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CONSTITUTION. LlBRAfT
NEW f«^

ARTICLE I.
<iA^O««

Section 1. This association shall 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, 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

investigation and discussion 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, upon request of the Governor, or 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 inves-

tigation 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 investigation.

The regailar 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,

fellows, non-resident members, and active members.

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

or in any 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 there-

after 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

?inay be elected from those who have been active members but who have

Oremoved from the State. In any case, a three-fourths vote of the mem-
bers present shall elect to membership. Application for membership in

(5)
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any of the foregoing classes shall be referred to a committee on appli-

cation 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 mem-
bers of the Academy at least one year, may be recommended for nom-
ination for election as fellows by three fellows or members personally

acquainted with their work and character. Of members so nominated a

number not exceeding five in one year may, on recommendation of the

Executive Committee, be elected as fellows. At the meeting at which
this is adopted, the members 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 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 President, Vice-President, Secretary, Assistant Secretary, Press Secre-

tary, Editor, and Treasurer, who shall perform the duties usually per-

taining to their respective offices and in addition, with the ex-Presidents

of the Academy, shall constitute an Executive Committee. The President

.shall, at each annual meeting, appoint 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 annual meeting of the 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 al.so 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 necessary business not espe-

cially 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.



By-Laws.

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 mem-
bers interested in the same department, to endeavor to advance knowl-

edge 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 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 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 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.

8. An Editor shall be elected from year to year. His duties shall be

to edit the annual Proceedings. No allowance shall be made to the Editor

for clerical assistance on account of any one edition of the Proceedings

in excess of fifty ($50) dollars, except by special action of the Executive

Committee. (Amendment passed December 8, 1917.)
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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.)

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 government, through the Governor, and through its council as an
advi.sory 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, The reports 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.

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

General Assembly to encourage by all suitable means intellectual, scien-

tific and agricultural improvement; therefore.

Section 1. Be it enacted by the General Assembly of the Stale of

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

Indiana Academy of Science, beginning with the report for the year

1894, including all papers of scientific or economic value, presented at

such meetings, after they shall have been edited and prepared for pub-
lication as hereinafter provided, shall be published by and undei- the

direction of the Commissioners of Public Printing and Binding.

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

without 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 .service, 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 deter-

mined by the concurrent action of the editors and the Commissioners of

Public Printing and Stationery: Provided, That not to exceed six hun-

dred dollars ($600) shall be expended for such publication in any one

year, and not to extend beyond 1896: Provided, That no sums shall be

deemed to be appropriated for the year 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
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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 pres-

ervation 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

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 this act, and it shall therefore take effect and be in force

from and after its passage.

PUBLIC OFFENSES -HUNTING WILD BIRDS—PENALTY.

(Approved March 15, 1913.)

Section 1. Be it enacted by the General Assembly of the State of

Indiana, That section six (6) of the above entitled act be amended to

road as follows: Section 6. That section six hundred two (602) of the

above entitled act be amended to read as follows: Section 602. It shall

be unlawful for any person to kill, trap or possess any wild bird, or to

purchase or offer the same for sale, or to destroy the nest or eggs of any

wild bird, except as otherwise provided in this section. But this section

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

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

monly known as rails, coots, mud-hens and gallinules; the Limicolae,

commonly known as shore birds, plovers, surf birds, snipe, woodcock,

sandpipers, tattlers and curlews; the Gallinae, commonly called wild

turkeys, grouse, prairie chickens, quails, and pheasants; nor to English

or 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 provisions of this section shall,

on conviction, be fined not less than ten dollars ($10.00) nor more than

fifty dollars ($.50.00).
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Burrage, Severance,
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Coulter, John M.,
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Officers, 1919.

Pi-esident,

E. B. Williamson.

Vice-President,

Charles Stoltz.

Secretary,

Howard E. Enders.

Assistant Secretary,

Philip A. Tetrault.

Press Secretary,

Frank B. Wade.

Treas^irer,

William M. Blanchard.

Editor,

Lee F. Bennett.

Executive Committee.

Dryer, Chas. R.,

Eigenmann, C. H.,
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Foley, A. L.,

Hay, O. p.,
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McBeth, W. a.,

Mees, Carl L.,

moenkhaus, w. j.,

Mottier, David M.,

Mendenhall, T. C,
Naylor, Joseph P.,

Noyes, W. a.,

Stoltz, Charles,

Tetrault, P. A.,
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Wiley, H. W.,
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Curators

:
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Entomology W. S. Blatchley.
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Mammalogy |^ A. W. Butler.

Ornithology
J

Ichthyology C. H. Eigenmann.
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C. C. Deam, Bluffton.

Frank B. Wade, Shoitridge High
School, Indianapolis.

John S. Wright, Indianapolis.

Nominations.

Stanley Coulter, Lafayette.

W. J. Moenkhaus, Blooming-ton.

J. P. Naylor, Greencastle.
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W. S. Blatchley, 1558 Park Ave.,

Indianapolis.
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Distribution of Proceedings.

Howard E. Enders, West Lafay-
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M. L. Fisher, West Lafayette.

Mason L. Weems, Valparaiso.

Auditing.

Glenn Culbertson, Hanover.
ROLLO Ramsey, Bloomington.

Relation of the Academy to the

State.

R. W. McBride, 1239 State Life

Building, Indianapolis.

Glenn Culbertson, Hanover.

H. E. Barnard, State House, Indi-

anapolis.

John S. Wright, 3718 Pennsyl-

vania St., Indianapolis.

W. W. Woollen, 1628 Pennsyl-

vania St., Indianapolis.

Publication of Proceedings.

Lee F. Bennett, Janesville, Wis.

Robert Hessler, Logansport.

George N. Hoffer, West Lafayette.

R. R. Hyde, Terre Haute.

James Brown, 5372 E. Washington
St., Indianapolis.

Advisory Council.

John S. Wright.

R. W. McBride.

Glenn Culbertson.

Stanley Coulter.

Wilbur Cogshall.
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MEMBERS.*

FELLOWS.

Andrews, F. M., 901 E. 10th St., Bloomington tl911

Associate Professor of Botany, Indiana University.

Plant Physiology, Botany.

Arthur, Joseph C, 915 Columbia St., Lafayette 1893

Professor Emeritus of Botany, Purdue University.

Botany.

Badertscher, .J. A., .312 S. Fess Ave., Bloomington 1917

Professor of Anatomy, Indiana University.

Anatomy.
Beede, -loshua W., 404 W. .38th St., Austin, Texas 1906

Bureau of Economic Geology and Technology, University of

Texas.

Geology.

Behrens, Charles A., 217 Lutz Ave., West Lafayette 1917

Professor of Bacteriology, Purdue University.

Bacteriology.

Bennett, Lee F., Janesville, Wis 1916

With The H. W. Gossard Company.
Geolog>% Zoology

Benton, George W., 100 Washington Square, New York, N. Y 1896

Editor in Chief, American Book Company.
Bigney, Andrew .J., Syracuse, N. Y 1897

Professor of Physiology, Syracuse University.

Blanchard, William M., 1008 S. College Ave., Greenca.stle, Ind 1914

Professor of Chemistry, DePauw University, Greencastle, Ind.

Organic Chemistry.

Blatchley, W. S., 1.5.58 Park Ave., Indianapolis 189.3

Naturalist.

Botany, Entomology, and Geology.

* Evei-y effort ha.s been made to obtain the correct address and occupation of each

member, and to learn in what line of science he is interested. 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 mail ad-

dressed to the last printed address was returned as uncalled for. Information as to the

present address of members so indicated is requested by the secretary. The custom of
dividing the list of members has been followed.

t Date of election.
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Breeze, Fred J., Muncie 11)10

Branch State Normal School.

Geography.

Bruner, Henry Lane, 324 S. Ritter Ave., Indianapolis 1899

Professor of Biology, Butler College.

Comparative Anatomy, Zoology.

Bryan, William Lowe, Bloomington 1914

President Indiana University.

Psychology.

Butler, Amos W., 52 Downey Ave., Irvington 1893

Secretary, Indiana Board of State Charities.

Vertebrate Zoology, Anthropology, Sociology.

Cogshall, Wilbur A., 423 S. Fess Ave., Bloomington 1906

Associate Professor of Astronomy, Indiana University.

Astronomy.

Coulter, Stanley, 213 S. Ninth St., Lafayette 1893

Dean School of Science, Purdue University.

Botany, Foi-estry.

Cox, Ulysses O., P. 0. Box 81, Terre Haute 1908

Head Department Zoology and Botany, Indiana State Normal.

Botany, Zoology.

Culbertson, Glenn, Hanover 1899

Chair Geology^ Physics and Astronomy, Hanover College.

Geology.

Cumings, Edgar Roscoe, 327 E. Second St., Bloomington 1906

Professor of Geology, Indiana University.

Geology, Paleontology.

Deam, Charles C, BluflFton 1910

Druggist, Botanist, State Forester.

Botany.

Dryer, Charles R., Oak Knoll, Fort Wayne 1897

Geography.

Dutcher, J. B., 1212 Atwater St., Bloomington 1914

Associate Professor of Physics, Indiana University.

Physics.

Eigenmann, Carl H., 630 Atwater St., Bloomington 1893

Professor of Zoology, Dean of Graduate School, Indiana Uni-

versity.

Embryology, Degeneration, Heredity, Evolution and Distribution

of American Fish.

Enders, Howard Edwin, 107 Fowler Ave., Lafayette 1912

Professor of Zoology, Purdue University.

Zoology.
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Evans, Percy Norton, 302 Waldron St., West Lafayette 1901

Director of Chemical Laboratory, Purdue University.

Chemistry.

Foley, Arthur L., Blooming-ton 1897

Head of Department of Physics, Indiana University.

Physics.

Hessler, Robert, Logansport 1899

Physician.

Biology.

Hoffer, George N., Littleton St., West Lafayette 1913

Federal Agent, Purdue University Experiment Station.

Hufford, Mason E., Bloomington 1916

Physics.

Hurty, J. N., Indianapolis 1910

Secretary, Indiaiia State Board of Health.

Hyg:iene and Chemistry.

Hyde, Roscoe Raymond, 636 Chestnut St., Terre Haute 1909

Assistant Professor Physiology and Zoology, Indiana State

Normal.

Zoology, Physiology, Bacteriology.

Kenyon, Alfred Monroe, 31-5 University St., West Lafayette 1914

Professor of Mathematics, Purdue University.

Mathematics.

Kern, Frank D., State College, Pa 1912

Professor of Botany, Pennsylvania State College.

Botany.

Koch, Edward W., ButTalo, N. Y 1917

Care of Univeisity of Buffalo Medical School.

Pharmacology.

Logan, Wm. N., 924 Atwater St., Bloomington 1917

Professor of Economic Geology, Indiana University.

State Geologist.

McBride, Robert W., 1239 State Life Building, Indianapolis 1916

Lawyer.

Middleton, A. R., 629 University St., West Lafayette 1908

Professor of Chemistry, Purdue Univei-sity.

Chemistry.

Morrison, Edwin, 80 S. W. Seventh St., Richmond 1915

Professor of Physics, Earlham College.

Physics and Chemistry.

Mottier, David M., 21.5 Forest Place, Bloomington 1893

Professor of Botany, Indiana University.

Morphology, Cytology.
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Naylor, J. P., Greencastle 1903

Professor of Physics, DePauw University.

Physics, Mathematics.

Nieuwland, J. A 1914

Notre Dame University.

Botany and Organic Chemistry.

Payne, F., 620 S. Fess Ave., Bloomington 1916

Associate Professor of Zoology, Indiana University.

Cytology and Embryology.

Pohlman, Augustus G., 16 Yale Ave., University City, St. Louis, Mo. .1911

Professor of Anatomy.
Embryology, Comparative Anatomy.

Ramsey, Rolla R., 615 E. Third St., Bloomington 1906

Associate Professor of Physics, Indiana University.

Physics.

Ransom, James H., 2015 West End Ave., Nashville, Tenn 1902

Professor of Chemistry, Vanderbilt University.

General Chemistry, Organic Chemistry.

Rettger, Louis J., 31 Gilbert Ave., Terre Haute 1896

Professor of Physiology, Indiana State Normal.

Animal Physiology.

Rothrock, David A., Bloomington 1906

Professor of Mathematics, Indiana University.

Mathematics.

Schockel, Barnard, Terre Haute 1917

Professor of Physical Geography, State Normal School.

Scott, Will, Bloomington 1911

Assistant Professor of Zoology, Indiana University.

Zoology, Lake Problems.

Shannon, Charles W., 518 Lahoma Ave., Norman, Okla 1912

With Oklahoma State Geological Survey.

Geology.

Smith, Albert, University St., West Lafayette (Army Service) 1908

Professor of Structural Engineering.

Physics, Mechanics.

Smith, Charles Marquis, 152 Sheetz St., West Lafayette 1912

Professor of Physics, Purdue University.

Physics.

Stone, Winthrop E., Lafayette 1893

President of Purdue University.

Chemistry.

2—16568
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Van Hook, James M., 939 N. College Ave., Bloomington 1911

Assistant Professor of Botany, Indiana University.

Botany.

Wade, Frank Bertram, 1039 W. Twenty-seventh St., Indianapolis. . .1914

Head of Chemistry Department, Shortridge High School.

Chemistry, Physics, Geology, and Mineralogy.

Williamson, E. B., Bluffton 1914

President, The Wells County Bank.

Dragonflies.

Woollen, William Watson, Indianapolis 1908

Lawyer.

Birds and Nature Study.

Wright, John S., 3718 N. Pennsylvania St., Indianapolis 1894

Manager of Advertising Department, Eli Lilly Co.

Economic Botany.

NON-RESIDENT MEMBERS AND FELLOWS.

Abbott, G. A., Grand Forks, N. Dak., Fellow 1908

Professor of Chemistry, University of North Dakota.

Chemistry.

Aldrich, John Merton, Washington, D. C 1918

Custodian of Diptera, U. S. National Museum.

Dipterologist.

Aley, Robert J., Orono, Me., Fellow 1908

President of University of Maine.

Mathematics and Genei-al Science.

Branner, John Casper, Stanford University, California.

President Emeritus of Stanford University.

Geolog>'.

Brannon, Melvin A., President Beloit College, Beloit, Wis.

Plant Breeding, Botany.

Burrage, Severance, Denver, Colo 1898

United States Public Health Work.
Campbell, D. H., Stanford University, California.

Professor of Botany, Stanford University.

Botany.

Clark, Howard Walton, U. S. Biological Station, Fairport, Iowa.

Scientific Assistant U. S. Bureau of Fisheries.

Botany, Zoology.

Cook, Mel T., New Brunswick, N. J., Fellow 1902

Plant Pathologist, New Jersey Experiment Station.

Botany, Plant Pathology, Entomology.
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Coulter, John M., University of Chicago, Chicago, 111., Fellow 1893
Head Department of Botany, Chicago University.

Botany.

Davis, B. M., Oxford, Ohio.

Professor of Agricultural Education.

Miami University.

Duff, A. Wilmer, 43 Harvard St., Worcester, Mass.

Professor of Physics, Worcester Polytechnic Institute.

Physics.

Evermann, Barton Warren, Director Museum.
California Academy of Science, Golden Gate Park, San Fran-

cisco, Cal.

Zoology.

Gilbert, Charles H., Stanford University, California.

Professor of Zoology, Stanford University.

Ichthyology.

Goss, William Freeman M., 61 Broadway, New York, Fellow 1893

President The Railway Car Manufacturers Association.

Greene, Charles Wilson, 814 Virginia Ave., Columbia, Mo.
Professor of Physiology and Pharmacology, University of Mis-

souri.

Physiology, Zoology.

Hargitt, Chas. W., 909 Walnut Ave., Syracuse, N. Y.

Professor of Zoology and Director of the Laboratories, Syracuse
University.

Hygiene, Embryology, Eugenics, Animal Behavior.

Hay, Oliver Perry, U. S. National Museum, Washington, D. C.

Research Associate, Carnegie Institute of Washington.

Vertebrate Paleontology, especially that of the Pleistocene Epoch.

Hu.ston, H. A., New York City, Fellow 1893

Secretary, German Kali Works.
Jenkins, Oliver P., Stanford University, California.

Professor of Physiology, Stanford University.

Physiology, Histology.

Jordan, David Starr, Stanford University, California.

Chancellor Emeritus of Stanford University.

Fish, Eugenics, Botany, Evolution.

Kingsley, J. S., University of Illinois, Urbana, 111.

Professor of Zoology.

Zoology.

KleinSmid von, R. B., President University of Arizona, Tucson, Ariz.

Knipp, Charles T., 915 W. Nevada St., Urbana, 111.

Professor of Experimental Physics, University of Illinois.

Physics, Discharge of Electricity Through Gases.
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Marsters, V. F., Kansas City, Mo., care of C. N. Gould, Fellow 1893

Geologist.

McDougal, Daniel Trembly, Tucson, Ariz.

Director, Department of Botanical Research, Carnegie Institute,

Washington, D. C.

Botany.

McMullen, Lynn Banks, State Normal School, Valley City, N. D.

Head Science Department and Vice-President State Normal
School.

Physics, Chemistry.

Mendenhall, Thomas Corwin, Ravenna, O.

Retired.

Phy.sics, "Engineering," Mathematics, Astronomy.

Miller, John Anthony, Swarthmore, Pa., Fellow 1904

Professor of Mathematics and Astronomy, Swarthmore College.

Astronomy, Mathematics.

Moore, George T., St. Louis, Mo.
Director Missouri Botanical Garden.

Botany.

Noyes, William Albert, Urbana, 111., Fellow 1893

Dii'ector of Chemical Laboratory, University of Illinois.

Chemistry.

Reagan, A. B.

Superintendent Deer Creek Indian School, Ibopah, Utah.

Geology, Paleontology, Ethnology.

Smith, Alexander, care Columbia University, New York, Fellow. . . .1893

Head of Department of Chemistry, Columbia University.

Chemistry.

Springer, Alfred, 312 E. Second St., Cincinnati, O.

Chemist.

Chemistry.

Swain, Joseph, Swarthmore, Pa., Fellow 1898

President of Swarthmore College.

Science of Administration.

Waldo, Clarence A., 401 W. 18th St., New York City 1893

Mathematics, Mechanics, Geology and Mineralogy.

Wiley, Harvey W., Cosmos Club, Washington, D. C, Fellow 1895

Professor of Agricultural Chemistry, George Washington Uni-

versity.

Biological and Agricultural Chemistry.

Zeleny, Chas., 1003 W. Illinois St., Urbana, 111.

Professor of Experimental Zoology.

Zoology.
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ACTIVE MEMBERS.

Acre, Harlan Q., Denison, O.

