912. No. 11,819. Roadside

about four miles northwest of Fowler. Fre<pient alorg roadside ditches in

these counties.

Lespedeza Stuvei Nutt.

Posey County, September 18. 1911. No. 10,104. In sandy soil on the

slope of a cut of the road through the woods, which is located near the

Wabash River and about three miles south of New Harmony. Determined

by K. K. Mackenzie.

Vitis rotundifolia Michx.

Tliis species was erroneously credited to Indiana in last year's pro-

ceedings, and the citations should be referred to Cissus Ampelopsis Pers.

VacciniiDu arboreion Marsh.

Martin County, June 30, 1912. No. 11,373. On top of the wooded

sand stone cliffs of White River about two miles above Shoals. Deter-

mined by C. S. Sargent.

Biimelia lycioides (L.) Pers.

Perry Count^^-, July 4, 1912. No. 11,507. A shrub about eight feet
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high. About three miles east of Caniieltoii at the base of the river bluffs

and near the public road. I>uiilicate iu herb. New York Botanical Gar-

dens.

Mentha fjentilis L.

Decatur County. August 13, 1911. No. n.533a. Collected in the large

stone ciuarry near St. I'aul by Mrs. Chas. C. Deam. Deternuned by B. I..

Boliinson.

\ ihiniiiiiii Cinihiii Rehder.

Clark County. September lM. I'.Ho. No. 7.580. Fretiuent on or near

tlie banks of some of the small creeks on the Forest Reserve. lUpley

County, May 11>, 101:2. No. l(»..".".s. Wooded bank of creek abdut one mile

west of Morris. Jennings County. August 13, 1912. No. 12,030. Bank of

roadside ditch aliout four nnles noitheast of Scijno. Brown County. Zww

16, 1912. No. 11.14S. At the base of a wooded ravine about two miles

east of Helnisburg. l)ct«'rmined by <
'. S. Sai'gciit. It is lielieved that all

references to \iburnuiii niolle iu Indiana should be referred to this species.

BJiifftoii. Indinini.
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The Influence of Certain Environic Factors on the Devel-

opment OF Fern Frothalll\.

David M. Mottiek.

[Alistract.l

SiKPics (if till' t'dlliiwiii.i: fi'i'us were used in the exiieiiiueuts : OiiocIe:i

sti'utliiupteris (I>.| lldffiii. Dryoi)teris stipularls (Willdl Maxoii and

"Xophrodiuin iiKille."

ri-dtliallia (if (_). struthitiiitt-ris which had devehiued iiniiier<ius aiithe-

ridia, Init which were much too small to bear arcliegonia. were trans-

planted to separate dishes and allowed to grow under favorable condi-

tiiiiis. S.inie of these developed into large prothallia and bore archegonia.

The fact (hat female jirothallla of this fern, if kept growing for some time

without the fertilization of any of the egg-cells, may develop antheridia.

has already been recorded in an earlier publication (Mottier, Bot. Gaz.,

.10; 2on-2i;;, T.tlO).

S] lures I if all of the above named species were found to germinate

podily. nr not at all, if the cultures were kept in direct sunlight in the

greenhouse from the time of sowing. In cultures in whicli prothallia devel-

oped, nearly all plants were small and bore only antherladia, a very few

only becoming large enough to produce archegonia.

Three cultures. A. B, and C, of Onocles struthiopteris were sown A]iril

1», litll. Tliey were placed in a position to receive direct sunlight, but

during the brighter hours of the day cheese cloth was placed over the bell

jars under which the cultures were kept, to diminish Sdmewhat the inten-

sity of illunnnation. On April 30 all three cultures seemed to have made a

favorable beginning, the majority of tlie prothallia being heart-shaped l)ut

not large enougli to bear archegonia. A and B were now placed in a

position in the greenhouse to receive good diffused light, but no direct

sunlight save for only a short time in tlie early morning. Culture C was

left in the original position of direct sunlight except the protection given

iiy the cheese cloth from about 9 :oO a. m. to 3 :<X) p. m. during days of

l)right sun. A and B developed into fine cultures, while in C nearly ali

plants remained small, bearing antheridia only.

All cultures were grown in earthern saucers upon earth which had

been previously sterilized in a steam sterilizer. They were watered by

means of sub-irrigation.
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Report of the Work in Corn Pollination, IV.

By M. L. Fisher.

A series of studies in corn pollination was begun in 11)08. Tlie results

of these exiieiiinents have been reported from time to time. The present

report will deal with the Sweet-Reid's Yellow Dent cross.

In 1911 the two types which arose from this cross were planted, but

conditions were such that only enough for seed was obtained. There was

no chance to determine the quality. In 1912 the two types were again

planted. Only a small area of ground was available and it was necessary

to resort to self-pollination again.

The germinatit>n from both types proved good and tlie plants grew

vigorously. The light-colored type was the more vigorous of the two and

produced a larger proportion of ears.

When the ears were in proper condition samples were taken for

cooking and testing as to quality. The light colored type had large ears,

white in color. Upon cooking the flavor was found to be excellent, being

very sweet. The sweet flavor combined with a long grain makes this a

very desirable type. The cooking test showed it to be superior to the corn

l>ought on the market in West Lafa.vette.

The yellow type had a medium sized ear, creamy white in color and

when coolvcd liad also an excellent, sweet flavor. The flavor was consid-

ered not quite so good as that of the light colored type.

At maturity the light colored type showed itself quite true to type,

having whitish kernels, red cobs, and large size. There were few yellow

dent kernels, probably no more than due to cross-pollination from adjoin-

ing plats.

The yellowish type had smaller ears, mostly white cobs, yellowish

kernels, and a larger proportion of yellow dent kernels than the other

type. The yellowish type does not have the depth of kernel that the whit-

ish type possesses.

The crop season of 1913 will be the final test for this experiment.

The result of this season will determine whether the new types are worthy

of extensive propagation.

Purdue University.
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Conjugation in Spirogyra.

By F. M. Andrews.

A large (jiiaiitity of Spircigyra crassa and Spirogyra ;omimiiiis were

found in .September in a pond and upon examining it both forms were

found to be conjugating. Not only was the species Spirogyra crassa found

conjugating togetliei". but sometimes Spirogyra crassa was found conjugat-

ing witli Spirogyra communis. The smaller one of tlie two filaments in

Fig. 1 is Spirogyra commmiis and the larger one Spirogyra crassa. The

contents of tlio majority of the cells pass from the larger species to the

smaller ones forming a z.vgospore. and in other cases the contents of most

of the cells of Spirogyra communis pass into the cells of Spirogyra crassa.

Some of tlie forms her.:> shown which had not begun to conjugate began

and completed conjugation when brouglit into the laboratory. In an

earlier paper T have called attention to the interesting facts the hybrid

forms mav show.'

Figure 1

.

Generally it is the case that when Spirogyra is conjugating the con-

tents of the cells of one filament will all pass over into the cells of the

otlier filament near it, as text-books and authors state. Tliis is by no

means always the case as is shown by Fig. 2.= In some cells, as will be

seen at A and P.. Fig. 2, the contents of the contiguous cells in the same

filament go to corresponding contiguous cells in the other filament, but the

contents of other cells as C and D, Mg. 2, do not do so, but go in the

1 Andrews, F. M. Bulletin of the Torrey Botanical Club, Vol. 38, p. 29G
2 Bennett and JIurrar. p. 266.
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3c±;=?c

Figure 2.

oi>i)Osite direction. A case of this kind is also shown liy A. Tnlndie' and in

the above mentioned form.

In some other cases, as has been round Ik'Ioit. tiirce tiiauients of

Spirogyra crassa conjugate with oni' anotinM- without re.^nilarity. as is seen

in Fig. .'>. Part of the time the contents of tlu> cells move from the fila-

ments A to P., in some cases from P> to .\ and in others from B to ('.

Figure 3.

In another instance in this material thnv filaments of Spirogyra

crassa were found connected by conjugating tubes.' In Fig. 4 the cells of

the two outer filaments A and C were in some cases conjugating witli the

cells of the filament P>. and thus forming a single Zygosjtore fi-om the cou-

1 A Trondle—Uber die Kopiilation iind Ivcimiing von Spirogyra Botanische'

ZeitiiDK. 1907. Vol. 65, p. 192.
- A. TroDdle 1. c.

3 Bennett and Murray, Cryptogamic Botany, p. 267.
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tents of three cells. In this case the Zygospore Is not apparently much

larger than where two cells fuse, so that the decrease of turgidity causing

the contraction of the protoplast is in this case very great.

Figure 4.

In still another lot of the sjieciniens, four filaments were found con-

jugating with one another as in the last case. Most of the cells were

conjugating in the usual waj', but others conjugated with each otlier in

whatever fllanients were near them without regard to regularity. They

formed quite a mat of filament.

Some specimens were noticed each of whose cells in conjugating put

out two conjugating tubes to the neighboring cell. Only one of these tubes,

however, seemed to be completed and to serve as a channel for the transfer

of one cell to the other.





An Instructive Modification of an Old Experiment.

Howard J. Banker.

We have long been familiar with the experiment in photosynthesis ol'

pinning a cork on opposite sides of a green leaf and exposing to the light

in order to show tliat no starch is formed in the leaf where the cork shuts

off the action of the sunlight. The experiment, further, lias excited no

little comment and criticism because of the fact tliat the cork, tinfoil, or

other opaque screen as usually applied not only shuts off the light but

also interferes with the interchange of gases through the stomata. This

Starch Distribution in Geranium Leaf

—

a. Opaquo disks in close contact with leaf, shutting off

both hght and air;

—

b. Opaque disks with air space shutting off light but not air;—c. Glass

disks in close contact with leaf shutting off air but not Light.

consideration has led to various modifications of the experiment and to the

development of some highly accurate and scientifically constructed pieces

of normal apparatus to correct tlie eiTor of the original experiment. So

far is this sometimes carried that the construction and adjustment of the

apparatus has completely obscured the siguificauce of the experiment. We
need, therefore, to get back to first principles, that is, to experimenting

upon the plant instead of upon the ai)paratus.
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The following simple modification of this classic experiment will be

instructive and will nsually set the student to thinking to some purpose.

I'repare several ri)und disks from (i]>a(]ue paper or light cardlioard. These

may he readily made of about the I'ight size with a guuwad cutter. Se-

lecting a broad leaved plant of suitable size, place a pair of the dislis one

on each side of the leaf opposite each other and in close contact with the

surface of the leaf, and fastened in place by ;i light si)ring c]i]i. smli as is

commonly used to fasten loose sheets of paper. Attach another pair of

disks in a similar manner but snpixirted from the surface of the leaf by

wax feet or other .supports so as tn allow a free circulation of air between

the dislvs and the leaf. Now select a cnuple of cover glasses, such as are

used in microscopic woi-k, of approximately the same size as the paper

disks and attach tliese in a similar manner so as to be in close contact

with the surface of the leaf. The iilant is nnw c.xiiosed to the sunlight and

after a time the leaf is teste<l tor starch in the usual way with iodine.

The result .is obtained recently by my own students is shown in tlie figure.

As is seen the place of the oiiaijne disks is marked by a sjiot free from

starch .and ixiunded by ;i shai'ply defined line approximately .at the edge

of the disk ill both cases, showing of how little significance in this form of

the experiment is the question whether the stomata are covered or not.

On the oth( r hand, the glass disks are m.irked by only .-i small spot .at the

center without starch and the intensity of the starcli reaction sh.-ides oH

gradually frtMu the margin toward this central s])(.t so th.-it the boundary

of the disk is not evident. It is hardly necessary to add that some care

should be exercise*] in timing the exposure to the sunligbt in oi'der to get

the most striking results. The phenomena afford a neat little problem for

the student to explain. With a little thought most students can do this if

they understand cleaiiy the structure of tlie le;if.

The exi)eriment may be fiirtiier elabor.ited with instructive results by

selecting le.aves with stomata deliintely distributed .-is upon only one side

of th" leal and liy using the disks. Iioth the glass and opacpie, singly

instead of in pairs.

DcPauic Vmpersity,

Greencastle, Ind.
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Photosynthesis in Submerged Land Plants.

By Harky V. Heimbukger.

Detnier.' in his "I'mctica! I'laiii I'hysiulo^y." desoribe.s an experiment

to show the evolution of oxygen in photosynthesis. He uses for this pur-

po.se a water plant whieli is placed under a glass funnel in a vessel of

water and the evolved gas collected in a test tube. The same experiment

is described in a number of text-books, mention usually being made that

writer plants smist be used. Elodca, MyrioplniUHni, Ccratdiiln/lliiiii. flij;-

liiirh J'()l(iiii<i(j<toii. Cliiini and ^pirof/i/i'u are suggested by various writ-

ers. It is to be inferred from most of the texts that no especial ditticulty is

met in performing this ex])eriment, though a few of the authors consulted

mention so]ne difficulties and suggest that the experiment is not always

entirely satisfactory. One writer says, "Tt is better to allow the apparatus

to stand several days in the sunlight in order to catch a full tube of the

gas."- Another says. "After two or three days of hot sun. enough of the

gas can be obtained to make the oxygen test."'' Again we are told, '"The

glowing of the splinter shows that the gas is oxygen"' intimating that a

very iironounced test is not to be expected: thongh others say that the

spark bui'sts at once into flame.

In one text^ the use of watercress in the experin^ent is reconnnended.

A few of the texts examined, do not say definitely what sort of plants to

use, but usually it is implied that water plants are required. In only one

text, of those we have been able tO' examine, is it even intimated that land

plants may be used. Doctor Coulter" says, "If an active leaf or a water

plant be submerged in a glass vessel, and exposed to the light, bubbles

ma.y be seen comiug from the leaf surface and rising through the ^^ater."

The illustration accompanying this text shows what appears to be the leaf

of some tree or shrub. In several texts it is expressly emphasized that

land plants will not serve for tliis purpose. Atkinson says," "Land plants.

^ Detmcr-Moor, I'rrtctical Plfint Physiol ogy, pp 35-37.

- Atknison, Collego Botany, p G2.

•' Iliintpi-, Essontials or" Biology, p. 126.

' Atkinson, Elementary Botany, p. 51.

^ Reynolds Green, Vegetable Physiology, p. 164.
» Coulter, Plant Relations, pp. 29, 30.

'Atkinson, Elementary Botany, p. 51.
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howe\er, will not do this when they are immersed in water, bnt it is

necessarj' to set up ratlier complicated apparatus."

Doctor Ganong, wlio may be regarded as an autliority in plant physi-

ology, iu commenting ou this experiment criticises severely the statement

that land plants may be used. lie says, "An erroneous experiment, given

in sevei'al text-books, accompanied by a false illustration, is that one in

which leaves of land plants placed under water are represented as giving

off bubbles of oxygen which rise through the water. It is true that leaves

which are enveloped in a film of air do carry on some i>hotosynthesis under

water, but the amount is so small that it is doubtful if any visible bubbles

of oxygen are released, the tiny (luantitios being tal<en directly into

solution. ""^

It is tlic pur])osc (if this jiapor to show that sonic land plants do carry

ou photosyntiiesis. when submerged in water, and that for purposes of the

experiment descril)ed above, are even liettcr tlian the water jdants ordinar-

ily used.

In Septeinlier of 1011 my attention was called to tlie fact that Mcli-

loliis (ilhd. wiien submerged in water, could carry on photosyntiiesis, witli

consideiMble evolution of gas. and that the gas is jiarticularly rich in

oxygen. .Vt tlic suggestion of I'l'ofessor Howard .1. Hanker a number of

simjile iireliminary ('xjierimeiits were carried on to test tlie power both in

Molilotus and in several other land jilants. It was intended that more

careful exiierimeiits should lie performed Liter to determine the jiercentage

of oxygen in tiie gas and the rate of the evolution of the oxygen undei-

varying conditions. Wliile this (|nantitative work has not been done, the

results so far oiitaiiK-d are so striking as to appeal' of interest and wortliy

of note.

In tlie experiments as iierfornied. a few le:ives of the plant iiiidei'

observation, were placed in the usual niainier in ;i glass funnel wliicli was

inverted in a large glass jar full of water. A test tube of 30cc. cajiacity

was used to collect the evolved gas. ("arbon dioxide was generated by

treating ordiii:iry limestone with hydrochloric a<-id. and a stre.-im of this

gas was kept bultbling through the water outside the funnel. The whole

apparatus was exiiosed to sunlight in a soiitli window.

With ]\l(lU<it lis iilJiii. using tliree or four vigorously growing shoots.

having approximately one linndi-ed leaves, from CO to SOcc. of gas was

8 O.anonfr. .V Lahoiatdiv Cmirso in Plant T'liysioloii.v. p. lO;!.
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obtained in four lionrs. Thi>! gjis was so ricli In oxygen tliat a glowing

splinter thrust into the tube burst into flame with an explosive snap. The

same leaves were left in the apparatus and on the second day yielded

more than 30ce. of gas, giving a good spark test. On the third day, how-

ever, the water in the y^iv showed green and the plants were becoming

macerated. Only a very little gas was evolved during this day, the quan-

tity being insufficient for the spark test. With none of the plants used was

any gas obtained after the second day, and sometimes only a little on the

second day.

Similar tests were made witli Mclilotiis offichmUs, TrifcIiuDi pratcusv,

Trifoliuiii rcpciis, Liutuca va]i(i(h'iisis, Aictiiini iiiiniis and Xcixta cut'irUi.

With all these plants a good evolution of gas was obtained, at least during

the first day. Lactuca and Arctuim evolved very little gas during the sec-

ond day and both showed considerable maceration after sixteen to twenty

hours in the a])paratus. With tfepeta the evolution of gas appeared to be

more rapid than in McliUifiis, though this might have been due to differ-

ence in light intensity or because of a greater leaf surface being exposed.

No accurate measurejnents of leaf surface were made in any of the tests,

but apprctximately the same leaf area was used in each case. In all the

plants used, except Xepeta, there was less gas evolved than with Mclilotus,

but in every case there was a free evolution of the gas and not at all the

tiny quantities that Doctor Ganoiig suggests. In all cases, too, the gas

gave a very good spark test, showing it to be very rich in oxygen.

It ^^ill be noted that all the plants named above, have either a hairy

or waxy covering to the leaves so that they do not become wet when im-

mersed in water but are really enclosed in a thin film of air. When ex-

[tosed to Ijright sun this film grows thicker and thicker until it becomes a

l)ubble of considerable size. After a time a portion of the bubble breaks

oft" and rises through the water into the test tube, this process continuing

while the plant is in bright sunlight.

In the case of Nepcta and Arctiiiiit there are a number of minute

bubbles formed on the surface of the leaf, these being more numerous and

forming juore rapidly on the under side. These bubbles increase in size,

merging together to form large bubbles until they become so large that

portions break off and escape into the tube. With BIcUlotiis. TrifoJiuiii and

Lactuca the film of air seems continuous and becomes a large bubble

which practically encloses the leaf. The bubbles which rise into the test

7—33213
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tube are large, there being no srrearus or tiny bubbles as in the case of

the ^yate^• plants.

The rate of the evolution of the gas depends on the brightness of the

liglit and the supply of carbon dioxide. If a part of the light is shut off

the rate becomes slower and the evolution of gas ceases when the light

becomes dim. Tlie rate becomes slower if the bubbling of carbon dioxide

tlarough the water is stopped. Enough carbon dioxide diffuses into the

water from the air for the evolution of gas to go on slowly, but a rapid

evolution i.s not obtained unless the water is kept charged with the carbon

dioxide.

In one exi)eriment leaves of MvlllotuH were dipped for an instant

into 50% alcohol and then immediately ininuTscd in water. These leaves

became \\et, no fihn of air was present and no evolution of gas occuri-ed

though the plants were exposed to the sunlight for more than six hours.

These experiments were i)erformed in May of 1012, after which time

nothing further was done except that in October Melilotits and Nepcta

wei'e usetl in demonstration experiments before a class. A good quantity

of gas was obtained. The rate of evolution was slower than in May,

probably due in part to difference in light and part to difference in the

condition of the plants. The plants used in May were young vigorous

shoots, while only old pliints could be found in October.

As a plant to use in dcmoMstratiug the cvtihition of oxygen in photi)-

synthesis, I am (juite sure tiiat either Mclilotii-s or Xritcta will i)rove en-

tirely .satislactdO". They are not only mu'h easier to obtain than the

aquatic plants, wliich arc said to lit- necessary for this exiiei-iiiiciit. but the

results are more (piickly attained and are more striking tlian is usually the

case with the conventional a(|uatics used for this purpose.

Dcl'ainr I'tiircrsit!/,

GrccncustJc, lud.
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Indiana Fungi—III.

J. M. Van Hook.

The .sensoii ]'.I12 was i>ne disappointiiii^ to tlio student of tlesliy fnugi

in this region. The usual sunnnei* and tall study of this grouu liad to be

given up almost (entirely. On the other hand, we obtained a very large

number of parasitic species. Only a few of these have as yet been classiiied.

Some of the conmion economic parasitic species have appeared in this

neighborhood this year as unusually destructive. The I>light of tomatoe.-^

(Septoria lycopersici), has l)een severe, as liave botli the Septoria and

Gloeosporium blights of gooseberry and currants. These bushes have, ii;

many eases, been completely defoliated, in July and August .and aside from

a few leaves at tlie tip, very little development followed. (Jat snuit was

generally prevalent and the CTop loss large in the southern counties.

Lactarius indigo was found for the first time and in a location care-

fully hunted over for the last six years.

The following is a list of those classified during the past year and not

lieretofore reported

:

USTILAO NE^.

L'stilago avenae (Pers.) Jens. lilooniington. Monroe ('ounty. (Date

unknown. ) .343s.

Ustilago tritici (I^ers.) Ivo.str. On wheat. Monroe County, June 1912.

Rourke. ?A'.'7.

TKEDIXl]^.

I'romyces caryophyllinus (ISehrank. I Winter. On living leaves of

carnation, Monroe County, February s. 1012. J. M. ^^ 3273.

Melampsora farinosa (Pers.) Schroet. On living leaves of Salix nigra,

Brown County, August 25, lOOS. J. M. V. 3270.

CLAA^\RIACE^.

Clavaria vermlcularis Scop. On ground, woods, Monroe County, July

18, 1912. J. M. V. 3419.

Lachnocladium micheneri B. & C. On dead leaves in woods, Monroe

County, July 19, 1912. J. M. V. 3410.
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IIYDNACE^.

Irpex fuseesoens (Scliw.j On (lak liiiili. wonds, Monroe Comity, July

19, 1912. J. :M. V. 3416.

AGARICACE^.

Cortinarins lilatiiius I'k. (ii-ouiul. woods, Griffey Creek liills, Monroe

County, July 12. 1!»12. J. M. V. ;'.410.

Cortinarius sanguineus Fr. ({round, woods, Griffey Creek bills, Mon-

roe County, July Is, l!ti2. J. M. V. 342(i.

Lactarius hygioiilicroides 15. & C. Ground, Trevalao, Brown County,

July 20. 1012. J. :M. V. .•U?,(\ (Tlie stems of some of tliese plants attain

a length of two and om'-lialf inches and a thickness of seven-eighths inch,

while the pileus is often four inches across, i

I.actarius iiuligo (Schw.) Fr. On ground, top of Hemlock Bluff,

Trevlac, I'.i'own County, July 2(t. 1!)12. J. M. Y. 3427.

I.entiiuis suavissimus Fr. (>ii iwig of niaiile. lluckU'lterry Hills. Mon-

roe County, July is, 1012. J. IM. V. 3421.

I'anus strigosns li. i^ C. On linihs ol' fallen I'cd oak, Fnionville, Mon-

roe Ciiunty. July 7. 1012. 3421.

ASCO.MVCFTF.'^;.

({(loglossuin glaliruni I'ers. \'ery rotten woml. point near Shuttle

Creek, .Monroe County, July 12, r.n2. A. A. Bourke. 34:! t.

llolwaya gigantea (I'k.i iMirand. <»ii itak log. 'i'hird Street I'ike,

Monroe County, Novemher 27. 1011. Sutton. 32;{.">.

I.eotia lulirica (Sco|i. ( I'ci-s. (Jround, tJriffey Cicek hills, .Moiu'oc

Couut.v. July. I'.ni'. J. .M. V. 3407.

Microglossum rufuni (I.. ^^ ."<. ) rnilcrw. \'('ry rotten wood, juiint

near Shuffle Creek. .Monroe County. July 27, 1012. .\. A. Bourke. 3433.

I'seudopeziza Bihis Kleh. Oii cnii'anis, .Moiu'oe ( 'ounty. Sepfeniher 12,

1012. J. .M. V. 3430.

Sarcocypha tloccosa Schw. On rotten sticks covered with leav<'s, one

mile north of Bloomington, Monroe County, July 10, 1012. Zetterherg,

4"richog|ossuin hirsutum (I'ers.) lioud. A'ery rotten wood, point near

Sluitlle Creek. .Monroe Comity, July 12, 1012. A. A. Bourke. 343r).

SBIIAEKOBSIDABES.

Asoochyta jtisi I>ih. On leaves, stems and jiods of cultivated peas,

Monroe County, summer of 1012. J. M. V. 3441.
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Septorin ribis l^esiii. On gooseberry, uear Bloonilngtoii, Monroe

County, October 13, 1911. Sutton. 3450.

MELANCONI AI^ES.

Cyliu(lr<isi)(iriuin caiiselliie E. & E. On leaves of Capsella Bursn-pas-

t(uis, ^[onroo County, sununer (if 1012. Sutton. 3451.

Clocosporiuni rubi 11 & E. Ou loaves of raspberry. Huckleberry Hill.

M<iiir<)e Count.'S', November 3. I'.Ml. Sutton. 344S.

HYPIIOMYCETES.

Alternaria Dianthi S. & H. Ou leaves and stems of carnation, green-

hduse. Monroe County, I^'ebruary s. 1012. J. M. V. 3272.

Cercospora plantaglnis Sace. On plantago lanceolata. Fee Pike, Mon-

roe County, October 12, 1011. Sutton. .3450.

Monilia cinerea lion. < >n fi'uit <if apple, liuntini:t<»n C(;unty. December

0, 1011. Meier. 3244.

hididiia I'lii rrrs'ity, Dccoiihrr, 1012.
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Fungous Enemies of the Sweet Potato in Indiana.

By C. a. Ludwig.

In the spriiifz: uf 11>]1. the \M-iter began :iu investigntion tu determine

the causal organism (it a (h'.v I'nt wliich (h)es damage to sweet potatoes in

storage at liis Iiome in Franklin County, Indiana. The worlv was contin-

ued the following winter as thesis work for a baccalaureate degi'ee at

Purdue Tniversity ; and as no special study uf the fungi affecting sweet po-

tatoes in Indiana could be found, the subject was enlarged in scope to take

in all the fungi of Indiana which are known to affect stored sweet

potatoes. A number of forms which have been suggested as the cause of

der-ay, and some not thus previously associated have been studied ; and

certain notes concerning them may not be without interest, in spite of the

fact that the primary cause of the dry rot still remains in doubt. The work

was carried on in the botanical laboratories of the Purdue Agricultural

Experiment Stafion, and the writer wishes to acknowledge his indebted-

ness to the members of the botanical staff and to a number of other

friends for various assistance.

Tlie following fungi were found to affect stored sweet potatoes in

Indiana

:

Phycomycetes.

RMzopus spp.

ASCOMYCETES.

Xcrtrid Ipoiiidd Hals.

PeniciUiidu spp.

Diaporthc hatatatis Ilarter and Field.

Fungi Imperfecti

t^ph(viO)iC)na pnihridtinii ( Fll. and Hals.) Sacc.

Fusariuvi spp.

Rhlzopus nifiricoiis Ehr. is the cause of a soft rot of sweet potatoes

when they are kept too damp. It was determined as the cause of soft

rot in some specimens from Tippecanoe County. Some other species of

Rhizopus were also isolated from potatoes aft'ected with soft rot, a circum-

stance which makes it probable that they may also be the cause of a soft

rot when conditions are favorable for their growth.
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?\'rctri(i fpiiiii(i(r Ilnls.' has l)i'on olisci'votl in the vicinity of Blooming-

ton, hid., hy I'ruf. J. M. Vnn Hook, ot Indiana T'niversity. It is sni)-

jiosed to cause a stem and root rot of sweet potatoes in the tield, a root

rot in storage, and a stem rot of egg-phtnt in the field.

Penicillium spji. The iirevaleiice of these fungi renders their attacks

freQnent. They are usually superficial. Itut may. however, penetrate more

deeply, especially under conditions of considerahle moisture. A wound of

some sort is usually a further ne<-essity fir such an infection.

IHdli'irllic hdldhiUs IIarti>r and Field. This is the organism originally

descrihed as I'lioimt lint<ilt( Ell. and Hals." Harter and Field have recent-

ly secured (lie ascigeious stag" and have named the organism.' It was Iso-

lated several times from sweet jxitatoes raised in Tippecanoe County. The

culture was deternnned hy ^Ir. L. L. Ilarter. of the Bureau of I'l.int In-

dustry. This a])pears to lie the first time the species has been reporteti

in Indiana. It is not listed in the report of the Biological Survey of the

Academy in \\\v IMciceedings for ISOH, nor, so far as I have been able to

find, in the additions since.

Sjili'iroru'iiKi fiiiihridtiiiti ( I'Jl. and II.-iis.) Sacc, This oiganism causes

(he disc.-ise known as "black shank." It was not found during the course

of this work, but was reixirted in the T.KiT Yearbook of the Department of

Agriculture as havin.g been iirescnt in this state during that year.

I'liNdridin spp. During the coui-sc of the woi k several species of

/'iisdiiiiiii were isol.ated and studied. Some sitecies are conunon members

of the flora of decaying sweet jiotatoes. and the results indicate that oue

or more of them is partially resiionsible for the decayed condition. How-

ever, as the point has not bi'en fully d(>monstr;it<'d. it si-ems best not to dis-

cuss it more full.x here.

'ITal-;f('(l. v.. I). Til.' i:-^-iiIant St.'iii Itot. X. .T. Kxp. Sta. Uci)f. 12. iip. '-'SI

28.*?. 1 Si) 1

.

= Ilalstcd. U. I>. Sol, 11' Fi!ii,;,'oiis Kiscascs of (ho Sweet I'olafo. N. .T. lOxj).

Sla. Bull. 76, PI). 2:i-2.^. 1800.
•' Ilarter, I,, b.. aiul I''iel(l. Klhel ('. Diaportho, the Ase()-.reni)iis Form of Sweet

I'olato Dry Kot. I'liytopatliolojiy. Vol. II, No. 3, pp. 121-124. .Tiin<>, 1912.
•* Ilalstod, B. I>.. and Fairehlld. D. (J. Sweet Potato Black Kot. .Tour. Mye. 7.

pp. 1-11, pis. 1-3. 1891.

Ilalstocl, B. D. Some Kuugous Diseases of the Sweet Potato. .\. .1 K.\p. Sta.

Bull. 7<j, pp. 8-14. 1890.
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Notes on Some Puff-Balls of Indlvna.

By Frank D. Kern.

Our largest fmi;;i lieloiig td the gmuii iinpularly kimwii as ]ml'f-lia!ls.

They receive this name because of the fact that most of them when mature

and dry puff fortli their spores in clouds upon the slightest disturbance.

Those who are in the habit of thinking of muslirooms. toadstoods, or ordi-

nary puff-balls 'as are large fungi may be sonle^^•hat surprised to learn that

within our own State certain species of puft'-balls frequently attain a size

equal to the largest iiuiii]ikins. (See Fig. 1.) Notes concerning some of

Figure 1. CALVATIA BOVISTA
A fresh specimen measuring 40 cm. in diameter and weighing 9j pounds.

these larger forms may therefore not be witliout interest, especially since

they form an important jiart of our fungous food products.

There have been in the Fnited States four important workers with

puff-balls, Peck, Trelease, ]Morgan and C. G. Lloyd. I'eck's work has been

largely devoted to New York forms while Trelease's studies were confined
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to Wiscoiii^in siieoies. Mi>r.ucan and Lloyd, both residents of r)hio, liave cov-

ered not only Iheir own region but have made their studies more genei'al.

Lloyd has extended his observations to various parts of the world.

No special study of Indiana .species has Ijeen made. In 1S03 Undei'wood

listed twenty-tliree si>ecies iu the Report of the Botanical Division of the

Indiana State Biological Survey, pu))lished in the Proceedings of the

Academy for ls!)3. pp. IS-CT (1S94). rresumably this includes all that

were Icnown to him in the state at tliat time. No additions were made

either by Underwood or Arthur in their supplementary lists in the Proceed-

ings for 1S96. JU'ddick inentims four species in a iiajier in the 32d Annual

Report of the Department of Geology and Natural Resources of Indiana,

10U7, but none of them are additions to the T'nderwood list. Van Hook

has published two lists of Indiiuia fungi. (Mie in the I'roceedings of the

Indiana Academy for 1910, pp. 2<tr>-212 (liHl i. and another in the I'roceed-

ings for 1911, pp 347-3r»4 n912>. which include references to .seven species,

only two of which were not in the jirevious lists. This makes a total of

at lea.st twenty-five species wlii<!i have been reported for the state through

the Academy. F<tr the most part these ars' small or moderately small

foi'ms. It is certain that this is not a complete record but no effort has

been made toward an exhaustive search of the literature. A^arious refer-

ences to Indiana species occur in the writings of Morgan, liloyd, Mcllvane,

and others, and st far as known to tlii' writer several additional species

may I>e mentioned.

A medium-size<I sjiec-ies (4-8 cm. in diameter) said by Lloyd to occur

in Indiana, but .ipparently not mentioned in any of the Academy records,

is BorislcUa ()]ti<nsiH. This jilant was twice collected in the vicinity of

Lafayette in Octolier, 1912, once by Mr. Ilenrj- Meigs and once by Prof.

V. R. Orton and the writer. In the former collection, which was only

about half mature when brnught in. the iieridia rangetl from 5-8 cm. in

diameter. Lloyd especially mentions a robust specimen in the Ellis herb-

arium (now at the N. Y. Botjjnical Garden) which he says was collected

by Gentry in ndiana. This sjxHimen is about 10 cm. in diameter but ac-

cording to Lloyd it rarely occurs so large. While the si»e<:'imens collected

by Mr. Meigs do not o(pial the Gentry specimen in size they appear to ap-

proach it more nearly than usual. The specimens taken by Orton and the

writer are consideral)ly weathered but appear to have l)een of ordinary size,

4-6 cm. in diameter. They comi)are very favorably with Lloyd's Figs. 5

rnd c. Plate 8<;. accompanying his Mycological Notes. No. 23 (1906). A
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good illustration of the species Is also to be found in Hard's Mushroom Book,

p. 533, Fig. '/IS. The peridiuni is snbgloljose or depressed pyriforui. The

outer coat, or cortex, consists of dense, soft warts or spines which fall

away after a time, exposing the smooth, shining, thin inner coat. The

spores are pale cinnamon-brown, slightly oval, 3-4 x 4-5 ,", smooth, with

slender hyaline pedicels 9-15 // loiii:. The capillitium consists of separ-

ate, branched threads, 3-(i /i in diameter, the branches gradually tapering

to sharj* points. Ellis and Morgan described this species in 1885 giving

it the siteclHc name of (Jliiciif<c but referring it to the genus Mycenastrum.

In ISS.S DeToni tiansfeired it to SclcirtdcniKi in Saccardo's Sylloge Fun-

Figure 2. CALVATIA BOVISTA

A spscimen which weathered for nearly a year in its place of growth. This specimen is now al out

30 rm. in diameter, and weighs 4J^ ounces.

gorum. Morgan later used it as the type of a new genus, Boristella, call-

ing this plant BorisirJhi Oliioisc. This plant is more common snithward

and our locality is ai)parently in the extreme northern part of its distri-

bution. Judging from the general distribution and from the Illinois and

Ohio localities it would seem that this species is likely to be met with in

the southern half of Indiana.

A considerably larger s]iecies (10-15 cm. in diameter), Mycenastrum

spinulosu))). which has never been reported for Indiana in tlie Academy

proceedings, or elsewhere, so far as the writer knows, was collected near



lOS

Lafayette. October IC I'.Kir.. by Dr. J. ('. Artlini. 'I'lirei' siieciiiicns of this

collection have been preserved. 'J'liis is a cinumn puff-liall tm the plains

west of the Mississi])i)i Itiver, iuitl (iccurs also in the Kucky .Monntains and

on the racitic Shipe. 1 have collected it in Color.-ido west of the conti-

nental divide. In V.n '.) IJoyd wrote that ne had not seen spei-iniens of this

plant from an,\' station fariher east than ("hica,'i. 111. I'ecl<, however, in

liis Annual Iteport of the X. \. State Museum fiu' liol reports it from

Crown I'oint. .\. V. Ills spe-imtus wen' nnsatisfactoi'y and yet he con-

sidered them to be this species. With the exception of I'eck's New

York locality ours seems to be a( the eastern limit of distribution. The

species is not;'blc i'l the character of bi'tli peridii'ni and capillitiu.iu. Peek's

Kieuie:;. MVCK.VASTRr.VI Sl'IXT l.( iSlM
Showing the .stellate .splitting of the peiidium and the unequal sprcadinji of the lays. This

specimen is 12 em. in diame'er.

description of !lie I'eridiiun as tlii<U. lirm. and .uonrd-like is well cxjiressed.

as is also iiis leferem-e to th' fnrm of rn]ptnre as a stellate spiittin.u from

al)ove followed i)y an nne((ual s|ii'eadin.i.' and retiexini; of the rays. (See

Fi.u: P>). One of the siiecinie; s in orr Indiana collection was not ruptiu-eil,

but tile other tw(j show the iharacteristi<- form. The peridiiun is hyt^ro-

scoplc, which often c;iuses the rays to under,i;o siilhcient movement in result

in a movonieut of the wliole i»lant. The capillitium consists of sei)arate

threads of comi)ai atively larire diameter. Ki-TJ //, wliich are set with

prominent spiny i)oints. The s])ores are also larire. 1(1-12 //, sli.^ditly

rough, and without evident pedicels. The spore-mass is a rich chocolate-
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brown in color. Peck originally described this species as a Bovista in

INTO (Hot. Gaz. 4:lTii) but two yeai's later transferred it to tlie genus

Miicenafttnnii ( I>ot. (Jaz. r:L'40). It very evidently l)elongs in the group of

tumblers, the mature iilaiit liecr.ming loosened from the place of growth.

The Boiistclld (lcs( rilud in the foiegcing pariiLi'raiib normally remains at-

tached. As to wbetlier our American species Mi/ccndsfniiH spiniiJosuiu. is

identical with any foreign species there is some diversity of opinion.

Dr. Ii. Hollos, a Hungarian botanist, claims all foims of Miicmasfiiim to be

one species, of wiiicli the oldost nanu' is .1/. ('oriiiin. and be believes this

species to Ite cosmopolitan. I>loyd at Hrst disagreed but later practically

accepted this disposition. Dr. l-'.d. Fischer, however, in Engler & Prantl,

Natiirliclien I'flanzenfamilien recognizes about thirteen species of Myccmis-

frinii. M. Cariiiiu and .1/. xiiimth ssii m Ix'ing <-onsidered distim-t. ^Icllvaine

in his book. One Thousand American I^'ungi, observes that he has no report

upon the edil)ility of .1/. sii!itiil<isntii l)ut that it is probably good.

The largest species of all, which is also the largest species of fungus

known, is connnonly known as the "giant puff-ball." It passes under such

a variety of scientific names that one scarcely knows which one to use.

There appear to be three imiKirtant specific names which have been pro-

posed, Bonistit, mu.riiii(i, and <ii(i<nit(<t. The latter two api)ear more appro-

priate but the first evidently has ]irir,rity. Tlcse sin-citic names with

some others have been variously combined with the genera Lycopcrdon,

Borista, (Jiohariu and CaJrvtid so as to make a long list of synonyms. In

the Academy papers already cited it has been referred to as ('(tiratia nif/an-

iea, Li/copo-don (jit/antciini. L. Bovixtmn, and Cahatia Borista. Without

attempting to enter into a discussion of the validity of the various genera

it may be said that there a])pear to be good reasons for separating some

forms frnni tlie old genus Liicoitcnloii, and if the genus Calvatia Fries

should be maintained, a jiroper name for the si)ecies under discussion

would apjiear to be ('(iJnif'ni lioristd ( L. ) rnderwond (T'rcc. Indiana

Acad. Science ISSSM.'!). In siiite of the fact tliat Lloyd says it is of

rather rare occurrence in the X'nited States it seems to hare been fre-

(luently collected in Indiana, rublished accounts indicate collections from

Montgomery, Noble, and Putnam Counties. To this list is now added Tip-

l)ecanoe County.' On October s, 1911, Mr. George Snyder brought in a

fine specimen of this fungus which he found growing on wet, peaty soil in

^ In additidi'., .Johnson and Fulton counties were named by persons in the audi-

cncr when this |ia]ior wns being veaii.
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rather opeu woods about five miles east of Lafayette. The specimen was

immature, not yet having begun the formation of spores, and was firm,

white, and solid. (See Fig. 1.) it measured about 40 cm. in diameter and

weighed 9t pounds. The .specimen was so large that it would not go into

the ovens where heat could be applied and unfortunately spoiled before we

devised a method of drying it. On October 9, 1911, Mr. F. J. Pipal and

the writer visited the locality where the large specimen came from and

found in the immediate vicinity a whole "colony" of large puff-balls vary-

ing from 10 or 12 cm. in diameter up to the size of the one described.

Several were collected and some were preserved. On September 1(3. 1912,

nearly one year later, this locality was again visited by Mr. Fipal and the

writer with the hope of finding another crop of giant i)uff-balls. Xo fresh

specimens were faund, but nevertheless observations were made which

may be of some interest. To our great suri)rise a nunil)er of old six'cimens

of the crop of the previous season were still attached in their original

position, and ait hough somewliat weathered still retained their globose

form and were in an excellent state of preservation. (See Fig. 2.) That

such large frail objects would withstand weathering for so long a time

had nnt occurred to us as at ;ill likely. <tne of the best of these was

brought in and is now in our collection. It is now 30 cm. in diameter and

weighs only 4i oz. Judging from the siz<' it is safe to say that this specimen

nnist have weighed seven or eight pounds when fresli. Tiie ]»eridinm is

thin and pajiery and irregularly si)lit and toni in the uiiper jtart, after the

manner described I»y the older authors. Xees in his Systema der Pilze

(1816) presents a very good illustration of this species, PL 11, Fig. 12-i.

There can be no doubt that this plant normally remains attached to the

place of growth. The capillitium is very unlike that of Jioiistclla or Myce-

nastnim, consisting of long, branching, intertwined threads which are uni-

form in size, 4-.^ //, and smooth. The spores are globose, inedinni-sized.

4-n //, smooth.

In October. 190."), when Dr. Arthur collected the Mijcrnasirum speci-

mens near Lafayette, several other larger forms were brought in. Two

of these which average about IS and 23 cm., respectively, in size are pre-

served in our collection. The characters of these specimens are unusual

and considerable difficulty has been experienced in reaching a conclusion

concei'uing their identity. The capillitium and spores agree with the giant

puff-ball, as does also their large size and the manner in which the jieridiuni

ruptures. The slrictrire of th<' peridiuni. however, ajijiears very different.
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There are evidently three coats, or layers, to the peridinm instead of tlie

usual two. The first or outermost coat, which may be called the cortex,

is more or less rough or warty; the second or intermediate coat is firm

and thick, 1.5-2 mm. : the third or innermost layer is thin and

membranous. The illustration (Fig. 4) brings out the features of

the peridial coats. The thickness of the peridinm proper suggests Mijce-

uastriiin but the other coats and the capillitium and spores are very dif-

ferent. The presence of the thin papery inner peridinm seems to be

nin(nie among puff-balls and so far as I have been able to learn only one

Figure 4. CALVATIA LEPIDOPHORA.
Showing the rough cortex, the thick intermediate coat, and the thin niiinbranous inner lining

which is now spHtting and falling away in flakes.

species possessing this character has ever been described, viz., Lycopcrdon

lepidophono)!. Ellis and Ev. (Jour. Myc. 1:88. 1SS5). Mr. C. G. Lloyd,

to whom I have sent material, agrees with me in the opinion that our

specimens belong here, saying in a letter that "it is the second collection

known of this very rare species. This is the first time I have ever re-

ceived it, and have only previously seen the t.vpe in the Ellis collection [New

York Botanical Garden]. The structure, spores, capillitium, and peculiar

inner membrane covering the spores are exactly the same. The difference
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ill appearance of the cortex coat is due, I think, to Ellis' siiecimeu being

older than yours, and this coat having changed in drying. Your plant

was evidently collected in its ]ii'iine and the natural cortex coat well pre-

served." On account ft the notable peridial characters of this species

the generic standing has been uncertain. It was originally described by

Ellis and ICverhart as a Lijcojxrfh'ii and was lifted in Saccardo as a

Borisia. When ^Jr. Eloyd i)ublished his "(ienera of (Jastromycetes" (Bull.

Lloyd Lilirary. .Mycological Scr. Xo. 1) in ]J)02 he i)rovided in his key for

a genus J/ ii/iolilcwu s'')i:iral>le fKiiii tiie genus ('alnitia liy the jirest'iice of

an inner inenibranc such as this sincies possesses. On /'/. //, /'///. '/Il, he

illustrates what he calls II mxihhiiiti pdcln/dc i iiut. .Vbout a year later in

Ills .Mycological Notes ( Xo. 14. p. HO. March, 1!»03) he described fully the

•_'('iius ]!i/])ohl(ma saying I bat it was ba-ed (ii Li/i-ojicrdon Jvp'ulophonnn.

.and referred to Jlijpohloiia IcijicloiilKiniiii as llie only sjjecies. His earlier

use of the specific name pachydcrma \\'as founded on the assumption that

it was a ]trior naiue for the same species. Further investigation, however,

convinced JJoyd that I'eck's Li/c'iprrdou luiclnidrnninn ( I'.ot. (Ja/,. 7:54.

1.S82) was a distinct sjtecles, .and he tuok up hiiiiloiiluii urn as tlic six'citic

name under the genus name II iiiiohhiini. Somewhat later the views con-

cerning the validity of this genus were altered as is evidenced by ;i note

(footnote 1.'!, ji. M. Index .Myc Wi-itings. vol. 1' I to tlu' effect that he would

class II jiiKihUhiii as ;i subgt'iius inxler Cttlnitin. In .i recent letter to tlie

writer .Mr. JJoyd has .-ig-Min expresst^d the oi»inion that the si)ecies should

i)e refeired to Cdlnitid. Moif/aii lias already described the si)eeies as a <'<il-

raliii. lint as be was .also nnstaUen in thinking I'eck's L. ixicfi iidt rniuni was

identical be u^ct\ the name ('(ilratia iiaclnjdcniui. This ernn* was further

perjietuated l>y :McIlv:iine (One Thousand Anarican I-'ungi. p. ~t^2) whose

des(ai]>tion clearly confuses the two jilants. Believing with Mr. Lloyd

that the peridial differences ]iresented by tiiis species can scarcely be

c<aisidered sulhcient for g(>neric se])aration the combination Calvatia

lepidophora is here adojited as the ]a'<iiier designal ion. The type sjieci-

mens of Ellis and Everharfs J.i/copcrddii Icjiidiiplioniiii were collected at

Huron, |South| Dakota, September. 1S84, by Miss Xellie E. Crouch. As

the Lafayette collection is tlu> second known collection very little can be

said aliout the distribution. It is evidently a very rare s]>ecies. B.oth col-

lections were made in the autumn. Xotbiuii was said abriut the original

habitat : ours was an ojien jiasture with muck soli.

Af/ri'-iiJI iiral i-'.riiciiiiKut slulion. I'lddue VniverKitii, T.ufiti/etlr. Ind.
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The rMPROVEMENT OP Medicinal Plants.

By F. a. Miller.

Certain suggestions were made before the last meeting of tlie Academy

for tlie possible improvement of valuable medicinal forms through the ap-

plication of breeding methods. 8ome of these suggestions have been car-

ried out during the past summer upon experiuH^iital plots of belladonna,

henbane, stramonium, digitalis and cannabis. The results, though only ten-

tative, are extremely encouraging, and indicate a means of obtaining not

only greater yields of the resulting drugs, but better and more reliable

medicinal products.

Belladonna has sbcnvn great uniformity in morphological characters,

but considei'able variability in the percentage of alkaloids in selected

plants. In a comparatively small number this variation was found to be

over 50%, or from 0.52% to O.S7%c total alkoloids as found in the highest

and lowest yielding individuals. Much has been said concerning the varia-

tion in total alkaloids as influenced by various conditions. In fact some

experimental work has been done upon the influence of such factors as food

elements, light and shade, soils, meteorology, etc., upon the production of

alkoloids and oilier active principles. It now seems apparent, however,

that before such data can have any scientific bearing, or be utilized as a

means of following the influence of given factors, uniform strains of the

plants under investigation must first be obtained. This apparent neces-

sity is due to the wide variations \^'hich have been ftnuul to exist between

the individuals of a given group which have been grown under uniform

conditions.

A group of individual plants varying over 50%: when grown under uni-

form ecological conditions cannot be expected to behave uniformly when

grown luider varied conditions. Differences no greater than 50% have been

reported as being due to certain external influences as affecting all plants

upon a given area, while according to I'ecent individual plant investiga-

tions, such an area might produce plants varying this luuch or more among

themselves, and representing at the same time any possible mixture with

reference to yield. It seems necessary, for this reason, to first obtain a
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strain of the form under investigation, tlao indivoduals of wliich will react

nnifoi-nily to c«>rtain external conditions. To investigate this point, plants

of kndwii allcaloidal yield are being propagated both from inbred seeds and

from vegetatiA'o cuttings. The progeny thus produced is being grown under

the sam-i conditions as the parent plants, as well as under widely dif-

ferent conditions. The alkaloidal yield of these plants will later be taken

as a means of detennining tlie results of the various treatments.

The highest yielding individuals from all gnmps examined are imme-

diately selected as parent plants for possible high yielding strains. Tlie

propagation of these favorable individuals is continued throughout the year

by means of greenhouse and cold-frame accommodatinus, and are tested

as rapidly as sufficient material l)ecomes available.

The production of henbane even uiwn a small exiierimeutal scale has

I
roven extremely difficult. This difficulty is largely due to the ravag(» of

insects, although cultural difficulties with this plant are not uncommon.

It will uiit re]ir(P(hice itself from oiien field sowings and transjilants with

uncertainty. However, a small number of bieimial plants were grown

and found to test O.OsU^/, total alkaloids at the end of the first season's

growtli, wliile c(imm('rcial drug has only averaged 0.0(17% for tlie past year.

The rharmacop(eia re<iuires that this drug be collected from plants of

the second year's growtli. The above figures indicate that it may be en-

tii-ely unnecessary to m'ow this jilant through the second year to obtain a

high yield of alkaloids. The annual form was again observed, and though

no tests were made, an abundance of seed was obtained from which plant-

ings will be continued. The appearance of this annual form in many plant-

ings of henbane of supposed biennial origin lias led to much dispute.

Its investigation is necessai'y from tliis iK>iut of view as well as the possi-

bility for developing an annual form which would possess many cultural

advantages over the biennial.

The selection of high yielding stramonium plants upon a basis of their

contained alkaloids has been continued through tAVO years. Averages as

obtained from the progeny of selected parent plants have shown a marked

increase over those from wild plants growing in the same locality. These

averages are O.CA(/c. 0.50%, 0.<iO% and O.G4% from Datura Stramonium L.,

and 0.40%. 0.~A%, 0.62% and 0.nS;% from Datura tatula L.. as compared

with 0.2.'"!% from wild plants of Datura stramonium T.. and 0.42%r from

wild plants of Datura tatula L.

Thirty-two forms of the genus Digitalis are under cultivation. These
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consist of all the species and varieties so far obtainable. These must

first be tested for identity before any extensive breeding operations can

be performed. I'hysiological tests have been made which indicate great

differences in the toxicity of some of the more accurately named species and

varieties. Though more strictly biennial in haliit. it has lieen found possi-

i)Ie to bring a numl)cr of the varieties into Mower the same year from seed,

thereby shortening any breeding (Jiierations ]»y one year.

It lias been interesting and vahialile to follow the effects of Indiana

soil and climate upon the medicinal value of Cannabis Indica. This is an

imparted drug coiisistiiiir of the flowerint.' tojis of Cannaliis sativa L. It

always contains more or less seeds of high i>ercentage germination. Re-

Ideated tests liave been made upon material obtained from iilants grown

from seed found in shipments of hlirh testing drug. Without exception

these tests have shown a decrease of from l(i'/t to W/c in value as com-

pared with the original shipments from which the seeds were obtained.

One strain has been continued under cultivation in the same locality and

u])on the same soil for four consecutive years, and its value as indicated

l)y ]>hysiological tests has fluctuated between 40'/^ and (]'}%. This fluctua-

tion has be<-n intermittent, aud not in the nature of a regular aniuial in-

crease or decrease. During this lime, liowever, a mariicd imiirovement has

resulted in the size and character of the inflorescence. I'.y selection this

lias become beaviei'. more coinpaci. larger and less leafy. A dwai'f form

has also resulted wliicji would greatly simiilify the process of collection.

Figures No. I. II. Ill and \\ show some of the experimental iilots, and

convey some idea of tlie scale upon which the work is being done. Large

luunbei-s of plants are being used, and these are observed throughout the

entire gi-owing season before any selections are made. In this manner

the entire life history of the plant from the earliest seedling st^ige to

maturity is made 1o serve as a record fiom which intelligent selections

can l>e made.

Dcpartnienl of I'ot'ini;

Eli Lillii tt- Ct/tiiiiiii'ij, , nm(ni(ii)i>Ux. I ml.
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The Structure and Diagnostic Value of the Starch Grain.

By K. B. Harvey.

In view ol their conmimi (leciirreiice in plaut tissues, stareli i^rains

have been used, especially in IMiarnuicognos.v, to- differentiate between

])lant-!. While there is a ;ireat variation in the size, shape and structure

of starch grains, tliose i)f different members of a genus, or even of a family,

often show a similarit\'. Hence, these group characteristics often may be

used to identify a given starch as belonging to a certain group of plants.

As medicin.al action or value varies greatly between closely related mem-

bers of the same genus, it is of the highest importance to establish the

authenticity of the species, and in this determination the starcli grain is

often of the gi'eatest diagnostic value.

The cliaracters most of tt n use<l in the identitiiation <if starches are

the size, shape, and markings of the grains. The most distinct markings

are tlie hilum and the coi:centric layers of starch. It is very commonly

stated that the hilum is the pnint of attachment of the grain, and that it

occupies a position on the surface, while in reality it is the part first

formed, and is marked by a Hssure or cleft in the interior, caused by the

loss of moisture, and shrinking (if the central portion.

The starch grain has a structure somewhat similar to that of the

sphaero-crystal, and like it grows by the apposition of new materials.

According to the best authorities, the grain is made up of nunute crystals

or miscell* of soluable starch, or granulose, imbedded in a frame woik of

starch cellulose. Alternate layers seen in many grains, contain a greater

proportion of granulose, and hence stain more deeply with iodine solution.

This structure of the grain was demonstrated by the action of such sol-

vents as chloral hydrate or diastatic solutions which dissolve the granu-

lose very rapidl.\', and leave a frame\^•ork of starch cellulose, of the same

size as the original grain, but lacking the substances wliich produce the

characteristic color with iodine solution.

Hence, is was stated by Meyer that the soluble starch was distributed

throughout the grain in A'erj' small crystals or triehites. A consideration

of the behavior of tlie grain upon swelling certainly demands a structure

of this nature. The methods used in the preparati(ni of this paper, and

the results obtained agree with this structure, but indicate that the crystals
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or trlehites of soluble starch may be of a considerable size. Since the

crystals have nearly the same refractive index as the remainder of the

grain, they cannot be detected without special treatment.

The structure of the starch grain is most easily seen in such grains as

those of the common potato, or of arrowr(H>t, which show the layers of

starch most plainly, or those of Hamlioo Brier root, which show the charac-

teristics of the central portion. When these starches are stained with

certain dyes, of which safranin is the best example, and the excess of stain

is extracted, the central portion retains the stain, and the crystalline na-

ture of this portion becomes evident. In the center of the grain crystals

are seen arranged with their longer axes extending radially from the

hiluni. The clefts in this crystalline mass mark the hilum. and the fis-

sures caused by the loss of moisture follow the longer axes of the crystals,

forming the fan-shaped markings often seen in the unstained grain. Fig. 1.

When the grains arc kept moist at 7A)° C. for some time, the moisture

passes through the outer layers, causing but little change in thiir structure,

but when the crystalline portion is reached, this swells up and slowly dis-

solves from its surface, becoming surroinided by a zone which stains deeply

witli iodiiie solutinn. indicating the pre.'-'ence of soluble st.in li. Tlie si'lution

and swelling of this inner portion pushes upward the outer layers, which

finally ruptnre at the thinnest ])oint. that is, at the hilum end in eccentric

grains. It therefore appears that the greater inoistni-e ointent of bis pdrtion

is due to its higher s(>]ul)iiity. and indeed tiiis i)art may be entirely dissolved

and carried away in solution before the outer layers are affected. This is

conunonly the case in such grains as those of the common yam. or of Ram-

lx)o Brier root. Fig. 4.

Something of the chemical nature of the varioiis layers of the grain

can be determined by treatin.i: with the following easily i-ednciltie silver

solution, which may be compared to Febling's alk.-iline cnjiric tartrate

solution

:

Silver Nitrate 1 gm.

Water 15 cc.

Ammonia water q. s.

Add the annnunia w.-iter to the solution of the silver niti'.ite until the

]iretii)itate firsr formed .jnst dissolves.

Potassium and Sodium Tartrate 2 gm.

Water 15 cc.

Dissolve.
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When starch grains are treated for a time witli a small amount of

the annuoniacal silver solution to allow the silver salt to he evenly dis-

trilinted throughout the grain, and then an equal amount of the tartrate

sohithm added, the siher salt is reduced by the grauulose present in the

grain, giving stains varying in color from purple through shades of brown

to black, depending upon the state of reduction. Keduction occurs in a

few hours at mdinary temperatuie, or may be tiuickly accomplished by

warming very slightly although tito strongly heating causes complete reduc-

tion of the siilution and total black<>ning of the grain.

If it is desired to make permanent mounts by tlie above method, tlie

starch should be stained in bulk until the proper depth of color is reached,

and then the soluble and unreduced silver salt washed out with water to

prevent further reduction. The grains may then be (leliydrate<l and

mounted permanently in balsam.

When starch grains are treat»'d according t<i the above method, alter-

nate layers and the cciitral jiortion i educe the silver solution most rapidly,

showing the presence of reducing substances which cause a dei>osit of

silvei*. Fig. 2. The alternate layers which st.-iin most deeply with iodine

sohitiou take on a gr.innjai' appearance, and show tlie presence of crystals.

The location and si/c oT these ci'vstals become more distinct uiion furtlier

treatment ol the monnt with ]'/, chromic acid solution. 'I'jien they are

seen ti> lie of considei able size in some grains, and often to be ai'ran'.ied in

a group with their longer .i.xes radiating- frcm the hilnni. (Jnite l.-irge

crystals occin- towai'd the outer jiortion of each layer, and their piesence

accounts lor the dilTerence in rel'racti<)n of the layers at this point, which

produces the apiieai'.-ince of concentric rings. Fig. .*!.

jU (lonlile or coinpnund grains a crystalline mass is seen al the center

of each part, indicating that com]iound gi'ains are formed by the (le])osi-

lion of material around a number of points ol crystallization, and the sub-

s(N]uent growth of each part until fusion occurs. In the outer layer of the

giMin no cr.\stnls ajipear. and this poition seems to be made u)! for the

greater part of starcli cellulose, which exiilains its lesser solubility in dia-

static solutions. Fig. 3.

\u :ipplic;ition of the differences in the structure of starch grains is of

value in tlie examination of such closely related sjiecies as the conunon

sarsajvarillas of the genus Smilax. All the members of this grouii, whieli

are connnonly met with, have similar histo](tgic;il structures. All show the

]ii-esence of raphides ci'ystals of calcium oxalate and parenchyma cells
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filled with starch grains, which are commonly spherical, or united in

groups of two or three grains. Honduras sarsaparilla, Smilax officinale, is

characterized by starch grains varying from 7 to 20 microns in diameter,

and raphides crystals G to S microns in length. The connnon Bumboo

Brier root shows similar characteristics when examined in fine powder,

hut shows a variation in the starch grain. The starch grains of this drug

greatly resemble those of Honduras sarsaparilla. being either single or

united in groups, and show a similar structure in the interior of the grain ;

but upon measurement they range in size from 9 to 40 microns, averaging

2t> microns in (liaiiietcr. Hence, this means may be used in the differ-

entiation of these plants when the drug is examined as a fine powder.

By the application of the al>ove or of similar methods, it is possible

to differentiate between very closely related plants. As our knowledge

of the structure of starch grains is more fully developed, their value in the

differentiation of such closely rehited species becomes apparent, and they

are recognized as one of the greatest aids in Pharmacognosy.

Department of liottiiwj.

Eli Lilly d- Comixntii.
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Butter Fat and Butter Fat Constants

By George SrixzER.

I.

When the greater portion of fat is removed from milk bj- skimming or

separating, and the resulting cream subject to powerful mechanical treat-

ment, the milk fat passes from the liquid into the solid state, by cooling the

mixture below the melting point of butter fat. The fat globules thus collect

and are formed into grains. By washing and working, the geater portion

of buttermilk is removed and the substance called butter is left. Salt in

suitable quantity is added according to the demands of the consumer. The

analysis of butter, known as proximate analysis, consists in determining the

per cent, of moisture, salt, proteids and fat.

The analysis of butter has reached a degree of great importance. The

proximate analysis does not indicate whether the sample has been adulter-

ated, but indicates its present condition, and may give some information as to

the method of manufacture.

Since the enactment of the Pure Food Law, butter containing 16 per cent,

or more moisture is held as adulterated butter. The com.pooition of butter

is a variable one, the proportion of different constituents, as fat, moisture,

salt, etc., are variable, depending on methods of manufacture. Butter is then

only a mixture of the above constituents, or properly speaking an emulsion

of butter fat and water, containing salt, curd, and milk sugar. But when we

treat of butter fat we have a substance of definite characteristic chemical

composition. Both solid and liquid fats are formed by the combination of

glycerol and fatty acids. Glycerol is a trihydric alcohol and consequently

behaves as a trihydric base. It can then combine with the radicles of fatty

acids expressed as follows:

fOH HOO C(CH2)n, CH3 foO C(CH2)n, CH3

CHs <! OH HOO C(CHo)n2 CH3 = CsHj <] 00 C(CH2)n2 CH3 + 3 H^O

[oh HOO C(CH.)n3 CH3 [OO C(CH.,)n3 CH,

forming an ester of mixed fatty acids, also called mixed triglyceride. From



128

theoretical considerations, we can predict the existence of a simple triglycer-

ides, where only one simple triglyceride can exist ex-pressed as follows:

fR
CsHs <] R When R = the acid radicle,

[r

and this representation for each fatty acid. As glycerol is a trihydric alcohol,

we might also expect mono and di-glycerides

fOH foil

C.3H5 ^OH C3H5 <JR

Mono glyceridc Di-glyceride

where R stands for an}' one fatty acid radicle and these arc called mono or

di-glycerids.

Wurtz, showed that it was inconsistent with the facts discovered. In

nature only the triglycerids occur, while the mono aii<l di-frlyceritls are as a

rule rare, if they ever occur.

Butter fat consists of triglycerids of fatty acids, compri.-^ing butyric,

caproic, caprylic, capric. lauric, myristic, palmitic, stearic, and oleic acids.

All these fatty acids are mono basic and from theoretical consideration we

might expect a mixture of simple triglycerids, such as tributj'rin, triollein,

etc. This combination of fatty acids with glyceral forming simple trigly-

cerides in butter fat is disputed by Richmond and others.

If simple triglycerides existed as such in butter fat. we would expect a

j)ortion at least to be soluble in alcohol, at least the tribulyrin which is cpiite

soluble in alcohol. But when butter is dissolved in alcohol we find that only

about 1% of fat goes into solution. .\!ul the portion soluble in alcohol con-

sists of mixed triglycerides of fatty acids, indicated by the melting point and

per cent of .soluble acids. We conclude then that butter fat is a mixture of

mixed triglycerides, expressed by the following formula,

C3H5 ^Ro

Lr,

Ri, R2, and R3, represent different acid radicles. But as stated above butter

fat consists of at least nine different fatty acids, we have then a mixture of

mixed triglycerides, consisting of a combination of two 01 three dififerent

acid radicles to each glycerole residue.
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II.

CHEMICAL ANALYSIS OF BUTTER FAT.

Since butter fat represents complex mixtures of glj-cerides of the different

fatty acids, complete fat analysis should embrace the separation of each fatty

acid ciuantitativel}'. An attempt to detect and identify the individual fatty

acids, in a way as is done in inorganic chemistry in determining individual

elements, must be abandoned as a hopeless undertaking in fat anah-sis. How-
ever, in fat analysis the results obtained are not accurate in strict scientific

language, they are relative rather than absolute. Methods have been worked

out which answer all technical purpose. These methods consist in obtaining

certain "values" or numbers. These numbers are characteristic of the fats

depending on the nature and properties of the fatty acids.

These "numbers" or "values" have been termed quantitative reactions.

When the methods are strictly followed, uniform results are obtained, and

for that reason the "number" or "values" are called "constants," specific

for each kind of fat. The "constants" in fat analvsis are divided into

Physical

j

Solidifying point,

j
Melting Point,

Refractive index,

Sp. gravity.

Chemical

Reichert-Meissl

Saponification

Iodine

Hener

Thermal or

Maumenc

value,

value,

value,

value.

value.

III.

THE RELATION OF BUTTER FAT CONSTANTS AND CALCULATED DATA FROM THE

CHEMICAL ANALYSIS.

In chemical analysis of butter fat it is often desirable to obtain data of

relations other than the relations obtained directly by the determination of

the chemical constants. From these data we are able to account and inter-

pret some of the variation in the physical constants, where, owing to the

complexity of the glycerides the chemical constants do not indicate in them-

selves the variation of the physical properties.

9—33213
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Three samples of butter fat were analyzed. The constants determined,

both of the fat and fatty acids. In order to secure butter fat of extreme vari-

ation in the chemical and physical properties. Use was made of the fact

that when fats are placed where the temperature is below the melting point

of the softer glycerides crystalization takes place, the harder glyccrides sep-

arating from the softer. By filtration, separating the soft portion and the

process repeated, fractions of hard and soft fats arc obtained whose constants

differ widelj'. The three samples thus secured, i. e., the original butter fat

and the soft and hard glycerides when analyzed gave the constants as enumer-

ated in Table I.

T.\BLE I.

Soft Hard

Bullcrfdl. Portion. Portion.

Reuchert-Meissl 30,00 83.85 24.66

Iodine Value 39.82 43.55 33.08

Saponification Value 230.1 232.78 226.4

Mean Molecular Wt . Calc 732

.

723

.

744 .9

... [44. 44.8 43.
Refractive Index' \

[ 1.4552 1.4558 1.4545

Melting Point 32.5 13.2 38.1

Insoluble Acid-: 87.54 86.67 88.64

Soluble or Volatile Acids'" 6.9 6.90 5.17

Constants of the Insoluble Acid.s of the Samples in Table I.

Iodine Vahie •.
. 42.14 46.2 35.66

Saponification Vahie 220.53 221.6 218.

7

Melting Point 39.2 35.3 42.4

[33.75 34.2 32.7
Refraction Index'

1.4479 1.4482 1.4471

Mean Molecular \V(. Calc....' 254.8 253.2 256.6

IV.

V(>I..\TII>E .\(:II)S.

The high per cent, of volatile acid in butter fat is one of its chief char-

acteristics. By means of this fact it is possible to differentiate it from all

other animal and vegetable fats, and it is natural that great importance is

attached to the determination of volatile acids or Reicherl-Meissl value.

'Butyiofactcmotcr rouding at ^^"C.

'Or Hehner value.

•Calculated as butyric acid.
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The Reichert-Meissl value does not represent the total volatile or soluble

acids, but only a reasonably constant fraction, provided the operation is

conducted uniformally according to the prescribed method.

From the Reichert-Meissl value the total volatile acids can be calcu-

lated, with considerable degree of accuracy. By the Reichert-Meissl process

of distillation from 85 to 89 per cent, of the total volatile acids are distilled.

(See Richmond's Dairy Chemistry, p. 264; Lewkowitsch, Fats, oils and waxes

Vol. 1, p. 332.) Then to calculate the total volatile or soluble acids* we make

use of the number of cubic centimeters of NaOH N/10 required to neutralize

the volatile acids obtained from five grams of fat. Then for the per cent,

of total volatile or soluble acids in the butter fat as recorded in Table I, cal-

culated as butyric acid, we have 30.00 X .0088 -^ 5 X 100/87 = 6.10 per cent,

of volatile acid as butyric acid, a result which agrees with the chemical an-

alysis of the butter fat Table I. For the soft portion of fat the total volatile

acids calculated from the Reichert-Meissl numbers gave 6.82 per cent., while

that obtained by direct determinations was 6.90 per cent., a difference of

.08 per cent.

For the hard portion the total volatile acids calculated from the Reichert-

Meissl number gave 4.98 per cent., that found by direct determination 5.17,

a difference of .19 per cent.

In the three analyses the total volatile acids calculated from the Reichert-

Meissl number is a close approximation to that found by direct determina-

tion, assuming that 87 per cent, of the volatile acids are distilled.

The per cent, of volatile acids distilled vary with the rate of distillation,

size of distilling flasks, etc. But when the relation of the Reichert-Meissl

value and the total volatile acids are once determined, close approximations

can be made in the calculation of total volatile or soluble acids.

The Reichert-Meissl value furnishes means to calculate the mean molecu-

lar weight of the volatile acids, and by the use of the mean molecular weight

the relative proportion of the different volatile acids entering into the gly-

cerides of butter are indicated. In Table I, in case of butter fat, we found

the Reichert-Meissl value to be 30.00, i. e., it reciuired 30 cubic centimeters

of N/10 potassium hydrate to neutralize the volatile acids obtained from

five grams of butter fat as determined by the Reichert-Meissl process. Since

the 30 cubic centimeters represent only 87 per cent, of the total volatile acid,

then for the total volatile acids present in five grams of fat it would reciuire

34.48 cubic centimeters of N/10 potassium hydrate. Then to find the number

j

*For the purpose of calculating the total volatile acids, the factor 87 was used; this being in agree-
ment with Richmond and the work done at the Purdue Dairy Chemistry Laboratory.
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of grams of potassium hydrate to neutralize the vohitile acids in 100 grams

of butter fat, we have the following proportion:

.005612 X 34.48 X 20 = 3.86 grams of KOH
In order to calculate the molecular weight of the volatile acids, we first

calculate the weight of the soluble acids. To do this we make use of the

amount of insoluble acid or Hehner Value. The per cent, of insoluble acid

was found to be 87.54, mean molecular weight 254.8. The molecular weight

of the glycerides of tlie insoluble acids would be (254.8)3 + 38 = 802.4 mean

molecular weight of the insoluble acids as triglycerides."^

Then from the following proportion we obtain the per cent., or parts per

hundred of the triglycerides of the insoluble acids. 764.4 : 802.3 :: 87.54: x,

X = 91.87 grams per hundred of glycerides of the insoluble acids.

Now 100 — 91.87 = 8.13 glycerides of the soluble acids. Since 3K0H
= 92 parts of glycerol or 38 parts of C3H2, then from the quantity of KOH
reciuired to neutralize the soluble acids in 100 grams of fat, which was found

to be equal to 3.86 grams, we can calculate the per cent, of C3H2 combined

with the soluble acids by means of the following proportion; 186. 36:3.86::38:y,

X = .87 per cent, of C3H2. If we subtract this from the glycerides of Ihe sol-

uble acid we have then the amount of soluble acids in 100 grams of butter fat.

8.13— .87 = 7.26

and therefore the molccMlar weiglit is determined from tiic following pro-

portion:

x:56.12::7.26:3.86. x = 104.5 mean molecular of the volalile acids in this

sample of Ijutter fat.

The mean molecular weight of the volatile acids of butter varies from

9o to 130 as recorded bj- Richmond and Lewkowitsch. This is ([uite natiual

and from the molecular weight of the different volatile acids entering into

the glycerids we can expect a variation in the mean molecular weight. A

slight variation of the different acids would cause a marked increase or de-

crease in the mean molecular weight. The molecular weights of the different

volatile acids entering into the glycerids we can expect a variation in the

mean molecular weight. This fact adds weight to the assumption that the

proportion of volatile acids are not constant. A slight variation of the dif-

ferent acids would cause a marked increase or decrease in the mean molecular

weight. The molecular weights of the different volatile acids entering into

the triglycerides of butter fat are as follows:

'For the saponificuli )n of a t.i^lvceride bv K OH i.s expressed hv the following e<|Uation.

fR.
"

C,H:i'R, + 3 K OH = C3 H,(OH)3 -t- K (R, R, R,)
IR>

M. W. of CjHj = 41 .'. 41 — 3 = 38 sin e the 3 h.v<lro;on .Ttoms are taken b.\- the acids.
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Butyric acid 88

Capraic acid 116

Caprylic acid 146

Capric acid 172

V.

CALCULATION OF MIXED GLYCERIDES.

To calculate the mean molecular weight of the mixed glycerides of the

butter fat we make use of the saponification value. This value represents

the number of milligrams of potassium hydrate required to saponify one gram

of fat. By use of the following ccjuation for the saponification of any tri-

glycerides.

[Ri

C3H5 iR2 + 3 K(OH) = aHsCOH)., + K (R, R. R3) (I)

[Rs

Then it follows directly that

3f5f).12) X ion
, , . , ,

X : 3(56.12) :: 1 : Sap. Val. or x moan molecular of the gly-

Sap. Val.

ceride. Likewise we obtain the mean molecular weight of the mixed in-

56.12 x 100 ^^
, ,

soluble acid x = Moan molecular weight.
Sap. Val."

VI.

CALCULATION OF GLYCEROL.

By making use of the saponification eciuation (I) in our calculation we

can calculate the per cent, of glycerole in mixed triglycerides. From eciua

tion (I), 3 K OH = 92 parts of glycerole, i. e., 3(56.12) = C3H5(OH)3 = 92,-

molecular weight of glycerole or 56.12 grams of K OH correspond to 30.667

grams of glycerole, and from the saponification value we have the amount

ot K OH necessary to saponify one gram of fat. The amount

of glycerole in one gram of fat is determined by use of the following proportion

30.667 X Sap. Val.
56.12 : 30.667 :: Sap. Val. : x, x =

56.12

amount of glycerole in one gram of fat and multiplying this by 100 gives the

«S.Tponifi cations value.s are expressed in milligrams in the calculations.
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amount in 100 grams or the per cent. If in the above we substitute the

saponification vahie as found in table I, for pure butter fat, we have

30.667x230.1x100
= 12.57 per cent, of glj'cerole.

56.12

The per cent, found by chemical determination was 12.58.

If we calculate the per cent, of C3H2 from the above relations (eq. I)

and subtract this from 100 the difference give the total per cent, of both sol-

uble and insohible acids. This is apparent from the following eciuation by

rearranging the molecule of the triglyceride.

C3H5 -!Ro = C3H2H (R.R, R3)

[Rs

Referring to equation (I) we see that 3 (K OH) = C3H2 where C3H2 = 38

therefore 56.12 grams of K OH corresponds to 12.667 grams of C3H2 and from

the following relation we can calculate then the amount of C3H5 in one gram

of fat. 56.12 : 12.667 :: 8ap. Val. : x, x = ^M^^iii^f^^; = g,..jj^g „f C3H0
56.12

and multiplying this by 100 gives the amount per 100 grams or per cent. By

using the saj)onification value as u.sed in calculating the glycerole we have

12.667 X 230.1 X 100
= 5.19

56.12

per cent, of C3H2. This amount when subtracted from 100 gives the per cent.

of mixed fatty acids

100 — 5.19 = 94.81

By chemical analysis the insoluble acids of pure butter fat (Table 1) was

87.54, and from the method of calculation fp. 130) the soluble acids were found

to be 7.26 per cent. The total acids then would be 94.80 per cent., while the

total acids calculated from the value obtained for CiHn would be 94.81 in-

volving an error of .01 per cent.

VII.

THE UKLATION OF THE MAUMENE VALUE TO THE IODINE VALUE.

From numerous determinations of the Maumene value and its relation to

the unsaturated fatty acids, there undoubtedh^ exists a relation between the

rise of temperature and the iodine value when adding concentrated sulphuric
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acid to oils. The higher the iodine vahie the higher the rise of temperature.

To obviate small variations of the strength of sulphuric acid, Thompson and

Ballentyne (Chem. Zeit. 1909) proposed to refer the rise of temperature with

fifty grams of fat and ten c.c. of sulphuric acid to the rise of temperature

with fifty grams of water under exactly the same conditions and in the same

vessel. The ratio of the rise of temperature of the fat to the rise of tempera-

ture of water, they express as the "specific temperature reaction" that is'

Rise of temperatiu-e of fat x 100
Specific t(>mperature reaction. The follow-

Rise of temperature of water

ing table gives the rise of the temperature of butter fat (Maumenc value),

specific temperature reaction, iodine value and ratio of the Sp. T. R. to the

iodine value.

Table II.

No.
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such that when the Sp. T. R. is divided by this factor the quotient would

express the iodine value, this seems possible with fresh oils'or fats, but when

fats are exposed to air. partial oxidation takes place and this increases the

rise of temperature. The values in Table II, were determined from butter

fat of different degree of freshness, which had not been exposed to the air.

In considering other constants both physical and chemical no fixed rela-

tion exists. While it is true that the per cent, of olein influences the refrac-

tive index, no cpiantitative relation exists between the refractive index and

the per cent, of olein or oleic acid. This shows that oleic acid is not the

only varj'ing factor in butter fat influencing the refractive index. Since each

acid entering into the glycerids of butter fat has its own specific refractive

index, and from what has been said with reference to the mean molecular

weights of the volatile acids, we must expect the physical properties to vary

as the proportion of acids vary, which enter into the formation of a molecule

of the triglyceride'. The same reasoning applies to the insoUil)!e acids. This

variation of the proportion of the dififerent fatty acids entering into the gly-

cerides of butter fat, nnist also exert a varying influence on the ])hysical prop-

erties, such as the refractive index, nu'lting point, congealing point, specific

gravity, etc.

DESCRIPTION OK CHEMICAL .\ND PHYSIC.VL CON.ST.VNTS.

Soliflifyiny Point.—The solidifying ])oint indicates the temperatiu-e at

which butter fat solidifies. When butter fat is heated to 40° C. or 50° C,
then allowed to cool slowly, a point is reached when the temp(>rature remains

stationary. This depends on the property, that when substances solidify

on cooling, the latent heat of fusion, is liberated and the rise of temperature

due to the latent heat ecpials the lowering of the temi)erature of the fat.

When the temperature reaches this stationary point, the reading of the ther-

mometer is taken and is called the solidifijing point.

Meltino Point.—The melting point indicatts tlie tenijierature at which

butter fat melts. Various methods arc used in determining t e melting

l)oint. To obtain comparable results the same method nuist be used. It

must also be borne in mind that fats do not show tlieii' norinnl melting point

shortlj' after being melted and then cooled. After butter fat has been melted

it should be allowed to cool at least twelve hours before the melting point

is determined.

Refractive Index.—The refractive index expresses the ratio of the velocity

of light in vacuum to that of the velocity of light in the medium under inves-
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ligation. When light passes from a rarer medium into one of greater optical

density the rays of light on entering the denser medium deviate towards the

normal, the ratio of this deviation from the normal for the two media is

constant and is called the refractive index with reference to the two media.

Specific Gravity.—Specific gravity expresses the ratio between masses of

equal volumes of a substance and that of water taken as a standard. The

masses of two bodies are projwrtional to their weights, the specific gravity

of a substance can be expressed thus: Specific gravity = , where X and Y rep-
Y

resent the weights respectively of equal volumes of the substance and water.

Reichert-Meissl Value.—The Reichert-Meissl value expresses the number

of cubic centimeters of decinormal solution of Sodium or Potassium hydrate

required to neutralize the volatile acids obtained from five grams of butter

fat by the Reichert-Meissl distillation Process. The Reichert-Meissl value

does not represent the absolute amount of volatile soluble acids, but only

indicates the relative amount of the volatile acids.

Saponification Value.—The saponification value expresses the number of

miligrams of potassium hydrate reciuired to saponify one gram of fat, its

value depends on the molecular weight of the fattj- acids. The lower the

molecular weight the higher the saponification value.

Iodine Value.—The iodine value indicates the per cent, of iodine or iodine

chloride absorbed by the fat. All unsaturated fatty acids have the property

of absorbing iodine forming .substitution compounds. In butter fats the oleic

acid is the only unsaturated acid.

Insoluble Acids or Hehner Value.—This value represents the insoluble

acids in fats. Inasmuch as fats are composed of mixed glycerides of fattv

acids both soluble and insoluble, on saponification of the mixed glycerides,

the fatty acids form salts with the liberation of glycerol. When the salts

thus formed are decomposed by some mineral acid, the insoluble acids can be

separated from the soluble acids and the per cent, of insoluble acids is called

the Hehner value.

Maumene Value.—When mixing sulphuric acid with oils the temperature

rises and varies with the source of the oils and their chemical composition,

the rise being also greater for the drying oils than for the nondrying oils.

The rise of temperature for different oils is called the Maumene value of

the oils.

Purdue University.
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Nascent State of the Elements.

By J. H. Ransom and R. A. Stevens.

It is well known that some of the elements at the instant of libera-

tion from their compounds or when in contact with certain other materials

are more chemically active than under other conditions. This so-called

"nascent state" has for more tlian sixty years been assumed to be due

to tlie atomic as distinguished from the molecular condition of the ele-

ments. 1 n some of the more recent texts this explanation has been re-

placed either by one liased u])on thermodynamics or by that known as

"contact or catalytic action."

The principle of thermodynamics is that those reactions will be most

apt to occur which are accompanied with the greatest degredation of

energy. On this principle is explained the fact that hypochlorous acid is a

better oxidizing agent than free oxygen. The former decomposes with the

evolution of heat and therefore the total energy evolved during oxidation

with it is that much greater than would be produced with the use

of free oxygen. Or as Mellor (Inorganic Chem., p. 400) says regarding

nascent hydrogen, "Its greater activity is ascribed to the energy of tlie

reaction being available for inaugurating another reaction rather than

being frittered away as lieat." This is a fundamental principle and no doubt

influences if it does not determine the course of reactions. But it does

not seem to explain why iodic acid, which decomposes with the absorption

of almost as much heat (per atom of oxygen) as hypochlorous aC'id evolves,

oxidizes liydrogen iodide, in solution, much more rapidly than does free

oxygen.

The contact e.xplanation assumes that tlie presence of certain sub-

stances in contact with reacting materials increases the velocity of the

action between those materials solely by its presence. According to this

theory tlie increased activity of nascent hydrogen is due to its contact

with the metal at the instant of liberation. If the presence of the contact

agent forms the only difference between the active and inactive hydrogen

then it would seem that Intimate contact of the latter with the more posi-

tive metals should cause It to become active. This explanation of activity

appears less fundamental than that due to the atomic condition of the
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elements, b'.it it. is claimed that it offers a better explamition for the varying

degrees of activity of hydrogen obtained from different sources and that

It also explains the activity of hydrogen absorbed in metals.

The exi:»eriments described in this paper are designed to study the

activity of hydrogen from various sources as shown in its action on

chromic acid and chromates as well as on hydrogen peroxide and perman-

ganates. These were chosen because they are not the most readily re-

duced or because their disappearance may be easily determined by color

reactions. The attempt was made to study the effect of each of the sub-

stances which would need to be present for the reduction of the substance

by nascent hydrogen. In the preparation of free hydrogen for use care was

taken to remove any foreign material which might act as an oxidizing

or reducing agent. Very dilute solutions of the oxidizing agents were used

in order that a slight color diange might be the better noticed. The acid

was 30% C. P. sulphuric. Pure stick zinc was u.sed, a dozen or more being

I)Ouud together so that the lower end of the pile was concave, thus allow-

ing hydrogen to collect and work its way up between the sticlis. The results

with potassium dichromate solution were as follows : Purified hydrogen

pa.ssed into the aqueous or acidified solution caused only a very slight re-

duction in several hours of time. With zinc rods in the aqueous solution a

very slight reduction could he noticed at the end of eight hours passage of

the hydrogen. Nascent hydrogen generated in the solution caused a much

more rapid reduction of the chromate.

Next a solution of chromium trioxide was made, the zinc rods were sus-

pended in the solution and especially purified hydrogen caused to pass

up around the bundle of rods sevei'al hours a day until the time amounted

to 205 liours. During tlie time the air was excluded and the space above

the liquid (the rods were only partly submerged) was an atmosphere of

hydrogen. At the end of this time the solution was still distinctly yellow

though slightly lighter in color than at the commencement.

The same kind of an experiment was repeated witli potassium dichn>

mate but platinum foil was substituted for the zinc rods. Tii order that the

hydrogen might be divided into small bnbbk's and come into contact with

as much platinum as was possible a platinum filtering cone was sealed into

the end of the delivery tube and .lust al)Ove this was fastened a rosette

made of strips of platinum foil. The hydrogen bul)bles bumped against this

foil as they rose through the liquid. Connection was made so that this plat-

inum might be made the negative electrode for the production of nascent
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hydrogen. In this series the hydrogen passed through the solution for only

four hours. Little or no reduction occurred except when the platinum was

made the negative electrode from a hattery. Then reduction was quite

rapid.

When zinc dust or platinum l)la<k was sus[)ended in the liquid and

hydrogen passed in the reduction anproached the rapidity due to nascent

hydrogen.

Similar ex])erimcnts were carried out using carbon instead of plati-

num. New arc-light carbons were purified by first soaliing them in acid and

then heating tliem to redness for twenty minutes. Tliey were then

placed in a solution of acidified potassium dichromate until no reduc-

tion of the latter was observed. After thorough washing they were bound

into a bundle and used in tlie same i^ay as were the zinc rods. In the

aipieous solution containing the car))ons hydrogen produced little or no

reduction of the dichromate in four and one-half hours. When the carbons

were made the negati\'e electrode from a battery reduction was complete

in from fifteen to thirty minutes.

Finely divided carbon suspended in the solution of dichromate did not

increase the reducing power of hydrogen led into the solution.

An attempt was made to duplicate the conditions for the production

of nascent hydrogen by having both zinc and acid in the dicliromate solu-

tion and then to prevent the formation of nascent hydrogen at the surface

of the zinc by connecting the latter by wire to a piece of platinum placed

in a different part of the solution and prevent diffusion of liydrogen by

surrounding the zinc with a porous cup. Tlie zinc was also made the

positive electrode from a weak battery. But local action around the zinc

produced a small amount of nascent hydrogen so that a slow reduction

always occurred. It is still hoped that this may be made successful.

In this connection it is interesting to note that in order to eliminate

local action amalgamated zinc rods were tried. But in the presence of these

hydrogen caused a more rapid reduction of the dichromate than when they

were made the negative electrode from a battery. The reason for this has

not been determined and will be the subject of further inquiry.

The reduction of hydrogen peroxide was attempted using the platinum

rosette as contact agent. No change in the amount of the peroxide could

be detected with the usual tests for that substance after hydrogen had

passed for four and one-half liours. But when the platinum was made the
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negative electrode couipk^te reduction occurred in about one-tliird the time.

In order furtlier to compare the activity of nasc-ent hydrogen made in

contact with different metals pieces of slieet copi^er, tin and phitinum as

nearly equal in exposed area as possible were each made the negative elec-

trode from a battery giving practically tlie same current. The cell con-

tained the same quantity, in solution, of acidified dichromate. The hydro-

gen in all cases reduced the solution in about the same time.

Finally a glass tube al)Out five feet long and one centimeter bore, sealed

at one end, was filled with a good grade of granulated zinc whose surface

had been cleaneil l»y wasbiiig. in turn, with arid, water, amnidnium hydrox-

ide and large quantities of distilled water. A solution of chromic acid

was made by dissolving a small quantity of chromium trioxide in water

which had been jiurified by iv-distilling ()nliiiary distilled water from alk.-i-

line permanganate ;ind using only tiie middle fraction which was again

l)roug]it to boiling for a few minutes inunedialely before using. The tube

containing the zinc was tilled with this solution and then one-half of it

replaced by well purified hydrogen free from air. The open end of the

tube was connected to a smaller tube le.-iding to a vessel of mercury to

prevent the escaiK? (>f hydrogen and to indicate any change in the volume

of the latter. The tube was then placed on a talde in a horizontal position

so that one-half of the zinc was in the liipiid and one-half in contact with

tile hydrogen. The tube remained in this jiosition from January niidh to

October .seventeenth last, i:\cept for two months during the summer the

tube was observed daily. No ch.inge in |)ressure o<-curred except that due

to dianges of temperature, and no amount of hydrogen was evolved. The

solution perhajis, liecame slightly ligliter in color. On oiiening the tube the

hvdrogen buiMied quietly. A little sulphuric acid added caused the solution

to become as dark as at the liegiiining. A little sediment was found in the

tube which looked like zinc oxide. Acid :ind zinc added to the solution

cati.sod rapid reduction.

In connectitm with the s.-une subject some ])reliminary work has lieen

done on the reduction of jtotassium perm.-mg.inate. I'nrilied hydrogen

passed into a dilute aque<ais solution of the i>ermanganate decolored the

solution in less than twelve hours f(U-ming a brown deiM>sit. In the pres-

ence of iilatinum foil the redu( tion was more rapid, sometimes being com

plete in one liour. If the platinum were allowed to remain in contact with

the solution for some time the reduction with hydrogen seemed to be even
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more rapid. To get some idea of tlie part tlie metal might be playing a

strip of platinum foil about a foot long was thoroughly cleaned and put

into a glass tube. A dilute solution of permanganate was poured in to

cover the metal, and the tube stoppered. Gradually a brown deposit ap-

peared on the platinum and floating in the liquid. Tn twelve days the coloi-

was discharged. Treated with hydrochloric acid tlie brown solid gave the

odor of chlorine. Tlie same result was obtained when hydrogen was passed

into a solution of permanganate containing granulated zinc. The colorless

filtrate from the zinc was strongly alkaline, contained potassium, but only

a trace of manganese.

In order to study this action more in detail some granulated zinc was

allowed to stand in contact with a solution of the permanganate. Grad-

ually reduction occurred the zinc becoming covered with a gold-yellow de-

posit. The reduction became slower as the deposit on the zinc increased.

Finally the solution became colorless and gave an alkaline reaction.

In a roughly quantitative experiment two grams of permanganate were

dissolved in especially purified water and this solution placed with a large

quantity of zinc. The mixture was shaken periodically. In a month the

liquid had become colorless. The li(|uid was filtered from the zinc and the

latter thoroughly washed. Titration of this liijuid with methyl orange,

against a standard acid, gave SO per cent, of the theory tor the hydrolysis

of the permanganate. As nnich as possible of tlie yellow solid was re-

moved from the zinc and this with the finer particles was treated with

nitric acid to dissolve any zinc. On treatment the solid darkened. ; ts

weight was .0077 grams, and it gave chlorine with hydrochloric acid.

In order to understand what was the reducing agent in the above

reaction a quantity of well cleaned zinc was placed in a flask with especial-

ly purified water. The flask was connected with a eudiometer filled with

the same kind of water. The eudiometer was arranged so that the water

might be displaced by a gas. Gradually hydrogen was formed. By stir-

ring the zinc about the hydrogen passed into the eudiometer. In o~y days

twenty-five cubic centimeters of hydrogen had collected. This burned

quietly showing no admixture with oxygen. The experiment was then

discontinued.

The results of the experiments with permanganate indicate that its

solution is hydrolized and that the free acid is then reduceil either directly

by the zinc or by the nascent! hydrogen produced by the action of zinc on
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water or on the acid. The instability of tlie acid apparently plays a part

especially in the presence of something Nvhich can combine with the oxygen

or absorb it (in the case of platinnni) and thns prevent ecinilibrium.

Very little \^(lrk seems to have been done to determine the canse or

causes of the increased activity of nascent elements. Most of the workers

have assumed the atomic state as a sufficient explanation. I'attison Muir

(Prin. of Chem., p. 10.")) [loints out the need of considering all the

I'eactiug substances rather than that ni' the element only, and sites the

work of Tommasi (Pogg. P.eililjitter 2.2(1.")) who found that .sodium amal-

gam would not reduce a snlutiipn of potassium dilorate but that hydrogen

from zinc and dilute sulphuric acid would do so. Muir afterwards found

that magnesium, sodium and even a coi)per-zinc ct)uple would reduce (pre-

sumably slowly) an aqueous solution of i)ntasi-ium chlorate; but he seems

to have overlooked the fact that with zinc and acid the sul)stance reduced

is not the chlorate but chloric acid, a much less stable material and conse-

quently more easily reduced. Thorpe has found (('. S. Journ. Trans. 1882,

2S1>) (hat the rate of reduction of ferric suliihnle varies with the chances

which hydrogen has of coming in contact with, the material, and that the

rate of reduction in unit time decreases with increased rate of hydrogen

ev()lution. He also observed that the jircsence of certain salts, as zinc

sulidiate, decreased tlie rate of reduction, and that the nature of tlie metal

used intluenced tlie rate. Perhaps the most enlightening results wt-re

obtained l»y Traube (P.er. 1.".. cr.it. 2421, 2-t:'.4 ; KJ, 1201) in his work on the

constitution of hydrogen pero.xide. lie found that when palladium is

charged with hydrogen and made the positive pole of a battery no peroxide

is formed but the nascent o.xyiicu is reduced to water. P.ut when such

palladium is made the negative pole and molecular oxygen is buljbled

around the pole peroxide is i>roduced. If non-hydrog<'nized palladium is

used the greatest amount of the pero.xide is icinied (only .ii the negative

pole) when all the hydrogen jiroduced is .ihsoibed by the i)alladium, and the

amount decreases as the amoiuit of hydi'ogeu more than this increases.

With carbon poles no ])eroxide was iinduced at cither ]iole. There seems

to be no evidence, however, that hydrogen evolved from carbon iioles did

not reduce the oxygen, and it is probable tliat it was reduced to water

either directly or throngli the peroxide .is an intermediate jirodiict. The

latter is the more iiroiinble since nascent hydrogen r;ipidly reduces the

peroxide.
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From tlie foregoing experiments tlie follo\Ying eonclusinns appear jns-

tifiable. First, nascent li.vflrogen <il)tainecl from varying sonrces and in con-

tact with different substances has abnut the same reducing power. And,

second, gaseous liydrogen in contact witli inetals used tO' make nascent

hydrogen is not made more active by that contact. If tliese conchisions

are justifiable tlie argument upon which the "contact" explanation is

based becomes greatly weakened. And it becomes still weaker when the

first part of the work of Traube. described above, is considered. For If

contact with palladium is the only cause of the activity of nascent hydro-

gen there is i.o reason wh.y the same substance should not have formed at

the two poles. It remains to show that the activity of absorbed hydrogen is

not due to contact action.

INIuch work has been done in investigating tlie phenomena of absorp-

tion of gases by metals. From the volume of giis absorbed by different

metals, as platinum, silver and nickel, Sieverts (Zeit. fur Phys. Cheni. LX,

129 and LXVIII, 115) concluded that the absorbed element was in the

atomic state. Richardson (Phil. Mag. VI^ 20/1 and VIII. 1), in his studies

on the diffusion of gases through metals came to the same conclusion, say-

ing "This result can be explained by supposing that the hydrogen is dis-

sociated and that the dissociated atoms pass freely through the platinum."

Gladstone and Tl-ibe in their woik on "The Action of Substances on Nas-

cent and Occluded Hydrogen" (('. S. Journ. 1S79. 179, Trans.) say "Among

other I'esults of this investigation we may >*laiin to have established still

more fully the close likeness of character and thei'efore of condition be-

tween hydrogen usually denominated nascent and hydrogen occluded by

metals." Also Bain in his work on the absorption of hydrogen by carbon

(Zeit. fur Phys. Chem. LXVIII. 171) concludes that the absorbed hydro-

gen is in the atomic state. If these conclusions are .iustified the activity of

absorbed hydrogen need not be longer considered as due to "contact"

action. But if it still be found that contact does modify tlie activity of ele-

ments is it not a condition of chemical activity or a means of altering the

velocity of a chemica.l change rather than an explanation? Does not the

question remain, "Why, and in what manner they do so? Manganese diox-

ide accelerates the decomposition of potassium chlorate, imt this fact does

not throw any light on the mechanism of the reaction nor does it explain

why the oxygen at the instant of separation is a better oxidizing agent

than ordinary oxygen at the same temperature. Heat is a necessary condi-

10—33213
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tion for the rnjiid i-eduetion of copper oxide by gaseous hydrogen, but it is

iu uo sense an exphmation of the chemical clianges. To explain these it

may be said that at the high temperature the molecules become unstable or

actually begin to decojnjiose into the various atoms and that these then

combine to form molecules more stable at the temperature. Tlie presence

of acids makes possil>le the decomposition of water by electricity. Tlie

ionic theory offers a satisfactory exiilanation.