Botany.

Allen, William Ray, 212 S. Washington St., Bloomington.

Zoology, Indiana University.

Allison, Luna E., 435 Wood St., Lafayette.

Care Agricultural Experiment Station.

Botany.

Anderson, Flora Charlotte, Route No. 5, Crawfordsville.

Botany.

Atkinson, F. C, 2584 Broadway, Indianapolis.

Chemistry, American Hominy Company.
Baker, William Franklin, Indianapolis, care St. Vincent's Hospital.

Medicine, Roentgenology, Pathology.

Barnhill, Dr. T. F., Indianapolis.

Professor of Surgery, Indiana University School of Medicine.

Barr, Harry L., Stockland, 111.

Botany and Physics.

Bates, W. H., 403 Russell St., West Lafayette.

Associate Professor of Mathematics, Purdue University.

Mathematics.

Beals, Colonzo C, 103 Russell St., Hammond.
Botany.

Berteling, John B., 228 W. Colfax Ave., South Bend.

Medicine.

Binford, Raymond, Guilford, N. C.

President of Guilford College.

Zoology.

Bishop, Harry Eldridge, 551 E. 40th St., Indianapolis.

Food Chemist, Indiana State Board of Health.

Black, Homer F., 2719-2721 Michigan Ave., Chicago, 111.

Professor of Mathematics, Chicago Technical College.

Mathematics.

Bliss, G. S., Fort Wayne.
Medicine, State School for Feeble Minded.

Blose, Joseph, Spiceland.

Physics.

Bond, Charles S., 112 N. Tenth St., Richmond.
Physician.

Biology, Bacteriology, Physical Diagnosis and Photomicrography.
Bond, Dr. George S., Indianapolis.

Professor of Medicine, Indiana University School of Medicine.
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Bonns, Walter W., Indianapolis, care of Eli Lilly & Co.

Plant Physiology.

Director of Botanical Department.

Bourke, A. Adolphus, 2304 Liberty Ave., Terre Haute.

Instructor, Physics, Zoology, and Geography.

Botany, Physics.

Brossman, Charles, 1503 Merchants Bank Bldg., Indianapolis.

Consulting Engineer.

Water Supply, Sewage Disposal, Sanitary Engineering.

Bruce, Edwin M., 2401 N. Ninth St., Terre Haute.

Professor of Chemistry, Indiana State Normal.

Chemistry.

Bybee, Halbert P., University Station, Austin, Texas.

Adjunct Professor of Geology, University of Texas.

Canis, Edward N., Route A-2, Box 372-A, Indianapolis.

Nature Study.

Caparo, Jose Angel, Notre Dame.
Professor of Physics and Mathematics, Notre Dame University.

Mathematics, Physics and Electrical Engineering.

Carr, Ralph Howard, 27 N. Salisbury St., West Lafayette.

Professor of Agricultural Chemistiy, Purdue.

Carter, Edgar B., 261.5 Ashland St., Indianapolis.

Director of Scientific Work, Swan-Myei's Company.
Chemistry and Bacteriology.

Chandler, Elias J., Bicknell.

Farmer.

Ornithology and Mammals.
Chapman, Edgar K., 506 S. Grant St., Crawfordsville.

Professor of Physics, Wabash College.

Clark, .lediah H., 126 E. Fourth St., Connersville.

Physician.

Medicine.

Cloud, J. H., 608 E. Main St., Valparaiso, Ind.

Professor of Physics, Valparai.so University.

Physics.

Collins, Anna Mary, 5248 Kensington Ave., St. Louis, Mo.

Zoology.

Collins, .Jacob Roland, 711 Vine St., West Lafayette.

Instructor in Physics, Purdue University.

Conner, S. D., 204 S. Ninth St., Lafayette.

Chemistry, Experiment Station.

Coryell, Horace N., New York City.

Columbia University.

Geology.
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Cromwell, Hobart, Salem, Ind.

Zoology.

Cullison, Aline, East Chicago, Ind., Box 404.

Instructor, Botany, in East Chicago High School.

Daniels, Lorenzo E., Rolling Prairie.

Retired Farmer.

Conchology.

Dean, John C, University Club, Indianapolis.

Astronomy.

Denny, Martha L., Manhattan, Kan.
Kansas Agricultural College.

Zoology.

Deppe, C. A., Franklin.

Franklin College.

Dietz, Harry F., Washington, D. C.

Federal Horticultural Board.

Entomology.

Doan, Martha, Richmond.

Professor of Chemistry, Earlham.
Dolan, Jos. P., Syracuse.

Douglas, Benjamin W., Trevlac.

Fruit Culture.

Downhour, D. Elizabeth, 2307 Talbott Ave., Indianapolis.

Zoology and Botany, Teachers College.

Driver, Chas. C, 808 Atwater Ave., Bloomington.

Graduate Student in Zoology, Indiana University.

DuBois, Henry M., 1408 Washington Ave., LaGrande, Ore.

Paleontology and Ecology.

Dukes, Richard G., Corner Seventh and Russell Sts., West Lafayette,

Purdue University.

Engineering.

Earp, Samuel E., 643 Occidental Bldg., Indianapolis.

Physician.

Medicine.

Edmonson, Clarence E., 822 Atwater St., Bloomington.

Graduate Student, Physiology, Indiana University.

Physiology.

Emerson, Charles P., 602 Hume-Mansur Bldg., Indianapolis.

Dean Indiana University Medical College.

Medicine.

Epple, Wm. F., 311 Sylvia St., West Lafayette.

Assistant in Dairy Chemistry, Experiment Station, Purdue Uni-

versity.
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Estabrook, Arthur H., 219 E. 17th St., Indianapolis.

Genetics, with State Board of Charities.

Evans, Samuel G., 1452 Upper Second St., Evansville.

Merchant.

Botany, Ornithology.

Felver, William P., 325 y2 Market St., Logansport.

Railroad Clerk.

Geology, Chemistry.

Fisher, Homer Glenn, Johns Hopkins Medical School, Baltimore, Md.

Student in Medicine.

Fisher, L. W., Rossville.

Zoology.

Fisher, Martin L., Lafayette.

Professor of Crop Production, Purdue University.

Agriculture, Soils, Crops, Birds, Botany.

Foresman, George Kedzie, 110 S. Ninth St., Lafayette.

Instructor in Chemistry, Purdue University.

Fuller, Frederic D., 4520 W. 28th St., Bryan, Texas.

Experiment Station.

Chemistry, Nutrition.

Funk, Austin, 519 E. Ninth St., New Albany.

Physician.

Diseases of Eye, Ear, Nose and Throat.

Galloway, Jesse James, Geology Department, Columbia University, New
York City.

Geology, Paleontology.

Gatch, Willis D., Indianapolis, Indiana University Medical School.

Professor of Surgery.

Gates, Florence A., 3435 Detroit Ave., Toledo, O.

Teacher of Botany.

Botany and Zoology.

Gidley, William, 250 Hillside Ave., Jamaica, N. Y.

Pharmacy, with E. R. Squibb & Sons, New York.

Gillum, Robert G., Terre Haute.

State Normal School.

Gingery, Walter G., Shortridge High School, Indianapolis.

Mathematics.

Glenn, Earl R., New York City.

The Lincoln School of Teachers College, Columbia University.

Physics.

Goldsmith, William Morton, Gunnison, Colo.

Colorado State Normal School.

Biology.
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Gray, Harold, 2813 Ruckle St., Indianapolis.

Research Chemist, Eli Lilly & Co.

Chemistry.

Greene, Frank C, 30 N. Yorktown St., Tulsa, Okla.

Geology.

Hadley, Murray N., 608 Hume-Mansur Bldg., Indianapolis.

Physician.

Surgery.

Hanna, U. S., Bloomington.

Professor of Mathematics.

Hansford, Hazel Irene, 710 S. Fess Ave., Bloomington.

Graduate Student in Botany, Indiana University.

Happ, William, South Bend.

Botany.

Harding, C. Francis, 503 University St., West Lafayette.

Head of Electrical Engineering, Purdue University.

Hai-man, Paul M., 314 N. Dunn St., Bloomington.

Physiology.

Heimburger, Harry V., St. Paul, Minn.

Instructor in Biology in Hamline University.

Heimlich, Louis Frederick, 495 Littleton St., West Lafayette.

Instructor in Botany, Purdue University.

'

Hemmer, Edwin John, Somerville.

Botany.

Hendricks, Victor K., 1273 Railway Exchange Bldg., St. Louis, Mo.

Assistant Chief Engineer, St. L. & S. F,, Mo., Kan. & Texas; Mo.,

Okla. & Gulf Railroads.

Civil Engineering and Wood Preservation.

Hess, Walter E., Greencastle.

Professor of Biology, DePauw University.

Hetherington, John P., 417 Fourth St., Logansport.

Physician.

Medicine, Surgery, X-Ray, Electro-Therapeutics.

Hinman, Jack J., Jr., State University, Iowa City, Iowa.

Senior Water Bacteriologist and Chemist, Laboratories for State

Board of Health.

Chemistry a,nd Biology.

Hoffman, George L., care of Western Pennsylvania Hospital, Pitts-

burgh, Pa.

Bacteriology, Serology.

Hole, Allen D., 615 National Road, Richmond.

Professor Earlham College.

Geology.
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Holman, Richard M., Crawfordsville.

Professor of Botany, Wabash College.

Houseman, H. V., 300 S. Bradford St., Platteville, Wis.

Chemistry and Physics.

Huber, Leonard L., Hanover.

Hanover College.

Chemistry and Biology.

Huchinson, Emory, Norman Station, Ind.

Zoology.

Hutton, Joseph Gladden, Brookings, S. Dak.

Associate Professor of Agronomy, State College.

Agronomy and Earth Science.

Hyslop, George, 65 Nagle St., New York City.

Cornell Medical School.

Irving, Thos. P., Notre Dame.
Physics.

Jackson, Heibert Spencer, 940 Seventh St., West Lafayette.

Botany, Agricultural Experiment Station.

Jackson, Thos. F., Carter Oil Co., Tulsa, Okla.

Geology.

Jacobson, Mo.-^es A., West Lafayette, care of Teknion House.

Instructor in Bacteriology, Purdue University.

Jopling, John C, 421 Emerson St., Princeton.

Chemist.

Jordan, Charles Bernard, West Lafayette.

Director School of Pharmacy, Purdue University.

Kaczmarek, Regidius M., Notie Dame.
Professor of Biology and Bacteriology.

Knotts, Armenis F., 800 Jack.son St., Gary.

Nature Study.

Kohl, Edwin J., 105 Salisbury St., West Lafayette.

Biology, Purdue University.

Lee, C. 0., Russell St., West Lafayette.

Pharmacy, Purdue University.

Liston, Jesse G., R. F. D. No. 2, Lewis.

High School Teacher.

Geology.

Ludwig, C. A., R. R. 1, Brookville.

Agriculture, Botany.

Ludy, L. v., 600 Russell St., West Lafayette.

Professor Experimental Engineering, Purdue University.

Experimental Engineering in Steam and Gas.
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Luten, Daniel B., 1056 Lemcke Annex, Indianapolis.

Bridge Engineer.

Applied Civil Engineering.

Mahin, Edward G., 27 Russell St., West Lafayette.

Associate Professor of Chemistry, Purdue University.

Mains, E. B., 212 S. Grant St., West Lafayette.

U. S. Agricultural Experiment Station.

Plant Pathology and Mycology.

Malott, Burton .J., 2206 Calhoun St., Fort Wayne.
Teacher in High School.

Physiography and Geology.

Malott, Clyde A., 521 E. Second St., Bloomington.

Geology.

Markle, M. S., Richmond.
Professor of Botany, Earlham College.

Martin, Dr. H. H., Laporte, Ind.

Surgery and Urology.

Mason, T. E., 130 Andrew Place, West Lafayette.

Instructor Mathematics, Purdue University.

Mathematics.

McCarty, Morris E., 224 Fowler Ave., West Lafayette.

Student in Bacteriology.

Mclndoo, N. E., 7225 Blair Road, Takoma Park, Washington, D. C.

U. S. Department of Agriculture, Bureau of Entomology.
Insect Physiology.

McKinley, Lester, Bloomington.

Graduate Student in Botany, Indiana University.

Molby, Fred A., 226 Lorraine Ave., Cincinnati, O.

Physics, University of Cincinnati.

Montgomery, Dr. H. T., 244 Jefferson Bldg., South Bend.

Geology.

Morrison, Harold, Bureau of Entomology, Washington, D. C.

Entomology.

Morrison, Louis, 80 S. West St., Richmond.
Munro, G. W., 202 Waldron St., West Lafayette.

Mechanical Engineering.

Myers, B. D., 321 N. Washington St., Bloomington.

Professor of Anatomy, Indiana University.

Nelson, Ralph Emory, 112 W. Wood St., West Lafayette.

Chemistry, Purdue University.

Nothnagel, Mildred, Gainesville, Fla.

Assistant Plant Physiology, Experiment Station, University of

Florida.
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Noyes, Harry A., Mellon Institute, Pittsburgh, Pa.

Research Chemist and Bacteriologist.

Oberholzer, H. C, National Museum, Washington, D. C.

Biology.

O'Neal, Claude E., 247 W. Lincoln Ave., Delaware, 0.

Botany and Bacteriology.

Orahood, Harold, West Middleton, Howard County.

Geology.

Osner, G. A., Broadview, Mont.

Plant Pathology.

Owen, D. A., 200 S. State St., Franklin.

Professor of Biology. (Retired.)

Biology.

Papish, .Jacob, Ithaca, N. Y.

Department of Chemistry, Cornell University.

Chemistry.

Peffe)-, Harvey Creighton, 412 N. Salisbury St., West Lafayette.

Head of Chemical Engineering, Purdue University.

Petry, Edward -Jacob, 210 Ingalls St., S. Ann Arbor, Mich.

Botany, University of Michigan.

Botany, Plant Breeding, Plant Pathology, Bio-Chemi.stry.

Pickett, Fermen L., Pullman College Station No. 36, Washington.

Botany.

Pinkerton, Earl, Hutsonville, 111.

Biology and Agriculture.

Pipal, F. J., 114 S. Salisbury St., West Lafayette.

Botany, Agricultural Experiment Station.

Prentice, Burr N., 400 Russell St., West Lafayette.

Assistant Professor of Forestry, Purdue.

Ramsey, Glenn Blaine, Orono, Me.

Botany.

Richards, Aute, 307 E. Jefferson St., Crawfordsville.

Professor of Zoology, Wabash College.

Richards, Mrs. Mildred Hoge, 307 E. Jefferson St., Crawfordsville.

Zoology.

Rifenburgh, S. A., Valparaiso, Ind.

Instructor Botany, Valparaiso University.

Botany.

Riley, Katherine, Robert W. Long Hospital, Indianapolis.

Roark, Louis, Box 1162, Tulsa, Okla.

Roxana Petioleum Company.
Petroleum Geologist.

Scott, W. R. M., West Lafayette.

Agricultural Botany, Purdue University.
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Sheak, William H., 703 N. 19th St., Philadelphia, Pa.

Mammalogy.
Showalter, Ralph W., Indianapolis.

Director Biological Department, Eli Lilly & Co.

Biology.

Silvey, Oscar W., College Station, Texas.

Physics, University of Texas.

Smith, Chas. Piper, Hyattsville, Md.
State Seed Inspection Officer.

Systematic Botany.

Snodgrass, R. E., 2063 Park Road, Washington, D. C.

U. S. Bureau of Entomology, Extension Division.

Entomology.

Spitzer, George, 1000 Seventh St., West Lafayette.

Dairy Chemist, Purdue University.

Chemistry.

Spong, Philip, 3873 E. Washington St., Indianapolis.

Biology.

Stoltz, Charles, 530 N. Lafayette St., South Bend.

Physician.

Stone, Ralph Bushnell, 307 Russell St., West Lafayette.

Mathematics, Purdue University.

Sulzer, Elmer G., Madison.

Geology.

Taylor, .Joseph C, 117 Ninth St., Logansport.

Student in University of Wisconsin.

Terry, Oliver P., State St., West Lafayette.

Professor of Physiology, Purdue University.

Tetrault, Philip Armand, 607 University St., West Lafayette.

Assistant Professor of Biology, Purdue University.

Tevis, Emma Louise, 122 W. 18th St., Indianapolis.

Department Experimental Medicine, Eli Lilly & Co.

Thompson, Clem 0., 105 N. High St., Salem.

Superintendent of Schools.

Biology.

Thornburn, A. D., Indianapolis, care Pitman-Moore Company.
Chemistry.

Toole, E. H., 719 N. Main St., West Lafayette.

Assistant Professor of Botany, Purdue University.

Botany, Plant Physiology and Pathology.

Troop, James, West Lafayette.

Professor of Entomology, Purdue University.

Tucker, William Motier, Apartment 33, Alhambra Court, Columbus, 0.

Ohio State University, Department of Geology.
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Turner, B. B., 1017 Park Ave., Indianapolis.

Associate Professor of Pharmacology, Indiana University School of

Medicine.

Turner, William P., 222 Lutz Ave., Lafayette.

Professor of Practical Mechanics, Purdue University.

Vallance, Chas. A., R. R. J-1, Box 132, Indianapolis.

Instructor Emmerich Manual Training School.

Chemistry.

Van Doren, Dr. Lloyd, Earlham College, Richmond.

Chemistry.

Van Nuys, W. C, Box No. 34, Newcastle.

Superintendent Indiana Epileptic Village, Fort Wayne.
Voorhees, Herbert S., 804 Wildwood Ave., Fort Wayne.

Instructor in Chemistry and Botany, Fort Wayne High School.

Chemistry.

Wildman, E. A., care of Elli Lilly & Co., Indianapolis.

Director of Chemical Research.

Chemistry.

Watson, Carl G., 120 Thornell St., West Lafayette.

Instructor in Physics, Purdue University.

Weatherwax, Paul, Athens, Ga.

Associate Professor of Botany, University of Georgia.

Botany.

Weems, M. L., 102 Garfield Ave., Valparaiso.

Professor of Botany.

Botany and Human Physiology.

Weyant, James E., 336 Audubon Road, Indianapolis.

Teacher of Physics, Shortridge High School and Indiana Dental

College.

Physics.

Whiting, Rex Anthony, 118 Marstellar St., West Lafayette.

Veterinary Department, Purdue University.

Wiancko, Alfred T., 230 S. Ninth St., Lafayette.

Chief in Soils and Crops, Purdue University.

Agronomy.
Wiley, Ralph Benjamin, 770 Russell St., West Lafayette.

Hydraulic Engineering, Purdue University.

Williams, A. A., Valparaiso.

Mathematics, Valparaiso University.

Mathematics, Astronomy.

Wilson, Charles E., Brazil.

Zoology and Economic Entomology.
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Wilson, Mrs. Etta L., 2 Clarendon Ave., Detroit, Mich.

Botany and Zoology.

Wood, Harry W., 1538 Rosemont Ave., Chicago, 111.

Geography and Geology.

Woodbury, C. G., 615 University St., West Lafayette.

Director of Experiment Station.

Wynn, Frank B., Hume-Mansur Bldg., Indianapolis.

Professor of Pathology, Indiana University School of Medicine.

Young, Gilbert A., 739 Owen St., Lafayette.

Head of Department of Mechanical Engineering, Purdue University.

Zehring, William Arthur, 303 Russell St., West Lafayette.

Assistant Professor of Mathematics, Purdue University.

Mathematics.

Fellows 58

Members, Active 186

Members and Fellows, Non-resident 38

Total 282
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Minutes of the Spring Meeting.

INDIANA ACADEMY OF SCIENCE.

May 24 and 25, 1918.

The Illinois Academy of Science joined the Indiana Academy of

Science in its Spring Meeting on Friday and Saturday, May 24 and 25,

1918, in the new State Park, Turkey Run, in Parke County, and at

The Shades, in Montgomery County. Seventy-two members and guests

of the two Academies were in attendance at the meeting.

Touring parties were organized at the park entrance under com-

petent guides as groups of individuals arrived by automobile. They
devoted the forenoon of Friday to exploring the magnificent forest, the

rugged trails, picturesque ravines and the watercourses of the park.

A basket-luncheon at noon afforded opportunity to renew old acquaint-

ances and to make new ones among kindred spirits.

After luncheon the groups were reassembled for the trip across the

swaying suspension bridge and a tramp into Rocky Hollow to the rugged,

moss-covered gorges where giant kettle-holes and eroded or broken rocks

indicate, of the past, a nish of water quite out of proportion to the

amount that now trickles over the same ledges on its way into Sugar
Creek. Enthusiastic groups of individuals explored the narrow ravines

and slippery trails to study the geological formations or to try the cool

waters of an isolated kettle-hole.

About four o'clock a long procession of automobiles carried the

Academy party over the intervening fifteen miles of rugged country

covered with magnificent forests and beautiful streams to The Shades,

where dinner was provided in the spacious dining-room of The Shades

Hotel. The freedom of the park was extended through the courtesy of

Mr. Frisz, the proprietor and manager.
A general session of the Academies was held in the grove after

the dinner.

The broad verandas and beautiful grove about the hotel afforded

opportunity for further visiting until long after the more sedate mem-
bers had gone into slumber-land.

Saturday, May 25, 1918.

After breakfast at The Shades Hotel, tramping-paities were quickly

organized to explore the beauties of The Shades Park, the waterfalls

and eroded ravines, the Devil's Punchbowl and other geological for-
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mations of unusual intei'est. The fantastic shapes of rocks seem to

have appealed to some imaginative soul who believed they could have

had no use but to the devil, therefore ascribed them to his satanic

majesty as articles of domestic use. The Devil's Backbone then became
the objective point of others who followed the narrow, beaten trail

along Sugar Creek to the interesting high ridge of exposed rocks that

bears this name. The return to the hotel afforded opportunity to see

the points of interest that had been missed on our way. After a hearty

luncheon and a brief exchange of experiences the groups dispersed with

the feeling that the 1918 Spring Meeting had brought a new outlook

and new experiences.

The following members of the Illinois and Indiana Academies and
their guests attended the Spring Meeting:

Flora Anderson, Bloomington.

W. S. Bayley, Urbana, 111.

Mrs. W. S. Bayley, Urbana, 111.

Miss E. E. Bayley, Urbana, 111.

C. A. Behrens, West Lafayette.

Elliot Blackwalder, Urbana, 111.

Mrs. Elliot Blackwalder, Urbana, III.

W. S. Blatchley, Indianapolis.

F. J. Breeze, Terre Haute.

Edwin M. Bruce, Terre Haute.

Stanley Coulter, Lafayette.

Ulysses O. Cox, Terre Haute.

Mrs. Kate Meehan Cox, Terre Haute.

M. K. Davis, Terre Haute.

Mrs. Davis, Terre Haute.

Chas. C. Deam, Bluffton.

Chas. S. Driver, Bloomington.

Howard E. Enders, West Lafayette.

Arthur L. Foley, Bloomington.

Mrs. Loretta Foley, Bloomington.

L. W. Fisher, West Lafayette.

M. L. Fisher, West Lafayette.

W. G. Gingery, Indianapolis.

W. F. Gidley, West Lafayette.

Richard M. Holman, Crawfordsville.

Geo. N. Hoffer, West Lafayette.

H. S. Jackson, West Lafayette.

L. E. Kennedy, Urbana, 111.

Chas. T. Knipp, Urbana, 111.

Mrs. Knipp, Urbana, 111.

3—16568 : ^



Proceedings of Indiana Academy of Science.

Miss Knipp, Urbana, 111.

P. L. Knipp, Urbana, 111.

Wm. A. McBeth, Terre Haute.

Mrs. Wm. McBeth, Terre Haute.

J. W. McCarty, Lafayette.

Eula D. McEwan, Washington, D. C.

M. S. Markle, Richmond.

A. R. Middleton, West Lafayette.

C. F. Miller, Urbana, 111.

W. J. Moenkhaus, Bloomington.

Edwin Morrison, Richmond.

W. A. Noyes, Urbana, 111.

Mrs. Noyes, Urbana, 111.

F. Payne, Bloomington.

Burr N. Prentice, West Lafayette.

R. R. Ramsey, Bloomington.

Mrs. Claia Ramsey, Bloomington.

R. D. Reed, Urbana, 111.

A. Richards, Crawfordsville.

Mildred H. Richards, Crawfordsville.

Katherine Riley, Indianapolis.

R. D. Salisbury, Chicago, 111.

Will Scott, Bloomington.

Mrs. E. L. Stevens, St. Lovis, Mo.

Charles Stoltz, South Bend.

W. E. Stone, West Lafayette.

Mrs. Stone, West Lafayette.

Oliver P. Terry, West Lafayette.

Mrs. O. P. Terry, West Lafayette.

P. A. Tetrault, West Lafayette.

Emma L. Tevis, Indianapolis.

W. Tomlinson, Urbana, 111.

E. H. Toole, West Lafayette.

Frank B. Wade, Indianapolis.

Mrs. F. B. Wade, Indianapolis.

L. D. Waterman, Indianapolis.

•lohn S. Wright, Indianapolis.

Wright, Indianapolis.

Frank B. Wynn, Indianapolis.

Mrs. F. B. Wynn, Indianapolis.

Charles Zeleny, Urbana, 111.



Minutes—Spring Meeting. 35

Business Meeting and General Session, Friday, May 24, 1918.

A business meeting of the Indiana Academy of Science and a gen-

eral meeting of the Indiana and Illinois Academies of Science was called

to order by the Vice-President, Dr. Charles Stoltz, in the grove near

The Shades Hotel.

The Membership Committee proposed the following names of persons

for membership

:

Harlan Q. Acre, Shoals, Botany.

Walter G. Gingei-y, Indianapolis, Mathematics.

Howard M. Lahr, Markle, Botany and Chemistry.

On motion, duly passed, they were elected to membership in the

Indiana Academy of Science.

On motion the reprints from the Proceedings are to have the imprint

of the volume, date of publication, and paging of the issue from which

they are taken.

The matter is referred to the Publication Committee with power
to act.

On motion the Secretary is ordered to telegraph President E. B.

Williamson an expression of keen regret in his absence from the Spring

Meeting, and to extend greetings and best wishes of the Academy for

his speedy recovery to good health.

Vice-President Stoltz then appointed Stanley Coulter to take charge

of the informal meeting that followed and to call upon various persons

for addresses.

Dr. Coulter gave a brief history of the Indiana Academy of Science

and its relation to the scientific activities of the State. He expressed

our appreciation of the presence of so large a number from the Illinois

Academy, and pointed out that a number of these persons formerly were

members of the Indiana Academy and had an important part in its

early achievements and activities.

A number of persons then were called upon to speak.

Dr. Frank B. Wynn of Indianapolis: "Why I am a pathologist rather

than a naturalist." He pointed out the force of curiosity in the life of

the investigator, and by means of a number of striking examples em-

phasized the fact that curiosity is a driving power in achievement.

Doctor W. A. Noyes of the University of Illinois expressed pleasure

of the opportunity to attend this meeting and to renew acquaintances

in the Indiana Academy of Science, of which he was a charter member.

He spoke of the early years of the Academy and of its influence in

academies and institutions of the country.

John S. Wright of Indianapolis spoke on the needs of an endowment

for the promotion and publication of research in the Academy. A por-



36 Proceedings of Indiana Academy of Science.

tion of this endowment very properly should come from the State. The
effect of the war upon the matter of giving will mean much for the

financial future of the Academy.
Doctor R. I). Salisbury of the University of Chicago, representing

the Illinois Academy of Science, spoke on: "The effect of the war to

bring about a revaluation of the things which we have regarded as

unimportant." The academies of science, represented by their chemists,

physicists, biologists, and others, are interested in the public health of

the army at home and in the service. Geologists have been used by our

enemies to aid in a determination of the nature and kind of trenching,

the tools required, etc., and the water supply for any given region. Our
government has come to realize the service which its scientists in every

branch may perform, and it is to be hoped that enlarged support of

scientific work by the government will come as a lesult of such I'e-

valuation of the services of science.

Professor M. L. Fisher of Purdue University reported for the bird-

study group that fifty-five species of birds had been observed during

the day.

Professor Wm. McBeth of the State Normal School, Terre Haute,

discussed the geological formations in the State Park, at Turkey Run,

and outlined the chief points of interest in the geology of The Shades

Park.

Professor S. H. .Jackson of the Agricultural Experiment Station,

Purdue University, reported on the species of rusts found, and made a

.special appeal for the eradication of the barberry, the intermediate host

of our destructive grain rust. He urged the importance of its eradica-

tion as a war-mea.sure that is being undertaken by every State in the

Union.

Miss Flora Anderson, student in zoology in Indiana University,

reported upon the number of snakes observed or collected during the

day.

A rising vote of thanks was tendered Mr. J. W. Frisz, manager and

proprietor of The Shades Park, for his numerous courtesies and the

freedom of the park.

Adjournment.

Charles Stoltz, Vice-President.

Howard E. Enders, Secretary.
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OFFICERS.

E. B. Williamson, President.

Charles Stoltz, Vice-President.

Howard E. Enders, Secretary.

William M. Blanchard, Treasurer.

P. A. Tetrault, Assistant Secretary.

Frank B. Wade, Press Secretary.

Lee F. Bennett, Editor.

PROGRAM COMMITTEE.

C. C. Deam. John S. Wright.
Frank B. Wade.

GENERAL PROGRAM.

Thursday.

Meeting of the Executive Committee, Claypool Hotel 8:00 p. m.

Friday.

Business Session : . . . . 9 :30 a. m.

General Session 10 :00 a. m.

Sectional Meetings 2 :00 p. m.

Informal Dinner at the Claypool Hotel 6:30 p. m.

The address of the retiring President, E. B. Williamson, of Bluffton,

will be delivered at this time. Title, "How Should the Student Body
Be Recruited?"

Principal Business Session 8:00 to 8:30 p. m.

* The fall meeting was cancelled because of the influenza epidemic. The business

session was held in the Claypool Hotel, Indianapolis, December 7, 1918.
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Friday, 8:30 p. iM.

Assembly Room, Claypool Hotel.

Symposium on Important Contributions of Science to Military Efficiency.

Leaders.

For Astronomy Prof. W. A. Cogshall, Indiana University

For Bacteriology Dr. Will Shimer
Director State Laboratory of Hygiene

For Botany Prof. R. M. Holman, Wabash College

For Chemistry F. R. Eldred

Director of Scientific Department, Eli Lilly & Co., Indianapolis

For Geology Prof. L. F. Bennett, Valparaiso University

For Physics Prof. Chas. M. Smith, Purdue University

For Physiography. ..Prof. W. A. McBeth, Indiana State Normal School

For Zoology Prof. H. L. Bruner, Butler College

Saturday.

Business Session 9 a. m.

GENERAL SESSION.

Friday 10:00 a. m.

1. The Proposed Conservation Bill—Governor Goodrich. To be given

on arrival of Governor Goodrich.

2. The Barberry and Its Relation to the Stem Rust of Wheat in In-

diana, 20 minutes—F. J. Pipal, Purdue University.

3. Evolutionary Philosophy and the German War—A. Richards, Wa-
bash College.

4. Geography in Colleges and Universities of the United States, 20

minutes—F. .J. Breeze, Indiana State Normal School.

5. The Life of the Late Dr. Luther D. Waterman—A. L. Foley, In-

diana University.

6. In Memoriam, Prof. Geo. D. Timmons—L. F. Bennett, Valparaiso

University.

7. Biography of the Scientific Work of William James Jones, Jr.

—

S. D. Conner, Associate Chemist, Agricultural Experiment Sta-

tion, Purdue University.

8. Observations on 1,500 Registrants of the First Conscription, 30

minutes—Dr. Chas. Stoltz, South Bend.
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9. Mental Defectives ; the Problem ; Conditions in Indiana, 20 minutes

—

Miss Edna R. Jatho, Psychologist, Philadelphia Public Schools.

10. Textbook Treatments of Diffusion and Osmosis, 15 minutes—Paul
Weatherwax, Indiana University.

CONTINUATION OF GENERAL SESSION, FOLLOWED BY
SECTIONAL MEETINGS.

Friday 2:00 p. m and Saturday 9:30 a.m.

Bacteriology.

11. Number of Colonies for a Satisfactory Soil Plate—H. A. Noyes and
G. L. Grounds, Agricultural Experiment Station, Purdue Uni-
versity.

12. The Length of Time to Incubate Petri Plates—H. A. Noyes, J. D.

Luckett and Edwin Voigt, Agricultural Experiment Station,

Purdue University.

13. Bacteria in Frozen Soil—H. A. Noyes, Agricultural Experiment
Station, Purdue University.

Botany.

14. Reproduction in Coleochaete Scutata, 8 minutes (lantern)—M. S.

Markle, Earlham College.

15. Some Abnormalities in Plant Structure, 2 minutes—M. S. Markle,

Earlham College.

16. Plants of Boone County, Kentucky (by title)—James C. Nelson.

17. Plants New or Rare to Indiana, VIII, 10 minutes— Chas. C. Deam,
Acting State Forester.

18. The Morphological Basis of Certain Problems in Inheritance in

Maize, 12 minutes—Paul Weatherwax, Indiana University.

Cheynistry.

19. Analysis of 100 Soils in Allen County, Indiana—R. H. Carr and

V. R. Phares, Purdue University.

20. Relation of Nitrogen, Phosphorus and Organic Matter to Corn Yield

in Elkhart County, Indiana—R. H. Carr and LeRoy Hoffman,

Purdue University.

21. Flame Reactions of Thallium, 10 minutes—Jacob Papish, Purdue
University.

22. Sulphur Dioxide as a Source of Volcanic Sulphur, 5 minutes—Jacob

Papish, Purdue University.
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Geology.

23. A Preliminary Report on the Origin of Indianaite in Indiana, 10

minutes—Wm. N. Logan, Indiana University.

24. The Occurrence of Coal in Monroe County, Indiana, 5 minutes

—

Wm. N. Logan, Indiana University.

2.5. The Occurrence of Indianaite in Monroe County, Indiana, .5 min-

utes—Wm. N. Logan, Indiana University.

26. Notes on the Paleontology of Certain Chester Formations in South-

ern Indiana, 10 minutes—Allen D. Hole, Earlham College.

27. Soil Survey of Cass County, 10 minutes—Colonzo C. Deals, Indiana

University.

Physics.

26. A New Method of Measuring the Velocity of Sound, 15 minutes

(lantern)—A. L. Foley, Indiana University.

29. The Instantaneous Velocity of Sound at Points Near the Source,

5 minutes (lantern)—A. L. Foley, Indiana University.

30. An Experimental Determination of the Relation Between Sound
Velocity and Intensity, 5 minutes (lantern)—A. L. Foley, Indiana

University.

31. An Experimental Determination of the Duration and Luminosity

of an Electric Spark, 10 minutes (lantern)— A. L. Foley, Indiana

University.

32. A Simple Method of Determining the Character and Frequency of

the Oscillation of Machine Parts, .5 minutes (lantern)—A. L.

Foley, Indiana University.

33. Energy Losses in Commercial Hammers, .5 minutes—Edwin Mor-
rison, Earlham College.

34. New Surface Tension Apparatus, 5 minutes (lantern)—Edwin Mor-
rison, Earlham College.

35. Effect of Certain Dis.solved Salts Upon the Surface Tension of

Water, 10 minutes (lantern)—Edwin Morrison, Earlham College.

Physiography.

36. The Chester Series of Indiana and Their Correlation with Those of

Kentucky, 10 minutes— Clyde A. Malott and James D. Thomp-
son, Jr.

37. A Peculiar and Remarkable Adjustment of Drainage—the Case of

"The American Bottoms" of Greene County, Indiana, 10 minutes

—

Clyde A. Malott and Frederick J. Breeze.

38. A Notable Case of Successive Stream Piracy, 10 minutes—Clyde A.

Malott.
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39. Monadnocks and Similar Physiographic Features, 10 minutes—Clyde

A. Malott.

40. A New Explanation of the Valley Filling of Southwestern Indiana

and Associated Regions, 10 minutes—Clyde A. Malott.

Zoologij.

41. The Crustaceans of Lake Maxinkuckee—Barton W. Evermann,

Director of the Museum of the California Academy of Sciences,

and Howard W. Clark, Scientific Assistant, U. S. Bureau of

Fisheries Biological Station, Fairport, Iowa; 20 minutes.

42. The Insects of the Lake Maxinkuckee Region—Barton W. Ever-

mann, Director of the Museum of the California Academy of

Sciences, and Howard W. Clark, Scientific Assistant, U. S. Bureau

of Fisheries, Biological Station, Fairport, Iowa.

4.3. Aphids on Fruit Trees, .5 minutes—S. D. Conner, Associate Chemist,

Agricultural Experiment Station, Purdue University.

44. Some Further Experiments for Low and High Bristle Number in a

Mutant Strain of Drosophila Ampelophila, 10 minutes—F. Payne,

Indiana University.

45. A Memorial, Albert Homer Purdue—George H. Ashley, Washing-

ton, D. C.

46. A Memorial, Prof. M. .J. Golden—R. B. Trueblood, Purdue Uni-

versity.