In contradistinction to the '•contact explanation" stands the atomic-

molecular idea. It is based upon estaljlished and almost universally accep-

ted theories involving atoms and molecules, the relations between which

have been used to explain differences in propeities, and to account for con-

stitutional and space isomerism, unsaturation and cliemical activity. As-

sunn'ng molecules then the atoms follow as a i)erfectly logical deduction.

And if atoms they must separate from molecules as sut-h during chemical

reactions, for in many '-ases there is less than a molecaile of the element in

a molecule of the compound and even if there is they are not often united

iu the molecule. ^Moreover the Ionic condition of the elements necessi-

tates that the atoms exist at the instant of discharge of the electricity.

Likewise combinations must often, if not always be preceded by decomposi-

tion of molecules into the constituent atoms, 'riic addition of hydrogen to

misatnrated molecules, as ethylene, nui.st be pitMcdcd liy tlic formation of

atoms of hydrogen for these are found in different ]i,irts of tlie new mole-

cule. The combination of suliihur dioxide with oxygen in the pi'eseuce of

l»latinum black must be preceded l)y the formation of atoms of oxygen f(»v

the new molecule contains but a half ntolecule of oxygen and at

the high temjicrature tlie double molecule. SX),;. is pi-obably not formed.

Even the formation ()f the molecules of water from hydrogen and.

oxygen must be preceded by the decomposition of i)oth kinds of

molecules, for in the molecide tif water there is but half a molecule

of oxygen and the atoms of hydrogen are not luiited to eacji other.

The combination of annnonia with hydrogen chloride may l)e cited as

another exanuih> for the hydrogen and chlorine are not united in annno-

nium chhu'ide. It is doubtful if any molecules as such ever have any

tendency to combine or to interact in any way. The conditions under which

material is placed in f)rder to stinuilate chemical action is conceivably for

tlie purpose of starting the decomposition of molecules into atoms whicli

by combining evolve the energy to continue tl<e decomposition. The ther-
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iiiochemicnl change would not be affected by such a process because it de-

pends only on the initial and final products.

Objection is made to the atoniic-moleculiii explanation (Smith Inor-

ganic Cliemistry, p. 424) because it is used to explain the oxidizing activity

of hypoc'hlorous acid but is not often used to explain that of sulphuric acid

or of double decompositions, as the action of sulphuric acid on salt. Con-

cerning the former it may lie said that it should be applied as rigidly in

one case as the other. The pre-heating in the case of sulphuric acid may

be considered as necessary for the decomposition of the acid to form

atomic oxygen, and is often so considered. Concerning such actions as tliat

of acid on sale it may be replied that they are explained by as "fairy"

a theory, viz.. the electron modification of the ionic theory.

Even if the activity of nascent hydrogen is finally found to vary

greatly witli the sources of its production the atomic-molecular explanation

'vill still be sufficient. For the absorbing or atomizing power of the ele-

I'lents varies greatly; and for those having little atomizing jiower the

smoothness and other characteristics of the superfiicial surfaces must

determine the relative chances of the afians meeting to form molecules or

of acting on the other material jnesent.

The investigation of the subject will lie continued as oiijiortunity offers.
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The Penetration of Wood by Zinc Chloride.

By Edward G. Mahin.

During the last fifteen years tlie supply of all kinds of sawed lumber

has rapidly diminished. The consequent rise in prices has stimulated tlie

use of methods for prolonging the life of structural timbers that are ex-

l)osed to excessive weather conditions. Treatment of such timbers to

prevent decay has been practically limited, in a commercial sense, to

impregnation of the wood with creosote oils or with antiseptic salt sohitions,

the salt most extensively used being zinc cliloride. Against the use of

creosote oils two objections have been urged, these being the somewhat

excessive cost of the preserving material and the tendency of the lighter

inu-tions of the oils to evaporate under the influence of wind and sun.

While the cost of the zinc chloride would not prohibit its use, it has

been noticed for a long time that exposure for a term of years seemed to

laiise a loss of the efticiency of the preservative. This was long thought

to be due to the fact that fmni moist wood tlie zinc chloride was gradually

lost through a process of outward diffusion similar to that causing "efHores

cence" of salts on brick walls. This theory was apparently confirmed by

the fact that analysis of old treated wood showed the presence of little zinc

chloride in the interior of the piece. In order to remove this objection a

process' was devised abroad and in 1908 was patenteil in the United

States, for treating wood with zinc chloride, with the addition of alumin-

ium sulphate. It was thought at the time and was originally claimed by

the patentees that this process resulted in a fixation of the zinc salt withii:

the wood fibers in such a ni;inner as to practically prevent the outward

diffusion and consequent loss of the preservative. It was their theory

that some sort of compound was produced between the cellulose of the

wood cells and the aluminium sulphate, this compound resulting in a

retaining action upon the zinc ohloride. The action w'as likened to the im-

perfectly understood action of aluminium salts when used as mordants in

dyeing. Experiments with washing treated sawdust did not confirm this

theory but later unpublished investigations showed that solutions of zinc

chloride containing aluminium sulphate, under the same conditions of

treatment, peneti'ated wood ties farther than did solutions of zinc chloride

alone, the zinc salt having the same concentration in the two solutions.

1 The Bruniiig-Mannetschke process. U. S. patent No. 898,246.
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It is a well known fact that zinc cliloride in solution liydrolyzes to a

considerable extent so that zinc hydroxide or basic zinc chloride precipi-

tates, often in large quantities. The addition of a strong acid redissolves

the precipitate, as does also the addition of aluminium sulphate. This

solvent action of aluminium sulphate is, witliout doubt, due to the fact

that it also hydrolyzes readily in solution, the resulting sulphuric acid

thereby acting to repress the hydrolysis of the zinc chloride. The concen-

trations of tlie two salts used in the new process are zinc chloride 3%,

aluminium sulphate 1.5%. Sucli a solution is usually clear, so far as any

visible precipitate is concerned. Aluminium sulphate is thus seen to be of

use in preventing the precipitation and consequent loss of zinc chloride in

the impregnating solution, but there remains unexplained the reason why

two clear solutions, containing tlie same concentration of zinc, should pen-

etrate the wood substance to different depths, the solution of the two salts

apparently always going farther than the solution of the single salt. It

was in order to find, if possible, an explanation of this difference in pene-

trating power, that the experiments later described were undertaken.

The colloidal character of both zinc hydroxide and aluminium hydrox-

ide is well known. It seemed likely at the outset that even in clear solu-

tions of zini- or aluminium salts there nnist exist i»roducts of liydnplysis in

a colloidal condition, consisting of sols of basic salts or even of the hydrox-

ides themselves. If this were the case, since the hydrolysis

of zinc chloride is repressed by tlu' jtrcsence of the sulpliuric acid

formed by the hydrolysis of aliuninium sulphate, the clear solution of the

composite solutioi! should t-ontain less colloidal and more crystalloidal zinc

salt than the siugh' solution. Tlie cellulose •omposing the wood cells is a

vegetable colloid and it is not possible for other colloids to diffuse through

it. In other words, the wood cells will ;ict as mcmbi'aues in carrying on a

l)rocess of dialysis, retaining coIloidMl material and allowing crystalloidal

material to pass. If the solutions pt>ssess the difference in character as

above described it is easy to see that a difference in penetrating power

nuist follow. The following experiments were undertaken to deti'rmine

whether zinc chloride solutions in water contain more crystalloidal zinc

when aluminium suljihate is ])resent than when it is not present.

Experimental.

Two solutions were jircpared, each containing exactly ?>% of zinc chlor-

ide. To one of these aluminum sulphate was added to the amount of 1.5%.
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In making the solutions a quantity of zinc chloride was weighed ont and

dissolved in such an amount of water as to niake a solution somewhat

stronger than 3%. Some precipitate was formed and this was filtered out.

the remaining clear solution heing then standardized and diluted to the

required strength. Colloidal membranes were prepared by coating vege-

table parchment, of as miiform thickness as possible, with collodion. These

were fastened on the ends of tubes having a diameter of about five centi-

meters, the tubes being of equal cross-section. Of the respective solutions

50 CO. were placed in separate tubes and the latter were innnersed in sepa-

rate beakers of distilled water, adjustment being made so that the water

outside was at the same level as the solutions inside. No attempt was

made to keep the temperature constant but changes in temperature affected

the tubes alike. After certain periods of time, as stated in the tables

below, the beakers containing the water and the diffused zinc salt were

removed and substituted by beakers containing fresh water. The zinc

which had diffused through the membranes was determined by titration

with standard solution of potassium ferrocyanide, uranium nitrate beiu'j;

used as indicator. The amount of ^^ater placed outside the membranes was.

in every case, 100 cc. The standard solution of potassium ferrocyanide was

of such concentration that 1 cc. was equi^'alent to 0.00455 gram of zinc.

In order to correct for any pos.sible difference in thickness or perme-

ability of the two membranes the solutions were interchanged after 2.'U

hours, each solution thereafter diffusing through the membrane that had

previously held the other.

In the tables the symbols have the following significance:

B. M. = solution of zinc chloride o9r and aluminum sulpli;ite 1.5%,

B. P. = solution of zinc chloride 39r

,

t = hours for each period <if dilTusion,

T =: total hours before reversal of membranes.

Tr — total hours after reversal of membranes,

m = milligrams zinc chhu-ide diffused each period. I*. M.,

M = total milligrams zinc chloride difl'u.sed, B. M.,

Mr = total milligrams diffused after reversal, B. M.,

p = milligrams zinc chloride, diffused each period, B. I'..

P = total milligrams diffused, B. P.,

Pr = total milligrams diffused after reversal, B. P.,

Cm = milligrams zinc cliloiide left in B. M. = 1.500— M,

Cp = milligrams zinc chloride left in B. P. = 15011 — P.
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The average relative rates of diffusion of the ziue in the two solutions

will (leiiend updn two couditions : (a) the relative permeability of the

membranes and (b) tlie relative concentrations of zinc salt. If the rela-

tive concentrations should undergo no change, through the more rapid

diffusion of one solution, the reversal of membranes should change the

rates of diffusion so that the value of m/p before reversal should exactly

equal the value of p/m after reversal. Au inspection of the table shows

that the membrane in which B. M. was enclosed before reversal was thin-

ner or less dense, or, from some other reason, more permeable than the

other, so that more rapid ditt'usion took place through this membrane and

the solution so enclosed was more rapidly diluted than the other. In order

to correct for the resultant change in concentrations the relative rates

of diffusion, m/p and p/m, were divided by the relative concentrations,

Cm/Cp and Cp/Cmtlie resultant corrected values being tabluated as ^'^^

and "^^-^ Since the actual concentration of zinc was the same in the two

original solutions, the average corrected ratios should be equal unless

the zinc were partly in the colloidal, and hence non-dlffuslble, condition

and this to a different extent in the two solutions. Tbe table shows that

the average corrected ratio of diffusion of B. M. to B. P. before reversal

was 2.45 while the average corrected ratio of dift"usion of B. P. to B. M.

after reversal was 1.52. The actual concentration of diffusible zinc was

therefore greater in the B. M. solution. This actual concentration ol'

diff'usible, crystalloidal zinc will be called the "effective concentration."

Let Me = effective concentration of zinc in P.. ^I.,

I*e = effective concentration of zinc in B. P.,

T = thickness (or density) of membrane first containing B. M..

T' = thickness of membrane first containing B. P..

Dm =; average rate of dift'usion of B. ;m. before reversal,

Dp — average rate of diffusion of B. P. before reversal,

Dm' = aA'erage rate of diff'usinn of B. M. after reversal.

Dp' = average rate of diff"usion of B. P. after reversal,

k = a constant, depending upon the temperature

;

also let a = Dm/Dp = 2.45 and

b == Dp'/Dm' =. 1.52.

Using these symbols,

INIe = kDml' = kDm'T',

Pe = kDp'I^' = kDp'l'

;
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Dm = Me/kT, Dp = Pe/kT', Dm' :^ Me/kT', Dp' = Pe/kT ; there-

tore

a = MeT'/PeT and b = PeT'/MeT,

a/b= Me/ Pe,

Me/Pe =- a/b.

Substitiitiiiii' the values ul' a and b as L'ivcn above, Me/Pe = 2.45/1.52

=- 1.27.

This ratio of effective concentrations confirms tlie Iiyi)otliesis that

even clear solutions of zinc chloride contain colloidal products of hydro-

lysis. Aluminum .sulphate, through its own hydrolysis and the formation

of free sulphuric acid, causes a partial repression of the hydrolysis of

zinc chloride and in ?>% ziiic chlorid(> solutions, such as are used in wood

]iresen'ing, there is approximately 80% as much zinc present in ti*ue solu-

tion as is the ease when 1.5% of aluminum sulphate has been added.

The remaining zinc is in the form of a hydrosol of basis zinc chloride

or of zinc hydroxide and cannot pass into the interior of treated wood

but must be left in the outer layers. It is to be expected that any other

easily hydrolyzed salt <if a strong acid would have a similar effect upon

the penetration of zinc salts into wood. The use of free acid itself would

have the same eflect if it were used intelligently.

Furthei- experiments are now in progress.

I'Kidiic I'niicrsHif,

Norriiihcr, 1012.
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A BioMETRic Study of the Streptococci from Milk and from

THE Human Throat.*

By C. M. Hilltard.

'J'wo hundred and Torty-two pni'c strains of streptococci isolated from

milk aud from the luinian tliront liave been compared as to (lieir niorj)]!-

ology, Gram stain and i,'entian violet reaction by the plate method, and

their quantitative arid production in seven carbohydrate and related or-

ganic media. Hemolysis was studied vs'ith f>2 strains.

We have been able to make no correlation between the length of

chain or the relation to violet stain with any other character.

Seventeen out of 02 cultures gave hemolysis when streaked on blood

agar i)lates. Five of these cultures came from normal milk, five—the

most vigorous hemolizers—were from milk where udder trouble was indi-

cated in the cow, aud seven A^ere normal throat forms.

The seven substances tested showed a definite order of availability

for acid produrtion. This order ("metabolic gradient") and the per cent.

of cultures yielding 1.2% or more of acid when grown at 37 C for three

days is shown in the following table

:

Gluecose (Monosaccharide) 08.0%

Lactose (Disaccaride) 76.0%

Saccharose (Disaccharide) 6.5.5%

Salicin (Glucoside) 42.7%

Kaflinose (Trisaccharide) 37..5%
Inulin (Starch) 9.0%

Mannite (Hexahydi'ic alcohol) 1.5%

It will be noted that the degree of availaliility is closely associated

with the size and complexity of the substance.

According to the positive reaction—over 1.2%, acid—in the test sub-

stances, 88% of the cultures inay bo placed in eight groups.

The following features separate milk from throat streptococci

:

(1) Milk organisms yield over 2.5% acid in lactose and saccharose at

37 C. (2) They seldom ferment a substance higher in the metabolic series

*Full Report in Jour. Ind. Dis. Vol. XII, No. 2.
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than saccharose. (3) They reatlily ferment dextrose, lactose, and saccha-
rose at 20 C. On the other hand, throat streptococci (1) seldom yield
over 2.5% acid in any substance. (2) Over 40% of the cultures yield
over 1.2% acid in either salicin or raffinose. (3) At 20 C they almost never
attack any of the seven test substances.
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On The Atomic Structure of Energy.

By a. E. Caswell.

For a numljcr of years it has been well known that a number of the the-

oretical results of the classical thermodynamics are not in accord with ex-

periment. This is especially true in domains of radiation and specific heats,

and does not mean that these results are invalid, but, rather, while they

contain truth they do not contain the whole truth. Eminent physicists have

endeavored to formulate a theory the conclusions of which shall be true to

fact. The "Quantum Hypothesis" of Planck, which involves certain assump-

tions relating to energy, seems to furnish the basis for such a theory. It is

c

Figuie 1.

A. E. Caswell—On the .\toniic Structure of Energy.

the purpose of this paper to present some of the difficulties which are insur-

mountable on the basis of the older theory but are explainable on the basis

of this hypothesis, and to indicate some of the results of the new theorj- and

its bearing upon our conception of the nature of energj-.

Two important laws of radiation which have been derived from the older

theory are the Stefan-Boltzmann^ Law and the Wien- Displacement Law.

The former was proposed bj' Stefan in 1879 and was based upon the fact that

Tyndall had found the ratio of the energy radiated by a platinum wire at

1200° C. to that radiated at 525° C. to be 11.6. The law states that the

energy radiated hi/ a black body /.s proportional to the fourth power of the absolute

'Wien. .\kafl. Sitz. 79, p. 391, 1879; Wie.l. Ann. 22, pp. .31 and 291, 1884.

Unn. der Physik, 58, p. 662, 1896.
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temperature, or E = k(T* — T*). The law has been amply verified for a

black body by the experiments of Lvimmer and Pringsheim'', but is not strictly

true for other bodies. Boltzmann deduced the law theoretically in the fol-

lowing manner.

According to the electromagnetic theorj- of light, light exerts a pressure

on any perfectly reflecting plane surface which is perpendicular to the direc-

tion of the light numerically equal to the energy density of the radiation.

When light is incident in all directions we may assume one-third of it travel-

ing in each of three mutually perpendicular directions, and so the pressure

exerted upon the walls of a perfectly reflecting vessel filled with radiation

would be equal to one-third of the energy density. Let AC (Fig. 1) be a

cylinder of unit cross-section and length a, having perfectly reflecting sides

and a perfectly reflecting piston P, but the end AB is a perfectly black body

at a temperature T. Then the space between AB and P will be filled with

radiation of energy density (/ corresponding to the temperature T. When

equilibrium is established replace AB bj' a pei-fectly reflecting plate, and

push the piston P in from a point distant x from .\B to a point distant (.r — dx).

The total amount of energy su])plied. ilQ, is ecjual to the increase of the in-

ternal energy, ill', plus the external work perfoiined, dW. Therefore

4

d(2 = (ir + d\V = flfxii) + ]) <1\- = X du + ->. dx.

If '^ is the entroj)y, then

dQ X 4u d? d;T)

d? = = — du -1 dx = — du H dx.

T T :rr du dx

X d? 4u d? <i-'. d fxl d
J

4u

''t du' :VV dx' dudx dxlTj du'sTJ

Since T is indcpcnilent of .r

1 4f 1 udT I du 4<ri'

T sIt TMuJ' u T
(1) u = kT'', where A- is a constant.

Suppose that instead of the case above considered we take the case of a

small radiating body at the center of a hollow sphere having perfectly re-

flecting walls. Then ur- will be constant, where ;• is the distance from the

center of the sphere. 'I'lien I' = 4x I ur-dr = 4-r''u. ii being in this case the
•^ o

energy density at the surface of the sphere. The radiation pressure on the

'.\nn. (Icr Physik, 0.3, p. .395, 1807.
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whole surface is 4 r-u, since all the radiation is incident normalh'. Then if

the radius of the sphere decreases by a small amount dr

(2) dQ = dU + dW = 4Tu[d(r=u) + r=u dr] = 4^r= (r du + 4u dr).

Proceeding as before we may deduce the Stefan-Boltzmann Law from this

equation, showing that the law is true for radiation from a point source.

The second law mentioned above is the Wien Displacement Law which

states that the product of the ivave-length and the absolute temperature is a con-

stant, or XT = constant. In other words, if radiation of a particular wave-

length is adiabaticall}^ altered to another wave-length the temperature changes

in the inverse ratio. To prove this let us consider the sphere of the preced-

ing paragraph. Let it exjjand with a constant radial velocity- v, and let tlio

velocity of the radiation be 1'. Then, by Doppler's principle, the wave-

length will be increased at each reflection. Let Ao = the original wave-length,

"An = wave-length after n reflections, and t = time elapsing between the in-

stant when one wave is reflected and the instant when the next succeeding

wave is reflected. Then

f Ao + vtl

^1 = "Ao + 2vt = Ao + 2v
I

!, or eliminating t

[ V J

2vAo [ V + V
1

Ai = Ac H = |Ao.

V — V
i
V — V

fV + vln
.•.An = Ao

V — V

While the surface of the sphere mo^'es out a distance dr the wave will travel

V dr
a distance , and since the diameter is 2r, the numljer of reflections which

y dr
C
V + v 1

v^dr^

will occur is n = . Consequentlv An = Ao I
1

2rv
^ and the value

2rv
'

I V — V J

fV + vlVcl.^

of "A corresponding to an expansion dr is A = Limit of Ao |
1

2rv
^ or A

iV-vJ
r drl V

= "An
1
1 H !, when approaches infinitv and the scjuares and higher

I
r

J 2v

V dr
powers of — and — are neglected.

V r

dA dr
Put dA = A — Ao, and — = — , or since dQ = 0, r du + 4u dr = 0, by

A r

du dA
equation (2), and h 4— =0. On integration this gives
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f X ]
* uo To^

(3) - = - = . or

.AoJ u T^

(4) XT = AoTo = constant.

Wien's displacement law may be extended so as to give a general formula

for the distribution of energy in the spectrum, viz., E"a = C"a "'^f (XT), where EX

is the emissive power for radiation of wave-length X and C is a constant. To

prove this let ro change to r, then radiations of wave-lengths between Xo and

(Xo — dXo) will be changed to those of wave-lengths between X and (X — dX).

r r dX r X
Also X = — Xo, and X -|- dX = — (Xo + dXo), whence = — = —

.

Vi) ro ClAo To Ao

du fXol"
From (3) =

I
—

|
. But du is j)r(iport ioiial to Kx dX. Therefore

duo
i
X

I

Ex dX du rXo]^ Ex Xo^
= =

I

—
I

,
or = . Since ('(|uali()n f4) holds wo may write

EXodXo duo i,X
j EXo X*

(5) Ex = X-^EXoX^o = CX''f(XT).

All general distribution formula' must satisfy this ("(luation. It renuiins

to determine the form of the function fiXT). 'I lie i)articular form will de-

pend upon the assumi)tions made. Wieii found

f(XT) = e XT, or Ex = CX'^c XT.

For large values of X and T this formula fails. Lord Kayleigh proposed the

C,

fornuila EX = CiX-^Te XT_ This formula fails for snuill values of X and

7'. About 1901 Planck proposed the formula

C,X-
EX =

eXT_i
This formula agrees with experiment and approaches the fornuilse of Wien and

Raylcigh for the range of values for which each holds best. It has already

supplanted Wien's to a considerable extent in commercial practice with high

temperature furnaces.

This formula is based on a new and startling hypothesis which has come

to be known as the "Quantum Hypothesis," to which reference has already

been made. The importance of the new hypothesis is made apparent by the

following quotations. Xernst* says, "If Newton, when he created modern

mechanics, paved the way to the results of theoretical physics, if Dalton in

the atomic theory gave |)hysics and chemistry their most fruitful logical

<Preu33. .\lia;l. Wis-., Be.-lin, .Sit/,. Ber. 4, pp. 6.5-90, 1911.
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toals, then Phuick in the (luantuni hypothesis has in liis turn discovered a

wholly new method of scientific calculation, and in fact this hypothesis, already

so useful, is not a mere atomic theory of energy but in reality something wholly

new, because the quantum can assume any chosen value from zero upward

according to the motion of the atom concerned." The late Henri Poincar6

wrote concerning it: "The new conception is seductive from a certain stand-

point: for some time the tendency has been toward atomism. Matter ap-

pears to us as made up of indivisible atoms; electricity is no longer continu-

ous, not infinitely divisible, it resolves itself into equally charged electrons;

we have also now the magneton, the atom of magnetism. From this point

of view the quanta appear as atoms of energy."^

The physical assumptions which Planck makes may be summarized as

follows:*

(1) A system of many linear Hertzian oscillators, having a coRynon

period of vibration and so spaced as not to exert direct influences upon one

another, are contained in a vacuum bounded by perfectly reflecting surfaces

and filled with stationary black radiation.

(2) These oscillators onlj' absorb and emit energy in the form of electro-

dynamic wave radiation.

(3) The vibration energy of an oscillator is given by the equation

1 1

U = - Ivf- -f - L
2 2

fdfl =

—
I

,
where f = electric moment of the oscillator, and K

[dtj

and L are positive constants.

(4) Emission only occiu-s when the vibration energy U is any whole

number of times the energy-element, the so-called "Elemcntnr-quanlum,"

1 /IC
E = hvo, where vo is the frequencv of the oscillator and is ecjual to — I —

,

2xA' L

and h is a universal constant, the so-called "W irkungs-qiutniinn ," and is equal

to 6.55 -i- 10"" erg-seconds.

Whether the oscillator will actually absorb or emit energy at such times

depends upon circumstances. If, however, emission occurs then the whole

energy of vibration is emitted and the vibration ceases. Then through new

absorption the energy again increases. Some writers on the "quanta theory"

argue that the oscillators must absorb as well as emit energy in discrete

amounts. It is claimed, for instance, that Einstein's formula for specific

'Journ. de Phys. 2, Ser. ,5, pp. .5-34, 1912; ibid 2, Ser. n, pp. 347-360, 1912.

«Ann. der Phys. 4, pp. 5.53-563, 1901; ibid 31, pp. 758-768, 1910; ibid 37, pp. 65-90, 1911.

11—33213
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heats, mentioned below, is not true unless this is so. This, apparently, is

not Planck's view as he seems to consider the oscillators as absorbing energy

continuously.

(5) The law of emission is: The ratio of the probability that etnission

shall not occur, to the probability that emission shall occur, is proportional to the

intensity of the vibration exciting the oscillator. This intensity is defined by the

Ivdv, where K7, = the component of the electric intensity

in the direction of the axis of the oscillator, and as before v = frequency of

the vibration. The constant of proportionality for any given period may he

determined bj^ means of Rayleigh's law of energy distribution.

By means of these assumptions the properties of the stationary state, the

entropy and temperature of a system of oscillators as well as the distribution

of energy in the .si)ectruni of black-body radiation are completely determined.

Planck bases his expression for absorption on electrodynamic considerations,

those for emission and energy distribution upon statistical ones.

Planck's calculations will not be rej)roduced here, the mathematical

processes being merely indicated and some of the results stated. Basing

his investigation relating to the absorption of energy upon the ecpiations

given under assumptions (3) and (5) and the additional equation

Kf + L = ¥jz, Planck finds that in tlic interval of time between two
dt =

successive emissions the energy U increases uniformly according to the

dU lo

ecjuation = .

dt 4L

The mode of emission will obviously de])end upon the theory of proba-

bility. Planck finds that, when Pn is the probabilitj- that the energj- of an

oscillator lies between nt and (« + O* Jind r, is the probability that the

energy of the oscillator shall be a whole number of times f, the average energj-

of an oscillator is given by the equation

U = 2P„ ln + -|£= 1 f.

o
[ 2J [r, 2J

f 11 1

Also U = pi + - f, or - = 1 + pi.

3c-

The value of p is found to be , where c is the velocitv of light.'

'Verh. Doutsch. Plus. Ges., 5, .3, Feb. I'JII.
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hv
3c'L -

Time between two successive emissions =J e
Stt'-v-

Larmor'" in an expansion and generalization of ideas implied in Planck's

theory divides a system which is a seat of energy into clementarj' receptacles

of energy called "cells." The "element of disturbance" possessing the ele-

ment of energy under consideration is as likely in its travels to occupy any

one of these cells as any other. Instead of the relation f = hv,,, which Planck

obtains, Larmor finds that the ratio of the energy-element to the extent of

hi.s standard cell is an absolute physical cjuantity. Larmor claims that his

theory evades an atomic constitution of energy although this seems to be

open to argument. Planck believes that his constant h provides for Larmor's

"elements of disturbance." Larmor's radiation formula reduces to that of

Planck.

Jeans" has worked out a rather complete and satisfactorj^ electron theory

of metals, but wIkmi api)lied to radiation his results, exjjressed in terms of a

single universal constant, are in condict with expcM'iment. Planck considers

that Jeans' formula recjuires a second universal constant which he identifies

with /(, the "wirkungs-ciuantum," Jeans' formula being a special case where

h = 0.

Lot us now turn to some of the experimental facts which can be accounted

for on the basis of the Cjuantum hypothesis. The agreement with the experi-

mental facts of radiation has already been mentioned.

The ex})erimentaliy determined specific heats of crystalline substances,

especially at low temperatures, do not agree with the older theories, but

Einstein'-' by ajjplying t lie ciuantum hypothesis to this case has dcfhiccd 1 lie

^ \—\
eT [tJ

formulae = 3R ^ , where R is the gas const.ant, [i- a positive con-

.e-r
J

stant, and v and T as before, are the vibration frcfiuency and the absolute

temperature. Nernst and Magnus have found that this formuiais only ap-

pro.ximate and have added a term bT'. «'\ This formula agrees wit h the results

'»Roy. Soc. Proc, Ser. A, 83, pp. 82-9.5, 1000.

"Phil. Mag., 17, pp. 77.3-794, 1909; ibid 18, pp. 209-226, 100).

>'.\n.n. (lor Physik, 22, 1, pp. 180-190, 1906.

"Journ. de Phys., 9, pp. 721-749, 1010, Zeits-lir. Klo •trocliom., 17, pp. 20.5-275, 1911: .\nn. der

Physik, 30, 2, pp. .39.5-439, 1911.
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obtained by Ncrnst, Lindomaiin and othcrts for the specific heats of a large

number of substances including such anomalous substances as diamond. More-

over, by means of Einstein's formula it is possible to calculate the frequency

of the radiation emitted from the specific heat of a substance and the results

so obtained agree very well with the frequency as determined by optical

methods. It may be noted that the classical thermodynamics would lead one

to expect the specific heat of a substance to become zero at the absolute zero

of temperature. This is not the case and Planck's "onergierest" would lead

one to suspect the truth.

Stark'^ has found that when secondary kathode rays are generated by

X-rays that the electrons in the secondary rays possess energy of the same

order of magnitude as those in the primary kathode rays which produce the

X-rays and that this does not depend upon the intensity of the X-rays. The

number of electrons in the secondary stream, however, does vary with the

intensity of the X-rays. This can be accounted for by saying that the cjuan-

tum possessed by an electron in the primary stream is handed on by the X-rays

to an electron in the secondary stream. Thus when secondary rays are pro-

duced the velocity of the individual electrons will not depend upon the in-

tensity of the X-rays but upon the size of the quantum. With more intense

X-rays more quanta are transmitted and more electrons set free.

Paschen found that when canal rays were examined for the Doppler effect

that, instead of having the original spectral line displaced to one side or

broadened on one side, he had a "rest," or undisplaced, and two displaced lines.

Stark'-' has pointed out that according to Planck's theory a positive ion will

only radiate when its kinetic energj- of translation is some multiple of the

"elementar-quantum." Consequently the ions which are radiating have

perfectly definite velocities depending upon the number of quanta they pos-

sess, and so we should e.xpect to find a displaced line corresponding to each of

these velocities. Stark has also been able to calculate the velocity of the

radiating ions and finds that the results tend to confirm Planck's theory.

Haber'^ has applied the quantum hypothesis to the absorption spectra of

solids and obtains an equation relating the wave-length in the infra-red, Xr,

the wave-length in the ultra-violet, Xv, and the molecular weight, viz., Xr =

Av X 42.81 |/M. This formula holds for regular crystalline substances such

as NaCI, KCl, and fluorspar.

<Phys. Zeitschr., 10, pp. 902-913, 1909.

*Verh. Deit5ch. Pays. Ge?., 10, 20, pp. 713-71.5, 1908.

eVerh. Deitsch. Phy-s. Ge?., 13, 24, pp. 1117-1130, 1911.
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One of the most useful theorems in thermodynamics is a sort of supple-

ment to the Second Law. and is due to Nernst. It states that the entropy

of a substance at the absolute zero of temperature is zero. This theorem is amply

justified by experiments on specific heats, thermo-neutral chemical reactions,

and so forth. Boltzmann has shown that if the energy be subdivided into a

large number of ecjual parts a quantity can be calculated, by means of the

theory of probability, which is projiortional to the entropy as deduced with

the aid of Nernst's theorem, the proportionality factor depending upon the

magnitude of the elementary amounts of energy. Some value of this amount

should give the value of the entropy exactly. This value, according to Planck,

would be the "elementar-quantum." Nernst's theorem may then be con-

sidered as another ground for b(>lief m the basic truth of Planck's tlieory.'"

Additional evidence in favor of the theory is to be found in the jihenomena

of fiuorescence, the photo-electric effect, and others.

We shall now exaniinc Planck's assumptions and attempt to interpret

them physically. We know that Hertzian waves onlj' differ in wave-length

from the luminous waves emitted by an incandescent body. What is then

more natural than to assume that the atoms of Ixxlics contain tiny Hertzian

resonators, or oscillators? We say "atoms" because the spectral lines of an

element ap[)ear in the spectra of its compounds. The "))erfectly reflecting

walls" may be notiiiiig more than a useful mat lu-niat ic;il fiction, or may rep-

resent true physical boundaries corresponding to the cell walls of barmor's

elementary receptacles of energy. The assumption of a nieclianicai model is

of vastly less interest than those implying at least an atomic structure of

energy. If there are atoms of energy do tlu\y i)reserve their identity'? Are

they invariable? Planck assumes a discontinuous emission but a more or

less continuous absorpt ii>n of energy. May we not ask the (luestion: "Are

these discontinuities due to the oscillator or to the energy itself"? If the

energy exists in discrete (juantities, why is it not absorbed as well as emitted

in multiples of the "elemental' (luantum'"? If absoi'lx'd in discrete ainoimts

are these identical with those emitted? .Vjjparently not, for in the i)henomena

of fluorescence the fluorescent light is nearly always of lower frecpiency than

the light which causes the fluorescence, or, speaking in terms of Planck's

hypothesis, the emergent cjuanta are smaller than the incident (juanta, for

the so-called atoms of encrf/i/ are larger in ])roportioii to the frcHjueiicy of the

light, so that "atoms" corresponding to l)lue light are larger than those cor-

responding to red light. If, then, w(> are to account for (luorescence by means

'"Prejss. Akail. Wi.-is. Ro.lin, .Siz. Her., 4. pp. O.i-!!), I'.Ul.
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of the quantum hyi)othesis we must conclude that energy is absorbed in amounts

differing from those in which it is emitted or may even be absorbed continu-

ously. If energy exists in the form of atoms these must undergo some change

in the oscillator analogous to the chemical transformation of oz,ygen into

ozone, or vice versa. Furthermore, it would appear that there would need to

be as many different sorts of atoms of energy as there are wave-lengths of

electro-dynamic wave radiation.

An alternative which has occurred to me is that the discontinuities in the

radiation are due to the mechanical form of the oscillator, that is, they are

not due to an atomic structure of the energy itself but rather to the oscillator.

Imagine, if you will, a circuit consisting of a condenser, inductive resistance

and spark gap in series, and in addition assvnne that the system can absorb

energy falling upon it in the form of radiation. For some potential difference,

V, the dielectric in the spark gap will break down and a discharge will occur,

all of the electric energy, ^CV", where C = capacity of system, being trans-

formed into radiant energy of the wave-train produced, or into heat. The

discharge will be oscillatory when CR- < 4L, R being resistance and L

111 R-
inductance, and its frequency will be v = —^

. If we further as-

2tc\ CL 4L=

sume that R is negligible when compared with the other cjuantities, we have

1 l~l~
V = — \j . Let E = energy of system at the instant discharge occurred,

2ti^ CL11 3 1

then E = - CV2 = - CV=.2x ./CL .v, or E = x C^ V=L ^ v.

2 2

This eciuation is identical with Planck's eciuation, E = hv, if we put

3 i
h = C ^ V- L ^ = constant. Thus the energy is proportional to the frecjuency.

Some such oscillator may provide a means of escape from the conclusion that

energy is atomic.

The emission law follows at once from the conception that the oscillator

will not be as apt to radiate into a space where the radiant energy is dense

as into one where it is rare.

Whatever our conception as to the nature of energy itself there is abundant

reason for believing that it is emitted by bodies in discrete amounts. Ex-

perimental verification is to be found in widely-separated fields of research.

The quantum idea has gained such a foothold that Einstein and Stark would

abandon the electromagnetic theory of light for a corpuscular energy theory
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although Phmck himself considers this unnecessary. Concerning the hypothe-

sis the late Henri Poincarc has said, "The present state of the question is as

follows: the old theories, which hitherto seemed to account for all known

phenomena, have met with an unexpected obstacle. An hypothesis has pre-

sented itself to M. Planck's mind, but so strange a one that one is tempted

to seek every means of escaping it; these means, however, have been sought

vainly. The new theory, however, raises a host of difficulties, many of which

are real and not simply illu.'^ions due to the inertia of our minds unwilling to

change their modes of thought."

Note—Since this paper was read Professor Millikan has given a masterly

presentation of the various atomic theories of radiation. See Science, Jan.

24, 1913.
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Notes on the System of Crystallization and Proper Cutting op

THE Synthetic Corundum Gems.

By Frank B. Wade.

It is witli some hesitation tliat I am attempting to present before the

Physii-al Science Section of tlie Indiana Academy of Science a paper

npon so technical a subject as the system of crystallization of the syn-

thetic corundum gems, when my study of them has been but the recrea-

tion of one whose serious work lies in another direction.

It was while attempting to learn how to produce the best possible

results in the way of richness and depth of color iu cutting sjiithetic

ruby that I made a study of the crystalline form of the rough ruby

boules. The best lapidaries, in cutting natural ruby, long ago learned

that, to produce the deepest and richest color it was necessary to lay

the table of the cut stone parallel with the basal planes of the natural

hexagonal crystal. Fortunately tills method of cutting usually gave also

the largest possible cut stone from the rough material, as the natural ruby

has a tabular habit, with the greatest diameters parallel to the basal

planes of the hexagonal prism.

Now—although the rough boule of synthetic ruby has the appearance

of an amori)lious mass—it is in reality crystalline, in fact a single crystal.

Hence in cutting it proper regard sliould be had for its optical properties

if the best results are to be obtained. The Boules, however, although sin-

gle crystals, have no well defined crystal faces or cleavages to reveal the

system of crystallization or tlie direction of the optical axes.

It was in the endeavor to work out metliods of determining these

matters that I lyegan a study of tlie rough boules. I first looked up the

literature that was available upon the subject of artificial corundum

gems, and for the sake of refreshing your memory along this line I will

briefly review that part of it which leads toward the subject of this

pai)er.

The earlier Avorkers attem]>ted to obtain rubies by the fusion of

alumina, either in glass or porcelain furnaces or by means of the oxyhy-

drogen blowpipe. M. Gaudin, in 1837, using the oxyhydrogen blowpipe
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to produce fusion, got tiny crystals of ruby when the melt was slowly

cooled. These crystals, like those of nature, were in the hexagonal sys-

tem, as shown by their external form. St. Clair de Ville and Caron pro-

duced rubies by fusion of alumina mixed with a little chromium oxide

and, on one occasion they got both rubies and sapphires in the same

crucible. These were Aery minute and had the usual crystal form of the

natural stones. Fremy. by means of a high temperature continued for

eight days, got rubies of the weight of one-third karat each. These also

were regular crystals. No success was had l)y any of these earlier work-

ers in obtaining rubies of commercial size

About iss.') ihcrc licgan in come on tlie market, from Geneva, Switzer-

land, it is udw said, some rnl)ics wliich at first were sold as natural stones,

but wliicli. it dcvcioi^'d Inter, were made Ity fusing together small natural

rubies by means of the oxyliydrogen l»lowiiii)e. These rubies were gener-

ally luibl>ly, and tlie bubbles, unlike those in natural rubies, were spher-

ical, '{'here were also other signs by means of which the artificial char-

acter of these so-called "reconstructed" rubies might be detected. They

were generally too low in si)eci(ic gravity, jirobably owing to their bubbly

charactei-. and the color was a bit unnatural to the eye of an exi>ert. They

wi're. hiiwcver. crystallized alumina. I have not had the oiiixirlunity of

examining any of the drops thus produced while in the uncut condition,

so that 1 am unable to speak in regard to their crystal structure. The

cut stones ar<' tVcbly donblf id r.icl ing and sliow dichroism like the natural

rubies.

It was not long befru'c the use of small natural rubies was discon-

tiiuied nnd jiurr aiuuiina uiixi-d with a littl'' clironiiuni oxide was substi-

tuted. It was in 1!»04 that Verneuil published his niellmd of pi'oduciug

true synthetic rubies by heating the above mixture in the llame of the

oxyliydrogen lilowiiiiie. The method employed by liiiii in inti'oducing the

jHiwdered material was exceedingl.v ingenious. A receptacle with a sieve

bottom was constantly tai»iHMl by a mechrinical laiijier and the dust fell

into the stream of oxygen and passed with it through tlie llame, which was

directed vertically downward uixin a supixtrt below. Uyyon this support

the boule grew, first the slender stem. fhen. with i>roper manipulation of

the flame the wider and wider dome, until, in souk; cases, the boule

weighed over one himdred karats. The (i-ystal character of these boules

and of the blue and jiink and white and yellow ones which lat<'r came to

be made, forms the iii'incipal subject of this jiajier.
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The blue color was obtained only after long study and experimenta-

tion on tlie part of Yerneuil and an American assistant, Mr. I. H. Levin.

Tliey foimd that the attempt to blend cubalt as a colorant failed, the cobalt

volatiliziniir or else floating out when the boule cooled. Picard. in 1007,

and Louis Paris, in l'.X)8, succeeded in getting boules of a fine blue color

b.v blending magnesia or lime with the alumina and adding cobalt. They

were, however, not true sapphires. Snme of these boules were sent to a

friend of mine, an enthusiastic gem collector, Mv. Wm. II. Huse, of Manches-

ter, N. H., and at his reipiest I tested them and found that they were too

low in specific gravity, too soft, and their system of crystallization was the

regular or cubic system. 'J'hey were singly refracting and showed no

diehroism. They were, in fact, artificial spinels. Their color also was

of too piercing a blue. This was afterwards remedied by adding a trace

of chromium o.xide, but then the color as seen by artificial light was

unnatural.

In January, 1910, Yerneuil and Levin succeeded in obtaining true sap-

phires by adding to 98% of alumina 'I^f of a mixture of ferric oxide and

titanium oxide and keeping the boule in a reducing atmosi)here. A paper

in regard to tliese boules \A'as read by ^'elneuil in 1910 before the French

Academy. It quoted M. Wyrouboff, who examined tliem before they were

submitted to the Academy. He said of them : "They take the form of

a single crystal which is uniaxial, optically negative and little birefractive.

conse(iuently having all the optical properties of the natural sapphires.

Furthermore, their composition and crystalline construction must evidently

lead to the conclusion that these stones are in every other resppct iden-

tical with the natural s.-ipphires. They even show the parti-colored effects

like the natural stones."

In connection with this report of Wyrouboff I will quote here the report

of Bauer, the great German gem expert, on the synthetic ruby boules.

In a paper read before the German Chemical Society of Frankfort, A. M.

Bauer saj^s: "Tlie ruby bulli, in sjilte of its round shape, shows a true

crystalline formation. In specific weight, in hardness, as well as in

all the optical properties, it is identical with the natural stone; in color

and brilliancy it vies with th" best specimens from the Orient."

Some of tJie new l)lue sa))phires were sent to this country and were

submitted to Prof. Alfred jNIoses of Columbia UniA^ersity, who says : "The

chemical analysis shows the material submitted to be nearly pure alumina

with, however, a measurable quantity of titanic oxide. The crystallo-
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graphic uiul optical tests show tliat the material submitted is crystallized

ai'd that the coue by all tests is one homogeneous faceless (auhedral)

crystal. The crystalline, optical and other characteristics determined are

closely those of natural sapphire. In the absence of natural faces or

cleavages the crystalline system, as determined by the optical tests, may

be either hexagonal or tetragonal. The parting figures point to the hexa-

gonal system. Any two natural substances which were as nearly identical

in chemical and crystallographi< characters as the si>ecimens submitted

and natural sa]>iihires would Ik cillcd identical. The difference is one

of origin
"'

While expert mim'ralnglsts arc agreed that tliese synthetic products

are identical with the natural in all their proi)erties. yet the synthetic

stones may in nearly every case be distinguished from the natural by one

wlio is trained in seeking niinnle ditTei'eiiccs due to the difference in origin.

As is now well known in the trade, the synthetic stones freciuently contain

bubbles which are always round or rounding in form. Natural corundum

gems also fi-equcnt|y contain bnlilihs. liut these are always bounded by

crystal planes and are hence angular in ai)pearance. Lacking the bubbles

stri;e may be schmi in the synthetic stones. esi.ie<-ially in the rubies, and

these stria', while jiarallcl like those so often seen in n.ituial stones, are,

uidike the latter, not straight but curving. The color, too, in the case of

the ruby, is not ipiite equal to that of the best natural stones, although

in this respect I hoi)e to show that the delect is probably due to improper

cutting rather than to any r".il <liflerence in the material. The synthetic

rubies seem also to interfere with the p;is«age of light through them to a

greater extent than the natural stones wlien the latter are clear. This

result'^ in a sort of general illumination of the interior of the stone. One

might say that the material was not optically a vacuum and that the

Tyndall effect was produced. The flashes of light produced by total re-

flection from the rear facets of the stone are therefore seen against a

background of faintly illuminated niat''ri:il instead of against a dark

background, as in the natural ruby. Thi< detracts from the beauty of

the synthetic ruby s ewhat. and it is this jilienonienon I believe which

enables an exijert t(» tel! by inspection without the aid of a lens whether

a stone is a natural or .i synthetic ruhv. Some exjierts have claimed that

they could tell by the touch alone whether a stone was a synthetic or a

natural one. This difference I believe to be due to the very hasty manner
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in which the synthetic stones are cut. They are cut abroad so cheaply

that tliey can be sold in America for less than the price per carat charged

for cutting alone by the American lapidary. It is thus probably the in-

ferior surface finish of the synthetic stone that reveals itself to the

trained touch of the expert. I have carefully polished a specimen of

synthetic ruby to determine this point, and while I can feel a difference

between the synthetic stone of commerce .-uid tlie natural stone, I am

unable t(j distinguish any difference between my finely polished synthetic

stone and a natural one.

I have shown that gem exiterts have decided that the boules of syn-

thetic corundum gems are single crystals and that they crystallize either

in the hexagonal or in the tetragonal system. Professor Moses c>f CV)lum-

bia University said also that the parting figures suggested the hexagonal

system. The experts also said that the crystals were anhedral or face-

less. I wish now to add some evidence from my study of them that indi-

cates that the boules are not altogether faceless, and then to advance

evidence along two different lines to prove that the crystals are of the

hexagonal system, as was indicated by the parting figures.

Observation of a considerable number of the boules shows that there

is a flattening on one side of nearly every boule, and an optical study

of the boules shows that this fiattening is nearly parallel to the basal

l)lanes of the crystal. Viewed with the dichroiscope perpendicularly to

the flattened place there is no dichroism. Tlie depth of color, too, is

greatest when viewed in this direction, and that would be true of natural

ruby when viewed perpendiculai'ly to the basal planes of the hexagonal

prism. On grinding the surface i>arallel to the flattened place a slightly

pearly effect is seen, and this surface thus produced is more difficult to

polish than a surface that cuts across the grain in any other direction.

Ibis is generally Irne when working parallel to the cleavage of a natural

crystal, and thus indicates tliat the flattened place on the boule represents

the base of the prism. On this flattened face markings appear, indicating

distortion of the edges of th<' layers of the material. There is a drawing

down and curving of the edges of the layers as they cross the basal plane

as though some force had distorted the layers as they arrived. These

markings go far down toward the stem of the boule, indicating that the

direction of crystallization is early determined. In a few boules the flat-

tening is absent, and then I have found that the optical axis lies up
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and down the boule and that the top of the boule is flatter than iu the

other type. Iu such boules there is also evident a tendency toward form-

ing a hexagonal prism with faces and angles roughly apparent. Where

the flattening occurs on the side of the boule, which is the usual case, it

does not form a perfect plane, being apparently interfered with—perhaps

by the surface tension of the semi-plastic mass. The longest horizontal

diameter of the boules (they are made with tlie stem of the pear acting

as a vertical support) is invariably parallel to the flattened face. On the

side of the boule opposite to the flattened face there is sometimes another

and smaller flattened face approximately parallel to the first. This, too,

shows evidence of (list<irti<iu of the lines representing the edges of the

strata of accretion.

From what has been advanced in regard to these imperfectly devel-

oped basal faces I think tliat the term MiiluMlral as used to describe the

boule should be qualified. The boules are nearly anhedral, but not quite

so. The forces of crystalliziition succeeded in forming a single crystal in

spite of the adverse forces acting upon the boule, )>ut they wore unable to

face up the crystal except imperfectly, as has been described.

I will now pass to my next topic and offer evidence of the hexagonal

character of the Ixtules. On exaiuining tlic llattened surfaces described

above, by means of a compound mlcroscoite with a magnification of several

hundred diameters, I found that by proper focusing I was able to trace

the outlines of minute crystals whicli formed a species of frost work upon

the surface of the boule. Thr'se crystals were all of similar orientation,

and their orientation was ne;irly that of the boule itself. When viewed

perpeudicuhuly to the flattened place on the boule the minute crystals had

hexagonal forms (Figs. I a and h). When viewed at right angles to the

basal plane of the boule rectangular figiu'es representing the edges of

hexagonal idatcs were seen (Figs. 11 a and lil. The evident hexagonal

form of these minute components of the crystal and their common ori-

entation would seem to prove th<! hexagonal character of the boule on a

crystallographic basis indeiM'udently of the optical evidence.

I find also that by examining fractured surfaces of ruby boules with

similar niagnifi<-at!on (i. e., several hundred diameters) I can find sharp

hexagonal cavities out of which hexagonal plates have been torn by tin;

fracture as though there had been a species of molecular cleavage. This,

too, would seem to confirm from a crystallograi>hic basis the hexagonal

struc-ture of the boule.
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As further evidence of this structure I fiud that in the case of a

cabochon cut (smooth, convex upper surface) rubj^ which I myself cut

from a fragment of a iioule, I can plainly see a six-pointed star when

viewed in direct sunlight or even when seen by the light of a single candle.

This star effect is due to tlie presence in the material of microscopic bub-

bles, which produce somewhat the same effect as is produced by dust

flexure IR ^^^ubu
Vi e<ije.di oo I^Lat aide •

I)articles in a beam of light crossing a darkened room. The six-pointed

character of the star plainly indicates that the material has the hexagonal

arrangement, as a tetragonal crystal under sinylar conditions would )iro-

duce a cross rather than a six-pointed star.
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Having, as I believe, sufficiently shown that—as would be expected

from its resemblance to the corundum gems of nature—the artificial gem

corundum forms single hexagonal crystals, I will now briefly indicate

how practical advantage may be taken of this fact in the cutting of fine

gems. Tlie lapidary may now liy mere inspection of the bonle determine

fToure I
T eLLo uu» (5cipp n ire

Vieuued oo fLatTeoecloicle.

I hy liiidiiiL,' Ihc llatleni'd side) the loration of tlie Itasal jilaues of the

ci-ystnl. He should then cut the stone so that th<' finished product will

jiave the table (large top facet) p-arallei to llie flattened place on the

boule (i. e., parallel to the basal jilanes of the crystal). \o\v a study
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of huudreds of cut stones of the synthetic type has shown that rarely

if ever is one cut in accordance with this rule. Hence the tine deep

color of the best specimens, of natural ruby, for example, is almost never

equalled in the synthetic stones. By roughing out a ruby to nearly its

finished form myself and then having a skilled lapidary facet it I have

obtained a cut stone which I believe to be as deep and pure in color as

the best of the natural stones. The synthetic stones of connnerce seem to

^iJLn UeLLoujUQppi
/jeu>edor> toi

re

be cut as the boules break, and I find by opening boules myself that they

nearly always break in such a direction that to cut the finished stone as

it should be cut would waste two-thirds of the material; that is, a much

greater spread in the finished stone may be jiad by cutting it as it breaks

rather than by cutting it as it should be cut to obtain the best color. I

have tried to guide the break by using the natural edge of a diamond crys-

12—33213
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tal so as to split the boule to favor the correct cutting, but the crack

tends to turn around to the other side of the boule. I suspect that this

is due to the follo^ving fact : As was said above, the flattened face of

the boule is almost always parallel to the longer axis of the oval cross-

section of the boule. Now natural ruby tends to cleave parallel to the

basal planes, but only feebly so. The boules are under internal strain,

somewhat as Prince Rupert's drops are, and when the surface of the

boule is abraded oven slightly, crnokliig follows and the strain is relieved.

FiQureHB. j^uku
A/ieujedon toc^r

l\y cracking ainiig tlic li iigtii of the boule at right angles to tlie i)lane of

the flattened surfaeo a smaller cros.s-section i.s ina<l(' than wdiild he made

rtere the boule to split parallel to the basal planes. The natural cleavage

is so feeble that I sus])ect the split follows the other direction as a line

of least resistance. At any rate the boules sjtlit conli-ary to the natural

cleavage and disadvantageously as regards cutting to produce the best

color. By slitting with the diamond saw after the break has occurred
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the practical lapidai-.v can still utilize the material advantageously and.

keeping run of the position of the basal planes by means of the flattened

place, can indicate in some manner upon the surfaces of the fragments

where the table of the finished stone should l>e laid.

By givina: due attention to this matter, synthetic rubies and sapphires

equal in depth aiul purity of color to tlie fine stones of nature can be

produced. They will necessarily be sold at a higher price than most of

those now on the market, but they will ho worth more and should find a

moderately large market among people of taste and discernment who have

always loved to look upon fine natural sapphires and rallies, but who

were unable to pn';ses'^ llicni at the jiriccs coniuianded by the rare natural

product.

Sliortrifhjc Hifih f^r-hno],

Indi'iiKipnlifi, Iiid., Xor. 21, 1012.
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On Linear Difference Equations of the First Order With
Rational Coefficients.

By Thos. E. Mason.

This paper treats of the behavior of the sohitions of a first order linear

difference ecjuation witli rational coefficients as the variable ajiiiroaches

infinity in a strip parallel to the axis of imaginaries. A unique characteriza-

tion of certain sohitions is obtained to within the determination of a finite

number of constants. The same problem has been discussed by INIellin.* The

treatment here given is much shorter and simpler. The proof has been sim-

plified by making use of the asymptotic expansion for the gamma function

and by Itmnia II fovmd in §1 of this paper. The use of this lemma has also

permitted the removal of some restrictions made by Mellin.

Carmichaelf has shown that certain solutions of the first order homo-

geneous linear difference equation are unifjuely characterized by their be-

havior as the variable approaches infinitv in the i)ositive or the negative

direction parallel to the axis of reals.

§1. Lemmas.

Lemma I. If x = z + iz', xj = uj + ivj, x'j = u'l + iv'j, then

lim
z'

|(x—xi ) . . . l(x—xna ) (m—n)(—z+ A)—k -

z' e

(X-Xi') . . . |(x-x'„ )

0+(m—n)z+k
e = c,

where
z'—vj z'—v'j n m

Oj = tan-' ,
0'j = tan-' and = ^: v'jO>j—iSviOj,

z—uj z—u'j
j
= l j

= l

and uiieret

n m
k = 2R (x'j)— :SR (xj).

j=l j=l
*Acta Mathematica 15 (1891): -317-384. S;e §§1-3 of the paper. In §3 of an article in Mathenia-

tis?he Annalen 68 (1910): 305-337, Mellin has defined a function by means of the linear homogeneous
equation

F(x-hl)—r(x)F(x)=0,

where r (xJ has the particular form

(x—xi) .... (x—xm)
r(x) = ±

(x—x'l) . . . (x—-x'n)

tTransa?tions of the American Mathematical Societj' 12 (1911): 99-134.

}R(x) is U:ed to denote the real pa^t pf x.
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We make use of the following form of Stirling's fornnila:

X — Xl — 5 — X + Xi

|(X — Xl) = (x — X,) c v'2x (1 + Ex),

where e.\ approaches zero as x approaches infinity in such way that its distance

from the negative axis of reals approaches infinity.

Then we have

I _ — X + Xl + ^ X — Xl
I

—
lim |i(x — Xl) . (x — Xl) e

!
= c.

X = 00
I j

Set X = z + iz' and xi = Ui + ivi, where z, z'. Ui, Vi are real, and let x approach

infinit}', A < R (x) < A + 1; then we have

lim —z

—

iz'+ U|+ ivi+ 2 z+ iz'—Ui—iv

(x—Xl) . (z+ iz'—Ui~ivi) e

Hence

c,

lim I. (—z—iz'+ u,+ ivi+ i) (log ,(z—u,)=+(z'—vi)=+iOi)
zi==fcx ||(x—Xl) . e

Z—Ui'

e

where
z" — v,

Oi = tan-' .

Z — Ui

Now z — Ui >(), Iherefore when z' = + ^c
, Oi = — and when z' = oo

,

2

Oi = — . Thus in the above limit after mulitplving the factors in the
2

exponent of e, we can replace z'O, by — |z'| . Then by reai-rangcmcnt and sim-

plification we can write

lun
z

Z + Ui + ^ Iz'l Z Ui ^ Oi Vi

e 2 e=>= X
I

|(x Xl). z'

Making use of limits of this form for each of the ganuna functions in the

expression in the lemma, we have the lemma.

Lemm \ II, // p (x) is (I periodic funclion of {>crio<l 1 ii'hirh is nnalyiic

everywhere in the finite plane and as z' = =t x (x = z + iz') satisfies the relation*

(1) L
I

— tx|z'l — Qz'l
z' = ± cc |p(x) e

I

= b,

h finite, t positive, then p(x) may be written in the form

c] 2xijx

(2) p(x) = i: Bje

j
= -i'

*I, 1 -^ ± x <lonotes the greiteU value upproachcil as z' r==: ± ^-
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Q
.

t Q— and V IS the greatest integer < — -] ;

2% = 2 2t.

and conversely, every periodic funetiun of period 1 which can be written in the form

(2) is analytic in the finite plane and satisfies a relation of the form (1).

Since p(x) is periodic of period 1, it takes in any period strip all the

values it takes anywhere in the finite plane. The transformation

2xix
w = e

carries a single period strip of the x-plane into the whole w-plane, z^ = + oo

corresponding to w = 0, and z' = -^ to w = oo

.

We can now write

P(x) = f(w)

and since f(w) can have only the singular points zero and infinity it is ex-

pansible in a Laurent series
00

f(w) = S Bjw^

valid throughout the finite plane except at zero.

Using the fact that
— 2xz'

we get

|p(x) e

when z' is positive, and

—tx z

'

—tx z'

-Qz'

Qz'

I

t Q
I

— + —
=

I

f (w) w 2 2x

|p(x) e

when z' is negative. As z' = + oo , w = and

I
t Q

I

f(w) w

Ql

L + —
w = o |f (w) w 2 2x

I

= b.

Hence the part of the series f(w) with negative exponents can not have co-

t Q
efficients different from zero for

j greater than the greatest integer < 1 .

= 2 2 X
As z' = —oo, w = 00 and

•t Ql

f(w) w 1 2 2xJ = b.

Hence the part of the series f(w) with positive exponents can not have co-

t Q
efficients dififerent from zero for

j greater than the greatest integer <
.
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Therefore we can write

q : q 2djx
pfx) = S Bj\aJ = i: Bje

j=-r j=-r

t Q .

where q is the greatest integer < and r is the greatest integer
= 2 2t:

t Q
< 1 . From tlie definition of Q given in §2 the vahies of (j and r will

= 2 2z

not differ by more than 1 in the prohlciii of this i)aper.

The converse is o})vious.

§2. Homogeneous Equations.

Theorem. Every Jimt order linear homogeneous difference eq mil ion rrith

rnlional coefficients, as

F(x + 1) - r(x) F(x) = 0,

ivhere r(x) can he irritten in the form

(\ — Xi) . . (X — Xm)
r(x) = a . a = he 'Q, — t.<Q<t.,

(x — X',) . . (X — X'n)

has a solution Fix) irhich has the following properties, provided that each of the

m — n (2

numl)ers ± is greater than zero, or in case m = n that Q = and
4 2x

n m
k = S R(x'j) — >: R(xj) < 0.

j=l j=l

I. F(x) is analytic in the finite [tart of the \-ptane defined liy R(x)>D,

where D is the greatest among the real parts of xi. x.. xm.

II. ^.s x approaches infinity in the strip parallel to the axis of imaginaries

defined by A<R(x)<A+ l (A>D) the absolute value o/F(x) remains finite.

Every such function F(x) can he wrillen in the form

|(x — x,) . . . . 1(X—Xm) c| 2djx
Frx) = a'' — — X Bje

(x — x'J .... ;(x — X,',) j= —

r

m — n Q
where ci is the qreatest integer* < iiiid v the f/rrnlesl inlerger*

4 27C

m — n (^

< + .

4 2-

m—n Q
*The inequality sign should be replaced by the equality sign in ca^e each quantity =i= —

4 2x
is :»n intereer and at ihe same time th? exponent c.[ z' in the expression in lemma I, §1, is > ,that is

when (m—.n) (—z +1 /2)— k> tor all valje-i of x in the s: rip define 1 in c )n(lition II nf the theorem.
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Th^ quantity a F(x) evidently satisfies the difference equation of the

theorem, where

F(x) =
l(x-x,) |(x— Xm)

Kx-xl) (x-xf.)

a F(x) also satisfies I since in the region defined the gamma functions in the

X

—

numerator are analytic and in the denominator are different from zero, a F(x)

being a particular solution of the difference equation, the general solution is

F(x) = p(x)a F(x),

where p(x) is an arbitrary periodic fun(;tion of period 1.

From the limit in Lemma I, §1, it is evident that I and II will be satisfied

if, and only if, p(x) is chosen so that it is analytic everywhere in the finite

plane and when x = oc , A < R(x)< A + 1, satisfies the relation

a p(x)

z'^ ± CO m — n
(m — n)(— z+ ^) — k 0+(m — n)z+ k x|z'

1 e e 2

[I x| z -Qz'
where b is finite. This can be written a I

= h c

b,
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2xix
shown by making the transformation \v = e and equating the coefficients of

like powers of w in the two transformed expressions for p(x). This gives a

system of p linear ecjuations to determine Ai, A>, . . ., Ap, where the p of

Mellin's paper is equal 2q+ l.

§3. Xf)N-HOMo(;E.\Eous Equations.

Theorem. //r(x) and s(x) are rational functions of the form*

fx — X,) ... . (x — xm) (x — X,") . . (x — x"g)
r(x) = a

, s(x) = b-
(x — x>i) ... (x — x'n) (x — X',) . . . (x — X'n)

where m > n, then the series

X s(x+t)
S(x) = 2

t = o r(x+t) r(x+t — 1) ... r(x)

is always wn iforinly convergent for \a[>l and for |al = l when m>n, and is uni-

formly convergent for !a =1, m = n, when k — (g — n)>l, where

n ni

k = :£ R(xj') — :^ R(xj).
j=l j=l

// the conditions for the uniform convergence of 8(x) are fulfilled, then every

first order linear non-homogeneous difference equation with rational coefficients, as

F(x+1) — r(x)F(x) = s(x),

has a solution F(x) which has the foUoiring properties:

I. F(x) is analytic in the part of the finite x-plane defined by R(x)>D, where

D is the greatest among the real parts of Xi, Xj, .... xm.

II. // X is confined to the strip parallel to the axis of iniaginaries defined by

A<R(x)<.\+ l (A>D) the absolute value of F(x) remains finite as x approaches

infinity.

Every such solution F(x) can be written in theform

|(x — Xi) |(x — xm) q 2T:ijx «: s(x+t)
F(x) = &""— = ^ Bje

l(x
— x>,) Kx—x'n) j = -r t = o r(x+t)r(x+t — 1). .r(x)

r and q being defined as in the theorem in §2.

In the equation

F(x+l)-r(x)F(x) = s(x)

make the substitution

F(x)=f(x)u(x),

where f(x) is the solution of the homogeneous equation given in the theorem

*If r(x) and s(x) do not already have a common denominator t\tc\- cMn c i^ily lie re lu mmI to ex-
pressions with a common denominator.
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in §1. This gives

f(x+l)ufx+l) — r(x)f(x)u(x) = s(x).

Since f(x+l) — r(x)f(x)=0 we can divide by r(x)f(x) and we have

s(x)

u(x+l) — u(\) =
r(x)f(x)

X s(x+t)
u(xj = p(x) — S

t = o r(x+t)f(x+t)

where p(x) is an arbitrary periodic function of period 1. Xow
f(x+t) = rfx+t—l)f(x+t^l) = = r(x+t—l)r(x+t—2)
Making this substitution in the preceding equation we have

yr. s(x+t)
u(x)=p(x)- ^

r(x)f(x)

t = o r(x+t) r(x+t — 1) r(x)f(x)

If we choose p(x)=0 we have
oc s(x+t)

F(x)=f(x)u(x)=-S
t = o r(x+t) r(x+t — 1) . . . . r(x)

F(x) is then a solution satisfying I and II provided that

s(x+n)
S(x) = uo(x)+u,(x)+u.,(x)+ un(x)=-

r(x+n) r(x+n — 1) . . . r(x)

is analj'tic. 8(x) is analytic jirovided that it converges uniformly in any

closed region T lying in the strip defined by the relation A<R(x)<A+l.

In the region T in the strip under consideration the following ratio of the

(t+l)th term to the t-th term holds for everj- value of x in that region.

t + l 1 s(x+t)

r(x+t) s(x+t — 1) I

I

1 f n—m n—m—

1

]

(5) =\—\t — fk — n—

m

R(x)]t + I-

|a[
J

( ! l,(x) MU+- +^+ ... M,
i

t t== J

I

where k has the same meaning as in §1 and 1 = g — n. When n =m (5) becomes

1^+1
I

1 If —k+1 11 ]\

(6) 1

=—-|^ l-\ h . . . • terms in — , — , etc.;- 1

.

u.
I

|a|
I

I t t^ t'^ II

In considering the value of this ratio we shall need to examine the fol-

lowing cases:
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(1). When n>m (5) shows the ratio to be greater than 1 and therefore

the series S(x) diverges.

(2). When n<m (5) shows that for increasing t the ratio approaches

zero and therefore the series S(x) converges.

(3). When n =m we see from (6) that the convergence of the series de-

pends on the value of ]a .

If |a|>l the ratio ultimatelj' approaches a quantit\- less than 1 and

therefore S(x) converges.

If |a|<l the ratio is greater than 1 and S(x) diverges.

If |a| = l the series will converge when* k — 1>1.

In the cases where S(x) converges, except where n = m and|a|=l, the

ratio ut+i /ut has been shown to approach a quantity which is less than

1 for every x in T. Hence an M and an r can be found such that

.M+ Mr+Mr^' +Mr-' +Mv* +
is a convergent series of positive constant terms which is greater term by

term than tlie series

(7) Uo+ U,+ U:+ U.-.+

for every x in T. Therefore the series .S(x) converges uniformly' in T and is

an analytic function in that region since each term is analytic in T. In case

n =m and |a! =1 we see from (6) that the coefficient of 1 /t does not contain

X but that the coefficients of higher powers of 1 ^t do. These coefficients are

polynomials in x. If we replace each x by a ciuantitj* which is greater

than the greatest absolute value of x in T and replace the coefficients of the

powers of x by their absolute values, then the ratio (0) is increased but is

still such that a series of positive constants can be constructed which is con-

vergent and is term by form greater than the series (7). Hence .S(x) con-

verges uniformK' in T when n = m and |a|=l and is therefore analytic in T.

But T is any closed region in the strip and hence S(x) is anal5'tic throughout

the strip.

Under the conditions of the theorem S(x) has been shown to be a solution

of the difference equation of the theorem with the required properties I and

II. The general solution having those properties will be obtained by adding

to this particular solution the general solution of the homogeneous equation

as found in the theorem of §2 which has the same projierties. This com-

pletes the theorem.

*In a?c>r(lin-e with a ihorein of fj im-i. Se^ O.)ora, vol. Z, p. 139.

Bloom higlon , Tndiiuiti

.
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A Note on the Intersection op Osculating Planes

TO the Twisted Cubic Curve.

By a. M. Kexyox.

On page lo of his Differential Geometrj' Eisenhart proposes an exercise

to show that on any plane there is one and only one line through which can

be drawn two osculating planes to the twisted cubic.

§1.

The twisted cubic

ao + a, t + a2 t= + as t''

y =

d,
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There is no line in space through which pass three such planes:

3ti=x — 3tiy + z — ti^ =

3t,=x — Bt.y + z — t.,3 = ti, to, ts, all different,

3t3=x — Stsv + z — ta' =0
ff)r the determinant of the coefficients of x, y, z, is equal to

9 (ti — to) (ta— ts) (ts — t,) ^

and therefore the three planes are linearly independent.

§2.

Giv^en a real* plane

E: ax + by + cz + d = a, b, c, not all zero

and the cubic

K: X = t y = t= z = t'

The equations of the planes which osculate K at any two distinct [)oints

Pi ft,), Po (to), ti ± to, determine a line

L: X = s/3 + u y = p/3 + su z = Spuf

where s = ti + t2, p = ti to, and u is a parameter.

That L lie on E, it is necessary and sufficient that

(1) a s + b p + 3 d =

b s + 3cp + a =

Write the matrix of the coefficients of cciuatioiis (1)

.M:

and set

A =

a
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y = p/3 + su, z = 3pu, lies on E and i.s tlie intcrscftion of two planes which

o-ifulate K. Moreover, since under these conditions, ti, to, s, p, are uniquely

determined, there is no other line on E through which pass two planes which

osculate K.

If 4 A B + C- <0, eciuation (2) has one real root, or no real root, and

there exists on E no line through which can be drawn two planes which

osculate K.

§4.

Suppose A = but B and C are not both zero. Ecpiations (1) have no

solution. There is no line on E through which pass two osculating planes.

The results of §3 and §4 may be combined into a theorem:

// not (ill the dclerminanta of M vanish, there is exactly one line on E, or

no line on E, through which pass two osculating planes, according as the

equation At- — C t — B = O has or has not two real roots.

§5.

Suppose all the determinants of AI vanish. Under these conditions E
itself osculates K; for, in order that the equation a t + b t- + c t'' + d =

have three equal linear factors, it is necessary and sufficient that A = B = C = 0.

The plane z = osculates K at the origin. If E osculates K, the point of

osculation is (-a/b, aVb^ -aVb^*) if b ± 0, but (0, 0, 0) if b = 0.

The number of osculating planes which can be drawn to K from a point

P (x, y, z) is equal to the number of real roots of the equation in t

(3) t^ — 3xt" + 3yt — z =

Write down the matrix*

1 —
M'

and set

y

B'A' =
— X y

then the discriminant of (3) is

12 A'

C =

D
B'l

I

B' 2C'|

The points of the plane E may be classified as follows

:

(1) Suppose at a point P of E, D>0.

'Reduced from
— 6 X 3 V

6 y — 3 z
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Equation (3) has three real roots, ti, to, ts; one of these ti say, determines

E itself; the other two determine a pair of oscultating planes:

3 t2=x — 3 toy + z — t2' =

3 t3= X — 3 ts y + z — t^3 =

distinct from E and from each other; their intersection docs not lie on E, else

would the three osciiltaing planes be linearly depenflent. Therefore, these two

planes cut out from E a pair of lines intersecting in P, through each of which

passes a pair of osculating planes. E itself and one other.

(2) Suppose at a point P of E, D = but A', B', C, are not all zero.

Eqviation (3j has only two *roots, both real; one of these determines E
and the other determines an osculating plane distinct from E which intersects

E in a line t lirough P.

(3j Suppose at a point P of E, A' = B' = C = 0; then is D = 0.

There is in fact only one point on E at which A' = B' = C = 0, for from

the.se ecjuations follow x = x, y = x'-, z = x^; therefore P is on K and is therefore

the point of oscvilation of E and K. Under these conditions equation (3) has

only onef root and that determines E.

(4) Suppose at a point P of E, D < 0.

Equation (3) has only one real root and that determines E.

These results may be combined into a theorem:

// (ill the (lelerminants of ^[ rnriiiih, E itself osculates K. Thromjh every

poinl of E at which D>0 there intvj be drawn a unique pair of lines on E, through

each of which pass two osculating planes; through every point of E at which D =
(except the point where E osculates K) there may he drawn a unique line on E through

which pass two osculating planes] through every other point of E (including the

point of osculation) there exists no line on E through which pass two osculating

planes.

§6
Examples:

1. E: 3x + 3y —2z — 5 =

M: :|3 3 —15 1

i

, A = — 27, B = 54, C =—81.
'1-3 —6 3

1

(2) f- — 3 t + 2 = ti = 1, ti = 2, s = 3, p = 2.

L: X = 1 + u, y = 2/3 + 3 u, z = 6 u.

Through L pass the two osculating planes:

3 X — 3 y + z — 1 = 0, 12 X — 6 V + z — 8 = 0.

*That is, two equal linear factors distinol from the third hnoar factor.

fThat is, three equal linear factors.
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2. E:

M:

(2)

3. E:

M:

(2)

4. E:

M.

(2)

5. E:

M:

x + 3y + z = 0.

1 3

3 3 1

6 t= + 3 t + 1 =

X + 2 y + z = 0.

2 3

t2 + 2 t + 1

A = — G, B = 1, C = 3.

No real root: no line.

A = — 1, B = 1, C = 2.

Only one root: no line

8x + 3y + z— 1 =0
3 3 —3

3 3

t + 1 =

A = 0, B = 18, C = 18

Only one root: no line.

3x — 3y + z — 1 =0
3 —3 —3

A = B = C = 0.

3 3 3

E osculates K at (1, 1, 1) i. e. where t = 3/3 = 1, see §5.

a) Consider the point P (— 2, 1, 10) on E
1 2 1

M': A' = — 3, B' = — 12, C = — 22.

2 1 —10

D = 360; two lines on E through P;

(3) t' + 6 t2 + 3 t — 10 = ti = 1, t . = — 2, tj = — 5

Lines through P:

Li; X = — 2 — u, y = 1 + u, z = 10 + 6 u

through which pass osculating planes

3 X — 3 y + z — 1 = 0, 12 X 4- 6 y + z + 8 = 0.

L2: X = — 2 — u, y = 1 4- 4 u, z = 10 + 15 u.

through which pass osculating planes

3 X — 3 y + z — 1 = 0, 75 X + 15 y + z + 125 = 0.

b) Consider the point P ( 2, 3, 4) on E
1 —2 31

M':

(3)

-2 3

t^' — 6 t = + 9 t

—

Line through P:

L: X = 2 + u, y = 3 + 5 u, z = 4 + 12 u

13—33213

,
A' = — 1, B' = 2, C = — 1, D = 0.

0, ti = 1, t 2 = 4
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through which pass osculating planes

3 X — 3 y + z = 1, 48 x — 12 y + z = 64

c) Consider the point ( 0. 0, 1) on E:

II o;

M': ! A' = 0. B'=— 1. C' = 0, D =— 3. Xolinc.

;0 —1

In case E is an osculating plane different from z = 0, and P is on E,t =—a/b

is a root of equation (3), which can consequently be depressed to the ciuadratic

(4) (bt)2— (a + 3bx) bt + a ( a + 3 bx) + 3 b= y =

and the number of osculating planes through P which are distinct from E is

ecjual to the nimiber of real roots of this equation which are different from —a/b.

d) Consider again the point P (—2. 1, 10) on 3x— 3y + z = 1

(4) t2 + 7t + 10 = t, = —

2

to = —5
both different from 1: therefore two lines as before under a),

c) Consider the point P (— 1, 0, 4)

(4) t= + 4 t 4- 4 = t = — 2

one root flifferciit from 1; therefore one line

L: x = — 1 — u, y = 11, z = 4 + G u

through which pass osculating planes

3x — 3y + z — 1 =0, and 12x + Gy + z + N =

§•

The case where E is an osculating plane may also be treated geometrical-

ly by making use of certain considerations given in a later chapter of Eisenhart's

book. The ecjuation of the envelope F, of the osculating planes to K is ob-

tained by equating to zero the discriminant D of eciuation (3):

(5) 3x-y- -I- Gxyz — 4x'z — z-— 4y' =

Since x = t, y = f-, z= t', satisfies (5) for all values of t, K itself lies on F;

in fact, K is the edge of regression of F.

A given osculating plane E not only touches F, but in general cuts out from

F a plane curve H. which passes through the point where E osculates K. Every

osculating plane different from E, cuts E in a line tangent to H; conversely

through every straight line on E tangent to H passes an osculating plane w^hich

is distinct from E.* The curve H divides E into two or more regions throughout

each of which D is always positive or always negative and therefore serves to

classify the points of E into those through which can be drawn two lines, or one

line, or no line respectively, which is the intersection of two osculating planes,

'Unleis perchance this line is a part of H, as is the case with the x-axis on the plane z = 0.
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On the osculating plane z = the curve H consists of the x-axis and the para-

bola 3x2 — 4y 11 divides the plane into four regions: Ri, the top half plane;

Rs, that part of the lower left quarter plane which is "outside" the parabola; Rg,

that part of the lower right quarter plane which is "ouside" the parabola; R4,

that part of the lower half plane which is "inside" the parabola. Throughout

the first three regions, D > 0, while in the fourth region, D < 0; everywhere

on H itself of course D = 0.

Any other osculating plane 3 t- x — 3 t y + z — t
'' = 0, t =t 0, cuts the plane

z = in the line 3 t x — 3 y — t- = 0. This equation represents the one para-

meter family of lines which envelope the parabola 3x- = 43\ The parameter t,

is in fact the slope of these tangents.

From any point in R123 two tangents can be drawn to the parabola and

through each of these pass two osculating planes; from no point in R4 can a

tangent be drawn to the parabola and through this region of z =0 there passes

no line which is the intersection of two osculating planes. Through any point

on the parabola itself one and only one tangent can be drawn and (excepting the

tangent at the origin) this is the intersection of two osculating planes. Through

any point (except the origin) on the x-axis, which is a part of H, two tangents

can be drawn to the parabola but one of these is in all cases the x-axis itself,

through which passes no osculating plane distinct from z= 0. Therefore

through any point (except the origin) on the x-axis there passes one line which

is the intersection of two osculating planes.

Examples on the osculating plane z = 0.

a) Consider the point (0, —3, 0) in Ri

3tx — 3y — t2 = gives ti = 3 t. =—

3

Li: 3 X — y— 3 = through which pass osculating planes

27x — 9y -h z = 27 and z =

L2: 3x + y + 3 = through which pass

27x + 9y + z + 27 = and z =

b) Consider the point (1/2, — 3/2, 0) in Ri

3 t X — 3 y — f^ = gives ti = 3 U =—3/2

Li: same as Li under a)

L2: 6x + 4y + 3 = through which pass

54 X -F 18 y + 4 z + 27 = and z =

c) Consider the point (2, 3, 0) on the parabola

3tx — 3y — t- = gives t = 3

L: same as Li under a)
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d) Consider the point (1, 0, 0) on the x-axis

3tx — 3y — t2 = gives t, = ta = 3

t = determines the x-axis; t = 3 determines the line

L: same as Li under a).

These examples are illustrated by the accompanying figure.
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Wabash Studies.

Charles R. Dryeu,

TERRACES OF THE WARASH VALLEY IN PARKE, VERMILLION AND VIGO COUNTIES.

The most conspicuous features of the lower Wabash Valley are the

heavy gravel terraces, which are almost everywhere present ou oue side or

Fisure 4. Bluff Slopa from Island Terrace.

the other, and sometimes on both sides. During the last two years, with

the help of my students, I have extended the study of the Terre Haute

area up the river as far as Montezuma. The results are sliowai in the

accompanying sketch map. (Fig. 1.)

The Manteziiiiia Terrace has been studied only at its lower end from

Montezuma to its southern termination. It is complex, rising by two or

three steps to a height of 45-.50 feet above the flood plain or about .525 feet

A. T. At Montezuma its width is U miles.
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Tlic Vlinton Terrace has iKit been fully stiulii'd. Imt is kiidwu to extend

from near Hillsdale to the mouth of Brouillefs creek, a distance of 12

miles. It is two miles or more in widtli and lies a1 two levels, the lower

in the southern lialf about 3(i feet above flood plain or 405 feet A. T. Near

Sunmiit Grove it rises by a distinct bench 20 feet hi^Lcher.

IxJiind 'J'erraces. Between Clinton and Montezuma there is a line of

mid-valley terraces divided by cross-depressions into tive islands. They

are generally flat-topped with a rather shar]) l)order 20-?)0 feet liiiLih on the

river side and a less definite boundary on the liluff side, where they slope

gently to a depression lower than the river banks. ( I<Mg. 4. ) The southern-

most member of the series is uni(|ue. Its surface presents a confused
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ot the valli'v. Its peculiar saiul diine tinva inteiisilies its insular eliaraeter

and makes it as tine a field for tlie student of plant ecoloj^y as for tlie

student of geology.

An island terrace at West Terre Haute originally occupied about one

square mile, onc^-fourth of which has been r.'nidved hy the railroad com-

panies for ballast.

Rod' J'crraces. In the vicinity of Terre Haute the front of the west

bluff is l)(>r(lercd for five or six miles by a rock teirace 10-20 feet high and

in some places a ipiarter of a mile wide. This is due to a thin stratum of

flinty limestone which has resisted erosion more effectually than the shales

which lie above it.

77/c Terre llitiilc Tenarf occujiies tlie eastern part of the valley from

Figure 6. Atherton Island—West Bluff.

Lyfiu'd. (ipiinsite Clinton, to the southern boundary of Vigo ("nn:.ty. a

distance rt' about 27 miles. Its width is generally 3-4 miles, but near its

northern end it is divided by the south end of a piece of highland which

we call Atherton Island. (Fig. 0.) The eastern branch, 2i miles wide,

extends through a gap in the Wabash bluff 5 miles northeastward to

Rosedale, where it becomes continuous with the floor of the valley of Big

Raccoon Creek. The western branch, l>etween the west side of Atherton

Island and the river, tapeis to a point opposite Clinton. At Terre Haute

the surface of the terrace lies nOO-ulO feet A. T. or 40-50 feet above flood

plain and is diversified I\v a series of longitudinal ridges 10-20 feet high

whicli resemble sandbars. These are shown in the series of four transverse

14—33213
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profiles, drawn at intervals of two miles. (Fig. 2.) Tliey are in some

places broad, flat and Irregular, but have th-' habit of growing narrower

and higher to the south, where they end abrui)tly. Their topography can

be shown only l)y a closely contoured niajt, which is in process of con-

struction but not conii)k'tcd. In the northern part the river edge of the

terrace rises 75-80 feet abnvc thmd plain, or lo 535-540 feet A. T. A broad

ridge extending sduthward frnii! Atlierton island reaches 550 feet A. T.
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Borings at Terre Haute pass through 130-150 feet of gravel and at

Lyford 160 feet. The structure as exposed in excavations is coarse sand

and fine gravel, poorly stratified and exhibiting a great variety of cross-

bedding in which the dip is nearly everywhere down stream. At Terre

Haute the principal bedding is nearly regular, the average thickness of

each bed seldom being more than one foot. (Fig. 7.) At Lyford the

material is distinctly coarser and gives evidence of liaving been laid duwn

by turbulent and rapidly changing streams, as shown in the section. (Fig.

3.) Imbedded in the gravel are crystalline boulders up to 2 or 3 feet in

diameter and many rounded masses of boulder clay up to 10 feet in

diameter. Here also are found numerous fragments of hard limestone,

Mansfield sandstone, bituminous shale and coal which are absent or rare

in the vicinity of Terre Haute.

Surface drainage on the terrace is wanting or very imperfect. Small

streams which come down through the bluff are unable to make their way

across the terrace and are lost in the shallow depressions between the

ridges. Stronger streams, like Otter Creek and Spring Creek, have cut

deep valleys through the terrace and maintain a perennial flow.

The Terre Haute terrace is only one among many similar features, but

in many respects belongs to a class by itself. It alone is moraine-heade<l,

holding the relation of a valley train to the Shelbyville moraine. It

possesses some, but not all, of the characteristics of a typical valley train.

It thins out from 160 feet in depth at Lyford to nothing at its lower end,

which gives it a longitudinal slope from 550 feet A. T. to about 450 feet, or

a fall of 100 feet in 27 miles. It is composed of somewhat coarser material

at its head than at Terre Haute, and near the moraine its surface is pitted

with a few small pond basins where detached ice blocks may have melted

away. Its longitudinal sand bars are evidence that its surface topography

is due to a broad stream which once entirely covered it, standing above 520

feet A. T. This greater Wabash was fed not only by the main Wabash

stream, but also by a tributary half as large from the present Raccoon

Valley to be described in another paper. These two streams came together

at the south end of Atherton Island and built up between them a bar 5

miles long and a mile wide with characteristic mounds and undrained

saucer shaped hollows. The old Raccoon channel between this bar and the

east blufl; is a depression a mile wide and 30 feet deep, now occupied by a

nameless tributary of Otter Creek.
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SuiiDiniriL 111 I'arke. W'riiiillion and Vigo counties the Wabash Valley

is bordered by massive alluvial terraces, which alternate from cue side to

Ihe other, but overlap. They were deposited by a loaded, shifting, braided

stream, (Fig. 8) changing rapidly in volume and speed, and represent the

outwash from the waning Wisconsin ice sheet. They are remnants of a

once more extensive deposit which tilled the valley from bluff to bluff to

the height of the terrace tops. The present flood plain is the valley cut out

of this deposit by a stream of larger volume, smaller lead and p(»ssi])ly

I"ii;iin- s. A Toniporary LoikIpcI ami Uniiilocl Stream in a Gravel Pit.

greater fall and speed than the glacial Wabash. The outlet <<i' glarjal lake

•Maumee would lairly meet these re<|uirements.

H.

THK r.A(((>0.\ V.\I.I.i:V. IWUKK (Ol'.NTV, T.NI).

I'ig Kaccodii Creek rises in liooiie ("ounty and flows southwest across

Montgomery, I'utnam and I'arke counties to Kosedale, a distance in a

straight line of abmit 4."'i miles. .Near Ilosedale it turns to a little west of

north and flows ll' miles to its Juiiction with the Wabash. Its up]ier course
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for 20 miles is in the Knobstone, its inidcUe course for au equal distance is

througli the Mansfield sandstone, and its lower course for 17 miles is in the

shales and sandstones of tlie coal measures. Its upper course has not been

studied. The middle course from Raccoon village to near Mansfleld is

interesting but not abnormal. (Fig. 1.) The valley is about a quarter of

a mile wide, expanding at the mouths of trilnitaries and bounded by steej)

bluffs 50-80 feet high. The corn-covered bottom lands, enclosed by forested

bluffs, and the fre(]uent changes in the cuive of the stream and in the

width of the valley comiiine to give tliis jtart a picturesciue cliarm unsur-

passed in Indiana. It is unfortunate that no artist has yet found it.

(Fig. 0.)

A mile above Manstield the stream enters au east and west valley

three-quarters of a mile wide and is joined by Rocky Fork, a large tribu-

tary from the south. (Fig. 3A.) The locality presents several i>eculiar

features. Tlie wide valley extends a mile east from the mouth of Rocky

Fork and ends in a square cul-de-sac, bounded on three sides by higli.

smooth bluffs. It is traversed by two insignificant wet weather streams

whose tributaries have biult a fan across the end. There is no sign, and

apparently no possibility, tliat it ever contained meander curves of the

Raccoon. Directly in the course of the Raccoon at its entrance to this
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expansion, stands a hill or butte 100 feet liiixii. of oval outline with diam-

eters of one-(iuarter and three-eii?hts of a mile. (Fig. 10.) It is of sand-

stone up to SO feet and the eastern lialf is cai)ped with 20 feet of boulder

clay. The whole arrangement is very suggestive of the ileo-caeeal junction

of the intestine, in which the l)ntte ]»lays the part of the valve. On the

west the expanded valley is bounded by a cur\ed ridge, through which the

Raccoon passes by a gorge l.orM* feet wide between sandstone bluffs 40 feet

high. (Fig. 11.) At the village of MansHeld the gorge ends and the valley

expands abrujitly to one mile. In its nudst. .just below Mansfield, stands a

Fi^'urc 10. LppiT Mansfield Hutte.

second bnltc somewhat siiiallci' than the one jirevionsly dcscfibcd. CO fe.-t

liigh. its lower hall of sandstone, its ujJiK'r of glacial day t'lill of large

boulders. ( Fig. llV i

Tlie mile-wide valley lloor continncs live miles to P.ridgeton. (Fig. ;!li).

where it narrows to less than a ([uarter of a mile, being jiinched Ity a

terrace on the south side, half a mile wide and two nnles long. In the

stream bed and base of the terrace uii to 'i~> feet a soft gray micaceous

sandstone is exposed in thin beds dipjiing to the south. (Mi the edge of the

terrace an isolated mound of alluvial sand and gravel rises to ."ii> feet.
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Figure 12. Lower Butte at Mansfield, 60 ft. high.

HE^ *
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The surface of the terrace at the viUage of Bridgeton stands at 554 feet A.

T., but slopes gently upward toward the bluff, where it reaches within

25-30 feet of the top. Below Bridgeton the valley widens to 1^ miles and

is bounded by bluffs 75 feet high, with many blunt salient and re-entrant

angles. (Fig. 13.) In this part of its course the Raccoon has cut in the

valley floor a flood plain 5-15 feet below the general level. It is heavily

loaded and at low- water wanders through a wide belt of sand bars and

islands. (Fig. 14). At Rosedale the valley widens to three miles and,

continuing to the southwest, opens into the Wabash Valley, as described in

another paper. But the stream, turning abruptly to the northwest, leaves

this valley and enters another which narrows at ("oxville to less than one-

quarter of a mile. Thence it maintains a width of about a half mile to its

emergence through the Wabash bluff at Armiesburg. The lower Raccoon

Valley is bounded by blulTs 1 bi-l."(> feet high. At Mecca a narrow alluvial

terrace on the west side is 40 feet high and one mile long. A little below

Mecca a similar terrace begins on the east side and continues to the mouth

of Leatherwood Creek. The gap in the Wabash bluff through which the

Raccoon-Leatheiwood stream passes is 1* miles wide and blocked by the

Montc«uma terrace 50 feet high. The cut through the terrace is only 750

feet wide. (Fig. 3C.)

The abnormalities of the Raccoon present many interesting problems.

Obviously, the middle Raccoon Valley once transmitted a stream as large

as White River directly to the Wabash below Atherton Island. The course

of its tributaries, Little Raccoon, iron Preek and les.'-er streams are wholly

abnormal to the present course of the lower Raccoon and accordant only

with a trunk stream flowing southwest to the Wabash. Where did a river

of such mngnitiKh^ come iroinV Tlic iiriscnt upper Raccoon was only a

modest tributary to it. The cul-de-sac above ]\lansfield points to a possible

and I thlTik probable .inswer. The iireglacial Rac<'oon was a large river

with a course of hundreds of miles and a basin second in extent to no other

tributary of the Wabash. What is left of its valley begins two miles above

Mansfleld, when- it is filled and obliterated by the Shelbyville moraine

which lies across it, and by the Wiscoiisiu drift sheet which stretches away

to Canada. No effort to tr.ice the valley east of the Mansfield cul-de-sac

has been made. Such an effort would probably be fruitless for lack of

well borings.

The ridge across the valley at Mansfield seems at one jwint to be



211

Figure 14. Low Water in Raccoon below Bridgeton.
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wholly composed of drift, and is probably a remnant of tbe moraine

which dammed the valley and compelled the stream to cut the gorg>5

through sandstone, perhaps by the retreat of a waterfall.

The Bridgeton terrace is about 30 feet above the present divide

between the Raccoon and the Wabash at Rosedale and demands some liind

of a dam of corresponding height at that point. Such a dam would also

account for the turning of the Raccoon ov'?r a col at Coxville into the

valley of a northward flowing tributary of I^eatherwood, and solve the

problem of the lower Raccoon and its reversed tributaries. Such a dam

once existed and does not now exist. Very large dams which vanish at a

convenient time are usually made of ice. I therefore postulate an Ice uam

across the space between Atheiton Island and the east bluff of the Wabash.

The lake held up by such a dam foiind its lowest outlet to the north near

Coxville. The dam lasted loni^ enough to permit the aggradation of the

valley to the height of the Uridgeton terrace and the subsiKiuent cutting

down of the outlet to its present level or lower. The whole valley is filled

with sand and gravel to dejiths which borings alone can reveal. Wells on

the valley flooi- are usually very shallow. One is reported near Bridgeton

to have passed through IHO feet of gravel, which is not improbable. The

ice dam may have been a pait of the Illinoisan ice sheet and the valley

cutting of tlie lower Raccoon may have proceedtMl during the long inter-

glacial interval. Among all the changes and chances of two glacial periods

and one interglacial, a part of the Wabash water may have followed that

valley, malting Atherton Island truly insular. The present fall from

Rosedale to the mouth of Raccoon is 75 feet, which could be easily reversed

by removal of filling.

During the climax and retreat of the Wisconsin ice sheet, the valleys

of the Wabash and its tributaries were aggraded to the present terrace

levels. For a time the present mouth of the Raccoon was blocked by ice

and the stream flowed over the terrace directly to the Wabash. By the

final withdrawal of the ice margin from the Shelbyville moraine the

northern outlet was left a little lower than the Rosedale divide, and the

present conditions came into existence.

III.

A NATURAL BRIDGE IN PARKK COUNTY, IND.

About two miles northeast of Mansfield. Tarke County, there is a nat-

ural bridge of sufficient interest to he not lied. A small tributary of Rac-
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toon Creek has cut a ravine in the MansHeld sandstone bluff and originally

fell over a ledge aliout six feet high. A Jnint plain 20 feet baciv from the

brink of the fall iierniitted the stream t<> descend and work its way luider

the stratum. The i-esult is a iiatuial ))i'idge (iO feet long, 20 feet wide. 2

feet thick in the middle with a span of t\U feet and a clear heiglit of (i

feet inidcrni-at-h. ( I'ig. I.";.)

Figure 15. Natural Bridge, Mansfield, Ind.
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The Determination op Hydrogen, Nitrogen and Methane in

Gas by Combustion in a Quartz Tube.

By Frank C. Mathers and Ipa E. Lee.

The purpose of this research was to devise a more convenient and. a

more accurate method for the determination of liydrogen, nitrogen and

methane in gas. Many different methods^ have been advocated for making

this analysis. The Drehschmidt method- of burning tlie gas residue mixed

with oxygen, liy pas.«ing it thi-ougla a hot platinum capillary tube is perhaps

tlie best scheme. However, the high cost of the platinum capillary tube

together with the rapid deterioration of the apparatus makes a modifica-

tion desirable. The experiments described in this i)aper show that a quartz

lube filled with pieces of scrap platinum is an entirely satisfactory substi-

tute for the platinum capillary tube in the Drehschmidt apparatus.

The quartz tube was 30.5 cm. long, 7.25 mm. outside and 3.38 nun.

inside diameter. Its volume, determined by the weight of mercury required

to fill it, was 3.317 cc. The platinum scrap which was used as a contact

substance in the quartz tube was prepared by cutting pieces of ordi-

nary scrap platinum wire, which every laboratory has in quantity, into

as short pieces as possible with a shears. These small fragments were

then placed upon stiff paper which was passed through a cornet roll mill

a number of times. These flattened pieces of platinum presented a large

surface to the passing gas and at the same time offered very little resist-

ance to the passage of the gas. Two pieces of scrap platinum gauze were

used, one in each end of the quartz tube, to keep the small pieces of plati-

num in position. The platinum weighed ll.lSD grams and had a volume

of 0.522 cc. The platinum occupied 21.6 cm. of the length of the tube.

The data concerning the many preliminary experiments which merely

served to detect the errors, will be omitted. The following form of appa-

ratus and manipulation were found to be satisfactory.

A mercury pipet holding the gas to be burned and the oxygen required

for the combustion, was connected to one end of the quartz tube by a

^"Review of progress in sas analysis," Chomiker Zeitung, 33:801 and 817 (1908).

• Hempel-Dennis, "Gas Analysis," p. 140.
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suitable capillary tube witb rubber connections. A mercury buret, arranged

to receive the gas, was connected to the other end of the quartz tube in a

similar manner. Pinch cocks, one on the buret and one on the pipet, con-

trolled the connections witb the (luartz tube. The buret was jtrovided witb

a water jacket which was connected at its lower end with a level bottle so

arranged that the water could be drawn out and then itassed back into the

water jacket. This circulation and thorough mixing of the water were

necessary to prevent uneipial temperatures between the top and bottom of

the buret. Tlie water jacket was improvised from the outside of a Liebig

condenser. A thermometer, which showed tlu- t<'nii)erature of the water

and gas, was suspended about midway of the buret inside of the water

jacket. The quartz tube was heated by a bnnsen burner provided with a

wing tip which produced a broad flame. An asbestos board was suspended

about 5 mm. above the quartz tube, to lessen the radiation of heat. The

manipulation was: The temperature of the gas in the pipet, that is the

temperature at wliicli it was measured, was carefully read. The pinch-

cock connecting the buret to the quartz tube was opened and the burner

was lighted for three minutes. The increase in volume of the air in the

(|uartz tube produced by the heat, was cared f<.r in the buret. The pinch-

cock connecting the pipet to the quartz tube was opened and the level bottU?

was raised so that the gas and oxygen passed slowly and regularly over the

glowing platinum, generally about three nnnutes l>eing required. In no

case was there any indication of an explosion in the piju't even when the

velocity of the gas was greatly increased. The level tulie on the buret was

raised and the level bottle on the pipet was lowered so that the gas was

forced back from the buret into the pipet. The gas was then again passed

through the quartz tube over the glowing platinum into tbe buret. The

flame and the asl>estos board were removed and water was imured upnn tlie

ipiartz tube to cool it. After the quartz tube had reaclu'd i-dom tempera-

ture, tlie pinchcock (onne( ting (he buret and quartz tube was closed. The

mercury in the l)uret and level tube was leveled. The water in the water

jacket was passed back :ind forth by means of the level Imttle until the

thermometer in the water jacket showed constant temi)erature. The mer-

cury in tbe buret and level tube was again carefully leveled and the volume

of gas was read. The final gas vnhune was always corrected for variation

from the initial tenii)erature.