47. Some Trees of Indiana—F. M. Andrews, Indiana University.

48. Ascomycetes New to the Flora of Indiana—Bruce Fink and Sylvia

C. Fuson, Miami University.

49. The Dormant Period of Timothy Seed After Harvesting—M. L.

Fisher, Purdue University.

50. The Birds of the Sand Dunes of Northwestern Indiana—C. W. G.

Eifrig, Oak Park, 111.

51. A Synopsis of the Races of the Guina Flycatcher—Harry C. Ober-

holser, the U. S. National Museum.
52. Erosional Freaks of the Saluda Limestone—Elmer G. Sulzer, Mad-

ison.

53. Remnant Monuments Near Madison—Elmer G. Sulzer, Madison.

54. A Kinetic Model of the Electron Atom—R. R. Ramsey, Indiana

University.

55. New Methods of Measuring the Speed of Sound Pulses Near the

Source—Arthur L. Foley, Indiana University.
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Minutes of the Fall Meeting,

INDIANA ACADEMY OF SCIENCE,

Claypool Hotel, Indianapolis, Ind., December 7, 1918.

The Executive Committee of the Indiana Academy of Science met

at the Claypool Hotel and was called to order by the President, E. B.

Williamson. The following members were present: F. M. Andrews,

L. F. Bennett, Wm. Blanchard, A. W. Butler, W. Cogshall, S. Coulter,

C. C. Deam, R. W. McBride, J. P. Naylor, C. Stoltz, P. A. Tetrault,

F. B. Wade, E. B. Williamson and J. S. Wright.

The reports of the standing committees were first taken up.

Program Committee—Oral reports by C. C. Deam and F. B. Wade.

On account of the influenza epidemic, the printed report was not carried

out, but all papers submitted will be printed in the regular Pi'oceedings.

Committee on Biological Survey—Written report submitted to the

President by the Chairman, H. S. Jackson, was read by the Secretary.

A number of investigations are in progress, and it is hoped that the

work under way will be in shape for publication in the Proceedings of

the Academy at an early date.

Committee on DistHbution of Proceedings—Due to the absence of the

Chairman, H. E. Enders, the report was given by Wm. Blanchard. The
delay in the distribution of the Proceedings was explained.

Committee on Amendments—Work being completed, the committee

was discharged.

Committee ori Relation of Academy to State—On motion a special

committee of five was appointed by the President, the President acting

as Chairman, to consider the publication of the Evermann Report on

the Biology of Lake Maxinkuckee.

Adjourned at 1:00 p.m. for luncheon.

Meeting reopened at 2:00 p.m.

On motion a committee was appointed to confer with the Senator

and Representative appointed by the Governor to frame the bill for the

naming of a Conservation Commission. The object is to have the fol-

lowing embodied in the bill

:

Three men appointed from each of the following institutions: Indiana

Academy of Science, Indiana Horticultural Society, Indiana Sportsmen's
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Association, the higher institutions of the State, including universities,

colleges and normal schools, who shall constitute a committee to nom-
inate the director of the commission.

The folloM'ing committee was appointed by the President: R. W.
McBride, J. S. Wright, F. B. Wynn, W. Cogshall, S. Coulter.

Wm. M. Blanchard, Treasurer, reported as follows

:

Balance in treasury December 2, 1917 $524 58

Dues collected during the year 224 00

Total $748 58

Expenditures 286 51

Balance in treasury December 1, 1918 $462 07

The report was received and referred to the Auditing- Committee.

The Membership Committee proposed the following names of persons

for membership

:

Frank G. Bates, 908 E. Atwater Ave., Bloomington—Political Science.

Walter W. Bonns, care of Eli Lilly & Co., Indianapoli.s—Plant

Physiology.

Edgar Brock Carter, 2615 Ashland Ave., Indianapolis—Chemistry

and Bacteriology.

Frank R. Eldred, 3325 Kenwood Ave., Indianapolis—Chemistry.

Harold Gray, 2813 Ruckle St., Indianapolis— Chemistry.

Aubrey Chester Grubb, 427 Russell St., West Lafayette—Chemistry.

Jas. Wm. Jackson, Shortridge High School, Indianapolis—Chemistry.

John C. Jopling, 421 — . Emerson Ave., Indianapolis—Chemistry.

Daniel B. Luten, 1056 Lemcke Annex, Indianapolis— Civil Engi-

neering.

Thomas E. Nicholson, N. Park Ave., Bloomington—Psychology.

Mrs. L. W. Pressey, N. Park Ave., Bloomington—Psychology.

S. L. Pressey, N. Park Ave., Bloomington—Psychology.

Paris Stockdale, 425 S. Grant St., Bloomington—Geology.

Elmer G. Sulzer, Madison—Geology.

Myron W. Tatlock, Shortridge High School, Indianapolis—Physics

and Chemistry.

David H. Thompson, Dayton—Biology.

E. A. Wildman, care of Eli Lilly & Co., Indianapolis—Chemistry.

Committee on Academy Foundations—The report was laid on the

table.

Printing Committee—Report was accepted, and on motion the Editor's

bill is to be included in this year's expenses.
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Professor J. M. Aldrich was elected a Fellow of the Academy.

On motion Professor J. M. Aldrich's name was transferred to the

non-resident list.

On motion it was decided that only paying Fellows and members,

both resident and non-resident, are to receive the Proceedings.

On motion the Secretary and Treasurer are instructed to nominate

Fellows and members to be placed on the non-resident list, such Fellows

and members to be chosen from those who remain in active scientific

work. These same are to be voted on at the regular meeting of the

Executive Committee, subject to the approval of the Academy.

Norninating Comviittee—The report of the committee was to the

effect that the present officers should continue in office till the next reg-

ular meeting. The canceling of the annual meeting of the Academy
has brought about conditions which make it impossible to hold an elec-

tion at this time.

Adjourned 3:45 p.m.

E. B. Williamson, President.

P. A. Tetrault, Assistant Secretary.



President's Address,

E. B. Williamson.

HOW SHOULD THE STUDENT BODY BE RECRUITED?

Some time after the English blockade went into effect, a public official

learned to his surprise that there was some relation between fats and
explosives. The relation was not clear in his mind, but he said he

understood it was a recent discovery. Since then there has been a more

or less insistent demand in England that more science should be included

in the university curricula offered those who were to become the public

men of the British Empire.

Prior to the war these curricula have been much debated in all coun-

tries. During the past twenty-five years high school courses have gone

to the maximum of subjects and the minimum of thoroughness. The
requirements generally in the science course in universities specify that

the student must study French or German, overlooking' the obvious fact

that a student who progresses to a point where either foreign language

is essential requires both. To a dispassionate observer, therefore, it

seems that the making over of curricula has resulted in small if any
improvement. Certainly the present curricula are giving us no products

of a more gigantic stature than the Huxleys, Kelvins and Haeckels of

a past generation, themselves often critics of these very curricula.

Is it not possible that some other more important factor is involved

here? May it not be the composition of the student body which is at

fault? Through elective courses and studies students dictate the cur-

ricula to a considerable extent. For on their selection depends largely

the relative strength of the various departments in every university.

It seems, therefore, that the composition of the student body is of more

immediate concern than the subject-matter studied. Professors cannot

select or make students. Students can determine their professors; and

it was an old Scotch professor who said: "The university is a fine place

if it were not for the students."

Universities, their faculties and students are an economic burden to

be borne only as society receives a commensurate return for their activi-

ties. There is every reason to believe that following the war such insti-

tutions will be scrutinized as possibly they have never been in the past.

The composition of the student body will, I believe, largely determine

the verdict under which such institutions must prosper or decline.

(45)
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How is the composition of the student body determined, or, in other

words, how is the student body recruited?

In the early winter of 1917 a leading weekly naively remarked that

the criticism sometimes made that the sons of the rich and well-to-do

were not doing their part in the war was disproved by the decreased

university enrollments. Or, to put it bluntly, the institutions dependent

on taxes or on endowments made valuable through the labors of society

as a whole were attended by the children of only a portion of this soci-

ety, parental wealth being the determining factor. High school teachers

of experience will know exactly what I mean. The matter is as obvious

as it is objectionable. Under unsettled social conditions it is a matter

that might determine the very life of the institutions we all wish to see

prosper, believing as we do that the salvation of the world is in their

hands.

The answer to oui' problem is so easy and so just that one can only

wonder why so plain a reform has been so long delayed. It is not to

be solved by the wholesale education of all high school graduates of a

certain age as the government has recently undertaken as a war
measure. Rather it is to be solved along the lines of the following

tentative plan

:

The faculty of each commissioned and certified high school, the

county superintendent, the superintendent of each school, and the town-

ship trustees or board of education shall at commencement designate

20% or 25% of the graduates of each school as beneficiaries under this

plan. The basis of .'^election of beneficiaries shall be the class record of

graduates during their high school course. Each beneficiary .shall be

peimitted to select any course of study desired in any school in the State

approved by the State Board of Education, provided that any course so

selected must be in advance of high school work. Each beneficiary shall

be paid for work done in any such school as follows: $325 for the fir.st

year, $350 for the second year, $375 for the third year, and $400 for

the fourth year, provided that during his course he shall carry at least

fifteen hours recitation, or its equivalent, per week. Payment shall be

made to the beneficiary at the end of each month or term in which such

collegiate work is done, subject to passing grades in each course of work
pursued. Failure to make passing grades shall deprive beneficiary of

further privileges under this plan; and in case of dismissal from his

college for any cause all privileges are forfeited, subject to an appeal to

the State Board of Education, which board may grant permission to

enter another school, subject to the approval of such school, in which
the beneficiary shall again be granted the privilege of this plan.

The funds for carrying out this plan shall be raised by a county tax

in those counties in which commissioned and certified high schools are
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located. By taxation a fund shall be created and held by each county

treasurer. Each beneficiary shall be paid by a draft drawn by him

through the bursar of the college where said beneficiary is pursuing his

work, and such draft shall be an order on the treasurer of the county

in which the beneficiary resides to pay the amount of such draft.

The purpose of this plan, as thus tentatively outlined, is to give a

stimulus to better high school work, resulting in a sharper differentia-

tion of those capable of more advanced education from those less capable.

It aims to make capacity and ambition rather than the accident of birth

the criterion for higher education. It is believed that it will result in

a serious and purposeful student body and, in a few years, in a more

enlightened, moral and capable citizenship. To the exceptional few who
are capable of educating themselves under present existing conditions

this plan gives an added stimulus, permitting them to go farther than

would otherwise be possible. Finally, it may be remarked that the

economic burden of the student body on society would be less under this

plan than under conditions now existing. Education of individuals

selected after the usual four-year college course should be provided for

by scholarships, which should be available only for post-graduate work.

This subject of financial aid to students may not appeal to you at

first glance as a matter of fundamental importance. But I wish to

insist that it is. Other things being equal, that family or tribe or

nation which gets for the family, tribe or nation the benefit of what it

breeds will succeed over its neighbors or competitors. Biology has con-

tributed one fundamental idea or concept to human thought—the idea

of evolution. And legislation can be in harmony with or conform to

evolutionary trends. Education of the most fit at public expense is, I

believe, such legislation. Such legislation would tend to give the nation

the benefit of what it breeds, a condition now imperfectly realized be-

cause our college students are largely recruited from a numerically

inferior portion of our population.

"Heredity may confer some advantage; but genius generally mocks

at heredity, and the frequent rise by sheer ability of men from the

ranks of manual workers seems to prove that brain power in the case

of a fairly homogeneous race exists in due proportion in all classes.

The object of national education must be to provide, so far as possible,

equal chances for natural talent wherever it is to be found. Otherwise

there must be loss of national efficiency. At the same time, it must be

remembered that marked intellectual power will always be the posses-

sion of a minority, that real leadership will always be rare, and that

training in all classes may be wasted if carried beyond the inherent

capacity of the individual boy or girl. * * * Qf about 600,000 chil-

dren (in England) who now leave the elementary schools annually, only
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about 1 per 1,000 reaches a university. This is far too low a propor-

tion, and it indicates the denial of that equality of opportunity which

must be our ideal."
'

"We are not limited, however, to a military objective, for when the

war is over the international competitions of peace will be resumed.

No treaties or leagues can prevent that, and it is not desirable that they

should, for no nation can afford to be without the stimulus of com-

petition.

"In that race the same power of science which has so amazingly

increased the productive capacity of mankind during the past century

will be applied again, and the prizes of industrial and commercial leader-

ship will fall to the nation which organizes its science forces most

effectively."

"

' Lord Sydenham, Science, N. S. Vol. XLVIII, pp. 482 and 483, 1918.

- Elihu Root, 1. c. pp. 533 and 534.



Contributions of Botany to Military Efficiency.

R. M. HOLMAN, Wabash College.

Certainly no science seems, at first thought, to be more remotely

related to military pursuits than does the science which deals with

plants. In chemistry we recognize at once one of Mars' chief servitors

;

for even in the days before men fought with deadly gases, the products

of chemical research, leaders in military affairs were indebted to the

science of chemistry for the development of more and more destructive

explosives and for a great number of other essential though minor war
materials. In physics, too, we recognize a science whose contributions

to the business of warfare are scarcely to be enumerated. But so many
and varied are the factors which play their part in the successful

pursuit of modern warfare, and so extensive are the applications of the

sciences today to practical problems, that every science has been called

upon to make its contributions to military efficiency. Thus the science

of botany has come to play a by no means inconsiderable part in the

organization, equipment and operation of an army. In the time allotted

to me it would not be possible to consider all the particulars in which

this science has aided directly or indirectly in the pursuit of war, but

I shall call to your attention two or three phases of botanical work
which have been of rather direct assistance.

The very considerable shortage of cotton which existed during the

greater part of the war period, and the great demand for this material

for civilian and military clothing and for the manufacture of explosives,

suggested late in 1914 a search for a suitable substitute for the cotton

so extensively used in surgical dressings. The material which proved

best fitted to this use was sphagnum moss, which grows so abundantly

in peat bogs and by its accumulation has built up very largely the great

deposits of peat which are utilized as sources of fuel in some parts of

the world. This moss, which was in fact employed to a limited extent

for surgical dressings in the Russo-Japanese War, has the two great

virtues of being very abundant and of possessing a remarkable power

of absorbing liquids. In this latter respect it is many times as efficient as

cotton. By no means all species of the genus Sphagnum are suitable

for use in the preparation of surgical dressings. The species which can

be used for this purpose, and which are found in the United States,

are: S-phagnum imhricatum, S. palustre, S. pajnllosum, and S. magil-

lanicum. These species are not found in the numerous bogs in the region

4—16568 (49)
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of the Great Lakes, but are restricted to the bogs of the North Pacific

and North Atlantic coastal regions. The recognition of the numerous

species of the genus Sphxignum is by no means easy, and on that account

there has fallen to the few botanists of this country who are familiar

with the genus the task of supei'vising the collection of suitable material

for the use of the Red Cross. The British War Office, the Canadian

Red Cross, and the American Red Cross have used large quantities of

sphagnum moss for the making of dressings, and so satisfactory has it

proven that it seems likely that, even in times of peace, it will continue

to be extensively used for this purpose.'

In a symposium on War Problems in Botany at the meeting of the

American Association for the Advancement of Science at Pittsburgh in

December, 1917, an appeal was made by Dr. G. R. Lyman, pathologist

in charge of the plant disease survey of the United States Department
of Agriculture, for effective organization of botanists and correlation of

their efforts toward the increase in food production and conservation of

food so essential to the military success of ourselves and our allies. The
principal practical outgrowth of this appeal was the organization at

Pitt.sburgh of the War Board of American Pathologists by the members
of the American Phytopathological Society there present. The War
Board had as its object the increase of the product of land already under

cultivation by means of emeigency plant disease research, and by a more
extensive application of the measures known to plant pathologists for

the reduction of crop diseases; and the reduction of the losses by disease

of fruits, vegetables and other plant products in transit or storage.

In the pursuit of these objects a number of measures were carried

out by the War Board. A man-power survey was undertaken to deter-

mine what botanists, not already engaged in plant pathology, were pre-

pared and willing to do emergency work on plant di-seases. This survey

was made necessary not only by the extensive program of work planned

by the War Board but also by the large number of trained pathologists

which had been lost for the time being to the science by reason of

enlistment and conscription.

Estimates were prepared, showing more accurately than any previous

estimates had shown, the losses due to diseases of the staple crops in the

year 1917. These figures revealed that, in spite of the absence of any
serious epidemic during that year, the loss in cereals alone, due to plant

diseases largely preventable by already known methods, was over four

hundred million bushels; and that the control of two diseases of wheat

—

1 For the facts in this pai-ajrraph the author is indebted to the article entitled,

"Sphagnum as a Sursical Dressing. " hy .1. W. Hotson, Science, N. S. Vol. XLVII,
No. 1235.
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loose smut and bunt—during- that year would have resulted in saving

thirty-three million bushels of that grain. This might have been added

to the quantity furnished to our allies in Europe, and might well have

been an important factor in the military situation. It is clear that these

loss estimates were important in the execution of the plans of the War
Board to reduce these losses in the interest of the armies and the civilian

populations of the United States and her allies.

Early in 1918 conferences were held in the six districts into which

the country had been divided for the organization of the emergency

plant disease work. At these conferences the plant pathologists of each

district met together with one or more of the commissioners of the War
Emergency Board to discuss fully and informally the plant disease

problems of the district. Leaders were elected foi- the work on each

special problem, and co-operation for the earliest possible solution of

such problems was arranged among the workers specially interested.

In addition to the man-power survey, the crop loss estimates and the

emergency research organized at the district conferences, the War
Emergency Board, through one of its commissioners, carried on a pub-

licity campaign through all available channels for the wider dissemi-

nation of information as to the importance and methods of plant disease

control. Provision was also made for the prompt exchange among path-

ologists of emergency information on methods of control. Thus it was

sought, by means of mimeographed sheets mailed frequently to all work-

ers, to make available at the earliest date important new facts which

could be utilized in an intensive campaign against crop diseases. The

delay which would have attended publication through the usual channels

was thus avoided.

Another department of the work was concerned with the gathering

and distribution of information as to supplies and prices of the impor-

tant fungicides and spi-aying machinery. The production and marketing

of these most important agencies of plant control had been greatly inter-

fered with by war conditions in the industries and in transportation.

The early and unexpected termination of the war prevented the

activities of the War Emergency Board from bearing the fruit in in-

creased food supply for the allied nations which might have been ex-

pected in the second and subsequent years of its existence. Ten months

from the conception of the plan the war was over, and the possibility

of its making further contribution to military efficiency through adding

to the food supply had ceased. This fact, and the impossibility of esti-

mating the results secured after so short a period of operation, should

not prevent us from recognizing the value of this unprecedented move-

ment for co-operation in increasing knowledge in what is probably the



52 Proceedings of Indmna Academy of Science.

most important field of applied botany, and for the effective application

of this knowledge to the problems of the farmer, the fruit grower, the

gardener, and the shipper.

Forestry is another branch of applied botany which has contributed

to the successful prosecution of the war. Its contributions have been

more direct in their bearing upon purely military affairs than have

those of plant pathology.

Two regiments of engineers (forest) were organized during the year

following our entry into the war. Trained foresters largely officered the

first of these regiments, and the second drew about 25 per cent of its

officers from the ranks of professional foresters. The companies making

up these regiments were employed in the forests of France in the felling

of trees, in the sawing of timbers and boards for military construction,

in hewing ties for army railroads, and poles and props for use in the

trenches and elsewhere. The forester officers found abundant oppor-

tunity to utilize their experience in supervising this work, for the French

forests have in the past been managed with the highest skill and effi-

ciency. It was necessary that the work of the forest engineer regiments

be carried on with the least possible waste, and with due regard to the

future of the forests worked.

The entry of the United States into the world war and the initiation

of our ambitious aircraft construction program offered a great oppor-

tunity for service to that branch of forestry which is concerned with

the study of forest products. On account of its virtues of lightness,

strength and elasticity, wood is very largely employed in airplane con-

struction. Different parts of the airplane in the construction of which

wood is used call for lightness, strength and elasticity in varying degree.

In the building up of the framework much more consideration may be

given to the matter of lightness than in the case of a part such as the

front of the fuselage, which, by reason of the weight of the motor, is

subject to great shock in landing. Lightness must also be sacrificed to

strength and resilience in choosing suitable wood for the tail skids and

for the landing skids on the lower planes. Special demands are also

made upon the material employed for the engine bed.-

The careful tests upon which was based the choice of the best woods

for the purposes mentioned and for others in connection with airplane

construction were made largely by or under the supervision of forester.s

trained in the study of forest products. A large part of this work and

of other work on forest products connected with the airplane program

was carried out at the Forest Products Laboratory, Madison, Wisconsin,

- The facts in this paragraph and many others used here were secured from an

article entitled. "Our Air Fleet in the Making." by Samuel J. Record, Yale Foresti-y

School News, July 1, 1918.
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which is administered by the Forest Service of the Department of Agri-

culture in co-operation with the University of Wisconsin. How extensive

was this work may be judged by the fact that on September 1, 1918, all

or part of ten buildings were being utilized by the Forest Products

Laboratory and approximately 400 persons were engaged in its work.

At that time 75 per cent of the work of the laboratory was concerned

directly with the airplane problems.'

The great demand for airplane woods rendered it impossible to depend

upon the slow method of air drying and necessitated tests of different

types of kilns, various kilning procedures, their suitability for different

species, and the effect of kilning on strength. Satisfactory kiln drying

methods were determined, and these were introduced into commercial

kiln drying establishments engaged in the curing of airplane stock.

Research was also undertaken upon the factors which determine the

suitability of certain species for steaming and bending into the various

bent wood parts employed in airplane construction, as well as upon the

best conditions for bending and the effects of bending on the strength

of the wood.

A particularly interesting feature of the work was that relating to

the utilization of thin plyv/ood for fuselage walls, the pontoons of flying

boats, and eventually for the covering of the wings themselves. Since

these were entirely new uses for laminated wood, tests were necessary

for the best species and for the best combinations. It was also necessary

to test the efficiency of various joints and splices, and the effect of vibra-

tion on plywood strength, and to determine the best methods for stamp-

ing and molding the new construction material. By September, 1918,

tests on the strength of plywoods had been carried out with 56 series of

panels, each series consisting of 40 panels and requiring 240 tests.

Twenty-five species of wood were represented in these 56 series. Ply-

wood was also found to be an excellent material for different parts of

the airplane framework. For i-uch uses a core of yellow poplar with

thin layers of birch, mahogany or black walnut was shown to be sat-

isfactory.

Laminated construction is also used in the airplane propeller, al-

though here the laminations are of much greater thickness than in ply-

wood. Six to ten layers of something less than one inch thickness each

are used in building up the propellers. At the Forest Products Labora-

tory extended studies were made to determine what wood species are

most suitable for this very exacting use, what types of construction are

best, and what conditions of manufacture and what finish are most effec-

' For these and other statements relative to the aircraft work of the Forest Products

Laboratory the writer is indebted to tht- "Aircraft Research Program" and other reports

of the laboratory furnished through the kindness of the Acting Director.
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tive in preventing loss of balance or change of shape under the strains

of service and in varying- humidities.

The species which proved to best combine the properties desirable in

a propeller wood—i. e., relative freedom from checking, warping and
splitting; good glueing qualities; moderate hardness; and ability to be

pierced by a bullet without being split or shattered— are the Central

American and African mahoganies and the black walnut. These are

used on combat planes, where motors of great power are employed and
the demands upon the propeller are particularly heavy. For training

planes, however, white oak (quartered), cherry, birch, and the various

species known in the trade as Philippine mahogany were found suitable.

There fell also to the Forest Products Laboratory the task of train-

ing many of the inspectors essential in the carrying out of the airplane

program. It was necessary for these men to inspect material and parts

after various steps in manufacture, such as kilning, glueing and fin-

ishing. Some of them must also identify wood species and discern

defects in the wood, often very difficult to detect, but, if overlooked,

sufficient to cause the destruction of a costly machine or even the loss

of an aviator's life. Decay, knots and brittleness or brashiness are rela-

,

tively easy to detect; but pitch pockets well below the surface are very

difficult to make out, as are also the so-called heart breaks. The origin

of the latter defect is still somewhat obscure, but it is pi-obably due to

injuries to the tree by high winds while still standing, or to damage
in felling. In planing, the fibers are sometimes broken in such a way
as to closely simulate a heart break, and thus it becomes more difficult

for the inspector to detect this source of weakness. Diagonal and spiral

grain are important sources of weakness in airplane stock. Spiral grain

is due to a peculiar development of the tree itself, but diagonal grain is

due to mistakes in sawing, a tapering log being cut not parallel to its

outer surface but to the center line. In some woods the direction of the

grain is easily detected, but in others it can be made out only with diffi-

culty. For some purposes wood with a greater divergence than one inch

in thirty must be rejected.

The extensive research carried out by the Forest Products Labora-

tory in connection with the airplane program which has been briefly

summarized above does not constitute the only war work of the labora-

tory. Investigations undertaken in co-operation with the Chemical War-
fare Section of the War Department had iiuportant results, the confi-

dential nature of which prevent their publication. Work was also con-

ducted bearing on wooden ship building, gun stock manufacture, and
the construction of artillery wheels and various military vehicles. Thus
the laboratory was called upon to investigate the seasoning of the tree-

nails or wooden spikes employed in large numbers in fastening parts of
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wooden ships. For the turning of these treenails black locust is the

preferred material, but the supply of this wood became so limited in

certain districts that it was necessary to substitute live oak for it. The
Emergency Fleet Corporation's specifications called for thoroughly air-

seasoned treenails. Stocks of air-seasoned live oak were soon exhausted,

and in a number of the shipbuilding districts green or incompletely cured

material was used. As a result serious defects in the ships developed

through shrinkage of the treenails and loosening of joints. On that

account the services of the Forest Products Laboratory was sought and
the whole situation was investigated by the experts of the laboratory.

It was decided that the long time necessary for air drying of live oak

made it impracticable to insist upon the Emergency Fleet Coi-poration's

specifications as to curing of treenail stock. Recommendations were

made for the kiln drying of .such stock at central points in each pro-

ducing region and for the best kiln drying procedure.

Difficulties encountered in the bending of heavy oak for the rims of

artillery wheels were made the subject of experiments by the laboratory,

which resulted in the development of satisfactory methods. These were

introduced into the factories engaged in this work. A schedule pre-

pared by the laboratory for the curing of walnut blanks for rifie stocks

came to be widely used by the manufacturers.

The molding of stock for the construction of army vehicles of many
sorts called for investigation of the fungi concerned and of the methods

by which mold development might be prevented. Mold which devel-

oped during the period between the felling and the arrival at the factory

was particularly troublesome in the case of wood for the manufacture
of spokes. As a result of extensive experiments, one series of which

involved the testing of forty-three difi'erent antiseptics, means were
found which were largely effective in removing this trouble.

Not all the cases have been here mentioned in which experts in forest

products gave direct aid in the solution of problems arising in the indus-

tries engaged in the production of equipment, munitions and ships.

Other branches of applied botany than those touched upon here might

be cited which have conti ibuted no less truly, although less directly,

perhaps, to that great complex of factors which made for the success of

our army. Sufficient has been said, however, to indicate that a by no

means unimportant place among the sciences in the matter of contri-

butions to military efficiency belongs to the science of botany.
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Geology and the War.

L. F. Bennett.

The geology of a country is one of the most important factors which
determine the location of its cities, its various industries, its population

both as to number and occupation, its political aspirations and possibili-

ties, and its relation to the countries bounding it.

It is the geology of a country which determines its natural resources,

and these have had a peculiar bearing vipon the recent history of Ger-
many. Very much of Germany's iron and coal and her petroleum and
potash deposits lie close to her frontiers. This has compelled her to

strongly fortify these frontiers, especially next to France, and for this

reason the giving back of Alsace and Lorraine to France will be a great

economic blow to Germany.
In the last analysis it was the geological factors that gave Germany

her great commercial and political importance and which determined
her plan of attack upon France and Russia.

A glance at the geological map of northern France gives the reason

why Germany was compelled to attack France through Belgium if she

expected to reach Paris quickly. The series of escarpments to the east

of Paris were the best of natural fortifications. They were practically

impossible to scale when well protected by Frenchmen and French
cannon. The immortal Verdun, one of the gateways into France, was
made such by the steep slopes on the we.st and the outlying ridges which
could be easily fortified by the defending army. The rocky barriers of

noi'theastern France were too much for the wonderful military machine
of Germany. The geological "stars in their courses" were marshaled
against the invading Huns and helped the gallant French. It was the

geology of the region that made Paris so easily protected from the

invading armies from the east. Its geological defenses are among the

wonderful geological features of Europe.

In western Russia the geological features are of glacial origin. There
are numerous lakes, extensive marshes and morainic ridges. The area

is easily defended by an army well supplied with means for defense.

"The Germans could not get past the Russian troops so long as they

formed heroic fighting units instead of radical debating societies."

The retreat of the Russians was masterful. Their various positions

were determined by the rivers, and the lakes and marshes formed other

barriers to their foe.
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The mountain passes of Galicia were the only practical ways into

and out from the plains of Hungary on the east. The valley of the

Danube was a most effectual barrier for Serbia until she was over-

whelmed by the great armies of the Central Powers. The numerous

mountain passes of the Balkan States, large and small, were alike help-

ful and harmful in offensive and defensive warfare.

The engineering feats of the Italian and Austrian troops as they

fought in the high mountain barriers of their respective countries have

won the admiration of the world. The wonderful bravery of these troops

will ever be matters for historical comment like the defense of the im-

mortal Greeks at the pass of Thermopylae.

How different would the political and economic history of the whole

of southern Europe have been had the area been a great plain like much
of Russia instead of the series of almost impassable mountain ridges.

It has been, it is now, and probably always will be mainly a geolog-

ical question as to where many of the boundaries between countries will

be located. It was thousands of centuries ago when the political history

of Europe was largely determined. It was

"When you were a tadpole and I was a fish"

that the shores of the Paleozoic seas were very different from the present

shore lines and thick sediments were deposited over the region that is

now southern Europe, and it was much later that these sea beds were

elevated and eroded into the mountains of today.

"The violation of Belgian neutrality was predetermined by events

which took place in western Europe several million years ago. Long

ages before man appeared on the world stage Nature was fashioning

the scenery which was not merely to serve as a setting for the European

drama but was, in fact, to guide the current of play into blackest

tragedy. Had the land of Belgium been raised a few hundred feet

higher above the sea, or had the rock layers of northeastern France not

been given their uniform downward slope toward the west, Germany

would not have been tempted to commit one of the most revolting crimes

of history and Belgium would not have been crucified by her barbarous

enemy."

'

But what did the geologists do and what can geologists do in time

of war? It is sure that, should there ever be another great war, the

geologists wou.ld be a more important factor than ever before. They

will be among the first of our scientists to be organized into an efficient

working corps.

The following is an abstract of an article from "Economic Geology,"

July, 1918, entitled "The Geologist in War Times; the United States

Geological Survey's War Work," by Philip S. Smith:

* Topography and Strategy in the War, Douglas Wilson Johnson.
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"There are two hundred and sixteen members of the Survey in mili-

tary service, one hundred and fifty of whom came from the topograph-

er's branch. One of the Survey geologists in the Engineer Officers'

Reserve Corps fills an important scientific post on General Pershing's

stafi" that requires a knowledge of geology. One of the Survey topo-

graphic engineers was also assigned to General Pershing's staff, where
he occupies a position that requires special knowledge of topographic

engineering.

"As soon as war was declared every member of the Survey who
could be spared took up war emergency work. They became members
of various national committees necessary for the successful conduct of

the war. The geologic branch was called upon to supply information

concerning the mineral resources of the United States and of foreign

countries. A systematic search of the United States has been made for

the minerals which we have depended upon foreign countries to supply,

and we congi'atulate ourselves upon the I'esults of this search. Ores of

manganese, chromium, tungsten, quicksilver and sulphur have been most
sought. The results of the search for potash rewarded the Survey
beyond expectations. There has been an attempt to bring consumers
and producers of supplies closer together.

"Surveys containing topographic, geogiaphic and geologic informa-

tion have been made of the several cantonment districts. Different

kinds of coal have been carefully investigated at the request of the

Secretary of the Navy, and also for the War Minerals Committee. Over
forty skilled topographic engineers have been sent to Europe. Camera
mapping is being carefully studied.

"The water resources of the Survey, in addition to i)erforming its

routine work, has been called on to furnish much special information

that is immediately pertinent to the work of the War and Navy De-

partments. In co-operation with the geologic branch, it furnished data

concerning the camp water supplies of all the border States except

those contiguous to Canada; made tests of the water and estimates of

the quantity available at the sites of war industries plants to be erected

in the eastern part of the country; repoiled to the Surgeon General's

office on the (juality of the water at thirty-three cantonments in twenty-

three States; determined the quantity and (|uality of the ground water

available at seven aviation camps; made a field siivey of the water

conditions along the Mexican border west of Nogales, Ariz.; made com-

parison of the quality of the water of European and American springs;

made recommendations to solve the problem of contamination of the

water supplies of the Kansas River by sewage below Camp Fun.ston;

and reported on available waterpower and (juality of boiler water at

Yorktown, Va.
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"The war has emphasized the economic importance of geology in

every branch of its science. It has done its work at home in the ways
mentioned above, and on the battle front the geologist has been most

important in determining the best possible places for camps, hospitals

and the .lines of defense."

May this emphasis not be forgotten. May the United States Govern-

ment be always willing to contribute liberally to the Geological Survey

for work in all of its departments. May the geologists themselves pursue

all problems with the thought not only of developing their science but

to promote the "general welfare of the people of the United States."
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Physiography and War.

Wm. a. McBeth, Terie Haute, Indiana State Normal School.

The relation of physiography and war is clear and pervasive. Most

of the wars of history have had their causes, have run their courses

and have had their results determined under the influence of geograph-

ical environment. Raids were made into fertile territories for plunder

or for permanent possession. Desert and mountainous regions have

sent out their hungry hordes to conquest and pillage. Mountains, rivers

and marshes have furnished favorable lines of defense. Mountain passes,

valley ways and easy river crossings have been sought as points of

attack. Climatically men prefer to march, go into battle, and carry on

other activities of war in good weather. Winter often causes long and

almost complete suspension of hostilities. Heavy rains turn fields and

roads into quagmires, impede movement of troops, block transportation

of munitions and food, and make impossible the handling of heavy

artillery, causing unexpected delay, change of plan, and possibly disaster.

Military and naval strategy take into account, even build on the

groundwork of natural features. An account of the campaigns of any

war of recent times clearly shows this fact. The significance of the

Hudson-Champlain Valley, with its nearly continuous line of water

communication, in the French wars and in the War of the Revolution,

is a striking illustration. The strategy of the Civil War in the United

States centers in the Allegheny Mountain barrier, with the Ohio River

as a secondary line of operations. The Mississippi River, the Chatta-

nooga Gap, the Potomac River as lines of movement by either of the

contending armies are familiar to all students of history. Naval opera-

tions to enforce a blockade were carried on along the Southern coasts

by the Federal forces, while the Confederates sought to break through

and destroy this sentinel cordon.

In the World War the armies of the Central Powers broke into and

across Belgium because the smooth Flanders plain gave easier entrance

into France than the way across the mountainous frontier between

France and Germany farther .south, where Verdun withstood shock after

shock unconquered. The Somme, Aisne and Marne are names of rivers

flowing west in France along which the invading armies undertook to

make their way toward the channel ports or Paris, and Amiens, Soissons

and Chateau-Thierry are important points of effective resistance, the

last a crossing of the Marne, where the Huns were finally stopped and
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faced about to a last retreat and defeat. Numerous examples of the

dependence of strategy on geographical conditions appear in all the other

fields of operation in the war, and volumes on this aspect of the subject

might be written.

The importance of physiographic knowledge and science in war is

suggested by mention of a few of its contributions to war plans and

work. Most countries have war colleges, general staffs, or other organi-

zations for the study of strategical problems and the development and

formulation of plans of attack and defense in war.

In our own country the leading geographers volunteered their serv-

ices and organized in the national capital a Board of Geographical In-

formation that gave valuable aid to the government in the prosecvition

of the war.

Accurate maps, indispensable for such study and planning, are pre-

pared with great detail and accuracy in many countries. The Ordnance

Survey, large scale maps of Great Britain and France, are marvels and

models of the map maker's art. The relief of the country, its streams,

lakes, railways, roads, canals, cities, villages and even farmhouses are

accurately indicated. Outline and slope are shown in contours or shad-

ing, height by figures or contour intervals. Shores and off-shore waters

are mapped, and depths, channels, shoals, lights and landings are indi-

cated. Such maps are useful and instructive under peaceful as well as

belligerent conditions, and, strange as it may seem, are easily obtain-

able by schools and the general public in and outside of the countries in

which they are published. That such maps easily get into the hands of

possible present or future enemies admits of no doubt, and those who
want them get them by means of indii^ection or espionage if not openly.

The United States Geological Survey maps and the maps of the Coast

and Geodetic Survey and of the Mississippi Commission are most excel-

lent in accuracy and execution, and, while not published primai-ily for

military use, have a high value in that direction.