The process as described .above was tried with jiure hydrogen gas.

which was lu-ejiared by tlie ac(i(in of lioilcd dilute sulphuric acid upon
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pieeos of zinc ((HitaiiU'd in ;i iiJis double pipe! for solids. The iiipet was

fillt'd with lioilod distilled water to displace the air. Tlie sulphuric acid

was added throu.i^h a .ijlass tube which entered through the opening for the

introduction of solids into the pipet. The h.vdrogen gas was allowed to

escape completely from the apparatus several times before any was saved

lor analysis. This form of generator very eit'ectively protected the hydro-

gen gas from the diffusion of air. The results are given in the following

table

:

Hydrogen
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gen contents was accurately determined. After combustion in the quartz

tube, the gas was passed into potassium hydroxide and alkaline pyrogallol

pipets. The unabsorbed residue consisted of the nitrogen in the gas and

the nitrogen which was in the oxygen. The results are as follows

:

Gas

49.9
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1. The gas becomes heated during the combustion, so care must be

talien to determine the final temperature at which the gas is measured.

Corrections must be made for all temijerature changes.

2. A correction must be made for the carbon dioxide which remains

in the quartz tube after the combustion. This disadvantage can be over-

come perhaps by the use of a smaller bore capillary quartz tube in which

the volume is so small that a correction is unnecessary.

IndiaiKi T'>ii}-(rsit!/, Blooitiinf/ton.
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New Methods for the Preparation op Salts of Selenic Acid.

Bv Fbank O. Mathers and J. Otto Frank.

The purpose of this paper is to describe the preparation of metalli •

selenates from ammonium selenate. Ammonium selenate is the best start-

ing material on account of the very satisfactory method* by which it may

be prepared. An outline of the method for preparing ammonium selenate Is

as follows: Selenic acid was first prepared by oxidizing a solution of selen-

ium in nitric acid with potassium permanganate. This solution after the

removal of the manganese dioxide precipitate by filtration was precipitated

with lead nitrate. The lead selenate thus formed was washed thoroughly

until free from soluble salts. The treatment of this solid lead selenate

with an excess of a strong solution of ammonium carbonate produced lead

carbonate and ammonium selenate in solution. Pure ammonium selenate

crystallized from the filtrate upon evaporation while the excess of am-

monium carbonate was volatilized.

There are three methods by which this ammonium selenate may be

changed into metallic selenates. They are as follows

:

1. The crystallization of a solution of ammonium selenate with a

metallic nitrate will give crystals of the most insoluble salt which can be

formed by any combination of the four ions in solution. The most soluble

combination of the ions will remain in the mother liquor. The solubility

of the possible combinations of the four ions is in this order beginning with

the most soluble, ammonium nitrate, metallic nitrate, ammonium selenate,

and ammonium metallic selenate or metallic selenate. Whether the metal-

ic selenate or the double ammonium salt is formed depends upon their

relative solubility except that by increasing the amount of ammonium

selenate the double salt may be produced in cases where the metallic salt

is ordinarily formed. For example, equivalent amounts of ammonium

selenate and copper nitrate give copper selenate while two equivalents of

the ammonium selenate to one of copper nitrate gives the ammonium cop-

per selenate.

•Mathers and Bonslb, .Tour. Araer. Chem. Soc. 33,703 (1911) ; Indiana Univer-

sity Studies. 841 (1910).
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The followiuj? table shows the quantities of materials used, the salts

formed and the yields :
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Zinc oxide was selected because of its pronoimced basic properties.

Ammonium selenate, dissolved in water, was treated with an excess of zinc

oxide. The evolution of ammonia was slow at room temperature but was

more rapid at the boiling point. Zinc selenate and not the double salt was

obtained by crystallization of the solution, llie yield was only about 25

per cent, of the theory. Analysis of the ZnSeOi.THjO showed 18.8 per

cent, zinc while the theory is 19.4.

3. This method makes use of copper selenate prepared as described

above. Any metal more electropositive than copper will precipitate copper

from a copper selenate solution and form a selenate of the metal that was

used. This is the best method of making the metallic selenates since a

pure solution of the metallic selenate can be obtained. The previous prep-

aration of the copper selenate from the ammonium selenate is exceptionally

easy. Selenates of cadmium and zinc were prepared by treating solutions

of 15 grams copper selenate dissolved in 50 cc. of water with an excess of

metallic cadmium and metallic zinc respectively. The yield of cadmium

selenate was 14.1 grams and of zinc selenate 10.7 grams while the theory

was 14.7 and 16.3 respectively.

SUMMABY.

Ammonium selenate, on account of the very satisfactory method for

its preparation, is the most suitable starting material for the making of

metallic selenates. The three methods that were tried for preparing

metallic selenates from ammonium selenate are

:

1. Crystallization of a solution containing ammonium selenate and a

metallic nitrate will produce crystals of the double ammonium selenate (or

the metallic selenate in some cases) since this salt is the most insoluble

which can be produced by any possible combination of the four ions. The

yields are good.

2. Ammonium selenate can be decomposed by liasic metallic oxides

with the formation of llie metallic selenate and of free ammonia. This is

not a satisfactory method and the yields are low.

3. The treatment of copper selenate solution with any metal which is

more electropositive than copper will precipitate metallic copper and form

the corresponding metallic selenate. This is a very satisfactory method

and the yields are practically quantitative.
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A New Method fur the Qualitative Detection op ('hlorides in

THE Presence of IjRomides and Iodides.

By Frank C. Mathers aad Ika E. Lee.

Mcisi of the sflu'ines ('(ir the separatinn nf i liln-ides frdiii Ijroiuides and

iddides (lepend upon one of two i^encra' luctlK.ds.

I. Most of the (lUiilitative manna Is direct the treatment of tlie sohi-

tion tif the haloi^ens with an oxidizinu' a^'ent (if su<-li a strength that iodine

and bromine lint not chlorine aiv set free. The liberated bromine and

iodine may be removed from the solution by bdilins:, or by a current of air

or by sliakin.i; out witii sonic solvent sudi as carbon liisulphide. Experi-

ments conducted by lUlAanced students in this laboratory with this general

method have ])een fairly successful, excei>t that some chlorine is always

set free if the reaction is carried far enouiih to remove all of the bromine.

This method was fouml to be a failure in the hands of inexiierienced stud-

ents in (lualitative anal.vsis, perhaps on acc(nint of the necessity of excep-

tionally close adherence to directions.

1'. The other general scheme for the se](aratiou depends upon the fact

tliat silver chloride is soluble and silver i<nlide and bromide are insoluble in

ammonium carbonate solution. After filtration from the luidissolved silver

bromide and iodide, the silver chloride is reprecipitated by neutralizinii'

the ammonium carbonate with nitric acid. However, silver bromide, Ks

soluble enough to produce a strong turbidity njion additi(>n of the nitric

acid. This is very confusing to the students. In addition to this trouble,

the method is so very delicate that traces of chlorides which are present

in most chemical reagents as im]iuritics. will give a distinct tni'bidity so

that the student is forced to decide from the (luantity of precipitate wheth-

er chlorides have been added or not.

In the scheme described in this pajier. the residue of silver chloride,

bromide and iodide is treated with dilute ammoninni hydroxide or cor-

bonate, and the filtrate is treated with annnonium chloride, which will

produce a turbidity or precipitate if silver chloride is present. This precip-

itation is caused by the action of the ion CI from the ammonium chloride

upon the common ion CI from the silver chloiide. The annnonium chloride
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causes the amount of chloi'ine as ion in the solution to exceed the satura-

tion concentration of the chlorine ion in equilibrium with silver, so some

of the silver chloride must precipitate. Silver bromide is not affected

because there is no common ion in this case.

In the following table, the ammonium hydroxide (1 : 100) solution

was saturated by warming with an excess of freshly precipitated silver

chloride. The ammonium chloride solution contained 25 grams per 100 cc.

Cc. of Ammonium
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luonium chloride is added. Tliis means that traces of chlorides which occur

as impurities in so many reagents will not cause trouble by giving tests

by this method. Smaller quantities of chlorine may be detected by using

more dilute ammonium hydroxide in dissolving the silver chloride.

Corresponding solutions prepared with silver bromide in place of silver

chloride gave no precipitates with ammonium chloride. In every case

they produced a turbidity when acidified with nitric acid.

SUMMARY.

This paper describes a new method for the qualitative separation and

detection of chlorides in the presence of bromides and iodides.

The mixed silver halids are digested with ammonium hydroxide (10

per cent.). The filtrate is diluted with 10 volumes of water and treated

with a few drops of ammonium chloride solution. If silver chloride is

present a precipitate is produced.

This method has the advantages over other methods that:

1. Bromides do not give any precipitate.

2. The concentration of the ammonium hydroxide solution is great

enough that traces of chlorides occurring as impurities will not give tests.

The method becomes more delicate when more dilute solutions of ammo-

nium hydroxide are used.

Indiana University, Blootnington.
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CONSTITUTION,

ARTICLE I.

Section 1. Tliis a«soc:iation shall be called the Indiana Academy ot

Science.

Sec. 2. The objects of tbis Academy shall be scientific research and

the diffusion of knowledge conceruin;? the various departments of science

;

to promote intercourse between men engaged in scientific work, especially

in Indiana ; to assist by investigation and discussion in developing and

making known the material, educational and other resources and riches

of the State ; to arrange and prepare for publication such reports of investi-

gation and discussions as may further the aims and objects of the Academy

as set forth in these articles.

Whereas. The State has undertaken the publication of such proceed-

ings, the Academy will, u]jon request of the Governor, or of one of the

several departments of the State, through the Governor, act through its

council as an advisory body in the direction and execution of any investiga-

tion within its province as stated. The necessary expenses incurred in the

prosecution of such investigation are to be borne by the State ; no pecuniary

gain is to come to the Academy for its advice or direction of such investi-

gation.

The regular proceedings of the Academy as published by the State shall

become a public document.

ARTICLE II.

Section 1. Membcis of this Academy shall be Iionorai-y fellows,

fellows, non-resident members or active members.

Sec. 2. Any person engaged in any department of scientific work, or in

original research in any department of science, shall be eligible to active

iiioml^ership. Active memliers may be annual or life members. Annual

members may Ije elected at any meeting of the Academy ; they shall sign

the constitution, pay an admission fee of two dollars and thereafter an

annual fee of one dollar. Any person who shall at one time contribute

fifty dollars to the funds of this Academy may be elected a life member of

the Academy, free of assessment. Non-resident members may be elected



from those who have been active members but who have removed from the

State. In any case, a three-foiirtlis vote of the members present shall eletl

to membership. Application for membership in any of the foregoing

classes shall be referred to a committee on application for membership,

who shall consider such application and report to the Academy before the

election.

Sec. 3. The members who are actively engaged in scientific work, who

have recognized standing as scientific men, and who have been members of

the Academy at least one year, may be recommended for nomination for

election as fellows by three fellows or members personally acquainted with

their work and character. Of members so nominated a number not exceed-

ing five in one year may, on recommendation of the Executive Committee,

be elected as fellows. At the meeting at which this is adopted, the mem-

bers of the Executive Committee for 1894 and fifteen others shall be elected

fellows, and those now honorary members shall become honorary fellows.

Honorary fellows may be elected on account of special prominence in

science, on the written recommendation of two members of the Academy.

In any case a three-fourths vote of the members present sliall dcit.

ART]CLE III.

Section 1. The officer.s of this Academy shall be chosen by ballot at

the annual meeting, and shall hold office one year. They shall consist of a

President, Vice-President. Secretary, Assistant Secretary, Press Secretary

and Treasurer, who shall jierform the duties usually pertaining to their

respective offices and in addition, with the ex-presidents of the Academy,

shall constitute an Executive Conunittee. The President shall, at each

annual meeting, appoint two members to be a committee, which shall

prepare the progi'anis and have charge of the arrangements for all meetings

for one year.

Sec. 2. The annual meeting of this Academy shall be held in the city

of Indianapolis within the week following Christmas of each year, unless

otherwise ordered by the Executive Committee. There shall also be a

summer meeting at such time and place as may be decided upon by the

Executive Committee. Other meetings may be called at the discretion of

the Executive Committee. The past Presidents, together with the officers

and Executive Committee, shall constitute the council of the Academy, and

represent it in the transaction of any necessax-y business not especially

provided for in this constitution, in the interim between general meetings.



Sec. 3. This constitution may be altered or amended at any annual

meeting by a three-fourths majority of the attending members of at least

one year's standing. No question of amendment shall be decided on the

day of its presentation.

BYLAWS.

1. On motion, any special department of science shall be assigned to

a curator, whose duty it shall be, with the assistance of the other members

interested in the same department, to endeavor to advance knowledge in

that particular department. Each curator shall report at such time and

place as the Academy shall direct. These reports shall include a brief

summary of the progress of the department during the year preceding the

presentation of tlie report.

2. The President shall deliver a public address on the morning of one

of the days of the meeting at the expiration of his term of office.

3. The Press Secretary shall attend to the securing of proi>er news-

paper reports of the meetings and assist the Secretary.

4. No special meeting of the Academy shall be held without a notice

of the same having been sent to the address of each member at least fifteen

days before such meeting.

5. No bill against the Academy shall be paid without an order signed

by the President and countersigned by the Secretary.

6. Members who shall allow their dues to remain unpaid for two

years, having been annually notified of their arrearage by the Treasurer,

shall have their names stricken from the roll.

7. Ten members shall constitute a quorum for the transaction of

business.

AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE.

[Approved March 11, 1895.]

Whereas, The Indiana Academ.^- of Science, a chartered scientific

association, has embodied in its constitution a provision that it will, upon

the request of the Governor, or of the several departments of the State
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government, through the Governor, and through its council as an advisory

board, assist in the direction and execution of any investigation within its

province, without pecuniary gain to the Academy, provided only that the

necessary expenses of such Investigation are borne by the State ; and,

Whereas, Tlie rtijorts of the meetings of said Academy, with the

several papers read before it, have very great educational, industrial and

economic value, and should be preserved in permanent form ; and

Whi:reas, The Constitution of the State makes it the duty of the

General Assembly to encourage by all suitable means intellectual, scientific

and agricultural improvement; therefore.

Section 1. Be it enacted hy the General Asscnibly of the State of

Indiana, That hereafter the annual reports of the meetings of the Indiana

Academy of Science, beginiiing with the report for the year 1S94, including

all papers of scientific or economic value, presented at such meetings, after

they shall have been edited and prepared for publication as hereinafter

provided, shall l^e iiublishcfl hy and under the direction of the Commission-

ers of Public I'rintiiig and I'.inding.

Sec. 2. Said reports shall b(> edited and prepared for publication

without expense to the State, by a corps <if editors to be selected and

appointed by the Indiana Academy of Science, who shall not, by reason of

such service, have any claim against the State for comi)ensation. The form,

style of binding, paper, typograjihy and manner and extent of illustration of

such rejtorts shall be determined by the editors, sub.iect to the apr-Toval of

the Commissioners of Public I'rlnting and Stationery. Not less than 1,500

nor more than 3,000 copies of each of said reports shall be published, the

size of the edition within said limits to be determined by the concurrent

action of the e<litors and the Commissioners of Public Printing and Station-

ery: Provided, That not to exceed six hundred dollars ($G0O) shall be

expended for such jiublicatiou in any one year, and not to extend beyond

1S96: Provided. That no sums shall lie deemed to be approi)riated for the

year 1894.

Sec. 3. All excejit three hiimlrcd cojiies of each volume of said reports

shall be placed in th(» custody of the State Librarian, who shall furnish one

copy thereof to each i)ul)lic library in the State, one copy to each university,

college or normal school in the State, one copy to each high school in the

State having a lilirary. which shall make a) i] Plication therefor, and one copy

to such other institutions, societies or persons as may be designated by the



Academy tlirongli its editors or its council. Tlie remaininji three luindred

copies shall he turned over to the Academy to be disposed of as it may

determine. In order to pro\ide for the rireservation of the same it shall be

the duty of the Custodian of the State House to provide and place at the

disposal of the Academy one of the unoccupied rooms of the State House,

to be designated as the office of tlie Academy of Science, wherein said copies

of said reports belonging to the Academy, together with the original

manuscripts, drawings, etc., tliereof can be safely kept, and he shall also

equip the saine with the necessary shelving and furniture.

Siic. 4. An emergency is hereby declared to exist for the immediate

taking effect of this act. and it sliall therefoi'e take effect and be in force

from and after its passage.

API'ROPiaATION FOR ]913-19]4.

The appropriation foi- the publication of tlie proceedings of the Acad-

emy during the years 1913 and 1914 was increased by the Legislature in the

General .Appropriation bill, approved March 9, 1909. That portion of the

law fixing the amount of the appropriation for the Academy is herewith

given in full

:

For the Academy of Science: For the printing of the proceedings of

the Indiana Academy of Science twelve hundred dollars: Provided, That

any unexpended balance in 1913 shall be available in 1914, and that any

unexpended balance in 1914 shall be available in 191 .~i.

AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS
AND EGGS.

Sec. 602. Whoever kills. tr;ips or has in his possession any wild bird,

or whoever sells or offers the same for sale, or whoever destroys the nest

or eggs of any wild bird, shall be deemed guilty of a misdemeanor and

upon conviction thereof shall be fined not less than ten dollars nor more

than twenty-five dollars : Provided, That the provisions of this section shall

not apply to the following named game birds : The Anatida?, commonly

called swans, geese, brant, river and sea duck ; the Rallidse, commonly

called rails, coots, mud-hens, gallinules ; the LimicoUe, commonly called

shore birds, surf birds, plover, snipe, woodcock, sandpipers, tattlers and

curlew; the Gallina^ commonly called wild tui-keys, grouse, prairie chick-

ens, quails and pheasants; nor to English or 7^]ui"()i)ean liouse sparrows.
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crows, hawks or other birds of prey. Nor shall this section apply to

persons taking birds, their nests or eggs, for scientific purposes, under

permit, as provided in the next section.

Sec. (!03. Permits may be granted by the Commissioner of Fisheries

and Game to any prop-erly accredited person, ]iermittiiig the holder thereof

to collect birds, their nests or eggs for strictly scientific purposes. In

order to obtain such iiyrmit the applicant for the same must present to

sucli Commissioner written testimonials from two well-known scientific men

certifying to the good character and fitness of such applicant to be entrusted

with such privilege, and pay to such Couuuissioner one dollar therefor and

file with him a properly executed bond in the sum of two hundred dollars,

payable to the State of Indiana, conditioned that he will obey the terms of

such permit, and signed by at least two responsible citizens of the State as

sureties. Tlie bond may be forfeited, and the permit revoked uiion proof to

the satisfaction of such Commissioner that the bolder of such permit has

killed any bird or taken the nest or eggs of any bird for any i)thcr i)urpose

than that named in this section.

FUniJC 0FF1:NSES—HUNTING WIT.D lURDS^-PENALTY.

[Approved March 13, 1013.)

Skction 1. lie it enacted by the General Assemhhi of the State of

Indiana. Tliat section six (0) of the above entitled act be amended to read

as follows: Section (i. That section six hundred two (002) of the above

entitled act be amended to i-ead as follows: Section 002. It sinill be

unlawful for any person to kill, trap or ])oss('ss any wild bird, or to

l)nr(liase or offer the same for sale, or to destroy the nest or eggs of any

wild l)ird, except as otiierwise provided in this section. But this section

shall not apply to the following nnmed game birds: The Anatid.-p, com-

monly called swans, geese, brant, river and sea dnck ; the Rallidje, com-

monly known as rails, coots, mud-hens and gallinnles; the LimicolfB,

conunonly known as; shore birds, plovers, surf birds, snipe, woodcock,

.sandpipers, tattlers and curlews; the Gallin:c. commonly called wild

turkeys, grouse, prairie chickens, quails, and pheasants; nor to English ur

European house sparrows, blackbirds, crows, hawks or other birds of prey.

Nor .shall this section apply to any person taking birds or their nests or

eggs for scientific purposes under permit as provided in the next section.

Any person violating the ])rovisions of this section shall. i>n conviction, be

fined not less than ten dollars (.iciOOO) nor more than fifty dollars (.$."0,001.
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Anderson, H. W.. 1 Mills Place. Crawfordsville, Ind 1912
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With the American Book Company.

•Every effort ha.s beeo made to obtain the correst address and occupation of each mem-
ber, and to learn what line of science he is interested in. The first line contains tlie name and
address; the second line the occupation: the third line the branch of science in which he is interested.

The omission of an address indicates that mail addressed to the last printed address was returned as

uncalled for. Information as to the present address of member? so indicated is reqi;ested by the

secretary. The custom of dividing the list of members has been followeJ.

t Date of election,

tt Non-resident.
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Blatchley. W. S., 1558 Park Ave., Indianapolis, Ind 1893

Naturalist.

Botany, Entomology and Geology.

Bodine, Donaldson, Four Mills Place, Cravvfordsville, Ind 1899

Professor of Geology and Zoology, Wabash College.

Entomology and Geology.
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With the American Book Company.
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Comparative Anatomy, Zoology.

Burrage, Severance, care Eli Lilly Co.. Indianapolis. Ind 1898
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Botany.

Coulter, Stanley. 213 S. Ninth St , Lafayette, Ind 1893

Dean School of Science, Purdue University.

Botany, Forestry.
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Cox, Ulysses O., P. O. Box 81, Teire Haute, Intl 1908

Head Department Zooloiffy and Botany. Indiana State Normal.

Botany, Zoology.
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Geolog:^% Paleontology.

Davisson. Schnyler Colfax, Blooniington. Ind 1908
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2—1019
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Zoologj', Lake Problems.

Shannon. Charles W., Xornian. Okla 1012

With Oklahoma State Geological Survey.

Soil Survey. Botany.
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Professor of Structural Engineering.

Physic-s, Mechanics.

ttSmith, Alexander, care Coluinlna University. New York. X. Y 1803

Head of Department of Chemistry. Columbia T'nivej'sity.

Chemistry.
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Smith. Charles Marquis, 910 .S. Ninth St., Lafayette. Ind 1912

Profe.ssor of Physics, Purdue University.

Physics.

Stone Winthrop E., Lafayette, Ind 1893

President of Purdue University.

Chemistry.

ttSwaiu. .Joseph, Swarthuiore, Pa 1898
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Assistant Professor of Botany, Indiana University.

Botany.
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Mana.ger of Advertising Department, Eli Lilly Co.

Botany.
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Botany, Zoology.
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Hay, Oliver Perry, U. S. National Museum, Washington, D. C.

Research Associate, Carnegie Institution of Washington.

Vertebrate Paleontology, especially that of the Pleistocene Epoch.

Hughes, Edward, Stockton, California.

Jenkins, Oliver P., Stanford University, California.

Professor of Phjsiology, Stanford University.
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Jordan, David Starr. Stanford University. California.
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Kingsley, J. S., Tufts College, Massachusetts.
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Physics, Discharge of Electricity thru (4ases.

MacDougal, Daniel Trembly, Tucson, Arizona.

Director, Department of Botanical Research, Carnegie Institute, Wash-

ington, D. C.

Botany.

McMullen, Lynn Banks, State Normal School, Valley City, North Dakota.

Head Science Department, State Normal School.

Physics, Chemistry.

Mendenhall, Thomas Corwin, Ravenna, Ohio.
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Physics. "Engineering," ."Mathematics. Astronomy.

Newsom, J. F., Palo Alto, California.

Mining Engineer.

Purdue, Albert Hcmer, State 'Geological Survey. Nashville. Tenn.

State Geologist of Tennessee.

Geology.

Reagan, A. B., Nett Lake School, Nett Lake, ^Minnesota.

Superintendent and Special Distribution Agent. Indian Service.

Geology, Paleontology, Ethnology.
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Slonaker, James Rolliu. 334 Kinirs^lej- Ave., Palo Alto, California.

Assistant Professor of Physiology. Stanford University.

Physiology, Zoology.

Springer, Alfred, 312 East 2d St., Cincinnati. Ohio.

Chemist.

Chemistry.

ACTIVE MEMBERS.

Allen, William liay. Blooinington. Ind.

Allison, lOvelyn, Lafayette, Tud.

Care Agricultural Kxiieriment Station.

Botany.

Baine, H. Foster, 420 Market St., San Franci.sco. Cal.

Editor, Mining and Scientific Press.

Baker. Waller D.. X. Illinois St. Indianaiiolis. Ind.

Care Waldcraft Co.

Chemistry.

Baker, Walter M., Amboy.

Superintendent of Schools.

Mathematics and Piiysics.

Baijker, Howard .J., HOr, Hanna St.. Greeufastle.

Professor of liiolosv. DePauw University.

Botany.

Barcus, H. H.. Indianapolis.

Instructor, Mathematics. Shortridge High School.

Barr, Harry L.. Waveland.

Student.

Botany and Forestry.

Barrett, Edward. Indianapolifc.

State Geologist.

Geology, Soil Survey.

Bates, W. H., 300 Ihissell St., West Lafayette

Asi>ociate Professor. Matliematics.
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Bell, Guido, 431 E. Ohio St., Indianapolis.

Phj'sitiaD.

Bellamy, Raj-, Worcester, ^lass.

Bennett, Loe F., 82.i Lapoite Ave., Valparaiso.

Profe.ssor of Geoloirj- and Zoology, \alparaiso Uuiverhity.

Geology, Zoology.

Bishop, Harry Eldridge, 1706 College Ave., Indianapolis.

Food Chemist, Indiana State Board of Health.

Blancliard, William M.. lOUS S. College Ave., Greencastle.

Professor of Chemistry. DePauw T'niversity.

Organic Chemistry.

Bond, Charles S., 112 ^'. Tenth St. Kirlimoiid.

Physician.

Biologj', Bacteriology. Physical Diagnosis and Photomicrography.

Bourke, A. Adolphns, 1103 Cottage Ave., Columbus.

Instructor, Physics, Zo(.>logy and Geography.

Botany, Physics.

Rrossmann, Charles, Idl'; Mcrclianis P>ank BIdg.. Indianapolis.

Consulting Engineer.

Water Supply, Sewage Disjiosal. Sanitary Engineering, etc

Brown, James. -5372 E. Washington St., Indianapolis.

Professor of Chemistry. Butler College.

Chemistry.

Brown, Hugh E., Bloomington. Ind.

Bruce, Edwin M.. 2401 North Ninth St., Terre Haute.

Assistant Professor of Physics and Chemistry. Indiana State Normal.

Chemistry, Physics.

Bryan, William Lowe, Bloomington.

President. Indiana T'niversity.

Psychology.

Bybee, Halbert P., Bloomington.

Graduate Student. Indiana T'niversitj'.

Geology.

Canis, Edward N.. 2221 Paik Ave.. Indianapolis.

Otficeman with William B. Burford.

Botany, Psychology.
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Carmichael, R. D., Blooiningtoii.

Assistant Piot'essor of Mathomatics, liKliaua Uuiversity.

Mathematics.

Caswell, Albert E., Lafayette.

Instructor in I'liysics, Pur<lue T'ni versify.

Physics and Applied Mathematics.

Chansler. Elias J., Bicknell.

Farmer.

Orjiithoiogy and Mammals.

Clarke, Elton Russell, Indianaixilis.

Clark, Jediah II.. 12(i East Fourth 8t., Counersville.

Physician.

Medicine.

Conner, S. D., West Lafayette.

Cox, William Clifford.

CroAvell, Melviii E., ttiS i:. ^foiiroe St.. Franklin.

Dean of Franklin College.

Chemistry and Physics.

Cutter, George, Broad Branch Road, Washington, D. C.

Retired Manufacturer of Electrical Supplies.

Conch olog}'.

Daniels, Lorenzo E., Rolling Prairie.

Retired Farmer.

Conchology.

Davs, Melvin K.. Anderson.

Instructor, Anderson Higli School.

Physiography, Geology, Climatology.

Deppe, C. R., Franklin.

Dietz, Marry F.. 40S W. Twenty-eiglith St.. iiidianaiiolis.

Deputy State Entomologist.

Entomology, Eugenifs. Parasitolog.v, Plant Pathology.

Dolan, Jos. P., Syracuse.

Drew, David Al^bott, 817 East Second St., Bloomington.

Instructor in Mechanics and A.stronomy.

Astronomy. Mechanics. Mathematics and .Applied .Matliciiiatics.
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DuP.ois, Henry, BlooDiiiiirton. Ind.

Duden, Hans A.. 5050 E. Wasljinirton St., Indianapolis.

Analytical Chemist.

Cliemistry.

Dutclier, J. B., Bloomingtou.

Assistant Professor of Physics. Indiana TTniversity.

Physics.

Mai'p, Samuel K., 2-1^ Keiitiick,\ Ave., Indianapolis.

Pliysician.

Easley, Mary, Blooniington, Ind.

Edmonston, Clarence E., Bloomington.

Gi'ad.iate Student. Physiology. Indiana University.

Physiology.

Ellis, Max Mapes, P-onld(.;r, Colo.

Instructor in Biology, Uuiversitj- of Colorado.

Biology, Entomology.

Evans. Samuel G.. 14.52 Upper Se-ond St., Evansville.

Merchant.

Botany, Ornithology.

Ewers, James E., Terre Hante.

Instructor in High School.

Geology.

Pelver, William P., 325i Alarket St., Logansport.

Railroad Clerk.

Geologj% Chemistry.

Fisher, Martin L., Lafayette.

Professor of Crop Production, Purdue University.

Agriculture, Soils and Crops, Birds, Botany.

Frier, George M., Lafayette.

Assistant Superintendent, .\gricultural Experiment Station. Purdue

University.

Botany, Zoology, Entom<)logj', Ornithology. Geology.

Fuller, Frederick D., 2ia Russell St., West Lafayette.

Chief Deputy State Chemist. I'urdue Experiment Station.

Chemistry, Microscopy.
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Funk. Austin, 401 Spring St.. .Toffer.sonville.

Physician.

Diseases of Eye. Ear, Nose and 'LMiroat.

Galloway, Jesse James, Eloomineton.

Instruction, Indiana Uni^'ersity.

Geology. Paleontology.

Gates, Florence A., 416 Irving St., Toledo. Ohio.

Teacher of Botany.

P>otany and Zoolog.v.

(iillum, Robert G., Terre Haute, Ind.

(Jlenn, E. R., 5o5 North Walnut St., P>loomington.

Instructor in Physics, Blooniington High School.

Physics.

Gottlieb, Frederic W.. Morristown.

Care Mnscuni of Xatui-al History. Assistant Curator, INIoores Hill

College.

Archaeology, Ethnology.

Grantham, Guy E., 437 Vine St., West Lafayette.

Instructor in Physics, I'urdne Tniversity.

Greene, Frank C, Mis.souri Bui'eau of Geology and Mines, Rolla, Mo.

Geologist.

Geology.

Grimes, Earl J., Ru-ssellvilJe.

Care U. S. Soil Survey

Botany, Soil Survey.

Harding, C. Francis, 111 Fowler Ave., West Lafayette.

Professor of Electrical Engineering, Purdue University.

Mathematics, Physics, Chemistry.

Harman, Mary T., Gil Laramie St., Manhattan, Knnsas.

Instructor in Zoology. Kansas State Agricultural College.

Zoology.

Harvey, R. B.. Indianapolis.

Heimburger, Harry V.. 701 West Washington St.. Trbana, 111.

Assistant in Zoology, I'niversity of Illinois.
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Hendricks. Victor K., SHj Benton Ave., Springfield. Mo.

Assistant Chief Engineer, St. L. & S. F. TJ. R.

Civil Engineering and Wood Preservation.

Hennel, Cora, Biooraington. Iiid.

Hennel, Edith A., Bloomington, Ind.

Hetberington, John P.. 41S Fonrth St.. Logansport.

Physician.

Medicine, Surgery. X-Raj', Electro-Therapeutics.

Hinman, J. J., Jr.. University of Iowa. Iowa City, la.

Chemist, Dept. Public Health and Hygiene.

Chemistry.

Hole, Allen D., Richmond.

Instructor, Earlhani College.

Hubbard, Lucius M., South Bend.

Lawyer.

Hufford, Ma.son B.. Bloomington, Ind.

Hutton, Joseph (Jlndden. Brookings. South Dakota.

Associate Professor of Agronomy. State College.

Agronomy, Geology.

Hyde. Ros(/oe Raymor.d, Terre Haute.

As.sistant Pi-ofessor, Pl;ysiology and Zology, Indiana State Normal.

Zoology, Ph.vsiolog^', Bacteriology.

I bison. Harry M., Marion.

Instructor in Science, Marlon High School.

Jackson, D. B.. St. Louis, Mo.

Assistant I'rofessor. Pharmacology, Washington University.

Johnson, A. G.. Madison, Wisconsin.

Jones, Wm. J., Jr., Lafayette.

State Chemist. Professor of Agriculture and Chemistry, Purdue Uq'-

versity.

Cliemistry, and general subjects relating to agriculture.

Kenyon, Alfred Monroe, 315 Uni^ersity St., West Lafayette.

Professor of Mathematics. Purdue Universit.^'.

Mathematics.
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vou KleinSniid, R. B., Tucsou, Ariz..

President University of Ariz.

Liebers, Paul J., 1104 Southeastern Ave.. Indianapolis.

Ludwig'. C. A.. 210 Waldron St.. West Lafayette. Ind.

A.ssistant in Botany. Purdue University.

Botany, Agriculture.

Ludy, L. v.. 229 University St., Lafayette.

Professor, Experimental Engineerinir. Purdue Tuiversity.

Experimental Engineering in Steam and Gas.

Mason, T. E., Bloomington.

Graduate Student, ^fathematics, Indiana University.

Mathematics.

McBride. Kul)ert W.. 12:!!) State Life Building. Indianapolis.

Lawyer.

McEwan, Mr.-'. l']ula Davis. Bloomington. Jnd.

McClellan, John 11.. (4ary. Tnd.

McCulloch, T. S.. Charlestown.

Mance, Grover <
'.. Bloomington, Ind.

Markle, M. S., IJi( hmond.

Middletown. .\. II.. West Lat;i.vctte.

Professor of Chemistry, I'liidiic I'liiversity.

Chemistry.

Miller, Fred A., 534 E. Twenty-ninth St.. Indianapolis.

Botanist for Eli I..illy Co.

Botany, Plant Breeding.

Montgomer.\', Hugh '1'
. South Bend.

Physician.

Geolog.v.

Moore, George 'P.. St. Louis, Mo.

Director, Missouri Botanical (iarden.

Botany.

Morrison, Edwin, 80 S. W. Se\ent]i St., Richmond.

Professor of Physics, Earlham College.

Physics and Cliemistry.
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Morrisou, Ilarokl, Indianapolis, Ind.

Mowrer, Frank Karlsten, Interlaken, New York.

Cooperative work with Cornell University.

Biology, Plant Breeding.

Muncie, F. W.

Myers, B. D., 321 N. ^Vasbington St.. Blooinington.

Professor of Anatomy, Indiana Vniversity.

Nieuwlaud, J. A.. The University, Notre Dame, Ind.

Professor, Botanj', Editor Midland Naturalist.

Systematic Botany, Plant Histology, Organic Chemistry.

North, Cecil C, Greencastle.

Northnagel, Mildred. Gary, Ind.

O'Neal, Claude E.. Bloomington.

Graduate Student, Botany, Indiana University.

Botany.

Orton, Clayton K.. State College, Ponns.vlvania.

Assistant Professor of Botany, Pennsylvania State College.

Phytopathology, Botany. IMycologj', Bacteriology.

Osner. G. A., Ithaca, New York.

Care Agricultural College.

Owen. D. A., 200 South State St., Franklin.

Professor of Biology. (Retired.)

Biology.

Owens, Charles E., Corvallis, Oregon.

Instructor in Botany, Oregon Agricultural College.

Botany.

Payne, Dr. F.. Bloomington, Ind.

Petry, Edward Jacob, 267 Wood St.. AA'est Lafayette.

Instructor in Agricultui'e.

Botany, Plant Breeding, I'lant Pathology, Bio-Chemistry.

Phillips, Cyrus G., Moores Hill.

Pickett. Fermen L., Bloomington.

Botany Critic, Indiana I'niversity Training School.

Botany. Forestry, Agriculture.
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Pipal, F. J., 11 S. Salisbury St.. West r.afayette.

Price, James A., Fort Wayne.

Ramsey, Earl E.. Blooraiiigtoii.

Principal High School.

Shriver, Dr. Will, Indianapolis, Incl.

Director, State Laboratory of llygione.

Shockel, Barnard. Professor. Torre Haute. Ind.

Schultze. E. A., Laurel.

Fruit Grower.

Bacteriology, FuuLri.

Silvey, Oscar W., 437 Vine St., West Lafayette.

Instructor in I'hysics.

Physics.

Smith, Chas. Pi])er, Colleu'e Park .Md.

Associate Professor, Botany, Maryland Agricultural College.

Botany.

Smith, Essie Ahna, IJ. F. I). G. Bloomington.

Smith, E. II.. Indianai'olis.

Horticulturist.

Snodgrass. Itobert. ("ra\vfnrds\ ilK'. Ind.

Spitzer, George, Lafa.vetto.

Dairy Cliennst, Purdue T'nivorsity.

Chemistry.

Steele, 1*.. L., I'ullnian. Wasliiimton.

Associate Professor of Physics, State College. Washington.

Steinley, Leonard, Bloomington. Ind.

Stoltz. Charles, 530 N. Lafayette St.. Sontli I'.end.

Physician.

Stoddard. J. M.

Stuart, M. II.. 322:! X. New .Terscy St., Indianaolis.

Principal, Manual Training High School.

Physical and Biological Science.
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Sturmer, J. W.. 119 E. Madison Ave., (,'olling.swood. N. J.

Dean, Department of Pharmacy, Medico-Chirurgieal College of Pbila-

delpia.

Chemistry, Botany.

Taylor, Joseph C, Logansport.

Wholesale merchant.

Thompson. Albert W.. Owensville.

Merchant.

Geology.

Thompson, Clem O., Salem.

Principal High School.

Thornburn, A. D., Indianapolis.

Care Pitman-Moore Co.

Chemistry.

Trueblood, Iro C. (Miss), 205 Spring Ave., Greencastle.

Teacher of Botauy, Zoology. High School.

Botany, Zoology, Physiography, Agriculture.

Tucker, W. ^NI., 841 Tiiird St., Chico, California.

Principal High School.

Geology.

Turner, William P., Lafayette.

Professor of Practical Mechanics. Purdue Uni\ersity.

Vallance, Chas. A., Indianapolis.

Instructor, Manual Training High School.

Chemistry.

Voorhees, Herbert S., 2814 Hoagland Ave., Fort Wayne.

Instructor in Cliemistry and Botany, Fort Wayne High School.

Chemistry and Botany.

Wade, Frank Bertram. 10St> ^V. Twenty-seventh St., Indianapolis.

Head of Clieuiistry Department, Shortridge High School.

Chemistry. Phj-sics, Geology and JNIineralogy.

Walters, Arthur L., Indianapolis.

Warren, Don Cameron, Bloomington, Ind.

Waterman. Luther D., Indianapolis.

Physician.
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Webster, L. B.. Tene Haute, Ind.

Weatherwax, Paul, Bloomington, Ind.

Weems, M. L., 102 Garfield Ave., A'alparaiso.

Professor of Botauj'.

Botany and Human Physiology.

Weir, Daniel T., Indianapolis.

Supervising Principal, care School office.

School Work.

Weyant, James E., Indianapolis.

Teacher of Physics. Shortridge High School.

Physics.

Wheeler, Virges, Moutniorenci.

Wiancko, Alfred T., L.ifayette.

Chief in Soils and Crops. Purdue I'niversity.

Agronomy.

Williams, Kenneth 1'.. Bloomington.

Instructor in Mathematics, Indiana University.

Mathematics, Astronomy.

Williamson, E. B. Bluffton.

Cashier, The AVells County Bank.

Dragonffies.

Wilson, Charles E., Bloomington.

Graduate Student. Zof)logy. lii(ll;ina University.

Zoology.

Wood, Harry W.. 84 North Kitter Ave. Indianapolis.

Teacher, Manual Tf.iining High School.

Woodburn, Wm. T;.. 902 Asbury Ave., Evanston, 111.

Instructor in Botany, Northwestern Univoi'sity.

Botany and Bacteriology.

Woodhams. John II., care Houghton Mifflin Co., Chicago, 111.

Traveling Salesman.

Mathematics.

Wootery, Ruth. Bloomington, Ind.

Yocum, H. B., ( rawfordsville.
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Young, Gilbert A.. 725 Pliiihlanfl A\e., Lafayette.

Head of Department of Mechanioal Engineering, Purdue University.

Zehring, William Arthur, 303 [{ussell St.. West Lafayette.

Assistant Professor of Mathematics, Purdue University.

Mathematics.

Zeleny, Charles, University of Illinois, Urbana, III.

Associate Professor of Zoology.

Zoology.

Zufall, C. J.. Indianapolis, Ind.

Fello\\s 70

Members, Active 162

Members, Non-i"esident 27

Total 259

3—1019
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INDIANA ACADEMY OF SCIENCE

IX JOINT SESSION WITH THE

IXIHAXA COXSKHVATIOX ASSOCIATIOX

WiiKRKAS. Wo hrive lonriied of tlic tlcatli ol' Mrs. I";iiili;inks. the* wife

of Hon. Cliiirlcs AV. Fnirluinks. who was to havo i)ai"ti<'i])at(Ml in this

niet'tiiifi, and the vahic of whoso sorvii c in tlio < anso of Consoi-vation is well

known : Thorofoio 1)0 it

Ixcsolrcd. That wo horol>y o.\|»r<>ss o'lr syni|ialiiy witii liini ami Ills

family in this tinio of l)oroavoniont. and onr ro^rot at his unavoidablo

absoiico from onr mootinjrs. and diroct that a <opy of this rosolntion ho sent

to him. and that it ho spread njion tiio minutes ef tiio respective or.i.'ani'/a-

tious.

A. \\\ !;l 'll.KK.

I'oi- the Indiana .Vcadem.x' of Seience.

sk\];k.\X('k I'd ijK.uii:.

I'or the Indiana ( 'onservali(Hi Association.
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TJiNUTES OF Spring Meeting.

CRAWFORt»SVILLE, INDIANA.

MAY 15 16 AND IT. 1913.

The 1013 spring mcetlii?; of tlio Acudeiiiy was held at ("rawfordsviiie

and the Shades May 15 to IT.

The scieutific program < oiisisted of a lecture Thursday, May 15, 8 p. m.,

by Professor G. Frederick Wright, of Oberlin, on "Thirty Years' Progress

in Glacial Geology." The lecture was an attractive and instructive presen-

tation of an interesting subject and was much en.1oyed b.y those present.

Friday, May 1, was taken »ip with an excursion to the Shades of Deatu.

This was of especial interest to geologists, botanists, and zoologists, but the

natural grandeur of the place and the outing were appreciated by all. At

noon the local committee ser^'ed lunch at the Shades Hotel without cost

to the members. Following the lunch a slnn-t business session was held,

about forty members being present. The following were elected to mem-

bership : Charles H. P.aldwin, Indianapolis ; Francis Daniels and H. F.

Ashby, Crawfordsville, and F. L. Marcrum. Waveland. There was sonic

discussion of the matter of the Donaldson Farm, which was to have been

left to the State as a park but which has been in uncertain control on

account of legal couij)li<ations. It was moved that "It is the sense of this

Academy that the Donaldson Farm should become the property of Indiana

University, that the Academy use its influence to that end, and that the

President of the Academy and Dr. C. H. Eigenmann constitute a committee

to prepare a suitable memoral to present to the proper authorities." This

was carried unanimously. It was moved that the thanks of the Academy

be extended to Professor Wi-iglit for his lecture. Carried by a rising vote.

President Bodine presided.

Friday evening after returning to Crawfordsville a very enjoyable

dinner was served at the Crawford House, at 8:30, by the Academy with-

out cost to the members. The dinner was followed by informal talks, Mr.
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Amos Butler acting as toastniaster and responses being made by Messrs.

Cogshall, Bodine, .Macbetli. Kern, Culbertsou, Barrett, Enders, J. S. Wrigbt,

Stoltz, Morrison and Eigeninanu. ^'ario^^s items of interest relating to the

trip to the Shr.des were brought out by the speakers.

Saturday morning, May 17, was taken up by field trips along Rock

River (Sugar Creek 1 to the erinoid Uh\< and other places of interest.

Many members also took ad\'antage of the opportunity to visit the Gen.

lew Wallace place.

Fkatvk D. Kern,

Secretary, pro tern.
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Minutes of the Twenty Ninth Annual Meeting

INDIANA ACADEMY OF SCIENCE,

Claypool Hotel, Indianapolis, Indiana.

October 2iI. 191 1!.

Tlie Executive Ooinniittee of the Indiana Academy of Science met in

Parlor T and was called to order by the President. Donaldson Bodine of

Crawfordsville. The follow ing members were present : Donaldson Bodine.

A. W. Butler, Severance Bun-age. \V. A. (Jogshall, W. S. Blatchley, J. W.

Beede, D. M. Mottier, G. Culbertson. C. It. Dryer, C. C. Deara, R. W. Mc-

Rride. C. H. Eigeiimann and A. .J. I'.igney.

The minutes of the Executive ('(inunittee of 1012 were read and ap-

proved.

The reports o! the standing committees were then taken up. The pro-

gram committee. J. W. Beede. chairman, reported the work completed as

in<licated by the printed program, with several additional jiapers.

The Treasui-ei'. W. 1. Moenkhaus, having gone abroad, left his work

in charge of A. G. Polilman, but he, not being able to l»e present, delegated

his power to W. A. Cogshall, who reported as follows:

Balance from 1012 .$273.38

Dues 148. 0C>

Total $421.38

Expenditures 166. 60

Balance $254.78

On motion W. A. Coggsliall was appointed Treasurer pro tern.

The following auditing committee was appointed : Severance Bur-

i-age, C. R. Dryer, J. W. Beede.

The Editor, C. C. Deam. reported that the work had been completed

and the copy was in the hands of the printer.
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The nomiiiatiiiij: committee was appointed as follows : A. W. BuWer,

W. A. Cogshall, (i. Cnlhei-tson.

Tlie President stated lie had re</eived a letter from an Austrian

scientist applying for a certain correspondence position in the Academy.

Since snch a position does not exist in our Academy the Secretary was

directed to reply to that effect.

A letter was read from Dr. .Stultz, of South Ucud. inviting the Acad-

emy to hold its spring meeting in that city. It was referred to tiie jiro-

gram connnittee.

President Bodine .snggested that tlio standing committees he appointed

by the iiiconung iircsident. Alter soiiic discussion a motion was made and

carried that tl.e incoming presi<lent ai)point his connnittees except those

necessary for carrying on the hnsiness of the Academy, such as auditing,

nominating, etc.

Judge ^IcBride, of the connnittee on rehitions of Academy to tlie State,

rei)orted that they liad succeeded in keepiiiir the apiiroiiriation at $1,200.

On motion .Mi-. I'.utler was ai>point('d to ad with a idunnittee from

tiie C'onsei-vation .\s.sociation to draft suitahlc resolutions on the death of

Mrs. Fairbanks, a cop.v to be sent to lion. »'. W. I'^airhauks and a copy

sjiread on the nninites.

On motion the Secretary was ordei'ed to purchase :i new secretary

hook and to ua^e the old one hound.

On motion the Secretary and .\. W. I'.utler wnc apixiiuted to ask tlie

State Librarian loi' pciiuissiou to dcjiosit the records of the .\cademy iti

his safe for security.

Adjournment.

.\. .T. I'icNKv, Secretary.

DoNAi.nsox Bo;)].\E, Presideid.

Palm Koom. ('i..\ypool Hotki..

October 24. 101.3.

The Indiana Academy of Science met in general session at 1 ::!(» ]i. m.

and was called to order by tlie I'resident. Donaldson I'.odine.

Business items were first taken up. J. W. I'ecde. of the I'l-ogram Com-

mittee, reported work completed as printed.

Severance Rnrrage of the Auditing ('onnnitlee reported the books of

the Treasurer correct.
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The Editor, C. C. Deam, made a complete rei)oi-t of his worlv, and

stated that the copy was in the liands of the state printer.

E. R. Cumings. of the Membersliip Committee, reported tlie follow-

ing names for membership : Dr. Will Shinier. State Ilonse, Indianapolis

;

Elton Itussell Clarke, Indianapolis : Harold ^Morrison. Indianapolis

;

Robert Snodgrass, Crawfordsvillo ; l.ediiard Steimley. Bloomington ; Dr.

F. Pa.vne, Bloomington; Rutli Wootery. Bloomington; Coi*a Hennel, Bloom-

ington; Piditli A. Hennel. lilooniington ;
('. .1. Znfall, Indianapolis; Arthur

L. Walters, Indianapolis; ;Masiiii K. JIufford. Viloomington ; Henry DuBois,

Bloomington; Hugh K. Brown, Bloomington; Mary Easley, Bloomington;

John H. McClellan, Gary B. B. Harvey. Indianapolis: L. B. Webster,

Terre Haute; Don Cameron Warivn, ISIoomington ; I'aul Weatherwax.

Bloomington ; Prof. Bernard Shockel. Terre Haute ; (Jrover C. Mance.

Bloomington; Mrs. Eula Davis McEwan. I'loomington ; Robert G. Gillum,

Tei're Haute; Mildred Xorthriagel. <Jary; William Ray Allen. Bbiomington.

On motion the persons named were elected members.

The Treasurer pro tviii , AV. A. Cogshall, reported as follows.

Balance fi-om liilii $273. 08

Dues 148.00

I'otal 421 .:!8

Expenditure.'-- ICO.C.O

Balance $2:i4 . 78

Dr. C. II. Eigenn^ann made a 'n'ief report of the expedition of Messrs.

Henn and Wilson to Colomliia that went out under his direction.

Dr. H. J. Banker reported that he had collected 2(i8 pages of data on

the scientific literature in the libraries in the State. Many diHiculties had"

been encountered but progress had been made. He stated that he had

incurred an expense of $18.75 in this work.

On motion the Academy ordered the Treasurer to iiay this bill and

extend to Dr. Banker the thanks of the Acadeniy for his etlicient work.

The committee was continued.

On motion the ])apers of the Conservation Association were ordered pub-

lished in the Proceedings of the Academy.

The regular program was then taken up, beginning with President

Bodine's address.
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PROGRAM.

Fpiday Aftkrnoox. 1 :30.

Presidential Address Donaldson Bodine

The Flood of March, mi 3

:

At Terre Haute ( 'harles R. Dryer

At Fort Wayne L. C. Ward

On the Ohio River in Southeastern Indiana (Jlciin < 'ulbertson

On East and West Forks of White River H. V. Bybeo

The Wabash River Flood of 1913 at Lafayette, Indiana R. L. Sackett

Sectional Meeti?<?gs.

Section A. liiolnfiy.

The Selective Action of (ientian Violet in P.acteriolo^'i(jil Analysis.

CM. Hilliard

.\n Epidemic of Diarrhcjea, Presumably Milk-bonie P. A. Tetrault

The Vertical Distribution of Plankton in Winona Lake. . . .Glenwood Henry

A Test of Indiana Varieties of Wheat Seed for Internal Fungous infec-

tion George N. Hoflfer

Pyropolyporus everhartii f E. & G.) Murrill. as a Wound Parasite

George N. Hoffer

A Simple Apparatus for the Study of Pliototropic Responses in Seed-

lings Geoi-ge N. Hoffer

Mosses of Monroe County, Indiana, II Mildred Nothnagcl

Observations on the Aquatic Plant Life in White River Following the

Spring Flood of 1913 Paul Weatherwax

The Occurence of Apfianotrniccs phycophitcfi u]ion the Campus of Indiana

University Paul Weatherwax

Inheritance Length of Life in Drasophila ani>i>1ophUn Roscoe R. Hyde

Oral Respiration in Amphiama and Cruptohranrhiift II. .1. Bruner

Respiration and Smell in .\mphibians H. L. Bruner

General Outline of Trip of 191.''> for tlie Purjiose of Coile<:ting the Fish

Fauna of Colombia. S. A diaries E. Wilson

Section B. Miscellaneous.

A Topographic Map of the Terre Haute Area Charles R. Dryer

Center of Area and Center of Population of Indiana W. A. Cogshall

On the Shrinkage of Photographic Paper R. R. Ramsey

Acyl Derivatives of 0-Aminophenol .T. II. Ransom
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Boiling and C'oude)i.sini? Points of Alcohol- Water Mixtures P. N. Evans

Additional Xote.s on an Almost Extinct Native Disease. Trembles

Robert Hessler

Race Suicide '. Robert Hessler

A Psychologist's Investigation in the Field of Crime Among Adolescents

R. B. von KleinSmid

Agricultural Work in Southern Indiana C. C. Phillips

Some Remarkable Wells in Bean Blossom Valley, Monroe County

J. W. Beede

On the General Solution and so-called Special Solutions of Linear, Non-

homogeneous, Partial Differential Equations H. L. Steimley

A Modified Permeameter Ed\vin Morrison and B. D. Morris

Fkiday Evening, 6.

Members of the Academy and Conservation Association so inclined will

have dinner together at tables in the Claypool Hotel.

Friday Evening, 7:45.

Business session of the Academy of Science.

Election of Officers, etc.

PBOGBAM.

The germination of Arisaema dracoHtinus. Lantern F. L. Pickett

The Prothalllum of CamptosorKS rhizophiilliis. Lantern F. L. Pickett

Irish Potato Scab as Affected b.v Fertilizers Containing Sulphates and

Chlorides. Lantern S. D. Conner

Newly Discovered Phenomena Connected with the Electric Discharge in

Air. Lantern A. L. Foley

JOINT (CONFERENCE ON CONSERVATION.

Saturday, 8 :30 to 12 :30.

Water Conservation.

A Sanitary Survey of Indiana Rivers Jay Cravens, C. E.

The relations of the Lakes of Northern Indiana to Problems of Flood

Control Will Scott

(The papers on flood damage and control are listed under the regular

program of the Indiana Academy of Science.)
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Forest Conservation.

First Stejis in Indiana Fox-estry Stanley Coulter

Taxation of Forest Lands II. W. Anderson

Forests and Floods - F. M. Andrews

Conserration of Human Life.

County Tuberculosis Hospital as a Factor in tlie Conservation of Human

Life James Y. Welborn

Playgrounds and Recreation Centers as Factors in the Conservation of

Human Life W. A. Gekler

I'ublic Toilet Facilities, Drinking Fountains and I'ulilic Siiitting in Re-

lation to the Conservation of Human Life. C. M. Hilliard

Mineral l'e-soi'rce.s.

I'ossiltic l>angeis fr<im l>rilling for Oil and (Jas in ('(tal .Mejisures

i:d\vard Uarrett

I'ower Fconomy and the ['tilization of Waste in the (Jiuirry Industry. .

C. (
'. Mance

lu the evening session the Membership Committee reported the follow-

ing persons for election as Fellows of the Academy : (ieorge N. Hoffer.

West Lafayette; C. M. Hilliard. Lafayette; M. E. Haggerty. I'.lonuungton.

The Conmnttec on Xuudnations rei»orted the following for ollicers for

the ensuing year

:

President—Severance Hurragi-. 1 ndi.-inaiiolis.

Vice-President—A. L. Foley. Rloomini:toii.

Secretary—A. J. Rigney, Moores Hill.

Assistant Secretary—H. E. Enders, I^afayette.

Press Se<retai'j"—F. F». Wade. Indianaiiolis.

Treasurer—W. A. Cogshall, Rloondngtoji.

Editor—H. E. Barnard. Indianapolis.

On motion they were elected as reiiorted.

The program was then completed.

Adjournment.

A. .1. P.iGNEY, Secretary.

Donaldson Rodine, President.
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President's Address: The Work of the Indiana

Academy of Science

Donaldson Bodine.

Not the least ainong tlie agencies that make for the hettermeiit of a

state are such organizations as the Indiana Conservation Association and

the Indiana Academy of Science. Tlieir officers and members receive no

sahiry, they attend the meetings at their own expense and there formally

and informally discuss together problems which have to do with the devel-

opment of the commonwealth. Doubtless the greatest immediate gain

comes to the indi\'idnal who takes advantage of the opportunity for fellow-

ship and the mutual interchange of thouglit and opinion, but through the

individual the state also reaps its reward. It is as true in science as in

morals that the level of the state is determined by the level of the individ-

uals who compose the larger body. The primitive law of life is competition

—a competitive struggle for existence and advancement. The work of Dar-

win, and more especially that of his followers, has given sufficient empha-

sis to the importance and universal application of this law ; but even in the

lower realms of life, we find the beginnings of a higher law, cooperation

—

a mutual aid in the straggle. Kessler, Kropotkin. and others have shown

the equal if not greater importance of this later principle and have called

attention to the fact that in all groups of animals those who have developed

this nuitual aid in the largest degree have shown the greatest progress.

In social evolution also the greatest advances have come since competition

has given way to, or at least has been modified by. cooperation, and the

greatest teacher the world has known founded his plan for the salvation

of the individual and the race upon the principle of nuitual service. This

mutual service should be the watchword of the members of the Academy.

The constitutioii of the Academy provides that the I^resident shall

deliver an address on the moi-ning of one of the days of the meeting at

the expiration of his term of ollice, and in obedience to that provision and

in conformity with the idea of true conservation, which means the best.
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most Intelligent and therefore the most efficient use of resources. I beg

to bring to your attention some questions which I believe to be of vital

Lmportance to the Academy and to its greatest efficiency as a state organ-

ization. This is an age of organization, and associations of various sorts

are rapidly multiplying. Everyone must feel the burden of the demands

of societies, local, state and national, upon his time, attention and means

;

and to secure and maintain the loyalty and devotion of its members, any

society must prove its value in substantial returns. It has been my privi-

lege to belong to the Academy since my advent into Hoosierdom, and

nearly two decades of membership ha^e given me a high appreciation of

its value. I offer no excuse, therefore, for bringing to your attention some

features of the work of the Academy and in asking your consideration of

some suggestions which may be of service in making it of still greater use

fulness to its members.

Societies, like individuals, must lie midergoiiig a continuous develop-

ment, unless indeed they are moribund. They nuist he adapted to the needs

and demands of the times and from time to time readjustments are im

perative if a vigorous life is to be inaintaiiicd. Not too infrequently, then,

should we pause to take stock of our present condition and consider ways

and means by which greatei* eifecti\'eness can be sec ured. A few years ago

one of our distinguished past presidents. Dr. Jordan, said that the fight

for the recognition of science in the educational field and in the world at

large was a potent factor in binding together the members of the Academy

in a common cause. Times have changed. No longer is it necessary tov

the man of science to assert his rights. The tlieoretic chemistry of yester-

day is at the foundation of modern industry ; the "plaything" of the physi-

cist of yesterday, today lights the world and i)uts distant peoples into in-

stant communication : the marvels of the biologist's microscope and cultui'e

tubes have become the dejiendencc of the modern world for the mainte-

nance of its life and health, and tlie imblic has become well-nigh too cred-

ulous of the powex's of science. The old field of battle has been won, but

there are other and greater promised lands of usefulness which must be

entered and possessed, and the new conipiests require new adjustments and

new weapons.

Section 2 of Article I of the constitution sets forth the purposes of

the Academy as follows : "The objects of this Academy shall be scientific

research and the diffusion of knowledge concerning the various depart-

ments of science, to promote intercourse between men engaged in scientific
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work, especially in Indiana; to assist by investigation and discnssion in

developing and making known the material, educational and other resources

and riches of the State: to arrange and prepare for publicailon such reports

of investigations and discussions as may further the aims and objects of

the Academy as set forth in these articles."

TJie first provision fin- the encouragement of research and the diffusion

of knowledge concerning the various departments of science is an impor-

tant one. Examination of tlie in-inted volumes of the Proceedings will dis-

close a long list of original contributions and reports of investigations ot

the natural resources of our state and of the development of various

phases of scientific progress. The record is one of which we may well be

proud. Many of the papers have been an inspiration to those who heard

their presentation, and they remain an in^aluable. permanent record ol

current i>roblems or of conditions long since passed away. Still it is

worth while to raise the question whether it may not be possiI)le to increase

the value and interest of the papers presented at our regular meetings by

making them i)art of well considered and carefully prepared programs.

In connection with this problem there appears a serious defect in the

practice which obtains in the organization of the committees upon which

the Academy must depend for the direction of its work. The constitution

provides that "The President shall at each annual meeting appoint two

members to be a committee which shall prepare the in-ograms and have

charge of the arrangements for the meetings for one year."' Current prac-

tice so interprets this provision that the retiring president chooses this and

other committees which must work with the newly electe<l officers. This

I consider a seriously unfortunate usage. Under such conditions there is

no reason to anticipate the same sense of common interest and responsi-

bility for the work of officers and committees as would obtain if the act-

ing president had the appointment of his own committees. As an illus-

tration I may cite the fact that one year within the writer's knowledge

the chairman of the program committee, w'hich so far as the immediate

interests of the Academy are concerned is the most important committee,

was not even informed of his appoiutiTient till so late as to make arrange-

ments for the spring meeting altogether impracticable. Had the acting

president selected his own committees there certainly would have been

a closer cooperation and a fuller sense of responsibility and therefore more

efficient service. Tliis statement is made not in adverse criticism of either

officers or committees, but of the unwise practice of the Academy. Com-
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mittoes are the organs of a society. an<l without their efficient action even

an enthusiastic membership can avail but little. In the interest of a closer

coopei'ation and better service I would commend to the Academy a change

in its practice to the end that the incoming president may choose and

ap])oint the committees with which he is to work and for whose action he

is in large measure responsible.

May I also add a word here to empliasize the fact that it is a mat-

ter of vital importance to the Academy that each connnittee should organ-

ize promptly and carry on its work with some energy. Except dur-

ing its regular meetings the Acadeniy is a disci-ete body and nmst there-

fore delegate the performance of its necessary work to special or standing

committees and must rely upon them for its ]>roper and timely accomplish-

ment. In the case of the standing connnittees, some of the members are

carried over from year to year and are therefore somewhat familiar with

the work tliey are expected to do. On the other hand the president is

elected for one year and comes to tlie office with no special knowledge of

the organization ol the Aiadciny or ol the iuunediate duties of his office.

In addition to this, the nienibership l>ein'_' state-wide in its distribution,

there are few opportunities foi' jiersonal conference in planning or carry-

ing on tile work. It is practically necessary, then, for tlie chairmen to

take the initiative and to assume the responsibility to the i)resident and

the Academy for the efficient perloi'uiance of the work devolving ujion their

several committees.

If the work of the connnittees be neglected or indirreK iitly ]»<>rfornied.

the Academy suffers and has little opportunity to rejiair the failure. For-

tiuiately. memlters are loyal and try to render excellent service. The chief

dilliculty comes fi-oni a f:iilure to realize the tinu'-consuining nature of the

accomplishment of work through correspondence and the delays incident

to widely sepai'ated residence of dilferent members of connnittees. Every

conunittee, therefore, shou.ld organize at once and make enily jireiiJiration

for their work.

The conunittee of most inanediate iniportnnce to the Academy is the

program committee and it is so fundamental that I may be pardoned a com-

ment or two regarding its work. Personally I do not believe it is sufficient

that this committee simi)ly issue a call for contributions, t'lans for a deli-

nite program should be made .it once, and by i)ersonal invitation and cor-

res])ondence the cooperation of menibers should be secured in cjirrying it

out. This years program atforns m illustration of this plan, and I be-
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lieve will prove its value. A delinite idea should be develoiied as to tlisi

principal feature of the program, aud the participation of individual mem-

bers should be secured to treat ol its various i)hases lying w ithin the range

of their several fields of work. This involves nmch labor, but the results

will justify the effort, anil I am sure the committee will be willing to give

the necessary time and I'licrgy to the ac( oiiiplishnient of the plan. The

writer does not believe tluit tlie papers form the most important part of

the work of the Academy. l>ut it goes without saying that a well-planned,

attractive program is of first inijiortance h\ gaining attendance ami inter-

est at the meetings, and without these all other ends will suffer defeat.

One result of the sjiecialization of today is the narrowing of the inter-

ests of workers to smaller and smaller limits within tlie fields of their

special activities. 1 quote in part from the address of Dr. .John ]M. Coulter

to the Academy on the occasion of the celebration of its twenty-flftli anni-

versary. There is "a tendency vo becinnc mirrow in our vision and lose

our perspective of the wliole field not only of science but also of education.

You will find that as scientific men become less and less interested in other

fields of work, as they irrind their own groo^'es deeper and deeper, they

become less and less effective as teair-liers and less and less infiuential with

their students. You will find men with broad outlook, clear and wide vis-

ion, men with .sympathy—men can only get these things l)y coming in con-

tact with larger fields than their own—are the men who win with stu-

dents." So spoke one of Indiana's most effective teachers, and we must

all be quite in accord witli liis opinion. Since we recognize this tendency,

1 would point out tlnit a program wlii<h bv its gciiei-al inter(>st and excel-

lence will provoke thought and dis'-nssion in other than innnediate indi-

vidual fields of activity would be of inestimable \alne in the work of the

Academy for its members. To this end may we not expect and demand the

hearty cooperation of officers and committees and :t ]'e;idy mid enthusiastic

support from tlie whole membership?

One other consideration in connection witn the regular programs is

worth a passing mention. Modern ))hotography and impro^'ed projection

apparatus afford an important addition to the means of clear and inteT-

esting presentation of results of work, and in connection with this visual

method I venture to suggest that more attention be given to the exhibition

of specimens, apparatus, or preparations. The greater part of our mem-

biers are teachers or are in some wny closely identified with educational

work, and the display of apparatus or iireiiarntions thnt have iiroven hell)-
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till ill actual use woulrt be of great practical value. Such displays have

become one of the most acceptable features of the meetings of the sec-

tions of the American Association and of its affiliated societies and with

our smaller and more intimate membership they might well prove of equal

or greater value. Reference is not made here to the elaborate display of

a single worker so much as to the exhibition of a number of less preten-

tious bits of apparatus or ingenious devices or illustrative specimens. For

examjile, one scarcely e\'er visits a laboratory for the first time without

seeing some ingenious device that has been worked out to meet a real need.

Usually the same need is found elsewhere, and the display of the device at

such a meeting as ours would command an appreciative welcome and be

both suggestive and helpful.

The most important function of the Academy lies outside of the reg-

ular program, though in a large measure the latter conditions its success.

I refer to the social side of the meetings—the intercourse ol members tor

personal association jind ins])natioii. The testimony of all older members

agrees upon this as tiie pleasantest and most profitable feature of the

Academy. During the business or teaching year we are largely isolated

from each other. Sometimes a want of sympathy with or even distrust of

the work of others arises from a lack of personal acquaintance and a knowl-

edge of what they are doing. President Wilson has said that "Unless the

heaits of men ai'c bonnd toir<'tlier. tiie policies of men will fail; liecause

the only thing that makes cla>:ses in a great nation is that they do not

understiiiid that their interests are identical." Tersonal acquaintance will

do more than ;iny otiier one thing to liring about a common gooil fellow-

slii[) and mutual ai)pri'ciatioii which will insure that the other objects of

the .Vcademy will flourish througli stimulus to thought and work and wider

usefulness. The political boundaries of a state may not serve best as

limits to a scientific organization, lait at least they do serve to bind

together into a practical working unit for the purpose of acquaintance,

friendship, and cordial relations the scientific workers of a limited geo-

graphical community. This alone is an iill-sufticieiit justification for the

existence of our stjite organization.

Man is a social l)eing, and nothing else is so potent in his develop-

ment as personal contact with his fellows. Wagner has made much of

isolation as a factor in evolution. .Jordan insists upon its necessity if

animals are to maintain tliemselves and develop into a species. This
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isolation, liowever. is not that of tlie individual, but of a society. Isola-

tion of the individual kills; of the society, vivifies. Segregation, with

Its consequent freedom from intimate contact with distracting forces and

e.specially with its consequent interaction of varying kinds and degrees

of like tendencies and interests, is of paramount importance in the

development of the individual. This kind of segregation is just what

our organization can and should accomplish. As members we are each

interested in some particular field of work and too many of us find it

difficult to keep in touch with the broad fields of which ours is but a

part. No other agency can do so much to help us here as the personal

contact which our meetings make possible. During the last two decades

the pendulum has swung too far in the direction of intense specialization

to the exclusion of the broader training, and already clearer minds are

calling us back to the fact that science is one great field, and that to

succeed in any part, one must have a broad view and a fair knowledge

of the whole. The distinguished president of the British Association

laid emphasis upon this in his address upon "Continuity" at the Bir-

mingham meeting last month. President Van Hise says that for the

training of a geologist there must be intimate knowledge of at least two

basal sciences with a broad knowledge in other fields. "No man," says

he, "may hope for the highest success who does not continue special stud-

ies and broadening studies to the end of his career. Besides the broad

ti-aining in language which is essential in every field, there must be

an intensive training in chemistry, physics, mineralogy, and biology."

In other words the study of geology alone cannot make a competent

geologist. Professor Bessey, whose word always commands the thoughtful

attention of all teachers and students in America, contends that the

fundamental training of a botanist may well be limited in the special

liotanical field to three years of university work, so that time and energy

may be spared to the acquisition of the broader foundation necessary

for subsequent specialization. With such a wide training the student is

able to take up his special work with an intelligence and understanding

that is impossible to one trained in a narrower fashion. In his presiden-

tial address to the Academy three years ago Dr. Evans said : "He is a

poor chemist, who is only a chemist." Further testimony from experts

in the scientific and educational fields could be cited, but I believe we all

agree as to the value of broad training and the maintenance of broad inter-

4—1019
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ests along with any degree of specialization that may be attained. In

\-iew of this belief may I repeat that the personal interchange of ideas

and the comradeship that our meetings afford can do much to nourish and

keep alive this wider interest in different fields that all too readily be-

comes deadened by the isolation of the individual in his own work. In

this service the Academy has a peculiar advantage over associations organ-

ized to promote some particular purpose. Its interests are broad, its

members are recruited from widely varying tields. and yet all are bound

together by their common interest in scientific work. In this respect no

other organization has quite so much to offer to its members. The work-

iug out of the proldem involves grave difficulties, but I believe there should

l)e some way of putting larger emphasis upon the social side of the meet-

ings. If p()ssil)le the program committee should make some provision

lor greater opportunity for social intercourse. Short recesses in the regu-

lar sessions might be of service. The examination and discussion of

exhibits sudi as i)reviously suggested woubi be achuiraiile for tbe purpose

and would be not less effective than more elaborately planned occasions

which are likely to become more or less formal and thus miss their real

object. A gi'i-ater coidialiry on the iiart of tlic older iiicinhcrs toward

the younger, especially those who have recently joined the ranks of the

Academy, would count for much. AVe should be of one large family and

not stand too inu<-b upon fm-inality.

In this c(mnection let me remark that the Academy is not living up

to its privileges. It should have a much larger menibcrsbij). Indiana has

many scientists engaged in indu.strial work. I'nrc and aiii)li('d science, if

we may use as still tenable that distinction of Huxley's, go band in band

and we should do well if we could enlist in the service of the Academy

many of the workers in the fields of the practical application of .science.

There should l»e some systematic effort by the membership conmiittee to

seek out these men and to show them the advantages of a connection with

the Academy. • In this work the committee must have the hearty coopera-

tion of e\-ery member. It should be possible to enlist in o\u- service the

memlters of the various state departments of science who are doing valiant

service in promoting the welfare of the people through work in agriculture,

entomology, forestry, geology, health, hygiene, and sanitation. They would

greatly help the Academy and in turn would unquestionably be well repaid

by the advantages of memliershi]).

In connection with the social side of the work of the Academy, one
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other feature needs specdal mention. Conversation with the various mem-

bers has shown that too little is known of the regular spring meetings.

Comparatively few attend, but of those who do it is the common testimony

that they are both most enjoyable and profitable. May I urge their claim

upon your attendance V They are held in a different phue each year and

are in tlie nature of field excursions. This plan offers two great advan-

tages. It gives occasion for members to visit different pai'ts of the state

and in association with others, some of whom are familiar with the terri-

tory, to become acquainted M'ith the characteristic features of the locality.

Through a series of years opportunity is given to acquire a personal knowl-

edge of the more interesting and representative parts of the state which

one scarcely would or could attain by individual travel or excursions.

Field trips of this sort also afford the very best opportunities for gaining

mutual acquaintance and for interchange of ideas and discussion. As one

who has rarely missed a spring meeting and then only with regret and by

reason of necessity, let me urge upon all the pleasure and advantages of

attendance. That many other demands upon time and attention, especially

at that time of the year, are pressing is recognized, but the value of such

meetings will well repay the sacrifice of trouble and expense, and it is

hoped that many who have not as yet attended the.se excursions into

the field will in the near future find it possible to take part in them. I

have endeavored to outline some ways in which immediate work may be

done in the interests of enlarging the usefulness of the Academy. I am
convinced that such work should be undertaken and have therefore turned

from a more attractive theme as the subject of my address because it

seemed to me a proper time and occasion to call attention to the necessity

of some changes if we are to maintain and increase our membership and

to serve it efficiently and well. With opportunity comes responsibility

;

and responsibility well discharged, brings yet larger opportunity. With

an increased and united membership we could take an important part in

the educational work of our state which, on its scientific side, needs direc-

tion and encouragement.

In closing allow me to propose one definite undertaking which I believe

the Academj' should give careful consideration. The end to be gained we

would all welcome, and the effort toward its attainment would in itself

be of value and incidentally bring other happy results. It seems to me

that the Academy of Science is the proper body to urge a movement toward

the estalilishment as part of our educational system of an adequate organi-
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zation of a state museum for the collection, exhibition and preservation of

our fauna and flora, our geological and archieological history, and our nat-

ural resources. Such a museum would become the center of the scientific

work of the state and the depository of the materials brought together by

the state surveys. I do not mean to advocate a museum in the old sense

of the word, to be a mere custodian of rare or curious .specimens and rec-

ords, but an organized department which shall exhibit our natural

resources and point out the possibilities of their development in the inter-

ests of the people. Such a museum woidd fill a large place in the educa-

tional .system of the state.

The rise of the museum in the city, state, and nation is the latest

phase in. the educational evolution of our day. It is only necessary to

point to the work of such institutions as The National Museum at Wash-

ington, The New York State Mu.seum at Albany, The Museum of Natural

History at New York, The Carnegie Museum at Pittsburgh, and The Field

Museum at Chicago, to prove its value in modern life. Its method of

teaching is direct and impi-essive and it is the only method that is able to

reach many of the people of a community. "The truest measure of civili-

zation and of intelligence in the government of a state," I quote from an

address of Professor Henry Fairfield Osbom. "is the support of its insti-

tutions of .science, for the science of our time in its truest sense is not the

opini»»n or prejudices, the strength or weakness of its votaries; it is the

sum of our knowledge of nature with its infinite applications to state wel-

fare, to state progress, and to the distrilnition of human hai>piness." In

the development of this side of our educational system Indiana—we must

admit it with regret—is far l)ehind other and neighboring states. New

York State is the leader and has evolved an ideal organization. Beginning

in 1836 with the establishment of an official Natural History Survey, she

has made successive and progressive changes until in 18J»4 a consolidation

under the State Department of Education placed the museum at the head

of all the scientific interests of the state. It directs all surveys, archeo-

logical, botanical, entomolog^ical, geological, paleontological, topographical,

and zoological, and with the (•r)nsolidation has come a great gain. It has suc-

ceeded not only in building up a museum worthy of a great state, but it

has also taken a pla(,-(! in the educational work which no other organization

could fill eciually well. P»y means of instructive exhibits it has become a

great teaching force, and through its traveling collections and the furnish-

ing of materials and specimens to schools and societies it has widened its
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sphere of usefulness till it reaches every part of the state and has the sym-

pathy and active support of a wide constituency.

Our own state in 1869 organized a Department of Geology and Nat-

ural History and much good worlv has been accomplished. The energies

of the department have been largely confined to investigations in the

geological field, however, and its official title has been changed to The

Department of Geology and Natural Resources. Little has been done in

other fields and practically nothing in an educational way to gain the inter-

est and support of the people of the state as a whole. It has been unable,

therefore, to obtain adeciuate financial support from the state or to enlist

the cooperation of other departments and organizations which should assist

in building up an institution of which we might be proud and which would

take a large place in the educational system of the state. Indiana now has

a number of state departments or boards for the control or prosecution of

work in various fields of pure or applied science, but for the most part

they are independent in organization and work and there is lacking that

cooperation and solidarity we should expect and without which the highest

effectiveness cannot be attained. Let me say again that this statement of

fact is not made in the spirit of criticism of the officers or personnel of any

department ; the purpose is siiuply to call attention to the situation as it

exists and to point out the desirability of a change in the oi'ganization to

bring about a condition more fitting to present conditions and therefore

more advantageous to all departments and to their work for the state. I

i>elieve it would be wise and proper for the Academy, together with the

different scientific departments and boards of the state, to consider some

plan for the consolidation of the scientific agencies of the state which

would render their work more effective and more extensive and thus gain

the sympathy of the people and the necessary increased financial and other

material support from the legislature. What is everybody's business is

nobody's business, but some body or some organization shoiild make it its

business at least to consider some method of encouraging and forwarding

the organized scientific activities of the stae, and by reason of its character

and standing the Academy of Science might well lead the way. For such

action the third purpose of the organization as laid down in the constitu-

tion provides abundant warrant, and it is the belief of the speaker that

through such action the Academy would render large and lasting service

to the state.
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Wabash Studies. IV: The Flood of March, 191.3,

AT Terre Haute.

Charles II. Dryer.

The natural channel of the Wabash at Terre Haute is 700 feet wide

and 1.5 feet deep, low water standing at 446 feet A. T. The flood plain

which becomes a channel at high water is 460 feet A. T. and from 9,000 to

1::;,000 feet wide. The bluff on the west rises to al)Out .550 feet and the

terrace on tlie east to 490 feet. An island terrace, a mile long and a

quarter of a mile wide, rising to 480 feet, stands in the flood jdain near

tlie west side.

The city of Terre Haute occupies the terrace along the east banli of

the Wabash, 45 to 65 feet above low v/ater and .30 to .50 feet above the

flood plain. West Terre Haute (population 6,000) stands on the island

terrace 10 to 20 feet above the flood plain. Taylorville, a slum district

(population 600), is built on the flood plain at the west bank of the river.

Toadhop (population 200) is a workmen's village in the flood plain where

Sugar Creek breaks through the west bluff.

The grade of the Big Four Railroad, fifteen feet high, crosses the flood

plain diagonally to the northwest. l>ut has an opening midway 200 or 300

feet wide, crossed by a trestle. The grade of the Vandalia Railroad, of

equal height, crosses the plain at right angles without a break except an

underpass about fifteen feet wide for the Paris interurban line near the

west end. The Wabash avenue grade to West Terre Haute parallels the

^'andalia and forms a complete dam, paved with brick. Each of these

roads crosses the river by a steel bridge about 700 feet long resting on

lour or five piers.

On March 24, 1913, tlae rivei- gauge stood at 17 feet and the water was

out of the channel, flooding Taylorville. On March 27th the river had

risen to .31.25 feet (477 feet A. T. ), where it stood for about fourteen hours.

Taylorville and Toadhop were submerged and the waters occupied West

Terre Hniitc except two small islands. The railroad grades were washed
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out for about half a mile and water a foot deep poured over the whole

length of the Wabash-avenue grade, forming a waterfall about two feet

high upon the interurban track on the south side. A bayou which cuts

into the terrace on the northwestern edge of Terre Haute was flooded and

about sixty houses were covered or floated away. The flood still lacked

thirteen feet of reaching the lowest levels of the Terre Haute terrace,

but threatened or reached the basements of several public utility stations

along its river edge. The water-works pumping station did not suspend

operation, although the filtering plant was unusable. The station which

furnishes city light and power for car lines was protected by a temporary

levee and out of business but a few liours. The gas works shut down four-

teen hours.

Terre Haute was without railroad coiiniiuuicatiou for about a week,

I)Ut mail and passengers were transferred two mih^s by boat. One of the

peculiar and interesting marks left by the flood was the spreading out of

the gravel from tlie Iiroken Vandalia grade into a great fan, whicli buried

many houses in West Terre Haute up to the second story in gravel. The

railroad and street grades acted as so many dams to comi)el the flood

water to pass through the normal channel 700 feet wide. If they had been

provided with adeipiate openings high water wcmld have been several feet

lower, the grades would have been left intact and West Terre Haute un-

covered by water or gravel. Uuriiig luidsuiiimer low water the discovery

was made that the piers of the Wabash-avenue I)ridge had been seriously

undermined and they had to be strengthened with concrete. The dis-

charge of flood water under tlie bridges has l)een estimated at 300 times

as great as the normal, a contingency foi- wliich the bridge engineers had

not provided.
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The Flood of March, 1913, Along the Ohio River

AND Its Tributaries in Southeastern Indiana.

Glenn Culbertson.

Upon investiiiaticdi it was found that the floods of the tributaries of

the Ohio River in southeastern Indiana, resulting from the unusual rain-

fall of March 23-27, 1913, were not so remarkable as those of the streams

of central Indiana and Ohio.

Two reasons may be given for this. The first is that the precipitation

in the basins of the tributaries of the Ohio in southeastern Indiana dur-

ing the above period did not exceed seven or seven and a half inches, ex-

cept in very small areas. In the basin of the tributaries of the east and

west forks of White River the i-ainfall in places reached nine or more

inches during the same period. The second reason is, that while the pre-

cipitation was excessive, yet the heaviest showers of two or three inches,

coming within a period of a few hours, were sufficiently separated in

time to permit the "inunediate runoff" to pass into the larger streams and

on to the Ohio River. This was done the more readily inasmuch as the

gradients of the tributaries of the Ohio in this region are very high. In

these streams a period of a few hours only is needed to carry off an

excess of water that in the more level parts of central and northern Indi-

ana would require almost as many days.

Two or three excessive rainfalls of this period added greatly to the

destructive erosion of the steep hillsides, where unprotected by forest

growth or other vegetation. The soil of these slopes, loosened by the

winter's frost and in too many cases entirely without protection, was

swept away by the hundreds and thousands of tons. Along with the

finer materials much gravel and small stones were deposited over the valu-

able bottom lands along the larger streams, adding greatly to this destruc-

tive work which has taken place during every great flood since the for-

ests were removed from the hills.

The flood of the Ohio River during early April, resulting from the

rains of March, was not the greatest known, being exceeded by that of
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1SS4. That of Miu-cli. 1913, however, was noted ospecially in two respects.

^iz: the remarkable rapidity of its rise, and the very t^vvAt (luantity of

sediment carried.

From ten days to two weelis are usually retjuired for the Ohio River

to reach a flood stage such as that of March, 1913, but in that case such

was the rapidity of the rise, that flood stage was reached in four or five

days. Because of the unusually rapid rise there was a destruction of

movable property much greater than ordinarily occurs.

.Slide Covering Madi.so.n and Hanf)vor I'ikc.

Tile deposits left on the liottoni lands of the Ohio by the floods of last

Mai'ch were by lar the ixrcalcst kiiowii. In many plaics the silt or mud

was laid down to (lie depth of six. eigbt. and even twelve inches, 'llie im-

mediate effect of this dcitosit was the complete desl ruction of all wheat and

alfalfa gi'owing in the bottoms below bigh water mark, where covered with

flood waters for sevei-al days. In many of the Ohio bottoms alfalfa is ou"

of the mo.st valuable crops iind its destruction was a serious loss to the

farmers. Where the soil conld be broken and cultivated all the bottom
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lauds, whether previously sowu to wheat or alfalfa, were plowed aud

plauted in eoru. Where the deposits were eight to twelve inches, however,

aud iu some cases eveu of less depth, it was found to be impossible to get

the soil iu couditiou for a crop iu 191o, a winter's freezing aud thawing be-

ing necessary to produce the proper texture iu the soil for the cultivation

aud production of a crop. The materials, soil and silt, left by the 1913

floe I, like all those of more recent years, are found to be not nearly so

feililc as were the deposits of the past, when much of the basin of the

Oh.'o was st/n largely forested.

^-"4 k «. ^

Landslide on Steep Hillside Upon Which Tobacco Had Been Grown. This Picture Shows a Great

Mass of Soil, etc., Heaped Up Below the Break.

The most important results of the very unusual precipitation of last

Mareli. on tlie steep .slopes of the Ohio and its tributaries iu southeastern

Indiana, from a gooIoL;ical !~tandpoint and probably from an economic also,

was tiie ^•ery gro.'^c number and size of the landslides. Those occurring as

a result of the rains of last March were tenfoid more numerous, tlian £!;o«e

following any heavy rains of the past. Every few huudred yards aloug

the slopes facing the Ohio and its larger tributaries, these slides occurred.
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lu some places great cracks extending for several hundreds of feet wei'e

formed in the earth, and the soil moved a few feet only. In other places

hundreds of tons of soil broke away to the depth of from three to five or

six feot, and moved to more gentle slopes below, leaving a great tangle of

soil. i-oot>;, ))ranches and tninks of small trees in huge mounds. Valuable

tobacco or other lands were rendered unfit for cultivation, or road»vays

were so completely covered that the use of dynamite alone could remove

the material and open the roads foi- traffic.

Slide Covering (Jne- half Acre on a Slope Covered with Growlli of Small Trees.

In other cases the slides began well up the slopes and continued to the

bottom of the vaUey, carrying hundreds of tons of rocks, soil, and vege-

table debris. The slides were fully as frequent on the forested slopes

where the larger trees had been removed, and only shrubs and small trees

remained, as on the hillsides covered with blue grass. In a few cases it

was noticed that a black walnut or a white oak, although not more than

a foot in diameter, was able to hold the soil even in the midst of a com-

liaratively large laiidslidc. The large tap r<»ots of tliese trees extendeti far
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below the materials loosened, and hence held their positions and the soil

embraced bj' them.

Very much more extensive than the slides themselves was the creep of

the hillside soils. The effect of the creep was the removal of thousands

of tons of soil on a single slope to the distance of a few inches or a foot or

so down the slope.

The one great lesson taught 1\v the excessive rainfall of March, 1913,

so far as the steep slopes of southeastern Indiana are concerned, is that

Extensive Slide on a Steep Slope Covered witii Blue Grass Sod.

the only adequate protection against disastrous soil loss is in the refor-

estation of such localities with the larger varieties of trees. The plant-

ing of such trees as the black walnut and the white oak and others with

very large tap roots is especially desirable.
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The W.\bash River Flood of 1913, at Lafayette, Ind.

R. L. Sackett.

The principal factors affecting the flood discharge of rivers in cubic feet

per second per square mile are:

The duration and intensity of rainfall.

The topography of the watershed.

The geology of the watershed.

Temperature and condition of the soil and surface.

Presence of lakes.

Slope and general character of the channel.

Data has not yet been collected so carefully and for long enough periods

to permit predicting flood stages with any accuracy.

Tiefenbacher gives the following estimate of the Hood discharge of Ein-o-

pean streams in culjic feet per second (See Ency. Brit., Eleventh Ed., Vol.

XIV, p. 77):

In fiat country S.7 to 12.5 cubic feet second per sciuare mile.

In hilly country 17.5 to 22.5 cubic feet second i)cr scpiare mile.

In moderately mountainous districts 36.2 to 45.0 cubic feet second

per sciuare mile.

In very mountainous tlistricts 50 to 75 cubic feet second per scjuaro

mile.

Various formulas have been proposed to express the maxinnim flood flow

such as

O'Coniiell i)roposed, Q eciuals KlM where K varies "from 0.43 for small

rivers draining meadow land" to 67.5 for the Danube.

Q is the discharge in cubic feet per second.

M is the area in square miles.

Fanning pro])osed, i} ecjuals 200 AI for New England Rivers.

M
Dredge gives, (^ equal 1300 - where L is the length of the catch-

L~
ment area in miles. ^

,



64

Kuichling plotted available data and derived the following formulas:

' 44000
]Q = + 20, M, for floods exceeded occasionally;

tM + 170 J

r 127000
]

and Q + ' \- 7.4
}
M, for floods exceeded rarely.

[m + 370 J

In U. S. Geolog. Survey Bulletin No. 147,

r 46790

Q
,M4-320

+ 15 M, is proposed.

Many other foiinulas have been proposed and are given in a paper by Mr.

Fuller in the Trans. Amor. Soc. C. E., Vol. XXXIX, p. 1068.

When applied to the Wabash they give widely varying results because

none of them was made for the topographical and meteorological conditions

which characterize our floods.

Fig. 1. Drainace Area of tlie Wabash Itiver above Lafayette, Ind.

The following extract from an article by the author in Engineering News,

April 24, 1913, will explain the conditions causing and accompanying this flood.

A series of heavy rains, extending over the entire drainage area of the

Wabash River, commenced March 21 and continued at intervals vmtil March

26, raising the river to unprecedented heights, causing the loss of many lives

and the destruction of several million dollars of property.

Previous floods which did niucli danuige occiu'rcd June 11. ISoS, August



65
«

5, 1878, February 17, 1883, and March 15, 1907. The flood of 1913 reached

a mark 22 inches higher than the record of 1883 at Lafayette, Ind., and ex-

ceeded all records at Peru and Logansport by as high as 8 feet. The flood of

1883 was produced at Lafayette by an ice jam which formed about a mile

below the city. The damage done was due to slack water, while the present

flood caused the partial destruction of three large steel bridges bj' extra-

ordinary erosion of the river bottom in the restricted sections.

One student lost his life in an attempt to rescue men marooned on the

Brown-street levee, when the latter washed out on the west of them and the

bridge fell on the east of them. High water closed the gas works, the two

water-works pumping stations, the city heating and lighting plant and many

ind.ustries; one light and power plant continued in operation although its

condensers and pumps were under 7 feet of water.

The drainage area with its tributaries above Lafayette, as shown in Fig.

1, includes an area of about 7,300 square miles, of which 400 are in Ohio. The

whole of this area is in a glaciated area, the depth gradually decreasing east

of this point until near Logansport, Ind., the bed of the river is in rock. East

of that point the deposit varies in thickness.

The drainage area is practically clear of forests and under cultivation.

The average fall of the river is about 18 inches per mile here and increases

in the upper portions. There are numerous islands and sand bars which form

and are swept away in periods of high water. The soil wash is high and the

loss therefrom is a matter of great moment. The high turbidity is, of course,

a factor in the erosive action which is so characteristic of the rivers of the

Mississippi Valley.

The elevation of the head waters above M. H. T., New York harbor, is

about 1,000 feet; at Huntington, 699 feet; at Logansport, 583 and at Lafayette,

500 for low water.

Rainfall data preliminary to the hydrograph, Fig. 3, are given in Table L

TABLE I. RAINFALL DATA OVER WABASH RIVER DRAINAGE AREA.

(Measured by Experiment Station at Purdue I'niversity.)

Date Inches.

Average annual precipitation 50

Greatest annual precipitation, 1909 55

Greatest monthly precipitation June, 1902 11.37

Greatest precipitation in twenty-four hours, August 12, 1912 4 . 30

Rainfall for March, 1913 7.05

The hydrograph shows a remarkable relationship between rainfall and

runoff for a watershed of this area—7,300 square miles. From March 1 to

5—1010
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March 20 inclusive, only 0.94 inches of rain fell. P'rom Fig. 3 it is apparent

that according to the government rain gage at Purdue, and a ])rivate gage,

about 1 inch of water fell pi^ceding the 23d, enough to thoroughly saturate

the soil. On the 23d, 1.75 inches of rain fell; another inch on the 24th; 1.35

on the 25th-26th and snow on the 26th, which did not immediately melt.

While there are no other rain gages on the watershed above this point from

which records were obtainable, it is ciuite ]irobable that the diagram repre-

sents average conditions. (See Table in Engineering News, April 3,1913,

p. 381.)

The daily maximum temperature during the flood period is also shown

on Fig. 3. While there had been no snow the saturated condition of the ground,

which was free from frost, the temperature and the distribution of rainfall

caused tlie highest known stage of the river.

Gagings of the Wabash River here have been made by students at Purdue

University for several jears and by the Weather Bureau and U. S. Geo-

logical Survey.

From these we find the following greatest annual discharge:

Date. Max. for Year in Cu. Ft. pel' Sec.

1904, March 27 70,000 (estinuited.)

1907, March 15 41,500

1908, March 7 .)7,()00

1909, February 25 44,000

1910, January 19 49,000

1911, January 29 31,000

1912, March 20 15,900

1913, March 20* 95,400 (inclu<liiig (low over levee.)

From the above data it is evident that the Hood of 1913 was greater than

any other recent one.

The maximum flood rate at Lafayette was less than 20 cubic feet per

second per square mile. For Logansport, the flood of 1904 gave less than 20

cubic feet per second per square mile.

These are low rates and as the rainfall did not average as great as has

been recorded for equal areas otherwheres it was not a flood which would

occur only once in a hundred years, but may be expected nioic freciucntly

than that.

*NoTE.—.\ more extended investigation of the flood gaging.s indicates that the iiiaxiiiium dis-

charge may have reached 1.30,000 cubic feet per second.
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From the data so far available for floods in the Ohio River Valley, Fuller

proposes as the maximum 24 hour flow:

Q equals 150 ]\I, where M is the catchment area in square miles and Q is

total cubic feet per second.

As a result the maximum exi^ected Hood flow here would be 180,000 cubic

feet per second.

The average flood is given as. Q eqvu\ls 7o M, which equals the recorded

discharge of last March.

Another method of discussing the ciuestion of future floods is by their

expected frequency. For those eastern streams where data has been col-

lected for some time it appears that a flood of twice the average flood dis-

charge may be expected about once in 40 years.
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The Selective Action of Gentian Violet in Bacte-
riological Analysis.

C. M. Milliard.

In 1912 Cliurchman' reported a new dififerential test for the Schizomyceteii,

depending upon the selective bactericidal action of gentian violet. The action

of this stain in high dilution upon various organisms planted in media con-

taining the dye was found to correspond closely to the Gram staining reaction,

the forms inhibited^"violet positive"—being in the majority of cases forms

that retain the stain; those growing—-"violet negative"—usually being strains

that decolorize when treated by the Gram method. His actual results on

318 different strains of bacteria are shown in the following table:

318 Strains. Gram positive. Violet positive. Violet negative.

182 165 (90%) 17 (10%)

Gram negative.

136 15 (11%) 121 (89%)

The characteristic behavior of bacteria cultivated in the presence of the

dye in high dilution (1:100,000) is "so constant and clear cut that it must be

regarded as a fundamental biological characteristic." The Gram stain has

ever been an unsatisfactory test with certain groups of organisms, especially

the Coccacese. Differences in the age of the cultures, time of application of

the various reagents, and the temperature may influence the result. It is

sometimes extremely difficult to interpret the result of the stain as, some

individual cells will retain the stain and others in the same field or even in

the same chain as contiguous cells will have decolorized. As an instance of

discrepancy in interpretation of results we may cite Kligler's work^ who by

the same method (Churchman's) recorded 13 of 17 strains of saprophytic

cocci as certainly Gram negative, while four stained uncertainly, as opposed

to Churchman's recording of all 17 strains as Gram positive. In my own work

on 240 strains of streptococci I found 21 to stain irregularly and occasionally

successive stains of the same culture at different times would give totally

1 Jour, of Exp. Med., Vol. XVI, No. 2, p. 221.

2 Jour, of Exp. Med., Vol. XVII, No. 6, p. 653.
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opposite resultH. The violet reaction is in striking contrast to this "notori-

ously uncertain" staining test and though not assuming to be a parallel or

substitute test, it is a valuable differential reaction.

Work on various other staining agents has shown many to exhibit a defi-

nite selective inhibit ive action. The Conradi-Drigalski medium for isolation

of B. typhosus from water, stools, etc., has as its basis the restraining action

of the crystal violet towards various cocci and bacilli, without influencing at

all the growth of tlie typhoid-colon group. Krumwiede^ and Pratt* and

Churchman^ have made observations on the growth of bacteria on media

containing various closely related aniline dyes and have found their action

to correspond closely to that of the gentian violet. Smith^ has shown the

violet test to be specific for certain of the phytopathological bacteria.

Aside from the significance of this test as a classificatory feature of great

value it might be expected to have some practical application in sanitary

bacteriological analysis, as most of the intestinal bacteria that we presume

indicate pollution by sewage are Gram negative and, therefore, with few

exceptions, are violet negative. Many of the conmion saprophytic bacteria

found normall}' in water and in milk are Gram positive and so would in the

majority of cases fail to grow in the presence of the stain. Churchman in

his work on the collection at the American ^Museum of Natural History found

the following organisms to be Gram negative and with two exceptions also

violet negative:

3 strains of li. roli communis.

i) strains of B. coli communior.

5 strains of B. paracoli.

2 strains of B. coli varielas.

14 strains of B. typhosus.

18 strains of B. paralyphosus.

5 strains of ]'ibrio choleroe.

3 strains of B. dysenterice.

5 strains of B. enleritidis.

3 strains of B. cloaca.

Curiously enough B. welchii and B. sporogenes, both Gram positive, proved

to be violet negative. Subtilis, mycoides, megatherium, liodermos, mesentericus

and many of the saprophytic cocci are violet positive.

•Ztschr. of Hyg., Vol. XXXIX, p. 283.

'Proc. N. Y. Path. Soc., Vol. XIII, p. 43.