The army Signal Service calls to its aid the expert meteorologist,

who observes the changes in the air and reports present and probable

future weather conditions for the use of the various branches of the

army. The infantry makes use of such information in timing attacks,

such movements preferably being made in fair weather, unless in case

of intended surprise. The artillery finds great advantage in knowing

the air pressure, the direction and velocity of the wind, and even the

temperature and humidity conditions of the atmosphere in finding ranges

in firing.

Weather observations and predictions are even more important in

the Flying Service. The strength and direction of the wind, the prev-

alence of cloud, or the probability of fog or cloud, are great factors in
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successful flight for either observation or combat. London came to

expect an air raid on any still, clear night, and the Germans are re-

ported to have taken care to have their best forecasters select the most

favorable time and conditions for these attacks.

Many engineering problems are primarily geological or geographical

problems, and the education of the civil or military engineer includes a

knowledge of these subjects. The location of camps, with the associated

matters of drainage, of transportation, food supply and equipment,

require geographical knowledge. The location of coast defenses, the

laying out of military roads, canals and lines of defense within a coun-

try, the improvement of waterways, and many other matters, are in

the field of the geographer, and his knowledge and advice are essential

to the engineer, whether in the interests of war or of peace.



The Barberry and its Relation to the Stem Rust of

Wheat in Indiana.

F. J. PiPAL, Purdue University.

It has now been over 250 years since the European farmers began

to observe that the common barberry bush {Berberis vulgaris) had
hiarmful eflfects upon the grain fields, particularly those of wheat,

through severe rusting of the straw, and causing considerable shriveling

of the grain. As early as 1660 a law was passed against it in the

district of Rouen, France.^ In later years, as the barberry was intro-

duced into other European countries, frequent complaints were made by

the farmers that the bush was responsible for a great deal of injury to

the grain growing in its vicinity. One writer (Djorup") remarks in

this connection: "Many of the inhabitants reaped only straw, which,

of course, could not be thrashed." In many instances the barberries

were eradicated, either voluntarily or through force of law, or by the

injured farmers themselves. There was no consensus of opinion, how-

ever, as to the guilt or the innocence of the barberry, and, as Lind

relates in his article, a rather dramatic war was waged over the ques-

tion. In 1863 DeBary finally demonstrated, through cross-inoculations,

that one stage (aecial) of the stem rust of wheat (Puccinia graminis)

passed its life on the leaves of the barberries. Even after this dis-

covery, however, it was not agreed that the barberry was in any way
responsible for the rust infection, and not until about thirty years ago

was this fact generally accepted by the botanical profession.

During the seventeenth century the barberry was introduced into

America, wheie it is now used extensively as an ornamental shrub.

It is of interest to note that a law was passed against it in Connecticut

in 1726, and in Massachusetts in 1755. It is doubtful, however, if the

laws were ever enforced.

Owing to a lack of definite information regarding the extent to which

the common barberry and its purple-leaved variety were responsible for

the stem rust infection in this country, no special efi'ort was made here-

tofore to bring about the eradication of this shrub. The great World

War and the urgent need of food presented an opportunity to bring up

the question of the eradication of the barberry, which, it was believed,

would reduce stem rust infection and save millions of bushels of valu-

^ J. Lind, Beiberisbusken, og Beiberislovcn. Denmark, 1915.

- Quoted in Lind's article. See note ^.

(63)
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able grains. The agitation of this question, enlivened by the fact that

a very severe rust infection in 1916 caused a loss of over 200,000,000

bushels of wheat, resulted in the present barberry eradication campaign,

comprising the upper Mississippi and the Western States, with Montana
as the western and Ohio as the eastern limits. The campaign is con-

ducted by the Office of Cereal Investigations, of the United States De-

partment of Agriculture, in co-operation with the State Agricultural

Colleges.

The barberry has been introduced into Indiana probably during the

second half of the nineteenth century. Bushes have been found in the

State which the owners claim to be over fifty years old. Most of the

plantings, however, are of a more recent origin. The barberry scouts,

who made a careful survey last spring and summer of the cities and
larger towns in the northern thirty-six counties, located approximately

1,500 plantings. It is estimated that there are not less than 3,000 plant-

ings within the State. The barberries are not so numerous in the coun-

ties south of the Indianapolis line, especially in the extreme southern

end of the State, where they are very rare. Some of these plantings

were very extensive, each containing several hundred bushes. Along the

main line of the Pennsylvania Railroad, running from Chicago to

Columbus, Ohio, there was a planting at nearly every station. Some
were hedges several hundred to 1,000 feet long. At Valparaiso, Ander-

son and other cities large lots and even whole city squares were sur-

rounded by barberry hedges. The country districts seem to be com-

paratively free from barberries, so far as can be judged from general

observations. Several communities have been found, however, where
bushes were growing on the farms and playing a very important role,

as will be pointed out later, in starting local rust epidemics.

The earliest recorded mention of wheat rust causing serious injury

in Indiana is found in the annual report of the Indiana State Board of

Agriculture for 1868, pp. 364-365, in which Professor R. S. Brown, in

discussing this disease and its control, makes this statement: "Culti-

vating early varieties of wheat, and immediately cutting, if the rust

strikes the straw, are the only remedies we have to propose for this evil,

which so often blasts, in a night, the brightest piospects of the farmer."

The rust collection of the Department of Botany, Purdue University

Agi'icultural Experiment Station, contains .specimens of wheat stem rust

from nearly every section of the State.

In 1892 Dr. Arthur" reported the following ob.servation : "At one

edge of a field of wheat on the Experiment Station farm at Lafayette,

Indiana, were many large barberry bushes, forming a thicket some
twenty-five by fifty feet. The season was favorable to the production

' Proc. Soc. Prom. Agric. Sci. 23d Ann. Rep.
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of rust, and the barberry bushes were all covered with aecidia. By the

first week in July the wheat field was also well rusted. * * *"

The survey made last summer in the northern part of the State and

in a few districts of the southern part showed that prevalence of the

stem rust of wheat followed closely the distribution of the barberries.

In sections having large numbers of barberry bushes there was a com-

paratively heavy rust infection, while in sections where no barberries

were found little or no rust was observed. In every instance where a

severe rust infection was reported and investigated there was no diffi-

culty in locating barberry bushes in the immediate or near vicinity of

the damaged fields.

The following specific cases, investigated last summer, are presented

to -show the guilt of the barberry in spreading the stem rust of wheat

in Indiana:

Case 1. Franklin County. A bai'berry bush was growing in the

yard of Ed. Heap's farm near Drewersburg. Another bush was growing

in the corner of a field across the road from the house. Mr. Heap's

and two of his neighbors' wheat fields were very heavily rusted. The
grain from these fields was refused by the local dealers as being worth-

less for milling purposes, and the County Agricultural Agent had to

obtain a special permission from the County Food Administrator to

allow the farmers to feed this grain to their stock. It was very notice-

able in this case that practically all infection took place on the wind-

ward side of the barberries.

Case 2. Franklin County. Several barberries were found on the

farm of Bradbury Hudson, several miles from Brookville. Other bushes

are said to be growing in this neighborhood. All wheat in this com-

munity was reported by Mr. Hudson to be badly rusted.

Case 3. St. Joseph County. The following paragraph appears in

the annual report, for 1918, of the Agricultural County Agent, J. S.

Bordner : "In 1915 an urgent request came from Madison Township to

come to the farm of Jonas Loucks, where an entire field of wheat had

been ruined by some disease. Investigation showed the most pronounced

attack of black rust which the writer had ever seen. Additional inves-

tigation showed infection in other fields, but not as pronounced, because

most of the wheat of the neighborhood matured from four to ten days

earlier than this particular field. Djynage from red and black rust has

been found each season in this community. This year an organized

effort was made to locate the source of infection. The accompanying

cuts speak for themselves. The barberry was found red-handed. One
barberry hedge several rods in length has been responsible for the pres-

ence of rust in the entire surrounding country, the actual damage
ranging from 2% to 509c, the field adjoining the barberry hedge sus-

5—16568
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taining the greatest loss." Infected barberry leaves were found when

the field was inspected.

Case 4. St. Joseph County. Mr. Bordner also reports the following:

"Another striking case of damage was found in the field of Charles

Bunch near Lakeville, and upon thorough investigation we found bar-

berry in the neighbor's back yard some ten rods away."

Case 5. Wayne County. A few miles east of Centerville stands a

country church with a cemetery about eighteen rods from the building.

A barberry hedge is growing on both sides of the walk leading from

the church to the cemetery. Within a radius of about one-half of a

mile from this hedge, especially on the windward side, all wheat fields

were badly rusted. In the nearest field, on the McConaha farm, a

prospective yield of thirty bushels of wheat to the acre was reduced to

less than ten bushels.

Case 6. Wayne County. W. O. Seoney, Boston Township, suffered

considerable losses from wheat rust for many years. A couple of years

ago the crop was nearly ruined. Mr. Seoney wrote to the Agricultural

Experiment Station and asked for a specialist to examine the crop and

determine, if possible, the cause of the trouble. When the investigator

found that the unusually heavy infection was due to the stem rust he

searched the vicinity for barberry bushes and found a large one twenty

rods from the wheat field. The bush was immediately lemoved. Last

year Mr. Seoney's wheat was free from rust for the first time in many
years, although a very heavy infection occuired in another section of

the county not far from his farm.

Case 7. Jasper County. A barberry hedge was found on a farm
two and a half miles north of Rensselaer. A wheat field across the road

was heavily rusted. (Reported by W. E. Leer.)

Case 8. Rush County. The stem ru.st practically ruined the wheat
crop in Orange Township on the farms of Jcs. Brown, John Douthett,

Chas. Ov.'ens and several others belonging to the same threshing ring.

In one case the crop was a complete loss, as the grain did not even have

any value as a stock feed. An investigation of the trouble resulted in

locating an old abandoned nursery on a farm in the center of the affected

community. Many barberry bushes formerly grew on this farm, but

were dug up, as claimed by the owner, a couple of years ago. A further

inquiry, however, disclosed the fact that a number of bushes were glow-

ing along the border of the farm woodlot which were not removed until

last summer, after rust infection had already taken place. It is prob-

able that there are other bushes growing wild in this community which
have come up from seeds scattered by birds.

Case 9. Rush County. Two very .severe cases of stem rust infec-

tion were found on the farms of T. A. Coleman and Wm. Garten, situ-
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ated about two and a half miles northeast of Rushville. A careful

search of the community resulted in locating a twelve-foot hedge of

barberry bushes, most of which were over ten feet high. The infected

fields were about three-quarters of a mile in direct line of the prevailing-

wind from the barberries.

Case 10. .Jefferson County. A barberry hedge and several group

plantings were found, late in the fall, about one and a half miles north-

east of Madison. When the relation of the barberry to the stem rust

cf whaat was explained to one of the owners she recalled that a severe

rust infection occurred last summer in a wheat field across the road

from the barberries.

Case 11. Wabash County. Six infected barberries were found on

the grounds of the Childien's and Orphans' Home, three miles south of

Wabash. Just across the fence from them was a wheat field in which
the crop was badly rusted. (Reported by W. E. Leer.)

Case 12. An old planting of six large and several small barberry

bushes was found on a farm eight miles southwest of North Manchester.

The older bushes were about fifteen feet high, with stems several inches

in diameter. A considerable rust infection was observed in wheat fields

in this community within a radius of nearly two miles, especially in

the windward direction. A field of oats and another of rye, about a

quarter of a mile from the barberries, were also heavily rvisted. (Re-

ported by W. E. Leer.)

Case 13. Wabash County. A severe case of stem rust infection was
reported by Nathan Gilbei-t on his farm five miles southwest of Wabash.
Upon investigation it was found that numerous barberry bushes covered

a hillside just across the road from the wheat field in question (see

Fig. 2). The bushes showed abundant infection of the aecial stage of

the rust. The entire wheat field was heavily infected, especially within

a distance of about 100 feet of the road, where the grain was black

with rust. Another wheat field situated about three-quarters of a mile

from the barberries also had a considerable infection, but much less

severe than the nearer field. The prospective yield of the first field

was reduced by at least 60 per cent. A number of local farmers held

a meeting at this field to see the havoc wrought by the barberries.

The guilt of the bush was so firmly established in their minds that they

went on record with the following resolution:

We, the undersigned farmers of Wabash County, Indiana, at

a meeting at the farm of Nathan Gilbert in Noble Township on

July 19, 1918, called for the purpose of observing the ravages of

the black stem wheat rust on the seventeen-acre wheat field,

desire to go on record as follows

:
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1. We are fully convinced, after making these observations,

that there is a connection between the common barberry and the

black stem wheat rust. On the south side of this ruined field is

a large planting of common barberry bushes, which have been

badly infested by the rust. We have observed that the rust

started on the side of the field next to these bushes and that

now the worst infestation is on the side nearest the barberries.

2. We desire to go on record as favoring any legislation

looking toward the complete eradication of the common barberry

bush, believing it to be of no value, but on the other hand a

serious menace to the wheat-growing industry.

(Signed)

Nathan Gilbert. John Shambaugh.
N. L. Gilbert. H. H. Behny.

David Flora. L. R. Millek.

R. D. Flora. W. Curtis.

S. A. Ungar. Alvah Dubois.

Dan CooPilR. Jacob Stauffer.

E. E. Stouffer. W. E. Walker.

Department of Botauy, Purdue Universily Agricultural Experi-

ment Station, Ltifayette, I ml.



Evolutionary Philosophy and the German War.

A. Richards, Wabash College.

In the writings of the German intellectual classes during the early

part of the war much was said about the biological justification for the

conflict, and the German mind built up a biological argument which

was faultless in logic, if the premises be granted. It is an argument

which is readily comprehended in view of the historical development in

Germany of the Darwinian doctrine of the survival of the fittest. This

conception early took firm hold of the biological public of that country

to the practical exclusion of those other explanations of the evolution

process that have held scientific attention in other countries. The lead-

ing advocates of the principle of selection have been mostly eminent

German scholars, many of whom have been even more ardent selec-

tionists than Darwin himself. Owing to the stress they place upon

selection as a factor of evolution, they comprise the school of Neo-

Darwinians, and it is they who have carried Darwinism to the extreme

in applying it to the problems of mankind. Obviously Darwin never

anticipated such an application.

By selection the biologist means that of a race of individuals certain

ones, especially desirable on the basis of some criterion established in

the case, are chosen to be the parents of the next generation; and of

the next progeny, those which show this same desirable character are

chosen. In this way the domesticated races of animals and plants have

been established, as is well known to the practical breeder. Natural

selection, which Darwin assumed to be the chief factor in the evolution

of species, behaves in the same manner that artificial selection in the

hands of the breeder does; that is, the conditions of nature establish

the criterion to which species must conform, and those members of the

species which are best adapted to the conditions in which they are placed

will be the ones that survive the inevitable struggle and give rise to

the next generation. Whenever variations arise, however small in char-

acter they may be, if they give the individual possessing them any

added advantage over its fellows, they will be perpetuated because of

their usefulness. By the gradual accumulation of these small continu-

ous variations the race is more and more adapted to its surroundings,

and progress in evolution is made.

In spite of their zeal in the study of the selection factor, German
scholars have not taken a leading part in the recent phases of investi-

gation into evolutionary phenomena. It is true that since Darwin's

(71j
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original announcement, the most important single contribution to the

understanding of these processes has been made by the leader of the

Neo-Darwinians, Weismann. To him is due the conception of the con-

tinuity of the germ plasm, and the corrollary from this that body char-

acters acquired in a single generation cannot be inherited. In other

words, the germinal substance is carried from parent to oifspring with-

out interruption, and the variations which appear in the offspring are

not inherited from the parent unless they are of such a nature that the

germinal substance can carry them on. Thus an extra finger would be

inherited, in all probability, but a bent one, due to an accident, would
not be. The importance of Weismannism lies in this, that it is the

foundation for the studies in genetics and eugenics which have occupied

the center of the biological stage in this country and elsewhere for the

last twenty years. To these subjects the active German investigators

of the present time have contributed little. This fact should not min-

imize the contribution of Weismann, but, nevertheless, it does serve to

explain to a certain degree the lack of German appreciation of the other

factors of evolution, such as mutation, which are now known to be of

the greatest importance in producing new species or races. German
scholars are not now taking an active part in the modern studies of

genetics; rather they explain most evolutionary phenomena on the basis

of natural selection, and the German national philosoi)hy is likewise

based upon the acceptance of natural selection applied without modifi-

cation to human life and society.

To the mind of most German biologist-philosophers, struggle is the

rule among all the different groups of organisms, human groups in-

cluded. Through all the ages that mankind has been developing, he

owes his ))rogress to the same factors that influence the evolution of

other groups of animals and especially to the factor of natural selection.

Selection is accomplished as the result of a bitter struggle for existence

as ruthless in its outcome in the case of man as in that of beetles or

snails or the beasts of the field. It follows that war is necessary that

the best of the world's peoples may overcome their weakei- neighbors

and demonstrate their own superioi'ity. The following paragraph from
Kellogg explanatory of the German views helps to set before us the

implicit Teutonic reliance in selection and in the irresistible consequences

of the struggle for existence.

"This struggle not only must go on, for that is the natural law,

but it should go on, so that this natural law may work out in its cruel,

inevitable way the salvation of the species. By its salvation is meant
its desirable natural evolution. That human group which is in the most
advanced evolutionary stage as regards internal organization and form
of social lelationship is best, and should, for the sake of the species.
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be preserved at the expense of the less advanced, the less effective. Ft

should win in the struggle for existence, and this struggle should occur

precisely that the various types may be tested and the best not only

preserved but put in position to impose its kind of social organization

—

its Kultur—on the others, or alternately, to destroy and replace them."

The so-called biological argument for the war, as it has shaped itself

in the German mind, may, I believe, be formulated in three propositions.

From these logically follows a conclusion, if the premises be granted,

that abundantly justifies the German nation in carrying on the war for

its own glory, and in taking measures of any nature whatever—no

matter how horrible—which would make them dominant over the rest

of the world. These propositions are the following:

1. In the evolution of any group of organisms natural selection is

the chief, if not the exclusive factor in bringing about progress. Nat-

ural selection is effective because there must always be a struggle, either

between individuals of the same group for space, food, etc., or between

different groups for favorable living conditions, or between the indi-

viduals in question and the forces of nature, as climate, flood, etc. In

the struggle for existence the individuals best fitted for the conditions

of their environment will be selected to carry on the race and their char-

acters preserved.

2. The principle of natural selection is applicable to the human race,

to the nations of the world, just as it is to groups of lower animals,

and there is to be expected a struggle for existence between the various

nations. War is the usual form of struggle, and it offers an opportunity

for the best among the nations to come to the front at the expense of

the other less fortunate ones. There is something in the innate char-

acter of nations which finally makes them irieconcilable, and in the long

run the principle of mutual aid, which is applicable to ameliorate the

struggle within groups, cannot act to diminish the realness or the sever-

ity of the inevitable struggle.

3. The German nation is the mightiest and greatest nation upon

the earth, and its social and political development has outstripped that

of any other people. Since this is true, anything which operates to

deprive Germany of her rightful place of dominance among the powers

of the earth is wrong and cannot be allowed to stand. War is a worthy

occupation for the German people, for it creates an opening by which

their dominant traits are given the opportunity for full expression and

development. The policy of terrorism is justified, for it aids the selected

German nation to maintain itself over its weaker neighbors, and along

with the natural results of war, it serves to remove the inferior and

unfit peoples from the contest and thus make more room for the better

fitted survivors.
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That the points in the argument for war are not overdrawn as here

formulated might easily be shown by quotations from many German
writers. From eminent as well as from humble sources might be drawn
proof that this point of view is part of the mental fabric of that nation.

Many articles are available to show that the above propositions rep-

resent the average opinion of the dominant classes, while from Prussian

sources come utterances that make the version here given seem woefully

understated. Actual quotations here, however, appear unnecessary in

view of the many statements in newspapers, magazines and authoritive

publications of the years since the war began which depict plainly the

German attitude.

The purpose of this discussion is to show that when critically exam-

ined this argument is not in every respect biologically sound. Indeed

the points in the argument are only half truths, and as such can not

be used as a basis from v»hicli to draw general conclusions. Not only

is the biology of the present time set against war as an instrument of

racial progress, but recent investigations go to show that, in some of

its aspects at least, war tends to retard the development of the nations

which pursue it. Biology has said nothing for which it merits the taint

left upon it by this false argument. To grant the fallacious premises

is possible only upon misinterpretation of the facts and teachings of

nature.

Of the points advanced in the supposed biological argument for war,

the first is the all importance of the factor of natural selection in evo-

lution. Evidence for and against this view is familiar to all biologists

and needs only be mentioned here. In Darwin's theory of evolution,

natural selection was indeed the chief factor by which progressive de-

velopment was thought to be accomplished ; but he admitted that there

might also be other factors of importance. Natural selection depends

upon the usefulness of the character under consideration ; that is, in

the struggle for existence it is the character which is most useful, which

is best fitted to the environment wherein the struggle is conducted, that

is preserved. Darwin supposed that, as the small variations accumu-

lated, they gradually fitted the individual possessing them more and

more to its surroundings, and thus were passed to the next generations.

Even the most minute, the continuous variations were to be interpreted

thus. Discontinuous variations, by which ofi'spring markedly different

in some particular character are produced, were recognized occasionally

to occur in nature, but they were thought to be rare and therefore

insignificant. Darwin also recognized that his factor fails to account

for the perpetuation of minute variations until they are sufficiently

developed to be of importance to the organism. Natural selection with-

out doubt plays its part in the case of a useful character. The white

coat of the polar bear renders that animal inconspicuous on the snow
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fields of its habitat; but it is hardly to be supposed that the first patch

of white hair that appeared upon the ancestral type of bear was per-

petuated because it offered any great degree of security to its owner.

Natural selection here loses its force, while discontinuous variations

come into consideration. It is now known that the discontinuous type

of variations, or mutations as they are called, is less rare than Darwin
believed. To mutations is now attributed the larger share in the origin

of races and species. The role played by mutations is illustrated by
the recent experiments in the inheritance of the fruit fly, Drosophila.

In laboratory cultures of these fruit flies there occur strains without

eyes, other strains with vestigeal wings that can have no possible use-

fulness, as well as numerous other strains with characters widely dif-

ferent from those of the parent stock. If they had arisen in nature

they would have been recognized without question as distinct sub-species

at least, and probably as distinct species. Natural selection, as this and

other cases that might be cited show, is not by any means all-powerful

in producing new races and species.

In late years the selection problem itself has been attacked from

many angles, and a great deal of experimental work has been done

on it. The problem resolves itself into these questions: Are organisms

indefinitely variable, and by constant selection can we hope to develop

a character at will, or can we carry on our selection only to a certain

point, beyond which it is not eff'ective? As yet no definite answer has

been made, and controversy has divided students of inheritance into two

schools. Both agree that positive results come from selection, but one

school holds that a limit is soon reached, after which selection is no

longer effective. According to these geneticists, selection results in a

sorting of the different strains of which any organism is composed into

the original pure lines. Thus the bristles numbers on the thorax of a

fly may be selected for perhaps thirty generations with an increase in

the mean, but at length continued selection causes no further rise in

the mean of the bristles number. If further selection is to be effective

a new mutation must occur. Without some such change in the germ
plasm selection cannot be responsible for continued progressive develop-

ment.

According to the other school of biologists, germinal modifications

are necessary before selection can bring about any real change in the

organism, but these germinal changes are of such common occurrence

that it is possible practically to continue development by selection in the

direction desired. Between these two widely different viewpoints no

decision can be reached, for sufficient experimental evidence is not at

present available. Certainly there is not enough exact scientific data

to justify relying solely upon natural selection, or making a fetish out

of the conception of the struggle for existence.
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One more important criticism of the narrow Darwinian interpreta-

tion should be pointed out. Evolutionists in the last quarter of a cen-

tury have come to see that the struggle so much stressed in the years

immediately following Darwin's life is by no means an unmitigated one,

but that, on the other hand, those communities of animals that are most

highly developed are the ones in which there is a division of labor and

in which co-operation takes the place of bitter competition. Co-operation

results in community prosperity and growth. This is the principle of

mutual aid, and even a cursory examination of the facts of nature will

show that it is not an unimportant one. It depends upon several obser-

vations which may be easily verified. There is not a vast number of

species of animals that lead isolated lives, but there are numberless

species that live in societies which seem to have their raison d'etre in

better means for defense, for securing food, or for rearing offspring.

A fairly keen competition and warfare may often be noted between

animals which are members of different classes or species, or even be-

tween different tribes of the same species, but among individuals of the

same community or tribe peace is the rule. And if an entire population

is forced to struggle against the unfavorable conditions of drought, flood,

famine, disease, wind or weather, the survivors, weakened by such a

contest, can at best produce offspring with insufficient vigor to bring

about the progressive development of the species. It is common knowl-

edge that when a pestilence of any kind has swept an animal commu-
nity, the remnant of the population is years in restoring its former

numbers. Finally the degree of development of any group of animals

is measured by the degree in which social life, co-operation for mutual

good, and division of labor obtain, with the corresponding avoidance of

severe competition. The social species prosper, while many of the un-

social ones tend toward decay. The principle of mutual aid presents

another aspect of the story of development in the animal world which

must not be overlooked, and shows that struggle is not in every case

the chief characteristic of progress. This principle, doubtless does not

deserve the rank of the chief factor in evolution given it by Kropotkin,

one of its proponents; but neither does the struggle for existence deserve

the prominence which the German Neo-Darwinians have given it. The
isolated species of animals struggling against his kin, his neighbors and
his physical environment cannot longer be looked to for the entire cause

of progressive evolution ; rather we must look to both the social and
unsocial, and remember that probably no single factor is broad enough
to account for all the complexities of animal development.

These objections to and arguments against the Darwinian factor of

natural selection, and especially the narrow Neo-Darwinian interpreta-

tion of it, constitute abundant reasons why it cannot be accorded the

chief, the all-important place in the progressive development of animals.
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They do not in any way constitute a denial that progressive develop-

ment takes place, for that is a matter of common observation, but they

do deny that natural selection is the all-powerful causal factor in bring-

ing about that development.

The second point of the German war-biologists is that natural selec-

tion is applicable to the human race and the nations of the world just

as it is to the lower animals. It must be admitted without question that

there is a tendency for mankind to follow the same natural laws that

the lower forms of life do, but this tendency is very often modified.

Man does not owe his development to any one factor exclusively, whether
it- be natural selection or any other. Man differs from the lower animals

in the degree to which the particular factor in question is applicable in

his evolution. Most animals are forced to adapt their mode of life to

the conditions in which they live, but man can by his superior intelli-

gence and ability adapt the environment to his own needs. He has

ameliorated the severity of the struggle with climate and other physical

forces not by growing heavy fur or seeking caves, but by taking the

skins of other animals or the product of the fields to make himself

clothing, and by building shelters which render him almost completely

master of the elements. The individual whose eyes are too weak to

endure a severe struggle with unfavorable nature or more vigorous

competitors is not at a disadvantage, for he, or rather those with whom
he co-operates, have devised lenses by which the eyes are strengthened

and he is enabled to occupy his rightful place among his fellows. The
human individual is rendered superior to his environment; his form of

adaptability to the conditions of nature consists in an ability to adapt

them to himself. Furthermore, what is true of the individual is only

true in a larger measure of whole nations.

Co-operation is the keynote in the life of mankind. Individuals

organize themselves into communities, even among the most primitive

of peoples, and the communities band themselves together for the mu-
tual benefit of all their members. In each community there is a division

of labor by which all of society is helped to a more successful life. The

city nations of the Europe of the Middle Ages have given way to the

state nations of the present time, and now peaceful and harmonious

dwelling together prevails over large areas, to the increasing prosperity

of the inhabitants, where formerly conflict and warfare was the rule

between the subjects of separate cities or of neighboring feudal lords.

As allegiance to cities gave way to allegiance to states, co-operation was

extended. In no other nation was the principle of such organization

more developed than in Germany. The Germany of Kaiser Wilhelm II

owed its strength and efficiency to its organization and co-operation.

German thinkers of the present time are fond of saying that no nation

that does not have an extremely centralized form of government devel-
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oped on the basis of a strict and complete organization can really become

great and continue so. This is, of course, nothing more than the prin-

ciple of mutual aid carried to a nation-wide extent. And if the life of

a nation is made more effective by co-operation, does not the same rule

apply to neighboring world powers? The logic that proves co-operation

to be the best means to develop the people of a nation should be carried

further and demand the co-operation of the nations themselves. Ger-

many has not felt the full force of the logic of its own situation. There

co-operation has worked effectively by removing competition and struggle

from the inhabitants of an empire where formerly conflict was the rule

and peace the exception. And this co-operation within the empire is

completely at variance with the philosophy that regards conflict and

struggle between nations, the downfall of one people and the exaltation

of another, as the working out of natural law. The argument that

natural selection and struggle for existence must be applied to peoples

is most effectively disproven by the development and life of the German
people itself. In every nation the highest development of its society is

based upon the complete application of the principle of co-operation.

And the highest development of the society of the world will await the

co-operation of the nations which dominate and control the world's

destiny.

The final jioint in the argument is the pre-eminence of the German
people. Very few will be found to admit that this people represent the

highest development of mankind and are the best fitted to rule, for such

an admission would imply a very narrow understanding of the meaning
of best fitted. At the beginning of the war Germany was certainly the

best oi-ganized nation for military purpo.ses; but when all is said, mili-

tary strength will never give any people the first rank as the best

developed of mankind. Intellectually Germany has stood well to the

front, but it is noteworthy that this position is not due to the politicians

and soldiers of Prussia but to the general interest in culture and learn-

ing that prevails in the south and west of Germany. Even Prussian
Von Billow remarked that "German intellect had already reached its

zenith without the help of Prussia." Spiritually the life and perform-
ances of Germany will not stand close scrutiny. The misdeeds and
moral corruption of the German military authorities are probably the

most outstanding feature of the war. Certain it is that the life and
deeds of the German nation do not stand in the eyes of the world as

the finest and most fitted type of manhood. No attempt in the defense
of this people can ever give them the place that they claim.

For all these reasons, therefore, biology cannot rightfully be charged
with having furnished a foundation upon which to construct a phil-

osophy of war.

November, 1918.



IN MEMORIAM.
George D. Timmons.

L. F. Bennett.

George Deming Timmons was born August 10, 1867, in Warren

County, Indiana. He received his early education in the common schools

of his county and in the Green Hill Seminary. He taught in the public

schools from 1884 to 1895. He entered Valparaiso University in 1895

and graduated with honors from the Pharmacy class of 1897. Soon

after graduation he was appointed Assistant Professor of Chemistry at

Valparaiso. In 1909 he was promoted to the position of Head of the

Department of Chemistry, and in 1912 he was made Dean of the School

of Pharmacy. During this time he did graduate work in Chemistry in

Chicago University.

Under Mr. Timmons' leadership the School of Pharmacy became one

of the most important and most completely organized and best equipped

departments of the University. His acquaintance with members of the

profession, his activity to place the School of which he was Dean among
the most efficient in the country, a constant and conscientious endeavor

to be loyal to the best interest of the students, the University, the ethics

of his chosen work, and the spirit of his subject, made of him a distinct

personality.

A fellow teacher wrote of him: "A scholar without pedantry, a

chemist whose world was not limited to chemical theories and formulse,

a teacher of a difficult subject who made it so attractive that even dull

students got some insight into its laws and its poetry, a worker who
never knew when to quit, a man with a heart big enough to feel the

thrill of life intensely, its pathos, its heroism, its incongruities—such

he seems as I try to set it down. Possibly, however, it was his amazing-

vitality and capacity for work that used to impress me most. So strong-

was this impression that he was the last man with whom I should have

connected the idea of death. Of his remarkable gifts as a teacher I

am not well qualified to speak, but I knew enough to be sure that he

was a teacher born and made. He entered his classroom with a quick

step of confidence and animation. He loved to teach—and to learn;

and so it was that one would have sought far before finding a more

alert, conscientious or inspiring- teacher."

Mr. Timmons and I were colleagues for twenty years, and during

all of this time we never had a single disagreement. I will always

remember him for the many times he laid aside his own work in order

that he might explain to me a chemical equation or reaction. He was
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never too busy to help me. I can recall now how he would reach for

his numerous volumes of chemistry and would say, "We'll see what"

this one or that one "says on the subject," and then he would tell me
what he thought was the best explanation. And what he did for me
he did for many others. His whole life was one of helpfulness. His

greatest pleasure seemed to be to help his students. He had had a hard

struggle to reach his present position and was very sympathetic toward

one who was trying to learn. He was too tenderhearted for his own
good. When he should have been resting he was oif on a trip with his

students or giving them extra help or writing a helpful letter to some-

one who needed encouragement.

He was never idle a minute. Between terms he would carefully

inspect the laboratories and, if anything needed fixing, he would do it

himself rather than not have it ready for the new term. His mechanical

skill was .second only to his ability as a teacher.

Mr. Timmons was not only a chemist; he was a student of many
cf the poets and prose writers. He was a lover of Riley. His colleagues

will never forget the address he gave upon Riley and his poems. It

would have done credit to a profound student of literature.

He was a member of the Indiana Academy but a few years and he

never took an active part. He was an active member of the American
Pharmaceutical Association and of the American Chemical Society. He
was seiving his third term as a member of the Valparaiso City Council

at the time of his death.

Mr. Timmons published, in 1914, "Experiments in General Chem-
istry, I and II," and, in 1917, "Qualitative Chemical Analysis." At the

time of his death he was engaged in gathering data for a further pub-

lication.

Last May Mr. Timmons was given a vacation for the summer and
was advised to take a much-needed rest. Instead, he took a position

made vacant by the draft in the offices of the Eli Lilly Company of

Indianapolis. He died July 18th after a week's illness of typhoid fever.

His funeral was held in the Auditorium of Valparaiso University and
was largely attended by both students and townspeople.

A local paper paid the following tribute: "The death of Prof. G. D.

Timmons has left a great vacancy in the life of the city and the Uni-

versity. To his duties as alderman he brought an unflinching loyalty

to the cause of clean politics and efficient government. Whatever made
for progress and advancement always received his whole-hearted sup-

port and devotion. No man ever deserved more justly to be called

public spirited in the best sense. In his work at the University, where
he was head of the Pharmacy Department, he was indefatigable. The
unstinted admiration of all those who were in any way associated with

him is a glowing tribute to his sincerity and earnestness."
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William James Jones, Jr.

S. D. Conner, Purdue University.

William .James .Jones, -Jr., was one of the most prominent officials in

the United States in charge of fertilizer and feeding stuff inspection

and control. His opinions were always given great weight in the meet-

ings of the Association of Official Agricultural Chemists, of which he

was a member. As an official of the Federal Food and Drug Depart-

ment has stated, "We regarded him as a model of the efficient food

control chemist."

Pi'ofessor .Jones was born at Watseka, Illinois, December 9, 1870.

He studied in the public schools of Illinois until prepared for college.

He took the science course at Purdue University, graduating with high

honors in 1891. Immediately after graduation he became assistant to

Dr. W. E. Stone, then head of the Chemistry Department. In 1892 he

received the degree of Master of Science and in 1893 that of Analytical

Chemist. In 1892 he was appointed Assistant State Chemist under

Prof. H. A. Huston. Continuing in that department, he was made Chief

Deputy in 1903 and State Chemist in 1907, holding that office until his

death on August 31, 1917.

Professor .Jones' high sense of honor and integrity, together with his

thorough training and tireless energy, well fitted him as a leader against

fraud in commercial fertilizer and feeding stuffs. He was instrumental

in framing the Indiana Feedings Stuff Control Law of 1907, which has

proved so satisfactory and successful that it has been used as a model

by other States and the Federal Department in framing similar laws.

This law was so administered by Professor Jones that it has proven of

vast benefit to both consumer and the honest manufacturer. It may
be safely said that both the feed and fertilizer sold in Indiana are now
almost universally up to the guarantees.

His administration of the laws under his charge was without fear

or favor. He forced the condimental stock food manufacturers to regis-

ter and sell their products under the feeding stuff law. This ruling

was disputed by the International Stock Food Company, who fought the

case through all the courts until the United States Supreme Court

decided in agreement with Professor Jones' interpretation of the law.

Professor Jones had a natural taste for investigation, and it is un-

fortunate that his regular duties prevented him from giving more time

to research. While his publications of a research nature were few, he
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was of great assistance to his colleagues. His work on the Composition

of Maize at different stages of its growth, published in collaboration

with H. A. Huston in Bulletin 175, Purdue Experiment Station, is

recognized as standard.

He designed the Indiana fertilizer sampler, which has been adopted

as official by over twenty States. It is recognized as the most practical

instrument made for the accurate sampling of commercial fertilizer and
similar products. His feed sampler, which is a modification, is also

widely used. He designed a stirring machine for the rapid precipitation

of phosphorous and similar reactions. Professor Jones carried on ex-

tensive experiments in collaboration with Prof. H. A. Huston on the

action of fertilizers on sugar beets and also on the effect of potash and
other fertilizers on peat soil. This data is unpublished and it is to be

hoped that it may be made available some time.