'Jour. Exp. Med., Vol. XVII, No. 4, p. 373

"Phytopathology, Vol. II, No. 5, p. 213.
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A priori, then, we might expect that the addition of gentian violet to our

culture media in proper dilution would result in eliminating many saprophytic

bacteria, still permitting those forms of sewage origin to flourish. If we
used a sugar medium and added litmus we could still further emphasize the

colon group, as these are acid-forming organisms. The violet stain partly

masks the coloration of the litmus indicator, but not sufficiently to make the

picture of acid fermentation vmcertain.

My work to date has not been extensive enough to warrant any definite

conclusions, but it is at least suggestive. I have analysed various samples

of water taken chiefly from the Wabash River, which is rather highly polluted

at Lafayette. Duplicate plates of proper dilutions have been made of litmus-

lactose agar and litmus-lactose-violet agar, the latter being the same as the

former with the exception of the addition of a .standardized loop full of

gentian violet solution to the agar tube just before pouring. The plates have

been examined after 24 hours incubation at 37° C. The total number of

organisms growing, the total number of red colonies—acidifers—and the pre-

sumptive coli colonies growing on the two media have been recorded. The

suspected coli growths have been "fished" and planted in lactose-peptone-bile

for confirmation and almost without exception the fermentation of this media

has checked the presumptive colony growth.

The colonies on the violet plates appear somewhat smaller and the acid

production is less distinct. The stain is picked up by the cells so that the

colonies appear, especially the sub-surface colonies, as distinctly purple

growths. Viewed under the microscope the cells show a light purple color,

indicating vital staining.

So far I have found pretty generally what was exi^ected, viz., that the

total count is materially reduced on the violet plates but that the number

of red colonies, and especially of coli, are upproximatelv the same on the two

media. It has been found possible to plate a larger sample of water and to

intensify the picture of presumptive ])ollution by the use of the violet. A
few tvpical examples of actual tests will illustrate this:

Sample.
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Sample.
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B. enteritidis where one form, indistinguishable from the others by any

morphological, cultural or agglutination characters was singled out neverthe-

less by this delicate affinity of the violet dye. The observation, he states,

is an isolated one, but my experience with this colon culture seems to confirm

the fineness of this selective affinity.

Although my work is too meagre to warrant any definite conclusions, yet

it seems to be suggestive, at least, of the value of selective bactericidal or

bacteriostatic dyes as valuable adjuncts in sanitary bacteriological analysis.
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An Epidemic of Diarrhcea, Presumably Milk Borne.

p. A. Tetbault.

MILK-BORNE EPIDEMICS IN GENERAL.

Mllk-borne epidemics, as a rule, show certain characteristics which dis-

tingviish them from all other epidemics.

1. A very sudden outbreak and a gradual decline.

2. The first cases appear among milk users.

3. The severity of the outbreak depends on the distribution of the

infected milk and the amount of infection jtresent in the milk.

4. The length of the epidemic varies with the period of incubation of

the disease, the lengtli of time the milk is infected, and con-

tagiousness of the disease.

5. Secondary cases very often occur.

THE DUBLIN EPIDEMIC.

On August 5, 1913, there broke out in Dublin, N. H., an epidemic of

diarrhoea exhibiting all of these above-named characteristics. At first the

outbreak was localized along one milk route, but soon became general and

spread throughout the entire commimity. During the first few days of the

epidemic there was a sudden rise in the number of cases reported and the

total jumped from a few cases to thirty-one, all of which were in house-

holds taking milk from this one milkman.

The Dublin Chemical and Bacteriological Laboratory had been mak-

ing routine bacteriological tests of all the milk sold in Dublin. On August

4th the milk from this particular barn was found to be infected with B.

coU. Up to this time the total count had been very low, with absence of

coli and streptococci. Immediatel.y a survey of the barn and surround-

ings w'as made and the following data collected

:

Two members of the family had had diarrhoea on the evening of

August 3d. One of these persons handled the milk in the milk room.
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An open privy, which had been overloolced up to this time, was dis-

covered in the horse stable immediately adjoining the milk room. Flies

were in great abundance, and it was admitted by a member of the family

that they were frequently found in the milk room.

The milk continued to show coll until August 8th, when it cleared up

entirely.

THE NATURE OF THE DISEASE.

The disease showed a very rapid onset accompanied by pain, high tem-

perature, nausea and vomiting. Diarrhcea always followed. Secondary

cases were numerous, especially among children.

THE SPRE.iVD OF THE EPIDEMIC.

Until about August 12th, all cases occurred along the sjuspected milk

route. Over 60 per cent, of these milk users were infected. On that date

one of the neighbors of an infected household came dowu with the disease.

From then on the contagion spread from one family to another, probably

through contagion, until nearly every home in the community had or had

had the disease.

Nothing was done to investigate the causes, although the State Board

of Health was asked to look over the situation.

It might be said, to eliminate as many probable causes as possible, that

the town of Dublin does not have a common water supply. Most of the

water comes from driven wells or from the lake. Dublin is a summer re-

sort and everything is done to keep the town in as sanitary a condition as

possible.

CONCLUSION.

The epidemiology of this outbreak has not been studied carefully-

enough to permit us to draw any positi\e conclusions. I have tried to

show the relation of the epidemic to the milk infected with coli. The evi-

dences seem to incriminate the milk, although a positive diagnosis of a

milk-borne epidemic cannot be reached from the data at hand.
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On the Vertical Distribution of the Plankton in

Winona Lake.

GlenWOOD Henry.

During the summer of 1912, while studying at the Biological Station

of Indiana University, I undertook to make a quantitative determination

of the vertical distribution of the plankton in Winona I>ake. A study was

also made of the significant physical and chemical conditions associated

with it. The lake was mapped by A. A. Norris ('02). and some of its

physical features were considered by Juday ('Oo).

Winona Lake is a small temperate lake of the deeper type. Its max-

imum length is 1.4 miles. Its maximum width is 1.2 miles and its maxi-

mum depth is 81 feet. It is large enough to present all of the usual plank-

ton problems and small enough to make their study at critical times easily

possible. All forms taken were determined, at least generic-ally, and their

abundance estimated. The exact quantitative work was limited to the

eleven genera and groups, Ceratiuni, Trihonenia, Aiiahacua, Diaptomus,

Fragilaiia, Microcystis, Lynghija. Cyclops, NatipUi, Cladocera. and Rotifcra.

The Cladocera were represented by the following forms: Daplnua hyalina,

Daplinia piilcr. Daplinia retrocurva, Chydorus. Bosinina. Pleuroxtis pro-

Gurratus. The following Rotifcra were identified: Anura'a coclilcaris, An-

uroea aculeata, Notholca lonyispina, Brachionus pala. and Hexarthra polyp-

tera. Weekly catches, July 11th to August 13th, were taken of the eleven

forms at ten levels, ranging from surface to 23 meters. The temperature,

also the amount of dissolved oxygen, carbon dioxide, and carbonates were

determined for the different depths.

I desire to express my thanks to Dr. Will Scott, acting director of the

Station, for the many courtesies and helpful suggestions extended to me
:n the collection of the data for this paper. Scott Edwards made the

temperature observation and G. N. Hotter determined the dissolved gases.

To these gentlemen I am under obligation for permission to use these data.

PHYSICAL CONDITIONS.

Turbidity.

The turbidity of the lake was determined by means of a Seechi's disk.

The water was clearest on July 2-lth, when the disk disappeared at 4 m.

The minimum depth, 2.7 m., occurred several times during the summer.
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Temperature.

Temperature readings were marie by means of a thermophone, and

were taken simultaneously with the plankton catches. The temperature of

the surface water, during the sunnner. varied from 21° to 26° C. At the bot-

tom of the lake, only a slight variation ranging from 8.3° C. to 9° C. oc-

curred. The tlierniocline was about 6 or 7 m. in thickness. The epiliranion

was 5.5 m. thick on July Ist; by the niiddU' of August it had descended to

14.5 ni. This descent of the therniocliuc was associated with the high wind

and cb)udy days of the latter part of August. The average vertical readings

are given in tlie accompanying temperature graph. They were taken in

the deepest part of the lake at various times during the day.

OUTLINE MAP OF

WINONA LAKE

SHOWIMG LOCATION OF STATIONS

Weather.

Tlic summer of lltTJ exhibited wry inisettled weather conditions in the

vicinity of the lake. Hti-oiig winds jirevailed much of the time, especially
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during the month of August, and heavy rains often raised the surface of

the lake several inches above its normal level. The winds, which were gen-

erally accompanied by cloudy weather, blew the surface of the water into

waves of considerable magnitude for a small lake, and caused a piling up

of the surface water on the leeward side. Detailed records cannot be given

because the only anemometer available was adapted to winds of low veloc-

ity only, which rendered it useless during the high winds which prevailed.

Dissolved Gases.

A study of the dissolved gases revealed the fact that there was suffici-

ent carbon dioxide present for photosynthesis, and that oxygen was pres-

ent in sufficient quantities to support animal life at all depths. At the

surface of the lake there were 5 c. c. of dissolved oxygen per liter ; in the

upper layer of the epilimnion there were 4.2.5 c. c. present ; in the middle

of the thermocliue 2.35 c. c, and at the I)ottom of the lake there was 1.5

c. c. of dissolved oxygen per liter of water.

The carbon dioxide increased from .8 c. c. at the surface to 8.75 c. c. at

the bottom. It increased from 2.5 c. c. to 5.5 c. c. from the top to the bot-

tom of the thermocline.

METHOD USED IX PLANKTON CATCHES.

Six stations, position of which are indicated on the outline map, were

established. They were located in positions which best showed the effect

of the wind upon the plankton. The depths of the staions varied from

7.5 to 23 m. The catches for this report wei'e mostly made at Station 1,

depth 23 m., the other stations being used as a check upon the results ob-

tained at that station. Weekly catches were made by the use of a brass

pump, known in the trade as "The Barnes Hydroject Pump," a three-

fourths inch garden hose, and a plankton net, the straining part of which

was made of No. 20 Dufour bolting cloth. These weekly catches were

taken I'espectively at the surface, 1 m., 2 m., 4 m., 6 m., 8 m., 10 m., 14 m.,

20 m., and 23 m. The quantity of water, 10.4 liters, strained for each catch,

was the amount produced by 50 strokes of the pump. The ordinary count-

ing method was used to determine the number of organisms. In most cases

20 per cent, of the material was counted, but all individuals of forms read-

ily recognized by the naked eye were counted.
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PLANKTON DISTBIBUTIOX IN REFERENCK TO THE EPILIMNION, THERMOCLINE. ANI)

HYPOLIMNION.

Seventy-four and six-tenths per cent, of the plankton inhabited the

epilimnion. The per cent, of the eleven forms studied quantitatively are

:

Rotifera 87.4, Lynghya 80.7, Ceratium 88.6, Microcystis 76. 5, AnaMena 84.8,

Tribonema 64.3, Nanplii 60..5, Diaptomus 71.2, Fragilaria 76.7, Cyclops 38.8,

Cladocera 31.6.

Seventy-three and three-tenths per cent, of the phytoplankton and 83.3

per cent, of the zooplankton inhabited the epilimnion.

The thermocline contained 21.8 per cent, of the plankton of the lake.

The followiiig synopsis gives the per cent, of each of the ele\-eu forms:

Diaptomus 23.8, Frafjiluria 19.5, Cyclops 34.4, Cladocera 40.7, Tribonema

26.6, Nanplii 18.7, Microcystis 20.3. Anahaena 14.4. Ceratium 10.3. Lynybya

IS, Rotif<rii 1(»..S. or the /.ooiil.-mkton 12..". ]>v\- cciil.. ••uid of tlic jiliytoijlank-

lon 22.6 per cent, lived in the tlU'nnocliiic.

The hypolhnnion contained 3.."» jier cenl. of the iilanktoii, 1..". per cciil. of

the zooplankton, and .'{.4 per cent, of the phytoplankton. The per cent, of

each form in the hypolinniion was: Cladocera 27.7. Cyclops 26.7. Frayilaria

3.5, Nanplii 20.8. IHnptoiniis 5. Anabaena .8, Tribonema 9.1. Microcystis 3.2,

Lyngbya 1.1, Rotifera 1.7, Ceratium 1.1.

At 23 m. there were more forms ])or liter than at 20 m. This was prob-

jibly due to the presence of some dead orj;anisms that by the loss of activity

liad i^unk to the bottom. The end of the hose at 23 m. was very close to the

bottom.

THE EFFECTS OF PHYSICAL FACTORS UPON DISTRTHUTION.

The large per cent, of plankton in the epilimnion was due to the i)res-

ence of sunlight and plenty of food. In the iipi»«'r half (best liglited i>art)

of this stratum, there was sufficient carbon dioxide to permit rapid photo-

.syntbesis. Apstein ("96) found ligiit to be tlie most important factor in ex-

plaining the presence of fifty-six times as much plankton from 0-2 m. as in

the remainder of the water. That direct sunlight has a repelling effect upon

some plaidcton, was demonstrated by the fact that .'>3 i»er cent, inhabited the

tJr.st two meters, while only 12 per cent, lived at the surface. /. c. in the sur-

lace meter. Other factors enter into the exi)lanation of the ])roiilic life in

the epilimnion. Many organisms were too heavy to sink into the cold

heavy waters of the thermocline. Juday in his work on the Wisconsin
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Lakes, determiued that the vast amount of algse collecting at the top of the

thermoeliue, at certain times, so increased the process of photosynthesis,

that 300 per cent, oxygen saturation occurred. It is also to be remembered

that the lowering of the thermocline in August increased the depth of the

epilimnion one meter.

Four factors must be taken into consideration in accounting for the

rapid decrease of organisms below the epilimnion: First, the lower temper-

ature (20° C. at the top of the thermocline and 9.6° C. at the bottom dviring

July, 21.1° C. and 10.7° C. respectively being the average temperatures for

August) ; second, the decrease in the amount of oxygen from 4.25 c. c. per

liter of water at six meters to 2.50 c. c. at the bottom of the thermocline

:

third, the decrease in the amount of food; and. fourth, the limited amount

of sunlight.

In the hypdiimnion the ]>hysical conditions were so uniform that the

l-.lankt()n was very evenly distributed in this stratum.

SEASONAL DISTRIBUTIOX OF THE PLANKTON.

Six weeks is too .short a time to obtain results of much value concern-

ing seasonal distribution. However, the data collected indicate the follow-

ing facts : The plankton, as a whole, increased in amount in August. Cera

Hum, Fragilaria, Microcystis, and Lynghya increased gradually to August

13th, the date of the last observation. Diaptomus reached its maximum

August 1st; Nauplii and Anahacna on August 8th. The Clatloccra and Ro-

tifcra increased rather suddenly in August and were most numerous on the

date of the last collection.

THE EFFECTS OF WIND UPON DISTRIBUTION.

As mentioned earlier in this paper, six stations were established to de-

termine whether or not the plankton of the whole lake at a given level was

homogeneous at all times. Repeated catches at different stations under ordi-

nary conditions indicate that the plankton at the different levels was uni-

form.

SUMMARY.

Oxygen sufficient for respiration occurs at all levels of the lake, and

probably is not a limiting factor.

Carbon dioxide was present in sufticient quantities for photosynthesis.

6—1019
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The epilimnion contained 74.6 per cent, of the plankton, the thermocline

21.8 per cent, and the hypolimnion 3.5 per cent.

Plankton was more abundant in August than in July.

So far as these observations go, wind has no appreciable effect upon the

distribution of the plankton.

EXPLANATION OF FIGURES.

Figures 1 to 15, inclusive, indicate the distribution of the organisms.

The numbers at the bottom indicate the date.

Figure 16 shows graphically the amount of dissolved gases at different

depths.

Figure 17 iiulicates the maximum, minimum, and average temperatures.
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A Simple Apparatus for the Study of Phototropic
Responses in Seedlings.

Geo. N. Hoffer.

The purpose of this apparatus is to determine the minimum (piantity of

light, acting as a lateral stimulus, that will produce a curvature response

in seedlings of various kinds as well as some of the fungi, such as

Fhj/comyccs and PUoJxAuh.

Any kind of light may lie used, Iiut in the comparative studies I use

direct sunlight. The <iuantity of liglit is regulated by opening and closing

an iris diaphragm with various-sized apertures for definite lengths of time.

The apparatus is made from a microscope carrying case. As shown in

the photograph, Fig. 1, the outside attachments are the drawtube and rack

and pinion of a microscope removed from the base and attached to one side

of the box. Tlie tube works through a hole in the side of the box. The

opening is made light proof by a velvet collar. Fig. III. \(\ glued to the rim

and held to the tube of the scope by rubber I)ands.

Into anotlu'r hole is Gttid a hemispheric, revolving iris diaphragm. Fig.

Ill, I. This is on the adjacent side of the box close to the microscope and

en the same level with the objective of the microscope. A mirror is at-

tached to the box to reflect light directly into it through the iris and onto

the plant. A micrometer eyepiece in tlie microscope is the index by which

all of the readings are made. The illumination for the readings is supplied

by the light which passes through the bottle, Fig. Ill, K, into a solid glass

rod, SG, and conducted by the rod to within a half inch of the plane in

which the plant is held and ends directly opposite to the objective of the

microscope. This glass rod should be approximately one-half of an inch in

diameter so as to present a held of sufficient size.

The bottle contains a saturated solution of bichromate of potassium in

water. This solution is to absorb the acti^-e Ijlue-violet rays of light. The

glass rod is covered with black tape. Fig. Ill, T, and the opening into the

box through which the rod extends is sealed against the admission of light
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by a velvet collar. A Ijlack eanllioard collar. Fig. III. I5C, slips over the

bottle and rests upon the platform below the bottle. A piece of white card-

board on the platform serves as a reflector for the light entering the bottle.

It is this dnll red light which is carried to the olijective of the microscope

and used to make the readings. Tliis light enters only when making the

readings and has not, in the number of cases tried, produced any stinuilus

that would effect the experiment and alter the response to the norma 1 light

stimulus. However, I have yet to try experiments on I'halaris.

The internal construction of the box, Fig. II, consists merely of a ver-

tical rod on which works a burette clamp. The rod is so placed that a test

tube containing the plant under study can be adjusted easily into pcsition

opposite both the iris and the objectiA e of the microscope. The door of the

box is fitted with strips of velvet so as to make it light proof.

To use the apparatus, sccdluigs are grown in soil, sawdust, etc.. in test

tubes in the dai-k i-oom. These culture tul)es should always be held in a

\ertical position while being adjusted in the box for study. Tlie box is

•io:i(l('d" ill the dai'k room .nid the plants jihiced so as to be in the held of

the microscope. The iris is closed and the door of the box is locked.

The plant is then brought into focus using the illumination secured by rais-

ing thi> collar. \'A'. to .-i suHicicnt height and thus iicrmittiiig the i-etiecttni

light to enter the bottle from bclow. Readings are taken at intei'vals of

several minutes befon^ o]ieniiig the iris in order to l)e certain that no geo-

tropic slimnli other than the normal arc acting. When no readings ;ire

being taken the colhir rests upon the platform.

The plant is then latei'ally stinndateci by openiim the iris to any de-

sired size for a delinite length of lime. 'IMie mirror relleets th(> light

tlirough the iris onto tiie plant.

The microscope is kept covered at all times with a pliot.ographei'"s focus-

ing cloth. All of the readings are made under this cloth. 'I'his prevents

any light from passing through the microscope and l)eing fo<-used onto the

plant.

To record the results a graphic record may be made, using the ordi-

nates to denote the extent of cnrvatui'e in spaces on the micrometer e.ye-

piece, and tlie abscissas to denote the time of stimulation, or i)resentation

period, the latent i)eriod. and the length of time for the comjtletion of the

response. Figure I \' illustrates such a record:
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3e«d.r<f\q Tcnv.^PRESENTATION PtfllOD

fLATINT PeHlOO
I T«rwp TJiSC ZPr^.

April 20.1^13

/6 /S io ' it av 26 MINUTES

Fi?. IV. Study of Avena saliva.

The ventilation of the box is unimpovtant for the short periods required

for eacli study. A wet sponge placed inside of the box serves to lieep the

air moist. The temperature of the apparatus can also be recorded and all

tests made under ecputemporatures.

Fig. I. External View of Apparatus.
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A Test of Indiana Varieties of Wheat SEBvDrtORe^B

Fungous Infection. •uiianf) ni

i-.iii <{ 7(i4iii'))(ir^

Geo. N. Hoffek.
I ,..,.)]-ihb Y.I'iiJ')n

:<^iJH9up 91IT

wit lo aaibnJa vd
'Indiana grows annually more than 2,500,000 acres of wlieat. The aver-

V acre. —Cir.

di suiY/oIlol
age yield for the past ten years has been le>.l bushels per acre.'—Cir. No.

23, Purdue University Agr. Exp. Sta.

_, . . .^ ^ ^ ^ , . , 1 : ifiedj^. io 89i±9x"i
The economic significance of any factor which plays a part m causing

c decrease in the quantity of the yield, even though this ' decrease may be

represented by a fractional part of one per cent, of the yield, is'cmiskTerabTe.

The mere presence, then, of internally infecting fungi in the wheat seed

studied in the laboratory may be indicative of very important prbblems m
^ , ,

>i9l)9riK7 9£l} 'lo
the field.

In Bulletin No. 203 of the Ohio Agricultural Experiment WiAt\o\\!^Ti

I'. Manns has described a method for detecting fungi internllTiy inrecting

wheat and other small grain. The method in brief, consists in sterilizing file

outside of the grain by means of a solution of corrosive sublimate in 50 per

cent, alcohol and then placing the seeds in sterile petri dishes on agar-agar.

This allows germination of the plant embryo when viable. Cultures

or growths of the fungi surviving internally in the seed develop at the

same time. The fungi in these cultures can then be identified.

The results of laboratory tests at the Ohio station "show an amazing

amount of disease transmission in seed wheat as well as the proof of scab

infection by both germinatmg and dead wheat kernels." A study of field

conditions showed "that many seedling wheat plants were killed by the scab

fungus (Fusarium roseum) conveyed in the seed or retained by the soil."

This verified the laboratory conclusions.

In the report of the botanist of the North Dakota Agricultural Experi-

ment Station for lull, Dr. H. L. Bolley concludes from the results of numer-

ous tests of seeds that "our experiments, taken as a whole, tend to prove

definitely that the soil is not often materially depleted, but that the deteri-

oration in yield and quality of grain is more specifically to be assigned to

troubles caused by internal seed infection and soil infection."

7—1019
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The jieiiera of fuiisri which BoUey regards as being of pathogenic in-

terest are Colletotriclium, Fusarium, Hclminthosporium, and possibly Mac-

rosporium.

In Circidar No. .'> of the Purdue T'niversity Experiment Station the

statement is made that "tlie average (yield of wheat) on the station farm

for the past twenty-five years has been 28.04 bushels per acre." This is

nearly thirteen bushels above the average for the state.

The question naturally arises, knowing the results obtained elsewhere

by studies of the internally infecting fungi of seed wheat, whether Indiana

varieties taken at random from a single locality may be similarly infected?

Following the mctliod used liy T. F. Manns, thirty-four different va-

rieties of wheat seed were tested by me. I shall summarize briefly the re-

sults of the test and hold them tentatively against further studies on both

the wheat plants and seed.

Of the thirty-four varieties, fourteen were free from fungi of any kind.

Thirteen of the varieties were found to be infected with a Fusarium. Four

of the varieties showed an internal Macrosporiutti. and three varieties

.showed both a Fusarium and Mucrosporium infection.

The meagerness of these data, however, precludes the formation of any

dclinitc CDiirliisidiis. Imt docs indicate a t'cL'tiic Held lor studv.
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Pyropolyporus Everhartii (Ellis & Gall.) Murrill
AS A Wound Parasite.

Geo. N. Hoffer.

During the fall of 1912 and the spring of this year many observations

of various species of oaks infected with PyrotJolijporus Everhartii were

made by my class in forest pathology working in the vicinity of Lafayette,

Indiana. The finds from the first were very interesting because of consider-

able deformation of trees of Quercus imhricaria Mich.

The fungus is reported in Bulletin No. 149 of the Bureau of Plant In-

dustry. Here it is described as a wound parasite on Quervna niariilundica

Muench., blackjack oak. Murrill describes the fungus as attacking living

trunks of Quercus nifira and FutjUH species. In a recent communication

G. G. Hedgecock tells me that the fungus is very common in the lower

Mississippi valley. In Phytopathology, Vol. 2, No. 2, Mr. Hedgecock records

the hosts for this fungus. The list includes all of the oak species upon

which I found the fungus with the exception of Quercus alha L. This spe-

cies is a new host in tliis locality.

Plate I shows a number of sporophores from three different hosts. Plate

II shows the bole of a Quercus imhricaria badly deformed. Large knotty

growths have developed and, in the centers of these, sporophores have

formed. Plate III shows a sporophore developing on a living tree of Quer-

cus velutina Lamarck. Plate IV shows a stub of a killed tree of Quercus

alha L.

The other species upon which the fungus has been found in this vicinity

.ire Quercus ruhra L. and Quercus macrocarija Michaux. The effect on these

ti'Oes has been generally the killing of branches of the trees.

The distribution of the fungus within the state has not been worked

out. It has been observed by me in Kosciusko County during the past sum-

mer. The species upon which I found it in this locality was Quercus velu-

tina Lam. It was frequently found on both dead and living trees. Examin-

ations of some of the dead trees showed no signs of borer attacks.

From these ol>servations I believe that the fungus maj^ be of consider-

able economic importance within the state.

The photographs from which the plates have been made were taken

by P. H. Teal, class of 1!)13, Purdue. Mr. Teal made a study of the fungi

affecting the oaks in this country as his thesis subject.
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Plate III. Sporophores on Quercus velutina.
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The Mosses of Monroe County, Indiana, II.

Mildred Nothnagel and F. L. Pickett.

At the winter meeting of tlie Indiana Academy of Science in 1912 the

authors presented a list of tlie mosses of Monroe County, made up princi-

pally of fall-fruiting forms. That list appears in the Proceedings for 1912,

pp. 69-75. In the spring of 1913 the collection and identification of the

mosses in the neighborhood of Bloomington was resumed. The following

list is the result of that work and includes fourteen new species, among

which are representatives of one family and three genera not represented

in the previous list.

Material has been prepared, as described in the former paper, and left

in the herbarium of the Tiotanical Deportment of Indiana University. Full

notes of habitat, time and locality of collection, as well as of condition of

the specimens, are on tile to make the material of value for comparison. In

this, as in the previous list, the numbers in parenthesis after each specie in-

dicate the accession numljers in the herbarium.

In this list some species are included which were in the former list.

This has been done to indicate noteworthy differences in time of fruiting, or

of hal)itat, and to show the herbarium numliers of such species as were not

given numbers in the first list.

To those interested in making permanent collections, the following plan

for preparing microscopic slides of species for convenient reference and

examination may be of use. Tlie dissections of leaves from different parts

of a plant as well as peristome, operculum and calyptra, are mounted in a

10 per cent, glycerin solution in water for examination. If satisfactory, the

slide, with the specimens well covered with the dilute glycerin, is carefully

protected from the dust until the glycerin is concentrated. Then a cover

glass on which a small piece of glycerin-jelly has been melted is carefully

placed on the previously warmed slide. Such mounts are very convenient

for quick reference, and are quite firm if covers at least 22 mm. by 32 mm.

are used. In the writers" collections the quick reference to such prepara-
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tions is further facilitated by giving tlie slides the same accession numbers

as the regular herbarium specimens.

Doubtful specimens have been sent to Dr. A. J. Grout of Brooklyn for

identification, and due notice given in the list.

Order. BRYALE S.

Sul>order Nematodonte.t;.

Family Polytrichacece.

Polytrichum Commune L. (105).

P. Ohioense R. «& C. (106).

Suborder Artiirodonte.e.

Family Fissidentacete.

Fissldens taxifolius (L.) Hedw. (77). Determined by Dr. Grout.

Mature spores in late fall and winter. Dark green mats on clay. Huckle-

berry ravine. Common.

Family Dicranaccw.

Ditrichum pallidum (Schrelt.) Hanipo. (111). Mature spores in May.

Dense yellow^-green tufts on clay, dry wooded hillsides, connuon.

Family Grimmiaccw.

(Trinimia apocarpa ( L. I Iledw. (70). Mature siiorcs in March and

April. On liniestoiu' slal)s :ind clirfs fin-ining almost black cusliidiis. alum-

da nt.

Family Torlulaccu'.

Weisia viridula (I>. ) Hedw. (72). Mature spores in Ai»ril, abundant.

Barbula unguiculata (Huds.) Hedw. (10.'>). Spores mature from late

fall to early spring.

Family Fiinariavc(o.

Funaria flavicans Mx. (79). Mature siiores in .\pril. Rare.

F. hygronietrica (L) Sibtli. (KM). .Mature spores In May. Common.

Physcomitrium imnx-rsum Sulilv. (122).

Family Bryavcw.

Bryum capillare L. (112). Mature spores in .July. Occasional on

wooded hillsides.

P.. intermedium Brid. (lOS). Mature spores in May. On limestone

wall of Oolitic Stone Mills Company's reservoir.

Mnium afflne Rand. (S;i). Determined by Dr. Giout. Mature spores

in April. On damp soil in Hucklel^erry Ravine. Not common.
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M. rosti'atum Scbrad. (!)2). Sterile. Rare, on very (lamp rocks or in

running water.

Family Hypnaccw.

Amblystegium fluviatile (Sw.) B. & S. (9S). Mature spores in May.

Light green tufts in running water ; common, but rarely foimd fruiting.

A. kochii B. & S. (SO). Mature spores in April. Common. Indiana

University campus.

A. orthocladon (P. R.) Kindb. (107). Mature spores in May. On stones

in running water, common.

A. varium (Hedw.) I^indb. (81, 99). Thin, loose mats with light

greeu branches ; on soil ; common. Mature spores in April.

Family Lcucodontace(e.

Forsstroemia tricliomitria (Hedw.) Lindb. (119). High on living

JugUins cincrea near I. IT. water-W(n-ks reservoir. Mature spores from late

summer to midwinter.

Indiana Univrrsity Botanical Lahoratory.
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Ecological Notes on Certain White River Alg^.

Paul Weatiierwax.

During the .summer of 1913. while assisting in a sanitary survey* of tlie

West Forli of White River, the writer took advantage of the opportunity to

malie a study of the alga^ in the stream. The worlc was begun at Martins-

ville, Ind., near the close of June, and ended at Mt. Carmel, 111., about the

middle of September, more or less hurried investigations l>eing made along

the river near several of the larger towns.

Only such forms were considered as were present in (luantities suttici-

ent to be conspicuous to the unaided eye, no attempt being made to secure

specimens by filtration. The striking condition was the general scarcity

of algfe, especially along the lower part of the river.

For four or five miles in the neighborhood of Martinsville the shallow

parts of the river were choked with a growth of Cladophora glomerata Kg.

and Hijiirodictyon utriculattim Roth. ; and large masses composed of spe-

cies of Oscillatoria, Desmids, and Diatoms were continually floating down

the river. This material had evidently been broken loose from where it had

grown further up the river or some of its tributaries, for it did not continue

in a growing condition but eventually broke up and disappeared. The

Cladophora gradually became less noticeable in the deeper water a few

miles below Martinsville and was afterwards seen only occasionally and

in small quantities. The Hydrodictyon was in well-defined locations in

water that was comparatively (luiet. and, although it was rapidly reproduc-

ing, and the young nets were seen floating even far below Spencer, it appar-

ently did not find suitable conditions for growth far below Martinsville.

Spirogyra, Mesocarpus, and Zygnema were found in small quantities in a

few places, but they were not fruiting and usually showed signs of disinte-

gration. Numerous species of Diatoms were present in the shallower

places all along the river.

*This survey was conducted by the Indiana State Board of Health Water Laboratory. To

State Water Chemist, Jay A. Craven, I am much indebted for some of the data and other informa-

tion that have led to the pubUcation of this paper.
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The scarcity of algie can best lie explained by considering the nature

of the river itself. Along the lower part of the West Fork and the entire

course after the two l)ranches unite the river follows a meandering course

through a loose, sandy soil; and, by a gradual process of cutting the bank

on one side and piling up sandbars on the other, it is continually changing

its course. Then, along the straight parts of tlie stream the banks are

generally steep, and tliere is little shallow water. When we consider at

tlie same time that the current is comparatively swift, it is seen that only

when the river is at its lowest stage are conditions at all favorable for the

growth of alg:¥. Moreover, the conditions just preceding these investiga-

tions had been the worst possible, for the exceptional flood of the preceding

.'•pring had made such changes in the ri\er bed that several years will be

required to bring the plant life of the stream back to a normal condition.

Tlie abrupt disapi)ea ranee of algal growth just below Martinsville was

accompanied by an improved sanitary condition of the watei-. These two

conditions wei'e due. in itart. to a sciMcs of long, (leej) stretches of ((uiet

water which acted as septic basins foi- the polluted water and were also

loo deep for alga>. It is pi-obable. too. tliiit the alga' aliovt' these decii parts

aided materially in imi-ifying the water by releasing large .-inionnts of

oxygen which went into solution and hastened the i)utrefaction of organic

matter.
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Aphanomyces phycophilus De Bary.

Paul Weatherwax.

While some experiments were being made witli alg;e about tlie first of

March, 11)13, it was noticed that some Spii-ogyra that had been kept for t(n

days in distilled water had been attacked by a fungus. Attention was ^t

once given to this parasite, wliich was rapidly destroying the alga,

about a week it was producing oospores, thus making possible its identji

fication as AphfDwmyccs i)h}/cophili(s De Bary.

This fungus, which is one of the few parasitic forms of the Saprolc

acea.', was first described by De Bary in 1S60, and as late as 18!»2 Hur

phi ey * noted that it had not yet been reported from America. Since the i,

as far as we have been able to learn, no one has mentioned finding it |n

this country. **

It is clear that the plant is a parasite, and, in this instance, it seemdd

confined to the one species of host. As well as could be determined frou

the sterile filaments the host was Spirogiira diibia Kg. Scattered filamem

of other species of Spirogyra in the same vessel were not attacked, and all

attem]»ts to inoculate other species failed.

The mycelium traverses tlie algal filament lengthwise, sometimes as

single thread, but more often as two, side by side. (Fig. 5.) Branches

may grow for some distance inside the filament of the alga, or they may at

once grow through the cell wall of the host and extend for some distance

into the water. Decomposition of the alga begins soon after the fungi

attacks it ; the chloroplasts draw together into a mass and begin to deca^^,

and the cell walls break down.

The mycelium is regular in size and shape, sparingly branched and noi

septate except where reproducing. The diameter of the filaments is frolpi

9 to 16 microns; the braiiches are usually as large as the main filaments. '

* James Ellis Humphrey, The Saprolegniacese of the United States.
(

** Since writing this article attention has been called to a .set of unpublished drawings made by
Prof. D. M. Mottier, of an unidentified fungus that he found in 189.3. These drawings and the loca-

tion in which the fungus was found indicate very clearly that it was the same species as the one

herein described.
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The protoplasm in all parts of the plant is gray, and of a coarse, gran-

ular nature.

The mycelium evidently meets with some resistance in passing from

cell to cell of the host, for at these places it is often more or less knotted

or bent, always on the same side of the cell wall with reference to the direc-

tion of growth in the filament, as if it had not been able to penetrate the

cross wall immediately. (Fig. 6.) These penetrations of the cross wall

are seldom through the center, but usually far to one side of the filament.

The plant is describe'd as producing zoospores in long slender sporangia,

but, in this case, no asexual spores of any kind were observed. Oospores,

however, were produced in abundance by the union of gametes which, in

no case, were found to arise from the same filament.

The sex organs arise as the enlarged ends of short lateral branches of

the mycelium and usually api)ly themselves to each other very early. (Fig.

1.) The oogdiiiuni iiiiiiicdiately develops rather large, (•onical jirojections

all over its surface. (Fig. 2.) The antheridinm remains small, club-

shaped, and nearly transparent even to maturity.

The conjugating tube is formed when the oogonium Is still young and

before all its oily content has been organized into the egg. (Fig. 3.) At

about this time the oogonium is cut off by a cross wall, but, to all appear-

ances, the antheridium remains continuous with the rest of the mycelium.

The mature oospore is about 36 microns in diameter ; the spines are

from 5 to S microns in length. (Fig 4.) The heavy wall of the siiore, 3

lo 4 microns in thickness, is a very serviceable adaptation for enabling the

plant to live through conditions unfavorable for its growth.

The writer is indebted to Professors Mottier and Van Hook for assist-

ance in indeutifynig this fungus and for valuable suggestions as to methods

of studying it.
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Inheritance of the Length of Life in Drosophila
ampelophila.

RoscoE R. Hyde.

1. INTRODITCTION.

I litive ]>een experimeuting with two different strains of the fruit fly

that differ to a marked degree \A'ith respect to the length of life. The

first or Inbred stock lives an average of about 37 days. The second or

Truncate stock lives an average of about 21 days. In both stocks the aver-

age life of tbe male is somewhat longer than that of the female. It is the

puiijose of this paper to show the behavior of the shortened length of life

of the Truncates in heredity. The evidence bears especially on the be-

havior of the Fi and I'\, generations that result from crossing the Inbred

and Truncate stocks. I shall also present evidence that bears on the ques-

tion as to whether or not any relation exists between the length of life and

the number of offspring produced by these flies.

The data upon which this paper is based grew out ot a study of fertil-

ity and sterility in these strains. It was found necessary in connection with

these studies to keep a careful record of the length of life of the parents.

This paper is an analysis of that record. The data includes the record

of 898 individuals that were bred in pairs from September, 1911, to April

1913.

The flies were in all cases used as the parents of the next generation

and consequently bred in pairs. Accordingly a male and a female were in

each case exposed to exactly the same envu'onmental conditions. It is not

to be overlooked that the flies live for several weeks, and since the pairs

were constantly being made up the environmental influences would be

practically constant. I made it a rule to transfer these flies to new bottles

every ten days. It is necessary to transfer the parents more frequently

in very warm weather, since offspring will hatch which canijot be distin-

guished from the parents.* As a matter of fact it is safe to say that in

* I have had Drosophila ampelophila to complete development from the egg to a fully formed fly

within seven days at Woods Hole, Mass.. in July, 191.3.

8—1019
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these experiments not more than 15 per cent, of the transfers were made

before the tenth day. A census was taken of the parents practically every

day. In a few cases five days may have elapsed before a record was

entered. In case a fly was dead the sex was noted and recorded.

This record, then, includes the length of life of the relatively long-lived

Inbred stock ; the short-lived Ti-uncate stock : the hybrid offspring between

the two stocks and the life of the grandchildren.

2. Analysis of the Data.

The curves which follow are plotted from the life records of 898 flies

which are recorded in I'art I and I'art II of my Studies on "Fertility and

Sterility in DroHopliUa ampelophUit:'* The length of life is expressed in

days and is indicated by the abscissa, while the number of individuals is

in each case exjire^sed by the ordinate.

Curve A shows the distribution of the mortality of the Inbred stock.

The curve is drawn from the records n\^ I'.il iiulividuals. The average life

of this lot is 37.4 da.vs. The 94 males lived an average of 40.5 days ;
97

females lived an average of 34.5 days. Tlie males lived six days longer than

the females.

Curve B shows the distribution of niortalily of the 272 Truncates, the

average life of which was 21.4 days. Tlic 9(; uiales averaged 26.9 days; the

176 females 18.5 days. The males of this stock lived 8.4 days longer than

the females. It is to be noted that the flies of this stock live approximately

half as long as those of the Inbred stock.

The hybrid that results from crossing the Truncate and Inbred stocks

lives longer tiian cither parent, as is lirought out in curve (". For, while

the parents live 21.1 ami .'.7.4. I'espectively. the ol't'spriim from the cross live

47 days, 'i'liis record is based on 42 Hies. 'I'hirteen imiies lived 47.S days,

while 29 females lived 46.4 days. The data is too small to base any safe

conclusion in regard to any difference that may exist in the length of life

between the male and the female. That tlie hyl)rid lives longer than either

parent is also l)orne out by curve C wlicre a partial record is given

of 218 flies. The experiment was discontinued after tliirty days, at

the end of wlii<-h time it was found that only 19 per cent, of the flies had

died. The mortality in this case corresponds fairly well with the mortality

in the case as shown in the curve C, in wliicb seven in 42 died within the

first thirty days, a mortality of 17 per cent.

•Journal of Kxporiinonliil Zooloaiy, 191-1. \r)l. XVII, Nos. 1 and 2.



115



116

A study of curves D and E shows that the shortened length of life of

the Trmicates reappears again, and this is true whether the grandchildren

have descended from the Truncate male or Trimcate female. The 128 flies

descended from the Truncate grandmother lived an average of 29.5 days.

The 66 males lived :>2.8 days, while 02 females lived 25.9 days. The 81)

flies that descended from the Truncate grandfather lived an average of

29.3 days. There were 4.5 males which lived 31.1 days, while 44 females

lived 27.3 days.

3. Discussiox.

The foregoing data lirings out the fact that when the Truncate stock

with an average life of 21.4 is crossed to the Inbred stock with an average

life of 37.4 days, the hybrid that results lives 47 days. If the complex of

factors or whatever concerned upon which the length of life in these flies

depends, behaves auytliiiig like ^lendelian characters in the si'iisc that segre-

gation and recombination takes place, then we should e.xpect the shortened

length of life of the Truncates to reappear among the grandchildren. A

study of the curves verities the exiicctation. for the .rianili-liiklren live

an avcriige of only 29.5 days.

.\ study of the curves will show in each case three modes which corre-

spond with thi-ee periods of the greatest mortality. The meaning of smh

a phenomenon is ol)scure, and had the experiment not extended over a long

period of time I would be inclined to doubt its reality. There is a possi-

bility, however, tliat lliese (lei)ression jieriods corresiioiid with tlie oiilimt

of the sex product.s. My experience in isolating eggs day by day laid by

over 200 females seems to indicate that the eggs are laid in cycles—that is.

a female be'_nns to la\ ecx-; wben two or three days old. Her egg prodmtion

gradually ri.ses to a maximum, and then it declines almost to zero. In fact

she may cease to lay eggs for a da.\' or two and then a new cycle begins

which I'uns the same course, and this in turn is followed by a third. In

the period when the female ceases to lay eggs she is most likely to die.

However, if a female survives such a period at the close of the third cycle

she will ;is a rule live t<» a ripe old age, dejiositing a few eggs occasionally.

It is barely jtossible thiit these morfcility periods correspond to the depres-

sion periods in the egg-laying cycles. It must be admitted however, that

critical evidence is hard to obtain, since the egg production seems to be

influenced l)y several factors. Moreover it is not evident that such an

explanation ai»plies to the male.
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4. LENtiTii OF Like and Pkoductivity.

I shall here analyze the data with respect to the productivity of these

stocks as determined by breeding in pairs. It is obvious that if a female

that would give rise to a large number of offspring should for some reason

meet prematiu'e death, there would be a correlation between the length of

life and the number of offspring produced. The problem, however, is more

complicated. In the case of the Truncates it is not evident just how much

such a factor as the shortened length of life enters into the results, for I

have been able to .show that this stock is deficient not only in egg produc-

tion, but also that marked incomi)atibility exists between egg and sperm.

In the following curves, F, G, II, I. evidence is )»rougbt to'^etbcr that

shows the productivity of the F. Truncates. (J. The Inbred. II. The

Hybrid that results t'nnw crossing V anil (J: and 1. Tlie F^ generation that

results Troll 1 crossing F and (J.

In these curves vertical distances express the number of ]>airs, while

horizontal distances express the number of offspring produced. A glance at

Curve II, which givi's tbc iiroductivily ol the hylniils wlicii tbc indixiduals

expressed by curves F and (J are crossed, moves decidedly to the right.

This is evident despite the fact that the experiment was discontinued at

the end of tliiiMy d;iys. ("urve I express'.; the outpnt of the F. gen-

eration. It is evident that the low i^roduction of the Truncates reap-

pears among the grandchildren.

This evidence goes to show that the coniiilex upon which i»roductivity

depends is inherited in the sense that low productivity ski))s a generation

when crossed into a high producing strain. In fact the productivity of the

hybrid fly is greater than the prodnctivity of liotli jiarents comliincd. I

have demonstrated in previous studies that the increased pi'oductivity on

the part of the hy))rid is not due in this case to the; increased fertilizing

power of the gametes beyond tliat of the highest iiroducing stock, but is

due to a greatly iau-i-eased output of eggs.

As a matter of fact tli(> fertilizing power of tlii' gametes of the hylirid

{inter se) is lower than the fertilizing power of the gametes of the high-

producing parent. It is evident that the low productivity of the Trun-

cate reappears in the I\ generation and that this holds true in both

the cross and its reciprocal.
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General Discussion.

Tlie following is oU'erecl by way of explanation of the foregoing facts.

Let it be assumed that the complex upon which the length of life of the

wild fly depends is expressed by the formula AB. The Truncate stock

arose as a mutation from the wild stock and possibly some factor has

changed to a. Consequently its formula would be aB. The inbred stock

had been In captivity for some time, and it is possible that the B had

(hanged to b. Its formula would l)e Ab. On crossing these two stocks a

hylii-id would result, the formula for which is abAB. Consequently in the

hybrid, normal conditions ai-e restored, and a fly results that lives longer

than either parent. The same explanation hohls in the case of the

increased egg i)r()duction to be seen in the hylnid. If this is true we

should expect to find wild stocks that live aliout fifty days and with high

egg producti«m and high fertilizing ]>ower of the gametes comljined. They

should be very higli producers. The nunilier of f;ictors, however, is nut

looked u])on to be as simple as the formula woviid seem to indicate. In-

stc.id of two factors as the formula shows, there may I)e many hundreds,

but the principle is the same. The things lost or changed in the germ

plasm of one stock are compensated in the liyl)ri(I liy the factors trans-

mitted by the othei' stock, and thus noi'uial conditions are restored.

6. CONCLISIONS.

1. Hybrids iietween the Truncate stock and the Inbred stock are

more vigorous than either parent as shown I)y the fact that the hybrid

lives 47 days while the parents live 21.4 and ;J7.4 days respectively.

2. The flies from the Ti-uncate stock live 21.4 days. The females

live 18.4 while the males live 2G.4 days.

3. The flies from the Inbred stock live .)7.4 days. The females live

'.'A.it days while the males live 40.5 days.

A. The shortened length of life of the Truncate stock reappears

among the grandchildren after skipiiing a generation when crossed to

the Inbred stock. The grandchildren lived an average of 29.5 days.

Tho.se descended from the Truncate grandmother lived 29.5 days. The

males lived 32.8 days and the females lived 25.9 days. The flies de-

scended from tbe Truncate .grandfather lived 29.:? days. The males lived

31.1 days, wliilc the females lived 27.3 day.s.
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5. It seems not improbable that the length of life and the coming to

maturity of the germ cells may be in some way physiologically connected.

6. The low productivity of the Truncate skips a generation when

crossed to a high-producing strain and rea]iiiears in the Fo generation. Jt

is difficult to correlate tlie length of life in these strains with the number

of offspring pro<:luced, because it is evident from my other studies that

the fertilizing power of the gametes as well as egg production are involved

as variable factors in iiroductivity.
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The Germination of Seeds of Aris^ma.

F. L. Pickett.

The corms of Arisccuut tiiiiliiilhnu i^^rown ('(ir tho study of form and

development showed great variation in size, and there was a seeming dis-

crepancy between tlie number of leaves above ground and the number of

corms found in the soil after the leaves had withered. Following these

observations arrangements were made to check up carefully the points

suggested.

On December 26, 1912, 900 seeds of Ariswma triphyllum were planted

in rich, loose loam in large clay flower pots and subsequentl.\' subjected to

three sets of conditions as noted below. As leaves appeared above the

soil they were counted, one to three times per week, vmtil no more ap-

peared, and a record kept for comparison with the uuml^er of corms found

after the growing season was over. In every case the seeds were care-

fully washed from the fruit pull* liefore planting, and when planted were

covered with sandy loam to a depth of 2 cm., this being approximately

the condition in natural planting.

One bunch of 300 seeds was placed in the greenhouse at a tempera-

ture of 75 to 80 deg. Fahr. immediately after planting. From this plant-

ing 208 leaves appeared between January 15 and March 19, 1913. No

leaves appeared after the last date.

A second bunch of 300 seeds planted as the first, was left in the green-

house vestibule at a temperature of 50 to 60° Fahr. From this planting

226 leaves appeared between February 19 and April 25, 1913. No leaves

appeared after the last date.

A third bunch of 300 seeds, planted as the first, was placed in a cold

frame until March 13, 1913, where the temperature fell slightly below the

freezing point, and was then removed to the greenhouse. From this plant-

ing 209 leaves appeared.

In the summer of 1913 when the leaves of the cultures were dead the

corms were carefully removed and counted. The number of corms and

the number of leaves from each culture are given below.
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Lot No. 1 showed 200 eornis. 208 leaA'es, i. e., 52 "blind" conns. Total

germination 86.G per cent.

Lot No. 2 showed 24(; cornis, 22G leaves, i. e.. 20 "blind" conns. Total

germination 83 per cent.

Lot No. 3 showed 201 conns. 2(i!) leaves, i. v.. 7>2 "blind" conns. Total

germination 87 per cent.

It is not the purpose of this paper to discuss the variations which

may be due to different temperature conditions, but merely to show tlie

high percentage of germination and to indicate the fact that some seeds

germinate "blindly."' that is. the embryo grows, a corm and roots are

produced, and food is transferred from seed to corm without the forma-

tion of leaves or other photosynthetic organ. At the end of the growing

season the connection with the seed is broken off, leaving the new plant

independent.

A glance at the cin'ms from these cultures at once suggests a differ-

ence in their food supply and growth. Some are three to six times as

large as other.s. While the numbers of large and small corms are not

exactly the .same ;is the numbers of leafy and leafless plants, they are

nejirly enough so to suggest a relntion.

A similar set of experiments was arranged in which seeds of Arisonia

Dracontiinii were used. The seeds were jirepjired and planted T)e((>niber

20. i;»12. the s.-inie ;is in the cMSe of 1. I riitlt /ill u iii . Lot No. 1 Wiis left

in the main room of the greeidiouse, and showed, between I'Y'bruai'y G and

.March 8, lUI.'J, eight leaves. On .Tune 1!), 200 corms and 24 seennngly good

s(>(>ds wer(> removed.

Lot No. 2 was left in the cold-frame from December 2G to ISIarch

15 and then removed to the greenhouse. This culture showed eleven

leaves between April ;'. ;iii'l April 2.". On ,Tune 20, 170 corms and one

sound seed were removed.

Lot No. 3 was left in the greenhou.se vestibule until March 12. and

then removed to the greenhou.se. Between April 23 and June 20 foui- leaves

appeared, and on the List date 187 corms were removed. These results

are tabulated below.

Lot No. 1. :!00 seeds, 8 leaves (2.66 per cent.), 279 (93 per cent.)

corms and viable seeds.

Lot No. 8. 200 seeds. 11 leaves (G.ll pei- cent), 180 (90 per cent.)

corms and viable seeds.
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Lot No. 3. 200 seeds, 4 leaves (2 per ceut), 187 (93.5 per cent.)

corms and viable seeds.

These corms have been replanted and their further development will

be reported later.

Because of tlu- "blind"' germination seeming to be the normiil thing

with A. Dracniifiinii. a brief account will l)e given.

/^'/

The Germination of Seeds of Arissenia.

One to five seeds are borne in each berry of the aggregate fruit. Each

seed is two to three niillinieters wide and three to four millimeters long,

and is composed of a hard testa covering a flinty gelatinous endosperm, in

which is imbeilded the almost straight, cylindrical embryo, Fig. 1. Under
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proper conditions the seed absorbs water and the embryo lengthens by

growth both above and below the plumule. The growth of the cotyledon-

ary petiole is more rapid than that of the radicle, so that the radicle,

with the i)lumu]e, is soon pushed outside the seed coat. The cotyle-

donary petiole reacts to the stimulus of gravity so that the radicle is soon

directed downward. Fig. 2. The one cotyledon remains inside the seed as

an absorbing agent. Fig. 4. The i-adicle grows down rapidly to form a

primary root. Later one or two other roots may be formed. Immediately

after the establishment of a root system or water absorbing system, the

portion just below the plumule becomes enlarged by the storage of food

stuff transferred from the endosperm of the old seed. Figs. 3 and 4.

In case the germination is complete, the formation of a root system is

followed l>y the growth of the single simple leaf up from the plumule,

through the cotyletlonary petiole to the light, Fig. 0. Usually, however,

only scales are formed around the l)ud. In either case, when the food

material has been absorbed, the tissues connecting seed and seedling

shx'ivel up, leaving the young plant indeitendcnt. After a period of about

eight weeks from the beginning of germination the corms will be found

free from the seed and with the roots detached and broken down, all

ready for a period of rest, Fig. 5.

It may be of interest to note that I. hntrontiii m gives utlier i-vidence

of Incomplete response to seasonal changi-s. iMniiig the sunnuer of 1913

the rorms of a considerable colony weic dug up lor experimental pur-

po.ses. Although these corms were scattered in the soil but a few inches

apart, and some had shown very vigorous growth of stem and leaves,

about half of them had made no start toward growth. The conditions

were certainly the same for all individuals of the colony, and were good,

as shown by the growth just mentioned. Whether this jilaut is subject

to definite periodicity retpiiring more than the usual rest season, or is

controlled by some as yet unconsidered influence, can oidy be left a

question.
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Studies of Camptosorus rhizophyllus, an abstract

OF The Development of the Prothallium of

Camptosorus rhizophyllus,* and The
Resistance of the Prothallia of

Camptosorus rhizophyllus

TO Desiccation.!

F. L. Pickett.

As is well known the Walking Fern, Camptosorus rhizophyllus, is

found chiefly on rocky ledges in more or less shaded places, where the

water supply is irregular and slight at all times. The colonies in the

neighborhood of Bloomiugton, Ind., have abundant water supply only at

times of heavy rain and of course enjoy such supplies for but brief periods.

The fact that this fern could not only withstand the many longer or

shorter periods of drought but could multiply in the regular way under

such conditions suggested the probability of some special sti'uctural or

physiological adaptation. The scheme for vegetative increase by means of

stoloniferous leaves is well known and gives the plant its specific name.

But the presence of many small plants which could not have had such

origin and so must have been produced through the production of the

prothallia 1 or sexual stage, along with the fact that the prothallia of

many of our ferns cannot survive the lack of a normal supply of moisture

for more than a few hours, suggested another possible adaptation as well

as a point of attacking the problem.

Cultures were made ot sowing spoi-es on steiilized soil in clay saucers

protected under bell jars. Both the peculiarities of form and the resist-

ance to desiccation were studied.

The following peculiarities of tovm and developniont have been noted.

The development of a plate of cells is not uniform, beginning sometimes

immediately after the germination of the spore and at other times not

*Bot. Gaz., 57: 228-2.38, Mar., 1914.

tBuU. Torr. Bot. Club, 40: 641-645, Nov., 1913.

9—1019
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until a protonemal thread of two to five cells has been formed. The dififer-

eutiatlou of an apical cell or group is late and irregular, resulting in un-

symmetrical growth. The marginal cells show unusual growth, produc-

ing variously formed outgrowths, sometimes bearing antheridia and oc-

casionally producing extra growing regions which may even become inde-

pendent proliferations.

With reference to drought resistance the following facts have been

noted : Allowing a culture to become dry for one or two days in the normal

air of the greenhouse seems in no way to injure the plants beyond check-

ing growth during the dry period. One culture left iu dry air with slight

additious of water once a week slutwed nearly all the lu-othallia alive and

in good condition after a period of threc^ uionths. 'J'lie major ])art of thf'

plants of another culture are iu good shape and have produci'il a uumber

of sporophytes although snb.jecte<l to such ii-rei;ulai' moisture <<iiiditions

for a period of nine montlis. Iu a culture leceiving only air which had

been dried by jmssiug tlirougl> iiurt^ glycerine, most of the jirothallia were

in sjood condition after four weeks and a few sui-vived such treatment for

a i)eriod of six weeks.

In conclusion, the two s])ecially iiiijiortant a(la])tive features are, the

unusual power of promiscuous growth of prothallial cells, aud the aldlity

to I'esist extreme desiccalitHi iu iiitciMuitteut iktIoiIs.
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Irish Potato Scab (Oospora scabies) as Affected by

Fertilizers Containing Sulphates and
Chlorides.

S. D. Conner.

In the sprins: of 1'.>1 1 a i)(>t exiierinieiit with Irish potatoes was started

at tlie Purdue Experiment Station by tlie author. It was the intention to

investigate the composition and quality of potatoes grown in several types

of soil with different fertilizers, the (H'dinary silt loam of the station farm

being the principal soil used. I'eat and sandy soils were also used, as

well as eight pots containini,' pure silica sand. The ]iiiii(ipal fertilizers

studied were sulphate of potash and chloride of potash. Two varieties of

potatoes were used, Early Ohio, one of the best early varieties, and

Carmen No. 3, a good late variety.

The experiment was not iilanned to cover an investigation of potato

scab, although this development of the research may be one of the most

significant features noted. The seed potatoes planted the first year did

not show any scabbiness and no attempt was made to prevent it. When

the potatoes were harvested, however, it was seen that formalin should

liave been used, as the crop was badly affected by the scab fungus Oospora

scaMes. The scab was very much worse in the brown peat than in the

other soils, as will be seen from Fig I. There was also a slightly greater

amount of scab in the pots where chloride of potash was used than there

was where sulphate was used, the unfertilized pots being affected the

worst of all. In 1912, to prevent scab the seed potatoes were all treated

with formalin and one-half the pots, which are in duplicate, were given

an application of flowers of sulphur, which is a treatment that has been

reported as a success by certain investigators.* No great differences as to

scabbiness were seen in the crop of 1912, and photographs were not taken.

In 191.3 the seed potatoes were again treated with formalin, but no

sulphur was added. When the potatoes were harvested this year a sur-

B. D. Halsted, Bui. 112, N. J. Agr. Exp. Sta.; also Bui. 120 N. J. Exp. Sta.
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Fig. III. Potatoes Grown in Pots, 1913. Peat Soil. See Table I, for Treatment Affecting Scab.

Fig. IV. Potatoes Grown in Pots, lfll.3. Sandy Soil. See Table I, for Treatment Affecting Scab.
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prisiiigly large aiiumiit of scab was uotetl. The soil, the treatment, ami

the approximate percentage of scabl)iness are given in Table I and jihoto-

graphs of the early potatoes are sliown in Figs. II, III. and IV.

As the seed potatoes liad been treated it is evident that the seal) spores

had lived over the winter in the pots which were left out in the ground.

It appears that ^•ery little scab had sunived the climate and soil condi

tions in the loam soil, while in the soils of more open texture .such as

peat and sand, the spores had been able to survive.

The unfertilized soils in most cases are .-itiecti'd to the greatest extent.

In every case flowers of sulphur, which had been applied in 1912, has had

a deterrent effect in the development of scab. In thi^ fertilizer treatment

sulphates have kept the scab down while the chloride has apparently en-

couraged it.

The variations noted in the amount of scab on the potatoes grown in

silica sand mei-it special attention, as in these jiots all factors except soil

treatment lia\c been eliminated and tlieic are four jtots which have not

h;id chloride in any form either in the original sand (the soils all have

more or less chlorine naturally) or in any ti'eatnieiit. The sulphur factor

was more nearly controlled in these pots than in the soil pots as di-calcic

phosphate was used in 1W3 in i)lace of acid plidspbate. Acid i)liosphate

which contains more or less calcium sulphate was used in all soil pots

that were fertilized; it was also nsed the first .season in Ibc silica sand

pots, and it was necessary that some snli)hate should be added as a plant

food. The treatment of each pot and the amount of scab on the potatoes

grown in silica are shown in Table II. Fig. V is a photograi)hic ivproduc-

tion of all the potatoes grown in the silica pots in 1!»].'!. It will lie noted

from the aci-oiuiianying table and illustrations that siilphnr has had a

marked influence in reducing .scab, but that sulphates have not. On the

other hand. wlieri'Ver chloride has been .-i.lded eilbcr witli or without sul-

phates very much scab was always present. This seems to indicate tliat

chlorides are needed in the development of the scab fungus. The fact

that chlorides are present in ijuite large ;nuouiits in soils, especially those

near the .sea coast, may account for the fact that chloridt's have not been

found to increase scab in experiments where such effects were noted.*

• H. J. Wheeler and G. M. Tucker, Bui. 40, K. 1. Kxp. Sta.; also O. K. Stone, 2()th .\nii. Hop.

Ma!.-!. Agr. Exp. Sta., 1908.
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Fig. V. Potatoes Grown in Potis, 1913. Silica Sand. See Table II, or Treatments Affecting Scab.
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TABLE I.

Potato Scab (Oospora Scabies) Pot Cultures, 1913.

Kind of Soil.
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TABLE II.

Potato Scab (Oospora Scabies) in Silica Sand Pot Cultdkes.

Treatment of Soil Per Cent,

of Scab.

NPKsSOi
NPKCl
NPK2SO4 + NazSO,,

NPK2SO1 + NaCl

NPK2SO4 + sulfur

NPKC1 + sulfur

N P KsSO. + NajSOi + sulfur.

N P KoSOi + NaCl + sulfur. . .

N = 7 gr. dried blood plus 6.7 gr. nitrate soda per pot.

P = 5.1 gr. di-calcic phosphate per pot.

KjSOi = 3.6 gr. sulfate of potash per pot.

KCl = 3.6 gr. chloride of potash per pot.

NajSOi = 3.4 gr. sulfate of soda per pot.

NaCl = 2.8 gr. chloride of soda per pot.

Sulfur = 8 gr. per pot or approximately 360 lbs. per acre.

All pots had a treatment of 100 gr. calcium carbonate per pot.

Early Ohio potatoes treated with formalin were planted.
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Wabash Studies. V. A Topographic Map of the
Terre Haute Area.

Charles R. Dryer.

The west sheet, co\'ering au area about tive miles square, was pre-

sented to the Academy iu 1909 and a poor photographic copy of it was

published in the Proceedings for that year. The east sheet, covering an

area six l)y seven miles, is now completed. The two sheets cover a strip

five to six miles wide north and south and twelve miles long east and

west extending across the Wabash valley. The original draught and trac-

ing are on a scale of six inches to the mile and the contour intervals are

five, ten and twenty feet, according to the relief. The datum planes used

for the west sheet were the levels of the Vandalia and Big Four railroads.

After that was completed the United States Geological Survey established

bench marks in the area which were used for the east sheet, although

found to be 3.65 feet above those of the west sheet.

On the east sheet levels were run with a dumpy level along east-west

lines one mile apart and the intervening spaces were filled in with a hand

level used on a staff. The levels of the city engineer's office reduced to

U. S. G. S. datum, were used wherever available. The work was all done

by students of the Department of Geography and Geology of the Indiana

State Normal School. In all about forty different persons worked upon it

during periods varying from six weeks to thirty-six weeks each. Of

these Melvin K. Davis and Garl H. Barker became the most proficient, and

to them was assigned the plotting and final draft of the map.

The map is not good enough for sewer, drainage or hydraulic work,

but would be of some value for highway and railroad location. For geo-

graphic and geological purjjoses it is far better than none. Its final dis-

placement by a better one will not destroy the values of the experience

olitained by its makers or the facility it affords for general field work.
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Center of Area and Center of Population of

Indiana.

W. A. COGSHALL.

The center of area and the center of population for the State of Indi-

ana were determined lately for the Board of State Charities. The pro-

cess in the determination of the center of area was to draw two lines at

right angles across as good a map of the State as could be found, the in-

tersection falling at the estimated center. The areas of the nortli and

south sections were then measured with a planimeter and the east and

west lines shifted till the two measuix'd the same, 'i'he areas on each side

for north and south line were treated in the same manner and the result

checked by measurement on several different maps. The intersection of

these lines is near the village of Traders I'oint. in Pike Township, Marion

County.

The center of population is really a problem in center of gravity. It

is not a point about whicli the population is equally distributed, but a

point such that if a map of the State were loaded in proportion to the

population of each locality, the map could be supported by that point

and would balance. The population of any one locality is therefore only

one factor in determining the location of the center, the other factor being

the distance of such locality ft-om the center.

In this determination the statistics used were supplied by Mr. Butler

and consisted of the population of each township of each county. I as-

sumed that the population would be evenly distributed over the township

in the cases where no towns existed. Where a township had a large part

of its population concentrated in a town, I estimated the center of gravity

of the township accordingly. The distance of these township centers from

a pair of arbitrary east-and-west, and north-and-south lines was measured

on a large scale map. The solution for the center of gravity gave the

distance of such center from the intersection of the arbitrary lines. This
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intersection was eleven miles north of Lebanon and the corrections found

as the result of the computation placed the real center of population in

l']agle Township, Boone County, about H miles southwest of the Station

of Zionsville.

It is a remarkable fact that tbe centers of area aii<l population are so

close together.
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The Shrinkage of Photographic Paper.

R. R. Ramsey.

In mountiiijj; some spectrograph prints I was very much chagrined to

find that they were at different lengths, as if they had heen talcen on

different spectographs. These pi-ints had heen printed on developing paper,

developed, washed, dried and then soake<l and mounted ^xet. It had

happened that the paper used came in (piite large sheets and in cutting

down ro size it was economical to cut some pieces lengthwise of the paper,

while other pieces wen; cut crosswise. Several prints were made and

the l)est were selected for mounting. In tliis c-hance selection some were

lengthwise and others were crosswise of the paper. The expansion and

contraction in the process of develo]ung and washing was different in the

different directions <ind it was necessary to make a new set of prints,

care being taken to have tlie paper all cut the same way. The mounting

was done before drying, to prevent excessive exjiansion.

I thought it might be of interest to experiment with several brands

of paper to determine if this fault was found in ail l)rands of paper or

in this particular brand alone.

An SxlO-iiich plate was exj^osed to sunlight and then developed, giv-

ing a very dense tllm. On the edges millimeter scales were ruled with the

dividing engine. A space of 20 centimeters was ruled on the long edge

and a 15 centimeter space on the short edge of the plate. Thus by print-

ing and developing I had a photograph of the scale, and measurement

would give the amount of shrinkage or exitansion. Five different papers

were used. All were printed, developed, fixed, and washed in the usual

manner. After washing, a sample of each brand was mounted on card-

board. The otliers wei"e stuck back side to glass and allowed to dry.

When dried measurements were taken of the length and breadth. Then

'famples of each brand were selected from the unmounted photographs,

soalved in water and mounted on cardboard. After drying, these were

also measured.
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The accompanying table will give the results:

Paper.
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AcYL Derivatives of 0-Aminophenol.

J. H. Ransom and R. E. Nelson.

In an extended piece of work published some years ago the senior author

(Amer. Chern. Journ., 23, 1) foimd that when o-nitro phenylethylcarbonate

was reduced with tin and hydrochloric acid a urethane was obtained, soluble

in alkalis and evidently having the carbethoxy group attached to nitrogen.

By modifying the conditions he was able to isolate an isomeric basic material

in which the carbethoxy group was attached to oxygen. On standing this

rapidly changed to the urethane. The same urethane was obtained on treat-

ing o-aminophenol, in ether solution, with chlorcarbonicethylether. A similar

rearrangement occurs when o-nitro phenylbenzoate is reduced in acid solution

(Bottscher, Ann. Chem. Pharm., 210, 384). In determining the constitution

of the oxyphenyl urethane Ransom made the diacyl derivative by using ben-

zoyl chloride in alkaline solution. He also found that the same substance

was produced when Bottscher' s benzoyl o-aminophenol was treated with chlor-

carbonicethylether in alkaline solution. In both cases saponification gave

benzoic acid and oxyphenylurethane, indicating that in the latter case a

molecular rearrangement of the diacyl derivative had occurred, so as to leave

the lighter group attached to nitrogen. Other diacyl derivatives of o-amino-

phenol were made and in every case the lighter group was found attached to

the amide nitrogen. If one of the amide hydrogens is first replaced by a

hydrocarbon radical no rearrangement occurs, but isomeric substances are

formed when the acyl groups are introduced in reverse order. The same is

true when the amide and hydroxyl groups are in the meta or para position to

each other.

It seemed desirable to determine whether the carboxylester group would

become attached to nitrogen in the presence of a carbonyl group already

attached to the same nitrogen; also whether of two carboxyl groups intro-

duced the lighter one would go to the nitrogen. Finally it seemed of interest

to determine if rearrangement would occur in case the radicals introduced

were nearly of the same weight. If the rearrangement did not occur or pro-

ceeded more slowly than the others it was thought there would be a chance

of studying more thoroughly the mechanism of the rearrangement.

10—1019
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OXYPHEXYLISOAMYLURETHANE.

0-aminophonol was prepared by the reduction of the nitrophenol. Two

grams of this were suspended in ether and the calcuhited amount (2 mol.) of

chlorcarbonicisoamj'lether slowly added. The hydrochloride of one molecule

of the aminophenol precipitated. After filtering, the ether solution was

evaporated, leaving about two grams of a solid. It crystallized from ligroin

in white needles melting at 68.5°-69.o°. It is insoluble in cold water and

acids, but is sparingly soluble in hot water and very soluble in cliloroforni,

benzol, alcohol and ether. It is also quite soluble in dilute alkalis and from

this solution is precipitated by acids thus showing its acid character.

The same substance was also produced l)y the reduction, with tin and

acids, of o-nitroi)henylisoamylcarbonate made by Ransom's method (loc.

cit.). The melting point was the same, and a mixture of the two had the

same melting point as either.

Another sample of the nitroisoamylcarbonate was reduced, but as soon

as the action was complete the product was thrown into a concentrated (1:1)

sohition of potassium hydroxide kept cold in a freezing mixture. This solu-

tion was cpiickly extracted with ether and the ether solution dried with solid

potassium hydroxide. When dry the ether solution was saturated with dry

hj'drochloric acid gas. A voluminous white |)iccipitate separated wliicli was

filtered out and Cjuickly dried on a porous plate in a desiccator. The melting

point was 133°-134° and the substance was cpiite soluble in cold water and

acids, but alkalis precipitated an oil from the mixture. A small amount of

this was dissolved in warm water and allowed to stand. Soon an oil sei)arated

which was extracted with ether. On evaporating the ether a solid remained

which was soluble in alkalis and h:id all tlie jjroperties of the urethane de-

scribed above. Kvidently the .substance melting at 133'^ was the liydrochlor-

ide of o-aminophenylisoamylcarbonate wliich changed to the >n-ethane on

being warmed with water. In the dry condition tlic liydrocliloride is

moderately stable.

BENZOYL 0-OXYPHENYUSO.\.MYLXUETHAXE.

One and five-tenths grams of the oxv-phenylisoamylurethane were dis-

solved in a slight excess of a 10 per cent, solution of potassium hydroxide,

and to this was added 0.8 grams (one mol.) of benzoyl chloride. Slowly a

brown oil sejjarated which solidified in an ice box. .\fter extracting with

ether and recrystallizing several times from dilute alcohol wliite needle shai)e(l
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crystals were obtained which melted at 64°-6o.5°. It is insoluble in water,

dilute acids and alkalis, but soluble in ether, chloroform, benzol, and alcohol.

0.2591 grams gave 10 c. c. of nitrogen at 22.5° and 74S m.m. pressure. This is

equivalent to 4.39 per cent nitrogen. Calculated for C19H21NO4 eciuals 4.28

per cent.

To one gram of this diacyl derivative 2 c. c. of a 10 jjcr cent, solution of

alcoholic potash were added. Saponification began at once and when all

had passed into solution it was acidified and extracted with ether. The

ether solution was washed with a solution of sodium bicarbonate and the

ether evaporated. The residue after recrystallization from ligroin melted at

68.5°-69.5°, and when mixed with the urethane having the same melting point

no depression of melting point was observed. From the sodium bicarbonate

solution, on acidifying, benzoic acid separated and was identified in the usual

way. The result indicates that the benzoyl group was attached to oxygen.

.\CTION OF CHLORCVRBONICISOAMIXETHER OX BENZOYL ()-.\MINOPHENOL.

Benzoyl o-aminophenol was prepared following the inetluxl of Ransom.

Two grams of this were dissolved in excess of a 10 per cent, solution of potas-

sium hydroxide and 1.6 grams of chlorcarbonicisoamyl ether slowly added.

On shaking, an oil slowly separated and this was extracted with ether. From

the ether an oily residue was obtained which after several recrystallizations

from alcohol formed a white solid melting at 64°-65.5°. A mixture with the

supposed isomer had the same melting point. Saponification resulted in the

production of benzoic acid and the urethane (m. p. 64°-65.5°). Evidently the

benzoyl group in this, as in the former case, is attached to oxygen and must

have shifted from its original attachment to nitrogen.

.\CTION OF CHLORCARBOXICETHYLETHER OX OXYPHEX YU.SO.\M YLURETHAXE.

One and one-fourth grams of oxyphenylisoamylurethanc were dissolved

in 4 c. c. of a 10 per cent, solution of potassium hydroxide and to this was

added 0.7 grams of chlorcarbonicethylether. A heavy red oil separated.

This was extracted with ether and the ether solution washed successively

with dilute alkali, dilute acid and water. It was then dried with calcium

chloride and the ether allowed to evaporate. The oil did not solidify. It

was distilled under a pressure of 16 mm. at 185°-200°, the distillate soon

solidifying to a yellow crystalline mass. After several recrystallizations
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from dilute alcohol the crystals became white and melted at 65°-G6°. It is

insoluble in water, acids and alkalis, but soluble in alcohol, ether, chloro-

form, and benzol.

ACTION OF C'HLORC.\RBONICISOAMYLETHEn ON OXYPHENYLETHYLURETHANE.

The ethylurethane was prepared according to Ransom's method and two

grams of it were dissolved in a slight excess of potassium hydroxide. To this

was added the calculated amount (1 mol.) of chlorcarbonicisoamylether.

After shaking, a light yellow oil separated which became darker on standing.

This was extracted with ether and the ether allowed to evaporate. An oil

remained which refused to solidify even in a freezing mixture. It was dis-

tilled under a pressure of 15 mm. at 184°-190°, the distillate solidifying to a

crystalline mass. After several recrystallizations it became white and melted

at 65°-66°. It has all the properties of its supposed isomer above described.

On saponifying some of the impure material two substances were obtained.

A part melted at 133°-134° and is i)robabl\- carbonylaminoi)henol produced

from the urethane by loss of alcohol. The other part after purification melted

at 84°-85'' and on mixing with oxyphenjdethylurethane (m. p. 86-87) the melt-

ing point was raised slightly. Evidently the carbethoxy group remains at-

tached to nitrogen and no rearrangement occurs in preparing the diacyl deriv-

ative by this method. Since the supposed isomer is identical with this, there

must have been a rearrangement during its preparation in the sense that the

two carboxyl radicals exchanged places, the lighter changing from oxygen to

nitrogen. The following equations express the reactions involved and the

rearrangement that must have occurred in one case. KOC6H4NHCOOC6H11
4- ClCOOCoHr, > CcHr,OOCOC6H4XHCOOC5H„ -f KClC2Hf,OOCOC6Tl4NH-

COOC5H,, > CsHMOOCOCeHiXHCOOC.II.. The final product is o-oxy-

phenylethyhu'ethaneisoamylcarbonate.

SU.MMAKY.

The work here outlined, together with that previously rejiorted, shows

that when two carboxyl radicals ^CC)()H and COORi) are introduced into the

molecule of ortho aminophenol the lighter one becomes attached to the amide

nitrogen, the position not being influenced by tlic order in wliidi the grou])s

are introduced. .\nd that to accomijli.sh tliis a molecular rearrangement

occurs in one case. This is also true when botli ladicals are carbonyls (COR

and CORi). In case one radical is carbonvl and the other carboxvl the latter
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becomes attached to nitrogen without being influenced by the relative weights

of the entering groups. The hope that the introduction of radicals of nearly

the same weight (CeHsCO — 105, CsHuCOO — 115) would result in the forma-

tion of isomeric substances was not realized, the velocity of the rearrange-

ment being almost instantaneous in every case. Consequently the mechan-

ism of the rearrangement cannot be cxj^lained. It is possible that there is

an equilibrium of the two isomeric forms and that one of them is in large ex-

cess, but there is little evidence to support this view. Work already begun

with the orthoaminomercaptans may throw light upon the problem.
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Boiling and Condensing Points of Alcohol Water
Mixtures.

p. N. Evans.

The boiling points of mixtures of alcohol and water depend on the pro-

portions of the constituents and range from about 70° C. for pure ethyl alcohol

to 100° C. for ])ure water. Except at a concentration of about 92 per cent,

alcohol by weight (about 96 per cent, by volume) any mixture of alcohol and

water when boileil gives off a vapor of different comjjosition from the liquid,

the vapor being richer or pooi'er in alcohol than the lifjuid when the latter

contains respectively less or more than 92 per cent, of alcohol. The vapor

has, of course, a condensing point identical with the true boiling point of the

liciuid from which it is given off.

The purpose of the w'ork here reported was to ascertain experimentally

the relation between the boiling point (or condensing point) and the compo-

sition of both the liciuid and vapor phases, so that with the information so

obtained it would be possible by observation of the corrected boiling point

to learn the composition of the boiling licjuid and of the condensing vapor.

PROCEDURE.

The gravity and temperature of a strong alcohol were determined with

a Westphal balance, and the weight-per cent, of alcohol calculated by means

of Mendelejeff's table. P'ive himdred cubic centimeters were placed in a

one-liter distilling flask with an accvirate thermometer graduated in tenths

of a degree placed with its bulb just below the side-neck. The liquid was

then slowly distilled at a uniform rate of about one drop per second until

15 c. c. had passed over, the distilling temperature being read when 7.5 c. c.

had collected in the graduated receiver. The per cent, of alcohol in the dis-

tillate and in the residue was determined from the gravity as before.

The average of the percentages found in the liciuid in the flask before

and after distillation was taken as that of the liquid phase, and the percentage

in the distillate as representing the vapor phase at a moment half-way througli

the distillation when the boiling ]:)oint was observed.
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The original volume of the liciuid in the flask was restored by the addi-

tion of 15 c. c. of water, and the slightly more dilute mixture so obtained

was used for the next experiment. Forty-three mixtures were investigated

in this way, ranging from 91 to per cent, of alcohol.

Corrections were introduced in the temperature readings for the baro-

metric pressure and for the exposed column of mercury in the thermometer,

assuming that the barometer effect would be the same as in the case of water

—an assumption very nearly in accordance with the facts, as shown by the

tables of Regnault and Classen given in Biedermann's Chemiker-Kalender.

The temperature results are probably accurate within 0.2 degrees, and

the concentrations within 2 per cent.

The results obtained are given in (he following table:
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A convenient table of results estimated from the curves is here given:
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It is also possible to tell the approximate composition of both liquid and

vapor (or distillate) at any moment during the distillation of a mixture.

This application has proved interesting in interpreting the behavior of alcohol-

water mixtures during distillation and partial condensation in the writer's

laboratory classes.

It is the intention to continue the experiments by examining mixtures

containing over 92 per cent, of alcohol; the observations will require greater

accuracy, and a differential thermometer graduated in hundredths of a degree

will be employed.

Purdue University,

Lafdyette, Ind.
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(Abstract.)

On the General Solution and So-Called Special

Solutions of Linear Non Homogeneous Par-

tial Differential Equations.

L. L. Steimley.

The integrals of a partial differential equation of the first order were

first classified by Lagrange, who separated them into three groups, namely,

the general, the complete, and the singular integrals. For a long time this

classification was thought to be complete. In fact, Forsyth in his Differen-

tial Equations, published first in 1885, gives a supposed proof of a theorem

stating that every solution of such a differential equation is included in one

or other of the three classes named. This error is also carried through the

second and third English editions and the two German editions, the last one

being published in 1912.

In 1891 Goursat pointed out in his Equations aux derivees partielles du

premier ordre, that solutions exist which do not belong to any of these three

classes and showed indeed that the existing theory was not complete even

for the simplest forms.

In November, 1906, Forsyth, in his presidential address to the London

Mathematical Society, emphasized the fact that the theory is incomplete,

and in his closing remark says: "It appears to me that there is a very defi-

nite need for a re-examination and a revision of the accepted classification

of integrals of equations even of the first order; in the usual establishment of

the familiar results, too much attention is paid to unspecified form, and too

little attention is paid to organic character, alike of the equations and of the

integrals. Also, it appears to me possible that, at least for some classes of

equations, these special integrals may emerge as degenerate form of some

semi-general kinds of integrals; but it is even more important that methods

should be devised for the discovery of these elusive special integrals."

Forsyth also in an address delivered by request, at the 4th International

Congress of Mathematicians, takes advantage of the opportunity' offered, to
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again emphasize the incompleteness of the existing theory of partial differ-

ential equations of the first order.

In attacking this problem the logical place to begin is with the simplest

case, namely, with the linear ecjuation. This is the eciuation dealt with in

the paper. It can be written in the form

2z
i=l i

^. Xi, X2, ,x„ =z *, Xi, X2, x„

The restrictions made on tliis equation are tiuit all conmion factors have

been removed from -o-, ^i, A.2, . . . , ^n] that there is also a set of values

of the variables ft, Xj, X2, . . . . , Xn in the vicinity of which the func-

tions -A^i and -o have no branch points and otherwise behave regularly.

Forsyth, in his treatise on ParlUd Differential Equations published in

1906 goes to much labor to give solutions that are examples of the so-called

special integrals. In the present paper a means is developed by which all

the elusive special integrals can be readily determincci and a new and com-

plete classification is given of all tlu* integrals of the ocpiation.
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A Modified Permeameter.

Edwin Morrison and B. D. Morris.

In his work on the Magnetic Induction in Iron and Other ]\Ietals, Ewing

briefly describes a permeameter. (See page 247, Art. 148.) The instrument

is for the purpose of determining the magnetisation of a metal by means of

the tractive force. In Ewing's work the permeameter method constitutes

the fourth method of measuring the magnetic properties of a metal, that of

tlie ballistic, the direct magnetometric, and the optical methods having been

r,<^. m.

of Iro^

fl^'

n^ t

previously described. After desci-ibing the apparatus and developing the

equations the author closes his discussion thus: "The tractive method is at

best inexact, but it affords a ready means of making rough measurements,

especially for purposes of comparison."
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Two primary objects were sought in modifying the Thompson Permeameter

as shown in Ewing's work, Fig. 130, page 249: First, to render the instrument

more accurate, and Second, to avoid complexity such as is necessary in the

ballistic method so that the magnetic properties of iron may be introduced

earlier in a students' course.

The modified apparatus is shown in Fig. 1. The solenoid (A) is sur-

rounded by a cast iron field (B) which furnishes a metal path for the return

lines of force. The lug (L) is separated from the core of the solenoid by a

very thin piece of paper. The core of the coil can be easily replaced by a

core of a different metal, thus giving a difTerent test. The force required to

separate the lug from the core is measured by means of the spring (S). Since

the pull exerted by a spring is directly proportional to the distance it is

stretched it becomes necessary simply to measure accurately the distance

the spring is stretched in separating the lug (L) from the core. The upper

end of the spring is attached to a sliding guide bar (G), to which is fastened

a micrometer screw (T). By turning this micrometer screw the spring may

be stretched sufiiciontly to pull the lug away from the core which is being

tested. The number of whole turns of the screw may be read from the index

bar (D), and the fractional part of a turn to one-tenth of a turn may be read

from the disk (E.) By standardizing (lie spring and reading micrometer by

means of known weights the force in screw turns may ])e reduced to grams

or pounds.

The permeameter with the auxiliary apparatus is set up as shown in

Fig. 2.

-VVWWV\A-
t :£M

J^tf.2..

J', is the permcaineter.

C, i.s rotary commutator by mean.s of which an alternatinK currvnt may l)e tlirown tlirough

the solenoid, thus demagnetizing tho core.

R, is a variable resistance by means of which the current may I)i' varied from zero to twenty-

five amperes.

A, is an ammeter.

M, repre.sents the .source of current, which is the ordinary 110 volt direct lightinp; current.
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The method of obtaining data is as follows: First demagnetize the core

specimen to be tested by rotating the rotary commutator, thereby causing

an alternating current to flow through the solenoid. When the specimen is

demagnetized it will exert no pull on the lug (L). Next pass a very slight

current through the solenoid, place the lug in contact with the core and turn

the crank until the lug and core are separated. The number of turns can be

read directly from the slide index (D) and the disk (E). The current strength

is read from the ammeter. The current is then increased and the force meas-

ured which is required to separate the lug and core. This process is con-

tinued, noting in each instance the current strength and the pulling force of

the spring, until the pulling force ceases to increase with an increase of cur-

rent, indicating that the core is saturated. The current is now decreased

step by step and the pulling force and the current strength noted in each

case. When the current reaches zero it is reversed and the process indicated

above is repeated. When the current is again brought back to zero it is

reversed the second time and increased to the point of saturation. Thus

data for the complete hysteresis loop may be taken.

The equations for transforming the results from a permeameter into the

B and H values for plotting the hysteresis loop are as follows. (See Ewing's

work page 24S.)

(B — H)=XS(sq.cm.)
Pull in lbs. =

11183000

I
Pull in lbs.

or B = 3344 h H
\ S(sq. cm.)

Pull in lbs.
or B = 1317 + H

\ S(sq. cm.)

The value of H may be determined by the following ecjuation, in which

N is the number of turns, I the current strength in amperes and 1 is the length

of the solenoid in cm.

1.26 N I
H =

11—1010



1G2

Fig.
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Length of solenoid, 9.5 cm. Number of turns, first coil 176, second coil

273. The force of the sjiring rei)resonted l^y one turn of the micrometer screw

is 13 grams or 0.028 lb.

Record for a Cold Rolled Steel Rod U.5 in. Dluin. Coil 176 Turns.

.\mp.
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Above Results Converted into H and B Values.

Amp.
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Fig. 4. Hysteresis Plot.

CONCLUSIONS.

The plot here given establishes the fact that the magnetic properties of

iron and steel can be obtained by the permeameter method to a reasonable

degree of accuracy, sufficient for student purposes.

From a number of tests which have been made the permeameter estab-

lishes in an interesting way the fact that a much stronger current is required

to bring a hard metal to magnetic saturation than a soft metal.

The permeameter test also demonstrates that the magnetic pull exerted

by a soft metal is much stronger than that of a hard metal imder the influ-

ence of the same clirrent.

These peculiarities are more easily shown by this instrument than any

toher, owing to the fact that different metals can be examined under the same

conditions.

Physical Laboratory , Earlham College.
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Sanitary Survey of Indiana Rivers.

Jay a. Craven, C. E.

In Aiig:ust, 1908, the investigation 1)y the Indiana State Board of

Health of tlie sontliern end of Lake Michigan bordering Indiana revealed

v serions condition. It was found that the Lake water was "grossly pol-

luted and unfit for use as a soui-ee of water supply for drinking and domes-

tic purposes.'' Tlie zone of pollution extended for five miles from shor(>.

Although Indiana Harlxir, East Chicago, Whiting and a portion of Ham-

mond contributed domestic sewages directly to the Lake, it was found

that this apparently had little influenci> on the character of the Lake

waters. The main source of itollution was found to be the Calumet River

with its great volume of sewage and ninnnfactnring wastes. Tlu' ]i(irti(in

of the lake investigated is readily seen on the accompanying map.

The deplorable situation called for a more thorough survey of the

condition, and to this end preparations and plans were made for an in-

\estigation of the Cahunet River, to determine the "exact condition of the

river, the amount and kind of pollution entering it from the Indiana

c-ities, how it was disposed of. and if possilde, through its report to lend

assistance for the linal solution of tbc probknn wliich faces the Indiana

cities and also a part of Cliicago."

About twenty-five miles of the Grand Calumet River was surveyed in

the summer of 1910. It has a varying width of from twenty-flve to three

hundred feet and an average depth of six to eight feet until it reaches

Lake Calumet, from which point it averages twentj''-five feet. It receives

most of tile sewage and trade wastes from tlie foui' cities along its 1)anks,

together witii a pordim of tiiat of Chicago. .Many large manufacturing

concerns conti-ilmted a large part of the most offensive refuse.

Forty-three sampling points were established in the East Chicago

canal, the Grand Calumet River. The Little Calumet River and Lake

Michigan. Samples for the putrescibilty reaction, oxygen consumed and

dissolved, were collected at all the sampling points and sewer outlets over
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a period exteuding from June 29tli to August 1st. In addition to this,

bacterial analyses were made on river samples during that period. The

portion of the river investigated is shown on the map of Indiana.

The results of this work were summarized as follows : "It appears

that the Calumet Kivor is, for a part of its course, a septic tank, in which

the sewage entering it travels but a short distance from its point of

entrance before undergoing putrefaction." As the conditions were serious,

involving the health of the people of several cities and extending over a

large territory, it was thought that the problem could be more advanta-

geously dealt with by the formation of a sanitary district to study the con-

ditions and reach a final solution, and it was so recommended.

At the same time these conditions along the lake were being inves-

tigated, the states bordering the Ohio River were much concerned with

the condition t)f the river and a preliminary survey had been made of

that portion of it bordering Ohio by the Ohio State Board of Health.

Indiana was next in line in doing similar work along its borders, and in

the summer of 1911 that portion of the river lying between Cincinnati,

Ohio, and the mouth of the Wabash River, a distance of 357 miles, was

surveyed. A houseboat was equipped for the survey in which living and

working quarters were provided, and it was found to bo adniiriil)ly adapted

to the work.

The total dniinage basin to the Ohio-Indiana line is S0,94T scjuare

miles, and the population located on this area was aliout 8,000,000. Four

hundred and fourteen samples were collected feu- chcniicil nnd liacterial

analysis, ?,?,3 of which were river samples.

AV'itli tlie exception of tlivce ov four imints in tlic river, iind these at

or near the entrance, the analysis did not show a serious condition to

exist, one wliicli at tlie stage of water encountered would create a nuisance.

At no point along the river was the r:iw wiiter found to be fit for drink-

ing i)uiT)oses, however.

One noticeable feature that should lie mentioned is the high typhoid

death rate in the cities using raw river wnter, and the decrease in the

rate after the introduction of filter plants where this step had been taken.

At Cincinnati for three years before filtered water was used the average

rate was 64.0 per 100,000 and the average rate for the three years fol-

lowing the introduction of filtered water was 12.G.

As an Indiana problem alone, future investigations could be limited
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to Ciaciiniati, Louisville or Evansville, and as the former are much

the larger, contributing tlierefore a much larger amount of sewage and

wastes, active steps toward an abatement of the problem at tliese two

places will have to be taken before Indiana is affected. The question of

the disposal of manufacturing wastes is a comparatively easy one for

Indiana manufacturers. It is an individual prolilem for each concern to

solve, but there are very few where a treatment of the waste would be

required, and then only after the problem has been taken up at all points

along the river.

In the report made in 1911 it was said that the problem was not one

for the individual states, but that it would have to be controlled by the

federal Government, and preparations are now being made by the Gov-

ernment for a thorough survey of the entire river.

Continuing the policy of surveying our rivers, and therefore our

natural water supplies, a survey of the Wabash River was made in the

summer of 1912. From the experience gained the previous summer, a two-

roomed houseboat was built, one room to be used for the laboratory work

and the second for living quarters. The work covered the river from

Bluffton near its source to tlie mouth, a distance of 450 miles. Because

of the shallowness of tlie river at the upper end, this portion was covered

in a rowboat, and samples shipped to Lafayette to the houseboat labora-

tory. From this point down, the houseboat was used. Eight hundred and

twenty-three samples were collected for a chemical and bacterial analysis,

696 of them from the river.

At no point was the river seriously polluted; i. e., a nuisance did not

exist. At a few places, however, as at Wabash, where a large strawboard

l)lant is located ; at Lafayette, where there is another one ; at Terre

Haute, with many manufacturing concerns, and at Yincennes, with its

strawboard works and distilleries, considerable pollution was found. As

this condition was always below the cities and they were not bothered,

and the natural purification of tlio river remedied this condition before

the cities and tow ns below were reached, no complaints were heard. The

population on the watershed is not large in comparison with its size, and

the flow is sufficient to care for the sewage and wastes by dilution.

Although from a physical standpoint the river was found to be in

good condition, the analyses showed that it was unfit in its raw state for

drinking and domestic purposes, and th.'it it would be necessary to filter
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Mic wntcr to make it potable. The great burden imposed niKHi a filtra-

tion plaut by the use of the river for the disposal of sewage and manu-

facturing wastes in constantly increasing quantities, should be lessened as

much as possible. Some degree of purification of all manufacturing

wastes and domestic sewage should be required. I'artial purification, such

as screening or the jiassing the sewage and wastes througli ImhofC tanks,

will give a satisfactory ctHneut for sonu' time to come. Some such treat

ment should therefore be recpiircd of all cities and towns and manufac-

turing concerns, and it was so recommended.

Last summer similar work was dont' on White River from Winchester,

near the .source, to the mouth, a distance of aixiut ."ISS miles bi'ing covered.

From Winche.ster to Muncie the trip was made on foot; from Muncie to

IndianajKilis a rowlioat was used; hetwceii iiidian;i]Milis and Martinsville,

information and sam])les were collecte<l in an auto, and from Martins-

\ille down, tlie liousehoat wiiicii liad been used on the Wabasji Ki\-er was

again jiut in service. It liad lieen hronglit up to this jioint dui'ing tlie

early spring.

Navigation was moi-e ditlicult tlian had been i)re\iously experienced,

and man.\- obstructions in tlie wa.\' of snags and sand bars were met. Al-

together 7711 samples were codected. :;;!4 of tiiem from the river. The

river for about 100 miles below Indianapolis was found to he In a serious

condition, due to the great anioind of sew.age and manulaclui-ing wastes

introduced into the ri\-er at Indianapolis. The flow of the y\\r\- during

dry seasons is entii-el.\- too small to cai-e for this iri-eat :r,noi;nt of sew

age. and the only I'emedy for the situation is the treatment of this i-efuse.

which has alread.v been b(>gun in an experimental wa.\-. When Indian-

apolis has relieved its ]iorrion of the pollntion. other cities will have

to do likewise, and in fins way. the condition of the rlxci' will gi'aduall.v

be restored to as neai- its original state as possible.

Altogethei-, a total distance of l.l'.t.") nules were covered in the survey

of the last three rivers, and over :.'.(:<i(i samples were anal.w.ed. 1. ;;(;:; ol

them river .samples. The work done has revealed serious conditions on

two of the rivers. tlu> Calumet and Wliite. ste]»s for the improvement of

which have already been taken. In the case of the othei' two. steps foi-

the restoration of the watei- to its former condition should i)e taken, and

future iiollntion prohibited. Tlie aecomi)anying map shows the extent of

the work done on Indiana rivers.
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These surveys have shown the need of more lej^islative power, to be

vested in a central authority, naturally the State Board of Health, whereby

the rivers, our natural water resources, can be saved for future genera-

tions. At the preseiit time control of streams is given where they are

nsed for water supplies, l»ut no steps can lie taken by the Board of Health

indess petitioned by the health oliicci- or citizens of the hicality affected.

The time is coming, and the sooner such control is given the easier will

he the solution of the problem. The data collected will be invaluable in

tJie fulure for comparative purposes, when the people l)ecome awakened

to the seriousness of stream pollution.
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The Relation of Lakes to Floods, with Special

Reference to Certain Lakes and Streams
OF Indiana.

Will Scott.

The problem of flood prevention is a part of a larger problem which

we have considered either in a fragmentary way or not at all. This

larger problem is thie development of the waters of our state as a natural

resource. To regard a river as a menace because its higher stages, under

present conditions, are destructive ; or to consider a lake to be a waste

area because it can not be plowed, indicates a very limited insight or

selfish motives. Some of the factors that must be considered in the de-

velopment of th.is resource are power sites, building sites, water supply

for cities, water for irrigation, places for recreation, avenues for trans-

portation, and fish production.

It may be regarded as self-evident, that a whole drainage system

must be treated as a unit. It is impossible to develop one power site,

withv'ut affecting another; floods prevented in the upper course of a

stre.-au will make them less destructive in its lower course, etc.

The thing that affects most fundamentally these elements of value in a

stream is its rate of discharge. The work of Tucker ('ID has shown that

not nearly all of the power sites in Indiana are developed; and that

those that are developed are limited in value because of the low minimum

discharge. High banks along streams are worth much more for building

sites than for farm land. The more constant the stream level is. the more

these sites are worth. And so with all of the values that attach to a

.stream ; the more regular the discharge, the greater these values are.

The attention of every one is attracted to the great losses that are

caused by floods ; but few recognize the decreases in \alue that are occa-

sioned by the low stages of streams. The losses by floods are sudden and

dramatic. They are more or less irregular in their occurrence, while the

losses caused by low stages are constant and inconspicuous. The losses
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Nor; h Side. Foiinci ii^i I'.ricninj (.loimu. Now a Hocky and Unproductive Waste.

'ktel. I.iimlc Lal<o. .\lar.-,li in the Fore .round and .Mid.llc Di-t.nirc

.Spoiled Ijy Lowering the Lake.

A I'ish reedirm (iround
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of the first chiss reiire.seut devcloiied resources; while those of the second

class repi-cseiit resources that are for the most part undeveloped. This

accounts for the difference in the atten.tion that each receives. The prob-

lem is not the prevention of floods Ijut the production of regular discharge

in our streams. The rainfall is irregular, and if it is allowed to run

off as it falls an irregular discliarge must result. Each drainage system

presents a different set of conditions that must l)e met in solving this

prolilem. The solution of the problem in northern Indiana is intimately

associated with the development of our lakes.

'Ihis paper is limited to a discussion of some lakes of Kosciusko

County aiid tiieii' relation to the Tippecanoe drainage system of which they

foi'm a ]iari.

'That I he Tiiiiie'iiiioe Kiver has a more regular flow than the

Waliasli is due to the fact that the Tipix'canoe has many more lakes and

swamps in its headwaters. (The closer pi'oximity of the Waliash to

bed-rock jirobalily has some intlueUve on the irregularity of its flow.)

Some of the facts concerning the Wal)ash at and above Logansport.

and the Tippecanoe Kiver at and above Delphi are as follows:
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Spillway and Dam.

Plate II. Webster Lake. Fish Feeding Ground Formed l>y Damming the Lake.
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plants* growing in them so that the excess of water is discharged gradu-

ally during the months that follow.

To leave the outlet of a lake undisturbed has many advantages to

the lake. First of all, it insures a shore line of considerable age. On

the windward side there is usually a wave-cut terrace, which forms the

natural breeding ground for most of our lake fish. On the lee side there

are usually plants which furnish protection and feeding ground for

fish.

If the outlet is dredged the capacity of the lake as an impounding basin

is decreased. The plants whicli obstruct the outlet are destroyed, so that

the excess of water is rapidly discharged. For example Lingle Lake was

lowered four feet by dredging. Caving of the banks and the obstruction of

the outlet by waves has raised the water to within approximately two

feet of its original level. This has decreased its area 10,152,800 square feet,

and its capacity 40,107,600 cubic feet. See accompanying map.

The present area of Lingle Lake is .537 square miles. This reduction

in level has exposed a large area of wave-cut terrace on the north and east

shores, and thus destroyed the best nesting places for fish (especially sim-

fish and bass). None of this land is used and apparently cannot be used.

On the south and west extensive marl deposits were exposed on which

sedges grow, forming an inferior pasture. The possibilities of aquiculture

have been limited, while the -available area for agriculture has been in-

creased to a much less degree.

To illustrate the effect of damming lakes, I shall discuss five lakes,

whose area is accurately known, and with whose environs I am familiar.

These are Eagle Lake (Winona Lake), Little Eagle Lake (Chapman Lake),

Webster Lake, Tippecanoe Lake, arid Palestine Lake. If dams were con-

structed so thtit the level of these lakes could be fluctuated respectively

2, 3, 3, 5, 3 feet they would store and control 27.289 sec. feet per annum,

distributed as follows : Eagle 2.02. Little Eagle 4..359, Webster 3.039. Tip-

pecanoe 12.99, Palestine 4.509.

If this excess were discharged during the driest three months it would

produce 109.156 sec. feet for that period. The minimum discharge for the

Tippecanoe River at Delphi during 1904 was 269 sec. feet. If the excess

just cited had been available during that period it would have increased

the minimum discharge 40.5 per cent.

* This stream obstruction by plants may be excessive. It accounts- for part, if not all, of the dis-

crepancy between rainfall and discharge noted by Tucker ('11. p. .507).

12—1019
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Mill and Uace. (See TcxI.)

Plate III. Webster Lake. Head of liacc ami Mill
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It is a well-establisliiHl lac-t that the \alue of a iiowcr site is largely

determined by the minimum rate of discharge. This means that the value

of the water power along the Tippecanoe would be increased more than

40 per cent, by treating li\e lal-u>s as I li:tve suggested. Not only would

this value be enhanced: bnt it wonld afford a better avenue of transporta-

tion, a more delightful place for recreation, and its yield of lisli woidd be

increased. Ity propei'ly controlling all of the lakes in this basin, it is prob-

able that the minimum rate of flow could be more than doul)le(l. (The

e.xact data for the remaining lakes in this system we hope to collect dur-

ing the present year.)

The effect upon flood conditions is evident. The incri'ase of the mini-

mnm discharge decreases the niaxinuini discluirge. t^ince it is the top

of the flood that does the damage, it will Ite possil)li> to practically eliminate

excessive destruction along this stream. Tliis will improve conditions in

some degree along the streams to which the Tippecanoe is tributary.

It is very evident that handling lakes as I have indicited will make

rbe streams that drain them more valual)le ;nid less destructive. It re-

mains to determine, as accurately as the available data will permit, the

effect upon the lakes themselves and their environs. Raising the level of

any lake will of course inimdate some land. The value of this land must

be considered in determining the advisability of manipulating lake levels.

These lakes are all intramorainal and are surroinided l)y moraines, rising

rather abruptly from the Mater; or by niarslios, which in most cases have

been formerly a jijirt of the lake.

Where the shore rises abruptly a narrow strip would l)e submerged

by raising the level of the water. In many cases these slopes are used for

the sites of summer homes, and it is only a (luestion of time until all of

them will be so utilized. The raising of the water along these sites would

make boat landing less ditticult and would not Injun- the facilities for

bathing.

It is on the wave-cut terraces, which are formed along these moraines

that most of the fl.sh of the lake l)reed. This breeding ground would be

narrowed at first, on accoiuit of the increased depth of the outer margin

;

but in a short time it would be more extensive tlian ever because of the

increased width of th<' terrace.

The marsh land on the margin of lakes is often worthless and never

valuable. It is sometimes used for pastiire and occasionally it is mowed
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The West Side, a Marsh.

Plato 1\'. ChlllMl, :n I

1 ...^ iin3 liecently Been
Lowered Three Feet.
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for marsh hay. The products in each case are coarse and of little worth.

When these marshes are flooded they produce excellent feeding grounds for

fish.

The damming of a lake would be sufficient, in many instances, for the

development of water power. This could be used at the site of the dam
or it could be converted into electricity and delivered to the property

owners whose holdings abut the lake. The power thus produced would be

sufficient in most lakes to offset the damage caused by the overflow of

uiarshes, provided a just appraisement could be secured. The owners of

the high ground around the lake would very generally favor the change,

because of the value added to the cottage sites.

THE EFFECT UPON THE PARTICULAR LAKES UNDER CONSIDERATION.

We7)ster Lake.—Webster lake has an area of 1.5 square miles. It has

already received the treatment that I have outltued. I have been unable to

determine the date of the first dam. The present dam was constructed in

1905. It gives a head of nine feet when the water is flowing over the spill-

way. The power is used to run a flouring mill owned by Mr. John Strom-

beck. One large turbine and two smaller ones are used. The large wheel

delivers sixty horse-poAver at a nine-foot head and forty horse-power at a

six-foot head. The ratings of the smaller wheels were not available. The

dam is an earthen one except the spillway with its apron and wings, which

are of concrete.

With the dam out the present lake would be cut into a number of

smaller ones, connected by marshes. This former marsh land now fur-

nishes excellent feeding ground for fish. As a direct result of this, Web-

ster Lake has become one of the finest lakes in the state for bluegill

fishing. I have counted forty fishing boats in view at once; and from fifty

to eighty fish are counted a good string for a half day's fishing.

The present level makes it possible to use the surrounding moraines

for the building of summer homes and resorts. One large hotel and several

cottages have already been erected on the south shore. The town of North

Webster has easy access to the lake. Many good building sites remain to be

developed.

It is difficult to estimate the value of the power, the increased value

of the adjoining real estate, and the augmented fish production ; but this

certainly would exceed the value of the marsh land that would be exposed

if there were no dam. For map see Large ('06)

.
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A Shallow L;ike Wliich Profluces Enormous Amounts of F'ish Foods

Plate V. Palestine Lake. Note the Close I'roxiinity of Cultivated Land to the Water. No Wa.ste

-Vrea as in Partially Drained Lakes.



183

Tippecanoe Lake.—Tiypecauoe litis uu area at present of 1.71 square

miles. If the level were raised five feet the area would l)e increased to 2.98

square miles. Its maximum depth is 121 feet, which is probably the great-

est depth in any Indiana lake. The lake is bordered along most of its

shoreline hy moraines that rise rather abruptly to considerable height. The

rest of the shore is hordereil by marshes. Raising the level five feet woiiltl

sul)mei'ge most of the marsh laud and a very narrow strip along the

steeper shores. One ijuilding would be affected, bnt .HJCdO would easily re-

place it. The l)athing beaches would lie narrowed, bnt the action of the

waves would soon broaden them. 'I'hese are the items of loss.

I>y overllowing the marshes the shore line would Ite )»rought to other

g<iod building sites. This would increase its value from that of ordinary

farm laud to that of water-front iiuilding site. The value of the former

is about .$!(»<» jier acre, while that of the latter is at ]u-eseut Iietweeu .$."(0(1

and $1,000 per acre.

The great depth of Tijiiieeauoe Lake ;iud the steep slope of much of its

bottom make the area available for fish breeding ;!ud feeding very liuuted.

The fish production could jirolialily l)e douliled by utilizing the marsh land

for feeding grounds ;ind the wider wave-cut terraces as lireeding ground.

The basin that discbarges through the outlet of Tippecanoe Lake has

an area of 13G square miles. One iucli iMiii-off fi-om this basin would pro-

duce 10 sec. feet for one .vear. Twelve or fifteen inches run-off could be

expected which would ]>roduce. respei-tively. Vl\) and 1."iO sec. feet for one

.vear. The tive-foot fall that woidd be produced by the daui conld be in-

creased tw{) oi- three feet by building a i-ace a quarter of a mile in length.

For niaji see Large CUO).

l-'aule Lake.—Eagle Lake iias an area of .ST sciuare miles. The swamp

land that suiTounds it co\('rs about oiie-lialf s(|uare mile. .V part or this

swanq> land has been tilled by Winona .Vssembly and now forms vei-y valu-

able real estate. This \\-ould make it ratlier imiu-aiticable to I'aise the lake

more than two feet aiiov(> its jireseiit level, r.ut little of the remaining low

land is u.sed. About twenty acres are mowed for mai'sh hay and a similar

am<miit is used for pasture, of which it produces ;i very inferior grade.

The outlet has been dredged so that the land below the lake could be

drained. A dam has been built across this ditcli, making a difference in

level of six feet. B.v raising the dam two feet a fall of eight feet would be

secured. The catchment b.-isin discharging through the outlet (jf this lake

contains foi-ty square miles.
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Tlie Dam From Above.

Plat« VI. Palestine Lake. General View of the Dam and Alill.
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The changes produced in Eagle Lake by raising the dam two feet

would not be very great. Fishing would be improved and some power could

be developed with an almost negligible loss of property.

Little Eagle Lake.—Little Eagle Lake (Chapman Lake) has an area of

.822 square miles. It has a maximum depth of 38 feet. Along most of its

shore line the bottom sloiX's rather gently, so that a slight change in level

makes a marked change in area.

In recent years the outlet of this lake has been dredged, in an efCort

to reclaim some marsh land on the south and west of the lake. Some

onions have been raised on this land, but most of it is not productive, for

all of the lowland lying west of the lake is composed of marl.

This dredging of the outlet has exposed many acres of fine fish breed-

ing ground on the east side and it has reduced the feeding ground on the

west side. The east side has many good building sites, some of whicn are

developed. The lowering of the lake has reduced the value of these prop-

erties by making the landing with boats more difficult and by making the

shore line more distant.

The changes ])roposed for this lake would just about restore the orig-

inal conditions. See accompanying map.

Pale»tine Lake.—Palestine Lake is said to contain 1.100 acres or 1.71

square miles. There are two small depressions whose maximum depth is 30

feet, but the most of the lake is less than ten feet deep. All shallow parts

of the lake, comprising about tive-sixths of it. are filled \Aith an almost con-

tinuous mass of water plants. These shallows evidently formed an old

Hood plain or marsh that has been covered with water by damming the

outlet.

The water from the dam is used to run a flouring mill. The turbine

delivers forty-seven horse-power at a seven-foot head.

We liave not eouipleted the sounding and mapping of this lake and

until this is finished It is impossible to say with certainty just what would

be the l»est treatment for this lake to receive. It is certainly a valuable

impounding basin as it is ; and it seems that a small amount of land would

be submerged by raising the water above its present level ; thus increasing

Its efficiency as an impounding basin, and the amount of power developed.

On the other hand, this is one of the few lakes in which the lowering

of the outlet would expose a relatively large amount of land. Because of

this exceptional condition, it is necessary to collect all of the data before
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MAP OF KOSCIUSKO COUNTY, INDIANA. SHOWING THE LOCATION OF THE
LAKES DISCUSSED IN THIS PAPER.
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a just estimate of the various valius can be made. It may he more econom-

ical in this case to remove tlie dam, in order to secure laud for farming;

but the evidence at present indicates that the dam should be raised rather

than lowei'cd.

CONCLrSION.

From the data presented, it is evident that the storaiie capacity of lalces

can be increased by damming, and that by properly niani]mlating these

(lams the excess accumulated can be discharged during periods of minimum

rainfall. This will benetit tlie streams to which the lakes are tributary

(1) by decreasing the maximum discharge, thus preventing floods, and

(2) by increasing the minimum discharge, which will add to all the ele-

ments that have been enunierated in streajn valuation.

By analyzing the conditions carefully in each lake these changes can

lie made so that tlie value of the lakes and the property adjoining, when

considered as a whole, will be increased.

Many details are yet to be worked out, but the advisability of this pro-

cedure is already a])])arent.
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First Steps in Indiana Forestry.

Stanley Coulter.

It is uot meant Ijy the title choseu to intimate that much preparatory

work uloug fore.stal lines has not been done in the state. The work of

awakening popular interest in forestry has been well done, it not, perhaps,

overdone. In the schools by direct instruction, through the stimulus of

arbor day exercises and by the wise and vigorous activity of the Indiana

Foi'estry Association, practically every community has been reached. Upon

the Forest Reserve the State Board of Forestry has conducted a large

series of experiments and has collected a vast mass of data touching prac-

tically every phase of wood-lot management. Its reports and press bulle-

tins, together with its educational contests, have served to increase and in-

tensify interest in the movement for the conservation of our remaining

forests. I suggested that perhaps this preparatory phase of the work had

been over-accented, for rhere is such a thing, on the one hand, as spending

so much time on preparation as to leave none for accomplishment, and on

the other, by overstimulus to incite to ill-considered and poorly planned ef-

forts. In Indiana the latter has been the case. An examination of the facts

shows a very large number of instances of tree planting
;
plantings run-

ning up to the hundreds in number, into the thousands of acres in area and

containing hundreds of thousands of trees. A review of the inspection of

plantations as given in the reports of the State Board of Forestry reveals

an activity in tree planting tliat is positi\'ely marvelous and almost incred-

ible when the retvirns or rather lack of returns are taken into account. It

is a sad fact but a true one that approximately 70 per cent of these plant-

ings are total failures. In them, the total crop sold at the highest price

would not equal the cost expended upon them. The remaining 30 per

cent can only be regarded as partially successful. Only in a small fraction

ol the cases can the stand be regarded as representing the full capacity of

the area. The schools also have had arbor day exercises for years, exer-

cises which have doubtless been helpful and stimulating in many ways, but
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the school yards iu the main are as destitute of trees as they were ))efore

arbor day \Aas projected.

All of this shows interest : it further shows a willingness to expend time

and effort and money in tree planting, but it also shows with equal clear-

ness that tliere has lieeu enthusiasm without kno\\'ledge, and that in In-

diana the first steps in forestry from the standpoint of results are yet to be

taken. Incidentally it may be remarked that tree planting is not neces-

sarily forestry, it is merely a single phase of forestry.

I'or the purpose of this paper we may omit tlic loiisidiTatioii of orna-

mental planthigs, whether of streets or lawns or parks, and eoiifine the

di.seussion to tlie wood-lot and to the denuded area which is to lie refor-

(!sted. In the management of the wood-lot from the standpoint of conserva-

tion three things are sought: (1) The largest amount of timber per acre

that the land will cari-y
; (2) the best quality of timl)er possil)le; {:',) the

production of this maximimi quantity and optimum (juality in the .shortest

time possible. If these ends are accomplished there is evidently need of a

tecluiical kno\Aledge which is usually not i)osses-;c(l by llic landowner,

and which in the multiplicity of his activities he has no time t(j acquire.

If the largest qunntity ard best r|uality jiossilih^ is secured lioiii a given

area it will be because those species of trees are selected which are adapted

to the conditions of soil, of moisture, and of climate. It will also be in

liart because of species equally adnpted to a given locality, those which

make the more rapid growth, are m<»re innnune to insect and fungus in-

va.sion, which are le.ss sensitive to unfavorable climatic conditions, have

l;een chosen for encouragement. In a. general way conditions which make

for a vigorous and healthy growth make al.so for the best (piality of tim-

bei-, whether we consider weight or strength or direction of tibre or

beauty of grain. In tlie large range of species av.-iilable. in the variety,

indeed, found in the average wootl-lot. Iiow many l.-mdowneis li:ive a snf-

ficientlj' accurate knowledge upon these [toiiits to enable them to select

species for encouragement with such cert.iinty as to insure profitable re-

turns? Taking the plantings referred to above, the failures came from

lack of knowledge, not from lack of interest or eiitiiusi.-isni. .Most of the

plantings were of ))lack locust ( r hanly cataljia. planted, probably, with the

purpose of short rotation jnanr(geinent for jiost or lie stnlf: Imt \ery often

locust was jilanted on grouml wbicb in all reason should have been jilanted

to catalpa and cat:il]ia was jilanted on ground lai' bett<'r suited to locust.

The i-esnlt. of course, has been failure more or less (omplete. with loss of
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inoiicy unci time and use of land and. W(n"st of all. lo.ss of faith in the possi-

bilit.v of forest improvement. The ar^^ninent is that this knowledge is

^trictly technical knowledge, the property of the specialist. It is not

within the Ivnowledge of the landowner, nor would he be justilied in

taking tlie time reciuii'ed for acijuiring it from his other work. This is

a very summary and incomplete resume of some of the silvical factors

(entering into the problem of securing maximum quantity and (>])timum

(juality in the shortest time.

The wood-lot. also, if it serve its purpose must yield its owner rea-

sonable i-eturns upon his investment and yield such returns at regular

intervals. If it fails to do so its maintenance is I)ad business. If the

wood-lot is regarded as an investment, perpettiity must always be in

mind. It is then not merely securing a return at some given period of

time, it is insuring by suthcient reproduction the harvesting of similar

crops at future periods. How much shall l»e cut? How often shtill cut-

tings occur? What relation shall the time of cutting bear to the time

of regeneration? What species in. the stand shall be encouraged and

what species eliminated? How shall the amount cut lie known to equal

Ihe amount grown between ctitting cyles? These are a few of the fac-

tors entering into the problem from the standpoint of management, which

is after all applied economics. Here again the knowledge is expert knowl-

edge, it is not in the possession of the landowner nor has lie time to acquire

it. Yet because the.se factors ai'e not considered ultinnite failure is bound

to result.

It seems that we have an iniMitnlilc deduction. I'rovision should be

made as a part of the force irnder control of the State Board of Forestry

for an expert field (Kjcnt whose duty it should l)e to furni.sh working plans

to the wood-lot owner which will gi\e direction and certainty to his efforts

to secure the largest anantity and the best quality in the shortest time pos-

sible. Each tract should be Inspected carefully before the working plan

is outlined in order that local conditions, which ai-e of the highest import-

r.nee. may Ije taken into account. Along coustructi\e lines, the lines of

securing results, the appointment of a trained field agent is absolutely the

lirst step. Until such an office is created forestry woik will be as ineffective

and futile in the future as it has been in the past. Advice as to cleanings,

thinnings, reinforcement, control of noxious insects and injurious fungi

would natui'ally be among the functions of such a field agent.

Before any very great measure of success can lie hoped for, provision
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must be made of such a character that the landowner may secure the

needed supply of seedlings, true to species and at a reasonable price. Under

firesent conditions this is practically impossible. Nurseries as at present

organized deal in forest trees mainly to supply the demand for street and

ornamental planting. The placing of an order for a given species running

up into tlie thousands or perhaps tens of thousands of seedlings is practi-

cally impossible except perhaps in tlie case of lilack locust and catalpa. In-

deed it is not probable that nurserymen would care to undertake to meet

such demands. The cost of collecting the seed, the additional area and

labor involved, taken in connection with the fact that such orders could

only be expected occasionally and that there would he no possible method

of estimating the average annual demand for each of the species, would

make such an enterprise one of very doubtful profit luider favorable con-

ditions and of very certain and large loss under unfavorable conditions.

Tills means the establishment of a state nursery or nurseries, by the State

Board of Forestry under expert direction, from which needed material for

future plantings may be secured.

The experimental work at the reserve has gone far enouirh to indicate

what species should be encouraged in reenforcement and new plantings, to

demonstrate tbe best time tor planting as well as the liest inetliod of plant-

ing, to show clearly enough the proper care and treatment after planting

and to furnish a fair estimate of the expense involved in a correct prac-

tice. It is well within the law under which the board was created, that it

should now take the next logi<al step, namely, tiic lurnisliing oT suitable

material for such plantings at practically the cost of production. Under

the very best conditions from 3 to G per cent, is the best di\idend that can

be expected in forestal entei^prises, so that any marked increase in the

initial cost precludes all possibility of prolit. The distribution of this ma-

terial shcmld bo carefully controlled. It should Ix- suitiilied only for affoi--

e.statioii or the reenforcement of existing wood-lots and never for street

or ornamental pui-poses. The experience of the state nurseries in Con-

necticut, Massachusetts, and other states shows that this control offers no

difficulty and that a demand is met which the luirserymen cannot meet and

do not care to meet. Indeed it has been shown that since the establishment

of state nurseries the sale of forest tree stock by nursei'y lirnis has largely

increased, although it may be questioned whether the relation is a causal

one. It is certain that the Board of Foresti-y by establishing,' sn<ii mirseries

would accomplish nnidi in the way of improving existinLr wood-lots and in
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the afforestation of denuded and waste lands. It cannot be too strongly

emphasized that in such work the state is not entering into competition

with nurserymen, but is merely endeavoring to meet exceptional needs

which lie beyond the field of ordinary nursery organization and pui-pose.

It would of course be better if a series of imrseries could be established

so located as to give not merely the best conditions for the growth

of the seedlings, but also to meet the needs of different localities. This re-

finement of method is perhaps beyond the bounds of reasonable ex-

pectation, but certainly the supply of dcsiral)le species true to type at

the minimum cost is another step in a constructive forest poli(-y. Apparent

difliculties cannot be considered in this connection, but in the main they

will be found to concern details capable of a fairly easy adjustment : none

seem to be fundamental.

A third step in a constructive forest policy would be the organization

of a series of cooperative plantings. In this case the landowner and

state cooperate. The proper official selects and furnishes the young

trees, personally oversees their planting and gives direction for their

future care. The landowner pays transportation charges on the seedlings

and furnishes the labor iuvolveil in the planting : he also agrees to fol-

low the directions for after care and to make report upon the planting

at specified times. The adv'antage is t\Ad-fold : the constructive work of

the Board of Forestry covers a large part of the state, while the land-

owner secures expert advice and material in return for his labor and

care. This plan has been in successful operation in Ohio for a number of

years with extremely satisfactory results in the majority of cases. Of

course in this as in all other cooperative enterprises an occasional man

fails to keep faith. Practically the same plan prevails in all agricultural

colleges. Purdue University has cooperative plats in all parts of the state

isearing upon every form of croi> from alfalfa to ;ipples. Such cooperation

would involve Imt little expense if the office of field expert in Forestry

were created and a state nursery established. Indeed, the expense involved

in the salary of a field expert, in the establishment and maintenance of

state nurseries for furnishing tree seedlings and in the institution of a

series of cooperative plantings taken together would seem absurdly small

when compared with the interests involved.

Successful tree planting, which is only another name for successful for-

estry, is in a certain sense an essentially local ])ro]iosition. So much de-

13—1019



194

pend.s upon tlie quality and character of the soil, niioii the water level of the

soil, upon the climate, exposure, topography and a host of other factors,

that what might be good practice upon one tract would be bad practice

upon another possibly but slightly removed. All of which means that

deductions drawn from the study of a single area cannot be safely applied

over the area of a state. Concretely, the deductions draw^n from the ex-

perimental studies at the Forest Reservation are applicable only to like

areas, that is to those with similar escological conditions. Tliey are not ap-

plicable to the conditions prevailing in the central counties and are of lit-

tle significance so far as the sand-dune regions of the state are concerned.

So much depends upon the soil character as regards the health and vigor

and rapidity of growth of the tree that it must alwajs be taken into ac-

count. In an area such as Indiana, cb'vation and climate ar(> so nearly

uniform as to be negligiltlc. but the soil is in different case. As each spe-

cies has its ojjtimum soil any constructive forest policy will provide for

demonstration areas so located as to reincsoiit cver.v type of soil found in

the state. l'hi< would involve the purchase of land unless ;irrangements

could be made to utilize some of the holdings of properly located state in-

stit\itions. TliMt the ac(iuisition of land li.\ the state for forcstal ]nu-pose is

regarded as sound economic policy is i)lainly shown l»y the lai'ge and con-

.stantly inci-easing area of such holdings in Xew York. Pennsylvania, Michi-

gan. .Minnesota, .ind other states. The tracts need nnt be large for the

acconii»lishment of the desired i)\n'pose, .so that the entire amoinit required

would piobably not exceed L'(K) or .'JOO acres. For the success of such work

absolute control oi" rhe tracts <liould be vested in the State I'.oard of

Forestry, .-i l.iit wliicji niake.s purchase more desirabh; than a use by suf-

ferance of liic lands of state institutions. An attempt to cariT out the

su.ggestion ot former (xoveriuir .Marsh.-ill that such demonstration plats

should be operated upon connty farms showed the extreme dilticulties at-

tending' the vcr.v (irst stef's in sni-b ioint conti-nl.

If we considei' the prnblem of the I'ccovering of denuded and waste

areas the necessity of the expert field agent becomes niore ai)parent. What

to plant in any given locality is a problem involving a very wide range of

factors running from silvical reciuirements to economic conditions. Yet a

consideration of all of these factors is absolutely essential if the work

proves at all profitable. From the merely silvical standpoint it is per-

haps imtural to infer that the species that have grown upon any given

ai'ea. having ))roved their fitness for the particular locality, are the ones



195

that in afforestation opei'.ntioiis wnnld .^-ivc tlie .i^reatest promise of success.

As a matter of fact siicli a conclusion is more often incorrect than correct.

The region lias lost its forest floor witli all its far-reaching influence in

maintaining soil fertility, moisture and porosity; it has l)een sul)jecte(i to

the desiccating and compacting effects of sun and wind ; by drainage its

water level may have I)een decidedly lowered ; it has lost the protection of

adjoining forests and is thereTore more sensitive to adverse climatic condi-

tions such as changes of temperature, wind, etc. : many of the trees in the

original forest may have been of species which can only find their normal

development and growth rate when sheltered or partially sheltered. Indeed

it is very rtirely the case that tlie original foi-est can be restored. Its place

must be taken by one composed of species adapted to the new conditions.

Just what species these new conditions indicate it is difficult for the expert

to determine: it is entirely beyond solution by the average landowner save

through the expensive school of experiment. In afforestation more defi-

nitely and vitally than in reinforcement and improvement do we find Ihat

the imperative need in forestry in Indiana is the field expert.

Incidentally much remains to be done in the way of education. Rela-

tively few species are of sufficient economic value to promise profitable re-

turns. Each of these species has its optimum conditions, each has ad'.an-

tages and disadvantages arising from its silvical properties. Careful studies

should be made of these available species and of their re(piirements for the

most rapid growth and healthiest development. These studies should be

supplemented by others ^^•hich definitely locate the areas in the state where

these optimum conditions for the various species are to be found or if the

specific locality is not given, of the type of soil furni.shing these conditions.

If this were done the landowner in Hancock or Elkhart or Gil)son county

would ha\e in his possession the data needed for the formulation of a ra-

tional management of his wood-lot. The preparation of such a series of

studies would take time, lait the good accomplished would be immeasur-

able. The old prophet cried, "1'he people perish through ignorance," which

we may paraphrase to read, "(Jur forests perish through ignorance."

Back of all this and in a certain sense fundamental is a classification

of the soils of the state. Any true conservation demands tliat every re-

source be utilized for its highest values. This is as true of soils as of gas

or gold. In Indiana certain soils give and always will give their highest

values in the form of ordinary field crops, or horticulture. Other soils

always have and always must yield their highest return from tree cj'ops.
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Some intermediate conditions may indicate tliat a part of a given area

should be devoted to crops, part to trees. It is necessary that the absolute-

ly agricultural, the absolutely forestal and the intermediate soils be accur-

ately delimited. When this is done the soil can be managed in such a way

as to yield its highest returns. Until this is done we shall continue to have

the economic anomaly of trees upon agricultural land and of crops upon

forestal lands. The United States is far behind other countries in this

classification of its soils and the devotion of each type to its highest form

of utilization. Until such classification is made little constructive work

of a permanent character can be done.

Summarizing : TJiere is no lack of interest and enthusiasm ; indeed

they have far outrun knowledge. Enough data bearing upon the subject

are in hand to justify constructive work. To insure success six things

are necessary.

1. The Field Expert at the service of landowners.

2. The state nurseries for furnishing material true to species at the

minimum price.

3. Coopei-ativo plantings extended until they reach every county in

the state.

4. Demonstrations plats so located as to represent fairly every soil

type in the state.

5. Definite instructions as to availal)le species for given localities or

at least for given types of soils.

<J. A ciiissilication of soils.

The consideration of a constructixe policy which would produce re-

sults in the way of improved forest conditions, of a rapid and rational re-

clotliing of denuded and waste areas would naturally include many topics

not discussed in this paper, not because of tlieir lack of pertinence, but for

a very apparent lack o\' time. In the case of the tens of thousands of acres

of waste and wasting lands, In the soutlicrn hill region, in the northern

sand-dunes, in undrainablo lowlands, can the individual afford afforesta-

tion work, or is the prol)km one for the state? If it is a problem for the

state, liow is the laud to iie .-icquired and what shall be the nature and

control of such tracts after their acquirement? I'ersonally, I have some

very decided views upon the points which I iioi)e to present at some other

time. At present I merely suggest them as an evident part of any compre-

hensive constructive foi-esc policy, thougli not iierhaps to be regarded as

among the first steps in its initiation.
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The Taxation of Forest Lands in Indiana.

H. W. Anderson.

The common argument against the preservation of woodlands by land-

owners in this and other states similarly situated is that the land in timber

is lying idle and that the taxes are "eating it up." Many farmers today

would have a forty or sixty-acre woodlot had they not felt that the taxes

on this laud was wasted money. It is true that woodlands are often as-

sessed at much below their actual value becau.se the income from them is

small, but unless there is marketable timber on the land there is no annual

return, as in the case of yearly crops such as wheat and corn.

Many business or professional men in our cities would like to own a

piece of timber land where they could take their families for a few weeks

in the summer or where they could go to hunt or camp. These men can

afford to buy cheap land on which there is a growth of young timber

which on account of its slow growth would not be of much actual value to

the present owner, but would be a valuable piece of land in the future.

Here again the problem of meeting the yearly taxes prevents the prospec-

tive buyer from purchasing the laud. The present owner of this land

will probably cut down the young growth, plow up the ground and try to

raise a few nubbins on it.

Again there are lands in the southern part of the state which on ac-

count of their imtillable character might be purchased cheaply and be

utilized for growing timber on a commercial scale if the taxes were properly

adjusted. These lands for the most part are now supporting a scrub

growth of useless trees and underbrush.

In order to encourage the farmer and landowner to hold on to their

woodlots or small forest lands and to encourage timber growing on a com-

mei'cial scale there should be devised a system of taxation for such lands

which would be fair to the other taxpayers of the state and yet not bur-

den the woodlot owners with an unreasonable tax on land which is return-

ing nothing to them at the present time. Many states, recognizing the un-
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fairness of a general property tax on wooillanils have so modified their

taxation laws that this object may be accomplished. It is also true that

the basis of taxation in one state may not apply in another, so that each

state should make a careful study of the conditions within its bounds be-

fore modifying its taxation laws. For example, some of the eastern states

have townships and counties in which the larger per cent, of the land is

covered with forests. To exempt these from taxation for a period of

years would woi'Ic a hardship on the remaining taxpayers of the township

or county. In this state, however, we have no such condition to meet.

A brief examination of the taxation laws pertaining to the forest

lands in various states may be of interest. These facts were obtained from

the "Report of the Special Commission on Taxation of Woodlands in Con-

necticut." This report was made in 1918, so that it contains the latest

available data on the subject. This report shows that the following four-

teen states have made special laws in regard to forest taxation : Alabama,

Connecticut, Iowa. Maine, Massachusetts, Michigan, Nebraska. New Hamp-

shire, New York, North Dakota, Rhode Island, ^'ermont. Washington and

Wisconsin. Thirty-four states have no special legislation but tax wood-

land under the general property tax.

Eight of the fourteen states mentioned al>ove have laws which, being

similar in nature, may be groui)ed under one head. These provide for an

exemption of all bixes for a period ranging in the different states from ten

to thirty years. Tlieic are usually conditions attached to these exemptions

icMiuiriiig certain care of the foi-est or the ])lanting of certain species.

Wa.shiugton exempts all fniit trees and forest trees artificially grown,

while North Dakota grants a boiuity on forest planting. Iowa has a tax

on the basis of a valuation of one dollar per acre for a period of eight

years. Here the owner must meet certain conditions as to area of reserva-

tion, number of species and care of trees.

The laws of Michigan are especially interesting and will be dealt with

ill detail. This state has a yield tax law. It ]>rovides for the reserva-

tion of a limited area. There must be at least 170 trees per acre. Grazing

and the removal of not more than one-fifth in any one year are forlndden.

Then there is levied a final tax of 5 yier cent, of the valuation at the time

of cutting. The main criticism of this law is the complicated machinery

employed in the valuation and the collection of the taxes. No provision is

made for the larger forest areas.
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Many states have appointed special committees or commissions to

investlirate the subject of forest taxation and to recommend measures to

the legislatui'e. In Massachusetts, Ohio and New Hampshire constitu-

tional amendments were necessary to iicrmit state legislation along this

line. These amendments were made and adoi)ted by the vote of the people.

This is of special interest to us since I sliall presently show that a consti-

tutional amendment is also necessary in this state.

Wherever commissions have been appointed to investigate this subject

they have urged strongly the necessity of special legislation and have

stated that the general property tax is not satisfactory in that it is unju-c

to the holder of woodland and gives uncertainty to forest in^ estment.

Tlie recommendations made by the commission in Connecticut ar?

especially important in that their investigations were nuide puiilic after a

thorough study of the taxation laws of this and P^u'opean countries. I

shall quote them in full

:

"The Commission recommends the enactment of a law which will

include the following pj-ovisions :

"(1^ Separate classification of forest lands for the purpose of taxa-

tion to l)e made on application of tlie owner, provided the value of the land

alone does not exceed $25 per acre. Certificate of classification to be

issued by the state forester after due examination as to compliance with

requirements of the law.

"(2) At time of classificatioii, present true and actual value of land

and standing timber to be determined separately, and valuation then

established to be continued for a term of fifty years, with revaluations to be

established at the end of that period and continued for a further term cf

fifty years.

"(.3) When classified, natural forest land to be subject to tax at a

rate not exceeding ten mills on both land and timber at the separate

valuations establislied as indicated in (2), and a yield tax to be levied on

the timber when cut, at a rate prescribed by law and varying with the

time during which the land li-ts been classified. Such land when cut clear

subsequent t(^ classification, and reforested either naturally or by planting,

to be reclassified as young forest under (4 ) if application for such reclassi-

fication is made l>y the owner ; otherwise tlie land to be t^axed at the

prescribed rate on the valuation already established for the whole property

until end of the fifty-year period.
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'•(4) When classified, land planted with forest trees under specified

conditions, or young forest not more than ten j-ears old to be taxed annually

at a rate not to exceed ten mills on a valuation of the land alone estab-

lished as indicated in (2). and a yield tax of 10 per cent, to be levied on tho

value of the timber when cut."

The remaining recommendations apply only to conditions in Con-

necticut and need not be given here.

The system of taxation here recommended is based on sound forestry

principles, and on the whole would be applicable to Indiana conditions.

However this may be further simplified since the ol).iect of levying a smaM

land tax in Connecticut is to prevent impoverishment of those townships

where there are large areas of forest, a condition which does not exist in

this state. A reasonal>le yield tax is all that is recjuired in Indiana.

The ideal system of taxation is that used in many European countries,

i. e.. the income tax. In this connection I wish to quote from a recent

article by Professor F. R. Fairchild of Yale University:

"There is a tendency among the progressive states of Euroi)e towarJ

.agreement upon the general outline of tax system. As a rule the tax

systems of European states are based primarily uiton iuT-ome, rather than

upon property as in the United States. The general income tax is normally

the basis of the system; the tax is usually progressive, the rate increasing

with the .size of the income. . . .

"Forests in Europe are ordinarily subject to state taxation and to local

or oommimal taxation. As a rule forests are subject to one or more of

three -mT'ortant taxes: (1) the income tax, (2) the ground tax, and (3)

the property tax.

"The Ground Tax.—The ground tax is a yield tax. It is based upon

the productivity of tiio soil and is measured by the yield which is normally

to be expected in view of the general character of the soil and the use to

which it is devoted. It is not based upon the actual income I'eceived fron

any particular piece of land. Xo account is taken of the peculiarities either

in the management of the property or in the personal situation of the

owner. Having determined the quality of the soil and the general char-

acter of the forest stand, it is assumed that the inanagement is the same

as normally prevails in that region. Also when the prevailing kind of

v-ood and management have been decided upon, no account is taken of

peculiarities in the condition of a particular forest. The owner who, by
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careful inauageiuent keeps his forest in unusually good condition pays no

extra tax on account of the increased yield resulting. ... In determin-

ing the money value of the yield, use is made of the average prices of

timber and other forest products whicli have prevailed during a number of

past yeai's.

"On account of the dithculties inherent in the ground tax, this form

of taxation has generally declined in importance. In only a few states

today is the ground tax the principal method of taxing forests. In most

progressive states the ground tax remains only as a supplementary tax in

a system based primarily upon other methods of taxation.

"The Income Tax.—Most European states have as a more or less

import.'int part of their revenue system a general income tax. This is a

tax upon incomes from certain specified sources which include pretty much

all important sources of income. The income from forestry is subject to

the income tax where such a tax exists. . . .

"The income tax, unlike the ground tax, is a personal tax. Instead of

assuming a certain normal income, as is done under the ground tax, the

income tax takes account of the actual income received by the individual

in questioji fi-oni the particular source specified. . . .

"The rate of the income tax varies witli the size of the income and is

different in different states. It is seldom that the maximum rate exceeds

5 per cent."

We cannot hope to have these ideal systems of taxation for some time

to come, so it is best to look toward the modification of our present system

in order to make it more just and tolerable.

Our woodlands are a valuable asset to the state and it is our duty to

see that everything is done to conserve them. An attempt has been made

by the speaker to show that our present system of taxation is unjust toward

the owners of woodland and should be changed. Unfortunately our consti-

tution provides for a general property tax. Section 1, Article X, states

that "The general assembly shall provide by law for a uniform and equal

rate of assessment and taxation." It would, therefore, be necessary to

have an amendment to our constitution to cover this matter. Other states

have accomplished this and there seems no good reason why it cannot be

done in this state.

However it is not the purpose of the speaker to go further in this

matter than to urge the appointment of a commission by the Governor of
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lucliana for the investii^atidn of the coiKlitions in this state aud the recom-

mendation of some plan wherehy the woodlands of the state may be more

justly taxed. As a sdentific body interested in this question we should

represent to the proper authorities our desire for the appointment of such

a commission in this state.
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Forests and Floods.

F. M. Andrews.

The relation wbich forests bear in many ways to tlie flow of rivers is a

question of tbe utmost importance to the whole country. When one

observes what has been and still is being done in most parts of the United

States toward forest destruction it seems strange that the people, as a

whole have been so slow in waking up to the seriousness of the situation.

Only within very recent years is the public beginning to realize that the

forests are vanishing rapidly and that they are confronted liy a serious

problem. They have destroyed the vast forests of this country apparently

with no thought or regard for the consequences. Now they are beginning

to reap the reward of their shortsightedness in a score or more ways.

Chief among the results caused by the continued removal of the forests is

the frequent recvurence of floods which become more and more destructive.

There have been and perhaps still are some people who believe that the

forests are inexhaustible. How such belief can exist at the present, in

view of such evident disappearance of forests everywhere is very surpris-

ing. A less commendable attitude than this apparent ignorance is the

positi('n some assume that there will be timber enough in the country

during their lifetime and that therefore they need not concern themselves

as to the future. A great service, howcAer, for the preservation of our

forest.s and their proper management has been performed by the admirable

work of the Forestry Department of the United States Government. Excel-

lent work also has been rendered by the various forestry schools of the

different institutions and by farsighted individuals the country over who

have seen the impending dangers and have endeavored by means of educa-

tion and b.A- timely counsel and advice to avert the dii"e consequences

resulting from thi' wholesale destruction of the forests.

Within recent years special and important studies have been made in

order to ascertain to what extent the flow of various streams is dependent
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on forests^ and surface conditions in general." Hall and Maxwell in

their study gathered together the data for a number of rivers from

I'ecords which had been kept for sixteen to thirty-four years. The follow-

ing data, taken from their table on page 4 of Hall and Maxwell's papers,

will furnish proof that floods are on the increase.

The Potomac River was measured at Hai-per's Ferry, Va. It drains a

basin of 9,363 square miles. In the first period of record (1S90-189S) of

nine years there wei'e nineteen floods lasting thirty-three days. There

were 1,351 days of low water.

In the second period of record (1899-1907) of nine years there were

twenty-six floods lasting fifty-seven days. The increase of rainfall in the

second period was only .13 of an inch per year. Days of low water 1,693.

The Mononpahela River was measured at Lock 4, Pennsyh-ania. It

drains a basin of 5,430 square miles.

In the first period (1886-1896) of eleven years there were thirty floods

lasting fifty-five days. There were 912-days of low water.

In the second ])oriod (1897-1907) of eleven years there were fifty-two

Hoorls lasting one hundred days. There were 979 da:.s of low vvater. The

rainfall decreased only .08 of an inch per year.

The Cumherland River was measured at Burnside, Ky. It drains a

basin of 3,7.';9 square miles.

In the first period (1890-1898) of nine years there were thirty-two

floods lasting eight-nine days. There were 1.261 days of low water.

In the second period (1899-1907) of nine years there were forty-three

floods lasting 102 days. Thei'e were l..'">76 days of low water. The rainfall

decreased .54 of an inch per year.

The Wateree River was measured at Camden, S. C. It drains a basin

of 5,135 square miles.

In the first period (1892-1899) of eight years there were forty-six

floods lasting 147 days. There were 1,164 days of low water.

In the second period (1900-1907) of eight years there were seventy

floods lasting 187 days. There were 508 days of low water. The rainfall

increased .25 of an inch per year.

The Savannah River was measured at Augusta, Ga. It drains a basin

of 7,300 square miles.

'Tourney, James W. The Relation of Forests to Stream Flow. Yearbook of the Depart inentt*

of Agriculture, 1903, pp. 279-288.

» Hall, Wm. T.. and Maxwell, Hu. Forest Service Circular 176, liUO,
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In the first period (1890-1898) of nine years there were forty-seven

floods lasting 116 days. There were 5G6 days of low water.

In the second period (1899-1007) of nine years there were fifty-eight

floods lasting 170 days. There were 292 days of low water. The rainfall

decreased .17 of an inch per year.

The Ohio River was measured at Wheeling, W. Va. It drains a basin

of 23,S20 square miles.

In the first period (1882-1894) of thirteen years there were forty-six

floods lasting 143 rlays. There were 1,333 days of low water.

In the second period (1S95-1907) of thirteen years there were fifty-

nine floods lasting 188 days. There were 1,609 days of low water. The

rainfall decreased .14 of an inch annually.

The data here cited for the above mentioned rivers is also true for

many other streams, but these will serve as good examples of what has

been and is taking place wherever deforestation has occurred. In such

rivers as the Ohio, Cumberland, and Wateree, changes are most conspicuous,

and it is in these that most of the forest has been removed, while least

change appear in those streams where most of the forests remain.'

This state of affairs is what we should expect, but the data given for

the rivers referred to proves this by direct observation and leaves the

matter no longer a question of guesses or opinion.

From what has just been said it is certain that as deforestation prog-

resses floods will, with equal amoxints of precipitation, become more fre-

quent and increase in severity. To be sure, there are other factors that

enter somewhat into any consideration of the cause of floods. Among

these may be mentioned rainfall, season of the year and temperature,

character of the soil, presence of lakes which might impound a good part

of the "run-off" temporarily and afterwards gradually supply it to the

streams, nnd thus while at first preventing flood afterwards lessen the

lengthy periods of low water. Also the question of whether the land is

nearly level or very hilly and steep is important. A heavy precipitation

iniglit do no damage wluitsoe\er in the foi-mer case, whereas in the latter

am mg steep and deforested land the destrtiction might be appalling.

But after we have considered all these points and many others that

might be mentioned, the fact remains that the chief cause of the frequent

Hall, Wm. nnd Maxwell, Hu. Forest Service Circuhiv 170, p.
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and destructive floods in this state and elsewliere is tlie wholesale destruc-

tion of the forests.

Another proof of the etficiency in controlling tlie "run-oft"' lias been

furnished by Touniey/ He made a study of a number of small areas with

reference to precipitation and run-off in the San Kernardino ^Mountains,

California. He found in every case that the forest liad a very decided

effect in regulating the run-off of the water and in the regulation of stream

flow. In this way the forests of southei-n Indiana es]uvially have been of

great value. Within the last quarter of a century liy fnr the gi'eater pari

of the Indiana forests have been renioveil. so thiit now but few areas of the

primeval forests remain. That rain therefore, which falls, has in most

cases, nothing on the steep soil to check it and disastrous floods are the

result.

In the forest the heavy rain is first checlced by the large trees and

their foliage. Fi-om these the water next falls to the smaller trees and

linshcs. then to the tliii-k i-ai'iict of Icmvcs. 'I'lic biwcr i>;irt of this bed of

leaves is in partial decay and liere again nnicli of tlic water percolating

through is temporarily arrested. From here Ihe w.iter is further arrested

by the generally deep Ininnis soil. In this way even most long-continued

and heavy rains are effectually checked and a disastrous Hood cannot well

occur in a region possessing such ;i covering of the land. In addition most

of the water which is checked in this w:iy instead of rushing off as on

barren land, gradually runs or seei)s aw;iy. thus i-egnlating the flows of

streams and maintaining the nearly even and continued flow of springs.

There liave been i:itei- floods in llie Ohio Uiver thiin the one of 1907,

and the same applies to the sticams of Indiana, due to deforestfition wluch

hiis taken plai-e wlierexcr timbei- was available.

A lecent and severe jieiialtv due mostly to reckless deforestation was

given the state of Indiana and the whole obio valley in the disastrous

flood of tlie Ohio River and its tributaries in the sjtring of the X'resent

year. This equaled or surpassed in some places the record of any previous

flood and was especially remarkable foi' the suddenness of its appearance.

The precipitation over much of huliana and tlie Ohio valley in general

was enormous and much above the averiige. Foi- exami)le Re.Miolds' states

< Tourney, Janie« VV. 'I'hc Uelalion of Forests to Stream Flow. ^(•arl)Ook of the Department

of .Vgriculture, 1903.

'Reynolds, Hobert I'. I{. Tlie Ohio Floods: Their Cause and The Hemeily. Ameriean For-

estry, May. I'Jl.3, p. 28S.
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that from March 23 up to the moniiug of the :2Tth. r.angorville, Ohio, had a

total of 9.50 iuehes (the iionual rainfall for the whole luoiitli of March at

that i)lace Is 3.93 inches) ; Marion, Ohio, 10.60 inches (normal for the

month .'!..">1 inches); Bellefontaine, Ohio, 11.16 inches (monthly normal,

3.79 inches).

In the state of Indiana, in i)laces, at leasr. the precipitation was even

greater than in those jnst mentioned for Ohio. For example at P.looming-

ton, Indiana, on March 2")th. 6.56 inches" of rain fell, and for the month of

March 13.3 inches. The normal I'ainfall for Bloomington for March is

about 3.91 inches. The <>.5() inches of rainfall on .Marcli 25tli. whidi was

probal)l.v equaled or excelled in other states, occurred to a greater or less

extent over at least half of the state of Indiana. This immense volume of

water from an area in Indiana of about 18.175 square miles rushed away

from the deforested hills unimpeded. As a result almost every stream in

the state was innuediatel.v flooded far l)eyond its banks and every movable

object washed away. It is probable that witli snch huge and sudden precipi-

tations as occurred in March of 1913 the floods would not have been entirely

prevented if the region affected had been covered by a dense forest. It

would have prevented, however, most of this great Hood and at the same

time have prevented all or nearly all of the destructive results. If the flood

during the spring of 1913 had occurred in winter, when the ground was

frozen hard and covered witli a deep snow, the results would have been

appalling l>eyond description. Under such conditions in the deforested

area the snow would soon have 1)een melted and have added to the volume

of water. The frozen soil could not have absorljed any of the water; little

forest remains to ha-\'e checked the flow in any way, so that the crest of the

flood would have l)een higher and the extent of its destruction would have

been much greater than it was. Yet this is exactly what Indiana and

other states may expect sooner or latei'. Another great flood like that of

1913 might occur says Reynolds' "within the next decade, especially if, as

asserted, we are now passing through a cycle of wet years." Under present

conditions, however, with the greater part of the forests gone, and their

destruction going rapidly on. we can easily see that heavy and sudden

precipitations of equal intensity to those just referred to will cause greater

floods and bring greater havoc than liefore. Floods are frequently fol-

« Government Station Report for Bloomington, Ind., March 25, 191.3.

' Reynolds, Robert U. R. The Ohio Floods: Their Cause and The Remedy, .\mencan For-

estry, May, 1913, p. 288.
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lowed liy .serious drouths, such :is the one of this year, freiiueutly liuishing

the destruction of much tluit the tiood may have left. In southern and

southeastern Indiana Culbertsou^ states that "less than 10 per cent, of the

original forest areas are still left intact,"' and the original forests that do

remain have In most instances "not more than oO per cent, of their former

number of tree.s." Other parts of the state that were forested are about

in the same condition, ("ulbcrtson' also (Umws attention to "the gradual

low^eriiig of the ground water level in all porticns of the State" and the

re.sults of such a disastrous state of .-iffairs. C'ulbertson'" also points out

for the soutJiern iiart of Indiana which lie studied tliat many "streams

that thirty years ago furnished aliundant power for mills during ten

months of tlie twelve now are even without flowing water for almost half

the time." The same state of affairs exists in most of the other deforested

parts of Indiana. It is not at all difiicult for one to recall springs and

streams that ran vigorously the entire year but which now are either

inactive or else run only during the wet season.

Erosion is .generally oi;e of the most conspicuous .-(ud damaging results

of a flood in a deforested region. In lorciun •ountries which have been

deforested for a long time, as foi- cxamiile China, great damage has been

done. The same tiling I have seen in Italy, a jiart of whose once forested

surface is badly cut up by the rush of unchecked floods. Hut in this

country, especially in the southern part of Indiana, erosion is very evident

and bottom lands that were not ei-oded have been d;nnaged or rendered

useless by debris and stones carried down from deforested hills.

A statement from a United States bureau" shows som(> of the results

of erosi(>n. "According to the latest deternunafions (begiiunng with the

classic nieasiu'ements of the Mississippi by llumphi'cys and Abbott) the

rivers of the mainland United States are annually i)ouring into the seas

fully 1,000.(>(MI.(I()(» tons of sediment. This sediment is (•.•uried p.irtly in

solution but t;hlefly in suspension, in the ."."..(MHi.obo.POO.OOO cubic feet or

more of river water drained from the United States and is additional to

the coarser detritus pushed or rolled along the sides of the swifter streams.

The volume of matex'ial thus lost to the land is increa.sing with settlement

md cultivati(m ; it is almost wholly washed from the surface and is the

" CulborL;-on, Glenn. Deforctation and lis l^ffects .AriionK (lie Hills of Southern Indiana. Ninth

Annual Report of the State Roartl of Forestry, lOOit, p. 6!.

' I. C, p. 65.

"I.e., p. 74.

. " Yearbook of the Department of Auriculture, 1907. p. S2.
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very richest soil matei'iiil, the crciiiii of the soil. The x'iiliie of the material

is not easily fixecL but at a moderate aiipraisal tlie aiuinal loss wouM

exceed all the laud taxes of the country. Besides impoA'erishiug tlie soil,

the sediment pollutes the water, reducing their value for domestic and man-

ufacturing purposes and endangering the lives of those compelled to use

them, and causing streams tv scour their channels and build bars; and

through scouring and liuilding it compels the lower rivers to shift and

overflow, thereby reducing the value of fertile bottom lands. However

estimated tlie loss is enormous, and the chain of evils resulting fi-om tlu-

annual erosion of this billion tons of soil is long and complex and leads

directly back to the farm."

How easily and rapidly water may traiisi)ort objects with the increas-

ing swiftness of the current is seen from the following experiment given

by Page'-: "It has been found by experiment that a current moving at the

rate of three inches per second, will take up and carry fine clay; moving

six inches per second, will carry fine sand; eight inches per second, coars'J

sand, the size of linseed ; twelve inches, gravel ; twenty-four inches, pel>-

bles; three feet, angular stones of the size of a hen's egg."

"It will be readily seen from the above," says Le Conte'", "that the

cirnjing-poiver increases much more rapidly than the velocity. For instance,

a current of twelve inches per second carries gravel, while a current of

three feet per second, only three times greater in velocity, carries stones

many hundreds of times as large as grains of gravel." "A current" run

ning three feet per second, or about two miles per hour, will move frag-

ments of stone the size of a hen's egg. or of about three ounces' weight."

Then from the law established we say'' "a current of ten miles an hour will

carry fragments of one and a half ton, and a torrent of twenty miles an

hour will carry fragments of iOO tons' weight. We can thus easily under-

stand the destructive effects oi: mountain-torrents when swollen by floods."

Hall and Maxwell"' state that "when the slope exceeds 10 per cent.,

cultivation does not long go on before erosion sets in. and erosion If un-

checked will remove the soil awO. sully the surface until all fertility has

'2 Pa e's Geology, p. 28. Quoted by Joseph Le Conte in his Elements of Geology, Fourth Edi

tion, pp. 18-19.

13 Le Conte, 1. c, p. 19.

"Le Conte, I. c, p. 20.

" Hall, Wm. L. and Maxwell, Hu. Surface Conditions and Stream Flow.—Forest Service Circu-

ar 176, p. 10.

]4—101
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.ixoue niid all iirodnctive power is lost."' Ami fui-thoi- Cnlliertsou'" says that

in .southcastc'i-ii Iiidiaiui "coutrary to what mi.irht have been supposed, a

larger per ctnt. of the steep hill slopes has been cleared than the laud of

the more le\el regions." In such a case as this just the reverse method

of clearing the forests as to location should have been followed for reasons

aboA'e stated.

One of the ways in wliieh largo amounts of forest trees are destroyed

is for railroad ties, and enormous numbers uf them are re(iuired. Rrisbie''

states that "to build 71,000 miles of railway required 1S4.(U)0,(>()0 ties. Ties

have to be replaced every seven years. As (>very (uie knows, railmad ties

are cut from young limber, the trees being from eight to twenty inches in

diameter, and this demand strilvcs at the very source of our timlicr supply."

"The number of cross-ties in use on the railroads of the T'nited States is

estimated to l)e about 02(».(MHi,(Mi(»; tlic ninubcr used annually lor repairs

and for extensions of track is estimated to be from ;)0.0t)(».(MKi to 110,000,-

000, I'c'.iuii ing. we may say. tlie entire iirodud of -JOO.OOO acres of woodland

annually."'" So rapid has been the consumi)tion of timbei- for tii's and the

exhaustion of the sui))>ly so a))parent that some years ago the Pennsylvania

R:ulroad Conipaiiy be^an to plant t i-ees from which later on to get its ties.

For railroads to do this is a rather late plan. Notwithstanding some views

to the contrary, ii-on ties ought to l)e used and prol>ably will be used in the

future. About the yeai- isss the fences of the ruited States were valued

at "$2,000,000,0(X)." "and if cost then ".$100,000,000 annually to keep them

in repair."'" Tliese and otlier c;iuses aside from lumbering show the waste

of timber wiiich yeai-s ago coidd have been practically prevented by the

use of otlier and better materials. In most instances if the timber removed

from tile Linil and wasted were now availnlile it would exceed in value that

of the land.

In 1!)0!) there were 4S,112" saw mills being operated in the I'nitcMl

States. Of these in 1010 there were l,o41" in Indiana. These nulls vary

much as to capacity, but the daily output of all is enormous. Timl)er is

today 1)eing cut into hunber that a quartei- of a centmT ago in Indiana

would in many cases have Ix-eii i-ejected ;is fuel. Tn additi<m wi' liave In

'"Cjlbertson, (ilenn. 1. f., p. 03.

" Brisbie, James S. Trees smd Trees- PlantinK. 1888, p. >.).

'» Fifth Annual Report of ttie State Board of Forestry. U)0.5, p. 20:).

'» Brisbie, James S., 1. c, p. 0.

™ Elliott, Simon B. The Important Timber Trees of the United States, 1912, p. 10.

^' .'\inorican Foro<trv, 1913.



211

Indiana as elsewhere the veneei'-mills, that are able, howe^el•, to cover ui*

a multitude of sins.

Following deforestation comes, sooner or later in this country, the

|)i"overhial forest fire whicli completes the destruction by killing the small

trees and destroying the possibility of the future f<n-est. It is not neces-

sary to discuss the results of such tires further than to state that locomo-

tives generally cause most of such coutlagrations, and consequently steps

are being taken to have the trains in some places, as in parts of Canada,

nni b.\' electricity. Spark arresters are a failure. In 1909 it was estimated

that in Indiana the annual lo.ss from forest fires was $175,000.-- and this

seems to be a very conservative estimate. For the prevention of fires in

Indiana some laws ha^e been enacted and in every possible way those in

charge have endeavored to lessen the danger. Efforts to pass more favor-

able laws for foi'estry hnve been attempted in Indiana, such as exemption

from taxation, but this "failed because it could not l)e done constitution-

ally."'' It wouhl be well if the cutting away of the forests could be con-

trolled by law. F(»r instance it is a serious mistake to .Ulow anyone to buy

a stretch of forest, especially in hilly districts, then to move in a sawmill

and cut out all the available timber without regard to refin'estatiou or

results, and then finally to .sell the land for what it will bring or to allow

the soil to wash away. In some foreign countries the removal of forests

is controlled. In France, for example, even years ago an owner was not

allowed to remove forests on his land without "four months'' notice iii

advance. The forest service may forbid this clearing in case the main-

tenance of the forest is deemed necessary upon any of the following

grounds

:

"1. To maintain the soil upon mountains or slopes.

"2. To defend the soil against erosion and Hooding by rivers, streams

and torrents.

'".}. To insure the existence of springs and water courses.

"4. To protect the dunes and .sea.shore against erosion of the sea and

the encroachment of moving .sands.

"5. For purposes of military <lefense.

"6. For the i)ublic health."-^

"Tenth Annual Report of the State Board of Forestry, 1910.

" Fifth Annual Report of the State Board of Forestry, 1905.

" Pinchot, Gifford. Publications of the American Economic .Association, 1891, Vol.6, pp. 214

and 21.5.
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Germany ajicl Switzerland also maintain a wise control over their

forests. Similar protection of the forests of this coivntry should be

enacted. One very noticeable thing in this state and country is the

extreme waste of the forest resources. This is seen from the time the tree

is cut in the woods until what remains of it is issued in the Hnished

product.

This is not the case iii some foreign countries, and should serve as a

useful lesson to tlie state. Great serAice has 'leen rendered to the state

already by those who have worked to have the present Indiana forestry

laws enacted and by those who by instruction or advice have endeavored

to further the cause of forestry in Indiana.

Notwithstanding the presence of other factors which may help to

produce or prevent floods, the fact remains as has been sufficiently out-

lined in this paper by various examples, that deforestation is by far the

greatest cause of floods. The examples have shown that where forests ari.'

present floods are practically absent, and ;is tlic t'orcsls .ire riMiioved the

floods become more numerous and destructiNc.

Probably the most thorough study thus far of any single strcun in

this respect is tliat made by M. O. Leighton^' lor thi' Tennessee River.

The same state of affairs exists in Indinna, and e\cry eftort should l)e pui

forth to remedy the danger. The one great element of success will lie in,

the proper education of the public to the disastrous results of reckless

deforestation and the benefits of forest preservation. As lOUiott well says

:

"Probably our forests are in no worse condition today than those of Ger-

many and France two bnndred years .iLTd. when tlmse nations l)i'gan refor-

estation. Success crowned their efforts and sliould nnrs if we put forth

the same endeavors."-"

" LeiThton, M. (.). Floods in the Inited States. Cited from Hull :iiui Maxwell,

-«Elliiott, Simon H., 1 c. p. 1.",.
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The Relation of County Tuberculosis Hospitals io

Conservation of Public Health

James Y. Welborn, M. D.

The broad subject of consei-vation, although in its infancy, is far

reaching in its achievements. Like all innovations, appearing at first as

current e^'ents, gradually enveloping established customs, making history

for an epoch, tliis idea has grown.

Tlie i)reponderance of forces necessary for any custom, event, puliticil

or social decree, upon which a nation reaches a destiny, has, as an essential

for success, to be presented at such an opportune time as to arouse this

nation's people to a keen interest. The time, the place, the demand and

the recognition are all essential forces for any substantial movement.

Tlie phase of our subject I proclaim to be of the greatest importance,

bec.Muse in conserving the health of the people, we therelty promote condi-

tions for a more perfect physical being necessary to reach a goal fif ideal

perfection. This is true because upon the pul)lic health depends the degree

of success in arts and sciences and the good spirit of the human race. li;

may also be added, in the language of Ex-Governor Marshall, "That upon

the public health rests the state of the morals of the people."

Now, how do the County Antituberculosis Society movements conserve

public health?

First, by an education; teaching sanitary science and prts^entiiig

loathsome disease. An example of this is demonstrated by the following:

A patient of an ordinary family is treated in the hospital. While there,

receiving visits from other members, they learn that to eradicate flies and

mosquitoes is a means of saving doctors' and druggists" bills, by pi-event-

ing malaria and other diseases. They are cited to the necessity of de-

stroying all sputa and dejecta from the body as a means of self-protection.

They are shown, to some extent, at least, how to select foods, as to variety

and purity, and there are innumerable items to be learned relative to

sanitary conditions.

Second, presenting to the people a plea that vice, excesses, loathsome
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habits and poisons are dangerous to good health. Various examples can

be pointed out—for instance, late hours, alcohol aud tobacco, which are

prime factors in precipitating severe cases in many of our young men

patients. When they are set up as examples to the observing public it

often astonishes them as something they had not before thought of. I

must also emphasize that when the society is urging all these teachings it

forces many negligent physicians to realize tlie necessity of more strict

orders to their patients.

i'liird. Iiy teaching economy in caring for such victims, thei'eliy reserv-

ing forces to be utilized in aggression rather than defense. With resultant

etfect of the facts in the first and second, tiiere is the beginning of economy,

which effects are tremendous in the end. for every case of prevention is the

means of saving thousands of dollars, which if saved for other pursuits of

the proper kind must Itroaden the field of attainment by a people physically

more abl" to dn work than those weakened l)y personal or family sickness.

Fourth, that life may be sustained over the disease which has long

been tliougbt to Ite fatal. Tiiere are iiow hundreds of strong working peo-

ple in the State of Indiana who. if tlicy had not had the intelligent advice

and trc.itnicnt of the society workei's. would have been sleeping under sod

waiting for other victims of theii- own infection who were serving their

days of invalidism.

Tlie growth ot tlic nioveUK^it by local organizations lias ln-ought about

the idea that a united effort is necessary to accomplish the foregoing. As

a result, in our state we now have statutes giving iiower to county com-

missioners to establish county hospitals for tiibcrculons (indigent) patients,

or to contract with county organizatioiis for the care of such patients. This

enables chai'itable organizations to conduct more successfully the institu-

tions they are establishing. In fact, if this law bad not conic into effect,

public charity could not support the crying demands. Such a failure would

gradually burden tlu' cheerful donor, and baffle the iihilanthropic workers.

When such cooperation exists, civil and charitable forces are also sup-

ported by individuals abl(> to pay small but reasonable sums for attention.

Instead of great amounts necessary in seeking distant health resorts, I will

suggest that cooperation in this st.ite. will enable each group of people to

learn the nu»st conservative methods to b(> employed in this branch of

work. A monthly state jor.rn.-il should be pnlilislied. in which the workers

of this state can embody system and cooperation of efforts.
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Playgrounds and Recreation Centers as Factors in

Conservation of Human Life.

Dk. W. a. CjEKLek.

The enormous iiHlusti'i;il development of this country iu the juisr

thirty j'ears has brougllt with it the serious problem of devising some

means whereby the harmful effects of factory labor and the crowding of

workmen and their families into tenements and the disti'icts about the

facto)-ies may be counteracted and corrected. Oiu- own native-born i)opu-

lation, as well as the largest proportion of tlie immigrants that come to

our country, liave been forced to ada])t themselves to a manner of life

which is entirely different from that to which they have been accustomed.

The child growing up in these surroundings, as well as the adult worker,

npeds besides proper food and properly constructed dwelling houses the

playground and recreation center to preserve not only the physical but the

moral health of the class to which he belongs.

The conservation of the life and healtli of our population cannot be

attained througli sanatoria and hospitals. From a business stsindpoint it

is very poor policy to build institutions to repair damage that has been

tlone and then not take the necessary steps of prevention. Although we

will never be able to eradicate diseases entirely there is a i)ossibility of a

great reduction in disease, and with it a lengtliening of the average life

of the individual. We need hiore than good housing conditions, a living

wage, pure food and proper sanitary conditions in our factories to bi'ing

about these things.

Recreation and ))lay are as necessary for the physical well-being as

are some of tliese other things just mentioned. The growing child needs

them for the proper development of his body and the adult needs tliem to

keep his body in a healthy condition. Although the prevention of in-

fectious diseases is in the last analysis a cpiestion of quarantine, the physi

cal condition of the individual plays a very important part in ever,v in-

fectious disease. As long as the community must suffer through tlie sick-
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uess or death of a worker it is very iilainly the duty of tlie comuiunity to

take the necessary steps of prevention. Tlie playground is one of the

necessary means of prevention of disease and has already proven its worth

in those conuuunities where it has been given a trial.

The recreation center should be an important factor in the proper

education of our workers in tlie laws of hygiene and health. The igno-

rance of the average person concerning the facts of health and the early

manifestations of such diseases as tuberculosis, cancer and occupational

diseases is in no small way responsible for the large number of incurable

invalids which our community has to support. It has been estimated that

tuberculosis kills almost one-third of our workers who die between the ages

of twent.\- and thirty-five, and it is the experience of nearly all who have

much to do with the treatment of tuberculosis, as well as the other dis-

eases mentioned, that n large proportion of our incurable cases have

applied to the physician for help and advice only after the disease has

progressed to a point where relief or cure are impossible.

The factory and those conditions which have arisen in the growth of

our present industrial system have affected not only our public health, but

also the moral tone of the community. The church as it exists today .is

.scarcely able to cope with the moi-nl iiroblems which have presented them-

selves, and it has been found that tlie moral and physical problems are

very closely bound together. The natural desire of the average worker,

and we might as well say his need, for pla.\- and recreation has had to be

satisfied at the saloon, pool-room, cheap theatre or on the street. The

enormous increase of crime and degeneracy in the past few years has

shown that the effec-t of, at least, some of these agencies has been to work

great harm to the individual and finally through him to the community

at large.

The individual needs not e.\hnrta1i()n to refrain from doing those

things which are harmful to him morally and physically, but an oppor-

tmiity to satisfy his needs for recreation and play in a waj which cannot

have this harmful influence. The tendency of the average person when

given a choice between the good and the Iiad is to instinctively choose the

good, when he once understands it. The experience of the settlement

houses and Y. M. (\ A.'s over the country is abundant proof of this. Con-

ditions have now become so that it is the duty of the connuunity to make

the playground and recreation center a part of its regular activities as
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well as the public school and library system. This work should no longer

be left to public charity and the philanthropy of wealthy individuals, which

of its veiy nature repels the self-respecting worker who cannot accept

charity without sacrificing a part of his self-respect. The playground and

recreation center should be built and maintained out of the taxes of which

he pays his share, so that he will take advantage of these things as his

own and not the gift of those to whose wealth his work has contributed.

Let the playground and recreation center be combined with our public

school and library for the physical well-being of the community as well as

its education. INIake the influence of this combined institution broad enough

and free enough to reach all of our workers. Then with proper housing.

pure food, a living wage and hygienic surroundings? in the work shop and

the factory our pla.vground and I'ecreation center will complete the steps

we must take for the conservation of human health and life.





2in

Public Toilets, Public Drinking Fountains and

Public Spitting in Relation to the Conser-

vation OF Human Life.

C. M. HiLLIAED.

I'ublic supplies and public couveniences are always public dangers,

and for two reasons : tliey may affoct large numbers of people, and they

are ahvays beyond the control of the individual who is obliged to use them.

The nnmicipality and the state has, therefore, a grave duty: viz., to control

and to supervise public commodities of all kinds.

We no longer believe that disease is the result of tlie 'iiialice of Satan,"

or a "rebuke of God," but rather consider it the result of personal or public

ignorance and neglect. Decomposing potatoes and pin-holes in the sewer

pipes are no longer believed by intelligent people to be the cause of typhoid

fever, but every new case is new evidence of deficient civilization. In-

fectious diseases are caused by living germs and these parasitic germs li\e

and grow oidy within the body of man. for the most part. They perish

quickly in the harsh external environment. For the continuation of infec-

tious diseases it is necessary that a more or less direct transfer of fresh

nasal, oral, ui-inary or alimentary excretions from one body to another

susceptible body take place. The body must be frequently freed of these

accummulations of wastes, for just as wastes in a conmiunity may "breed"

ill health and nuisance, so much more important is it to rid the cell com-

nuuiity—the body—of its wastes.

The problem of public sanitation is two- fold. First, it must reduce to

a minimum the possibilities of transfer of the germ-laden body excretion.s

from person to person. Secondly, it must provide every public need and

commodity that tends to raise the vital resistance of the people. There is

no more potent fcjrce tending to good health than the condition of the body

;

its I'esistance to variable external conditions and parasite invasions

depends upon this general health tonus.

Toilet facilities should be furnished by railroads, hotels, bars, amuse-

ment places as theatres, fair-grotuids, etc., and by municipalities in fre-
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queistecl public places as squares, playgrouuds and especially public schools.

A suiff of, or a glance at the accommodations offered the public In rail-

road stations or theatres in many instances is argument enough against

conditions as they exist about us.

ru))lic toilets may be exchange places of disease germs. Evidence is

not lacking that epidemic disease frequently spreads from these centers.

(Occasional cases of venereal disease or even of intestinal disease may be

traced to toilets Trachoma and various infections are transmitted from

person to person by the common roller toAvel. The indirect effect of inade-

quate facilities and revolting toilets, making it impossible or undesirable for

people to free the body of its wastes, and lieucc affecting the resistance of

the body, is much more important than the direct transmission of disease

germs in this case. A nation's or a town's refinement, education and mor-

ality may well be noted l)y the comfort, i)rivacy and inviting facilities it

offers to its inhaltitants for the evacuiitions of the I)ody. It is beyond the

scope of my pajH'r to indicate the dire effects resulting from improper func-

tioning and impr(ii)er attention to this important need. Suffice it to say

that many so-called functional diseases as liver and kidney trouble, fre-

quent headaches, intestinal disorders and other di-sorders are frequent

><('qu('l;e due to neglect of ridding the body of its wastes. The impairment

of the functioning of these vital organs tears down the general normal

barriers to infectious diseases and so indirectly, lack of sufficient and in-

viting toilets is a cause of much sickness, suffering, and even of death.

The public drinking cup has been condemned because It affords an

ideal vehicle for the mutual exchange of saliva. T'eople who will laugh

iieartily at the joke when you suggest "swapping gum" serenely follow you

to the public fountain and mouth the cup directly after you and dozens of

others. In liiO!) Kansas, Michigan and Mississippi first adopred regulations

against the use of the common drinking cup in schools and railroad trains,

and now several states, including Wisconsin, Massachusetts and California

have legislated against this disease distributor.

As with toilets, the p]-ol)lem of public drinking facilities involves a

question of direct transfer of disease virus and one of general body condi-

tioning. It is a .simple matter to demonstrate mouth epithelial cells and

mouth streptococci on the edge of the public drinking cup. and it is obvious

enough that disease germs are always i)otentially present and may pass in

a few minutes, or even seconds fivmi the mouth of the incipiciitlv sick or
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convalesciug, ur tbe healthy "oanicr" oT lUiThtSiorin. scarlet fever, tuber-

culosis, piieninoiiia. tonsilitis, mumps, whooping-cough, measles, infantile

paralysis, eouuuou colds or other infectious diseases into the mouth of the

healthy, willing susceptible.

The normal functioning of the body is absolutely dependent upon

abundant water Iteing furnished the system, and a deficiency leads to

general ill health and lowered resistance. Almndance of water is almost

as important as purity of water, i^ufficieut and attractive facilities as well

as clean water offered frou\ sanitai'v devices .should be furnished the public.

The war against jiublic spitting has been vigorously and efficiently

waged for some time now and with undoubted good results. Just what the

relative importance of large masses of sputum thrown into the environ-

ment is when contrasted with saliva exchanges that take place in more

obvious and direct ways on things smeared either directly by the lips or by

the lingers moistened with saliva, I do not venture to state. Our epidemio-

logical evidence and our laboratory findings seem to be opposed to the

theory that disease is ^ery generallv spread through the medium of the

air. Sputum thrown upon the sidewalk or in the hotel lobby drys slowly

as a rule and tends to adhere to the surface upon which it is dried. The

dryness, light, time and other factors are germicidal and the disease germ.'j

present, especially, tend to quickly perish. Saliva deposited on food by the

cook or waiter, on pencils exchanged b.A- children in school, on street-car

checks b.\- (-(jnductors, on soda glasses, trolley straps, the leaves of books

and a multitude of things that we come in contact with in the daily routine

seems to find a more direct route and gives ample room for explaining

obscure endemic cases of disease of the respiratory tract. For my part, I

had rather \vd\e the car conductor spit on the floor than deposit a lesser

amount on the check he hands me. I believe it is high time our anti-

spitting league took on a new, broader work and began an anti-saliva cam-

paign. Spitting may, and undoubtedly does spread disease. It is a vile

habit and should be prohibited. The campaign against it will raise th>''

public opinion of cleanliness and civic responsil>ility and will tend to im

prove the sanitary tone of a community.

The phenomenon of improved municipal health following the substitu-

tion of a pure or purified water supply, for a itolluted supply is too common

to need illustration. Other sanitary improvements, as installation of a

proper sewage or garl)age disposal plant or a clean milk campaign, like-
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wise affect the public liealtli in a spectacular and demonstrable way. It

has frequently been observed that the decrease in death rate following these

specific improvements is greater than would lie expected. For example, a

clean water supply may always be expected to lower the mortality of

water-borne diseases, chiefly gastro-iiitestinal diseases. In many instances

it has been found that the general death rate is lowered more than can

be explained by the typhoid component and that diseases of the respiratory

tract are reduced. This may be explained by supposing that diseases

other tlian intestinal may be water-borne, or it may mean that the general

vital resistance of the people of the community is raised by more abun

daiit use of a luirc water. When a C(Himumity reaches that stage of

.sanitary enlightenment and common-sense cleanliness that it demands

proper disitosal of its wastes and pro\ides for a pure i)ublic water,

we may expect t'nat other less si)ectacular saiiitiiry reforms are being

practiced, -;o tliat there are a nr.mber of contributory causes to im-

proved health. Thus the general resistance tonus and the public's hygiene

practice is a significant health factor. Providing sufficient and clean

public toilet facilities: ((Hivenient. nuniei-ous and sanitary drinking foun-

tains, and tb.e abatement <>{' the barbaric, disgusting lialtit of jiuitlic spitting

are jjlain civic duties, and are factors in the consei-vatinii of human life

and happiness.

We would recdiiniiend :

1. KegeJiei'.-itioii and exteiisidii of pulilic toilet facilities, especially

emphasizing the need of proper care <>f i)iiblir toilets. The most perfectly

constructed toilet will 1)0 unsanitary in a short time if not effi<-iently cared

for. A score card iiiigiit Ik- used in insiiectioii to give a iiicfure of the con-

ditions and to indicate imiirovement from time to time. I havi' devised

and used such a score card effectively.

2. The final condemnation of the ])ul>lii- diinking cup. es])ecially in

schools. One of the lessons in hjgiene in schools might well be flevoted to

teaching children bow to make their own paiier drinking cujis, the teacher

furnishing them witii cleai; paper of c<inveuieiit size and shape throughout

the year. Soda fountains ai-e culpable and there should be legislation or

action of some kind against the present soda fountain and glass, a public

drinking cup.

8. The extension of our anti-spitting and anti-saliva campaign, includ-

ing the dissemination of information relative to the more direct and dan-

gerous modes of transfer of nasal and oral secretions.
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Power Economy in the Southern Indiana Quarry
Industry.

G. C. Mance.

The limestone quarry industry of southern Indiana offers a fertile field

for research alon.c: the lines of conservation. The early operators adopted

wasteful methods of production, feeling that the abundance of the deposits

would ;,'ive an unlimited supply of first-grade stone. The tendency has been

to continue with the old methods and machinery to the present time. With-

in the last few years, however, competition has become so keen that manj

of the operators of the district have begun to realize the wastefulness of

the present methods and to look for more efticient ones.

The principal losses accompanying the production of building stone in

Monroe County can be grouped mxler four heads:

(1) Losses or seconcr-graGe stone.

(2) Losses of human labor.

(3) Losses of lime, cement and fertilizing materials.

(4) Losses accompanying power production.

The losses due to inefficient methods of power production are probably

the greatest and the most in need of remedial action. The method of

power prodi;ction thi-oughout the disti-ict is wasteful in the extreme. Power

is generated in a large number of separate units distril)uted over the quarry

and there is a great loss of human labor in supplying the coal where it is to

be used as well as a great loss of coal due to careless handling. Several

qnarrymen have made careful tests upon cbanneling machines, at my sug

gestion. to determine the amount of coal consumed by the different types ot

machines during a given run. and it has been found that while the Sullivan

or Ingersoll channelers cut faster they consume practically twice the

amount of coal in a given period of time as the Wardwell type of chan-

neler, which is widely used tlirougboiit the district.

In many of the mills the boilers and engines have been in operation

over twenty years and the amount of coal used per horse-power hour is at
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least six times as mucli as would be necessary with up-to-date machinery

and methods in large central plants.

During the last nine months I have visited all the mills and quarries

of Monroe County which are at present in operation, and have taken data

on the coal consumption and power produced throughout the district with

an idea of showing how great these losses are and at least suggesting a

remedy for some of them.

From the data taken I have chosen three plants which are representa-

tive of the older type and have averaged them so as to avoid giving out the

data of any single plant. The data are as follows

:

Amount of coal used per month (tons) IH^

Cost of coal at the mine at $1.1.5 per ton $1.5.5.25

Freight on coal at $.55 per ton 74.25

Total cost of fuel 229.50

Horse-pov/er developed, engine rating 75

Hours of running time during the mouth 240

Coal consumed per horse-power hour (lbs.) 15

I have also taken the data for three of the more modern typo of plants

and averaged them to show the great improvement already made toward

greater economy. The data are as follows

:

Amount of coal used per month (tons) 192

Cost of coal at the mine at $1.15 per ton .$220.80

Freight on coal at $ .55 per ton 105 60

Total cost of fuel per month 326.40

Horse-power developed, engine rating 200

Hours of running time during the month 240

Coal used per horse-power hour (lbs.) 8

Althougli these ligures show tliat a great improvement has already

been made in power production, they also show that there are still great

possibilities for further reduction in power costs.

The saving of hu)nan labor engaged in the ]iroduction of the power \n

central plants over the present methods would amount to two-thirds of the

number of men now engaged.

In my final paper on the subject I hope to carry out the above figures

15—1019
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fully enough to show the actual cost of power by the present methods iu

use in the district. At present my data on the value of tlie machinery and

plants and the rates of taxation, insurance, etc., on the same is not complete

enough to give any but a very approximate figure.

Engaged in the stone industry of the county tliere are twenty-nine

operating companies controlling twenty-six mills and sixteen quarries.

They use approximately 5,000 H. 1'. and 4,000 tons of coal per month in its

production.

For convcnicncf in studying the probltui of power production of the

county I have divided it into three districts as follows:

District No. 1 includes all the plants in and around Elletsville and

Stinesville. This district is controlled by six companies running six mills

and two quarries. They use approximately 1,000 H. P. and 750 tons of

coal to generate the power.

District No. 2 includes the tpiarries and mills uf I'.loomington and

Hunter Valley. This district is controlled by eleven companies running

eleven mills and Hve quarries. They use 2,000 II. P. and 1,700 tons of coal

per month in its production. Two of the plants of this district buy electri-

cal power from the Central Indiana Lighting Co. of Bloomington, and in

figuring the coal consumption for the district I have added the amount of

coal they would use in the production of tlieir power if they worked under

the same conditions as the other operators of the district.

District No. .'! includes the rest of the county, that is, all the mills and

quarries around Clear Creek and Saunders Station. In this district there

are twelve operating companies running nine mills and nine quarries.

They use approximately 2,000 H. P. antl consume 1,650 tons of coal.

In looking for improved methods of power production the following

possibilities present themelves

:

First, each operator can make an effort to produce as much of his

power in a single unit as possible, and distribute the powei to the differ-

ent machinery of his plant electrically. This method is becoming more and

more common in the stone mills of the county, but very little effort has

been made toward the use of electrical machinery in the quarries.

At least two of the operators of the district arc nsing compressed rtir

to drive their quarry machinery, but a careful study of the costs of power

production in this form shows that the fuel cost is materially raised,

although the advantages of .such a system are: Small waste in handling
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coal, less hiimaii labor, aud a rlcniuT (luari'.v. As a luetliod of conserving

power it caiiiiot be called successful, althctiiiih the failure in one case luaj

be laid to the fact that the clianneling machines used with compressed air

are of the old steam types witli tlic air Imse iuti-uilnccd into thcii' l)oilers.

thus keeping the faults of the steam channeler ami adding to them the

line losses of compressed air. This method would be lar more economical

with modern compressed air chambers.

Second, a central plant for each district might be ctuistructed with an

idea of handling the coal mor*; easily and having an adequate water supply.

These plants could be located so that the cost of distribution of the power

by electricity would I)e a small item, as tlie districts are reasonalily com-

pact and easily reached.

Third, we might consider water power with electrical distribution to

the plants. In fact, such a plant is already in existence at Williams, but

on account of the micertainty of their water .supply the plant is equipped

with a steam auxiliary. Tlieir proximity to the quarries and mills of I^aw-

rence County makes it probable that most of their power will be sold

there, as the heavier line losses in distributing to this district would tend

to center their inter.:>sts in the southern part of the stone belt. Other

projects have been suggested, but the extremel.v high first cost of the

construction of a water-power plant makes it ratlier a (piestion of the

future than of the present powei' problem.

Lastly, and iH'obabl:^' the most economical solution of the problem is

the construction of a large central plant in the coal fields with high tension

transmission of the power to the quarry districts and the use of electrical

machineiy throughout the plants. This plant could be equipi)ed with

modern automatically stt^ked boilers with superheaters and condensing

engmes; or the plant could be equipped with gas producers and gas

engines. An interesting calculation on the subject can be made by taking

a single district and showing the possibilities for that district if the oper-

ators could unite to solve their power problem.

I have taken District No. 1 and attempted to calculate the cost of

such plants from the data available, but, in general, calculations of this

kind are only approximately true, as the price of materials is constantly

changing and the tendency of contractors is to hide the true costs by

unbalanced bidding. This makes it difficult to estimate prices.

The following figures are reasonably correct for a 1,000 H. P. plant:
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Steam plant:

2 engines totaling 1000 H. 1' $25,000

Necessary auxiliaries at $8.50 per H. P 8.500

4 fire-tube boilers, 200 II. P 5,700

2 400 K. W. generators, 550 volts 9,628

2 10 K. W. exciters, direot current 810

Switchboard equipment, $4.25 per K. W 3,400

Cost of stack at $3.00 per H. P 3,000

Foundations for engines and boilers 3,000

Piping and installation 2,000

Total cost of i^lant without buildings $63,038

If turbines were used with three 250 H. P. water-tube boilers and super-

heaters instead of the above equipment, the total cost would be $57,150.

The fixed charges against the steam plant would be as follows:

Interest at 5 per cent, on whole investment $3,152

Taxes and insurance at 2 per cent 1,251

Depreciation at 10 per cent 6,304

Total fixed charges $10,717

Operating charges for one year

:

Labor .$3,900

Coal at $1 70 per ton, 5,000 tons 8,500

Repairs, 1 per cent, of first cost 630

Oil. waste, etc 1,650

Total operating cost $14,680

Total cost of power for the year 25,397

Price per K. W. hour, calculating on a 10-hour run, .308 days, 1.1 cts.

The same calculations on a producer-gas plant of the same size offer a

comparison which is well worth studying.
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The cost of such a phiut would be as follows

:

Gas-producers at $23 per H. P $23,000

Accessories, including draft equipment, $9 per H. 1' 9,000

2 500 H. P. gas engines 38,000

2 400 K. W. generators 550 volts 9,628

2 16 K. W. exciters direct current 810

Switchboard equipment at $4.25 per K. W 3,400

Foundations for engines and producers 3,000

Total cost of plant without buildings $84,138

Fixed charges on gas plant

:

Interest at 5 per cent $4,207

Insurance and taxes at 2 per cent 1,683

Depreciation at 10 per cent 8,414

Total fixed charges $14,304

Operating charges on gas plant for one year

:

Labor $3,900

Coal at $1.70 per ton. 1,.500 tons 2,550

Oil, waste, etc 1,650

Repairs 630

Total operating cost 8,730

Total cost of ])Ower for the year $23,034

Cost per K. W. hour. .308 days, 10 hrs. per day, .93 cts.

I have placed in the equipment two engines with the idea of .showing

another eeononiy. The villages of Elletsville and Stinesville do not have

an electrical plant for lighting. If such a plant as I have outlined were

erected there the over-night run on one of the engines would furnish much-

needed power for lights at a very small expense. In fact the power could

be developed for an additional .4 of a cent a K. W. bour after the fixed

charges have been figured against the day run.
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From these figures it \Adll be seeu that there is only a slight difference

in the cost of power for the two types of machinery, but these figures

would diA-erge in favor of the gas producers as the size of the plant was

increased. If the plant were located in the coal fields and the power

l)rought over as high voltage current, the amount of money saved on freight

would pay for the transmission line in about eighteen months. In fact, for

such a plant the line losses and cost of transformers at both ends of the

line would bring the price of power to about the same figure.

Probably the ideal solution for the power question would be to furnish

the entire district with power. This plant to be located in the coal fields

and be of the by-product recovery type with gas engines and the power

transmitted at 33,000 volts. Such a line and voltage would ]>e the cheapest

for conditions as they would be in this district.

There are numerous plants in Europe which depend upon the by-prod-

ucts recovered for their profits. A good example is the ])laut at Dudley

Port, South Staffordshire. England, where a Mond by-product plant prac-

tically pays for all the fuel used, in the by-products )-ccovered. The two

principal by-products are ammonium sulphate and tar. The ammonium sul-

phate alone returned $2.25 per ton of coal burned, and the tar sells for

$0 19 per ton of coal burned.

Ordinary bituminous coal will return SO to 90 pounds of sulphate of

ammonia per ton. Such plants now in operation produce a Kilowatt per

hour of power on l.o4 lbs. of coal fired. Since the price of coal is so low

in this district the cost of power would be but little over the fixed charges

on the investment. This problem of power economy for the quarries begins

to be of especial interest over the entire district, and if the issue were met

squarely a great saving of money would re.sult. as well as great economy in

coal consumption.
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Report of the Committee on "A List of the Scien

TiFic AND Technical Serials in the Libraries

OF THE State of Indiana."

In submitting to the Academy the final results of "the work of your com-

mittee it S3ems desirable that some explanations should be made. The

former catalogue, published in the Proceedings of 1911, owing to the short

time allowed for its preparation, was compiled in such haste as to be very

defective both typographically and in its completeness. It is doubtful if

anyone realized the size of the task or the difficulties to be encountered when

the committee was first organized. The extension of the scope of the list

as well as the number of libraries to be included in the present revised list

has more than doubled the size of the catalogue and has greatly multiplied

the difficulties.

Owing to the wide distribution of the libraries it has not been possible

for the committee to inspect the serials of every library, and the work has

been largely carried on by correspondence and the cooperation of many

librarians. Although this has often put a considerable burden of work upon

the librarians or their assistants the committee cannot complain of any lack

of genuine interest and hearty co-operation in ovu- undertaking. It is, how-

ever, impossible to formulate a practicable set of rules for the guidance of

librarians in making out their lists that will provide for all contingencies.

The task of correlating the numerous items in these many lists has been ex-

tremely difficult and in frequent cases impossible with any degree of cer-

tainty. For example, what is probably the same serial appears in two dif-

ferent lists under slightly different titles, as for instance one says "reports,"

another "transactions," and without the serial at hand the committee can

not determine whether these are the same or distinct series. We have tried

to eliminate duplication by careful comparison with other catalogued lists.

But after the utmost care there still remains a large residue of doubtful mat-

ter of this sort, while in some instances we may have identified series that

should have been kept distinct. A number of titles have not been found in

any of the serial catalogues which we have consulted and the doubt remains
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in the minds of your committee whether some of these are not incorrectly

listed.

It was intended that all volumes should be listed by the volume nurrber

when that could be determined and the date of issue given only when the

volume number was not known. There has been great lack of uniformity in

following this rule, which introduces considerable confusion into the lists.

Your committee has no means at hand by which to correlate dates and

volumes. Where it has seemed possible we have ventured to substitute

volume numbers for dates, but in most cases we have foimd it necessary to

leave the lists unchanged in this particular.

It may be found that some titles are included in the catalogue that have

doubtful claim to being recognized as pertaining to serials that are either

scientific or technical. As the conmiittee could not be personally acquainted

with every serial named we have trusted largely to the judgment of the li-

brarians. A few titles, such as the Lilcrnrij Di'jent, we have ventured to ex-

clude. The inclusion of such doubtful material, however, docs not seem to

us a serious fault, on the jjrinciple cpioted by Bolton from Zuchold that in

a bibliography it is much better that a book should be found which is not

sought, than that one should be sought for and not found."

In the prosecution of this work the committee has consulted various

catalogues and freely adopted suggestion from many of them. The following

may be especially mentioned:

A catalogue of scientific and technical periodicals 1665-1895. Smith-

sonian miscellaneous collections 40.

List of serials in the Universitj' of Illinois library together with those

in other libraries in Urbana and Champaign. Univensity of Illinois

Bulletin 9=.

List of serials in the principal libraries of Philadelphia and its vicinity.

Bulletin of the Free Library of Philadelphia. No. 8.

List of periodicals, newspapers, transactions and other serial publica-

tions currently received in the principal libraries of Boston and

vicinity.

List of biological serials in the libraries of Baltimore 1901.

List of serials in L'niversity of Colorado library. University of Colorado

bulletin. 13'.
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AUBREVIATIONW AM) SKiXS.

Ac. Indiana academy of science exchang-^s deposited in the State Library

at Indianapolis. In references under this head parts of broken

volumes are listed by means of index figures attached to the vol-

ume number.

B. Butler College library, Indianapolis.

D. DePauw University libraries, Greencastlc.

E. Earlham College library, Richmond.

Exp. Agricultural Experiment Station, Lafayette.

F. Franklin College library, Franklin.

Ft.W. Fort Wayne public library.

G. Gary public library.

I. U. Indiana University libraries, Bloomington.

L. P. Lai)orte public library.

M. Muncie public library.
*

N. D. Notre Dame University libraries, Notre Dame.

N. H. New Harmony \Yorkingmen's Library.

P. Purdue University libraries, Lafayette.

R. P. Rose Polytechnic libraries, Terre Haute.

S. State Library, Indiana])olis.

S. N. State Normal School library, Terre Haute.

T. H. Terre Haute. Fairbanks .Memorial Library.

W. Wabash College library, Crawfordsville.

Bold faced figures are used to indicate volume numbers. The year date

(e. g. '93) is used instead of volume number when the latter is not known.

Plain .Vrabic figures indicate numbers of a serial that is not issued in

volumes; chiefly bulletins.

Indices are used in the Academy (Ac.) lists to indicate numbers of an

incomplete volume.

An asterisk (*) attached to a volume number signifies incomplete.

The plus sign (+) after the last volume number signifies that all suc-

ceeding numbers are on file and current numbers are received.

The parallels sign (II) indicates that the serial ceased publication with

the preceding volume.

Roman numerals indicate numbered series.

o. s. old series. Howard J. Banker.

n. s. new series. Will Scott.
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LIST OF SCIENTIFIC AND TECHNICAL SERIALS IN THE
LIBRARIES OF INDIANA.

Abstracts of physical papers. London, England. P. 3.

Continue I as Science abstracts q. v.

Academia de ciencias medicas fisicas y naturales de la Ilabana. Havana,

Cuba.

Anales. Ac. 36^ '«-=•- '"*: N. D. 39+.

Academia nacional de ciencias. Cordova, Argentine Republic.

Actas. Ac. 5'""^.

Boletin. Ac. 7'- ' ^ 8'-', 9, 10, 11'"^ 12--\ 13', 14'' =, 15'-'', 16'' ".

Academic des sciences. Paris, France.

Comptes rendus. B. 152, 153: I. U. 1+ : P. 140+ : R. P. 104+ .

Academic impcrialc des sciences. St. Petersburg, Russia.

Annual report. N. D. '12.

Bulletins. Ac. IV. 36'' -. V. 1-5, 6'-*, 7'' =, 10^, 11-14, 15'-^ 16'-', 22-25:

N. D. VI. '12+.

Musee botanique.—Travaux. .\. I). '12.

Academy of natural sciences of Philadelphia, Pa.

Annual Reports. S. L. '91 -'94.

Proceedings. Ac. '58+: B. ',56-'86, '88-'93, '95+: I. U. 1+ : N. D. 61+:

S. L. '67-'90, '99-'04.

Acadian scientist. Wolfv lie. Nova Scotia. Ac. P.

Accademia dei Lincei. Rome, Italy. See Accademia pontificia dei nuovi

Lincei; Reale accademia dei Lincei.

Accademia pontificia dei nuovi Lincei. Rome, ItalJ^

Atti. Ac. 51-57, 58-•-^ 59+.

See also Reale accademia dei Lincei.

Acetylene journal. Chicago, 111. N. D. 7*, 8*, 9-11, 12*.

Acta mathematica. Stockholm, Sweden. I. U. 1+ .

Aeronautics. New York. Ft. W. 12+.

Agassiz association. See Wilson bulletin.

Agassiz companion. Wyandotte, Kan. Ac. V- ^, 2-, 3".

Agricultural advertising. Chicago, 111. Exp. 19*, 20, 21, 22*.

Agricultural gazette. London, England. E.xp. n. s. 11-14: P. 67+.

Agricultural gazette of New South Wales. Sidney, Australia. Exp. 1-7, 8*,

9*, 10*, 11, 12*, 13-20,21*, 22+: N. D. 22+: P. 16*, 17+.

Agricultural journal. Tokyo, Japan. Exp. 46-57, 59+.
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Agricultural journal of India. Calcutta. Exp. 1-5*, 6, 7*, 8+: P. 2, 3.

Agricultural journal of the Union of South Africa. Pretoria. Exp. 1*, 2-4:

N. D. 1+ : P. 1*, 2, 5*, 6*.

Agricultural news. Barbadoes, West Indies. N. D. 12+.

Agricultural science. State College, Pa. Exp. 1-8 1|: P. 1-5.

Continued as

Agricultural science journal. State College, Pa. Exp. 2*, 3.

Aircraft. New York. Ft. W. 4+.

Alabama. Agricultural experiment station. Auburn.

Annual report. Exp. 1+: P. 2, 4, 6, 9, 11+ .

Bulletin. D. 80, 90: Exp. 1-154, 156, 158+ : P. 1-47, 49+: S. L. 149-151,

153, 154, 156-159.

Alabama. Agricultural experiment station. Uniontown.

Annual report. Exp. 1-3, 11+: P. 2, 3, 12.

Bulletin. Exp. 1+ : P. 1+ .

Alabama. Agricultural experiment station. Tuskegee.

Bulletin. Exp. 1, 3-16, 18+: P. 1, 3-12, 15+.

Farmers' leaflets. Ex-p. 6, 8-16: P. 7, 8, 10-16.

Teachers' leaflets. Exp. 2.

Alabama. Agricultural exper ment station. Wetumpka.

Annual report. Exp. 4-6.

Alabama. Agriculture, Department of. Auburn.

Bulletin. Exp. '06-'08, '11+.

Report of commissioner. Exp. '92.

Alabama. Geological survey. D. '81-'82.

Alabama. State veterinarian. .Auburn.

Report. Exp. 2-4: P. 1-4.

Alaska. Agricultural experiment station. Sitka.

Annual report D. '06+: Exp. '00, '03+: P. '98+: R. P. '06, '07: S. L.

'06+.

Bulletin. D. 2, 3: Exp. 1+ : P. 1+ : R. P. 1-3: S. N. '02.

A lavoura. Brazil. Exp. II. 4*, 5*, 6*. 10*-13*.

Albany (N. Y.), institute.

Transactions. S. L. 4.

Alberta. Agriculture, Department of.

Annual report. S. L. '08-'10.

Alkaloidal clinic. Chicago, 111. N. D. 10*, 11*, 12*+.

Continued as American journal of clinical medicine q.v.

16—1019
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Amateur sportsman. New York. Exp. 45*, 46*.

American academy of arts and sciences. Boston.

Memoirs. P. 13*: R. P. n. s. 1-9: S. L. 1-4.

Proceedings. Ac. 34+: P. 40*, 41*: R. P. 1-7, 9-16: >S. X. 34-37.

American academy of medicine. Easton, Pa.

Bulletin. I. U. 6+.

American agricultural association.

Journal. Exp. 1*.

American agriculturist. New York. Exp. 38-40: M. 34-49: S. L. 59, 60, 62,

64-94.

American amateur photographer. New York. X. D. 19*, 20*.

Combined with Photo beacon q. t.

American analyst. Xew York. E.\p. 5.

American annual of photography and photographic times almanac. New
York. X. D. 93-96.

American anthropological association. Xew York.

Memoirs. S. L. 1, 2*.

American anthropologist. Washington, D. C; Xew York. I. ('. 1-11!|; n. s.

1 +: S. L. l-llll; n. s. 1+ .

American antirjuarian and oriental journal. Cleveland Ohio; Chicago, 111.

Ac. 3-, 6% n\ 14=: S. L. 16-18: W. 1-6.

Amsricm aitirjuarian soci3ty. Worcester, Mass.

Proceedings. R. P. n. s. 1, 3*.

Transactions. 8. X'. 12.

American apj)le growers congress. Columbia. Mo.

Transactions. Exp. 1-5.

American architect and building news. Boston, Mass.; Xew Voik. Ft. W.

99, 101+ :(;. 103+ : M. 9-12: X. D. 93*, 94*, 95*, 96*, 97+: R. P. 21+ .

American association for the advancement of science. Washington, D. C.

Proceedings. E. 20-25, 39, 40, 42, 43, 52, .54-62: I. U. 2, 4, 6, 15-39, 44-50,

58+: X. H. 2-6, 20-37, 39-48: P. 29+: R. P. 1-41, 43-45, .59-61: S. L.

1-62: S. X. 1-44: W. .36-57.

American association ofgeologist j and naturalists. See Association of American

geologists, etc.

American association of nurserymen.

Annual report. Exp. '05-'ll.

American bee journal. Philadeljihia, Pa.; Washington, D. C; Chicago, 111.

Exp. 1-10, 24-29.
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American blacksmith. Buffalo, N. Y. Ft. W. 12+.

American botanist. Binghamton, N. Y.; Joliet, 111. D. 1-17: N. D. 15+.

American breeders' association.

Proceedings. Exp. 3, 4: P. 1, 2, 4, 6+.

American builder and journal of art. Chicago, 111. M. '72.

American carpenter and builder. Chicago, 111. Ft. W. 7+: G. 7+.

American ceramic society. Colimibus, Ohio.

Transactions. P. 1+ .

American chemical journal. Baltimore, Md. B. 8+: D. 1+: E. 39+: I. U.

8+ : N. D. 17-42, 49+ : P. 1+ : R. P. 17+ : W. 1+ .

American chemical society. New York; Easton, Pa.

Chemical abstracts. D. 1+: Exp. 2+ : G. 7+: I. U. 1+: N. D. 1, 2,

6*, 7+: P. 1+: W. 1+ .

Journal. D. 15+: Exp. 17*, 18*, 20*, 21*, 22*, 23*, 26*, 29+: Ft. W. 35+:

G. 32+: I. U. 28+: X. D. 1, 2, 6-16, 18, 21-24, 25*, 26-30, 31*-33*,

34+: P. 1+ : R. P. 15+: S. L. 21, 23+: W. 15, 16, 24+.

Proceedings. I. U. 31, 32, 34, 36+.

Review of American chemical research. N. D. 11, 12[i: P. 9-12||.

Continued as Chemical abstracts q. v.

American chemist. New York. R. P. 1-7: W. 1-4.

American city. New York. Ft. W. 2+: G. 1+: I. U. 6+: M. 2+: N. D.

2+: P. 1+ : S. N. 1+ : T. H. 1+ .

American conchology. New Harmony, Ind. N. H. 1*.

American cranberry association.

Proceedings. Exp. '06-'ll.

American druggist and pharmaceutical record. New York. N. D. 41*-43*,

44, 45, 46, 47-53, 54*-59*+: P. 14+.

Continues New remedies q. v.

American electrician. New York. Ft. W. 14-17||: M. 9-14, 16, 17i|: P. 8-11,

12*, 13-1711 : R. P. 11-1711.

Continued in Electrical world q. v.

American electro-chemical society. Philadelphia, Pa.

Transactions. P. 1+ : R. P. 3.

American engineer. Chicago, 111. R. P. 9-21.

American engineer and railroad journal. New York. Ft. W. 81-86: N. D.

68, 69*, 79*, 80*: P. 67+: R. P. 71+ .

Continues Railroad and engineering journal q. v.; National car and locomotive builder;

American railroad journal g. v.\ Van Nostrand's engineering magazine g. v.
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American entomological society. Philadelphia, Pa.

Transactions. S. L. 8-34, 38*.

American entomologist. St. Louis, Mo.; New York. N. H. 1-3||.

V^olume 2 is known as American entomologist and botanist.

American ephemeris and nautical almanac. See United States. Nautical

almanac office.

American ethnology. See United States. Ethnology, Bureau of American.

American farmer. Baltimore, Md. S. L. 1-15.

American farmer. Indianapolis, Ind. Exp. 24*.

American farmer's magazine. New York. S. L. 11-12.

American fern journal. Auburndale, Boston, Mass. N. D. 1+ .

American fertilizer. Philadelphia, Pa. Exp. 1*, 2*, 3-4, 5*, 12, 13*, 14-17,

18*, 19*, 20-29, 30*, 31*, 32-38*.

American florist. Chicago, 111. Exp. 39+-

American florists and ornamental horticulturists. New York.

Report. Exp. 5-6, 9-11, 13-18, 20-28.

American forestry. Washington, D. C.

D. 16-18: Exp. 16, 17*: Ft. VV. 17+: N. H. 16+: P. 16+: S. L. 13+.
F irmerly Conservation q. r.

American forestry association. Washington, D. C.

Proceedings. P. 1-8: S. L. '82, '91, '92, '93.

American forestry congress. Washington, D. C.

Proceedings. Exp. '92: P. 4.

American fruit and nut journal. Petersburg, Va. Exp. 4*, 5, 6*.

American fruits. Rochester, N. Y. Exp. 1, 2*, 3-5, 6*, 7*, 9-11, 12*.

American garden. New York. P. 1-10.

Continued as American gardening.

American gas institute.

Proceedings. P. 1+ : R. P. 2+.

American geographical societj\ New York.

Bulletin. Ac. 34'-^ Z5'-\ 36-40'-'=, 41': I. U. 34+: S. N. 34+ .

Journal. Ac. 14«, 15', 16^ 17'' " "• \ 18=-S 19'-^ 20'-^ 21 '-^. 22'' '• \ 23'-',

26=, 30'-^ 31'-*, 32'-^ 33'-=: I. U. l-33i|: S. N. 28-33||.

Continued as the Bulletin q. r.

American geologist. Minneapolis, Minn. B. 10-23: E. 29-36|l: I. U. 1-36||:

N. D. 5*, 7', 8, 9, 10*. 11*, 12-14, 17-32, 33*, 34-36||: N. H. 1*, 2*, 3*.

4*, 5*: S. N. 12-36JI: W. 11-26.

Continued by Economic geology q. v.
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American hay, flour and feed journal. New York. Exp. 3*, 7*, 8, 9*, 11-13,

20+.

American health. New Haven, Conn. P. 1*, 2*.

American Hereford journal. Kansas City, Mo. Exp. 1*, 2+.

American homes and gardens. New York. G. 7+: L. P. 1+ : AI. 1+ : R. P.

1+ : S. N. 1+: T. H. 4+.
Continues Scientific American: Building edition q. v.

American horticultural society. Greencastle; Indianapolis, Ind.

Transactions. Exp. 1-5: S. L. 3, 4, 6.

American horticulturist. I. U. 'S5-'£6.

American institute of architects. Wfshington, D. C.

Proceedings. P. 23-28, 34+.

Quarterly bulletin. P. 10+.

American institute of electrical engineers. New York.

Proceedings. Ft. W. 31+: R. P. 24+ .

Transactions. P. 1-4, 6+: R. P. 10-21, 28+.

American institute of mining engineers. New York.

Transactions. R. P. 1+ .

American institute of the city cf New York.

Transactions. P. 6.

American inventor. Washington, D. C. N. D. 15*, 16*.

Absorbed Popular science news 5. 13.

American journal of anatomy. Baltimore, Md. F. 2: I. U. 3+: P. 5+: S. N.

1+ .

American journal of archaeology. Princeton, N. J.; New York; and Norwood,

Mass. D. 1-11; II. 1+ : E. II. 1-12, 16+: I. U. 1-11; II. 1+: N. D.

1, 2: S. N. II. 1+ : W. 8-11; II. 1+ .

American journal of clinical medicine. Chicago, 111. N. D. 13*-19*.

Continues Alkaloidal clinic q. v.

American journal of conchology. Philadelphia, Pa. P. 1-7||.

American journal of diseases of children. Chicago, 111. I. U. 1+ .

American journal of forestry. Cincinnati, O. Ac. 1^

American journal of mathematics. Baltimore, Md. D. 1-16: B. 25+: F.

1, 2: I. U. 1+ : P. 1+ : W. 15+.

American journal of medical sciences. Philadelphia, Pa. M. 1-23, 25-119,

131+ : N. I), n. s. 57-64: N. H. 4-6; n s. 28-164: T. H. 2-5, 9, 19, 20,

23, 25, 27, 33, 38, 40, 46, 49, 88, 91, 92-108, 115-120, 122-129, 137+.

American journal of microscopy and popular science. New York. Ac. 3*~'",

41, 6': D. 1, 2: R. P. 1-5.
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American journal of pharmacy. Philadelphia, Pa. P. 54, 55, 58+: R. P.

III. 1-18; IV. 1, 2.

American journal of physiology. Boston, Mass. D. 15-20: F. 29+: I. U.

1+ : P. 13+: S. X. 1+ : W. 5-7.

American journal of psychology. Baltimore, Md.; Worcester, Mass. E.

2-6, 12, 14, 16, 17: F. 2, 3, 19+: I. U. 1+: P. 19+: S. N. 1+ : W. 10-18.

American journal of public health. New York. See American public health

association. Journal.

American journal of public hj'giene. Boston, Mass.; Columbus, O. Exp.

n. s. 1*, 2*, 3-6: P. n. s. 1-6.

Continues as American public health association. Journal, q. c

American journal of religious psychology. Worcester, Mass. I. U. 1+:

8. N. 1+ .

\"olumes 1-4 called Journal of religious psychology and education.

American journal of science. New Haven, Conn. B. III. 11-16, 19-50; IV.

1-23, 25-33: D. 10, 11: E. IV. 27+:Exi). 37*, 38*: I. U. 1-10, 12, 14-50;

II. 1-50; III. 1-50; IV. 1-5, 7+: N. D. 8*, 9*, 11*, 12*, 49, 50*: N. H.

1.45, 47, 49, 50; II. 1-8, 17-20; III. 1-12: P. 1+ :R. P. 1+ :S. N. 100+:

W. 1-150, n. s. 1-28.

Called American journal of .science and arts until 187'J. .\lso known as Silliman's journal.

American journal of the medical sciences. Philadelphia, Pa.; New York.

D. o. s. 38-41; n. s. 29-36, 129-133, 135-152: I. U. 133-138, 140+.

American machinist. New York. Ft. W. 30+: C. 32+: L. P. 36*+: M. 10+ :

N. D. 22+: P. 5-8, 10-14, 16+: R. P. 6+.

American mathematical monthly. Kidder; Springfield, Mo. I. U. 1+:

N. D. 4, 6, 7, 12+: P. 1-8, 12+: S. N. 4+ : W. 5+ .

American mathematical society. New York.

Bulletin. D. II. 1-6: I. U. 1+ : P. II. 1+ : S. N. 1, 3+: W. 8+ .

Transactions. I. U. 1+ : P. 1+ .

American medical association. Chicago, 111.; Philadelphia, Pa.

Journal. Exp. 54*, 55+: I. U. 41+ : M. 1-54, 57+: N. H. 1-4: P. 1-3,

9-22, 36, 38, 40+*: T. H. 1+ .

Transactions. N. H. 10, 24, 32.

American microscopical society. Washington, D. C; Decatur. Iowa.

Transactions. D. 30+.

American midland naturalist. Notre Dame, Ind. E. 1: Exp. 1+ : N. D.

1+ : P. 1, 2*+ .

American miller. Chicago, 111. Exp. 39+.
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American monthly magazine and critical review. New York. i\[. 18, 20+:

N. D. 1-3.

American monthly microscopical journal. Washington, D. C. Ac. l-4'~^-,

5', 9^ 10^ 19' 3-'=, 20-21'-'=, 22'-5 '-'^ '=, 23'-6: D. 1, 10-15, 18-23*,

N. D. 8*-10*, 11-18, 21: P. 2: R. P. 1-2: W. 1-5, 13-15.

American museum journal. New York. N. D. 9+ .

American museum of natural history. New York.

Annual report. Ac. '70-'89: N. D. 40+: S. L. 90-'92.

Bulletin. Ac. 1'"': P. 8: S. L. 2-11, 13-18.

Memoirs. I. U. 1: S. L. 1*, 2*, 3*, 4*.

American national live stock association. See National live stock association.

American naturalist. Salem, Mass.; Philadelphia, Pa.; Boston, Mass. B.

1-6, 11-24, 26+: D. 1-5, 20+: E. 1-4, 7, 40+: F. 1-4, 11-13: I. U.

10-13, 16+: M. 1: N. D. 2, 6, 23, 24*, 25, 26*, 27, 28: N. H. 1-3: P.

1-8, 10*, 11+ : S. L. 1 + : S. N. 1-22, 24+: W. 1 + .

American pharmaceutical association. Chicago, 111.

Bulletin. N. D. 2-6: P. 5+.

Journal. N. D. 1*.

Proceedings. I. l^. '02-'05: N. D. 55: P. 6, 10, 14, 15, 32+: S. L. 1-40,

42+.

American philosophical society. Philadelphia, Pa.

Proceedings. Ac. 27-38, 47, 48, 51-156, 157+ : Exp. 30+: I. U. 5-36, 38:

R. P. 16-23, 27, 28: S. L. 27-38, 47, 48, 51-156.

Transactions. N. D. n. s. 34: N. H. n. s. 1.

American photography. Boston, Mass. Ft. W. 1+.

American physical education review. Boston, Mass. G.17+: I.U. 1+ : S.N.

1+ .

American polytechnic journal. Washington, D. C. N. H. 1, 2, 4.

American jiomological society. Boston, Mass.

Proceedings. Exp. 15, 16, 18-20, 22-32: P. 15, 16, 18-20, 22+.

Bulletin. Exp. 1, 3.

American poultry advocate. Syracuse, N. Y. Exp. 17*, 18*. 19+.

American poultry association.

Proceedings. P. 29-33, 37.

American public health association. New York.

Journal. Exp. n. s. 1+ : F. n, s. 1: P. n. s. 1+ : S. L. n. s. 2+.
Formerly American journal of public hygiene q. v.

Papers and reports. S. L. 1-2, 4-36.
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American quarterly microscopical journal. New York. R. P. 1-3.

American railroad journal. New York. N. H. 1-6: S. L. 1-6.

Continued in American engineer and railroad journal q. v.

American railway bridge and building association.

Proceedings. P. 18+.

American railway engineering and maintenance of way association. Chicago,

111.

Bulletin. P. '02*+.

Proceedings. P. 1+.

American railway master mechanics' association. New York.

Annual report. Ft. W. 2-17.

Proceedings. P. 1-5, 8-17, 20+.

American road builders' congress.

Reports. P. 1.

American sheep-breeder and wool-grower. Chicago, 111. Exp. 30*, 31+ :

P. 25+.

American society for psychical research. Boston, Mass.

Journal. S. N. 1, 2, 4+.

Proceedings. I. U. 1*: S. N. 1+ .

American society for testing materials.

Proceedings. P. 1+: R. P. 2-8.

American society of agricultural engineers.

Transactions. P. 1+ : R. P. 1+ .

American society of agronomy.

Proceedings. P. 1+ .

American society of civil engineers. New York.

Proceedings. Ft. W. 33+: P. 3-6, 12-17, 22.

Transactions. (1. 66+: P. 6-67: R. 1'. 43, 44, 60+: S. 1>. 2, 29, 30, 49,

52, 54.

American society of heating and ventilating engineers. New York.

Transactions. P. 1+ .

American society of mechanical engineers. New York.

Journal. G. 34+: N. D. 32-34.

Transactions. G. 31+ : N. D. 17, 18: P. 1+ : R. P. 1+ .

American society of mmiicipal improvements. Cincinnati, O.

Proceedings. P. 14.

American stock journal. New York. S. L. 1, 2.

American street railway association. Brooklyn, N. Y.

Report. P. 4-24.
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American sugar industry and beet sugar gazette. Chicago, III. Exp. 6*, 7,

8,9*, 10-12, 13*, 14+.

American swineherd. Chicago, 111. Exp. 26, 27, 28*, 29+.

American telephone journal. New York. P. 5*, 6-18||.

Continued in Telephony q.v.

American veterinary medical association. St. Paul, Minn.

Proceedings. Exp. '90-'93, '96+.

American veterinary review. New York. Exp. 12, 14+ .

American water works association. New York.

Proceedings. P. 18+.

American wool and cotton reporter. Boston, Mass. Exp. 25*, 26+.

Analyst (Chem.). London, England. Ex]^. 13*, 14, 15*, 16-21, 22*: I. U.

1-10: P. 8+.

Analyst (Math.). Des Moines, la. I. U. I-IOIJ: P. 1-10|].

Continued as Annals oi mathematics g.v.

Anatomical record. Philadelphia, Pa. I. U. 1+: P. 1+ : S. N. 1+ .

Anatomischer Anzeiger. Jena, Germany. B. 13-33, 35*, 36*, 37*, 38*, 39*,

40*: I. U. 1-38,40+.

Ancona world. Franklinville, N. Y. ExqD. l*-4*.

Annalen der Chemie und Pharmacie (Liebig). Heidelberg; Leipzig, Germany.

D. 1+ : Exj). 1-236, 241-300: P. 293, 295, 297, 299, 301-316, 321+ : W.

285-350.

Supplement. D.1-8: Exp. 1-8.

Annalen der Physik und Chemie. Halle; Leipzig, Germany. I. U. n. s. 48-72;

IV. 1+ : N. D. '09+: P. III. 1+ : S. L. 37+: W. 16+.

Beiblatter. I. U. 17+: N. D. '09, '10: P. 31+ .

Annales de chimie et de physique. Paris, France. B. 7-9: I. U. VI. 28, 30;

VII. 2-30; VIII. 1+: N. D. VII. 16-19, 20-30; VIII. 1-4, 5*-7*.

Annales de geographic. Paris, France. I. U. 7+: S. N. 8+.

Annales de la science agronomique fran^aise et ^trangere. Paris, France.

Exp. o. s. '89, '90; II. '03-'05.

Annales de paleontologie. Paris, France. I. U. 1+ .

Annales des ponts et chaussees. Paris, France. R. P. VI. 15+.

Annales des sciences naturelles: botanique. Paris, France. Exp. VII. 7, 8:

I. U. VII. 7, 9-20; MIL 1-22; IX. 1+: W. VII. 19, 20; VIII. 2-14.

Annales des sciences naturelles: zoologie et paleontologie. Paris, France.

I. U. 7, 8.

Annales historico-naturales musei nationalis hungarici. Budapest, Hungary.

Ac. 1+ .
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Annales mycologici. Berlin, Germany. Exp. 1-2, 9+.

Annales scientifiques cle I'ecole nornuile superieure. Paris. France. I. U.

I. 1-7; II. 1-12; III. 1+ .

Aiinali della regia scuola superiore di agricoltura in Portici. Naples, Italy.

Exp. II. 2-4, 9.

Annali di botanica. Rome, Italy. N. D. 10+.

Annali di mathematica pura et applicata. Rome; Milan, Italy. I. U. III.

17+.

Annals and magazine of natural history. London, England. I. V. \II. fi, 9,

10, 17.

Annals of botany. London, England. D. 1-7, 14, 17+: I. V. 1+ : P. 1+ :

S. X. 1+ : W. 7.

Annals of hygiene. Philadelphia, Pa. J\I. 8.

Annals of mathematics. Chariot tcville. Va.; Cambridge, Mass. I). 1-6:

I. U. o. s. 1-12; n. s. 1+ : P. II. 1 + : R. P. 1+ : W. 1-12, n. s. 1+ .

Cjntinues Analyst (math.) q. t.

Annals of nature and Annual synopsis of new genera and species of animals,

plants, etc. Lexington, Ky. X. D. Ij].

Annals of scisnce. Cleveland, O. R. P. 1, 2.

Annee biologiciuc. Paris, France. I. V . 1 + .

Annee psychologicjue. Paris, France. I. V . 1 + .

Annee scientifique. Paris, France. X. D. 1-9.

Annee sociologicpie. Paris, France. I. U. 1+ .

Annual of scientific discovery. Boston, Mass. 1). '50-'()2, '(55, '(j8-'71
: 1.

U. 1-6, 10, 16-19, 21: X. H. '50-'54, '56, '57, '60, '64, '66-'69, '71: R.

!'. '50-'70: \V. '51-'70.

Annual record of science and industry. Xew York. D. '71-'73: X. H. '71,

'72: W. '71 -'76.

Annual register. London, England. X. II. 1-153.

Annual rejiort on the progress of chemistry. B. 5-7: P. 1 + : \\ . 1-8.

Anthropological institute of Xew York.

Journal. S. L. 1, 2.

Anthropos. Vienna, Austria. I. U. 6+.

Aquila. Budapest, Hungary. X. D. '12+.

Arbeiten aus der kaiserlichen Gesundheitsamte. Berlin, Germany. I. U.

24-37, 39.

Arboriculture. Cliicago, 111.; Indianapolis; Connf rsville. Ind. Exp. I*, 2,

3, 4*, 5*, 6, 7*, 8'|: L. P. 2*: P. l-8l|.
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Architects' and builders' magazine. New York. Ft. W. o. s. 42: G. o. s.

44+: N. D. 3*, 38*-43*.

Continues as Architecture and building.

Architectural record. New York. Ft. W. 13+:G.25+:M. 1+:X. D. 19*-21*,

25*-32*: P. 23+: R. P. 31+ : S. X. 1+ .

Architectural review. Boston. .Mass. G. n. s. 1+ : X. D. 11*.17*, 18+.

Architectural review and American builders journal. Philadelphia, Pa.

X. H. 1.

Archiv der Mathematik imd Physik. Leipsig, Germany. 1. U. 1-70; II.

1-17; III. 1+: P. 9+.

Archiv der Pharmacie. Berlin, Germany. I. U. 236, 238+.

Archiv fiir Anatomie und Physiologie. Leipzig, Germany. I. U. 1+ .

Archiv fiir die gesammte Physiologie des Menschen und der Thiere. Bonn,

Germany. D. 27, 28: I. U. 1+ : P. 106+ .

Archiv fiir die gesammte Psychologie. Leipzig, German}-. I. U. 1+ .

Archiv fiir Entwicklungsmechanik der Organismen. Leipzig, Germany.

I. U. 1+ .

Archiv fiir mikroskopische Anatomie und Entwickelungsgeschichte. Ecnn,

Germany. I. U. 1+ .

Archiv fiir pathologische Anatomie und Physiologie und fiir klinische Medicin.

Berlin, Germany. I. U. 1+ .

Archiv fiir Rassen und Gesellschaft-Biologie. Berlin, Germany. I. U. 1+ .

Archiv fiir Sozialwissenschaft und Sozialpolitik. Tiibingen, Germany. I.

V. 32+.

Archiv fiir Zellforschung. Leipzig, Germany. I. U. 5+.

Archives de Biologie. Ghent, Belgium; Paris, France. I. U. 11, 12, 18, 21*.

Archives de medicine experimentale. Paris, France. I. U. 18+.

Archives de parasitologie. Paris, France. I. U. 10-11, 13+.

Archives de zoologie experimentale et generale. Paris, France. I. U. II.

9, 10.

Archives of comparative medicine and surgery. Xew York. E.xp. 1.

.Archives of internal medicine. Vi. 3-5.

Archives of neurology and psychiatry. London, England. 1. U. 1+ .

Archives of philosophy, psychology and scientific methods. Xew York. I. U. 1.

Archives of psychology. New York. I.Ij.1+ .

Archives of scientific and practical medicine. Philadelphia, Pa. D. 1*||.

Arizona. Agricultural experiment station. Tucson.

Annual report. Exp. 1, 2, 6+: P. 1, 2, 6+: S. L. '09.

Bulletin. D. 34: Exp. 1+ : P. 1-39, 41+: S. L. '10+.
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Arizona. Horticultural commission.

Anmial report. P. 1+.

Arkansas. Agricultural exjjeriment station. Fayetteville.

Annual report. Exp. 1+: P. 2, 3, 17, 20+.

Bulletin. Exp. 1+: P. 1+.

Arkansas. Geological survey. Little Rock.

Annual report. I. U. '57.'60, '88.'92: X. H. '88: P. 88-92*: R. P. '88-'90:

S. N. '92, '09.

Report of a geological reconnaissance of the northern counties. N. H.

1, 2.

Arkansas (State) horticultural society. Little Rock.

Annual report. Exp. 24, 29+-

Arkiv for botanik. Stockholm, Sweden. N. D. 8+.

Arkiv for zoologi. Stockholm, Sweden. X. D. 5+.

Art amateur. New York. M. 7-11, 24, 25: X. D. 15, 16*, 17-21, 24-30, 35-38:

P. 3-30: R. P. 17-45: S. X. 36-48.

Art interchange. New York. ^L 18-23, 39-51.

Art journal. London, England. P. 4-6.

Asiatic society of Bengal. Calcutta, India.

Proceedings. Ac. 'SS'""' ^'», '86'-^' « «-'«, '87'-i°, '88-'91, '92'-', '93-^-«-

8-in, '94'-'<', '95, '96, '97"-^' »-", '98'-'", '99, '00'-^

Asiatic societ\^ of Japan. Tokio.

Transactions. R. P. 7*, 8*.

Association fran^aise pour radvancement dcs sciences. Paris, France. N.

D. '87.

Association gcodesique internationale.

Comptes rendus des s6ances de I'association.

R. P. '93+.

Association of American agricultural colleges and experiment stations.

Proceedings. Exp. '10+: P. 2+.

Association of American geologists and natuialists.

Reports. S. L. 1-3.

Association of American medical colleges.

Proceedings. L U. 8, 18+.

Association of .American Portland cement nuinufacturers. Philadelphia, Pa.

Bulletin. Exp. 10, 18-23, 25+.

Association of engineering societies. Boston, Mass.

Journal. P. 1+ : R. P. 1+ . *
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Associazione elettrotecnica italicana. Milan, Italy.

Atti. P. 1-7.

Astronomical journal. Boston, Mass.; Albany, N. Y. D. 7+: I. U. 2+: W.

13-21.

Astronomical society of the Pacific. San Francisco, Cal.

Publications. I. U. 1+ .

Astronomie. Paris, France. 1. U. 1-4.

Astronomische Nachrichten. Kiel, Germany. D. 113-138: I. U. 55-58, 107,

111, 118, 121-122, 124+.

Astronomy and astro-physics. Northfield, Minn. D. 11-13||: I. U. 11-13||:

W. 11-131 .

Continues Siderial messenger q. v. Continued as Astrophysical journal q. v.

Astrophysical journal. Chicago, 111. D. 1+ : B. 2-6, 11+ : I. U. 1+ : N. D.

1*, 2, 3*, 24*, 26*: P. 7, 19-27, 29+: W. 1-6, 17+.

Continues Astronomy and astrophysics q. v.

Atlantic deeper waterways association.

Proceedings. P. 1-3, 5+.

Atlantic jounal and friend of knowledge. Philadelphia, Pa. N. D. 1.

Augustana college. Rock Island, 111.

Library publications. P. 4-6.

Auk. Cambridge, Mass.; New York. Ac. 26': E. 22, 25, 26, 28, 29.

Australian associaticn for the adva'ncemciit of science. Sidhey, Australia.

Report. Ac. 7-12.

Automobile. New York. P. 12+.

Automobile trade journal. Philadelphia, Pa., P. 9+.

Ayrshire breeders' association.

Report. Exp. '11.

Yearbook. Exp. '11, '13.

Bacteriological world and modem medicine. Battle Creek, Mich. N. D.

1*.

Baltimore (Md.). See Johns Hopkins hospital; Johns Hopkins university.

Barrels and bottles. Indianapolis, Ind. Exp. 10, 11*, 12+.

Baumaterialienkunde. Stuttgart, Germany. P. 3*, 4, 5, 10-12||.

Bayerische Academic der Wissenschaften. See Koniglich bayerische, etc.

Beet sugar gazette. Chicago, 111. Exp. 1*, 2-3*, 4*.

Beitrage zur Biologie der Pflanzcn. Breslau, Germany. Exp. 1-4.

Beitrage zur kenntniss der Baumkrankheiten. Berlin, Germany. Exp. '88.

Beitrage zur Mykologie. Frankfort, Germany. Exp. '50-*63.
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Beitrage zur Psychologic imd Philosophic. Leipzig, Germany. I. U. 1+.

Belfast natural history and philosophical societj'. Belfast, Ireland.

Report. Ac. '85-'88, '96-'01, '04-'06, '08-'10: N. D. '11.

Berliner astronomisches Jahrbuch. Berlin, Germany. I. U. '34-'36, '73,

'03, '04.

Berliner klinischc Wochenschrift. Berlin, German}'. I. U. 43+.

Better farming. Chicago, 111. Exp. 32, 33*, 34+.

Better fruit. Hood River, Ore. Exp. 1+ : P. 2+.

Bibliographia jjhysiologica. Vienna, Austria. I. U. III. 1+ : P. 1+ .

Bibliographia zoologica. Leipzig, Germany. I. V. 1-17, 19+.

Bibliographic geographique annuelle. I. U. 7+.

Biltmore fX. C.) botanical studies. N. D. 1+ .

Biochemical bulletin. New York. P. 1+ .

Biochemisches Ccntralblatt. Berlin; Leipzig, Germany. L U. 4+.

Biological bulletin. Woods' Hole, Ma.ss. D. 1+ : F. 18-20: I. U. 1+ : P.

14+: S. X. 1+ : W. 4+ .

Continues Zoological bulletin q. v.

Biological society of Washington, (I). C).

Proceedings. Ac. 1-23*: I. X'. 1.

Biologisches Ccntralblatt. Leipzig, Germany. D. 1-30; L U. 1+ .

Biologisches Gesellschaft. Christiana. Xorway.

Mittcilungen. X. D. 18*.

Biometrika. Cambridge, England. Exp. 8+: I. U. 1+ .

Bird lore. Harrisburg, Pa.; Xew York. E. 1+ : Exp. 1, 2: F. 12+: G. 1-3,

4-6, 8, 12+: M. 12+: T. H. 9+: W. 3+.

Birds and nature. Chicago, 111. I. U. 1-14: L. P. 1 + : X. H. 1-16: S. X. 1-21.

Blatter flir aquarien und terrarien kunde. Magdeburg, Germany. X. D. 24.

Bollettino della arboricultura italiana. Exp. 5*, 6, 7: N. D. 5+.

Boston (.Mass.). Sec American academy of arts and sciences.

Boston (Mass.) cooking school magazine. G. 15*, 16+: P. 18+ .

Boston (Mass.) journal of natural history. R. 1'. 1-6: 8. I>. 2-6.

Boston (Mass.). Metropolitan water and sewerage board.

Annual report. P. 1-9, 11+ .

Boston mycological club. Cambridge, ^hiss.

Bulletin. X. D. 3-21.

Boston society of natural history. Boston, Mass.

Memoirs. Ac. 5»: I. U. 4*: R. P. '62-'69.

Proceedings. Ac. 31«, 34': I. U. 26-33: R. P. '34-'57.
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Boston (Mass.). Transit commission.

Annual report. R. P. 5, 8, 10+.

Boston (Mass.). Water board.

Annual report. P. 16, 17, 19.

Botanical gazette. Crawfordsville; Bloon-.ington, Ind.; Chicago, 111. Ac.

14'-'°: B. 26-50: D. 12+: E. 13-30, 33+: F. 10-13, 27-32, 53+: I. U.

13+: iM. 49-52: N. D. 9*-ll*, 12-18, 24*-26*, 27, 28*, 30,31*, 32, 34*,

42*, 46*, 49*, 55+: P. 1+ : S. L. 4-13, 15+: S. N. 1, 2, 4, 6, 8+: W. 1+ .

Botanical journal. London, England. Ac. 2*~% 3+.

Botanical magazine. London, England. See Curtis's botanical magazine.

Botanical magazine. Tokyo, Japan. Exp. 24, 25: N. D. 12, 13, 15, 18, 27.

Botanical society of Edinburgh, Scotland.

Transactions. Ac. 22'-3, 23'-\ 24', 25+.

Botanische veveening. Nijmengen, Holland. N. D. '13+.

Bontanische Zeitung. Berlin; Leipzig, Germany. Exp. 34, 35, 44, 46, 48-65,

67, 68: L U. 1-16, 19+: W. 51-59.

Botanischer Jahrcsbericht fJust's). Berlin, Germany. D. 1-32: Exp. 1-9,

14-17: W. 1-20.

Botanischer Verein der Provinz Brandenburg. Berlin. Germany.

Verhandlungen. Ac. 36+.

Botanisches Cent/alblatt. Jena, Germany. D. 1+ : E.xp. 1-88: I. U. 1+ :

W. 49-60, 89+.

Beihefte. D. 1+ : Exp. 1-9, 21-28: I. U. 6-7, 9+.

Botanisches Institut. Wtirzburg, Germany.

Arbeiten. Exp. 1, 2.

Botanisches Staats-Institut. Hamburg, Germany.

Mitteilungen. N. D. 23+.

Botaniska notiser. Lund, Sweden. X. D. '09+.

Brain. London, England. L U. 12-14, 17+: S. N. 13, 15+.

Braithwaite's retrospect of practical medicine and surgery. New York. D.

1, 3-47, 85-87: X. IL '84*, 106.

Brazil. See Museu Goeldi.

Breeder's gazette. Chicago, HI. D. 55: Exp. 27*, 42*, 43, 44*, 45, 46, 49*,

50*, 51*, 52*, 53, 54, .55*, 56*, 57+: X.H. .58+: P. 1+ :S. L. 1-52.

Brickbuilder. Boston, Mass. G. 18+: X. D. 13*, 14*, 17*, 18*, 19+: R. P.

9+.

Bristol (England) naturalists' society.

Proceedings. Ac. 1=' ', 2'-^ 3'.
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British and foreign medico-chirurgical review. London, England.

Report. N. H. 1-56.

British annual and epitome of the progress of science. London, England.

N. H. '38.

British association for the advancement of science. London, England.

Report. N. H. 54-56: R. P. '31+: S. L. 1-59.

British astronomical association. London. England.

Journal. L U. 1+ .

Memoirs. L U. 11, 14, 16-17.

British Columbia. Agriculture, Department of. \ictoria.

Annual report. Exp. '95, '96, '02+: P. '94.

Bulletin. Exp. 11-15, 17, 18, 26, 27, 30, 32, 37-40, 44+: P. 26, 30, 37-40,

42, 44, 45. 47, 49+.

British Columbia dairymen's association. Xictoria.

Report. Exp. '06: P. '12.

British Columbia farmers' institutes. \ict()ria.

Annual report. Exp. '00-'03, '05, '09, '11
: P. '12.

British Columbia fruit-grower's association. Victoria.

Report. Exp. '10: P. '10, '12.

British Columbia. Mines. Department of.

.\nnual report. S. 1>. '96-'98, 1900-'04. «

British Columbia poultry association. Victoria.

Rejmrt. Exp. '10.

British Columbia stock breeders' association.

Annual report. 1'. '09.

British journal of i)sychology. Cambridge, England. P. 2+.

British journal of tuberculosis. London, England. S. L. 2+.

British medical journal. London. England. L U. '06+: T. II. '09+ .

British patents. Abridgements of. R. P. 1558-1- .

Brooklyn (N. Y.) institute of arts and sciences. Muscuin.

Science bulletin. X. 1). 1 + .

Broteria. Revista de sciencias naturaes do cfdlegio de San Eiel. Lisbon,

Portugal. N. D. 1+ .

Brown university. Providence. 1{. I. iiiological laboratory. Studies. LU.

1+ .

Brussels (Belgiumj. L'agriculture. .Vdministratiou de.

Bulletin. E.xp. o. s. 18*-23*; n. s. l*-3*.
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Brussels (Belgium) jardin botanique de I'etat.

Bulletin. N. D. 3+.

Conspectus florae africae. N. D. 1, 5.

Brussels (Belgium). Observatoire royal de Belgique.

Annales physique. Ac. 3'.

Annales astronomique. Ac. 9\ IV: I. U. 1*, 13*: S. L. 6.

Bryn Mawr (Pa.) college.

Monographs. Ac. 1--*, 5-7, 9: N. D. reprint ser. 9+.

Bryologist. Brooklyn, N. Y. N. D. 13+.

Budapest (Hungary). See Magyar botanikai Lapok; Magyar Kiralyi termes-

zeLtudomanyi tarsulat; Magyar madartani kozpont folySirata; Magyar

nemzeti miizeum.

Buenos Aires (Argentine Republic). See Museo de la Plata; Museo nacional;

Sociedad cientifica Argentina.

Buenos Aires (Argentine Republic) universidad.

Anales. P. 1-3, 6-15.

Buffalo society of natural sciences. Buffalo, N. Y.

Bulletin. Ac. 1-4, 5'' 2. ^, 6, 9^: Exix 5*, 6*: P. 1, 2.

Builder and woodworker. New York. N. H. 18.

Building age. New York. Ft. W. 32+: G. 32+.

Continues Carpentry and building q. v.

Building management. Chicago, 111. (i. 10+ .

Building progress. N. D. l*-3*, 4+.

Buitenzorg (Java). Jardin botanique.

Annales. (Botanical and zoological parts),. I. U. II. 1+ .

Bulletin astronomique de I'observatoire de Paris (France). I. U. 14-28: W.

15-17.

Continues astronomical seotion of Bulletin des sciences mathematiques et astronomiques

g. c.

Bulletin des sciences mathematiques et astronomicjue. Paris, France. I. U.

1-11; II. 1+ .

Since 1884 the astronomical portion has been published as a separate serial. See Bulletin

astronomique.

Bulletin of American paleontology. Ithaca, N. Y. I. U. 1, 4.

Bulletin of pharmacy. Detroit, Mich. N. D. 16*-20*, 23, 24*, 25, 26*, 21*:

P. 14+.

Butchers' and packers' gazette. St. Louis, Mo. E.xp. 103*, 104*. 105+

.

Butter, cheese and egg journal. Milwaukee, Wis. Exp. 2*, 3+.

17—1019
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California academy of sciences. San Francisco, Cal.

Bulletin. Ac. V, 2^\

Occasional papers. Ac. 1-9: I. U. 1, 5.

Proceedings. Ac. II. !'• ", 2, 3'' 2, 4'- =, S^' -, 6; III. bot. V-">, 2'-"; geol.

I'-io, 21- 2; math, and phys. V-^; zool. ll->^ 2'-'\ 3'-'^ 4'-3; IV. 1, 3:

I. U. II. 5, 6; III. bot. 1+ ,
g3ol. 1+ , zool. 1+: X. D. IV. 1+ .

California agricultural experiment station. Berkeley.

Annual report. D. '97-'98: Exp. '88-'04: P. '88-'04.

Bulletin. D. 107, 160, 165, 170, 171: Exp. 3-49, 51-61, 63-|-: P. 83+.

Reports of the viticultural work. D. '87-'93: Exp. '83-'95: P. '83-'95.

California agricultural experiment station. South Pasadena.

Bulletin. Exp. 2-3, 5-10, 13.

California (state) agricultural society.

Transactions. P. '00, '01, '05-'08, '10-'12. S. L. '58-(-.

California association of nurserymen.

Transactions. P. 1-t-.

California conservation commission. Sacramento.

Report. N. D. '12+.

California cultivator. Los Angeles. Exj). 34*, 35*, 36*, 37+.

California dairy association. San Francisco.

Proceedings. Exp. '98.

California. Forestry, State board of.

Biennial report. P. 3.

Bulletin. P. 1.

California fruit growers' convention.

Proceedings. P. 18, 19, 28, 29, 35+.

California. Geological survey.

Report. E. 1,2.

California. Health, State board of.

Biennial report. P. '84-'96, '98-'10.

-Monthly bulletin. P. 5-7.

California. Horticulture, State board of. Sacramento.

Annual report. Ex-p. '89-'92.

Biennial report. Exp. '85-'86, '93-'98, '01 -'02: P. '93-'94.

Bulletin. Exp. 57, 58. 63-67.

Transactions. Exp. '93.

California. Horticulture, State commissioner of.

Biennial report. Exp. '03-'06, '11+: P. '05-'08, '11, '12.

Monthly bulletin. Exp. 1+ .
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California (State) medical society.

Transactions. N. H. '72.

California railroad commission. Sacramento.

Report. N. D. '12+.

California registration board.

Report. Exp. '12.

California (state) university chronicle. Berkeley. P. 11+ .

California (state) university. C!eology, Department of. Berkele}-.

Bulletin. Ac. P-^'' '^: Fxp. 14: I. U. 1+ .

California (state) university. Lick observatory. Mt. Hamilton.

Bulletin. I. U. 1-4.

Publications. I. U. 1-3, 5, 8: X. D. 1-3.

California (state) university. Physiology, department of, Berkeley. Ac.

314-17^ 41-13, 16, 17; I_ XJ. 1+ .

California (state) university. Publications. Berkeley.

Agricultural sciences. Exp. 1*.

Botany. N. D. 1, 2*, 3*, 4*, 5+.

California. Ventura county horticultural conn issioner. Santa Paula.

Bulletin. Exp. 1, 2.

California (state) water commission. Sacramento.

Report. X. D. '12+.

Camera. Philadelphia, Pa. G. 17+.

Canada. See also Alberta; Manitoba; Nova Scotia, Ontario; Prince Edward

Island; Quebec; Saskatchewan; Western Canada.

Canada. Agriculture, Department of. Ottawa.

Bulletins of the central experim.cntal farn s. Exp. 1-7, 9-22. 24-29, 31-34,

36-66, 68+: II. 5, 7, 9, 10, 12+: P. 3-6, 11, 12, 14, 16-29, 31-34, 36-66,

68+.

Reports. Exp. '89-'07, '09+: P. '86, '88+.

Canada. Agriculture, Minister of. Toronto.

^Vnnual report. Exp. 1, 2.

Canada. Conservation, Commission of. Ottawa.

Report. Exp. '10, '12+: P. 1+: S. L. '10+.

Canada. Dairj^ and cold storage commissioner's branch. Ottawa.

Annual report. Exp. '06, '07, '09-11: P. '06, '10, '11.

Bulletin. Exp. o. s. 4, n. s. 2, 3, 6, 12, 13, 15, 18, 20, 24, 25, 38: P. n. s.

7, 12, 18, 23, 25, 28, 30.

Canada. Entomologist, Dominion. Ottawa.

Reports. Exp. '10+.
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Canada. Forestry and irrigation. Suijerintendent of.

Report. P. '09-'10.

Canada. Game commissioners. Toronto.

Report. Exp. '06.

Canada. Geological survej-.

Annual report. I. U. n. s. 2, 5-16: X. D. '04-'ll: P. n. s. 1+ : R. P. '47-'58:

I. N. 1-7, 9: 8. L. '63-'08.

Catalogue of Canadian plants. S. X. 7.

Contributions to paleontology. X. D. 3+: S. L. 1*, 2*, 3*, 4*.

:Memoirs. X. D. 1-17, 21, 24, 27, 28, 33, 3.5+: 8. L. 1+ .

Report of progress. P. 20-27.

Canada. Geological and natural history survey.

Summary reports. P. '85-'87, '89, '91, '05, '06.

Canada good roads association. Toronto.

Report. Kxp. '94.

Canada horticultural societies of Ontario. Toronto.

Report. Exp. '06+: P. '06+.

Canada. Horticulturist, Dominion. Ottawa.

Report. Exp. '10.

Canada. Inland revenue department, Laboratory of. Ottawa.

Bulletin. Exp. 54-60, 65-71, 82, 83, 85, 95, 97-100. 108, 109, 112, 113, 153,

159, 175, 182, 222.

Report. i:xp. '09.

Canada. Interior, Department of.

Report of the chief astronomer. 1. l'. '05, '09.

Canada. Interior, Department of. Forestry hiancli. Ottawa.

Bulletin. Exp. 2-9, 13, 14, 16-31, .33+: P. 1 + .

Report. Exp. '96*-'09*, 11*, 12+ .

Canada. International commission on the control of bovine tuberculosis.

Ottawa.

Annual report. F.xp. '10.

Canada. Live stock commissioner. Ottawa.

Bulletin. Exp. 7-9, 11+ .

Canada. Meteorological service.

Annual report. R. P. '88-'90, '95-'05.

Canada. Mines, Department of.

Bulletin. S. L. '09+.

Report. 8. L. '06-'ll.
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Canada. Patent office.

Record. R. P. 24+.

Canada poultry institutes. Guelph.

Report. Exp. 1-4.

Canada provincial instructor in road making. Toronto.

Annual report. Exp. '96-'08.

Bulletin. Exp. 1, 2.

Canada. \^eterinary director-general and live stock commissioner. Ottawa.

Report. E.xp. '07, '08, '10, '11.

Canada woman's institute. Toronto.

Report. Exp. '06, '07, '08*, '09, '10, '11*, '12+.

Canada year books. Exp. '05-'09.

Canadian department of mines. Ottawa.

Memoirs of geological survey. N. D. 1-17, 21, 24, 27, 28, 33, 35+.

Canadian entomologist. Toronto; London, Ontario. D. 24-30*: Exp. 21*:

P. 39+: S. N. 21-29.

Canadian forestry association.

Report. P. 11+ .

Canadian institute. Toronto.

Annual report. Ac. '86-'91.

Proceedings. Ac. III. 3--^, 4'' -, 5'' -, 6'' -, 7'; n. s. l>-«, 2'-«.

Transactions. Ac. l^' -, 2'' =, 4=, 5'' =, 6'' -, 7'-^ 8'-^ 9'.

Canadian record of science. Montreal, Can. Ac. 1'' '', 2'^^' •"'• ^. T. U. 7-8.

Canadian science monthly. Kentville, N. S. Ac. 3"' ^^^.

Canadian seed growers' association. Ottawa.

Report. Exp. '04+: P. '04+.

Canal record. (Isthmian canal.) Ancon, Canal Zone. P. 1+ .

Cape of Good Hope. Entomologist report. Government. Cape Town.

Annual report. Exp. '95-'98.

Cape of Good Hope agricultural journal. P. 27-29,37+.

Cape of Good Hope. Royal observatory.

Report. S. L. '09+.

Carnegie institution of Washington (D. C).

Publications. D. 15: I. U. 1-19, 21-54, 56-62, 64-79, 81-85, 87-149, 152-

158, 160-162, 166, 167, 171, 174, 176+ : N. D. 1+.: P. 4+ : S. N. 12,

18, 19, 23, 30, 36, 37, 47, 49, 50, 51, 58, 64, 67, 70, 82, 94, 95, 98, 99,

112, 114, 117.

Year-book. P. 1+ .
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Carnegie institution. Marine biological laboratory. Tortugas, Fla.

Papers. S. N. 1, 2.

Carnegie institute. Pittsburg, Pa.

Annals. Ac. '01+ : I. U. 1+ : N. D. 1*. 3*, 4*. 5*.

Annual report. Ac. '98+: I. U. 1+: P. 1+: W. 1+ .

Celebration of founder's day. Ac. '98-'00, '02-'05, '07+: I. U. 1+.

Memoirs. Ac. 1, 2, 3\ 4'-': I. U. 1+ .

Prize essay contest. Ac. '99-'04: I. U. 1+.

Carpentry and building. . Xew York. Ft. W. 31 11.

Continued by Building age q. v.

Carlson's breeders' review. Norfolk, Neb. Exp. 1*, 2+.

Cassier's magazine. New York. F. 39+: Ft. W. 19, 21+ : G. 35+: I. U.

28-30: L. P. 18-26: M. 41+: P. 4+: R. P. 5-33, 36+: 8. N. 13+: T.

H. 7+.

Cattle specialist. Waukesha, Wis. Exp. 2*, 3**

Cellule, Licrre, Belgium. I. U. 22+: N. D. 1+ .

Cement age. New York. N. D. 2*, 7*.

Continues as Concrete-cement age g. v.

Cement era. Chicago, 111. N. D. 5*.

Cement world. Chicago, 111. N. D. 1*, 2*, 3, 4, 5*, 6: R. P. 2+.

Central Park menagerie. New York.

Reports. Ac. '88-'90.

Central railway club. Buffalo, N. Y.

Proceedings. P. 2+.

Central states medical monitor. Indianapolis, Ind. P. 5-11*.

Centralblatt fiir allgemeine und expcrimentalc Biologic. I. U. 1+ .

Centralblatt fiir agrikultur Chemie (Bicdeiman). Leipzig, Germany. E.\'p.

16*, 17-19, 20*.

Centralblatt fiir Bakteriologie. Parasitenkundc und Infcktionskrankhciten.

Jena, Germany. P. 36+.

Erste Abtheilimg. Exp. 1-18: I. U. 1-30||.

After 33 issued in two series, Referate and Originale.

Referate. Ex-p. 46+: I. U. 31-56, 60, 62, 63, 65+: P. 36+.

Originale. Exp. 53+:

Zweite Abthrilung. Exp. 2+: I. U. 1-20, 22-29, 31+ .

Centralblatt fiir Electrotechnik. Munich, Germany. R. P. 7-10.

Centralblatt fiir Mineralogie, Geologic und Palaeontologie. Stuttgart, Ger-

many. I. U. 1-12.

A supplement to Neues Jahrbuch fiir Mineralogie q. v.
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Centralblatt fur normale Anatomie und Mikrotechnik. Berlin, Germany.

I. U. 1+.

Centralblatt fiir Physiologie. Berlin; Leipzig, Germany. P. 19+: W. 6.

Charleston (S. C.) museum.

Bulletin. N. D. 8+.

Chemical abstracts. See American chemical society.

Chemical engineer. Philadelphia, Pa.; Chicago, 111. PI 11+: N. D. 1*,

4-6, 10*, 16*, 17+: P. 1+ .

Chemical engineering and physical chemistry. B. 1+ .

Chemical news. London, England. D. 1-61: N. D. 1-3, 80-95, 97, 98, 99*,

100*, 101*, 104*, 107+ : P. 33+: R. P. 71+ : S. X. 39-52, 61-63, 68+:

W. 1-6.

Chemical society of London, England.

Annual report. B. '10+: D. 1-6: Exp. 1+ : P. 1+ .

Journal. B. '06+: D. 24+: Exp. 1+: N. D. 16-96, 101+ : R. P. 28+:

W. 59+.

Chemiker-zeitung. Cothen, Germany. Exp. 27+: I. IT. 1-19.

Beilage. Chemisch-technischcs repertorium. Exp. 33, 34.

Chemisches Centralblatt. Hamburg; Berlin, Germany. Exp. 60, 61: L L^.

52+: N. D. 77+: P. 47+: R. P. '04+.

Chemist and druggist. London, England. P. 70+:

Chicago (111.) academy of sciences.

Annual report. Ac. '95-'97.

Special publications. Ac. 3.

Bulletin. Ac. P-'", 2=-S 3'-^: N. D. 3.

Chicago (111.). Geological and natural history survey.

Bulletin. Ac. 1-6, 7': N. D. 1.

Chicago (111.) dairy produce. Exp. 13*, 17*, 18+.

Chicago (111.) entomological society.

Memoirs. Ac. 1^

Chicago (111.). Health, Department of.

Biennial report. Exp. '94-'96.

Chicago (111.) medical journal. D. 27, 28*.

Chicago (111.) university. Hull physiological laboratory. Physiological

archives. I. U. 1.

Chile, Univcrsidad de. Santiago.

Anales. I. U. 103, 108-123, 125+ : P. '82*+.

China. Agriculture and forestry, Department of.

Agricultural journal. Exp. 1*+.
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Christiania, Norway. See Videnskabs selskabet.

Cincinnati (O.) lancet and observer. X. H. n. s. 1*, 2, 3*.

Continued as Cincinnati lancet-clinic q. x.

Cincinnati (O.) lancet-clinic. D. n. s. 2-4, 5*, 6-8, 9*, 10-12, 13*, 14-16, 17*,

18*, 24*, 27*: P. n. s. 16-24*.

Continues Cincinnati lancet and observer q. v.

Cincinnati (O.) medical and surgical news. D. n. s. 1*, 2*.

Cincinnati (O.) museum association.

Report. Exp. 19-28.

Cincinnati (O.) society of natural history.

Journal. Ac. 11, 12'-^ IS^' \ 16=-': I. U. 4+: S. L. 1-10.

Cincinnati (O.) observatory.

Annual report. I. U. '70.

Cincinnati (O.) cjuarterly journal of science. I. U. 1, 2.

Cincinnati (O.) university.

Record. X. D. I. 8+: II. 7+.

Studies. I. U. II. 3+: P. II. 1+ .

Circolo mathematico. Palerno, Italy.

Rendiconti. I. U. 1+ .

Civil engineers' and architects journal. London, England. R. P. 1-25.

Clark university. Worcester, Mass.

Xature study leaflet. P. 1, 2.

Clemson college. See South Carolina.

Cold. Calcium, N. Y. Exp. 1+ .

Coleman's rural world. St. Louis, Mo. Exp. 63*, 64+ .

College of physicians of Philadelphia fPa.).

Proceedings. X. H. 1789.

Colorado. Agriculture, State board of. Denver.

Annual report. Exp. 2, 16, 26, 28, .30, 32+: X. D. 23: P. 2, 4, ,12-18,

20, 22, 24, 26, 28.

Colorado. Agricultural experiment station. Fort Collin.s.

Annual report. Exp. 1+ : X. D. 3, 14, 16, 22, 24, 33, 34 : P. 1, 2, 4+.

Bulletin. D. 31, 35, 44, 64, 96-99, 101, 103-106: Exp. 1-179, 181+ : X. D.

100, 150-152, 157, 15S, 160-179, 180+ : P. 1+ : S. L. 34, 35, 43, 44, 49-53,

100, 117-119.

Colorado college. Colorado Springs.

Publication. I. U. 33-35, 39-53: X. D. science ser. 11+; social ser. 2+:

P. sci. ser. 13-20, 23-26, .30-32, .39+: Eng. ser. 1+ .
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Colorado (state) engineer.

Biennial report. P. 14.

Colorado (state) entomologist.

Annual report. P. 3.

Colorado fruit grower. Grand Junction. Exp. 3-4*.

Colorado. Geological survey.

Bulletin. I. U. 1+ .

Report. I. U. 1+ .

Colorado. Horticulture, State board of. Denver

Annual report. Exp. 13, 14, 16: P. 2, .5, 7, 11-1.5, 18, 19, 21 + .

Colorado school of mines. Golden.

Bulletin. P. 1-4*.

Colorado scientific society. Denver, Col.

Bulletin. Ac. '97iO' ", '98i, '99^- \ '00^

Proceedings. Ac. 1, 2'-\ 3'-', 5-9: I. U. 2-5: P. 9.

Colorado university. Boulder, Col.

Studies. I. U. 1+: N. D. 7+: P. 1+ .

Journal of engineering. P. 1+ .

Colorado university. Psychology and education, Department of. Boulder,

Col.

Investigations. I. U. 1.

Columbia university. New York.

Ernest Kempton Adams fund for physical research publications. P. 4, 6.

Columbia university. Botany, Department of. New York.

Contributions. N. D. 14.

Memoirs. N. D. 1, 2.

Bulletin. P. 1-20|I.

Continued as

Quarterly. I. U. 1+ : P. 1+ : W. 1+ .

Columbus (O.) horticultural society.

Report. Exp. '95, '99-'03: P. '87, '95-'00, '03-'09.

Columbus (O.) medical journal. D. 1-8*.

Continues Ohio medical journal. Columbus, q.v.

Comite geologique. St. Petersburg, Russia.

Bulletins. Ac. 17+.

Memoirs. Ac. 2=, 7, 8^*, 9^=, 10^*, 12^, 13--\ 14, 15'-S IG'' -, IT ^ 18'"^

19, 20'- =; n s. 1-38, 40-61, 63-69, 71, 75, 78, 81+ .

Supplement to bulletins. Ac. 14-17.
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Comite regional del estado de Durango (Mexico).

Boletino. N. D. 1, 2, 3+.

Commercial fertilizer. Atlanta, Ga. Exp. 1*, 2+
Commercial poultry. Marseilles, 111. Exp. 19*.

Compressed air. Easton, Pa. R. P. 5, 7, 9-14.

Concrete. Detroit, Mich. Ft. W. 8\\: X. D. 4*-12*.

Continued as Concrete-cement age q. v.

Concrete-cement age. Detroit, Mich. Ft. W. 1+ : G. 8+: N. D. 1*, 2*.

Continues Concrete, q. v., and Cement age, q. v.

Concrete review. Philadelphia, Pa. N. D. 3*.

Congres international des sciences geographiques. See International geo-

graphic congress.

Congres scicntifique international des catholiques. Fribourg, Switzerland.

Compte rendu. X. D. '89, '91, '98, '95.

Connecticut academy of arts and sciences. X"ew Haven, Conn.

Memoirs. Ac. 2, 3.

Transactions. Ac. 8, 9=, 10+: X. D. 14, 16+.

Connecticut. Agricultural experiment station. Xew Haven.

Annual report. D. 23*: Ex]). '76, '79-'ll, '12*: P. '79+.

Bulletin. Exp. 1, 17, 21, 23-30, 33-5G, 58-67 69, 71+ : P. 60. 71, 73-77,

79-82, 84, 85, 87, 89+: S. L. '11+ .

Connecticut. Agricultural experiment station (Storrs). Mansfield.

Annual report. Exp. 1+ : P. '88+.

Bulletin. D. 4: E.xp. 1 + : W 1+ .

Connecticut (state) agricultural society.

Transactions. S. L. '54-'57.

Conneci'cut. Agriculture, Board of. Hartford.

Report. E.xp. 43: P. 13, 14, 16+.

Connecticut. Dairj' commissioner. Hartford.

Report. Exp. 7: P. 2, 3, 6-17.

Connecticut. Domestic animals. Commissioners on diseases of.

Report. P. 1, 5-7, 9+.

Connecticut (state) entomologist. Hartford.

Report. Exp. 1-8, 10.

Connecticut farmer and Xew England farms. Xew Haven. Exp. 41*, 42+.

Connecticut. Fisheries and game, commissioners.

Report. P. '09, '10.

Connecticut forestry association.

Bulletin. Exp. 4-6.
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Connecticut. Geological and natural history survey. Hartford. Exp. 11:

I. U. 10-11, 13+: P. 1+ .

Connecticut. Health, State board of. Hartford.

Report. Exp. '08: P. '83+.

Connecticut. Highway commissioner.

Biennial report. P. '97-'00, '05-'08.

Connecticut pomological society. INIilford.

Report. Exp. '00.

Connecticut. Railroad commissioners.

Annual report. P. 55-59.

Connecticut. Shell-fish commissioners.

Report. P. '09, '10.

Connecticut society of civil engineers. New Haven.

Proceedings. P. 2, 6, 7, 9+.

Conservation. Exp. 8*, 9, 10*, 11, 12, 13*, 14*, 15*||: N. H. 14, 15||: P. 14, 15|1.

Continues Forestry and irrigation q. v.; continued as American forestry q. v.

Com. Waterloo, la. Ex-p. 1+ .

Corn belt meat producers. Des Moines, la.

Annual report. Ex-p. '09, '10.

Cornell civil engineer. Ithaca, N. Y. P. 15.

Continues Cornell university—Association of civil engineers. Transactions, q. t.

Cornell countryman. Ithaca, N. Y. P. 1*, 2*, 3*, 4-6.

Cornell university. Association of civil engineers. Ithaca, N. Y.

Transactions. P. l-14[j.

Continues as Cornel civil engineer q. v.

Cotton seed. Atlanta, Ga. Exp. 7+.

Country calendar. New York. Exp. 1*||.

Merged in Country life in America q. v.

Country gentleman. Albany, N. Y. Exp. 3-53, 54*, 55*, 57*, 60*, 62*, 63*, 76*,

77*, 78+: G. 78+: S. L. 6-72.

Country life in America. Garden City, N. Y. Exp. 3-6, 7*, 9*, 11*, 13*, 14-18,

21+ : Ft. W. 7-10, 12-19, 21+ : G. 3+: P. 2+.

Craftsman. Syracuse, N. Y. Ft. W. 3-10, 12+: P. 1+ .

Creamery journal. Waterloo, la. Exp. 19*, 20+: P. 17+.

Criador paulista. Sao Paulo, Brazil. Exp. 1*, 2*, 3*, 4, 5, 6*, 7+.

Cuba. Agricultura, industria y commercio, Secretaria de. Santiago de Las

Vegas.

Circulars. Ex-p. 7, 9, 11, 15, 18.
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Cuba. Estacion central agronomica.

Annual report. Exp. '04, '05.

Cuba. Horticultural society. Camaguey.

Annual report. Exp. 1.

Cultivator. Albany, X. Y. X. H. 1-6, 11, 12: S. L. 1-5; n. s. 1-8.

Continued as Cultivator and country gentleman. See Country gentleman.

Curlis's botanical magazine. London, Enghuul. X. D. 1-13, 22, 23: n. s. 6.

Dairy record. St. Paul, Minn. Exp. 7*, 11*, 12+: P. 5*, 6, 7*, 8+.

Dairymen's association of the province of Quebec.

Annual report. Exp. '95, '96, '09, '10.

Dakota farmer. Aberdeen, S. D. Exp. 30*, 31*.

Davenport (la.) academy of natural sciences.

Proceedings. Ac. 3^', 5', 6, 7: X. D. 10.

Decorator and furnisher. Xew York. P. 1-16, 19, 20, 22-23, 24*-31*.

Delaware. See also Peninsula horticultural society.

Delaware. Agricultural experiment station. Xcwark.

Annual report. Exp. 1-19, 21+ : P. 1+ .

Bulletin. Exp. 1+ : S. L. '10+: P. 1 + .

Special bulletin. Exp. A, li.

Delaware. Agriculture, State board of. Dover.

Report of the secretary. Exp. 1-4: P. 1.

Delaware (state) grange. Dover.

Proceedings. Exp. '07-' 10.

Denison university. Scientific laboratories. Granville, <).

Bulletin. Ac. 2-5, 6'. 9-. 10, 11"-*, 13•-^ 14'-'«, 15, 16'-", 17'-^: I. U.

1, 10+.

Denver (Colo.) municipal facts. Exp. 1*, 2*.

Deutscher amcrikanischer Farmer. Lincoln, X'eb. Exp. 21*, 22*. 24+.

Deutsche botanische Gesellschaft. Berlin, Germany.

Berichte. Exp. 1-28, 30*+: 1. V. 1+ : W. 13-15.

Deutsche chemische Gesellschaft. Berlin, Germany.

Berichte. D. 7+: I. U. 1+ : X. D. 29+: P. 1+: S. L. 46+: W. 1+ .

Deutsche dendrologische Gellschaft. Poppelsdorf ; Bonn, Germany.

Mitteilungen. X. D. '11+ .

Deutsche geologische Gesellschaft. Berlin, Germany.

Zeitschrift. I. U. 56+.

Deutsche Gesellschaft fiir X^^atur- imd Volkerkunde Ostasiens. Tokio, Japan.

Mitteikmgen. Ac. 9^ supp. -, lO'-', 11'-^ 12' ", 13'-^ 14'-=.
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Deutsche Kunst und Dekoration. Darmstadt, Germany. V. 17+.

Deutsche Landwirtschaft-Gesellschaft. Berlin, Germany.

Jahrbucli. Exp. 25+ .

^^litteilungen. Exp. 27+.

Deutsche ]\Icchaniker-Zeitung. Berlin, German}'. P. '08.

Deutsche micrologische Gesellschaft. See Kleinwelt.

Deutsche tieriirzliche Wochenschrift. Hanover, Germany. Exp. 18+.

Deutsche zoologische Gesellschaft. Leipzig, Germany.

Verhandlungen. I. U. 5.

Dietetic gazette. New York; Philadelphia, Pa. D. o. s. 3-6*.

Digest of physical tests and laboratory practice. Philadelphia. Pa. B. P.

1,2.

Dingler's polytechnisches Journal. Stuttgart; Berlin, (icrniany. P. .320+:

R. P. 259-262, 267-319.

District of Columbia. Health, Board of.

Annual report. Exp. '97-'04: P. *84+ .

Dixie miller. Nashville, Tenn. Kx|). 35*. 36+ .

Domestic engineering, plumbing, heating, ventilation, and mill supplies. Chi-

cago, 111. P. 11*-13*, 33*, 34*.

Dorpat, Russia. See Turjev, Russia.

Draftsman. Cleveland, O. See Industrial magazine.

Drainage journal. Indianapolis, Ind. Exp. 10*. 11, 12*, 13*, 14*, 15*, 16*,

17*, 18*, 19*, 20, 21*, 22, 23*, 24*.

Druggist. See Meyer brothers druggist.

Druggist's circular and chemical gazette. New York. N.D.47*-56*: P. 19+.

Dudley observatory. Albany, N. Y.

Annals. S. L. 1, 2.

Dumfriesshire and Galloway natural history and anticiuarian society. Dum-

fries, Scotland.

Transactions. N. D. 24+.

Eastern farmer dairyman. Oxford, Pa. Exp. 14*, 15, 16, 17*.

Eclalrage electriciue. Paris, France. P. 1-13, 42-53!!.

Continued as Lumiere eleetrique g. v.

Eclectic medical jovnnal. Cincinnati, O. S. L. 19, 20.

Eclectic medical journal of Pennsylvania. Philadelphia, Pa. D. 9*, 12-18*.

Ecole polytechnique.

Journal. 1. V. I. 1-64; II. 1+ .

Economic fungi. Cambridge, Mass. Exp. 1 -550.



270

Economic geology. Lancaster, Pa.; Urbana, 111. E. 1+: I. U. 1+ : N. D.

1+ : S. N. 1+.

Continues American geologist q. v.

Edinburgh (Scotland). See Botanical society.

Edinburgh (Scotland) mathematical society.

Proceedings. I. U. 1+ .

Edinburgh (Scotland). Royal botanical garden.

Notes. Ac. 22-27, 33.

Edinburgh (Scotland). Royal observatory.

Annual report. S. L. '09+.

Edinburgh (Scotland) veterinary review and annals of comparative pathology.

Exp. 1-3: P. 1-6.

Egypt exploration fund. London, England.

Archaeological report. L U. '02-'09, '11, '12.

Report of meetings. I. U. 18, 19, 26, 27, 30+.

Electric journal. Pittsburg, Pa. Ft. W. 3: ('.. 10+: N. D. 1+ : P. 1+ : R. P.

2+.

Electric railway journal. New York. Ft. W. 32, 33, 35+: C. 33+: P. 32+.

Formed by consolidation of the Electric railway review (q.v.') and the Street railway journsil

(q. V.) continuing the volume numbers of the latter.

Electric railway- review. Chicrgo, 111. P. 17-19 1|.

Continues Street railway review (ij. v.). Combined in 1008 with Street railway journal

{q. V.) and became Electric railway journal (q. v.).

Electric age. New York. M. 13, 17-20: P. 35-39.

Electrical engineer. London, England. R. P. 1-32*.

Electrical engineer. New York. N. D. 12, 18, 22, 24: P. 7-26: R. P. 7-27||.

Continues Electrician and electrical engineer q. v. Combined in 1899 with the Electrical

world q. r.

Electrical review. London, England. R. P.26+.

Electrical review. New York; Chicago, 111. G. 60+: M. 54+: P. 2, 4-13,

15, 16*, 17, 18, 20*, 21*, 35*. 36+: R. P. 31+ .

After 52 called Electrical review and western electrician.

Electrical world. New York. D. 3-4, 19+: E. 16, 17: Ft. W. 39, 42+: Ci.

53+: I. U. 11+: M. monthly 18; weekly 49-55: N. D. '95+: P. 6+:

R. P. 24+: S. N. 23+: T. H. 51-55.

Combined in 1889 with Electrical engineer {q. v.) and volumes .i.'MH were calls J Electrical

world and engineer.

Electrician. London, England. D. 28-37: T. U. .52+: P. 21*, 22*, 23*: R. P.

47+.
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Electrician and electrical engineer. New York. P. l-fi||.

Continued as Electrical engineer q. v.

Electrician and mechanic. Boston, Mass. E. 25+: Ft. VV. 18+: G. 26+.

Electrochemical and metallurgical industry. New York. See Metallurgical

and chemical engineering.

Electrochemical industry. New York. See Metallurgical and chemical

engineering.

Elektrotechnische Zeitschrift. Berlin, Germany. P. 26+: R. P. 6, 7, 12+.

Elgin (111.) dairy report. Exp. 18*, 19+.

Elisha Mitchell scientific society of the university of North Carolina. Chapel

Hill, N. C.

Journal. Ac. 1-3, i\ 5+: N. D. 24+.

Eporium of arts and sciences. Philadelphia, Pa. R. P. n. s. 1.

Engineer. Chicago. P. 39*, 40*, 41*, 43-45||: R. P. 1-28, 41, 69, 70, 97+.

Merged with Power {q. v.) in 1908 and became Power and the engineer.

Engineer magazine. M. 40-45.

Engineer. See under Pennsylvania state college.

Engineering. London, England. Ft. W. 89+: N. D. 84+: P. 11+ : R. P.

3-42, 47+.

Engineering and contracting. Chicago, 111. G. 29*, 30*, 32*, 33*, 35+: P.

27*, 28+.

Engineering and mining journal. New York. N. D. 90+: I. U. 53+: P.

19-28, 34*, 41, 48*-54, 55, 58*-64*, 67+: R. P. 20-36, 49+.

Engineering association of the South. Nashville, Tenn.

Transactions. P. 10+.

Engineering digest. New York. Ft. \V. 1, 3-5||: P. 1-5||.

Continued as Industrial engineering and engineering dige.st q. v. VoLs. 1 and 2 have title

Technical literature.

Engineering index. New York. N. D. 27+: P. 1-4.

Engineering index armual. New York. P. '06+.

Engineering magazine. New York. F. 27-32: Ft. W. 11, 12, 33+: G. 36+:

I. U. 1+ : L. P. 25+: M. 7+: N. D. 4, 15-17, 19, 21, 23, 24, 27, 33-43:

N. H. 33-37: P. 1, 2*, 3+: R. P. 2+: S. L. 35+: S. N. 1+: T. H. 2+.

Engineering mechanics. Philadelphia, Pa. N. D. '94, '96, '97: P. 5*, 6, 8-9,

10*-11*, 12-16, 17*, 19-21: R. P. 1-11.

Volumes 5-13 have the title Mechanics.

Engineering news. Chicago, 111.; New York. Ft. W. 62, 64+: G. 51+: N. D.

35+: P. 7-10, 15+: R. P. 13+: S. L. 53-55, 57-60, 67+: T. H. 65+.

Volumes 10-18 have title Engineering news and American contract journal. Volumes 19-48

have title Engineering news and American railway journal.
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Engineering record, building record and sanitary engineer. Xew York. K.

51-60: Ft. \V. 55+: G. 54+: X. D. 41+ : P. 17+: R. P. 12+.

Continues Sanitary engLueer g. v.

Engineering review. London, England. N. D. 21*.

Engineering world. Chicago, 111. P. 1*-5*||.

Merged with Engineering and contracting q. v.

Engineers' society of western Pennsylvania. Pittsburgh.

Proceedings. I. U. 22+.

England, national sheep-breeders' association. London.

Annual report. Exj). '04-'06.

English mechanic and world of science. London, England. K. P. 45-77.

Enseignement mathematique. Paris, France. I. U. 11+: P. 5+.

Entomologica Americana. Brookh-n, X. Y. S. L. 1-6: S. X. 1.

Entomological new^s. Philadelphia, Pa. D. 1+ : W. 9+.

Entomological society of America. Ithaca. X. Y.

Annals. P. 1+: S. L. 1+ : W. 1+ .

Entomological society of Ontario. Guelph; London. Out.

Reports. S. X. '78, '81-'89, '91-'99, '00-'09.

Entomologiska ffh-eningen. Stockholm, Sweden.

Entomologisk Tidskrift. Ac. 13'-^, 18-25, 26'-^ 28+.

Entomologist. London, England. Exp. 25-28, 29*, 30, 31*, 32-37, 38*, 39+.

Entomologist's monthly magazine. London, England. Exp. II. 2.

Ephemeris of materia medica, pharmacy, therapeutics and collateral infor-

mation. Brooklyn, X. Y. P. 1-3.

Ergebnisse der Anatomic und Entwickelungsgeschichte. Wiesbaden, Ger-

mimy. I. U. 1+ .

Ergebnisse der Physiologie. Wiesbaden, (Jermany. I. V. 1+ : P. 1-5; S. X.

1+ .

Ernahrung der Pdanze. Berlin, Germany. Exix S*, 9+.

Erythea. Berkeley, Cal. X. D. 1, 2.

Espanay americana. Madrid, Spain. X. D. 7*, 8+.

Essex institute. Salem, Mass.

Bulletin. Ac. 19'-', 20*-'^, 21-23, 24'-'- '-•=. 25, 26^-'-. 27i-«. 28, 29, SO'-'^.

Report. .\c. '99, '00.

Experiment station record. See under United States. IXpcriment station,

Office of.

Experimental studies in psychology and pedagogy. Boston. Mass. S. X.

2-4.
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Fancy fruit.s. North Yakima, Wash. Exp. 1*, 2*.

Farm and orchard. Keyser, W. Va. Exp. 1+ .

Farm and stock. St. Jcseph, Mo. Exp. 7, 8, 9*, 10*, 11*.

Farm home. Springfield, 111. Exp. 35*, 36+.

Farm journal. Philadelphia, Pa. Exp. 33+.

Farm life. Chicago, 111. Exp. 12*, 13+.

Farm poultry. Bo.ston, Mass. P. 4-19.

Farm press. See Better farming.

Farm progress. St. Louis, Mo. Exp. 8, 9*, 10+.

Farm sense. Des Moines, la. Exp. 1*, 2+.

Farm stock and home. Minneapolis, Minn. Exp. 25+.

Farm world. Augusta, Me.; Chicago, 111. Exp. 3, 4*, 5*, 6+.

Farmer and breeder. Sioux City, la. Ex-p. 34+.

Farmer's advocate and home magazine. London, Ont. E,\p. 44*, 45*, 46*,

47*, 48+.

Farmer's cabinet. Philadelphia, Pa. S. L. 1-37.

Farmer's digest. Columbia, Pa. Exp. 2*, 3, 4*, 5.

Farmers' guide. Huntington, Ind. Exp. 14*, 15*, 16*, 17*, 18*, 19*, 20, 21*,

22*, 23+: P. 18+.

Farmer's national congress of the United States.

Proceedings. P. 18, 20, 22+: S. L. '04-'10.

Farmers' review. Chicago, 111. Exp. 39, 40*, 41*, 42+.

Farmers' tribune. Sioux City, la. Exp. 32*, 33.

Farming. New York. Exp. 1*, 2, 3*||: P. 1-3|1.

Merged with Garden magazine q. v.

Feather. Washington, D. C. Exp. 14+.

Federation of Jewish farmers of America. New Y'ork.

Report. Exp. '09.

Field and farm. Denver, Colo. Exp. 24*, 25*, 26*, 27+.

Field and forest. Washington, D. C. Ac. 2-- «, 'i^ ^^.

Field museum of natural history. Chicago, 111.

Annual exchange catalogue. Ac. '96-*98.

Annual report. Ac. 1, 2^^, 3, 4'-=: W. 1+ .

Publications; anthropological series. Ac. 2'' ^^ 3'- ^ 4-6S 7': N. D.

1+: P. 1+ : W. 1+ .

Botanical series. Ac. li-^. ^ 2' •'-', 3^: N. D. 1+:P. 1+:W. 1+ .

Geological series. Ac. l'' ^^ 2~-*- '^'°, 3'-», 4+: N. D. 1+: P. 1+ :

W. 1+ .

18—1019
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Ornithological series. Ac. !•• ^- *: P. 1+ .

Report series. X. D. 1+ : P. 1+ : W. 1+ .

Zoological series. Ac. V--'- '^-'^ 2=, 3'=-i«, 4'- =, 5-7'-'', 8-10'-=>.^8. n.

X. D. 1+ : P. 1+ : W. 1+ .

Fire and water engineering. Xew York. X. D. 29*, 30-33, 35-38, 39*, 40*.

Fireproof magazine. Xew York. P. 1*, 2*, 3*, 4*, 7*, 8-ll||.

Flora. Dresden, Germany. X. D. '11, '12.

Flora Oder allgemeine botanische Zeitung. Regensburg; Marburg, Germany.

D. 74-80: I. U. 86+.

Flora of California. Exp. 1+ .

Flora of Wyoming.

Report. Ex]3. '96.

Florida. Agricultural experiment station. Gaincsvillp, Lake City.

Annual report. Exp. '88+: P. '88-'91, '93, '95, '96, '98, '00-'03, '05+.

Bulletin. D. 17, 33, 70-74, 77, 78, 80: Exp. 1+: P. 1+: S. L. 1-G, 9, 10,

12-19, 21-26. 29, 31, 33.

Farmers' institute bulletin. D. 2.

Florida. .Agriculture, State board of. Tallahassee.

Biennial report. Exi^. '91-'96, '99-'02, '05-'08: P. '95, '96, '11, '12.

Quarterly bulletin. Kxp. 11*, 12*, 13*, 14*, 15, 16, 17*, 18, 19*, 20, 23+:

P. 21, 22*, 23+ .

Florida (state) horticultural society. Jacksonville.

Annual report. Exp. 5, 7.

Flour and feed. Milwaukee, Wis. Exp. 2, 3*, 4*, 5*, 6-9, 10*, 11*, 12+.

Flour trade news, hay, grain and feed. Xew York. Exp. 4*, 5, 6*, 7-10.

Flying and aero club of America.

Bulletin. G. 1+ .

Folia hacmatologica. Berlin, Germany. 1. U. 3+.

Folia neuro-biologica. Leipzig, Germany. L U. 1+ .

Folia serologica. Leipzig, Germany. L U. 1+ .

Forest, fish and game. See Georgia forest association.

Forest and stream. Xew York. X. H. 1-17.

Forester. Washington, D. C. P. 4-7!.

Continued as Forestry and irrigation q. v.

Forestry and irrigation. Washington, D. C. Exp. 8*, 9, 10*, 11, 12, 13*,

14*11 : P. 8-13.

Continued as Conservation q. v.

Forest quarterly. Ithaca, X. Y. P. 9+: W. 3+.
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Forschungen auf dem Gebiete der Agrikulturphj-sik. Heidelberg, Germany.

Exp. 13.

Fortschrift der Physik. Berlin, Germany. P. 4+.

Fort Wayne (Ind.) medical journal. P. 2, 22, 27, 28*.

Foundry. Cleveland, O. Ft. W. 41+ : G. 34+: P. 26+.

France. Agriculture et du commerce, Ministere de 1'.

Bulletin. S. L. '40-'45.

France. Agriculture, Ministere de 1'. Paris.

Bulletin. Exp. '88*, '89, '90, '91*, '92*, '93*, '94*, '95*, '96, '97*, '98*,

'99*, '00.

Franklin institute of Pennsylvania. Philadelphia.

Journal. N. H. 18*, 27-32: P. 1+ : R. P. 5-47, 49-51, 86-97, 115+ : S. L.

1-82, 119-128, 130+.

Fruit belt. Grand Rapids, Mich. Exp. 7*.

Fruit grower. St. Joseph, Mo. Exp. 15*, 16*, 17-19, 20*, 21+ .

Fruitman and gardener. Mt. Vernon, la. Ex-p. 10*, 11*, 12*, 13+.

Fiihlings landwirtschaftliche Zeitung. Stuttgart, Germany. Exp. 60+.

Furrow. Moline, 111. Exp. 14*, 16+.

Garden and forest. New York. P. 1-10||.

Garden magazine. Garden City, X. Y.; New York. Exp. 1*, 2, 5*, 6*, 7*,

8-12, 13*, 14*, 15+: P. 1+ .

Gardeners' chronicle. London, England. Exp. '41-'73; n. s. 1-26; III. 1+ .

First series has no volume numbers.

Gardener's monthly. Philadelphia, Pa. Exp. 17-20, 22, 23.

Garten flora; Zeitschrift fiir Garten- mid Blumenkimde. Berlin, Germany.

Exp. 37.

Gas engine. Cincinnati, O. P. 1+ : R. P. 4*+ .

Gas power. St. Joseph, Mich. G. 8+: P. 1-6.

General electric review. Schenectady, N. Y. G. 15+: P. 10+: R. P. 14+.

Genie civil. Paris, France. P. 46+.

Geographical teacher. London, England. S. N. 1+.

Geographical journal. See Royal geographical society.

Geographical society of America. See American geographical society.

Geographical society of Philadelphia, Pa.

Bulletin. S. N. 2+.

Geographlsche Zeitschrift. Leipzig, Germany. I. V. 5+.

Geological magazine. liOndon, England. I. U. n. s. dec. 3, 4; dec. 4, 1-3,

5-11; dec. 5, 1+ .
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Geological society of America. Rochester, N. Y.; New York.

Bulletin. E. 13+: I. IT. 1+ : N. H. 20: S. N. 1+ .

Geological society of London (England). I. U. 29, 30, 37, 39, 60+.

Geologisches Centralblatt. Leipzig, Germany. I. U. 1+ .

Georgia. Agricultural experiment station. Experiment.

Annual report. Exp. 1+ : P. 1+ .

Bulletin. D. 68-72: Exp. 1 + : P. 1 + : 8. L. 45, 50, 61. 63-65, 67, 69, 70-73.

Georgia. Agriculture, State board of. Atlanta.

Annual report of the commissioner. Exp. '7(5, '81, '82, '84: P. '83, '84.

Publications. Exp. 6-9, 12-14: P. 9, 11, 12, 18, 22, 24.

Quarterly bulletin. Exp. 42-46: P. 42-44. 52, 53.

Georgia dairy and live stock association.

Annual report. Exp. '02, '03, '05, '08, '09.

Georgia. Entomology, State board of. Atlanta.

Bulletin. D. 1: Exp. 1, 3, 5-19, 31-33, 38+: P. 1. 13, 17, 20, 21, 23, 24.

26, 27, 29-36. S. L. 12-32*.

Georgia forest association.

Forest, fish and game. P. 2, 3.

Formerly Southern woodL-incN.

Georgia geological survey.

Bulletin. I. U. 1-19, 23, 26+: P. 24, 25: K. 1'. 1.

Report. P. '93.

Georgia (state) horticultural society. Cairo.

Proceedings. Exp. '98, '02, '08-'10.

Georgia (state) veterinarian.

Annual report. P. 1.

Giornale di matematichc di Battaglini. Naples, Italy. L U. 47.

Glasgow (Scotland) mechanics' magazine and annals of philosophy. N. H.

1-4.

Glasgow (Scotland) naturalist. Ac. 1+ : N. D. III. 1+ .

Glasgow (Scotland) philosophical society.

Proceedings. R. P. 19, 20.

Gleanings in bee cultme. Medina, O. Exp. 39*, 40*; P. 36+.

Goldthwaite's gcogra{)hical magazine. New York. S. N. 1-6.

Good health. London, England. I. U. 30-46.

Good housekeeping. Springfield, Mass. P. 27, 34, 35, 38-42, 44-48, 52, 53,

55+.
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Good roads magazine. New York. Exp. o. s. 2*. 3*, 4; n. s. 4*: P. n. s. 8+.

Called Good road; 1892-1895, then merged in League of American whee'men bulletin con-

stituting the old series. In 1902 began a new series under the name Good roads maga-

z.ne which became simply Good roads again in 1909.

Gordon memorial college. Khartoum, Africa. See Wellcome research labora-

tories.

Grain dealers' journal. Chicago, III. Exp. 16*, 17*, 18*, 19*.

Graphic arts. Boston, Mass. Ft. W. 3+.

Great American architectural record. M. 1-6.

Great Britain. Agriculture and fisheries, Board of. Intelligence division

Annual report. S. L. '08+.

Great Britain. Government laboratory.

Report of principal chemist. S. L. '09, '11, '12.

Great Britain. Meteorological office.

Report. S. L. '09-'12.

Greenough's American polytechnic journal is volume 4 of American polytech-

nic journal q. v.

Green's fruit grower and home companion. Rochester, N. Y. Exp. 25*, 27*,

28, 29*, 30-F.

Greenwich (England). Royal observatory.

Report. S. L. '09-'12.

Grevillea. London, England. Exp. 1-14.

Guam agricultural experiment station. Island of Guam.

Annual report. Exp. 'lO-f.

Guide to nature. B. 1-f-: F. 3-^: G. 4*, 54-: N. D. 1, 2, 3*, 4*, 6.

Gulf biological station. Cameron, La.

Bulletin. P. 3, 4, 6, 7, 9-11, 13+.

Half-yearly abstract of medical sciences. Philadelphia, Pa. D. 56-58: N.

D. 48-55: N. H. 1-7, 9, 10-17, 54-58.

Hamburg (Germany) mathematische Gesellschaft.

Mittheilungen. I. LT. 5+.

Hamilton (Ontario) scientific association.

Journal and proceedings. Ac. 1', 14-19, 21+ .

Hampton (Va.) normal and industrial institute.

Hampton leaflets. N. D. n. s. l*-4*, 5-7.

Report. Ex-p. '91.

Handbuch der Biochemie des Menschen und der Thiere. Jena, Germany.

Exp. 1-4.

Handbuch der organischer Chemie. Hamburg, Germany. Exp. 3*.
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Hardwicke's science gossip. London, England. I. U. 14, 15: N. H. 16.

Harvard engineering journal. Cambridge, Mass. P. 2-3, 4*, 5+.

Harvard university. Astronomical observatory. Cam.bridge, Mass.

Annals. I. U. 6-34.

Circulars. I. U. 1, 2,

Harvard university. Arnold arboretum. Ac. 21, 23-25, 27+-

Harvard university. Jeflferson physical laboratory.

Contributions. E. 1+ : I. U. 1-5, 7: P. 1-4, 6+: R. P. 1+: W. 3+.

Harvard university. Museum of comparative zoology.

Memoirs. S. N. 28*.

Harvard university. Peabody museum of American archaeology and eth-

nology.

Annual report. Ac. '89, '90.

Memoirs. Ac. 1'-^: I. U. 1-2, 4+.

Papers. Ac. l'-«: I. U. 1-2, 4-5.

Harvester world. Chicago, 111. Exp. 2*, 3*, 4+.

Harvey society. New York.

Lectures. P. '05+.

Hausfreund und deutscher amerikanischer Farmer. Lincoln, Neb. Exp.

14*, 16+.

Havana (Cuba). See Academia de ciencias medicas fisicas y naturales.

Havana (Cuba) university.

Rcvista dc la facultad de letras y ciencias. P. 3+: S. N. 3+.

Hawaii. Agricultural experiment station. Honolulu.

Annual report. Exp. '01+: L. P. '06+: X. I). '08+: P. '01+ : R. P. '06,

'07: S. L. '06, '07, '09-'ll.

Bulletin. Exp. 1+ : L. P. 1, 8, 11-13, 15-18, 21-24, 26+: X. D. 16+; bot.

ser. 1+: P. 1 + : R. P. 1-17: R. L. 1-17, 21, 23-26, 28: S. X. '02+.

Hawaii. Commissioners of agriculture and forestry.

Report. P. 3+.

Hawaiianforestcr and agriculturist. Honolulu. Exp. 5.

Hawaii experiment station of the sugar planters' association. Honolulu.

Annual report. Exp. '99-'05: X. D. '08+.

Hawaii sugar planters' station. Honolulu.

Annual report. Exp. '05+.

Bulletin, agriculture and chemistry series. Exp. 1-11, 13+.

Agriculture and forestry series. Exp. 1+ .

Entomological series. Exp. 1*, 6-12.

Pathology and physiology series. Exp. 1+.
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Health. New York. S. N. 54+.

Heating and ventilating magazine. New York. P. 5+.

Hedwigia, ein Notizblatt fiir kryptogamische Studicn. Dresden, Germany.

Exp. 1-23.

Continued as.

Hedwigia. Organ fiir Kryptogamenkiinde. Dresden, Germany. Exp. 24-44,

51+ .

Hirnanatomische Institute in Ziirick (Switzerland). I. U. 1+ .

Annales. I. U. 1+ .

Arbeiten. I. U. 1+ .

Historical and scientific society of Manitoba. Winnipeg.

Reports. Ac. '97-'06.

Transactions. Ac. 51-72.

Hoard's dairyman. Ft. Atkinson, Wis. Exp. 29*, 30*, 33*, 34*, 35*, 36,

37, 38*, 39-41, 42*, 43+.

Holstein-friesian association of America.

Annual report. Ex-p. '85-'87, '89, '90,

Holstein-friesian world. Ithaca, N. Y.

Annual report. Exp. 1-4, 5*.

Home and farm. Louisville, Ky. Exp. 35*, 36*, 37*, 38+.

Horse review. Chicago, III. Exp. 43+.

Horticultural society of London.

Transactions. N. D. 1-4.

Horticulturist and journal of rural art and rural taste. Rochester, N. Y.;

Philadelphia, Pa.; New York. Exp. 15, 16: N. H. 8-10, 12-15, 19-23.

Hospodarske listy. Chicago, 111. Exp. 13*, 14+.

House and garden. Philadelphia, Pa. G. 17+.

House beautiful. Chicago, 111. G. 26+: P. 11+ .

Housekeeping experiment station. Darien, Conn.

Bulletin. P. 1, 3, 5-11.

Hygienisches Centralblatt. Leipzig, Germany. I. U. 1+.

Ice and refrigeration. Chicago, 111. P. 40+.

Idaho. Agricultural experiment station. Moscow.

Aimual report. D. '04: Exp. '94, '95, '98+: P. '94, '01+ .

Bulletin. D. 46, 47: Exp. 1+ : P. 1-4, 6, 7, 9+.

Idaho (state) engineer. Boise.

Biemiial report. Exp. '99, '00.

Idaho (state) farmers' institutes. Moscow.

Biennial report. Exp. '01, '02.
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Idaho. Mines, State inspector of. Boise.

Aimual report. N. D. 8+.

Ideal power. Chicago, 111. P. 2, 3, 4*, 5.

Illinois. Agricultural experiment station. Urbana.

Annual report. Exp. 1+.

Bulletin. D. 98, 100, 101, 119, 120, 123-147, 149-162: Exp. 1-1-: P. 1+ :

S. L. 88+*.

Soil report. D. 1+: Exp. 1+: P. l+ .

Illinois (state) agricultural societ5^

Transactions. D. 6, 7: S. L. '53, '54, '59, '60, '65-'83.

Illinois. Agriculture, Department of. Springfield.

Transactions. D. o. s. 10, 12-19: Exp. 4, 6-20, 22, 23: P. 4, 6-14, 24, 25,

27, 30, 37 -f.

Illinois (state) bee keeper's association.

Report. Ex-p. 1-|-.

Illinois (state) dairjonen's association.

Annual report. Exp. 14-16.

Illinois, Economical geology of. Springfield. D. 1-3.

Reprints from the reports of the Illinois (state) geological survey (q. v. ) with additions and

emendations.

Illinois (state) entomologist. Urbana.

Report on noxious and beneficial insects. 8. N. '05, '08, '09.

Report. Exp. 23-27.

Illinois farmer and farmer's call. Quincy. Exp. 55*, 56, 57*, 58*, 59, 60*,

61+ .

Illinois. Farmers' institute. Springfield.

Annual report. Exp. 3, 11, 13: P. 1+ .

Bulletin. P. 5, 9, 15+.

Yearbook. Department of household science. P. '09-'ll.

Illinois (state) food commission. Springfield.

Annual report. Exp. 1, 9: P. '00, '01.

Illinois (state) geological survey. Urbana.

Bulletin. I. U. 1+: P. 3+.

Report. E. 1-8.

See also Illinois, Economical geology of.

Illinois. Health, State board of.

Annual report. P. '80-'94.
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Illinois. Highway commission.

Annual report. P. 1.

Bulletin. P. 2.

Illinois (state) horticultural society. Kinirundy.

Transactions. D. n. s. 2-28, 30, 31 : Exp. n. s. 3-21, 24, 25, 29-32, 34, 45+:

P. n. s. 10, 12-38, 40+.

Illinois. Horticultural society, Northern. Chicago.

Transactions. D. 1.

Illinois. Live stock commissioners, Board of.

Annual report. Exp. '90, '92.'97, '09: P. 25, 26.

Bulletin. Exp. 1-3: P. 1.

Illinois live stock breeders' association.

Report. Exp. '98.

Illinois (state) mining board.

.\nnual coal report. N. D. 31+ .

Illinois. Natural history, State laboratory of. Urbana.

Bulletin. Ac. l^- =• «, 2'' '• '• ' », 55-i=, 6', T'-'", 8l-^ 9'-*: D. 1, 3, 6: Exp.

2*, 5*: I. U. 6-8: N. D. 7+: P. 3, 7: S. N. 1-7.

Illinois. Natural history, State museum of. Springfield.

Bulletin. I. U. 3-12||: S. N. 3-12||.

Illinois. Railroad and warehouse commission.

Report. N. D. 42+.

Illinois society of engineers and surveyors.

Annual report. P. 1-7, 9+: R. P. 11-17.

Illinois (state) survey.

Bulletin. N. D. 13, 16.

Illinois university. Biological experiment station. Urbana.

Biennial report. Exp. '95, '96.

Illinois universitj'. Ceramics, School of.

Bulletin. P. 1-2, 6+.

Illinois university. Engineering experiment station.

Bulletin. G. 6+: P. 1+ : R. P. 1+ .

Illinois university. Household science, Department of.

Publications. P. 1+ .

Illinois university. Urbana.

Studies. P. 1+ *.

Illinois university. Urbana.

Technograph. P. 6-8, 10+.
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Illinois (state) water survey. Urbana.

Bulletin. I. U. 3-4, 6, 8: P. 1+ .

Nos. 1 and 2 issued by Illinois university.

Illuminating engineer. New York. P. 1+ -

Illuminatirg engineering society. Easton, Pa.

Transactions. P. 1*, 2*, 3*, 4+.

Illustrierte flora. Vienna, Austria. N. D. 37+.

Impeiatorskaya akademiya nauk. St. Petersburg. See Academic imp^riale

des sciences.

Imperial journal of art, science, etc. Manchester, England. F. 1-4,

Index medicus. New York; Washington, D. C. I. U. 3+: M. 2-6.

Ind a. Agricultural experiment station. Aligarh.

Report. Exp. '02-'12.

India. Agricultural experiment station. Atarra.

Report. Ex-p. '12.

Ind a. Agricultural experiment station. Partabgarh.

Report. Exp. '10-'12.

India. Agricultural experiment station. Caunpore.

Report. Exp. '10-12.

India. Agricultural experiment station. Orai.

Report. Exp. '10, '11.

India. Agricultural research institute. Pusa.

Bulletin. Exp. 18, 2S-.31: P. 4, 13, lo, IG, 19, 20, 23, 2r>26.

Report. P. '09-' 11.

India. Agriculture, Department of.

Annual report. P. '04-'10.

Memoirs. Bacteriological series. Exp. 1.

Botanical series. Exp. 2*, 3*, 4*, 5+: P. 1, 2.

Chemical scries. Exp. 1*, 2*+: P. 1*, 2*, 3*.

Entomological series. Exp. 2*, 3+: P. 1, 2*.

India. Inspector-general of forests.

Review of forest administration. P. '07-'10.

Indian .school journal. Chilocco, Okla. Exp. 10, 12*, 13+.

Indian engineering. Calcutta, India. X. D. 1-14, 16-30, 31*.

Indiana academy of science. Indianapolis.

Proceedings. D. '91-'93, '95-'01, '03+: Exj). '91-'ll: F. '98-'04, '08+:

G. '04, '05, '08+: I. U. 7+: L. P. '98+: X. D. '10+: N. H. 15+: P.

7+: R. P. '91 + : S. X. 7-9, 14+: T. If. '97, '98. '00-'03. '05+: W. 7+.
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Indiana. Agricultural experiment station. Lafayette.

Annual report. D. 3, 4, 9, 11-20: Exji. 1+ : P. 1+ .

Bulletin. D. 13-15, 18, 20, 21, 41, 46, 56, 66, 68, 69, 72-74, 77, 78, 80-95,

97-109, 111-122, 126, 143-145: Exp. 1+: N. D. 59, 60, 159, 160, 162-^:

P. 1+.

Indiana (state) agricultural society.

Transactions. N. D. 7, 8, 10.

Indiana. Agriculture, Department of.

Annual report*. D. 1-14, 18, 21-23, 25-29, 31, 35, 37-48: Exp. 1-45, 47,

48: N. D. 40, 41, 47: P. 1-3, 6, 9, 11-15, ll+.R. P. 4, 5, 7, 8, 14, 21-24,

37-40, 42-48: S. N. 10, 13, 15-19, 21-26, 28+.

*The numbers given are volume numbers and not report numbers.

Indiana (state) breeders' live stock association.

Report. Exp. 4-8: P. 4+.

Indiana. Charities, Board of state. Indianapolis.

Annual report. D. 1-8, 10, 12+: Exp. 18-22.

Bulletin. D. 32-34, 36-45, 47-59, 61+: Exp. 72-74, 76, 77, 79, 82.

Indiana corn growers' association. Lafayette.

Annual report. Exp. '08+.

Indiana (state) dairy association.

Annual report. D. 20+: Exp. 1-13, 15+: N. D. 22: P. 7-12, 14+ .

Indiana engineering societ3\ Indianapolis.

Proceedings. I. U. 8-10, 12: P. 7+: R. P. '93-'96, '08, '09.

Indiana (state) entomologist.

Annual report. D. 1+ : Exp. 1+ : N. D. 1+ : N. H. 1+ : P. 1+: S. N. 2+.

Report. Exp. '03, '04: P. 'CO, '02, '03.

Indiana farmer. Indianapolis. Exp. 18*, 19*, 20*, 21*, 22*, 23*, 24*, 25*,

26*, 27, 28, 29*, 30*, 31, 32*, 33*, 54*, 55*, 56*, 57*, 58*, 59*, 60, 61*,

62*, 63*, 64*, 65*, 66+: P. 59+.

Indiana farmer and gardener. Indianapolis. Exp. 1.

Indiana. Farmers' institutes. Lafayette.

Report. Exp. '93, '94, '96, '98, 'OO-'IO: P. '93, '96, '98, '00, '02, '04-'10:

S. N. '82+.

Indiana. Fisheries and game, Commissioner of. Indianapolis.

Biennial report. D. '99+: Exp. '97, '98, '01-'08: N. D. '08: N. H. '92,

'99, '00, '09-'10: R. P. '99-'04: S. N. '00+.

Indiana forestry association.

Report. Exp. 3, 5, 7.
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Indiana. Forestry, State Board of.

Annual report. D. 3, 5+: E. 3, 5-9, 11: F. 3, 6+: G. 1-3, 5+: I. U. 3+:

L. P. 2+: N. D. 6, 8, 11: N. H. 1+ : P. 3+: R. P. 3, 5: S. N. 3, 5+:

T. H. 4+.

Indiana. Geological survey.

Report. D. 2-4, 7-10i| : Exp. l-lOjl : X. D. 7-10|l : X. H. 1-10|1 : P. 1-7, 8-10||

:

R. P. 1-1011:

Report of geological reconnoissance. D. '62:X. H. '39, '62: P. '62.

Indiana. Geology and natural history, Department of.

Bulletin. X. H. 1.

Report. D. ll-16li: Exp. 11-16|1: X. D. 11-16||: N. H. 11-16||: P. 11, 12,

14-1611 : R. P. 11-1611.

Continued as

Indiana. Geologj- and natural resources, Department of.

Amiual report. D. 17+: Exp. 17+: E. 1-33, 36+: X. D. 1, 2, 11, 13-18,

21-23, 2.5-27, 29+: X. H. 17+: P. 17+: R. P. 17+.

Indiana geographical congress.

Reports. S. X. 3, 6.

Indiana. Health, State Board of.

Annual report. D. 17-20, 22+: Exp. '83-'85, 18, 20, 23, 25-29: I. U. 5+:

X. D. 5+: X. H. 10-12, 17+: P. 1, 2, 4-13, 15-20, 22+: R. P. 17-20,

22, 23: 8. X. 17-20, 22+.

Monthly bulletin. Exp. 1, 2*, 3*, 4+: X. D. 7*-15*, 29+: P. 1+: S. X.

1+ .

Quarterly bulletin. Ex-p. 2*, 3.

Indiana (state) horticultural society.

Bulletin. P. 1+ .

Transactions. D. 5, 9, 11, 14-16, 18-24, 26, 27, 29-38, 40+: E. 5, 6, 8, 9

Exp. 5-26, 28-45, 47, 49, .50: F. 10, 11, 16, 19-23, 25-27, 29-32, 40+

G. 47, 49+: I. U. 10, 11, 13, 19, 21-23, 29, 40+: L. P. 7, 9, 10, 40+

X. D. 46, 51: X. H. 5, 9, 11, 13, 40-49: P. 6, 9, 11, 15, 16, 20, 22+: R.

P. '00-'05: S. X. 30, 40-49: T. H. 19-21, 50+: W. 6+ .

Indiana medical association.

Journal. Exp. 3*, 4*: I. U. 1+ : L. P. '76-'82, '98-'07: P. 1 + : T. H. 3, 8,

10-15, 17, 18+.

Transactions. E. '78, '80, '81, '85, '86: Exp. 24-27, 31, 33-36, 38-41, 48,

51-53, 55-58: M. 1-2, 4+: X. H. 28-36, 38-50.

Indiana medical journal. Indianapolis. D. 11-13: I. U. 17-27: M. 1+ : P.

11-13, 23-25*. 27: W. 12-27.
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Indiana. Medical registration and examination, State Board of.

Annual report. Exp. 2, 7, 9-14: F. 2-14: X. D. 14: N. H. 1+ : S. N. 1+ .

Indiana medical society.

Transactions. P. 29, 30, 42, 44-46.

Indiana pharmaceutical association. Indianapolis.

Proceedings. N. D. 27: P. '96, '99.

Indiana. Pharmacy, Board of.

Annual report. F. 9, 11: N. H. 1, 9, 11: S. X. '07, '09.

Indiana. Railroad commission.

Annual report. P. 1+ -

Indiana state grange. Patrons of husbandry.

Proceedings. P. 28-30.

Indiana. Statistics and geology, Bureau of.

Annual report. D. 1, 2||: Exp. 1, 2||: N. H. 1, 2||.

Continued by Geplogy and natural history, Department of q. v.; and by Statistics, Bureau

of. q. v.

Indiana. Statistics, Bureau of. Indianapolis.

Annual report. D. 3, 4: Exp. 3-6||.

Continued from Indiana. Statistics and geology, Bureau of, q.v.\ Continued as

Biennial report. D. 2-5, 7+: Exp. 1+.

Indiana Tippecanoe farmer. Lafayette. Exp. 1.

Indiana university. Bloomington.

Studies. I. U. 1+: L. P. 8*, 10*: X. D. 10*+: P. 1+ .

Indiana university. Zoological laboratory.

Contributions. D. 1-58, 60-75, 77-97, 99-114: X. D. 60-114.

Indiana (state) veterinarian. Indianapolis.

Annual report. Exp. '02, '06, '08, '09: P. '02, '06, '08, '09.

Indiana wool growers' association.

Annual report. Exp. '01.

Indianapolis (Ind.) medical journal. I. U. 7+: M. 12, 14+: P. 12+: W. 12+.

Industrial arts index. Minneapolis, Minn.; White Plains, X. Y. G. 1+ .

Industrial engineering and engineering digest. Xew York. E. 3, 4: Ft. W.

6+: G. 5+: P. 6+ : R. P. 3+.
Continues Ehigineering digest q. v.

Industrial magazine. Cleveland, O. P. 1+ .

Vols. 1-4 have title Draftsman; and vol. 5 has title Browning's i dustrial magazine.

Industries. Manchester, England. R. P. 1-15.

Inland architect and news record. Chicago, 111. X. D. 44*, 45*, 48*, 49,

50*: R. P. 30-52.

Continued as American architect q. v.
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Inland printer. Chicago, 111. Ft. W. 49+.

Insect life. Washington, D. C. See under United States. Entomology,

Bureau of.

Institut catholique. Paris, France.

Ensignment superiur libre. N. D. '81.

Institut de France. See Academie des sciences.

Institut international de bibliographie. Brussels.

Bibliographia physiologica. Ac. l'~^ 2'' ^.

Institut Pasteur. Paris, France.

Annales. I. U. 20+: S. L. 24+.

Bulletin. I. U. 3+.

Institution of civil engineers. London, England.

Proceedings. P. 1+ : R. P. 87+.

Institution of electrical engineers. London. England.

Journal. P. 18+.
Continue, from Journal 17, of the So -iety of Te'e?r iph engine r^ q. v.

Institution of mechanical engineers. Birmingham; London, 1 Jigland.

Proceedings. P. 1+ .

Intermediaire des mathematiciens. Paris, France. I. U. 18+: P. 15+.

International apple shippers' association.

Yearbook. Exp. '08-'10.

International association for testing materials.

Report. P. 5.

American section. See American society for testing materials.

International catalogue of scientific literature. London, England.

R. P. sees. A, B, C, D, F. 1+ .

International commission on zoological nomenclature.

Opinions. S. L. 1+ .

International congress of applied chemistry. New York.

Report. Exp. '12.

International geographic congress.

Report. P. 8: S. X. 6.

International independent telephone association.

Proceedings. P. 10, 11.

International institute of agriculture, economic and social intc lligence. Rome,

Italy.

Bulletin. Exp. '11*, '12+:
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International institute of agriculture, agricultural intelligence in plant diseases.

Rome, Italy.

Monthly bulletin. Exi^. 2*, 3+.

International journal of microscopj* and n';t"flral science. London, England.

D. 2.

International journal of surgery and antiseptics. New York. D. 1*.

Continued as

International journal of surgery. New York. D. 2*, 3, 4*.

International railwaj' congress. Brussels, Belgium.

Bulletin. P. 19+.

International studio. New York. P. 12*, 13, 14*, 15+.

Internationale Monatsschrift fiir Anatomie und Physiologie. Leipzig, Ger-

many. I. U. 1+ .

Internationale Wochenschrift fiir Wissenschaft, Kunst, imd Technik. Berlin,

Germany. I. U. 1+ .

Internationaler Kongres katholischen Gelohrtcn zu Mlinchen, Germany.

Akten. N. D. '01.

Internationales Archiv fiir Schulhygiene. Leipzig, Germany. I. U. 1+.

Interstate association of live stock sanitary boards.

Proceedings. Exp. 4, 5.

Ion. London, England. W. 1.

Iowa academy of sciences. Dcs Moines.

Proceedings. Ac. 11, 12, 14-18: I. U. 1, 2, 18+: N. D. 2, 5, 7, 9, 10, 12-15,

17+: S. L. V, 3-5, 7, 9, 10.

Iowa. Agricultural experiment station. Ames.

Annual report. Ex-p. 1, 3: P. 1*, 2*, 3*, 4+.

Bulletins. Exp. 1+: N. D. 107-112, 114-122, 124-127, 129-141, 143+

:

P. 1+ .

Research bulletins. Exp. 1+ : N. D. 1-8, 11+ : P. 1+ .

Iowa (state) agricultural society.

Report. S. L. '61, '62, '65, '67, '72-'74, '76-'82, '84-'89, '95, '96, '98, '99.

Iowa. Agriculture, Department of. Des Moines.

Yearbook. Exp. '04.'11: P. '05+.

Iowa (state) college of agriculture and mechanic arts. Ames.

Bulletin. Exp. 4, 8.

Extension department bulletin. P. 1-5, 7-12, 14+.

Iowa (state) dairy association.

Report. Exii. '91.'96.
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Iowa (state) drainage association.

Proceedings. Exp. 1-2, 4-7.

Iowa (state). Drainage, waterways and conservation commission.

Report. P. 1+ .

Iowa engineer. Ames. P. 1+ .

Iowa. Engineering experiment station.

Bulletin. Exp. 3*, 4*: P. 4+ .

Iowa engineering society.

Proceedings. P. 1.

Iowa. Geological survey.

Annual report. E. 6, 7, 9-20: I. V. '55-'57, '66-'69, '92+: X. H. '55-'57.

'6G-'69.

Bulletin. Exp. 1 : P. 1.

Report survey of '55-'59. E. 1*.

Iowa (state) geologist. Des Moines.

Report. X. H. 1, 2.

Iowa. Health, State board of. Do.s Moines.

Biennial report. P. '80-'97, '99-'03, '08-'10.

Iowa (state) highway commission. Ames.

Report. Exp. 2, 3.

Iowa homestead. De.s Moines. Exp. 54*, 55*.

Iowa (state) horticultural society. Des Moines.

Transactions. D. 16: Exp. 14-19, 25, 27-46: P. 44: S. L. '72-'07*.

Iowa naturalist. Iowa City. Ac. 1: X. D. 1+ .

Iowa park and forestry association. Des Moines.

Proceedings. Exp. '03, '05.

Iowa (state) imiversity. Iowa City. Engineering society.

Transit. P. 1-3, 5-13, 15.

Iowa (state) university. Iowa Cit}\ Natural history, Laboratories of.

Bulletin. N. D. 5+: X. H. 4, 5: P. 2-4.

Iowa (state) university. Iowa City. Physical laboratory.

Contributions. P. 1*.

Iowa (state) university. Iowa City. Psychology. Department of.

Studies. I. r. 1-3: P. 1, 2.

Ireland. Agricultural technical instruction, Departm.ent of. Dublin.

Bulletin. E.xp. 1, 4.

Leaflets. Exp. 1, 4-7, 9-11, 13-37.

Iron age. Xew York. Ft. W. 69, 70, 72*, 73*, 75, 76, 78-85, 87+: C. 83+:

M. 61, 62, 71+ : X. D. .52-56: P. 67*-71*, 81+ .
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Iron and steel institute. London, England.

Carnegie scholarship memoirs. P. 1+ .

Jom-nal. G. '76+: P. 75+.

Iron and steel magazine. Boston, Mass. P. 1-11||.

Vols. 1-6 have title Metallographist. Combined in 1906 with Electro-chemical and metal-

lurgical industry q.v

.

Iron trade review. Cleveland, O. G. 45+: P. 39-46.

Irrigation age. Chicago, 111. Exp. 24, 25, 26*, 27+.

Jahresbericht tiber das Gebiet der Pflanzenkrankheiten. Berlin, Germany.

Exi3. 11.

Jahrbuch der Chemie (Meyer). Brunswick. P. 1+ : R. P. 3+.

Jahrbuch liber die Fortschritte der Mathematik. Berlin, Germany. I. U.

1+ :P. 1+.

Jahrbiicher fiir wissenschaftliche Botanik. Berlin; Leipzig, Germany. I. \]

.

7-46, 48+.

Jahresbericht tiber die Fortschritte der Chemie imd Mincralogie. Tiibingen,

Germany. P. '22-'74.

Jahresbericht iiber die Fortschritte der reinen pharmaceutischen und tech-

nischen Chemie, Physik, Mineralogie, und Geologic. Giessen, Ger-

many. I. U. 1+ .

Jahresbericht liber die Fortschritte in der Lehre von den pathogen Mikro-

organismen. Leipzig; Brunswick, Germany. I. \J. 1+ .

Jahresbericht liber die Leitsungen und Fortschritte auf dem Gebiete der Neu-

rologie und Psychiatric. Berlin, Gei'many. I. LT. 1+ .

Jahresberichte der deutschen IMathematiker \'ereinigung. Leipzig, Germany.

I. IT. 1-9, 11-14, 15+.

Jahresberichte liber die Fortschritt der Anatomic und Physiologic. Leipzig,

Germany. I. LT. 1-8.

Jamaica (W. I.). Agriculture, Department of. Kingston.

Bulletin. Exp. 1-5, 6*.

Report. Exi3. '00, '02-'07.

Jamaica (W. I.). Botanical department.

Bulletin. Exp. 2*, 3, 9*.

Japan. Agricultural experiment station. Hokkaido.

Bulletin. Exp. 1-11.

Report. Exp. 2-4.

Japan college of agriculture. Tokyo.

Bulletin. Ex-p. 5, 7, 8*. P. 7.

19—1019
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Japan. See Seismological society of Japan.

Jardin iinperiale botanique. St. Petersburg. Russia.

Bulletin. X. D. 12+.

Jersey bulletin and dairy world. Indianapolis, Ind. E.xp. 25*, 26*, 27*, 28*.

29*, 30*, 31+: P. 24+.

Jewish agricultural and industrial aid society. Xevv York.

Annual report. Exp. 9, 11: P. '09+.

Johns Hopkins hospital. Baltimore, Md.

Bulletin. Ex]5. 22+: I. U. 1+: M. 18-20, 22: P. 17+ .

Report. I. U. 1+ .

Johns Hopkins university. lialtimore, Md.

Circulars. Ac. 4-21*: D. 1-11: I. U. 25+: P. 16+ .

Josselyn botanical society of Maine. Portland.

Bulletin. N. D. 2.

Journal de ranatomie et de la physiologic nornuiles et pathologiques. Paris,

France. I. U. 40+.

Journal de I'^cole poh^technique. See Ecole polytechnique.

Journal de mathematique. Paris. France. I. U. 1-20; II. 1-19; III. 1-10;

IV. 1-10; V. 1-10; VI. 1+ .

Journal de inicrographie. Paris, France. R. P. 1.

Journal de physiologic et de pathologic g(m6ra\e. Paris, France. I. U. 1+.

Journal de phj-sicpie. Paris, France. I. I'. III. 6-10; IV. 1-8; V. 1+ : P.

IV. 4+ : W. IV. 2,4,5.

Journal flir die reine uud atigewandte Mathenuitik. Berlin, GermanJ^ I. U.

1-119, 121+ .

Journal fiir Landwirf.schaft. Gottingen; Berlin, (ierniany. E.\p. 21-24, 28,

31,37+.

Journal fiir praktischc Cheniie. Leipzig, Germany. N. D. 51*, 52*; W. 1-80.

Journal fiir Psychologic und Xeurologie. Leipzig, Germany. I. V. 1+ .

Journal of abnormal psychology. Boston, Mass. I. U. 3, 5+.

Journal of advanced therapeutics. Rahway, X. J. P. 23*, 24*.

Journal of agricultural science. Cambridge. England. Exp. 3+: P. 2+.

Journal of agriculture. London, England. S. L. 1-20.

Journal of agriculture. St. Louis, Mo. Ex-p. 51*, 52*, 53*.

Journal of analytical and applied chemistry. Easton, Pa. Ex-j). 2*, 3*: P.

4-711 : R. P. 4-711: W. 1-711.

Continued from Vol. 7 as American chemical society. Journal, q.v.

Journal of anatomy and physiology. London, England, i. L. 38+ .
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Journal of animal behavior. Cambridge, Mass. B14-: D. 1+ : I. U. 1 + :

P. 5+: S. N. 1+ .

Behavior monographs. B. 1+: I. U. 1+ .

Journal of applied microscopy. Rochester, N. Y. B. 2-6||: N. D. 1*, 2*,

3-611: S. N.4-6||.

Journal of biological chemistry. New York. I. U. 1+ : N. D. 1+: P. 1+:

S. L. 2+.

Journal of botany, British and foreign. London, England. Exp. 40-49.

Journal of botany (Hooker). London, England. I. U. 1+ : N. H. 1-4.

Journal of comparative medicine and surgery. Philadelphia, Pa. Exp. 1-10||.

Continued by Journal of comparative medicine and veterinary archives q. v.

Journal of comparative medicine and veterinary archives. Philadelphia, Pa.

Exp. 11-24.

Journal of comparative neurology. Philadelphia, Pa. D. 1-21: I. V. 1+ :

8. N. 16+.

Volumes 14-20 were entitled Journal of comparative neurology and psychology.

Journal of comparative pathology and therapeutics. London, England. Exp.

23+.

Journal of cutaneous and venereal disease. New York. D. 1*. 2*, 3*.

Journal of economic entomology. Concord, N. .11. Exp. 1+: P. 1+: S. L.

1-4: W. 2+.

Journal of educational psychology. Baltimore, Aid. I. U. 1+ : P. 1+: S. N.

1+ .

Journal of engineering. Boulder, Colo. See imder Colorado university.

Journal of electricity, power, and gas. San Francisco, Calif.; New York. P.

27+.

Journal of experimental medicine. New York; Lancaster, Pa. P^xp. 13+:

I. U. 1-6,8-12, 14+.

Journal of experimental zoology. Philadelphia, Pa. E. 6: L LT. 1-12: P. 1+:

S. L. 6+: S. N. 1+: W. 2+.

Journal of genetics. Cambridge, Mass. L U. 1+ .

Journal of geography. Lancaster, Pa.; Chicago, 111.; New York. L U. 7+:

S. N. 1+ .

Journal of geology. Chicago, 111. B. 7-18: E. 1+ : F. 20+: I. U. 1+: M.

18, 19: P. 1*, 2*, 3*-5*, 6-14, 15*, 16+: S. L. 1+ : S. N. 1+ : W. 1+ .

Journal of home economics. Geneva, N. Y. P. 2+.

Journal of hygieo-therapy. Kokomo, Ind. D. 4*, 5*, 6*, 7*: P. 1*.

Journal of hygiene. Cambridge, England. I. U. 1 + : P. 6+.
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Journal of industrial and engineering chemistry. Easton, Pa. D. 1+ : Exp.

1+: Ft. W. 4+: G. 5+: I. U. 1+: X. D. 1+: P. 1+ .

Journal of infectious disease. Chicago, 111. Exp. 1+: P. 1+ : S. L. 5+: T. H.

6+.

Supplement. Exjj. 1-4.

Journal of materia medica. Xew Lebanon. X. Y. D. 1*. 13*, 14*, 15*, 20*,

23*, 24*.

Journal of medical i-esearch. Boston, Mass. K\p. o. s. 24+: L U. n. s. 1-17,

21+: T. H. 20-22, 24-26.

Journal of medical science. Dublin, Ireland. D. 62, 66, 72.

Journal of medical science. Edinburgh, Scotland. D. 1-3.

Journal of mental science. London, England. I. IT. 40-56, 58+.

Journal of microscopical science. Sec Quarterly journal of microscopical

science.

Journal of morphology. Boston, Mass.; Philadelphia, Pa. B. 10-20: D.

1-23: I. U. 1-17, 19+: P. 1+ : W. 17.

Journal of mycology. Manhattan. Kan.; Washington, D. C.; Columbus, O.

D. 1-14||: X. D. 1-3, 7*, 8*: S. L. 1-7: S. X. 1-4: W. 9-12.

Continued a.s Mycologia fj. v.

Journal of nervous and mental diseases. Xew York. I. U. 27+: T. II. 36+.

Journal of pathology and bacteriology. Cambridge, Mass. Exp. 15+.

Journal of patiiology and bacteriology. Edinburgh, Scotland; London, England.

I. U. 1+ .

Journal of pharmiicologj' and experimental therapeutics. Baltimore, Md.

P. 1+ .

Journal of philosophy, psychology and scientific methods. Xew York. E.

1-6: I. U. 1+ : P. 5+: S. X. 1+ .

Journal of physical chemistry. Ithaca, X. Y. B. 18+: I. U. 1-15: P. 6+.

Journal of physiology. Cambridge, London, England. D. 1-6, 12, 16: I. U.

1+ : P. 32+.

Journal of race development. Worcester, Mass. I. U. 1+ .

Journal f)f religious psychology. See American jouni.-il of religious psj-chology

and education.

Journal of school geography. Lancaster, Pa. S. X. 1+ .

Journal of the board of agriculture. London, England. Exp. 17*, 18+.

Journal of the veterinary science in India. Madras. Exp. 1-7.

Journal of tropical medicine. London, England. I. U. 9+.

Journal russe de botanique. St. Petersburg, Russia. X. D. '12+.
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Jurjev (Russia) Imperial iiniversitj'.

Acta horti botanici. N. D. 14+.

Kaiserlich Gesimdheitsamte. Berlin, Germany.

Arbeiten. Exp. 1, 3.

Kaiserlich-konigliche zoologische-botanische Gesellschaft. Vierma, Austria.

Verhandkmgen. Ac. 38, 39'-*, 403- \ 41-43, 44l-^ 45'-i°, 46i-3. s, ?, 9, lo^

471-10 49.6O, 61i->".

Kaiserlich-leopoldinische-carolinische deutsche Akademie der Naturforscher.

Halle, Prussia.

Abhandkmgen. Ac. 68, 69'' \ 70', 73-', 77', 79-^ 81'' ' «, 82'' \ 86'' -, 88',

90' 3. 4 921^ 932.

Kansas academy of science. Topeka.

Transactions. Ac. 9, 19-22, 24: E. 13, 15-18: Exp. 8, 12: I. U. 20-21, 24,

25, 28, 29, 32-35: N. D. 20+: X. H. 21*: R. P. '87-'90, '99-'02: S. L.

5, 8-17.

Kansas (state) agricultural college. Manhattan.

Agricultural education. P. 'iO+.

Kansas. Agricultural experiment station. Lawreirce.

Annual report. Exp. 1-5.

Kansas. Agricultural experiment station. Manhattan.

Annual report. Exp. 1+ : P. 1+: S. L. '83.'00.

Bulletin. D. 75, 127, 129: Exp. 1+ : N. D. 180: P. 1+ : S. L. '89-'98.

Kansas. Agriculture, State board of.

Annual report. D. 5||.

Continued as

Biennial report. D. 1, 3-5: Exp. 9+: N. D. 4: P. 1, 3, 10+.

Quarterly report. Exi?. 20*, 21*, 22*, 23*, 24*, 27*, 28+: P. 26, 27*, 28*,

29, 30*, 31+ .

Kansas (state) entomological commission.

Report. P. 1+ .

Kansas farmer. Topeka. Exp. 47*, 48*, 49*, 50*, 51+ .

Kansas (state). Fish and game. Department of.

Bulletin. P. 1+ .

Kansas (state). Geological survey.

Bulletin on mineral resources. I. U. 1+ : P. '99, '03: R. P. '97-'99.

Report. E. 1-7, 9 : P. 3, 5, 6 : R. P. 2-5.

Report of progress. P. n. s. 1.
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Kansas (state) horticultural society. Topeka.

Biennial report. D. 1-3.

Pamphlets. S. L. 1-4.

Report. D. 9-16|l: P. 15.

Continued as Biennial report q.v.

Transactions. Exp. 13-16, 18-22, 24, 27, 28, 30, 31: S. L. '78-40.

Kansas industrialist. Manhattan, Kan. X. D. 38*, 39*+-

Kansas live stock sanitary commission. Toi^eka.

Biennial report. E.xp. '09, '10.

Kansas miiversity. Lawrence.

Engineering record. P. 1-2.

Quarterly. Ac. sor. A. 6-10: ser. li. 6-7: P. 1-10*.

Science bulletin. Ac. 1-5, 6: D. 4*, 7*, 13*: I. U. 1+ : X. D. 1+ : P. 1+:

K. P. 1+ .

Keith's magazine. Minneapolis, Minn. Ft. \\ . 15+: <^'- 23+.

Kentucky. Agricultural experiment station. Lexington.

•Vnnual report. D. 2-18: Exp. 1+: P. 1+ .

Bulletin. D. 93, 124-133, 135, 140. 142-148, 151-158, 1G1-1G4, 167, 169+

:

Exp. 1+ : P. 1+ : 8. L. '09+.

Kentucky (state) agricultural society.

Report. S. L. '56, '57.

Kentucky. Agriculture, labor and statistics, Jiureau of. l'"raiikfort.

IJiennial report. E.xp. '04, '05: P. '06-'09.

Kentucky (state) farmers' institute. Louisville.

.\nnual rej)ort. Exp. '07, 'IL

Kentucky. Forestry and emigration, State board f)f.

Annual report. Exp. '78.

Kentucky (state). Geological survey.

Report of progress. I. V. '.54-'59: X. 1). '56, '57: X. H. 1-4: P. n. s. 1.

Keramic studio. Xew York. C. 12+.

Kew, England. See Royal botanic gardens.

Kimball's dairy farmer. Waterloo, la. Exp. 7, 8*, 9+.

Kleinwelt. Zeitschrift der deutschen micrologischen Gesellschaft. Munich,

Germany. X. D. '09+.

Koniglich-bayerische Akademie der Wissenschaften. Munich, (Jermany.

Sitzmigberichte. Ac. 1-15, 'll'-^ '12'' -.

Koniglich deutsches archacologisches Institut.

Mittheilungen athenische. I. U. 1+ .

Mittheilungen roemische. I. U. 1+ .
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Koniglich-preussische Akademie der U'issenschaften. Berlin, Germany.

Abhandlungen. I. U. 1+ .

Koniglich-sachsische Gesellschaft der \Vissenschaften:mathematisch-physische

Klasse.

Berichte fiber die \'erhandlimgen. I. U. 63+.

Konigliche Gesellschaft der Wissenschaften zu CJottingen. Mathematisch-

physikalische Klasse.

Nachrichten. I. U. 61+ .

Konigliche katholische Gymnasium. Culm, Germany.

Jahresberichte. N. D. 10.

Kongelige norske videnskabers selskab. Trondhjeni, Norway.

Skrifter. Ac. '97-'ll.

Kongliga svenska Vetenskaps-akademie. Stockholm, Sweden.

Arkiv for botanik. Ac. 1'"*, 2^--\ 7+.

Arkiv for kemie, mineralogi och geologic. Ac. 1', 3>~'', 4'^".

Arkiv for zoologi. Ac. 1", 4+.

Behang till handlingar. Ac. 12-28.

Koninklijke natuurkimdige Vereeniging in Xederlandsch-Indie. Weltevreden,

Dutch East Indies.

Natuurkimdige Tijdschrift. Ac. 52, 53, 55+.

Koninklijke akademie von wettenschafpen. Amsterdam, Holland. I. U. 13+.

Kosmos. Stuttgart, Germany. X. D. '13+.

Lake Michigan water commission.

Report. P. 1+ .

Lancet. London, England. I. I'. S2-S7.

The American reprint was issued in New York under the title London lancet q. v.

Landscape architecture. Harrisburg, Pa. G. 2+.

Landwirthschaftliche Jahrbiicher. Berlin, Germany. Hxp. 12-26,40+.

Landwirtschaftlichen Versuchsstationen. Berlin, Germany. Exp. 17, 36, 37,*

38, 39*, 40+: I. U. 35-47, 49+.

La Plata (Argentine Republic). See Museo de la Plata.

Leaflets of botanical observations and criticism (Greene). Washington, D.

C. N. D. 1+ .

Leeds (N. Dak.) herbarium.

Bulletin. N. D. 1, 2|i.

Leland Stanford, jr. university. Hopkins laboratory.

Contributions to biology. Exp. 19, 25, 27, 30: I. U. 1-32: P. 1-8, 10-12,

14, 16, 18-30.

Publications. Ac. 1-6, 9: Exp. 1-6, 9, 11+ : P. 1+ .
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Lens. Chicago, 111. R. P. l,2i|.

Lick observatory. See California universitj-.

Liebig. Annual report of progress of chemistrj^ and allied sciences. London,

England. R. P. 1-4.

Lilly scientific bulletin. Indianapolis, Ind. Exp. I*: X. D. I. 1+ .

Lincoln (Xeb.) freie press. Exp. 28*, 29+.

Linnean societj' of London (England).

Transactions. I. U. II. zoology 4+.

Linnean society of Xe\A- South Wales. Sidney, Australia.

Proceedings. Ac. 25, 26'-^ 272-^ 28»-S 29'-^

Linnean society of Xew York.

Abstract of proceedings. Ac. 1-4, 6-11.

Transactions. Ac. 1.

Lister institute of preventive medicine. London, England.

Collected papers. Ac. 2-8'~-.

Live stock journal. Chicago, 111. Exp. 48*, .55*, 56*; P. 33-42.

Live stock journal. London, England. Exp. 33-48, .56-62, 65*, 66+.

Lloyd library. Cincinnati, O.

Bibliographical contributions. Ac. 1+: Exp. 2-10: X. I). 1+ .

Bulletins. Botanical scries. Ac. 2: Exp. 2: X. D. 1 + : P. 1+ .

Materia medica series. X. D. 1+ : P. 1+ .

Mycological series. Ac. 1-4, 6: Exp. 3-4: P. 1+ .

Pharmacy series. Ac. 1+ : Ex-p. 1-5: X. D. 1+ : P. 1+ .

PoljiJoroid series. Exp. 1.

Reproduction series. Ac. 1-6: Exp. 1-7.

Mycological notes. Ac. 1-26, 30-35: Exp. 32-37: X. I). l*-3*: P. 1-11, 14+.

Locomotive engineering. Xew York. P. 8*, 9*, 10-13||: R. P. 10-13||.

Continued as Railway and locomotive engineering q. v.

Locomotive firemen's and enginemen's magazine. Terre Haute, Ind.; Peoria,

111. P. 46+: R. P. 10, 12+.

London (England). See Lister institute.

London (England). Agriculture and fisheries, Board of.

Amiual report. Exp. '04, '05, '08.

Leaflets. Exp. 18, 29, 66, 78, 97, 100, 144, 146. 160-190, 192-194, 196-206,

208-226, 228, 233, 241, 242, 245, 246, 248-255, 257+.

London (England) horticultural society.

Transactions. X. D. 1-4.

London (England) journal of arts and sciences. X. D. 1-4, 8, 9, 12, 13.
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London lancet. New York. N. H. 1-14; n. s. '52-'58.

American reprint oi the Lancet, London, q. t.

London mathematical society.

Proceedings. I. U. I. 1-35; II. 1+ .

London (England) medical and sm-gical journal. D. 1-8.

London (England) microscopical society.

Transactions. R. P. 1-3.

London physical society.

Proceedings. I. U. 1+ : P. 19+.

Long Island agronomist. Medford, X. Y. Exp. 1+ : P. .5+.

Louisiana. Agricultm-al experiment station. Baton Rouge.

Amuial report. Exp. 1+ : P. 1-6, 10, 12+.

Bulletin. Exp. o. s. 1-8, 10-28; n. s. 1+ : P. 1+ : S. L. 106-112, 115-116,

124.

Louisiana. Agriculture, Commissioner of.

Bieimial report. P. 2, 9, 12, 13.

Louisiana conservation commission.

Report. P. '10.

Louisiana. Crop pest commission. Baton Rouge.

Biennial report. Exp. '06-'09: P. '04-'07.

Louisiana geological survey.Baton Rogue.

Bulletin. Exp. 1, 3-8: P. 1-5, 7-8.

Report. P. '99, '02.

Louisiana. Gulf biologic station. Cameron.

Bulletin. P. 3, 4, 6, 7, 9-11, 13-15.

Louisiana (state) horticultural society. Baton Rouge.

Annual report. Exp. '04-'08.

Louisiana (state) museum. New Orleans.

Bulletin. Ac. 1: Exp. 1: X. D. 1, 2, 4+.

Report. Ac. '10, '12: X. D. '08, '10+.

Louisiana planter and sugar manufacturer. Xew Orleans. Exp. 3*, 4-8,

9*, 10-12, 13*, 14*, 15*, 16, 17*, 18*, 19*, 20*, 21*, 22, 23, 24*, 25*, 26,

27, 28*, 29*, 30, 31*, 32, 33*, 34, 35*, 36*, 37-40, 41*, 42*, 43-45, 46*,

47*, 48*, 49*, 50+.

Louisiana society of naturalists.

Proceedings. X. D. '00.

Louisiana state university. Baton Rouge.

Farmer's library circulars. P. 1.
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Louisville (Ky.) medical inonthh'. I^. 2*, 3*.

Lowell observatory. Flagstaff, Ariz.

Annals. I. U. '98, '00, '05.

Lumiere electrique. Paris, France. P. n. s. 1+ .

Continues Eclairage electrique q.v.

Lyon (France), Universite catholiciue de. N. D. n. s. 6-9.

Machinery. New York. Engineering edition. Ft. W. 13+: G. 7*, 8+: L.

P. L5*, 16*, 18*, 19+: P. 10+: R. P. 3+.

Magazine of art. London, England. P. 3-13, 14*.

Magyar botanikai Lapok. Budapest, Hungary. N. D. 10+.

Magyar kiralyi termeszettudomdnyi tarsulat. I3udapest, Himgary.

Megbizds.'ibol. Ac. 1-3.

Magyar niadartani kozpont folyoirata. Budapest, Hungary.

Aquila. Ac. 5+: X. D. '12+.

Magyar memzeti muzeum. Budapest, Hungary. Ac. 1-3.

Maine. Agricultural experiment station. Orono.

Annual report. Exp. '85+: P. '88+.

Bulletin. D. 28, 32, 35, 36. 42. 46. WW. 115-1 IS, 136, 138: Exp. o. s. 1-26:

n. s. 1+ : P. 1 + .

Official inspection bulletin. lv\p. 14: V. 1 + .

Maine. Agriculture, Commissioner of.

Annual report. P. 1+ : S. N. 1+ .

Bulletin. P. 8*, 9*, 10*, 11+ .

Maine. Agriculture, .state board of.

Annual report. P. 1-45.

Maine. Cattle commissioners.

Report on contagious diseases of animals. P. '02-'08.

Maine dairymen's association.

Annual report. Exj). 9-11: V. 13.

Maine (state) entomologist.

Annual report. P. l-G.

Maine forest commissioner.

Report. P. 4, 5, 7, 8: S. N. 4, 5, 7.

Maine, Health, State board of. Augusta.

Annual report. Exp. 8-10, 12-15: P. 1-15.

Bulletin. E.xp. *1, 2+ .

Report of sanitary inspector. Kxj). 8\ 9, 10, 11-15*.

Maine. Higlnvay, Commissioner of.

Annual report. S. \. '05-'09.
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Maine (state) horticulturist.

Annual report. P. 1+ .

Maine. Inland fisheries and game, Commissioner of.

Report. P. '02, '06+: S. N. '02, '06, '08.

Maine (state) pomological society. Turner.

Transactions. Exp. '95, '99, '01.

Maine. Sea and shore fisheries, Commissioners of.

Report. P. '02+: S. N. '03-'08.

Maine. Water storage commission. Augusta.

Report. N. D. 1+ : P. 1+ .

Malvern (England) college natural history society.

Report. N. D. 9+.

Man. London, England. I. U. 8+.

Manchester (P^ngland) microscopical society.

Annual report and transactions. N. D. '11+ .

Manchester (N. H.). Water commissioners, Board of.

Annual report. N. D. 4+.

Manitoba. See Historical and scientific society of Manitoba; Winnipeg.

Manitoba agricultural college. Winnipeg.

Bulletin. Exp. 1-5.

Manitoba horticultural and forestry association. Winnipeg.

Annual report. Ex^. '98, '02-'06, '08, '09.

Manual training magazine. Chicago; Peoria. 111. Ft. W. 10+: G. 10+

I. U. 6+: L. P. 10+: N. H. '11+ : P. 9+: S. X. 1+ : T. H. 9+.

Marconigraph. New York. Ft. W. 1+ .

Marine biological laboratory. Woods Hole, Mass.

Lectures. I. U. 1-7: S. N. '93-'99||.

See Biological bulletin.

Market growers' journal. Louisville, Ky. Exp. 1, 2, 3*, 4-7, 8*, 9+.

Maryland agricultural college. College Park, Aid.

Quarterly. Exp. 1-3, 5-21, 23-37, 46-48, 50+.

Maryland. Agricultural experiment station. College Park.

Annual report. Exp. 1+ : P. 1+ .

Bulletin. D. 58, 60: Exp. 1+ : P. 1+ : S. L. '98-'09.

Special bulletin. Exp. '89-'90.

Maryland. Geological survey.

Report. E. 1-6, 9: I. U. 1: P. 1+ .

Maryland (state) horticultural society. College Park.

Annual report. Exp. 2-4, 6-13.
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Maryland. Statistics and information, Bureau of. Baltimore.

Annual report. Exp. 'lO-'ll.

Maryland weather service. Baltimore, Yid.

Report. E. 2: Exp. 2: P. n. s. 1+ : S. X. n. s. 1+ .

Special publications. X. D. -3.

Massachusetts agricultural college. Boston, Mass.

Annual report. Exp. '92-'94, '97-'01, '04.

Massachusetts. Agricultural experiment station. Amherst; Hatch station.

Annual report. Exp. 1+ ; X. D. 19-22, 24+: P. 2, 3, 8+.

Bulletin. Exp. 1+ : X. D. 1C0-1(!6, lOS. 110-121, 123-135, 138+ : P. 1+ .

Massachusetts. Agricultural experiment station. State station.

Annual report. Exp. 1-25: P. 1-12.

Bulletin. Exp. 5, 7-56: P. 1-45, 47-49. 51, 52, 54-56.

Meteorological observations. Exj). l-f-: P. 234+.

Special bulletin. Exp. 1-6.

The Hat;h station and the State station were combined in 1896.

Massachusetts agricultural society.

Roport.s. X. D. 1 + .

Massachusetts. Agriculture, State board of.

Annual report. Exp. '53+: X. D. 10, 11+: P. '55, '86-'09: H. P. 4. 29.

Bulletin. E.\p. 1+ : P. 1+ .

Crop report bulletin. E.xp. 23+ .

Xature leaflets. Exp. 1+ .

Massachusetts. Cattle commissioners. Board of. Boston

Annual report. Exp. '99-'01.

Massachusetts (state i forester.

Bulletin. P. 1,3-5.

Report. P. 5+.

Massachusetts fruit growers' association.

Annual report. Exii. 12-17.

Massachusetts. Health, State Board of.

Annual reports. R. P. 1-11, 23: P. 1-7. 11. 18, 20-29, 32+.

Massachusetts. Highwaj- commission.

Report. P. 1, 4, 7-14, 17+.

Massachusetts horticultural society. Boston.

Transactions. Ac. '92-, '93'' -, '94'' =, '95'-^ '96'-^ '97'' =, '98'' -, '99'' ~,

'00-. '032, '04' -. '05'
-K '06-'09, '10'' =, '11', '12'+: Exp. '88, '89, '90.

'91 + : P. '83 '9.5.
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Massachusetts. Zoological and botanical survey, Commissioner of.

Report. X. D. '41: N. H. '41.

Master car builders' association. New York.

Proceedings. P. 1-6, 9, 11, 13-24, 26-37, 39+.

Materia medica or Pharmacology and therapeutics. Springfield. D. 1*.

Mathematical gazette. London, England. I. U. 1+: S. N. 4+.

Mathematical magazine. Washington, D. C. I. U. 1 : W. 2.

Mathematical messenger. Ada, La.; Tyler, Tex. I. L'. 4-7.

Mathematical monthly. Cambridge, Mass. I. U. 1-3: P. 1-3: R. P. 1-3.

Mathematical questions and their solutions. London, England. I. L'. 1-75;

n. s. 1+ .

Mathematical review. Worcester, Mass. I. L'. 1*, 2*.

Mathematical visitor. Erie, Pa. I. U. 1, 2.

Mathematico-physical society of Tokyo, Japan.

Journal. I. U. '11.

Mathematische Annalen. Leipzig, Germany. R. P. 1+: P. 1+ : I. L^. 1+ .

Mathematische und naturwissenschaftliche Berichte aus Ungarn. Budapest,

Hungary. Ac. 1-12, 14-26'-': I. U. 1+ .

Mathesis, recueil mathematique. Ghent, Belgium. I. U. 1-17, 19+ .

Mechanics. See Engineering mechanics.

Mechanics. N. D. 13, 14, 16, 18, 19.

Mechanics' magazine. London, England. X. H. 1-15, 19, 20.

Mechanics' magazine and register of invention and improvement. New York.

X. H. 1-4.

Medical adviser. London, England. X". H. 1-5.

Medical age. Detroit, Mich. D. 1*, 2*, 3*, 4-6, 7*, 8, 9*.

Continues from Michigan medical news q. v.

Medical and surgical joui'nal. Edinburgh, Scotland. D. 33-36, 38-52.

Continued as Medical journal q. v.

Medical and surgical journal. London, England. D. 1-8.

Medical and surgical monitor. Indianapolis, Ind. L U..7+: S. N. 8-10.

Medical and surgical reporter. Burlington, X'. J.; Philadelphia, Pa. D.

24*, 27*, 39*, 45*, 46*, 47, 57*, 58*, 62*: P. 50-53*.

Medical brief. St. Louis, Mo. D. 4*, 5-12, 13*, 14-19, 20*, 21*: P. 14-24*

Medical gazette. New York. D. 8*, 9*, 10*.

Medical gleaner. St. Louis, ]\Io. D. 1.

Medical investigator. Bloomington, Ind. I. V. 1.

Medical journal. Edinburgh, Scotland. D. 1, 2*, 3, 5, 7, 8*, 9, 10, 11*, 12*.
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Medical monitor. See Central states.

Medical news. Philadelphia, Pa. D. 31-35, 36*: I. V. 52-55: N. D. 27-30:

N. H. 30*, 31*, 32*, 37*-39.

Vols. 1-37 were called Medical news and library; vols. 38-39 Medical news and abstract.

Medical news and library supplement. Philadelphia, Pa. D. 379-383.

Medical record. New York. Exp. 77-i-: I. U. 24, 25, 29-36, 43-56: M. 13-41.

Medical review of reviews. New York. Exp. 15, 16: P. 7-12*.

Medical science. See Journal of Medical science; also Monthly journal of

medical science; also Quarterly journal of medical science.

Medical standard. Chicago, 111. P. 17, 18*.

Medical world. New York; Philadelphia, Pa. D. 1*, 3*-6*, 7, 8, 9*: P.

8, 11, 13, 14*.

Mennonitische Rundschau. Scottsdale, Pa. Kxp. 33*, 34*, 35*, 36*+.

Merck's bulletin. New York: London, England. P. 2-4*.

Merck's annual report on medical preparations. New York. N. D. 10+:

P. 4, 6+.

Meriden (Conn.) scientific association.

Transactions. Ac. 1-6.

Messenger of mathematics. London; CamV)ridge, England. D. 1-22: I. U.

n. s. 1-23: R. P. 1+ : S. N. 26-36.

Continues Oxfprd, Cambridge and Dublin messenger of mathematics q. v.

Metal industry. New York. Ft. W. 2+.

Metallographist. Boston, Mass. See Iron and steel magazine.

Metallurgical and chemical engineering. New York. D. 2+: E. 7+: (J.

7+: I. IT. 1+ : N. D. 3+: P. 1+ : R. P. 1+ *.

Vols. 1 and 2 have title Electrochemical industry and vols. .3-7 have title Electrochemical

and metallurgical industry.

Mexico. Secretaria de fomento, colonizacion e industria de la Republica

Mcxicana. Mexico City.

Boletin del instituto geologico. Ac. 10-15.

Mexico City (Mexico). See Museo nacional.

Mexico (City) instituto medico nacional.

Anales. Ac. 11'-', 121- -.

Mexico. Estacion agricola experimental de Ciudad Juarez.

Bulletin. Ex-p. 1+ .

Mexico rubber planters' association.

Yearbook. Exp. '07, '08.

Meyer brothers' druggist. St. Louis, Mo. N. D. 23*-33*: P. 12, 15, 17, 18,

22, 28+.
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Michigan academy of science. Lansing.

Bulletin. P. 1-3*.

Report. I. r. 7+: N. D. 1+ : P. 1+: S. L. '94.'00, '02+.

Michigan agricultural college. Zoology and physiology, Department of.

Special bulletin. N. D. '12+.

Michigan. Agricultural experiment station. East T.,ansing.

Annual report. Exp. 1-5, 8+.

Bulletin. D. 45, 76, 125, 146-147, 218, 222-224, 232, 250-252, 258,+ : Exp.

1+: N. D. 260, 267+: P. 1-144, 146+

.

Elementary science bulletins. Exp. 1+ : P. 1, 2, 4+.

Special bulletins. D. 7, 29, 32, 44, 54, 59+: Exp. 2, +5, 7+: P. 1+ .

Technical bulletins. D. 5-7, 11+: Exp. 1+ : P. 1+ .

Michigan. Agriculture, State board of. Lar sing.

Annual report. D. 15-17, 25, 26, 28-30, 35-37, 39, 49+: Exp. 3-7, 9-11,

14-20, 23-31, 33+: P. 6, 7, 10-14, 17-19, 23, 25-37, 39+: R. P. 25, 26.

28-30.

Biennial report. Exp. 1.

Cjntinues Michigan (state) agricultural sDc'ety q. v.

Michigan (state) agricultural society. Lansing.

Transactions. Exp. 1, 3-8, 11: P. '50, '52, '.58, '.59: S. L. '52, '57.

Continued by Michigan. Agriculture, State board of. q. i.

Michigan (state) association of farmers' clubs. Metamora.

Annual report. Exp. '05-'12.

Michigan. Dairy and food commissioner.

Report. P. '03, '05+.

Michigan dairy farmer. Detroit. Exp. 2*, 3, 4*, 5+.

Michigan dairymen's association.

Annual report. Exp. 7-9, 12: P. 15.

Michigan fish commission. Lansing.

Bulletin. Exp. 2.

Michigan engineering society.

Michigan engineer. P. 1-2, 4-5, 11-29: R. P. '94-'96.

Michigan. Forestry commission.

Report. Exp. '88: P. 1+ *.

Michigan. Geological survey. Lansing.

Report. E. '01, '03-'06: N. D. '06: N. H. 1: S. N. '07.

Michigan. Health, State board of. Lansing.

Amiual report. Exp. 4, 13-18, 20-22, 24-28: P. 1-33, 35+: R. P. '85.
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Michigan (state) horticultural society. Lansing.

Annual report. D. 10-21: Exp. 10-16, 18-21, 36-41: P. 10-18, 40+: S. L.

10+.

Prior to 1880 known as the Michigan (state) pomological society q. v. The volume numbers

of the reports are continuous.

Michigan. Live stock sanitar\- commission. Stanton.

Biemiial report. Exp. 2-13.

Mich gan (state) pomological society. Lansing.

Annual report. D. 3, 5-9|| : Exi?. 3-91 : P- 2, 6, 8, 9|1 : S. L. 1-9||.

In 1880 the society took the name of the Michigan (state) horticultural society g. v.

Michigan medical news. Detroit. D. 1*, 2*, 3*, 4, 5*.

Continued in Medical age g. t.

Michigan imiversity. Clinical society.

Transactions. I. U. 1+ .

Michigan university. Engineering society.

Tcchnic. P. 2, 3, 5, 7-22.

Michigan university. Museum of natural histor}-. Ann Arbor.

Report. S. L. '12.

Michigan university. Botany, Department of.

Hulletin. N. D. n. s. 7*.

Michigan (state) veterinarian. Lansing.

Biennial report. Exp. 6.

Microscope, The. Washington, D. C. X. D. 6*, 7, 8*-10*, 11, 12*; n. s. 1*,

2*, 3, 4*.

Microscopical bulletin and science news. Philadelphia, Pa. Ac. 6'~^ 7', 14-.

1.5-, \1\ 18'- =: X. D. 2*8*, 9, 10, 11*, 1 *, 24*.

Milchwirtschafdiches Zentralblatt. Leipzig, Germany. Exp. 6, 7, 41+ .

Milch Zeitung. Leipzig, Ciermany. Exp. 18, 39, 40.

Milwaukee (Wis.). Public museum.

Reports. Ac. '98+.

Mind. London, England. B. n. s. 10+: L U. o. s. 1-16; n. s. 1+ : P. n. s.

17+: S. X. 1+ : W. .5-18.

Mind and body. Milwaukee, Wis. G. 17+: L V. 1-16, 18+: S. X. 1-13, 15+.

Mineral industry. Xew York. L U. 1-6: P. 9-15: W. 12,

Mining and engineering world. Xew York. Ft. W. 38+.

Minnesota academy of natural sciences. Minneapolis.

Bulletins. Ac. 2'-^ 3': P. 3*.
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Minnesota. Agricultural experiment station. St. Paul.

.Ajinual report. D. 12: Exp. '93+: P. '88, '94-'96, '98+.

Biennial report. Exp. '88-'92.

Bulletin. D. 39, 46, 51, 89-91: Exp. 1+: P. 1+ .

Minnesota (state) agricultural society. Hamlin.

Annual report. Exp. '00-'07, '09, '10.

Minnesota and Dakota farmer. Brooking, S. D. Exp. 3*, 4, 5*.

Minnesola dairymen's association.

Annual report Exp. '93, '01 : P. 03, '04.

Minnesota (state) entomologist.

^Minnesota insect life. P. 1+ .

Minnesota. Fire warden, Cliief

.

Amnial report. S. N. '99, '00, '02.

Minnesota (state) food and dairy commission. St. Anthony Park.

Biennial report. Exp. 5, 7.

Minnesota. Forestry commissioner.

Report. P. 1-2, 4-8, 11, 12, 14, 16.

Minnesota. Geological and natural history survey.

Miimesota botanical studies. Exp. 1+ : N. D. 1+: P. 1+ .

Minnesota plant studies. fJxp. 1-4: X. D. 1+: P. 1+ .

Report. E. 1-5: N. D. 1,3, 5,8+: N. H. 4, 5, 8, 11: P. 1-4.

Minnesota. Health, State board of.

Annual report. P. '74, '75, '78-'86.

Minnesota (state) horticultural soc ety. St. Paul.

Report or Transactions. D. '66-'73, '82-'85, '87-'89, '92-'94: Exp. '84

'86-'89, '92, '95-'01 : S. L. '92, '94, '95.

Minnesota northeast experiment farm.

Report. Exp. '06.

Minnesota. Stallion registration board. St. Anthony Park.

Bulletin. Exp. 1-3: P. 1+ .

Minnesota university. [Minneapolis.

Minnesota botanical studies. Exp. 1+ : N. D. 4+: S. N. 1, 2.

Minnesota university. Society of engineers.

Yearbook. P. 1, 4, 5, 8-17.

Minnesota university. Sea side station.

Postelsia. D. 1: T. U. 1, 2: P. 1, 2.

20—1019
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Minnesota. Waterways commission.

Reports. P. 1+ .

Miramichi (Xew Bi-unswick) natm-al history societj'.

Proceedings. X. D. 4, 6+.

Mississippi. Agricultural experiment station. Agricultural college.

Annual report. D. 12, 13: Exp. 1+: P. 1-8, 10, 13, 1.5+.

Bulletin. D. 50, 66, 73, 76, 79-80. S3: Exp. 1-37, 39-45, 47, 49-84, 86-96

98-152, 15 +: F.1+ : S. L. '09-'10*.

Technical bulletins. Exp. 1, 2: P. \ + .

Mississippi. Geological survey.

Bulletin. P. 8.

Mississippi river power company.

Bulletin. X. D. 1-7.

Mississippi valley horticultural society.

Transactions. D. 1, 2: P. 1, 2.

See American horticultural society.

See American liorticultural society.

Missouri. Agricultural ex])eriment station. Columbia.

.\nnual report. Exp. '88, '96-'04, '10-f: P. '96-'99, '01-'03.

Bulletin. D. o. s. 6: E.vp. o. s. 1-8, 10-12. 14. 19, 21-24, 29-35; n. s. l-f-

P. o. s. 4, 5, 24-35; n. s. 1 + : S. L. '99-' 11.

Research bulletin. Exp. 1-|-: P. l + .

Missouri agricultural farmer. Cohmibia. Exp. 5*, 6, 7*, 8, 9*, 10-|-.

Missouri. Agriculture, State board of. Crescent.

Annual report. E.\p. 16-20: R. P. '89-'90: P. 13, 15, 20, 35-41, 43-^.

Missouri botanical garden. St. Louis.

Reports D. 5-8, 10-h: E. 1-12. 14: Exp. 2+: (1. 1-11: I. V. 1-21, 23-f-:

N. D. l+: S. L. 1-1-.

Missouri (state) corn growers' association.

Annual report. Exp. '11.

Missouri farmer and breeder. Columbia. Exp. 2*, 3*.

Missouri. Food and drug inspection. Department of.

Bulletin. P. 3.

Report. P. '09-'10.

Missouri (state) fruit experiment station. Mountain Grove.

Biennial report. P. '03-f

.

Bulletin. E.xp. 1-5, 7-8, 10-f: P. 1, 5-21.

Missouri. Geological survey (organized 1853). Jefferson City.

Annual report. X. D. H-: X. H. 1, 2: S. X. 10.
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Missouri. Geology and mines, Bureau of.

Biennial reports to the general assembly. P. 'Cl-'08.

Report. E II. 1-10: P. 1.3; II. 1+ .

Missouri. Horticulture, St te board of.

Annual report. Exp. 1-5: N. D. 1+ : P. 1-3: S. L. '07, '09, '10.

Missouri (state) horticultural society.

Proceedings. Exp. 68-72.

Report. D. '83, '87, '90, '91, '95-'97: Exp. '80, '81 '83-'88, '89, '91, '93,

'95, 97-'01, '06-'ll: P. '80, '81, '83-'87, '92, '95, '99, 01 -'06: S. L

'86, '94, '03, '04.

Missouri pharmaceutical association. St. Louis.

Proceedings. X. D. lO-'ll.

Missouri uniA-ersity. Columbia.

Bulletin. Medical series. S. L. 1+ -

Science series. X. D. 1 + : P. 2+: S. L. 1*,2*.

Studies. P. 1, 2: R. P. 1, 2.

Social science series. R. P. 1.

Science series. I. U 1+ : P. 1+ .

Mittheilungen iiber dimgungsversuche. Berlin, Germany. Exp. 1, 2.

Modem electrics. Detroit, Mich. G. 5+.

Modem medicine. X. D. 2*.

Modem miller. St. Louis, Mo. Exp. 34*, 35*, 36+.

Molkerei Zeitung. Berlin, Germany. Exp. 20, 21*, 22+.

Molkerei Zeitung. Hildesheim. Exp. 25*, 27+.

Monatshefte fur Mathematik und Physik. Vieima, Austria. I. U. 20+.

Monde des plantes. Le Mans, France. X. D. II. 14+.

Monist. Chicago, 111. I. U. 1+ .

Moniteur du jardin botanique de Tiflis (Russia). X. D. 25+.

Montana. Agricultural experiment station. Bozeman.

Annual report. D. 10, 11: Ex-p. 1+ : X. D. 19: P. 1+ : S. L. '02-'04, '06-'09,

'U.

Bulletin. D. 52, 54, 55: Ex-p. 1+: P. 1+ : S. L. '07+*.

Montana college of agriculture and mechanic arts. Bozeman.

Bulletin. X. D. 89+.

Science studies. X. D. 1: P. 1*.

Montana (state) entomologist. Bozeman.

Annual report. Ex-p. 1-9.
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Montana. Health, State board of.

Biennial report. P. '11, '12.

Bulletin. P. '12+.

Montana. Horticulture, State board of. Missoula.

Biennial report. Exp. 1, 2, 4, 6: S. L. '00, '04, '06, '08.

Montana (state) horticultural society. Missoula.

Proceedings. Exp. 10, 12, 13.

Montana. Sheep commissioners, Board of.

Annual report. P. '09+.

Montana university. Missoula.

Bulletin biological series. P. 15.

Montevideo (Uruguay). See Mliseo nacional.

Monthly abstract of medical science. Philadelphia. I). 1*, 2, 3*, 4*, 5*: N.

H. 1, 3*, 4, 6*.

Continued in Medical news q. i<.

Monthly evening sky map. New York. M. 4+.

Monthly journal of medical science. Edinburgh, Scotland. D. 8-12, 14, 15.

Monthly microscopical journal. London. R. P. 1-18||: \V. 1-1£||.

Continued as Royal microscopical .society. Journal, q. v.

Montreal (Can.) horticultural society.

Annual report. Exp. '77-'83, '85-'87.

Morphologisches Jahrbuch. Leipzig, Germany. L U. 1+ .

Motor. New York. Ft. W. 16, 18+: O. 19+.

Muhlenbergia. Reno, Xev. N. D. .5+ .

Miinchener n.edicinische Wochenschrift. .^'uIlich, Ciernirny. 1. V . 53+.

Munich (Germany). See Koniglich bayerische etc.; Ornitholcgische (Jcscll-

schaft.

Municipal engineering. Indianapolis, Ind. (i. 36+: N. D. 12, 14: P. 2+:

R. P. 22-29,33+.

Continues Paving and municipal engineering q. v.

Municipal journal and engineer. New York. Ft. W. 30, 32+: G. 34+: M.

10+: R. P. 28+.

Museo de la Plata. Buenos Aires, Argentine Republic.

Anales. Ac. IL !' -.

Revista. Ac. 11-17: N. D. 18+.

Museo de la Plata. La Plata, Argentine Republic.

Anales. Seccion paleontologica. Ac. 5.

Seccion botanica. .Vc. 1.
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Museo nacional. Buenos Aires. Argentine Republic.

Anales. Ac. III. 4+.

Communicaciones. Ac. l*"'".

Museo nacional de historia natural. Mexico City, Mexico.

La naturaleza. Ac. 7»«-'«; II. !»-'• * • '• »•, 2"- ", 3»-'»; III. 1 =. : X. D.

III. l:-f

.

Museo nacional. Mexico City, Mexico.

-\nales. Ac. 4' -.

Museo nacional. MonteWdeo, Uruguay.

Anales. Ac. 2, 3; II. 1', 4': X. D. 7+.

Museu Goeldi de historia natural et ethnographia. Para, Brazil.

Boletin. Kxp. 4-6: X. D. 6+: P. 4*, o*.

Museu nacional. Rio Janiero. Brazil.

Archives. Ac. 11-15.

Museu paiilista. Sao Paulo, Brazil.

ReA-ista. Ac. 4-8.

Museum news. BrookljTi. X. Y. .S. L. 3—.

Museum national d'histoire naturelle. Paris. France.

Annals. X. H. 1.

Archives. I. U. o.

Bulletin. Ac. 11+.

Museum of foreign literature, art and science. Philadelphia. Pa. X. H.

19-20, 22-23, 39, 47-48, 56-57, 65: W. 2, 4-7, 12, 23-24.

Museum of natural histon.-. Springfield, Mass.

Reports. Ac. '95, '96, '08, '10-'12.

Mycologia. Lancaster, Pa. D. 1— : Exp. 1— : I. U. 1— : S. X. I-: V\
. 1-2.

Mycologisches Centralblatt. Jena. Germany. Exp. 1+.

Mysore. Agricultiu-e, State department of. Bangalore.

Bulletin. Exp. 1, 2.

Entomological series. E.\p. 1, 2.

General series. Exp. 1, 2.

Mycological series. Exp. 1.

Report of the agricultural chemist. Exp. 2-7, 9.

Naples (Italj'). See Zoologische Station.

Xapoli (Italy) X'niversita. Orto botanico.

Bullettino. X. D. 1+.

Nashville I'Tenn.) journal of medicine and siu-gery. X. H. 9-11, 12*.

Nassauischer Verein fur Xaturkimde. Wiesbaden. Germany.

Jahrbueher. Ac. '99—.
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Natal (South Africa) agricultural journal. Maritzburg. Exp. 7-9, 11-13,

14*, 15*

Natal (South .Africa). Agriculture, Department of. Maritzburg.

Annual report. Exp. '02, '04-'06.

Natal (South Africa). Entomologist.

Report. Exp. 1, 2, 5.

National academy of sciences. Washington, D. C.

Annual. P. '63-'66.

Biographical memoirs. I. U. 2, 3, 5+: P. 6: T. H. 2-5,

Memoirs. I. U. 2+: X. D. 8*, 10*: X. H. 6, 8: P. 1+: R. P. 10+: S. L.

2-10: S. X. 3, 10+: W. 1+ .

Report. P. '63, '82+: S. X. '83-'89, '91. '94, '03. '07.

National association of boards of pharmacj'.

Proceedings. X. D. '11: P. 5+.

National builder. Chicago. HI. X. H. 44+.

National conservation association.

Bulletin. P. 3.

National conservation commission.

Bulletin. P. 4.

National conservation congress.

Addresses and proceedings. S. L. '09-'ll.

National creamery buttermaker's association. Elgin. 111.

Annual report. Exp. '00, '02.

National dairy union. Chicago, 111.

.Viinual report. E.xi). '94.

National druggist. St. Louis, Mo. P. 18-22, 24, 26-31, 36+.

National eclectic medical association. Rochester, X. Y.

Transactions. S. L. '70, '71.

National electric-light association. Xew York.

Proceedings. P. '85-'90, '91, '93+.

National engineer. Chicago, III. S. L. 14*, 15+.

National farmer and stockgrower. St. Louis, Mo. Exp. 21-26.

National fertilizer associations. ^liddle west soil improvement committee.

Chicago, 111.

Bulletin. Exp. 1-5.

National fruit grower. St. .Joseph, Mich. Exp. 10*, 14*.

National geographic magazine. Washington. D. C. E. 15+: Ft. W. 18*,

19+: G. 17+: I. U. 8, 10-14, 16+: M. 20+: X. D. 18+: P. 18+: S. N.

1+: T. H. 7+.
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National hay and grain reporter. Chicago, 111. Exp. 14*, 15+.

National hay association.

Annual report. Exp. 9-11.

National grange of the patrons of husbandry. Tippecanoe City, O.

Circulars. Exi?. 1, 3-7.

Journal of proceedings. F,xp. '07, '09, '10.

National irrigation congress.

Proceedings. S. L. '91+ : S. N. 12.

National live stock association.

Annual report. Exp. '98+: P. 2, 5-6, 8+.

National live stock journal. Chicago, 111. Exp. 3*, 5, 6*, 7, 8*, 10-12: S. L.

'71-'88.

National museum. Melbourne, Australia.

Memoirs. Ac. 1-3.

National nurseryman. Rochester, N. Y. Exp. 15*, 16, 17*, 18, 19*, 20+.

National nut growers' association. St. Louis, Mo.

Proceedings. Exp. 2, 3, 5, 6, 8.

National poultry organization society. London, England.

Quarterly journal. Exp. 4*, 5*, 6*, 7+.

National stockman and farmer. Pittsburg, Pa. Exp. 18-20, 32*, 33+.

Naturae novitates. Berlin, Germany. N. D. 27*, 29*, 32*, 34+ .

Natural history society of Glasgow (Scotland).

Transactions. Ac. 5-- ', 6'' -, 7^ 8-.

Natural history society of New Brunswick. St. Jolms, New Brunswick.

Bulletin. Ac. 4^. 5>' ^ &'-': N. D. 6+.

Natural science. London and New York. D. 1: L U. 1-15||: S. N. 1-15||.

Naturalist. London, England. N. D. '96-'98, '00.

Naturaliste canadien. Quebec, Canada. Ac. 24«-9' '", 25-28, 29'-^- "-'-, 30,

31, 321-3. 8-10, 12 33.35, 36>. 2. 4-n 37, 381-4, e. «-i2 391-9. ]v- j) 7, 9^

10-13, 15-17, 20, 21, 23, 24, 26, 36+.

Nature. London and New York. B. 13-46, 48+: D. 37+: Exp. 39, 40*, 41,

86+: F. 50-58: I. U. 1+ : N. D. 53-71: N. H. 1-50: P. 1+ : R. P. 1+ :

S. N. 1+ : T. H. 1+: W. 1+ .

Nature. Paris, France. R. P. 1+ .

Nature notes. London, England. N. D. 8.

Nature study review. New York. F. 6+: G. 1+ : N. D. 5+: P. 4+ : S. N.

1+: W. 1+ .

Naturen. Bergen, Norway. N. D. 37+.
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Naturforschende Gesellschaft. Basel, Switzerland.

Vorhandhingen. Ac. 8^ 9'- \ 10>' ^ 11-19, 20l-^ 21, 22.

Naturforschende Gesellschaft. Bern, Switzerland.

:\Iittheilungen. Ac. 1073, 1769.

Naturforschende Gesellschaft. Luzern, Switzerland.

Mittheilungen. I. U. 1, 2.

Naturforschende Gesellschaft in Zurich (Switzerland).

Vierteljahrschrift. Ac. 43'-*, W- -, 45+: X. D. 57+.

Naturforschender Verein in Brunn (Austria).

Verhandlungen. N. D. 4t.

Naturfreund. St. Petersburg, Russia. X. D. '12+.

Naturhistorische Gesellschaft zu Hannover (Germany).

Jahresboricht. Ac. 44-59.

Naturwissenschaftlich medizinischer Verein in Innsbruck (Austria).

Berichte. Ac. 14, 15, 17, 18, 27-33.

Naturwissenschaftlicher Verein zu Bremen (Germanj').

Abhandlungen. Ac. 14', IS^' ^ 16'-». 17'- =, 18'- =. 19^ 20'- =. 21+: X. D.

21+ .

Naturwissenschaftlicher Verein. Fr;udvfort-on-the-Odcr, Germany.

Helios. X. I). '13+.

Naturwissenschaftlicher \'orein in Hamburg (Germany).

Abhandlungcn. Ac. 19''^\

Verhandlungen. Ac. III. 10-18.

Naturwissenschaftlicher Verein fiir Schwaben und Xeuburg. .\ug.sburg.

Germany.

Berichte. Ac. 33-40.

Natyrkundig Tydschrift. See Koninklyke natuurkundige Vereeniging in

X'ederlandsch-Indie.

Nautilus. Boston, Mass. X. I). 15+.

Nebraska. Agricultural experiment station. Lincoln.

Annual report. Exp. 1+ : N. D. 26+: R. P. 16, 19, 21, 23: S. L. '91+ *.

Bulletin. D. 19, E.xp. 1, 2, 4-45, 46*. 47-132, 134+ : N. D. 123-130, 135+

:

R. P. 38+: S. L. '91+ *.

Research bulletin. D. 1: Exp. 1: X. D. 1+: P. 3.

Nebraska. Agriculture, State board of. Lincoln.

Annual report. Exp. '83-'91, '93-'03, '05-'10.

Nebraska dairymen's association.

Aimual report. Exj). 11, 15, 17-25.

t Contains Gregor Mendel's original paper on plant hybrid.«.
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Nebraska farmer. Lincoln. Exp. 42*, 43*, 44*, 45+.

Nebraska. Farmers' institute convention. Lincoln.

Annual report. Exp. '06, '09.

Nebraska (state) horticultural society. Lincoln.

Annual report. Exp. '85, '86, '89-'93, '95, '97, '00+: F. '72: P. '11+ : S.

L. '89, '90, '92-'98.

Nebraska horticulture. Lincoln. Exp. 1*, 2*, 3+.

Nebraska university. Lincoln.

Studies. I. U. 3, 4: N. D. 8, 10, 11+ : P. 1-4*: R. P. 2+.

Neues Jahrbuch fiir Mmeralogie, Geologic, und Palaeontologie. Stuttgart,

Germany. I. U. 9+.

Beilage. I. U. 6-32.

Neurologisches Centralblatt. Leipzig, Germany. I. U. 1+ .

Nevada. Agricultural ex-periment station. Reno.

Annual report. Exp. 1+ : P. 4, 5, 14, 16+.

Bulletin. D. 28, 35: Exp. 1+: P. 1-11, 13+: S. L. '08*, '09*.

Nevada. Health, State board of.

Biennial report. P. '03+.

Nevada public service commission. Carson City.

Report. N. D. 2+.

Nevada railroad commission. Carson City.

Report. X. D. 5+.

Nevada university. Reno.

Studies. L U. 1+ : P. 1+ .

New Albany (Ind). medical herald. P. 15, 16*.

New England association of chemistrj- teachers,

Armual report. Exp. 28.

New England farmer. Boston. S. L. 1-14.

New England zoological club. Cambridge, Mass.

Proceedings. Ac. I'-'"'
^9-64

New Hampshire. Agricultural experiment station. Durham.

Annual report. Exp. 1-4, 6+: P. 2+.

Bulletin. D. 23: Exp. 1+: X. D. '13+: P. 1+: S. L. '10+.

Nature leaf study. Exp. 1-4.

Scientific contributions. Exp. 1+: X. D. 5+: P. 1+.

Technical bulletin. Exp. 1+: P. 2-6.

New Hampshire (state) agricultural society.

Transactions. Exp. '50-'52, '55-'58: S. L. '50-'52, '57-'59.
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New Hampshire. Agriculture, State board of. Concord.

Annual report. Exp. 5, 7. 9-16: P. 2, 5-18, 21+ .

New Hampshire. Forestry commission.

Report. P. '85, '99, '01-'04, '09+.

New Hampshire forests, Society' for the protection of.

Report. P. 7, 8.

New Hampshire. Health, State board of. Concord.

Annual report. P. '84, '85, '87-'06.

Sanitary bulletins. Exp. 5*.

New Hampshire horticultural society. Dvu-ham.

Annual report. Exp. '07, '08: P. '07+.

New Jersey. Agricultural experiment station. Xew Bi'unsw ick.

Annual report. Exp. 1-29, 31+ : P. 1+ .

Bulletin. Exp. 2-244, 24fi+: P. 11, 14, 19 2U. 22-24, 20. 27, 29-36. 38+:

S. L. '98-'02*.

Reports of the soil chemist aiul bacteriologist. Exp. '92, '06-'09.

Special bulletin. Exp. A-R, T: P. A, C, E, G, I-T.

New Jersey. Agriculture, State board of. Trenton.

Annual report. Exp. 6, 15.

New Jersey. Forest Park reservation commission.

Report. P. 1+ .

New Jersey. Cieological survey.

Annual report. E. '84-'90, '92-'09, '11+ : X. D. '84-'90, '93+: N. H.

1, 2: R. P. '69-'71, '75, '77-'82, '85-'90: S. X. '88-'95.

Bulletin. X. D. 3+ : H. P. 2+.

Final report of the state geologist. E. 2-4: X. D. 5, 7+.

Water supply report. X. D. '94.

New Jersey. Health, State board of. Trenton.

Annual re])ort. Exp. 22-35: P. 11, 20+.

New Jersey (state) horticultural society. Riverton.

Report. Exp. 12-14, 19, 32-36: P. 27-29.

New Jersey (state) live stock commission. Xew lirunswick.

Annual report. Exp. 1, 2.

New London Mechanics' register and magazine of science and the useful arts.

London, England. N. H. 1, 2.

New Mexico. Agricultural experiment station. Mesilla Park.

Annual report. Exp. 1+ : P. 1+ .

Bulletin. E\j). ] + : X. I). 3, 13, 29. 30, 44. ofi, 59+: P. 1+ .



315

New Mexico university. Albuquerque.

Bulletin. Biological series. Ac. 3'-- '^, 4'.

Catalogue series. Ac. 16-18, 20.

Educational series. Ac. V- *.

Geological series. Ac. 3^

Language scries. Ac. 1'' '-.

Physics series. P. 1*.

New Orleans (La.). Sewerage and water board.

Report. P. 15+ .

New phytologist. London, England. Exp. 10+: I. V. 4-8, 10+.

New preparations. Detroit, Mich. D. 1*, 3.

Continued as Therapeutic gazette q. v.

New remedies. New York. D. 5, 6*: P. 7-12|i : R. P. 1, 2.

Continued as American druggist and pharmaceutical record q. v.

New South Wales agricultural gazette. X. D. 24+: P. 16+.

New South Wales. Agriculture, Department of. Sydney.

Bulletin. Exp. 1-4.

Farmers bulletin. Exp. +6, 11-13, 15-17. 19, 20, 27-31, 33, 35, 36, 38-40,

43, 45-47, 59, 62+.

Science bulletin. Exp. 1-6, 8: N. D. 7.

New South Wales. Agriculture and forests. Department of. Sydney.

Annual leport. Exp. '94, '95, '98, '00, '07.

New South Wales. Botanic gardens and government domains. Sydney.

Annual report. Exj). '07-'ll.

New South Wales. Geological survey.

Mineral i-esources. S. L. 6+.

New South Wales. Mines and agriculture. Department of. Sydney.

Annual report. Exp. '95.

New York City. See American institute; Central Park managerie.

New York (city) academy of medicine.

Transactions. P. IL 3-10.

New York (city) academy of sciences. New York.

.Vnnals. Ac. 3^ i", i'-^- ">-'-, 5-9, lO'-^^, 11, 13'-^^ 14>-^ 15'-\ 17+.

Transactions. Ac. 2»-8, 3, 4, 5'-«, 6-8, 9'-^, lO'-\ ll^-^.

New York (state). Agricultural experiment station. Geneva.

Annual report. Exp. 1+ : N. D. 1, 2, 3: P. 1+ .

Bulletin. D. n. s. 86, 94, 100, 101, 119, 120, 122-125, 130, 131, 133, 136,

138-140, 143, 144, 159, 161-164, 167. 170, 172: Exp. 1+: P. 1+.
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Meteorological observatory. Exp. '71 -'80, '89, '90, '92*, '93*, '95*, '97*,

'04*, '05, '06, '07*, '08*, '09, '10, '11, '12*+.

Technical bulletin. Exp. 1+: P. 1+ .

New York (state). Agricultural experiment station (Cornell). Ithaca.

Annual report. Ext?. 1-10, 12+: P. 1-5, 7-15, 16+.

Continued in Medical news q. v.

Bulletin. D. 142, 148, 155, 157, 163, 164, 168, 170, 172, 176, 180, 185-187,

190, 192, 193, 207, 208, 219 227, 233, 234, 239. 240, 249-251 254, 255:

Exp. 1-318, 321, 323, 320+: X. D. 94, 227: P. 1 + .

Cornell rural school. Exp. 1*, 2+.

Memoirs. P. 1+ .

New York (state) agricultural society. Albany.

Transactions. D. 9, 27: Exp. 8-13, 15-34, 43-46, 51-52: P. 10, 14, 25-27,

29, 30, 32-34, 57-59.

New York (state). Agriculture, Dci)artnicnt of. Albiiny.

Annual report of the commissioner. Exp. 2*, 3-10, 15-19: N. D. '11:

P. 5-7, 9, 11, 12, 15+.

Bulletin. Exp. 1, 2, 6, 9, 12, 14, 18, 21-29: P. 8, 9, 12-14, 16-18, 20-27,

29-35, 37-39, 41, 45+.

New York (state). Bargecanal. SecNew York (state). Consultingengineers,

Advisory board of.

New York (city) botanical garden. New York.

Bulletin. Ac. 7+: Exp. 1+ : N. D. 21.

Contributions. P. 90, 95.

Journal. Exp. 1*, 2*. 3*: P. 3*.

Memoirs. I. U. 4.

New York (state) college of agriculture. Ithaca.

Bulletin. N. D. 2, 12, 29, 37, 41, 42, 226, 229, 307.

New York (state). Consulting engineers, Advisory board of.

Bulletin. K. P. 1+ .

Report on barge canal. P. 1, 3+: P. P. '07.

New York (state). Dairy commission. Albany.

Annual report. Exp. 4, 6-8: P. 7, 9.

New York (state) dairymen's association.

Annual report. Exj). 6, 9, 11, 13, 30-34.

New York eclectic medical and surgical journal. New York. D. 5*, G, 7, 8*.

New York (state) engineer and surveyor.

Annual report. P. '00-'04: R. P. '03, '05+.
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New York (city) entomological society. New York.

Journal. Ac. 8'' ' \ 9'-*, 10'-^

New York (state) entomologist.

Report. Exp. 1, 2, 4-26: P. 1-2, 4-13, 15-26.

New York (state) farmers. New York.

Proceedings. Exp. '82-'13: S. L. '93+.

New York (state) farmers' institute. Albany.

Annual report. Exp. '00, '01, '07-'10: P. '01, '03-'05, '07+.

New York (state). Forest commission. Albany.

Annual report. Exp. '94.

New York. Forest, fish, and game commission. Albany.

Annual report. Exp. '98, '07-'10: N. H. 1-6: P. '02-'06.

Bulletin. P. 2, 3, 5.

New York. Forest preserve board.

Annual report. N. H. 4.

New York (state) fruit growers' association.

Annual report. Exp. 4-6, 8-10, 12+.

New York (state). Geological survey.

Annual report. P. 4-6, 9: R. P. '83.

New York (city). Health department. Research laboratory.

Annual. P. '02+.

Collected studies. I. U. 1+ .

New York (state). Health, Board of.

Annual report. P. '80-'05, '07+: R. P. '90.

Monthly bulletin. P. '07+.

New York (city) mathematical society. New York.

Bulletin. D. 1-3||: I. U. 1-3||: P. 1-3||.

Continued as American mathematical society q. v.

New York medical journal. New York. D. 12, 13, 14*, 15*, 16*, 17, 18*,

19-25: I. U. 78: P. 51-63, 74, 79-86*: T. H. 41-54, 67-70, 90+.

New York (city) microscopical society. New Y'ork.

Journal. Ac. I'' '-\ 2'' *-'' " ^a^ 3, 41-4^ 51-.^ 62-4^ 71, 2, 4

New York state museum. Albany, N. Y.

Annual report. Exp. '94, '95*, '96, '97*, '98: I. U. 22, 23, 39, 41, 45-62:

P. 20, 27-28, 41-43, 49*+: R. P. 13, 15-31.
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Bulletin. D. 38, 47, 54, 67. 68, 70, 75, 86, 94, 105, 116. 429, 450: Exii. 5,

13, 20, 23, 26, 27, 31, 36, 37, 46, 47, 53, 59, 64, 72, 74. 76, 79, 86, 97, 103,

104, 109, 110, 124, 129, 134, 136, 141, 147, 155, 156: I. U. 44, 69, 80, 85:

N. D. 158, 450, 470, 492, 493, 495, 496, 514+ : P. 40. 49-62. 64+.

Memoirs. X. D. 14*.

New York produce review and American creamery. Xew York. Exp. 23*.

29*, 30*, 31*, 34+.

New York (state). Public service commission—First district. Xew York

City.

Report. P. '07+: R. P. '08+.

New York (state). Public service commission—Second district. Albany.

Report. X. D. 6+: P. '07+.

New York railroad club.

Proceedings. P. '88+*: R. P. 11, 12.

New York (state) science teachers' association.

Proceedings. S. X". '07+.

New York state reservation commission of Xiagara. Albany, X. \

.

Report. X. D. 1-14, 17, 20+.

New York tribune farmer. Xew York. K.\p. 9*, 10*. 11*, 12+.

New York (statej veterinary college. Ithaca.

Abstracts of work done in laboratory. P. 1 + .

Report. Exp. '08-'ll.

New York (state). Weather bureau.

Annual report. I{. P. '93-'9G.

New York (state). Water supply commission.

Annual report. P. 4+.

Contract drawings and specifications. R. P. 1+ .

New Zealand. Agriculture, Department of. Wellington.

^Innual report. E.\p. 2-4, 7+: P. 13+.

Bulletin. Exp. n. s. 1-6, 8. 9. 11-15, 17. 20, 21, 23+.

Journal. Kxp. 1 + .

New Zealand, iiiology, Division of. Wellington.

Bulletin. Exp. 13, 14. 20, 22, 23.

New Zealand. Biology and horticulture. Division of.

Annual report. Exp. 12-17: P. '02-'09.

Bulletin. Exp. 3-19.

Technical papers. Exp. 1.

New Zealand. Biologj' and pomology. Division of.

Annual report. Exp. 4, 5, 8, 10.
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New Zealand. Chemistry, Division of.

Annual report. Exp. '03, '05, '07, '09.

Bulletin. Exp. 1, 2.

New Zealand. Dairying, Division of.

Annual report. Exp. '94, '95, '04, '05,

Bulletin. Exp. 7-14.

New Zealand. Live stock and meat, Division of.

Annual report. Exp. '10.

New Zealand. Poultry, Division of.

Annual report. Exp. '06.

New Zealand. Veterinary science. Division of.

Bulletin. Exp. 8, 12, 13, 15.

New Zealand dairyman farmers' union. Wellington.

Journal. Exp. 13*.

New Zealand experimental station. Wellington.

Annual report. Exp. '05, '08, '09.

Niles national register. Washington, D. C. N. H. V. 4-11.

Norske videnskabers selskab. See Kongelige norske, etc.

North American notes and queries. Quebec, Canada. Ac. 1'' ".

North Carolina. Agricultural experiment station. West Raleigh.

Annual report. Exp. 2+: P. 2-6, 7, 9+: R. P. 16-19, 23, 26-29.

Bulletin. D. 93, 94, 99, 100, 103, 105, 108, 138, 141. 144, 145, 174: Exp.

57+: P. 57+: R. P. 23-31, 93-194.

Meteorological reports. Ex-p. 5-9: P. 4, 7-8.

Special bulletins. Exp. 2, 6, 7, 9, 11, 12-15, 17, 19-22, 25-27, 29, 32, 35, 37,

38, 42-46, 51+ .

Technical bulletins. Exp. 1-7: P. 2-7.

North Carolina. Agriculture, State board of. Raleigh.

Bulletin. Exp. 21*, 22, 23*, 24*, 25*, 26*. 27*, 28*, 29*, 30-32, 33*, 34+:

P. 23+.

North Carolina. Crop pest commission. Raleigh.

Circular. Exp. 10, 11, 18, 19, 22, 23, 25, 26.

North Carolina farmers' institute. Raleigh.

Annual report. Yxp. '05-'O7, '09, '11, '12.

North Carolina. Geological and natural history survey.

Report. N. D. '67.

North Carolina. Health, State board of. Raleigh.

Bulletin. Exp. 2*. 3*. 4*, 16*.
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North Carolina student farmer. West Raleigh. Exp. 1*, 2*.

North Dakota. Agricultural experiment station. Fargo.

.\nnual report. Exji. 1+ : P. 1-9, 11+ .

Biennial report. Exp. 7+.

Bulletin. D. 52: Exp. 1+ : X. D. 87-89, 91, 94+: P. 1+ .

Reports Dickinson sub-ex-periment station. Exp. 1+ .

Reports Williston sub-experiment station. Exp. 1+ .

North Dakota. Agriculture and labor, Commissioner of. Bismarck.

Biennial report. Ex-p. 5, 7: P. 10+.

North Dakota magazine. P. 2*, 4*.

North Dakota better farming association.

Bulletin. Exp. 10, 12.

North Dakota (state) dairymen's association.

Annual report. Exp. 1, 16.

North Dakota. Geological survey.

Biennial report. I.U. 4+:P. 2+.

North Dakota (state) live stock association.

Annual report. Ex-p. 1-3.

North Dakota school of forestry.

Bulletin. P. 1.

North Dakota. Stallion registration board.

Bulletin. P. 1 + .

North Dakota university. Fargo.

Quarterly journal. X. D. 1, 2*, .3+: P. 1.

Nor^h Jersey society for the promotion of agriculture.

Proceedings. Exp. '11, '12.

Northwest fruit growers' association.

Proceedings. Exp. 7, 8.

Northwest horticulturist. Seattle, Wash. E.\p. 20=^, 21*, 22, 23, 24*. 2.5+.

Northwestern agriculturi^>t. Minneapolis, Minn. Exp. 23*, 24*.

Northwestern dairATnan. St. Paul, Minn. Exp. 1*, 2, 3*.

Nouvelles annales de mathematiques. Paris, France. I. U. 9+.

Nova Scotia farmers' association.

Proceedings. Exp. 14, 15.

Nova Scotian institute of natural science. Halifax.

Proceedings and transactions. Ac. 7-11, 12'-', 13'-*

Nuova notarisia. Modcna, Italy. X D. 24+.

Nuovo giornale botanico italiano. Florence, Italv. X. D. '12+.
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Nut grower. Waycross, Ga. Exp. 1*. 2*, 3*, 4*, 5*, 7-11, 12*+.

Nyt magazin for natur widenskaberne. Christiana, Norway. N. D. 49+.

Nyt Tidskrift flir Mathcmatik. Copenhagen, Denmark. I. U. 21 + .

Oberlin (O.) college.

Laboratory bulletin. Exj). 1-6, 8-10: P. 3, 11-15.

Wilson bulletin. Ac. 14+: Exp. 4-12, 14-29: P. 14+ .

Observatory. London, England. D. 8+: I. U. 7, 11-14, 23+: W. 16, 19, 21, 22.

Observer. Portland, Conn. N. D. 2*, 3, 4*.8*.

Continued as Popular science news q. v.

Obstetric gazette. Cincinnati, O. D. 1*, 2*, 3, 4*, 5, 6, 7*, 8, 9: P. 10-12*.

Obstetrical journal of Great I^ritain and Ireland with an American supplement.

Philadelphia, Pa. D. 5*, 6*: N. H. 1-7.

Ohio (state) academy of science. Columbus.

Annual report. Ac. '00-'06: I. U. 5.

Proceedings. X. D. 5*.

Special papers. Ac. 3-13.

Ohio (state) agricultural college. Columbus.

Agricultural extension bulletins. Exp. 1*, 2*: N. D. 1*, 2*+.

University bulletin. Exp. fi*, 8*, 15*, 17*: N. D. 8*+.

Ohio agricultural station. Columbus.

Bullethi. S. L. '97*+.

Ohio. Agricultural experiment station. Wooster.

Annual report. Exp. 1+: P. 1 + .

Bulletin. D. II. 3, 5-7, 12. 19-22, 25, 28 47, 49, 51-60, 62-70, 72-74, 76-88,

90, 91, 93-109, 111-122, 12+148, 150-155, 157-215, 218-224, 226-237,

240-248, 250+ : Exp. 1-40, 42-238, 240-248. 250-252, 256+: P 1+ .

Technical series. Exp. 1*: P. 1.

Ohio. Agriculture, State board of.

Annual report. D. 33: Exp. 11. 6, 9. 12-52, 54, .57, 59-61 : P. 5, 6, 18, 21-29,

31, 33-36, 55, 56, 58-63.

Official bulletin. P. 1-3.

Ohio cultivator. Columbus. S. L. 1, 2, 6, 10, 11.

Ohio. Dairy and food commissionei-. .Springfield.

Annual report. Exji. 10, 18.

Ohio (state) dairymen's association.

Annual report. Exp. 7, 13.

Ohio engineering societv.

Proceedings. P. 4-10, 12-13, 15-22, 25-28.

21—1019
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Ohio farmer. Cleveland. Exp. 123, 124*, 125, 126*, 127+ : S. L. 37-112.

Ohio. Farmers' institutes. Columbus.

Annual report. Exp. 6, 17: P. 7-17.

Ohio (state) forestry bureau.

Report. 2, 3, 5: I. U. 3, 4: P. 4.

Ohio. Geological survey.

Bulletin. P. IV. 1+: R. P. 1+ .

Report. D. 1-4, 6, 7: E. 1-3, 7: N. D. 2: R. P. '68, '70, '73-'75: T. H.

1-4, 6.

Report. (Third organization.) E. 1 : I. U. 1-6. 9-13, 16+.

Ohio. Health, State board of. Columbus.

Annual report. Exp. 22: P. '86-'8S, '91-'94, '96, '99+ .

Ohio. Highv.ay department.

Annual report. P. 'OO-'IO.

Ohio (state) horticultural society. Columbus.

Report. Exp. 23, 24, 29, 32-34: S. I . '90, '91. '94-'96.

Ohio mechanics' institut'\ Cincinnati.

Quarterly journal. P. 1-5.

Ohio medical journal. Columbus, O. D. 1*.

Continued as Columbus medical journal q. v.

Ohio medical recorder. Columbus, O. D. 1*, 2*, 3*, 4*, 5.

Ohio naturalist. Columbus, O. Exp. 1+: N. D. 1 + .

Ohio (state) railroad and public utilities commission. Columbus.

Report. X. D. '12+

Ohio society of survoj-ors and civil engineers.

Annual report. R. P. '91.

Ohio (state) topographic survey.

Repoit. P. '03.

Oil, paint and drug rejjortcr. New York. M\p. 64+.

Oklahoma academy of science. Xorman.

Proceedings. Ac. "09, '10.

Olilahoma. Agricultural experiment station. .Stillwater.

Annual report. PXp. 1+ : P. 3, 6, 8+: 8. I,. '00-'06*.

Bulletin. E.xp. 1-98, 100+ : P. 1+ : S. L. '99-'09*.

Oklahoma. Agriculture, State board of. Cuthrie.

Biennial report. Exp. 1 : P. 1, 2.

Oklahoma. Agriculture, Territorial board ot. (luthrie.

Biennial report. Exp. 1, 2: P. 2.
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Oklahoma (state) dairymen's association.

Annual report. Exp. 1, 3, 4.

Oklahoma farm jom-nal. Oklahoma City. Exp. 18, 19*, 20+.

Oklahoma /.state). Geological survey.

Bulletin. I. U. 7, 8: P. 1-3, 5+.

Circular. P. 1+ .

Oklahoma university.

Research bulletins. N. D. 1+: P. 1+ .

Ontario. See also Canada horticultural societies; Poultry association of Ontario;

Vegetable growers' association.

Ontario agricultural and exijerimental union. Toronto.

Amuial report. Exp. 19+: P. 8-10, 19+: S. L. '04+.

Ontario agricultural college and experimental farm. Toronto.

Annual report. Exp. 5-13, 16-22, 24+: P. 7, 8, 10, 12, 14, 18-28, 28+:

S. L. '04+.

Bulletin. Ex-p. 6, 9, 11-13, 15-17, 19-21, 23-32, 36-41, 43, 48-75, 77, 80-88,

90-95, 97-105. 107-140, 142-169, 171, 172, 17+184, 186-209, 211+ .

Ontario agricultural societies and associations of fairs and exhibitions. Toron-

to.

Annual report. Exp. '02, '06, '08+: P. '08+.

Ontario. Agriculture, Department of. Toronto.

Annual report. Exp. '88-'93, '94*, '95-'04, '08, '09.

Bulletin. S. L. '96+*.

Report of f.uit branch. P. '08+.

Ontario bee keepers' association. Toronto.

.Annual report. Ex]3. '00, '02-'08, '11+ : P. '08-'10.

Ontario butter and cheese association. Toronto.

Annual report. Exp. '97-'99.

Ontario corn growers' association. Toronto.

Annual report. Exp. 1+: P. 1+ .

Ontario dairymen's association. Toronto.

Annual report. Exp. '92, '94, '96, '01+ : P. '92+.

Ontario entomological society. Toronto.

Annual report. Exp. 17, 27, 28, 30+: P. 9, 12, 20, 22-24, 27-32, 37+.

Ontario. Farmers' institutes. Superintendent of.

Report. Exp. '91+: P. '94+.

Ontario. Fruit experiment station.

Annual report. Exp. 6+: P. 1+.

Report of fruit branch. Exp. 1+: P. 1+ .
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Ontario frviit arowers' association. Toronto.

Annnal report. Exp. 32-40, 42+: P. 14+.

Ontario. Horticultin-al societies.

Annual report. P. 1+ .

Ontario hydro-electric power commission. Toronto.

Report. N. D. 1+ .

Ontario. Industries, Bureau of. ^Foronto.

Annual report. Exp. '91+ .

Bulletin. Exp. 24 30 31, 36-41, 43-45, 47-51, 53-09, 71-87, 89-93, 95,

96, 98, 100+ : P. 43, 47, 48, 50-52, 5+79, 87+.

Ontario land surveyor's association.

Proceedings. P. 6-26-

Ontario live stock association. Toronto.

Report. Exp. '95, '96, '98+: P. '95, '00+.

Ontario municipal and railway lioarrl. Toronto.

Report. X. D. 4+ .

Ontario naiural science hulielin. \. D. 4.

Ontario registrar of live stock. Toronto.

Report. Exp. '01-'04.

Ontario sheep-breeders' and swine-breeders' association. Toronto.

Report. Exp. '91-'94: P. '90-'94.

Ontario. Spcci.al investigation on horse-breeding. Toronto.

Report. Exp. '00.

Ontario vegetable growers' association.

Annual report. P. 1+ .

Ontario veterinary college. 'I'oronto.

Report. Exj). '09-'ll.

Ooerative miller. Chicngo, 111. Exp. 16*, 17*: P. 9-16.

Orange Judd farmer. Chicago, 111. p:xp. 47-49, 50*, 51, .52*, 53+: S. L. 2-43.

Orange Judd northwest farmstead. Minneapolis, Minn. Exp. 36*.

Orange River Colony. Agriculture, Department of. Hhx'mfontcin.

Annual report. Exp. 1, 3, 4.

Bulletin. Exp. 8, 17, 19, 20, 23.

Oregon (state) agricultural college. 8alem; Corvallis.

Bulletin. Exp. 67.

Extension bulletin. Exp. 1, 2, 7.

Report. Ex)). '06-'08: S. L. '76-'95.
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Oregon. Agricultural experiment station. Corvallis.

Annual report. Exp. '89-'92, '96.

Bulletin. Exp. 1+: P. 2+: S. L. '09-'10.

Oregon agriculturist. Portland. Exp. 18*, 19*.

Oregon (state) conservation commission. Salem. -

Report. N. D. '12+: P. '09+.
'^

Oregon. Dairy and food commission.

Biennial report. P. '08-'10.

Oregon. Desert land board.

Report. P. 5.

Oregon. (State) engineer.

Report. N. D. 2+: P. 2+.

Oregon (state) horticultural society. Portland.

Annual report. Exp. 24, 25.

Oregon. Horticulture, State board of. Salem; Portland.

Biennial report. Exp. 2, 3, .5-11: S. L. '98, '02, '04, '06.

Oregon (state) medical society.

Proceedings. S. L. '77-'79, '81, '83-'85, '91.

Oregon. Stallion registration board.

Annual report. P. 1+ .

Oregon (state) laiiversity. Eugene.

Bulletin. P. n. s. 3*: N. D. 3*, 4*, 10*.

Ornithologische Gesellschaft in Bayern. Munich, Germany. Ac. 5+.

Ornithologischer Verein. Munich, Germany.

Jahresbericht. S. L. '01, '02.

Ornithologisches Jahrbuch. Halle, Austria. Ac. 9, 12, 13, 15, 17, 19, 21+
Osterreichische botanische Zeitschrift. Vienna, Austria. N. D. 63+.

Ottawa (Canada) naturalist. Ac. 1-15*: N. D. 25+.

Oxford, Cambridge and Dublin messenger of mathematics. Cambridge,

England. D. 1-511 : I- U. 1-5||.

Continued as Messenger of mathematics q.v.

Pacific dairy review. San Francisco, Cal. Ex-p. 12*, 13, 14*, 15*, 16*, 17+

Pacific pharmacist. San Francisco, Cal. N. D. 2*-6*.

Pacific rural press. San Francisco, Cal. Exp. 74*, 75*, 76*, 77-80, 81*, 82+

Page's weekly. London, England. P. 1+ .

Paginas illustradas. San Jose, Costa Rica. Ac. 2, 3, 11, 12, 14, 15, 18, 30,

34-37, 47, 50-53.

Palermo (Italy). See Circolo matematico.
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Para (Brazil). See Museu Gocldi.

Paris. See Academie des sciences; Ecole poh'technique; Museum national &c.

Park and cemeter}- and landscape gardening. Chicago, 111. E.xp. 15*, 16,

17*, 19*, 20*, 21*, 22+.

Pavia (Italy) iiniversita. Institnto botanico. N. D. '09+.

Peabody academj^ of science. Salem, Mass.

Annual report . S. L. '72.

Peabody museum of American archaeology and ethnology. See Harvard

university.

Peninsula horticultural society. Dover, Del.

Transactions. Exp. '88-'94, '96, '97, '99-'06: P. '88, '91-'94, '96, '97, '02,

'03, '07+.

Pennsylvania. Agricultural experiment station. State College.

Annual report. Exix '86+: P. '86-'90, '92+.

Bulletin. D. 17, 20: Exp. o. s. 1-16; n. s. 1+: P. n. s. 2+.

Pennsylvania (state) agricultural society.

Report of transactions. Exp. 1: S. L. 7, 9.

Pennsylvania. Agriculture, Department of.

Annual report. Exp. 1, 2, 4*, 5, 6, 7*. 8-17: P. 2, 3*, 4*, 5+.

Bimonthl}' bulletin. Exp. 1*, 2.

Bulletin. Exp. 3, 6, 8, 10, 11, 17, 19, 21-24, 27-32, 34-38, 40, 41, 43-49, 51,

52, 54-69, 71-77, 79-81, 83, 84, 86-100, 102-107, 109-162, 16+167, 169, 171,

172. 17+210, 212+ : P. 14, 16. 20. 21. 26. 36, 39, 52-69, 71-101. 103, 106,

107, 103+

.

Monthly bulletin. E.xp. 1*, 2*, 3*, 4*. 5-7, S*, 9+.

Zoological bulletin. P. 5.

Zoological quarterly. Exp. 1*, 2*, 3*.

Pennsylvania. Agriculture, State board of.

Annual report. Exp. 2-11, 15-18,32,34+: V. 7, 11-16.

Pennsylvania. Dairy and food division.

Bulletin. P. 1*, 2*, 3+.

Amiual report. Exp. '05.

Pennsylvania dairy union. State College.

Annual report. Exp. 8, 11.

Pennsylvania. Factory inspector.

Annual report. Exp. '10, '11.

Pennsylvania farmer. Philadelphia. Exp. 31*, 32+.
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Pennsylvania. Fisheries, Department of.

Annual report. Exp. '08-'ll.

Bulletin. Exp. 8.

Pennsylvania forestry association.

Annual report. Exp. '01, '02, '05-'ll.

Pennsylvania (state) forestry department.

Report. P. '01, '02, '05-'09.

Pennsylvania. Game commissioner.

Annual report. Exp. '09, '11.

Bulletin. p]xp. 1, 2.

Pennsylvania. Geological survey.

Report. P. 1-3: R. P. '74-'86.

Pennsylvania. Health, State board of. Harrisburg.

Annual report. Exp. 4: P. 'S6-'01.

Bulletin. Exii. 14-31, 34, 36-39.

Pennsylvania. Health, Commissioner of.

Annual report. P. '05-'09.

Pennsylvania (state) hospital for the insane. Pathological laboratory. Nor-

ristown.

Aimual report. Exp. 10.

Pennsylvania (state) live stock breeders' association.

Proceedings. Exp. 6, 7, 12.

Pennsylvania. Live stock sanitary board.

Circular. Exp. 12: P. 12, 16, 18.

Pennsylvania. Mines, Department of.

Annual report. Exp. '09-'ll.

Pennsylvania. Pharmaceutical examination board.

Annual report. ILxp. 23, 24: N. D. 23.

Pennsylvania. Public charities, Board of.

Annual report. Exp. '09-'ll.

Pennsylvania state college. School of engineering.

Engineer. P. 2*, 3*.

Pennsylvania. Topographic and geologic survey commission.

Preliminary report. Exp. 5.

Report. Exp. '08-'10.

Pennsylvania university. Botanical laboratory. Philadelphia.

Contributions. I. U. 4+: N. D. 2+.
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Pennsylvania university. Zoological laboratory. Philadelphia.

Contributions. I. U. 10, 11*, 13, 17: P. 1*.

Pennsylvania. Water supply commission.

R?port. P. '08, '09.

Periodico cientifico del museo nacional de historia natural y de la sociedad

Mexicana de historia natural. See Sociedad Mexicana de historia

natural.

Peru. Cuerpole de ingeniaros de minas. Lima. •

Boletin. S. L. 1-21, 25-54, 56-59, 62-74, 76-f-.

Pharmaceutical era. Detroit, Mich. X. D. 28*-43*, 45*: P. 1-8, 13-21, 23,

25+*.

Pharmaceutical journal and transactions. London, England. P. 41-45.

Pharmaceutical record. New York. P. 5-10, 12-15||.

Merged with American druggist q.v.

Philadelphia (Pa.). See Academy of natural sciences; Geographical society.

Philadelphia (Pa.). Health, Bureau of.

Annual report. P. '96-'08.

Philadelphia (Pa.) medical journal. P. 8.

Philadelphia (Pa.) museun s.

Annual report. X. I). '04, '05, '07. '08, '10: P. '04, '05, '07, '08, '10, '11.

Philippine agricultural review. Manila. Exp. 1*. 2*, 4*, 5*. 6-|-: X. D. 1-|-:

P. 1+ .

Philippine Islands. .Agriculture, Bureau of.

Bulletin. E.xp. 22, 23.

Philippine Islands. Ethnological survey.

Publications. P. 1*, 4*.

Philippine Islands. Forestry, Bureau of. Manila.

.Umual report. Exp. '02, '04.

Bulletin. Exp. 1.

Philippine Islands. Laboratories, Bureau of government. Manila.

liuUetin. S. X. 1-3, 8, 15, 17-28, 30-36.

Philippine Islands. Science, Bureau of. Manila.

Annual report. Ex-p. 4, 5: X. D. 1 + .

Bulletin. Exp. 1, 2, 4-6, 8, 13-20.

Mineral resources. Exp. '07-'ll.

Philippine journal of science. Manila. Exp. 1, 2, 3*. 4-1-: X. D., 00: P. (all

ser.) 3-1-.

Supplements. Exp. 1-5.
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Phillips academy. Archaeology, Department of. Andover, Mass.

Bulletin. X. D. 1+ .

Philosophical magazine and journal of science. London, England. I. U. IV.

1-50; V. 1-50; VI. 1-8, 10+: X. D. '09: X. H. I. 34, 39, 41-43*: P.

V. 25+: R. P. V. 1-4, 14+: \V. VI. 5+.

Photo-beacon. Xew York. Ft. W. 19: X. D. 7, 8, 9*, 10*. 12*, 13-19.

Continues in American amateur photographer q. r.

Photo era. Boston, Mass. Ft. W. 28+: G. 29-r. K. P. 6-8, 24+: T. H. 17+.

Photographic bulletin, Anthony's. New York. R. P. '00*.

Photographic times. New York. L. P. 39*, 40*: R. P. 17-42*.

Photo-miniature. New York. G. 81+: I. U. 1+ : R. P. 1-3. 10+: T. H. 1+ .

Phrenological journal and science of health. New York. N. D. 50, 51, 54-57:

N. H. 50-68.

Physical review. New York. D. 1+ : E. 24+ : I. U. 1+: X. D. '09+: P.

1+ : R. P. 1+ : S. X. 8-13: W. 19+.

Physical society of London.

Proceedings. I. U. 1+ : P. 19+.

Physikalische Zeitschrift. Leipzig, Germany. X. D. '09+: R. P. 6+.

Physiologic vegetale. Geneva, Switzerland. E.xp. 1-5.

Physio-medical journal. Indianapolis, Ind. M. 1.

Phytopathology. Ithaca, X. Y. D. 1+ : I. U. 1+: \V. 1+ .

Plant world. Xew York, Tucson, Ariz. Ac. 6'-«, 7-. 8^ 13': Exj). 13, 14, 15*,

16+: I. U. 8+: P. 11+ : W. 8-12.

Plon (Germany) biologische Station. Forschungsberichte. Stuttgart. I.

U. 1+ .

Plough-boy. Albany, N. Y'. S. L. 1-4.

Plumbers' trade journal. Xew York. Ft. W. 62+.

Polytechnic engineer. Brooklj-n, X. Y. P. 10, 12.

Pomological and fruit growing society of the province of Quebec.

Annual report. Exp. '09.

Pomona college journal of entomology. Claremont, Cal. Exp. 1*, 2*, 3*,

4*: N. D. 1+ .

Continues as Journal of entomology and zoology.

Pontificia accademia roma dei nuovi Lincei. Rome, Italy. See Accademia

pontificia dei nuovi Lincei.

Popular astronomy. Xorthfield, Minn. B. 11-14, 16, 17*+: D. 11, 12*, 20+:

E. 1+: F. 10+: I. U. 1+: X. D. 1+ .

Popular electricity. Chicago, 111. E. 4: Ft. W. 2+: G. 3*, 4*, 5+.
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Popular mechanics. Chicago, III. F. 15+: Ft. W. 14+: 0. 12+: L. P. 9+:

M. 11+ : N. H. 15+: S. L. 15+: T. H. 11+ .

Popular science index. IM. 1-8.

Popular science monthly. Now York. B. 1+ : D. 1+ : E. 1-12, 15-19, 24-29,

31, 32, 34, 36, 37, 40, 41, 43-65, 67+: F. 1-55, 63+: Ft. W. 1, 2, 46+:

G. 74+: I. U. 1+ : L. P. 1+ : M. 1+ : X. D. 1-62, 65+: X. H. 1+: P.

1+ : R. P. 1+ : S. L. 1+ : S. X. 1+ : T. H. 1+: W. 1+ .

Supplement. X. D. 1-18.

Popular science news. Xew York. W. 21-24.

Popular science review. London, England. R. P. 1-13: S. L. 1-20||.

Portefeuille economique des machines do I'outillage et du material. Paris,

France. R. P. 12.

Portland society of natural history. Portland, Me.

Proceedings. Ac. 2*' ^' *-^

Porto Rico. Agricultural experiment station. Mayaguoz.

Annual report. D. '06-'08. '10+: Exp. '01. '04+: R. P. '06, '07: S. L.

'06-'08, 'lO-'ll.

Bulletin. D. 1, 2, 5-8. 10+: Exp. 1, 2, 4+: P. If: R. P. 1-S: 8. L. 1-8,

10: S. X. '02+.

Porto Rico sugar planters and producers' association. Rio Piedras.

Annual report. Exp. 2.

Bulletin. Exp. 3.

Portugal. Commissao dos trabalhos geologicos. Lisbon.

Communicacoes. Ac. 1-5, 6'.

Post graduate. Xew York. P. 19-21*.

Postelsia. See under Minnesota university.

Poultry association of Ontario. Toronto

Report. Exp. '94, '01.

Poultry digest. Xew York. Exp. 3*, 4, 5*, 6*.

Poultry fancier. Chicago, 111. Ex-p. 14*, 15% 16*.

Poultry world. Hartford, Conn. Exp. 1-10.

Power. Xew York. Ft. W. 27+: G. 30+: X. I). 20+: P. 13, 20+: R. P.

14+: T. H. 24.

Power boating. Cleveland, O. Ft. W. 10+.

Practical dairyman. Rutherford, X. J. Exp. 2*, 3.

Practical druggist and pharmaceutical review of reviews. Xew York. P. 29.

Practical engineer. Chicago, 111. Ft. W. 13+: X. H. 13+: R. P. 13-16.

Practical farmer. Philadelphia. Pa. Exp. 96% 97*, 98, 99, 100*, 101-104,

105*, 106+

.



331

Prairie farmer. Chicago, 111. Exp. 79*, 80*, 83*, 84+.

Praktische Chemie. Leipzig, Germanj\ Exp. 37-40.

Prince Edward Island. Agriculture, Department of.

Amiual report. Exp. '05, '10: P. '04.

Prince Edward Island da,ii-y association.

Amiual report. Exp. '11.

Prince Edward Island. Forestry commissioners.

Report. P. '04.

Prince Edward Island fruit growers' association.

Amiual report. Exp. '02-'04, '06+.

Princeton (N. J.) imiversity.

Contributions to philosophy. P. 1*.

Contributions to psychology. P. 1*, 2*.

Producer and consumer. See Farm sense.

Progressive farmer and home builder. Phoenix, Ariz. Exp. 1*, 2*, 3+.

Progressive farmer and southern farm gazette. Memphis, Tenn. Ex-p. 24*,

25*, 26*, 27+.

Progressive medicine. Philadelphia, Pa. I. U. 9+.

Psyche. Cambridge, Mass. Ac. 4*, 5*, 6*, 7*: S. N. 2-4.

Psychological bulletin. New York; Lancaster, Pa. E. 1+: I. U. 1+: N. D.

2+:P. 5+:S. N. 1+: W. 1+ .

Psychological clinic. Philadelphia, Pa. G. 1+: I. U. 1+ : P. 1+ : S. N. 1+ :

W. 1-3.

Psychological index. New York. N. D. 5-7, 9+.

Psychological monographs. New York. I. U. 1+: S. N. 1+ .

Psychological leview. New York; Baltimore, Md. D. 1+ : N. D. 6, 8, 12+:

P. 15+: S. N. 1+ :W. 5+.

Psychologische Arbeiten. Leipzig, Germany. I. U. 1+ .

Psychologische Studien. Leipzig, Germany. I. U. 1+ .

Psychotherapy. New York. I. U. 1+ .

Public service journal. See Stone and Webster public service journal.

Purdue agriculturist. Lafayette, Ind. Exp. 4+: P. 1+ .

Purdue engineering review. Lafayette, Ind. P. 1+ .

Purdue imiversity. Lafayette, Ind.

Leaflets on nature study. Exp. '98: P. l-24l|.

Purdue university. Agricultural extension. Department of.

Annual report. P. 1+ .

Bulletins. P. 2-13. 17+.
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Pure products. New York. Exp. 1*, 2+: P. 4+.

Quarterly journal and review. Cincinnati, O. X. H. 1.

Quarterly journal of medical science. Dublin, Ireland. D. 6-8, 16-26.

Quarterly journal of microscopical science. London, England. B. 22-25: D.

n. s. 34-36, 38: I. U. n. s. 32-45: R. P. o. s. 1-8; n. s. 1-14.

The old series was called Journal of microscopical science.

Quarterly journal of pure and applied mathematics. London, England. D.

1-25: I. U. 1-41, 43+: R. P. 1+: \V. 28.

Quebec. See Dairymen's associavion of the province of Quebec; Pomological

and fruit growing society of the province of Quebec.

Quebec. .Agricultural experiment station. Department of.

Annual report. Ex-p. '91.

Quebec. Agriculture, Minister of.

Annual report. Exp. '09.

Quebec. Lands and forests, Department of.

Report. P. '08, '09.

Queensland (.\ustralia). .Agriculture. Department of. Brisbane.

Agricultural journal. Exp. 1*, 2*, 3, 6*, 7*.

Annual report. Exp. '89-'94.

Botany bulletin. E.xp. 8, 9, 11, 12.

Bulletin. Exp. L 1-17. 20-25; IL 1-4.

Queensland museum. Brisbane, Australia.

Annals. Ac. 6-9: X. D. 10+.

Memoirs. X. D. 1+ .

Quekett microscopical club. London, England.

Journal. R. P. 1-5.

Radium. Paris, France. L U. 1+ .

Railroad and engineering journal. Xew York. R. P. 61-68.

Continued as American engineer and railroad journal q. v.

Railroad car journal. Xew York. P. 7*. 8-11.

Vol. 11 has title Railroad digest.

Railroad digest. See Railroad car journal.

Railroad gazette. Xew York. Ft. W. 34*, 35, 36, 37*, 38, 40, 44||: P. 5-44||.

Combined with Railway age (q. v.) and continued as Railway age gazette q. v.

Railway age. Chicago, 111. Ft. W. 40-45|i : P. 22-45|!.

Combined with Railroad gazette and continued as Railway age gazette q. v.

Railway age gazette. Xew York; Chicago. III. Ft. W. 48, .50+: G. 46+: P,

45+: R. P. 17+: T. H. 50+.
Continues Railroad gazette g.v.
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Railway and engineering review. Chicago. 111. N. D. 38-46: P. 33+.

Railway and locomotive engineering. New York. Ft. ^^'. 22+: (i. 25+: P.

14+: 1^ P. 14-16*.

Continues Locomotive engineering <i. r.

Railway machinery. New York. P. n. s. 1*, 4-5, 6*, 7+.

Railway master mechanic. Chicago, 111. P. 17*-22*, 23+.

Railway .signal association. Bethlehem, Pa.

Journal. P. 11+ .

Proceedings. P. 1+ .

Real academia de ciencias naturales y artes. Barcelona, Spain.

Boletin. Ac. l'*-^", 2'' ^-n^ 31-3.

Memorias. Ac. 3, 4'' =• «-", 5'--", G'-'^, 71-'", 8'-=', 9', 10'' '-'-+.

Real academia de ciencias exactas, fisicas y naturales. Madrid, Spain.

Annario. Ac. '89, '08, '11-'13.

Memorias. Ac. 12, 13'-', 14, 15>-^ 18', 20, 21-, 22-25, 26'' -.

Revista. Ac. l'"*, 2'^-^, 3, 4i-«, 5'-'- '-'', 6+.

Reale accademia dei Lincei. Rome, Italy.

Atti. Rendiconti delle sedute solenni. Ac. '01+ .

Reale accademia dei Lincei. Rome, Italy. Classe di scienze fisiche, mate-

matiche e naturali.

Atti. Rendiconti. Ac. 9-22: I. U. V. 20+.

See also Accademia pontificia dei nuovi Lincei.

Note.—"The Accademia dei Lincei, celebrated in the 17th century, was revived in 1801, but again

expired in 1840. It was renewed, under the auspices of Pope Pius IX. in 1847 as Accademia

pontificia dei nuovi Lincei, and up to 1870 had issued 23 vols, of Atti. Then the academy

changed its name to Reale Accademia dei Lincei, but a portion continued to act under the

former title. Each body continued the series of Atti. In 1875 the Reale Accademia enlarged

its scope, and formed two classes, one for physical and mathematical sciences, the other for

moral and historical sciences. It has published five series of Atti." Bulletin No. 8 of the Free

Library of Philadelphia.

Reale orto botanico e Giardino. Palermo. Italy.

Bolletino. X. D. 11+ .

Records of the past. Washington, D. C. X.H.5-7, 8*.

Registered pharmacist and drug clerk's journal. Chicago, III. P. 10, 11*.

Reliable poultry journal. Quincy, 111. Exp. 3*. 4, 9-11, 12*, 13, 14*. 15-17,

19+: Ft. W. 14, 16+.

Rennes (France) universite.

Travaux scientifiques. I. U. 1+ .

Repertorium novarum specierum. Berlin, Germany. N. D. 1+ .

Beihefte. N. D. 1+ .
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Retrospect of practical medicine and surgerj-. New York. See Brailhwaite's

retrospect.

Review of medicine and pharmac}-. Detroit, ]\Iich. D. 10, 11*.

Revista de agricultura tropical. Mexico City. Exp. 1*, 2*.

Revista industrial y agricola de Tucuman. Argentine Republic. Exp. 1*,

2*, 3*.

Revista montserratina. Barcelona, Spain. N. D. 4*, 5+.

Revue bretonne de botanique pure and appliquce. Renncs, France. N. D.

7+ .

Revue de horticulture Beige et etrangere. Ghent, Belgium. X. D. '13+.

Revue de I'ingenieur et index technique. Brussels, Belgium. G. 1-19.

Revue de mathematiques speciales. Paris, France. I. U. 20+.

Revue de mccanique. Paris, France. P. 16+.

Revue dcs questions scientifiques. Louvain; Paris, France. N. D. I. 1-10,

15-28: II. 1, 2, 3*, 4*, 5-11, 12*, 13, 14*, 15*, 16, 17*, 18-20; III. 1-11,

12*, 13+.

Revue generale dulait. Lierre, France. Exp. 8+.

Revue internationale der gesamnite hydrobiologie und liydrographie. I. U.

1 + .

Revue philosophiquo de la France et dc Tetranger. Paris, France. I. U.

1-42,49+.

Revue semestrielle des publications mathonuvtiqucs. Amsterdam, Holland.

I. U. 1-18.

Rhode Island. Agricullural cxiK'riment station. Kingston.

Annual report. D. 12, 13: Exp. 1+ : S. L. '03, '04. '07, '09.

Bulletin. Exp. 1 + : S. L. '02-'09*.

Rhode Island. Agriculture, State board of.

Annual report. F]xp. 14-17, 21.

Bulletin. Exp. 1, 2, 7, 9-13.

Farmers' institute report. Exp. '11.

Rhode Island. Birds, Commissioner of.

.Aimual report. P. '11.

Rhode Island. Conservation commission.

Bulletin. P. 1+ .

Rhode Island. Inland fisheries. Commissioners of.

Report. P. 41.

Rhode Island. Metropolitan park conmiissioners.

Report. P. 5, 6.
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Rhode Island. Public roads, State board of.

Annual report. P. 3+.

Rhode Island. Public utilities commission. Providence.

Report. N. D. '12+.

Rhode Island. Shell fisheries, Commissioners of.

Annual report. P. '91, '92, '94, '95, '99, '00, '05+.

Rhodora. Boston, Mass. N. D. 11+ .

Rider and driver. New York. Exp. 41*, 42, 43*, 44, 45*, 46+.

Rio de Janeiro (Brazil). See Museu nacional.

Rochester (N. Y.) academy of science.

Proceedings; Ac. 1', 2'-*, 31-', 4+ : I. U. 1+ .

Rochester (England) naturalist. N. D. 101+ .

Rose technic. Terre Haute, Ind. R. P. 1+ .

Rothamsted experiment station. Herts, England.

Annual report. Exp. '08-'12.

Memoirs on agricultural chemistry and physiology. Exp. 1-6.

Memoranda of origin and results of field and other experiments. Exp. 'J

'90, '93, '95-'01.

Memoranda of Rothamsted experiments. Exp. '96-'05.

Royal agricultural society of England. London.

Journal. Exp. II. 12-15, 25; III. 2-11.

Royal Asiatic society of Great Britain and Ireland. London.

Journal. Ac. 21=^«, 22, 23'-=, 24\ 25, 26, 30, 31 : I. U. '11+ .

Royal astronomical society. London, England.

Memoirs. I. U. 41, 47-49, 53-57, 59+.

Monthly notices. I. U. 1-69.

Royal botanic gardens. Edinburgh, Scotland.

Notes. Exp. '08-'12.

Royal botanic gardens. Kew, England.

Bulletin of miscellaneous information. Exp. '00*.'10*: N. D. '09+.

Royal botanic society of London (England).

Quarterly record. Ac. 3-10*.

Royal geographical society of London.

Geographical journal. D. 42: S. N. 1+ : T. H. 1+ .

Proceedings and monthly record of geography. S. N. 12-14.

Royal geological society of Cornwall. Penzance, England.

Transactions. Ac. 13^~*.

Royal horticultural society of London (England).

Journal. Exp. 26+.
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Royal institute of Great Britain.

Proceedings. X. H. 9*, 12*.

Royal Irish academJ^ Dublin, Ireland.

Proceedings. X. D. 31.

Royal Irish society.

Proceedings. I. U. II. sci. 1.

Royal Jersey agricultural and horticultural society. St. Helier, Island of

Jersey.

Annual report. Faj). '96.

Royal microscopical society. London, England.

Journal. D. '89, '91-'95: 1. U. '88-'93: P. '82+: R. P. I. l-II. 1: W. '92.'03.

Royal philosophical society of Glasgow (Scotland).

Proceedings. Ac. 29+.

Royal physical society of Edinburgh (Scotland).

Proceedings. Ac. sessions 115-120, 122-124, 128.

Royal sanitary institute. London. England.

Journal. P. 29+.

Royal society of Canada. .Montreal.

Tran.sactions. I. U. I. '82-'94: II. '9.5-'0(i; III. 1 + P. II. 8*, 9*; III. 1.

Royal society of Edinburgh (Scotland j.

Proceedings. Ac. 21+: R. P. 11-27.

Transactions. I. U. 35*: R. P. 1+ .

Royal society of London (England).

Philosophical transactions. I. T'. 1-18; II. 90+; P. 1.58+: K. P. 1+ :

S. L. 1-131, 133-180.

Proceedings. I. U. ser. A. 1+ ; ser P. 1+: R. P. 7+: S. L. .ser A. 53, 79-83;

ser B. 79-82: W. 72-75; ser A. 76-84; ser B. 76-81.

Royal society of Xew South Wales. Sidney, Australia.

Journal. Ac. 19-45: I. L. 20-21.

Royal society of Queensland. Brisbane, Australia.

Proceedings. Ac. 13-22.

Rudder. Xew York. Ft. W. 17, 18*, 19+ .

Rugby school natural history society. Rugby, England.

Report. X. D. '12+.

Rural affairs. Albany, X. Y. Exp. 1-9: P. 1-5.

Rural life. Rochester, X. Y. Exp. 28, 29, 30*.

Rural Xew Yorker. Xew York. Exp. '75*, '80*, '81*, '84, '86*, '87-'90,

'91*, '92*, '93*, '96*. '97*, '98*, '07*, '08*, '09*, '10+: P. 63+:

S. L. '64-'07.
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St. Louis (Mo.) academy of science.

Transactions. Ac. 4'' ", 5'-», 6'-'«, 7»-2o, S^-'", 9'-'\ 10'-", 11'-", 12'-"'

13'-^ 14'-s, 1.5'-«, 16'-«, 17'' -, 18'-«, 19'-", 20'-", 21'-=+: I. U. 1*, 2,

4, 13+: N. D. 8*, 9*, 10*: X. H. 2*: P. 6*, 14*.

St. Louis (Mo.j railway club.

Proceedings. P. 1+ .

St. Petersburg (Russia). See Academie imperiale des sciences; Comite geo-

logique; Jardin imperiale botanique.

Sanitary engineer. New York. P. 2*, 3-16||.

Continued as Engineer.ng record, building record and sanitary engineer g. v.

Sao Paulo (Brazil;. Agricultura, commercio e obras publicas, Secretaria da,

Boletin. Exp. o. s. 27*, 28*. 29*; n. s. l*-3*, 4, 5, 6*, 7-9, 10*, 11+ .

Sao Paulo (Brazil). See Museu paulista; Sociedad scientifica.

Sao Paulo (Brazil). Institute agronomico em Campinas.

Annuario. Exp. '90, '92-'9.5.

Boletin. Exp. 9*, 10.

Sarawak museimi. Sarawak, Borneo.

Journal. Ac. l',2: X. D. 1+ .

Report. Ac. '10, '11: X. D. 9+ .

Saskatchewan. Agriculture, Department of. Regina.

Amiual report. Exp. '10.

School arts book. Worcester, Mass. P. 11+: S. X. 4-8, 10+.

School of mines quarterly. Xew York. I. U. 12+.

School of science and mathematics. Chicago, 111. E. 9+: F. 13+: I. V. 3+
X. D. 1, 8, 13+: P. 1+: S. X. 1 + .

Schweizerische botanische Gesellschaft. Bern, Switzerland.

Berichte. Ac. 14+.

Schweizerische naturfors<'hende Gesellschaft. Basel, Switzerland.

Verhandlungen. Ac. 75, 77, 79-81, 83, 84, 87-89, 91, 93, 94'- "-.

Also called Societe helvetique des sciences naturelles g. v.

Science. New York. D. o. s. 1-22; n. s. 1+ : E. o. s. 8, 9; n. s. 8, 9, 13+

Exp. 15+: F. 31+ : Ft. W. 25+: I. U. o. s.225; n. s. 1-34: N. D. 19+

N. H. n. s. 30*, 34*: P. o. s. 1-23; n. s. 1+ : R. P. o. s. 1-23: n. s. 1+
5. N. 1-19; n. s. 1+ : S. L. 13+: \V. 5-24; n. s. 7-13, 19-22.

Science abstracts. London, England.

Physical and electrical engineering. P. 1-5||: R. P. 4-5||: I. U. 1-5||.

Section A, physics. N. D. '10+: P. 6+: R. P. 6+: I. U. 6+ : W. 10+

Section B, electrical engineering. P. 6+: R. P. 6+: I. U. 6+.

22—1019
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Science magazine. M. 31-34.

Science news. Salem, Mass. P. 1.

Science record (Beach). New York. R. P. '74.

Scientific American. New York. D. 1-25, 50+: E. 6-8, 11-14, 16-21, 23-26,

30, 31, 36-74, 98-100, 105+ : F. 70-93, 96+: Ft. W. 86, 90-98, 100+

:

G. 82+: I. U. 35, 44, 45, 49-67, 69, 72-75, 77, 86, 87, 89, 90+: L. P.

o s. 11; n. s. 1-8, 11, 15, 17-19, 23, 26-35, 77+: M. 30+: N. D. o. s.

14; n. s. 4-9, 26, 28, 29, 39, 40*, 41-54, 55*-61, 62, 63*-70*, 80*, 81*,

83*, 88*, 90*, 91*, 94*-98*, 99, 100*, 101+ : N. H. n. s. 1-41, 50-51,

100+ : P. 34-43, 76+: R. P. o. s. 1-14; n. s. 1+ : 8. L. 14-15, 18, 30-37,

57-66, 68-83, 86-106: S. N. 86+: T. H. 82+: W. 1-31, 41-45, 48+.

Scientific American. Building edition. New York. Ft. W. 37.39|| : L. P. 27*,

28*, 29*: M. 17.39||: R. P. 25-39||.

Continued as American homes and gardens q. v.

Scientific American. Supplement. New York. D. 1+ : E. 65, 66, 68-70,

72+: F. 59-62, 71+ : Ft. W. 57, 59-62, 64+: G. 67+: I. U. 1-32, 34,

54, .57+: L. P. 1, 2, 44+: M. 1, 2, 56+: N. D. L 3; II. 2*, 4*.7*, 9*,

12*-14*, 23*-25*, 28*, 29*, 34*, 42*. 45, 49*-52*. .53, .54*-58*, 59, 60*,

61, 62*-65*, 66+: N. H. 8-10, 13-24: P. 1-4, 9-24, 29+: R. P. 13-20,

49+: S. L. 16, 19-21, 23, 25, 35, .36, 41+ : S. N. 31+ : T. H. 1 + : \V.

15-23, 35-54, 56, .58+.

Scientific tracts. Boston, Mass. N. H. n. s. 1, 2, 4.

Scotland agricultural college. Glasgow.

Annual report. Exp. 1, 2, 4-6.

Scotland. Fishery board.

Annual report. 8. L. '07+.

Scotland. Highland agricultural society. Edinbuigli.

Transactions. E.xp. IV. 8-11.

Scottish geographical magazine. iMlinhurgh, Scolland. i.U.25+: S. N. 1+ .

Seismological society of Japan. Tokyo.

Transactions. R. P. 1-20.

Selbourne magazine and nature notes. London, lOngland. N. D. 23+.

Semillas recolectados durante el ano. jardin botanico. Valencia, Spain.

N. D. '11+ .

Seminarium. Leipzig, Germany. N. D. 1+ .

Sibley journal of engineering. Ithaca, N. Y. P. 11, 19+.

Siderial messenger. Northfield, Minn. D. 5-10||: W. 1-10||: I. U. 10||: S. L.

1,2*.

Continued as Astronomy and astro-physics.
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Signal engineer. Chicago, 111. P. 1+ .

SHliman's journal. See American journal of science.

Skandinavisches Archiv fiir Physiologie. Leipzig, Germany. I. U. 1+ .

Sketch book of nature and outdoor life. Manchester, N. H. N.D.I, 2*||

.

Smithsonian institution. Washington, D. C.

Annual report. D. '53-'%, '98-'00, '02-'04, '07-'09: E. '71-'03, '07+: Exp.

'82-'84, '87-'95, '97*, '99, '00: F. 54, 56-60, 62-77, 79+: G. '96, '01,

'08+: I. U. 4-6, 8-54, 56+: L. P. '47, '53+: N. D. '84+: P. '53, '54'

'56+: R. P. 1+ : S. L. '46+: S. N. '55, '59, '61, '63, '65, '77, '78, '81+.

Contributions to knowledge. D. 1+ : I. U. 13-26, 28, 30+: L. P. 23-26,

28, 30-32: N. D. 2, 3, 5, 6-18, 20-24, 26, 30+: P. 6, 10, 20-32, 34+:

R. P. 1+ : S. L. 1-35: S. N. 2-13, 15-25, 28+.

Miscellaneous collections. D. 1-30, 32-38, 40-42, 43, 46-57*: I. U. 1, 13+:

L. P. 1-6, 9-21, 23-28, 30-33, 35, 36, 37*, 38*, 39*: N. D. 1, 2*, 6-11,

14-33, 36+: P. 1-2, 4, 5, 8, 9, 11-27, 29, 32-41, 44+: R. P. 1+: S. N.

32+: T. H. 16, 18, 20, 22, 23, 25, 27, 40, 42-54, 56+ .

Smithsonian institution. United States national museum. Washington, D. C.

Annual report. B. '04: F. '00-'04: I. U. '84+: L. P. '81+ : N. H. '54+:

P. 84+: R. P. '85+: S. L. '85+: S. N. '84-'98, '07+: T. H. '86+.

Bulletin. D. 29, 33-38, 39*, 40-46, 47*, 48-49, 50*, 51, 52, 53*, 54, 55, 56*,

57, 58, 60-69, 71-77, 79, 81: Exp. 3, 6, 11, 13, 21, 23, 26, 39*, 40-46, 47*,

50, 51, 53-60, 62-71, 73+: I. U. 1-38, 40-54, 56-58, 60, 70+: L. P. 39*+:

N. H. 9, 10, 12, 40-43, 45, 48: P. 1-16, 20, 21, 24, 26, 33-38, 40-48, 50+:

R. P. 1-16, 39-48: S. L. 1+ : S. N. 1-48, o0+.

Proceedings. D. 10-22, 24-28, 32, 34-40: Exp. 2, 3, 8, 9, 14-33, 36, 37, 39,

42+: F. 14-16, 18-29: I. U. 1+ : L. P. 14+: N. D. 14+: N. H. 14-19:

P. 1+: R. P. 13+: S. L. 1+ : S. N. 1+: T. H. 2, 4, 6, 9, 13-33, 35+.

Smithsonian institution. See also United States. Astrophysical observatory;

United States. Ethnology, Bureau of American; United States. Na-

tional herbarium.

Sociedad broteriana. Coimbra, Portugal.

Boletino. N. D. 25+.

Sociedad cientifica "Antonio Alzate." Mexico City, Mexico.

Memorias y revista. Ac. 9"- '", lO'^-'-. 11, 12, 13'-io, 14'-'=, 15, 16-18, lS«-»-,

20-*-'2, 21-28, 29, 30'-"+ : N. D. 32+.

Sociedad cientifica Argentina. Buenos Aires, Argentine Republic.

Anales. Ac. 4o-'*' \ 46+: N. D. 75+.

Sociedad de geografia y estadistica de la Republica Mexicana. Mexico City.

Boletin. Ac. l'-^-, 2'-=: N. D. 6+.
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Sociedad Alexicana de historia natural. ^Mexico.

Xaturaleza. Ac. 7»«-i5; II. V-'-> *• «• «• '», 2'o-n, 3'-'"; III. V-*+: X. D.

III. 1+.

Sociedad quimica Argentina. Buenos Aire.s, Argentine Republic.

Anales. Ac. 1'.

Sociedad scientifica de Sao Paulo (Brazil).

Re vista. Ac. V-\ 2'-\ 5'-^, 6+.

Societa africana d'ltalia. Naples, Italy.

Bulletin. Ac. 13-31*.

Societa botanica italiana. Floicnce. Italy.

Bollettino. X. D. '09+.

Societa di naturalisti in Xapoli (Italy).

Bollettino. X. D. 24+.

Societa entomologica italiana. Florence, Italy.

Bullettino. Ac. 34-43.

Societa italiana discienzc natural i e del nuiseo civico di storianaturale. Milan,

Italy.

Atti. Ac. 40-46, 47' \ 48' - \ 49'-', 50'-', 51'--+.

Societas ro3'ale de botanique fie Belgique.

Bulletino. X. D. '09+.

Societe beige de geologic de paleontologie et d'hydrologie. Brussels, Bel-

gium.

Proces verbaux. Ac. 10-26*.

Societe botanique de France. Pari.s.

Bulletin. Exp. 35-37.

Societe botanique de Geneva (Switzerland).

Bulletin. Ac. 8-9.

Societe chimique de France. Paris.

Bulletin. Exp. III. 1*, 2*. 3*. 4, 5, 6*, 7-36; I\ . 1, 2*, 3+: S. L. '12+.

Societe des Americanistcs de Paris (I>ance).

Journal. X. H. 5.

Societe des sciences naturalles de I'Ouest de la France. Xantes.

Bulletin. Ac. 7-10; IT. 1-3, 4' \ 5-9, 10'-'; III. 1, 2'-=+.

Societe entomologique de Belgique. Brussels, Belgium.

Compte rendu. Ac. 54-67.

Societe entomologique de France. Paris.

Bulletin des seances. Ac. '97+*.

Societe frauQaise de physique. Paris, France.

Bulletin des stances. X. D. '79-'81, '86-'89*, '92, '93, '9.5.
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Societe geologique de Belgique. Liege, Belgium.

Anales. Ac. 25'-^ 26--*, 27>-S 281-^, 29+.

:\Iemoires. Ac. '04-' 12.

Societe geologique de France. Paris.

Bulletin. I. U. III. 23-28; IV. 1+ : S. L. II. 1.

Societe helvetique des sciences naturelles. Geneva, Switzerland.

Actes. Ac. '93, '95, '99, '02, '07. '09.

Compte rendu. Ac. '99-'07.

Also called Schweizerische naturforschende Gesellschaftg. v.

Societe hollandaise des sciences. La Hague, Holland.

Archives. Ac. 30*' s; II. V- ". 5 2.4, 6, V--, 8'' =• \ 9-15; III. \. 1-2; III.

B. 1+ .

Societe imperiale des naturalistes de Moscou (Russia).

Bulletin. Ac. 61-62; n. s. 1-10, \V "-, 13^. ^ 14, 15, 16- \ 17, IS^-S 19+.

?iIemoires. Ac. 15^, 16^' S 17'- =.

Beilage. Ac. '87.

Societe internationale des electriciens. Paris, France.

Bulletin. P. 5+.

Societe mathematique de France. Paris.

Bulletin. D. 1-20: I. U. 1+ .

Societe rambertia.

Rapport annuel et presidentiel. X. D. 10-13.

Societe roN-ale de botanique de Belgique. Brussels, Belgium.

Bulletin. Ac. 36-45, 45'-', 46'' 2. * 5, 47'-*: X. D. 46+.

Societe royale linneerme de BriLxelles (Belgium).

Bulletin. Ac. 14-16*, 19-31*.

Societe royal malacologique de Belgique. Brussels, Belgium.

.\nnales. Ac. 41-46.

Bulletin des seances. Ac. 'OO-'Ol.

Proces-verbau.x des seances. Ac. 11-24*, 26-28*.

Societe scientifique de Bruxelles (Belgium).

Amiales. X. D. 7-15, 22*, 24-26, 28*, 30+.

Society for experimental biology and medicine. New York City. N. D. 1+ .

Society for horticultural science. Washington, D. C.

Proceedings. E.\p. '03-'10.

Society for psychical research. London, England.

Proceedings. I. U. 1+ : S. X. 1+: W. 1-6.

Society for the promotion of agricultural science.

Proceedings. Exia. 4, 5, 9, 11, 14, 17-19: P. 1-28: S. L. '96, '98, '99.
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Society for the promotion of engineering education. London, England.

Bulletin. P. 1+ .

Proceedings. P. 1+: R. P. 1+ .

Society of American foresters.

Proceedings. P. 1+ *.

Society of chemical industry. London, England.

Journal. Exp. 27+: T. U. 22+: X. D. 24*, 25: P. 1+: R. P. 23+: W. 13.

Society of naval architects and marine engineers. New York.

Transactions. P. 1-11: R. P. 1-15.

Society of telegraph engineers. London, England.

Journal. P. 1-17|| : R. P. 1-14.

Continued after Journal 17 as Institution of electrical engineers q. v.

Sound waves. P. 7-12, 13*, 14-1.5.

Merged with American telephone.

South Africa. Central locust bureau. Cape Town.

Report. Exp. 1-4.

South Africa. Entomologist, Government. Cape Town.

Report. Exp. '95, '98, '00.

South Africa union. Agricultural journal. Pretoria, Transvaal. X. D. '12,

'13+.

South African philosophical society. Cape Town.

Transactions. Ac. 9=, lO- \ 11'-', 12, 15'-^. IG'-".

South Australia. Agriculture, Department of. Adelaide.

Bulletin. Exp. 1-7, 9-21, 23-29, 31-G3. ()9, 71*-74*.

Journal. Exp. 10*, 11*, 15*, 16+ .

Report. E.xp. '05-'07, '09-'ll.

South Carolina agricultural college. Clemson College.

Extension work. Exp. 1*.

South Carolina. Agricultural ex|jeriment station. Clemson College.

Annual report. Exp. 1, 2, 4, 5, 7+: P. 2, 5, 7, 10+.

Bulletin. Exp. 1-153, 155+ : P. o. s. 1-8, n. s. 1-49, 52+.

South Carolina college. Columbia. Experimental farm.

Report. Exp. '83-'86.

South Carolina. Live stock association.

Annual report. Exp. 4-10.

South Dakota. Agricultural experiment station. Brookings.

Annual report. Exp. 1-11, 13, 14, 16+: P. 1-5, 7-9, 15+.

Bulletin. D. 87, 92, 93, 114. 115, 125, 126: Exp. 1+ : P. 1 + : R. P. 22-131:

8. L. '04-'10.
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South Dakota. Agriculture. State board of.

Annual report. Exp. '09, '10.

South Dakota dairy association.

Annual report. Exp. 7.

South Dakota. Engineer.

Report. P. 1+ .

South Dakota. Food and drug commissioner.

Annual report. P. 10-12.

South Dakota. Geological survey.

Biennial report. S. N. 1, 2.

Bulletin. P. 4.

South Dakota. Improved live stock and poultry breeders' association.

Annual report. Exi). '06-'08, '10.

South Dakota (state) school of music. Geology, Department of.

Bulletin. P. 6, 9.

Southern and southwestern railway club. Atlanta, Ga.

Proceedings. P. 5*, 6, 7*, 8.

Southern California academy of science. Los Angeles.

Bulletin. Ac. l^- '.

Southern orchard and farm. Houston, Tex. Exp. 6*, 7*, 8+.

Southern planter. Richmond, Va. Exp. 70+.

Southern ruralist. Atlanta, Ga. Exp. 16*, 18*, 19*, 20+.

Southern states association of commissioners of agriculture.

Proceedings. P. 11, 12.

Southern woodlands. See Georgia forest association.

Southwest trail. Chicago, 111. Exp. 29*, 30*, 31, 32*, 33*.

Spokesman review. Spokane, Wash. Exp. 30*, 31+ .

Springfield (Mass). See Museum of natural history.

Stahl und Eisen. Dusseldorf, Germany. P. 25+.

Standard guide. Chicago, 111. Exp. 4.

Statesman's yearbook. London, England. R. P. '73, '76.

Stockholm (Sweden). See Kongliga svenska vetenskaps-akademien.

Stone and Webster public service journal. Boston, Mass. P. 1-6.

Strawberry. Three Rivers, Mich. Exp. 2*.

Street railway journal. New York. Ft. W. 29-3111 : P. 7-31|| .

Continued as Electric railway journal q. v.

Street railway review. Chicago, 111. P. 4-16l|.

Continued as Electric railway review q. v.

Student farmer. Aladison, Wis. Exp. 3*, 4*.
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Successful farming. Des Moines, la. Exp. 8*.

Successful poultrj^ journal. Chicago, 111. P]xp. 3*, 4, .5*, 6, 7*, 8, 9*, 10*,

11-15, 16*, 17*, 18+.

Sugar beet. Philadelphia, Pa. Exp. 12*, 15, 16, 17*, 18-21, 22*, 23*, 24*,

25*, 26*, 27.

Quarterly. Exp. 27-32.

Svenska vetenskaps-akademien. Sec Kongliga svenska, etc.

Sveriges geologiska Undersokning. Stockholm, Sweden.

.\fhandlingar och uppsatser. Ac. ser. C. 92-111, 113-134, 195, 196, 201-

203; ser. Ca. 4, 5, 7.

Arsbok. Ac. '07-'09.

Ofversiktskartor. Ac. ser. Ba. 6, 7.

Tacoma acadcmj- of sciences. Tacoma, Wash.

Proceedings. Ac. '93.

Technic. See under Michigan university.

Technical literature. New York. See Engineering tligest.

Technical world magazine. New York. Ft. W. 11+ : G. 13+: 8. N. 1+ .

Technische Auskunst: Monatsheft des internationalen Institutes fiir Tcch-

nobibliographie. Berlin, Germanj'. R. P. '09+.

Technograph. See under Illinois university.

Technology architectural record. Boston. Mass. Ft. \V. 6+.

Technology quarterly and proceedings of the Society of arts. Boston, Mass,

P. 18-21.

Technology review. Boston, Mass. I. U. 1+ : P. 1+ : P. P. 1+ .

Telegraph and telephone age. New York. S. L. '11.

Telephony, the American telephone journal. Chicago, 111. P. 1-4, 17, 18,59+.

Tennessee. Agricultural experiment station. Knoxville.

Annual report. Exp. 1+ : S. L. '00, '01, '03: P. 1 + .

Bulletin. Exp. 1+ : S. L. '96-'08*: P. 1+ .

Special bulletin. Exp. B-E.

Tennessee. Agricultural statistics and mines, Conunissioner of.

Annual report. Exp. '84.

Tennessee. Entomology, State board of. Knoxville.

Annual report. Exp. 1, 3-6: N. D. 7+.

Bulletin. Exp. 1, 3-5: N. D. 7+.

Tennessee. Geological survey.

Biennial report. N. H. 1: P. '69.

Resources of Tennessee. P. 1+ .
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Tennessee. Health, State board of. Xashville. Exp. 3*, 4*, 5*, 6*, 7*, 9*.

Tennessee university. Knoxville.

Record. Exp. 7*: P. 4*-10*.

Tennessee university. Agriculture, School of.

Report on experimental work. Exp. '79-'86||.

Continued by Tennessee. Agricultural experiment station, q. v.

Terrestial magnetism and atmospheric electricity. Chicago, III.; Cincinnati,

O.: Baltimore, Md. I. U. 4, 5.

Texas academy of science. Austin, Tex.

Transactions. Ac. l'-^, 2^' -, 3, 4 pt. 21-", 7, 9-11: X. D. 1+ .

Texas. Agricultural experiment station. College Station.

Annual report. Exp. 1-14: P. 1+ .

Bulletin. D. 7: Exp. 1-77, 79-86, 88+: P. 1+: S. L. "05+*.

Texas. Agriculture, Department of. Austin.

Annual report. Exp. 1.

Bulletin. Exp. 1, 3-7, 10-12, U, 15, 19, 20-22, 2+28.

Texas farm cooperator. Ft. Worth. Exp. 34*, 35+.

Texas farmer. Ft. Worth. Exp. 33*, 34+.

Texas farmers' congress. Beaumont.

Annual report. Exp. 14: P. 3-5, 9, 15.

Texas geological and mineralogical survey.

Bulletin. P. 3-4, 7-9.

Texas university. Austin.

Bulletin. Medical series. Ac. 2, 3.

Official series. Ac. 39.

Reprint series. Ac. 2.

Scientific series. Ac. 4, 6, 8, 10-17: I. U. 12, 13: X. D. 14,20+: P.

46, 51, 135, 165, 178, 189: R. P. 23+.

Record. P. 2-4*.

Mineral survey. Bulletin. P. 3, 4, 7, 9|| : R. P. 7.9||

.

Therapeutic gazette. Detroit, ^^lich. D. o. s. 4-11.

Therapeutic notes. Detroit, Mich. I. U. 10+.

Things chemical. X. D. '06*, '07*.

Tidsskrift for skovaesen. Copenhagen, Denmark. X. D. '13+.

Timehri. Journal of the royal agricultural and commercial society of British

Guiana. Damerara. X'. D. III. 1*, 2*, 3+.

Tokyo (Japan) botanical society.

Botanical magazine and proceedings. X'. D. 24+.
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Tokyo (Japan) universitj-.

Journal. N. D. 1+ .

Toronto (Can.). City engineer.

Report. P. '93, '95-'97, '99, '01, '02.

Toronto (Can.) school of practical science.

Papers. P. 7-20.

Toronto (Can.) university. Chemical laboratory.

Papers. Ac. 40-52, 54-72, 74-94.

Toronto (Can.) university. Physical laboratory.

Papers. Ac. 18-40.

Toronto (Can.) university. Engineering society.

Applied science. P. 1, 2: R. P. '92-'98, '00-'06.

Called Papers before 1903.

Toronto (Can.) university.

Studies. Anatomical series. P. 1.

Biological series. Ac. 4-11: X. D. 3+: P. 1-3

Chemical series. Ac. 40-52. 54-72. 74-93.

Geological series. Ac. .3-7: X. D. 1 + : P. 1. 2.

Pathological series. Ac. 1.

Physical science series. Ac. 1-4.

Physics series. Ac. lcS-36.

Physiological series. Ac. 4-7: P. 1-3.

Psychological series. Ac. 2- V. ': P. 1, 2.

Torrey botanical club. X"e\v York.

Bulletin. Ac. 12-21, 25: D. 19+: ¥. 15, 17, 18: I. T'. 18-19, 21 + : X. D.

14, 15*, 16-24, 25*, 26, 27, 36*, 37+: W. 19+.

Memoirs. D. 1, 2, 4-11: I. U. 1*, 6*, 9, 11*.

Torrey a. D. 1+: X. D. 11+ .

Town planning review. .Manchester, England. O. 3+ .

Trade; u journal of the canning industry. Baltimore. Md. I'ixp. 34*, 35+.

Transit. See under Iowa (state) university.

Transvaal agricultural journal. Pretoria. Exp. 1*, 2*, 3*, 4-S, 9*.

Transvaal. Agriculture, Department of. Pretoria.

Annual report. Exp. '03-'08.

Traveling engineers association.

Proceedings. P. 1-7, 9.

Trenton (N. J.) natural history society.

Journal. Ac. 1'-', 2'.
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Trondhjem (Norway). See Kongelige norske videnskabers selskab.

Trucker and farmer. New Orleans, La. Exp. 4*, 5+.

Tufts college. Tufts college, Mass.

Studies, Ac. !=• ' =• ', 2"-- •', 3': P. 1+*.

United States. Agriculture, Department of. Washington, D. C.

Annual report. D. '63, '65, '67, '68, '73, '75-'80, '85-'93: Exp. '47, '48,

'50, '51, '53-'59, '61+ : P. '48-'60, '62-'S3, '98+: R. P. '62+: S. L.

'43*+: S. N. '51-'05, '07+.

Called Report of the commissioner of agriculture until 1888. After that called Report of

the secretary of agriculture. Since 1894 the scientificand general informational matter

has been published separately from the administrative report in the Year book q. v.

Department report series. Exp. 12, 14, 16, 18, 20, 22, 24, 26, 27, 30, 36,

39, 43, 47, 48-50, 52, 55-85, 88-90, 92+: P. 59-63, 65-72, 74, 75, 77, 78,

80, 83, 84, 86+: S. N. 5, 58, 60, 63, 65, 68-72, 74, 75, 77, 80, 86+

.

Farmers' bulletins. Exp. 1-.375. 377+: N. D. 1+ : P. 1+ : R. P. 9-356:

S. L. 1+ : S. N. 1+ .

Library bulletin. Exp. 1 + : P. 1+ : S. N. 40+.

Library monthly bulletin. Exjj. 1, 2+: P. 1+ .

Miscellaneous reports. Exp. 1-10||: S. L. 1-10||.

Special reports. D. 18-37: S. L. o. s. 1-65|1.

Yearbook. D. '94-'97, '07, '08, '10+: Exp. '94+: N. D. 1+ : P. '94+ :

R. P. '94+: S. L. '94+: S. N. '94+.

Continues the scientific and informational matter of the Annual report q. v.

United States. Agrostology, Division of.

Bulletin. D. 11-20: Exp. 1, 2, +7, 9-25l| : P. 1-7, 9-25 1| : R. P. 2-25||: S. N.

1, 2, 4.6, 8, 9, 12-16, 18, 19, 21-25||.

Continued as United States Plant industry, Bureau of, q. v.

United States. Animal industry. Bureau of.

Annual report of the bureau. D. 24+: Exp. 1+ : P. 1-16, 21+ : R. P. 1-24:

S. N. '84, '87-'92, '97-'03, '07+.

Annual report of the chief. Exp. '89-'91, '95-'03, '05, '06, '08-'10, '12+.

Bulletin. D. 2-4, 6, 7, 10-15, 17, 20-22, 24, 25, 31, 32, 34, 38, 39, 42, 4+53,

56-58, 60, 63, 66-101, 103-139, 141-159, 161-164, 166+ : Exp. 1-78, 80-

106, 108-124, 125, 126-159, 161-164, 166+ : P. 3-5, 7-9, 11, 13+ : R. P.

10-11, S. N. 9, 15-18. 28, 30-34, 36, 39.

United States astrophysical observatory.

Amials. D. 2+:N. D. 1+:R. P. 1+ .
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Vnited States. Biological survey, Division of.

Annual report. Exp. '87.'89, '98, '01-'09, '11+ : N. D. 1+.

Bulletin. D. 1, 6, 8, 10, 15-17, 20, 22+: Exp. 1, 3+: N. D. 1+: N. H.

1: P. 1-37, 39+: S. L. 9+: S. N. 7-9, 12, 15+.

Circular. Exp. 1+17, 20, 23-35, 38-40, 42-44, 46-47, 51+ : N. D. 1+ :

P. 1-61, 63-85, 87-90, 92+: S. L. 17+: S. N. 28+.

North American fauna. D. 1-5, 7, 11, 12, 17, 20, 23: Exp. 1-5, 7, 8, 10+:

P. 1-4, 7, 8, 10+: S. L. 1+ : S. N. 2-5, 8-10, 11-13, 15, 17, 18, 20-26, 27+.

Formerly United States. Ornithology and Mammalogy, Division of, q. v.

United States. Botany, Division of.

Annual report. Exp. '85, '86, '88-'91, '93, '94, '96-'98: P. '86, '88-'95.

Bulletin. D. 1, 3, 6, 8, 15-25, 27: Exp. l-29i|: P. 1-3, 5-8, 12-29|1: R. P.

16-2911

.

Circulars. Exp. 1-30||: P. 2-30|| : S. L. 9, 12, 15, 18. 23-30||.

Continued as United States Plant industry, Bureau of, q. v.

United States brewers' association.

Proceedings. P. '08-'ll.

Yearbook. P. '09+.

United States census bureau, forest products. P. '07+.

United States. Chemistry, Bureau of.

Annual report. Exii. '90, '93, '97, '98, '00-'03, '05, '07+: N. D. 1+: P.

'90, '98-'01, '03-'05, '08.

Bulletin. Exp. 3, 8, 9, 11-96. 99-113, 115-160, 163+ : N. D. 1+ : P. 1-6,

8-10, 13-15, 17, 18, 20+: R. P. 13-124: S. L. 1+ : S. N. 13, 15, 20, 21,

34, 39, 40, 42, 46-58, 62+.

Circulars. Exp. 1, 2, 3-6. 7-18, 20+: N. D. 1+ : P. 1-77, 79-85, 87+: S. L.

1+ : S. N. 5, 16, 41+ .

United States. Coast and geodetic survey.

Annual report. D. '52, '54, '55, '60, 'G2-'68, '71-'73, '77-'89, '91+: N. D.

1+ : P. '51+: R. P. '51-'57, '59-'62, '64-'65, '67+: S. N. '51-'57, '60,

'61, '78-'95, '97+.

Bulletin. N. D. 1+ : R. P. +17, 19-21, 25, 26, 28, 29, 32, 33, 35-38, 40+.

Charts. N. D. 1+ .

Special publications. P. 1, 5+: R. P. 4, 7, 10+: S. L. 3-5, 7-12.

Surveys. N. D. 1+ .

Tide tables. D. '03-'05, '07, '13: X. D. 1+ : P. '08+: S. N. '02+.

U. S. coast pilot. Atlantic coast. D. 1-8: H. N. 1-6, 8.

Pacific coast. D. 1: S. N. 1.

U. S. magnetic tables and magnetic charts. D. '05: 8. N. '05.
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United States. Engineer department

.

Professional papers. N. D. 1+ : R. P. 22, 23, 25, 26, 28.

Report of chief. R. P. '68+: «. L. '67+: S. N. '83, '07+.

Report of examination ViCl surveys. N. D. 1+ .

United States. Engineer school. Washington, D. C.

Occasional papers. N. D. 1+.

United States. Entomological commission.

Annual reports. Exp. 3-5||: P. 1-4.

Bulletins. D. 1-7!|: Exp. 1-3, 5-7||.

United States. Entomology, Bureau of.

Annual report. Exp. '08, '10+: N. D. 1+ .

Bulletin. D. o. s. 6, 7, 10, 13-17, 19, 21, 23, 25, 27-30, 32, 33; n. s. 4, 6, 7,

11-20, 23, 26-30, 32, 37-39, 41-44, 46-50, 52-54, 56-80, 82, 84. 86-93, 95,

97-98, 100-110, 112+ : Exp. o. s. +25, 27-33; n. s. 1-82, 84-93, 95*, 96*,

97, 98, 100-113, 115*, 116*, 117-121, 127+: N. D. 1+: P. o. s. 6, 10, 11,

13, 14, 17, 19, 20, 22-25, 27-29, 31, 32; n. s. 1+ : S. L. o. s. 1-33; n. s. 1+ :

S. N. o. s. 4, 6, 9-19, 22, 29, 31, 45-50; n. s. 1, 3, 4, 6-9, 25, 27-30, 52+.

Bulletin. Technical series. D. 2, 3, 10+: Exp. 1-3, 5-13, 15, 16*, 17*,

19*, 20*, 21-23*, 24, 25*, 26+: N. D. 1+ : P. 1+ .

Insect life. D. 1-7||: Exp. l-7l|: L. p. 2, 3*, 4, 5*, 7*|1: P. 1-4, 5*, 7||:

W. 1-711.

Special report. Exp. 1-3, 5-8.

United States. F^thnology, Bureau of American.

Annual report. E. 1-26: Exp. 26: F. 2-23: L. P. 1-22: N. D. 1+ : N. H.

1-28: P. 1-3, 5-19, 21+: R. P. 1 + : S. L. 1-26: T. H. '79-'89, '93.

'94, '96+.

Bulletin. F. 25-27: I. IT. 25, 30-36, 39, 42-45, 47+: P. 33+: R. P. 1-48:

S. L. 1-52: S. N. 6-23, 25-45, 47+: T. H. 25-29, 32-35, 37+: W. 1+ .

Ethnological survey publications. P. 1, 2*, 4*: S. N. 1.

United States. Experiment stations, Office of.

Annual report. D. '08+: Exp. '01-'09, '11+ : N. D. 1+: P. '01+: R. P.

'01.'04-'07: S. N. '07-'10.

xVnnual report of director. Exp. '89+: P. '89, '91+ .

Bulletin. Exp. 1-253, 255+: N. D. 1+ : P. 1+ : R. P. 1-210: S. N. 1, 3-7,

10-20, 22-25, 65-68, 80, 83-85, 88-106, 108-118, 120-130, 132+ : S. L. 1+ .

Experiment station record. D. 1*, 2*. 3-5, 6*, 7, 9*, 10*, 11*, 13*, 14*,

15*, 16*, 17-20, 21*, 22*, 23+: Exp. 1+: N. D. 1+: P. 1+ : R. P.

3-20: S. L. 1+ : S. N. 8+.
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Experiment station work. Exp. 1+ : P. 1+: 8. X. 2.

Farmers' institute lecture. Exp. 1-14: P. 1+: S. I>. 1+ : S. X. 1 + .

Miscellaneous bulletins. Exp. 1, 3!| : P. 1-3||.

United States. Fiber investigations, Office of.

Report. D. 2-9: Exp. 1-11||: P. 1,3-1111: R. P. S-Ujl.

Continued in United Statjs. Botany, Division of. <i. v.

United States. Fisheries, Bureau of.

Bulletin. D. 1-8, 11-17, 27+: L. P. 1+ : X. D. 1+ : X. H. 8, 12, 15: P.

1+ : R. P. 10: S. X. 1+ : T. H. 1+ .

Documents. P. 603*-|-: S. X. 602-604. 609, 610, 612, 613, 618-F.

Economic circular. X. D. 1-|-: S. L. '12-|-.

Report. D. '71-72, '78, '82, '87-'99: Exp. '9l-'92: I. U. '71, '72, '73-'04:

L. P. '71-'74, '77-'81, '83-^: X. D. l-(-: X. H. '71, '87, '04: P. '71-'77,

'79-'88, '94-'06: R. P. '71.'87: S. L. '7H-: T. H. '73-'04: VV.

Before 1903 known a.s Commission of Fish and Fisheries.

United States. Food and drug inspection. Board of.

Food inspection decisions. P. 1-|-*.

United States. Forestry service.

Amuial reports. Exp. '93, '97, '08, '09, '11-|-: P. '91-'93, '99-'06, '09.

Bulletin. D. 6, 10-12, 33, 35, 37-41, 43, 45-48, 50-52, 54-61, 63-76, 78-81,

83-97, 99-112, 115, 119, 121-123, 1254- : Ex|). 2, 4-22, 24-119, 121-123,

125+ : F. 7, 15, 16, 20, 21, 2+26, 31-34, 41-43, 45-52, 54, 55: L. P. 15-17,

19, 20, 25-32, 34, 35, 37-58, 60. 63-66, 68-73, 75-81, 83-90, 94, 97-102,

104+: X. D. 1 + : P. 2, +10, 12-21, 24+*: R. P. 9-74, 77, 104+: S. L.

1+ : S. X. 7, 9, 30-35, 37+: T. H. 15+.

Silvical leaflets. L. P. 12, 15-24, 26-33, 35-37, 39, 41, 42: X. D. 1+ : P

] + : S. L. 3+*.

Report on forestry. S. X. 2-4.

United Slates. Geographical and geological survey of the Rocky mountain

region

.

Contributions to X'^orth American ethnology. D. 1, 3-5: P. 4-7, 9!|: S. X.

6, 7, 9[.

Vol. 8 never published.

United States. Geographical and geological survey west of the 100th meridian.

Report. D. 2-7: X. D. 1-7: P. 1, 3, 7.

United States. Geological and geographical survey of the territories.

Bulletin. D. 3*, 4-6: P. 4-6*.

Report. D. 1-3, 6-11, 13|! : X. D. '.52: P. 1-3, 5, 6, 8-10, 12, 13||: S. X. 3,

8,9, 11, 12.
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United States. Geological exploration of the 40th parallel.

Report. D. 1-7: N. D. 1-7: P. 4, 5, 6.

United States. Geological survey.

Annual report. D. 3-5, 8, 11: E. 1-13*, 14-22*, 23+: F. 3-25: I. U. 1+ :

L. P. 1+: N. D. 1+ ; N. H. 2+: P. 2+: R. P. '80-'91: S. L. '67.'78:

T. H. 1,4-9, 14+.

Bulletin. E. 80-87, 90-97, 173, 177, 215, 217-222, 243: G. 400+ : I. U. 1+ ;

L. P. 1*+: N. D. 1+: N. H. 1+ : P. 1+: R. P. 1+ : S. L. 1+: S. N.

1-273, 322-470, 472+.

Geologic folios. N. D. 1+: R. P. 1+.

Mineral resources of the United States. D. '67, '68, '83-'88, '91, '92: K.

'82-'99, '08: I. U. '82: L. P. '66*+: X. H. '67, '68, '83-'93, P. '67, '68,

'70, '73, '74, '76, '82.'93, '96, '97, '00+: R. P. '67, '68, '83-'93: S. N.

'83-'93, '98+: T. H. '83-'88, '91-'93, '00+.

Monographs. E. 1-52+ : F. 25-48: T. U. 1-8, 10-49, 52+: L. P. 1*+:

N. D. 1+: N. H. 1-50, 52: P. 1+: R. P. 1+ : 8. X. 1-48, 51, 52+:

T. H. 2, 3, 6, 8, 15-18, 20, 21, 23-31, 33-46, 49+.

Professional papers. F. 1-39: I. U. 1-68, 70, 72, 73, 75+: X. D. 1+ : P.

1+ : R. P. 1-43,48: S. X. 1+ .

Topographic atlas. R. P. 1-3.

Water supply and irrigation papers. I. U. 1+: L. P. 1*+: X. D. 1+: P.

1+: R. P. 1+ : S. L. 1+: S. X. 40-256, 261-280, 284+: T. H. 42+.

United States. Health, Xational board of.

Report. F. '80, '82, '83: P. '79, '80, '83.

United States. Hydrographic office.

Bulletin. X. D. 1+ .

Charts. X. D. 1+ .

Xotices to mariners. X. D. 1+ .

United States. Hygienic laboratory. See under United States. Public health

and marine hospital service. Bureau of.

United States. Isthmian canal commission.

Annual report. S: X. '07+: P. '05+.

United States. Life-saving service.

Annual report. R. P. '84, '07+: S. X. '01+ .

United States. Lighthouse board.

Annual report. R. P. '76, '77, '79, '81, '84+.
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United States. Microscopy, Division of.

Annual reports. E.xp. '92: P. '91-'93.

Food products. Exp. 1, 2: P. 1-3||.

Special reports. Exp. '84, '85.

United States. Mines, Bureau of.

Bulletin. P. 1-30, 34-37, 39-41, 43-53, 55, 56, 59, 61-66, 69, 71: R. P. l+ :

8. L. 1+ *.

Miners' circular. P. 2-6, 8-12, 15: R. P. 3+: S. L. 2-6, 9-11.

Report. P. '11+ : S. L. '11, '12.

Technical papers. P. 1-33, 36-44, 46-49, 51-55, 60: R. P. l+ : 8. L. l+ *.

United States national herbarium. Washington, D. C.

Contributions. D. 1*, 2, 3*. 4, 5*, 10*, 11+ : Exp. 1*, 2-9, 10*, 11+ : L. P.

5*, 6*, 7*, S*, 9*, 10*, 11*. 12*, 13, 14*, 15*, 16+: N. D. 1*, 2-4, 9, 10*,

11+ : P. 1+ : R. P. 1+ : 8. X. 2+: T. H. 5+.

United States national museum. See Smithsonian institution.

United States naval medical bulletin. I. U. 1+: X. D. 1+ : P. 1*, 2+:

United States. X^autical almanac office.

American eplicmeric and nautical ahnanac. X. I). 1+ : P. '83-'91, '93+:

R. P. '82, '86-'90, '94-'9(;, '98+: 8. T.. '86+: 8. X. '55, '65, '69, '70'

'76, '77, '79, '80-'84, '96, '00+.

United States naval ()bscr\ atory.

Annual report. H. P. '89, '90, '92, '98, '99, '01, '03.

Magnetic observations. R. P. '88-'94.

Meteorological observations. H. P. '83-'90.

Observations. 8. X. '83.

Publications. P. II. 1-3, 5: H. 1'. II. 1 + : 8. L. II. 1-7: 8. X. II. 6, 7.

Washington observations. D. '81-'92: P. '62, '8]-'92: Pv. P. '86-'92.

United States. Navigation, Bureau of.

Annual report. R. P. 'OO-'Ol.

United States. Ordnance bureau.

Test of metals. R. P. '79+: 8. L. '83+: 8. N. '84-'00+.

United States. Ornithology and mammalogy, Division of.

Bulletin. 8. L. 3-8.

Continued :is United States. Biological siii vcy '/. r.

United States. Patent ofhce.

Annual report. N. D. 1+ : S. X' '47, '55, '61, '64, '99+.

Decisions of the commissioners. 8. X. '99+.
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Official gazette. G. 157+ : L. P. 47+: N. D. 1+ : x\. H. '07+: P. 1+:R.

P. 1+ : S. L. 1+ : T. H. '53-'63, '88+.

Hpec-ifications and drawings of patents. R. P. '71+ : S. L. '71+ .

United States. Plant industry, Bvu'eau of.

Bulletin. D. 1, 20-23, 25, 26, 28-37, 39-43, 45-51, 53-63, 66, 68, 69, 71.

73-75, 77-135, 137-162, 165, 168, 171-173, 175-197, 169-235, 237-258,

260-272, 274, 277+: Exp. 1-91, 93-96, 98-108, 110+ : F. 14, 44, 46, 90*:

N. D. 1+ : P. 1-45 47+: R. P. 1-148: S. L. '01 + : S. N. 1-63, 65+ .

Report. N. D. 1+: P. 1-4.

United States. Pomology, Division of.

Annual report. Exp. '92-'97: P. '81, '93-'95.

Bulletin. D. 1, 2, 6, 10|| : Exp. 1-10||: P. 1-10|!: S. N. 2. 4. 5. 7, 9, 10||.

Miscellaneous reports. Exp. '83, '96.

Continued in United States. Plant industry, Bureau of.

United States. Public health and marine hospital service, Bureau of.

Annual report. N. D. 1+: P. '94: S. L. '03+: S. N. '03+: T. H. '94-'97,

'99+.

Hygienic laboratory. Bulletin. I. U. 70-74, 76-78: ^'
. D. 1+: P. 1+:

S. L. 8+*: S. N.-8, 10, 11, 13, 14, 16-32, 36-62, 6+78, 84+.

Public health bulletin. D. 7, 19, 22, 23, 26-28, 30, 32-35, 38-47. 49-55,

59+: S. L. 4+*.

Public health reports. N. D. 1+ : P. 14+: 8. L. 19+: S. N. 15-17. 20+:

T. H. 11+ .

Transactions of annual conference with health officers. X. D. 1+: P.

1+ : S. N. '03+.

Yellow fever institute. Bulletin. N. D. 1 + : P. 1 + : 8. N. 1, 3.

United States. Public road inquiries, Office of.

Annual report. Exp. '02, '08+: P. '03. '11+.

Bulletin. Exp. 1,3+: N. D. 1+: P. 1-26, 28+ : R. P. 16. 19-34, 38, 40+:

S. N. 4+ .

Circulars. Exp. 14-30, 32+: N. D. 1+ : P. 14-64, 66-67, 83-85, 87, 89+:

R. P. 19+ .

United States. Reclamation service.

Annual report. S. N. 6+: P. 2, 4+.

Maps. N. D. 1+ .

Publications. N. D. 1+ .

United States. Seed and plant introduction. Section of.

Inventories. Exj). 1-8.

23—1019
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United States. Signal service.

Annual report of chief signal officer of the army. K. P. '79, '84, '86: S. N.

'88.

Professional papers. S. N. 4. 15.

United States. Soils. Bureau of.

.\nnual report. Kxp. '96-'01, '04, '06+: N. D. 1+ : P. '97-'00, '03.

Bulletin. Exp. 1-19, 21-77. 80-93, 954-: X. D. 1 + : P. 1-39. il + : R. P.

5-56: S. L. 1+: S. X. 1-4, 17-19, 21-h.

Circular. E.xp. 2-6, 8-76, 79+: P. 3+: 8. L. 5+*.

Field operations. X. D. 1+ : P. '89+: R. P. '99-'06: 8. X. '99+.

Publications. X. D. 1+ .

Surveys. X'. D. 1+ .

United States. Standards, Biu-eau of.

Bulletin. D. l+ :(;.6+: X. D. 1+ : P. 1+: R. P. 1+ : S. L. 2-7: S. N. 2+.

Circulars. X. D. 1 + : P. 1+ : R. P. 2, 4+: S. L. 3+ .

Conferences. D. 1 + : X. D. 1 + : P. 14 .

Reprints. X. D. 1+ .

Technologic papers. D. 1-5, 7+: R. P. 1 + : \V.

United States. Statistics. Bureau of.

Bulletin. P. 22. 24. 25. 27, 77, 81-85, 88, 90. 94. 93-96. 99+: S. \. 24, 25

27+ .

Circulars. Exp. 1-1:^. 15+: P. 1+ : S. X. 1-13, 16+ .

Crop reporter. Exp. 1*, 2*, 3-7, S*, 9-14, 15+: P. 2+.
Continues Monthly reports q. v.

.Miscellaneous bulletin. Exp. 1-79, 81-85. 88-91. 9;i-96. 99+: S. X. '90-'()3.

.Monthly reports. Kxj). o. s. 3. .5-10, 11*. 12. 13: n. s. 1, 2*, 3*. +6, 7*.

8:14: S. X. n. s. 112+.
Continued by Crop reporter, q. v.

Special report. Exp. o. s. 1, 2, 4, 6, 10-42. 4+63. 65.

United States. Steam engineering htueau.

-Vnnual report. X. D. 1+ .

Publications. X. D. 1+ .

Specifications. X. D. 1+ .

United States. Surgeon-general's office.

Index catalogue of the library. P. I. 1-3, r.-Ui; 11. 1-10. 12+: T. H. II.

1+ .

Report. X. D. 1 + .
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United States. Vegetabk' patlioloiujy. Division of.

Bulletin. D. 1-7.

Continues in United Stales. N'egetable physiology and pathology, Division of. </ (

.

United States. Vegetable pathology. Section of.

Bulletin. D. 5, 7, 9, 10.

Continues in United States, \egetable pathology, Division of. q. r.

United States. Vegetable physiology and pathology, Division of.

Annual report of the chief. Exp' '87, '89' '92, '96+.

Bulletin. D. 8-10, 21, 23, 25: Exp. 1-10, 12-29il: P. o. s. 7. 11: n. s. 1-3

5-29!|: R. P. 8-2911 : S. L. 1-14, 16-19, 21-29]|: S. X. 5, 8, 10, 11, 15, 16.

17. 19-21, 23, 28, 29||.

See also Journal of mycobgy.

Continued in United States. Plant industry, Bureau of. y. r.

United States veterinary association. See American veterinary association.

United States. War department. Report of explorations and surveys to

ascertain the most practicable and economic route for a railroad from

the Mississippi river to the Pacific ocean. S. X. 2, 8, 9, 12*.

Botanical report. N . D. '57.

United States. Weather bureau.

Bulletin. D. .36: Exp. 1-10, 11*, 12-16, 19, 21, 22, 24-32, 35-37: Exp. C-H,

J-Q: S. N. C, E, F, (i, H, I, L, M, N, P, Q, R, S, T, K.

Monthly weather review. D. 37*, 38+: Exp. 12*. 17*, 23*, 31*, 32*.

33-36, 37*-40*: N. D. 1+ : S. X. 20-23, 30+.

Proceedings of the convention of weathei- bureaii ofhcials. S. X. 1-3.

Report of the chief. D. '91, '06+: Exp. '00+: X. D. 1+: R. P. '91 + :

S. X. '99+.

Weather bulletins. S. X. 1. 5-10, 14, 16-22. 24. 26, 28, 30-33, 35, 36+ .

Weather maps. X^. D. 1+ .

United States. Yellow fever institute. See under United States.

Public health and marine hospital service. Bureau of.

Unterrichtsblaetter fiir Mathcmiitik und Xaturwissenschaften. 1. U. 1+ .

Upper Iowa university.

Bulletin. Biological series. X'. D. 11.

Upper Iowa university. Biology laboratory.

Contributions. P. 1-3.

Upsala (Sweden) university.

Bulletin. Ac. 1-11*.

Upsatser praktisk entomologi. I^psala, Sweden. Exj:). 20-22.
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Up-to-date farming. Indianapolis, Ind. Exp. 13*.

Utah. Agricultural experiment station. Logan.

Annual report. Exp. 1-r: P. 1+: 8. L. '98-'03*.

Bulletin. D. 69: Exp. 1+ : P. 1+ : S. L. '98+.

Utah. Farmers' institutes. Salt Lake City.

Annual report. Exp. 4, 10-13: P. 1-6, 8-13.

Utah. Horticultural commission. I^ogan.

Biennial report. Exp. '09 -'12.

Bulletin. Exp. I.

Utah (state) horticultural society. Salt Lake City.

Proceedings. Exp. '12.

Utah. Horticulture, State board of. Salt Lake City.

Biennial report. Exp. '03-'04.

V'anderbilt university. Nashville, Term.

Quarterly. L U. 2-3, .t+: P. 1*, 2, 3*. .5*, .5-8.

Van Nostrand's chemical annual. New York. P. 1+ .

Van Nostrand's engineering magazine. New York. P. 1-3.5||: K. P. 1-3.5||.

Continued in American engineer and railroad journal, q. v.

Vegetable growers. Chicago, 111. Exp. n. s. 1*, 2*, 3+.

Vegetable growers' association of Ontario. Toronto.

Report. Exp. 1+ .

Verein deutscher Ingenieure. Berlin, Germany.

Zeitschrift. Ft. \V 57+: R. P. 43+ .

Verein fiir Erdkundc. Leipzig, Germany .

Mittheilungen. Ac. '84, '8.5, '94-'ll.

Wissenschaftliche VeroflVntlichungen. Ac. 3-7.

Verein fur Naturwissenschaft zu Braunschweig (CJermanyj.

Jahresbericht. Ac. '87-'09.

Verein zum Schutze der .\lpenpfhuizen. Bamberg, Bavaria.

Berichte. N. D. 12.

Vermont. Agricultural experiment station. Burlington.

.\nnual report. I). 13: Exp. 1+: P. 1, 3-8, 10+: S. L. '87, '88, '90, '91.

Bulletin. D. 83. 108: Exp. 1-159, 161 + : P. 8+: S. L. 142, 143.

Vermont. Agriculture, State board of. North Pomfret.

Annual report. Exp. 7, 9-12: P. .5, 11-28.

Vermont. Agriculture. Department of. Plainfidd.

Annual rejjort. Exp. 1: P. 1+ .

Bulletin. Exp. 2, 3, o, 8-15.
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Vermont botanical club. Burlington.

.\nnual bulletin. N. D. !+ •

Vermont dairynion's association.

Annual report. Exp. 19: P. 40-41.

Vermont (state) geological survey. Montpelier.

Report. N. D. n. s. 3+ .

Vermont (state) highway commission. Montpelier.

Biennial report. N. D. 7+.

Vermont (state) horticultural society. Burlington.

Amiual report. Exp. 2, 4, 5, 8.

Vermont. I^'brary commission. St. Johnsbury, Vt.

Biennial report. Exp. 8.

Veterinarian. London. P]ngland. Exp. 1-62, 66-75.

After 1902 continued in Journal of comparative pathology and therapeutics, q. v.

Veterinary journal. London, England. Exp. n. s. 1+.

Veterinary journal and annals of comparative pathology. London, England.

Exp. 1-49.

Veterinary magazine. Philadelphia, Pa. Exp. 1, 2.

Veterinary medical association. London, England.

Proceedings. Exp. 1-5.

Transactions. Exp. 1-3.

Veterinary record. London England.

Transactions. Exp. 1-6.

Vick's illustrated monthly magazine. Rochester, X. Y. N. H. 1-13.

Victoria (Australia). Agriculture, Department of. Melbourne

Annual report. Exp. '05-'!0.

Bulletin. Exp. 1-16, 22-24.

Guides to growers. Exp. 49, 50.

Journal. Exp. 1*, 2*, 3*, 4-6, 9+.

Leaflets. Exp. 1.

Yearbook. Exp. '05.

Victorian institute of engineers. Victoria, Australia.

Proceedings. P. 10, 11.

Victoria institute of Trinidad (British West Indies).

Proceedings. Ac. 1, 2, 4.

Videnskabs-selskabet. Christiania, Norway.

Forhandlinger. N. D. '12+.

Vienna. See Wiener.
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Virginia. Agricultural experiment station. Blncks<burg.

Annual report. Exp. '89-'93' '95-'06, ^08+: P. '91-'94, '97-'06, '08+.

Bulletins. Exp. 1+ : P. 2+' S. L. '05+*.

Virginia. Agriculture. State board of. Richmond.

Amiual report. Exp. '78, '88, '92.'94, '9G, '01, '03.

Bulletin. Exp. 7. 9. 11, 13, 18, 19, 33.

Virginia. State crop pest commi.ssion. Ricliniond.

Circular. Exp, o. s. 45; n. s. 4, 5.

Virginia. State entomologist and plant pat liologist. Pichiiiond.

Annual report. Exj). 5, 8.

Virginia truck experiment station. Norfolk.

Bulletin. Exp. 1+ .

Virginia university. Charlottesville.

Biennial report. E.xp. '93, '94.

Virginia university. Philosophical society. Charlottesville.

Bulletin. Science series. .\c. l'~'-: P. 1.

Virginia. Slate veterinarian. Bl;icksbuig.

Annual report. Exp. 1-3,.^.

Wagner free institute of science of i'hi!adcli)]iia (P:i).

Transactions. I'lxp. 7.

Wallace's American trotting leg^ster. S. L. 1-13.

Wallace's farmer. Des Moines, la. Fxp. 28*, 29, .30*, 31*, .32*, .33*, 34*

3.'>*, 36+: P. 30+.

Wallace's monthly. Xew York. S. I,. 1-14.

Warren (Pa.) academy of science.

. Reports and papers. Ac. '07-'08.

Transactions. Ac. !'• 2- \. D. 1+ .

Washburn college. To])ek;i. Kan. I>aboratoiv of n.ifural history.

Bulletin. Ac. 1'-', 2' - ".

Washburn observatory. See Wiscon.sin university.

Washington (D. C). See Biological society.

Washington (D. C.) academy of science.

Jotirnal. P. 1+ .

Proceeding.s. Ac. 1+ : I. V. 1 + : X. D. 1+ : P. 1 + ; R. V. 1-13: S. X. 1 + .

Washington (state). Agricultural experiment station. Pulhn.an.

Annual report. Exp. 1-8, 10+: P. 1, 6, 8, 16+.

Bulletin. Exp. 1-1C6. 1C9+: P. 1-8. 13, 20-26, 28-47, 49-61, 63+.

Popular bulletins. Exp. 1, 4, 6-7. 9-12, 1+15. 18-24, 26. 28-32. .34+.

Special bulletin. Exp. 1-6, 8+.
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Washington (state) fruit grower. North Yakima. Exp. 3*.

Washington (state). Highway commission.

Biemiial report. Exp. 3: P. 3.

Washington (state) horticultural society. Walla Walla.

Annual report. Exp. 7.

Washington imiversity. St. Louis, Alo.

Record. P. '09+.

Theses. P. 7, 14.

Washington university association.

Bulletin. P. 1+ .

Wellcome research laboratories. Khartoum, Africa.

Annual report. Exp. 2-4.

West American scientist. San Diego, Cal. Ac. 1, 3-8, 10-15*: P:xp. 12*,

13*, 14*, 15*.

West Virginia. Agricultural experiment station. Morgantown.

Annual reports. D. 3: Exp. 1-15: P. 1+ .

Bulletin. D. 3-6, 12, 14-47, 19, 22, 2o-27, 30, 44, 53, 54, 64, 65, 67, 68, 69,

96, 112-116. 134: Exp. 1+ : P. 1+: S. L. '10+.

Inspection bulletin of department of chemistry. P. 1 + .

Report of the work of the experiment station for the destruction of the

San Jose scale. Exp. '01+ .

Special bulletin. Exp. 1+ .

West Virginia. Agriculture, State board of. Cliarleston.

Biennial report. Exp. 3, 5-7.

Quarterly report. Exp. 1+ .

West Virginia. Conservation commission.

Report. P. 1+ .

West Virginia dairy association.

Annual report. Exp. 8.

West Virginia (state) horticultural societj-. Morgantown.

Annual report. Exp. 1, 13, 15, 17, 18.

Western architect. Mimieapolis, Minn. G. 18+; N. D. 4*, 9, 10*. 11, 13*,

14*, 15, 16*, 17, 18+.

Western camera notes. N. D. 6*.

Western Canada irrigation association.

Annual report. Exp. '10.

Western druggist. Chicago, 111. P. 8+.

Western electrician. Chicago, 111. I. U. 34+: M. 31-4311: R. P. 4-431|.

Combined in 1908 with Electrical review, q. v.
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Western farmer and gardner and horticultural magazine. Cincinnati. X. H.

5:S. L. 1-5.

Western horticultural review. Cincinnati, Ohio. P. 2, 31'.

Continued as Horticultural review and botanical magazine.

Western lancet and hospital reporter. Cincinnati, ( ). D. 12-14.

Western Xew York apple. Barker. Exp. 1*.

Western New York horticultural society. Rochester.

Report. E.xp. 41-44, 46-56.

Western Pennsylvania society of engineers.

Proceedings. P. 22+.

Western poultry journal. Cedar Rapids, la. Exj). 23+.

Western railway club. Chicago, 111.

Proceedings. P. 5, 6*, 7*, 8-16, 17*, 18*, 19+.

Western society of engineers. Chicago, 111.

Journal. Ft. W. 18+: P. 1+ : R. P. 1+ .

Western stock journal. Oregon City, Ore. Exp. 1*, 2+.

Westinghouse electric com])any.

Bulletin. X. D. '03+ .

Wiener universitat. Institut fiir Anatomic und l^hysiologie des Centralnerve-

systcms.

Arbeiten. I. U. 1+ .

Wilson bulletin. Oberlin, O. N. D. 22, 23, 24+ : P. 14+.

Winnipeg (Manitoba). City engineer of.

Report. X. D. '98, '02+.

Wisconsin academy of sciences, arts and letters. Madison.

Transactions. Ac. 10-16: E. 3+: P. 3+: S. L. 1-9.

Wisconsin agricultural exi)erinient association. Madison.

Animal report. Exp. 3, 4, 6, 7.

Wisconsin. Agricultural experiment station. .Madison.

Annual report. Exp. 1+: P. 1-5, 7+: R. P. '03-'07, '10+: S. L. '89-'93.

Bulletin. Exp. 1+: P. 1+: R. P. 8+.

Research bulletin. Exp. 1+ : R. P. 1-14.

Wisconsin (state) agricultural society. Madison.

Report. S. L. '59-'68, '71-'94.

Transactions. Exp. 2, 5, 8-12, 18, 20-25: P. 1-3, 5-8, 10-34.

Wisconsin. Agriculture, State board of. Madison.

Annual report. Exp. '12: P. '00+.

Biennial report. P. '97-'00.

Bulletin. Exp. 1.
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Wisconsin agriculturist. Racine. Exp. 33*, 34*, 35*, 36*, 37+ .

Wisconsin archeologist. Milwaukee. I. U. 2+.

Wisconsin butter-makers' association. ATadison.

Annual report. Exp. 6-9.

Wisconsin cane growers' association.

Annual report. Exp. 3.

Wisconsin. (State) conservation commission.

Report. P. '10.

Wisconsin coimtrj' magazine. Madison. l']xp. 5*.

Wisconsin (state) cranberry association.

Annual report. Exp. '99-'ll.

Wisconsin. Dairy and food commission. Madison.

Annual report. Exp. '91-'94: P. '94.

Biennial report. Exp. '97, '98, '01, '02: P. '9.5-'10: S. N. '92, '94, '96.

Wisconsin dairymen's association.

Annual report. lExp. 17-20, 2.j, 26, 28, 35-38: P. 6-9, 17+.

Wisconsin. Dunn count}' school of agriculture. Menomonie. Exp. 3*, 4*, 5*,

6*.

Wisconsin farmers' institute. Madison.

Bulletin. Exp. 2. 6-8, 10: P. 1-10, 12, 14, 16-23.

Wisconsin. (State) forester.

Annual report. Exp. '06: P. '06+.

Wisconsin. Forestry commission.

Report. P. '06-'08.

Wisconsin. Geological and natural history survey.

Biennial reports. P. 1-5.

Bulletin. I. U. 1-7*. 8-22,, 25+: P. 2-17, 20+: T. H. 1-4.

Wisconsin. Health, State board of.

Annual report. P. '77-'82, '84, '85, '87-'06.

Wisconsin (state) horticultural society. Madison.

Bulletin. D. 12: Exp. 1-5, 9-10, 12-13.

Transactions. D. 13, 19: Exp. '76, '78-'86, '91, '94-'96, '98-'01, '03, '04,

'06-'08, '10+: N. D. 10: P. '74-'80, '85, '89+: S. L. '87, '88, '90-'94.

Wisconsin horticulture. Madison. Exp. 1*, 2+.

Wisconsin. Marathon coimty school of agriculture and domestic economj .

Wausau.

Bulletin. Exp. 2*, 3*, 4*, 5*, 6*, 9*.
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Wisconsin natural history society. Milwaukee, Wis.

Bulletin. Ac. !' =, 2+: E.xp. 7*, 8-10: N. D. 3+.

Wisconsin public museum. Milwaukee.

Bulletin. E.xp. 1, 2.

Wisconsin university. Madison.

Bulletin. Exp. 141, 459, 480, 507, 508, 537, 547+ .

Engineering series. E. 2: I. U. 1-4, 6+: P. 1+ : K. P. 1-5, 6*.

Science series. E. 2: I. U. 1+: P. 1+ .

Wisconsin university. Pharmacy. Department of.

Contributions. P. 1.

Wisconsin university. Washburn observatory.

Publications. I. U. 2-11.

Wisconsin; Winnebago county school of agriculture. Winneconne.

Quarterly bulletin. Exp. 3, 8, 15.

Wissenschaftliche Beilage zum Program des Falk real Gymnasiums. Berlin,

Germany. X. D. '90.

Woodcraft. Cleveland, O. Ft. W. 19+: P. 8, 9, 10*, 11+ .

Wood's cro]) special. Richmond. Va. Exp. 3*, 4*, 5*, 6*.

Woodworker. Indianapolis, Ind. Ft. W. 28+.

Wyoming. Agricultural experiment station. Laramie.

Annual report. Exp. '91+ : P. 1+ : S. I.. '11, '12.

Bulletin. D. 19, 42-45: Exp. 1+ : P. 1 + : S. L. 83-96*.

Wyoming. Dairy, food and oil commissioner. Cheyenne.

.\nnual report. Exp. 3-5.

Bulletin. Exp. 3-10.

Wyoming. (State) engineer.

Report. P. 1-4.

Wyoming historical and geological society. Wilkes-liarre. Pa.

Proceedings and collections. Ac. 2'- -, 3.

Wyoming. Horticulture, State board of. Laramie.

Biennial report. Exp. 1-3.

Special report. P. 1*.

Yale university. New Haven, Conn. Astronomical observatory.

Transaction;-. S. L. 1*, 2*.

Yale university. Psychological laboratory.

Studies. I. U. 1-10; n. s. 1+ : S. N. 1-10.

Yearbook of agriculture. Philadelphia. X. H. '56.

Yearbook of facts (Vhicent). London. England. R. P. '7.5.
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Yearbook of facts in science and art (Timbs). London, England. N. H. '53: R.

P. '56-'68.

Yearbook of nature and popular science. New York. N. H. '73.

Zeitschrift der deutschen geologischen Gesellschaft. See Deutsche geologi-

sche Gesellschaft.

Zeitschrift der naturwissenschaftlichrn Ableitung. Posen, Germany. N. D.

19+.

Zeitschrift fur arztliche Fortbildung. Jena, Germany. I. U. 1-6.

Zeitschrift flir allgemeine Physiologic. Jena, Germany. I. U. 1+ .

Zeitschrift fiir analytische Chemie. Wiesbaden, Germany. D. 32: Exp. 1+ :

I. U. 1+ : N. D. 40: R. P. 34+: \V. 32-40.

Zeitschrift fiir angewandte Chemie. Berlin, Germany. I. U. 1+ .

Zeitschrift fiir angewandte Psychologic. Leipzig, Germany. L U. 1-3, 5+.

Beihefte. L U. 1+ .

Zeitschrift fiir anorganische Chemie. Hamburg, Germany. P. 1+: \V. l-()8.

Zeitschrift fiir Biologic. Munich; Leipzig, Germany. I). 18.

Zeitschrift fiir Botanik. Jena, Germany. Exp. 1-3: L U. 1+ .

Zeitschrift flir experimentelle Pathologic und Therapie. Berlin, Germany.

L U. 3+.

Zeitschrift fiir induktive Abstammung und X'ererbungslelire. l:5erlin, Germany.

Exp. 5+.

Zeitschrift fiir Instrumentenkunde. Berlin, German}'. P. 28+: R. P. 5.

Zeitschrift fiir mathematischen und naturwissenschaftlichen Unterricht. Leip-

zig; Berlin, Germany. L U. 41+ .

Zeitschrift fiir Mathematik und Physik. Leipzig, Germany. L JJ. 40-51, 58+.

Zeitschrift fiir Morphologic imd Anthropologic. Stuttgart, Germany. I. I'.

1+.

Zeitschrift fiir padagogische Psychologic, Pathologic, und Hygiene. Berlin,

Germany. L U. 1-12.

Zeitschrift fiir Pfianzcnkrankheitcn. Stuttgart, Germany. Exp. 1-4, 6+.

Zeitschrift fiir physikalische Chemie, Stochiometrie und Verwandtschafls-

lehre. Leipzig, Germany. I. U. 1+ : P. 1: R. P. 47-56: W. 1+.

Zeitschrift fiir i)hysikalische und chemische Unterricht. R. P. 3-5.

Zeitschrift fiir physiologische Chemie. Strassburg, Germany. L U. 1+ .

Zeitschrift fur Psychologie mid Physiologic der Sinnesorgane. Hamburg,

Germany. I. U. 1+ .

Zeitschrift fiir Schulgesundheitspflege. Fsrrburg, Germany. I. U. 1+ .

Zeitschrift fiir Socialwissenschaft. Berlin, Germany. L U. 7-12.
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Zeitschrift fiir Untersuchung der Nahrungs- imd Geniissmittel. Berlin, (>er-

many. Exp. 19-|-.

Zeitschrift fiir wissenschaftliche Insektcnbiologie. Berlin, Germany. Ac.

72-1
1_

Zeitschrift fiir wissenschaftliche Alikroskopie und fiir mikroskopisohe Technik.

Leipzig; Brunswick, Germany. D. 1-10: Exj). 1-5: E IT. 21+ .

Zeitschrift fiir wissenschaftliche Zoologie. Leipzig Germany. E U. 46-69,

76-95, 97+: W. 63-68.

Zentralblatt. See Centralblatt.

Zoological bulletin. Boston, Mass. E U. 1, 2||.

Contiuned as Biological 1 ulletin, q. v.

Zoological record. London, England. D. 1-24: EX'. 1-46, 48+.

Zoological society of London, England.

Transactions. E U. 15*, 16*.

Zoologisch-zootomisches Inslilut. Wiirzburg, Germany.

Arbeiten. I. U. 9*, 10*.

Zoologische Station zu Xeajx'!, Italy.

Mittheilungen. E U. 1+ .

Zoologischer Anzciger. Leipzig, German}-. ]). 13-17: I. U. 1+ .

Zoologisches Centralblatt. Leipzig, (iermany. E I'. 4-7, 9+.

Zurich (Switzerland) universital. Botanischer Garten und botanisches

Museum.

Mittheilungen. N. D. '13+.
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INDEX

^-
I'ACE

Active Members 22

Alcohol Water Mixtvire.«. Boiling and ('ondeusing I'oints of. P. X.

Evans 151

Algae. Ecological Notes on Certain White Kiver. Paul Weatherwax. 107

An Act for the Protection of Birds, Their Nests and Eggs 9

An Act to provide for the Publication of the Peports and Papers of

the Indiana Academy of Science 7

Andrews, F. M. Forests and Floods 20:^

Anderson, H. W. The Taxation of Forest Lands in Indiana 197

Aphanomyces Phycophilus De Bary. Paul Weatherwax 109

Appropriation for 1913-1914 9

Arisaema. The (Termination of vSeeds of. F. L. Pickett 125

B.

Birds, Hunting Wild. Penalty 10

Birds, Their Nests and Eggs, An Act for the Protection of 9

By-laws 7

C.

Camptosorus Rhizophyllus. Studies of. F. L. I'ickett 129

Center of Area and Center of Population of Indiana. W. A. Cogshall. . 141

Cogshall, W. A. Center of Area and Center of Population of Indiana. 141

Committees 1 ^

Conner, S. D. Irish Potato Scab (Oospora Scabies), as Affected liy

Fertilizers Containing Sulphates and Chlorides 131
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