He was the author and contributor of over twenty fertilizer reports

and ten feeding stuffs bulletins. Besides a report of inspection, his

bulletins contained much valuable information upon the subject under

consideration. Some of his compilations of feeding stuff definitions have

been used as texts in college work. He helped form the Association of

American Feed Control Officials and served as president and on the

executive board of this association. He was a member of the American
Chemical Society and the American Peat Society. He was a Fellow of

the American Association for the Advancement of Science, and had long

been a member of the Indiana Academy of Science. He was a charter

member of the Purdue chapter of Sigma Xi.

Dr. W. E. Stone fittingly described his life when he said: "On every

side he displayed the highest (lualities, as a man, a citizen, a public

officer, a scientist, and an alumnus of the University. Such men are

rare. We shall long remember his exemplary life and mourn him as

a staunch friend and a valued associate."



Feeble-Mindedness—The Problem—Conditions in

Indiana.

Edna R. Jatho, Philadelphia, Pa.

Employed on Survey of Indiana under Indiana Committee on

Mental Defectives.

In the three-fold problem of Mental Defect we have Insanity, Epi-

lepsy and Feeble-mindedness. Insanity and epilepsy, while not properly

understood, are popularly recognized and are looked upon as explaining

and excusing social irregularities and crime. But feeble-mindedness,

which includes by far the largest proportion of mental defectives, is

unrecognized, misunderstood and condemned.

The feeble-minded are adult children ; their struggle to lead adult

lives in competition with their normal fellows is a pitiful succession of

social and economic failures. For a few minutes I want to discuss the

problem of feeble-mindedness from its psychological basis and then pro-

ceed to the rehearsal of stories of real folks—stories that show how
these adult children fall short in their effort to take a proper place in

community life.

Feeble-mindedness, or ainentia, is an absence of the quality that

makes for normality. It is the place at which mankind loses his high

birthright of reasoning power, and becomes something less than the

man who has developed, through his years of childish growth and the

struggles of adolescence, that perfect mind that makes him the highest

of all creatures, a reasoning being. Amentia is a unit character, and
represents a level of mentality lower than normal in all its manifesta-

tions. It does away with the old "faculty" psychology. A feeble-minded

person could not be an idiot in powers of attention and have a good

memory; nor will he reason well and perhaps fail to have imagination;

nor will he have strong volition and lack judgment. His mental pro-

cesses will be, on the whole, those of a normal child of the age at which

his (the feeble) mind reached its level. In so far as any normal child

will vary in special mental aptitudes, just so far will a feeble-minded

person vary in ability for specific kinds of mental activity. But he will

in no point rise above his mental level—he will do no more in other

lines than a normal child of the same mental age, gifted with a one-

sided talent. For example, a man of thirty, having a mentality of eight

years, may be a very good reader. He has a peculiar aptness for the

recognition of symbols and for stringing them together; but he will
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understand no more than a normal child of eight who, it happens, is

better at reading than at anything else.

Believing with me that the mental level determines the ability of

the feeble-minded individual, I may mention in passing the three great

levels at which we classify subnormal mentality. There is first and

lowest, the Idiot, who attains a mental ability equal to that of babies

one and two years old. Some idiots can feed themselves and move about

as smart babies do—others cannot. Many idiots of mature age are as

helpless and as dirty as tiny babies. The Imbecile rises a little higher

in the scale—he attains to a mind like that of normal children from
three up to eight years of age. Low-grade imbeciles play a little, show
interest in their surroundings and can make known their physical needs.

As we come higher in the scale of imbecility we find these aments able

to do simple routine tasks and run easy errands. Above the imbeciles

are the Morons—those whose mental power resembles that of children

from eight up to twelve years of age. These Morons can do simple

tasks with only a little supervision—they make good household helpers

(not managers)—they can run machinery and often work without super-

vision—but they cannot plan. The difference between the occupational

ability in low, middle and high-grade Morons is almost as startling as

the vivid contract between normal and defective.

Mental level or "mental age" is a result of a gradual slowing up
and final and complete stoppage of mental development. The limitations

manifest themselves between infancy and adolescence, leaving the sub-

normal individuals at a mental standstill somewhere between infancy

and twelve years of age, while their bodies go on with the passing of

the years, and the evolution of physical phenomena makes them men
and women in the flesh while still they are children in the m.ind.

For nearly a year I have helped to search the highways and towns

of certain counties of Indiana to find these defectives. They have not

been hard to find, because they are to be found everywhere. Every
State has them; no community escapes; no kind or amount of industry

can free you from them; no legal rigor can expel them (except to some
other community). Your State needs a farm colony—it needs more
than one—for the feeble-minded. I can tell you of one place in a beauti-

ful town where you would have a colony ready-made by building a fence

around the slums. There is a section of about twelve blocks where in

every one of the fifty houses there is defpct of one kind or another

—

pauperism, syphilitic infiimities, and immorality walking hand in hand
with feeble-mindedness. Some of the homes are clean, some are too

filthy to talk about. There are about eight family names represented

in this community and they all belong to each other somehow. As one

old Morcn woman said, "Yes, mom, we air all kin here. I jest found
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out after I took my second man that he were some kind of a cousin to

my kids." The people who live in the beautiful homes of this fine town

know they have these folks in their back yards, but they say, "What
can we do?" And I repeat it, "What can they do?" I know another

very beautiful and prosperous town in Indiana with a black spot like

that in it—not so big, but one in which the problem of prostitution

assumes alarming proportions.

The feeble-minded population of towns and accessible country dis-

tricts shifts with the tides of business. In the woods about the lakes

and in the isolation of river bottoms we find the defectives persisting,

in spite of barrenness, starvation and inconvenience. Their wants are

few and easily satisfied. In the lake community, in the northern part

of the State, are found several groups of defectives who have lived in

the same spot for two or three generations. One such family contained

sixteen children, three of whom are normal, have married and have

normal families. Two others are low-grade Morons, and the remaining

eleven are idiots, resembling some of their paternal kinfolks, among
whom idiocy and imbecility were not uncommon. Seven of these eleven

idiots covild not walk and none of them could talk. Only three of them

are now living. The home that shelters them and their mother was left

to them by their father. It is a tiny four-room cabin in the hills, in-

accessible except by footpath. One room of this house has fallen away
from the rest, and the other three rooms are small and dark, with wide

cracks between the logs, through which the rain and snow drifts in on

their beds.

You must hear about a family living in the river-bottoms in the

southern part of the State. Because of the great number of adult feeble-

minded we were finding in this community we often went two together,

because we felt more sure of our judgment in a given case, when we

could talk it over afterwards. The man who drove our car would try

any kind of a road; but half a mile down the field towards this house

he gave it up and walked with us through the fields until a turn in the

path took him out of sight of the car, which he wanted to watch. Leav-

ing him there to await our return, we went through the woods, across

a freshly ploughed field, through a field of tall corn, and at last we

reached the house of our search. We could never have found it had

not the voices of the boys in the barn guided us to it. It was in the

lowest and wettest part of the field, set like an ark on a scarcely dry

mount. The vapor was so heavy that it kept us c6ughing. Here in

dirt and disorder lived a family of five, all Morons. Twin boys are of

low grade, the parents only middle grade, and an eighteen-year-old girl

a little brighter than the others. Their isolation was as complete as if

they were on another planet. The mother said her husband was not
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strong and no one would rent him a good farm. This farm is under

water two months in the flood season, and in the winter they cannot

get out because of snow. Yet they never try to better themselves—they

accept their condition with calm indifference.

The broad highway of town and open country has its fascination for

the feeble-minded just as it has for the rest of us. I cannot walk on

the street at any time and fail to see defectives. But when, as in

Indiana, it has been my "job" to hunt for them, I need only to select

my section of the town 4),nd then go into house after house and talk

with them. I like to talk with a Moron mother or father—they will

tell so guilelessly just what I want to know: "Katy's baby ain't got no

father. No, no, Katy never was real bright— she didn't learn nothing

in school. John? He's fourteen and in the fourth grade—he's smarter

than the others. John can write his name real nice. The old man, you

say? Nope. He can't read. My first man could, though, but not the

second one. This man can't keep no steady job; he's working on the

coal bank now. Henry? Oh, Henry's in school in Indianapolis." I ask,

"Is he in Plainfield?" "Yes, that's the place. Seems like he'll never

get out. My least boy, he's ain't stout and he has red, sore eyes; the

teacher can't learn him nothing 'cause he can't see. My other big girl,

she's got red, sore eyes, too " and so on.

Behind it and through it all I can read the old, old story of prosti-

tution, illegitimacy, delinquency and general no-accountness of the feeble

minds behind it. You may think I made up this story, but it is the story

I heaj'd from a gaudily dressed low-grade Moron mother, who did not

know that I knew that she herself was a prostitute.

In the towns and cities the presence of the feeble-minded complicates

our social service; it increases the number of accidents and adds to the

list of the unemployed. The .school system is corroded with the lower

3 per cent of its population mentally unfit to profit by its teaching.

The administration of poor relief by the overseers of the poor lends

almost all of its time and money to the feeble-minded of the township.

I just had one township trustee tell me, with something like disgust,

that two of his many paupers had married the only two paupers

(widows) in a nearby township—theieby clearing one record and adding

two families of feeble-minded children to his list. Later in the same

day the trustee who had lost his two pauper women and their families

told me the same story—but he thought it was funny! Poor farms are

filled with feeble-minded folk who never did get along, and many of

them entei-ed the farm between twenty and forty years of age and have

spent many years there. I talked with one woman in a county farm

who had married four times, her last two husbands being inmates of

the same poor farm. She had one epileptic daughter. That girl is now
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an inmate of the farm at twenty years of age, and last summer she

gave birth to an illegitimate baby, which fortunately died at birth.

You may turn your head as you will, you still face m.ental defect,

and the bulk of it is feeble-mindedness. We have established, as the

result of the survey of ten counties in Indiana, that 2.2 per cent of the

population is defective. Of this, 1.7 per cent is feeble-minded. Much
of our crime, nearly all of our pauperism, a large proportion of school

failures, practically all public prostitution, and a share of the gamut
of ills that society is heir to, springs fi-om among the feeble-minded.

It is none of their fault. They stumble along the pathway of life,

poorly prepared for the battle they fight. They are only grown-up

children, and as such should not be blamed, imprisoned or cast aside,

but sheltered, trained and supervised.
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A Method of Teaching Diffusion and Osmosis in Connec-
tion WITH Biological Work.

Paul Weatherwax, Indiana University.

Osmosis and diffusion are processes met with in many lines of bio-

logical science, and the problem involved in an attempt to make the

phenomena clear, especially to an elementary class, is often a difficult

one. It is not proposed to add here anything new from the physical or

chemical standpoint to the array of facts already clustered around these

subjects; it is intended, rather, to give clear, concise definitions of the

terms and to present a method of teaching the subjects which has been

found successful in connection with elementary botany. The need of

such presentation has been felt after the perusal of twenty-five or thirty

text-books on general botany and plant physiology, most of which are

noncommittal or inconsistent with facts when discussing these phe-

nomena.

When the name osniosi.-; was coined, the process was little understood

and many irrelevant considerations were connected with it. Since then

the process has been found to be of much more general occurrence than

was at first supposed, and our definitions and explanations must be

generalized to meet our better under.standing of it. A brief history of

the explanations of diffusion and osmosis that have been before biologists

of the last few years will help to clear up the situation.

Pfeffei- looked for the secret of osmosis in the behavior of solutions

of cane sugar, potassium nitrate, etc., when separated from the pure

s:^lvent, usually water, by membranes of various kinds. He did much
to bring the process to the attention of biologists, but he necessarily saw
only a limited portion of the field to be covered.

Van't Hof attempted to generalize the problem and asserted that in

dilute solutions the dissolved substance behaved approximately as it

would in the gaseous form, the temperature and volume being the same
as that of the solution, and osmotic pressure being substituted for gas

pressure. But this hypothesis has been found to attempt to explain too

much even for dilute solutions and is of no avail at all in connection

with more concentrated solutions, which are also capable of demonstrat-

ing osmotic pressure. It also has the defect of not making sufficient

allowance for membranes that are not perfectly semipermeable.

The kinetic theory offers an explanation based upon the assumption
that certain molecules bombarding a membrane are able, because of
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some characteristic, presumably size, to make their way through even

against a greater pressure than they themselves are exerting by their

motion, while certain others fail to penetrate the membrane, even when

aided by a difference of pressure. The most obvious objection to any

consideration on this basis is found in the fact that certain liquids having

large molecules— as some of the alcohols—are able to pass through cer-

tain membranes more readily than water.

Kahlenberg reports numerous experiments, both qualitative and quan-

titative, to show the fallacy of many of these theories. He makes no

attempt to deal with the subject on a biological basis, but his results

bring us near a working explanation for biological purposes. He at-

tributes osmotic pressure to the relative affinities of two fluids for each

other and for the separating membrane.

The report of the recent symposium of the Faraday Society on the

subject of osmotic pressure was consulted in the hope that it would be

of material aid; but it was found to contain little that is tangible or

.serviceable from our standpoint. Like Pfeffer's classic works, it was
found to contain much about the mathematics of osmotic pressure and

little about the process of osmosis.

The text-book definitions and discussions of osmosis and diffusion

have been based upon one or a mixture of the theories here outlined. The

prevailing influence of Pfeffer's work is evident in most of them, and,

consequently, we see in them much about water and aqueous solutions

of various densities. O-smotic pressure is too often emphasized at the

expense of osmosis, and students of biology, who should be trying to

understand the nature of the process and its relation to the plant, are

still bored by having to read books and listen to lectures which empha-

size the stupendous pressures exerted in cells ; many a student finishes

his course with a firmly fixed idea that relative density is the thing that

makes the gases of the air and the water of the soil enter the plant

body, and that density alone prevents all the sap of a plant from leaking

cut through the root hairs.

By means of a condensation and organization of what is known of

the processes involved, there has been worked out a set of definitions

and a method of presenting the subject which is believed to be superior

to that given in most text-books of botany and plant physiology.

The first step in the teaching process is the well-known experiment

of placing a crystal of some colored soluble salt, such as copper sulphate

or sodium bichromate, in the bottom of a tall glass jar of water and

watching the color ascend for a few days. The process is named diffu-

sion, and the student is encouraged to work out his own definition. Dif-

fusion is seen to consist of the dispersal of the particles of one substance

among the particles of another substance, without aid from external
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sources. It is also pointed out that an energy transformation has taken

place in the migration of the particles of the salt upward through the

water; the source of this energy is in the chemical affinity between the

salt and the water.

The next step is to demonstrate the existence of this energy in its

static form. The ordinary osmosis experiment, in which a parchment

diffusion shell filled with a thick sugar syrup is immersed in a jar of

water, is set up. When the difference in level has been established, the

process that has taken place is named osmosis, and a definition of osmosis

is in order. It is seen that the syrup and water have tended to diffuse

into each other through the membrane, but the water has been more
successful than the syrup in getting through; in other words, the mem-
brane is more permeable to the water than to the syrup. Osmosis may
be defined, then, as the diffusion of two fluids through a membrane that

tends to he semipermeable.

It is necessary to speak of two fluids, rather than two liquids, as

many texts do, because the process is characteristic of gases also under

proper conditions, and this phase of the process is a very important one

in a biological connection. It is not deemed wise to complicate the defi-

nition or the explanation with reference to the few cases in which

osmosis has been shown to take place between a solid and a liquid.

It seldom, if ever, happens in practical woik that the membrane is

perfectly semipermeable. If we were defining the ideal process, it might

be well to speak of an ideally semipermeable membrane; but, after all,

our aim is to make the situation clear to a student of biology, and he

seldom has to deal with questions of complete .semipermeability. To
define osmosis as merely diffusion througli a membrane, as some texts

do, is insufficient, for a membrane equally permeable to both fluids would
not demonstrate osmosis.

It will be noted that the student is not confused by the introduction

of relative density into the definition here proposed. The density idea

is a remnant of the day when the full application of the process was
not understood—when combinations of solution and pure solvent, sepa-

rated by a suitable membrane, constituted practically the only system

that had been thoroughly investigated. Now osmosis is known to take

place between numerous combinations of pure substances, and numerous
examples are afforded where the old rule of density works the wrong
way.

The reference to density is especially deceptive in certain cases where
one of the diffusing substances is a gas. An interesting illustration of

this is afforded by an experiment often made to show the "lifting power
of evaporation." A thistle tube filled with water has a piece of wet
bladder tied over the larger end in contact with the water, and the tube
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is supported in a vertical position with the smaller end dipping into

mercury. As evaporation removes water from the wet membrane, water

from the tube takes its place, and compensation is made for the de-

creased pressure by a rise of mercury into the lower end of the tube.

But this is really a demonstration of osmosis. Evaporation in this case

is merely the diffusion of water and air, and the process takes place

through a membrane which allows water to pass more readily than air.

It will be noted that the major flow is from water to air rather than

from a less dense medium to a more dense.

It is true that when a solution and the pure solvent are considered,

density may sometimes act, both qualitatively and quantitatively, as an

indicator within certain limits; but we are by no means sure that it

will work in all cases. It is probably worth mentioning that most of the

experimental work that has been done with solutions and pure solvents

have dealt with solutions whose density is greater than that of the pure
solvent; but some combinations are possible in which the opposite is the

case, and some interesting results might come from experiments with

some of these. In the cases where the comparative density rule does

work in determining the direction of the major flow and the ultimate

pressure produced, color would probably serve as well for an indicator

if a colored solute were selected and a sufficiently sensitive method of

measuring intensity of color were devised; yet no one would think of

connecting color with the fundamentals of the process. Density has

about the same relation to the process as has color; chemical affinity is

the driving force and the only consistent indicator of the qualitative and
quantitative features of the process.

It will be seen that much depends upon the nature of the membrane
through which the diffusion takes place, and to the physical chemist or

the research student of physiology this is a very important thing. But
to the student of the elementary aspects of biology, whose welfare is now
being considered, the mechanism of the membrane is less important if

he knows that for some reason it tends to be semipermeable. Whether
the permeability of living membranes can be explained on a purely

physico-chemical basis, or whether we must still have recourse to a

vitalistic explanation until physics and chemistry have made sufficient

progress to include these phenomena, is still an interesting problem of

research.

It must be emphasized that, from the biological point of view, the

effort expended in explaining diffusion and osmosis is lost if we fail to

make clear their definite application to problems of plant and animal

life, and many of our text-books fail to do this satisfactorily. Many
of the texts examined make the assertion or leave the impression that

the cell wall is the osmotic membrane concerned, and many leave with
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the student the impression that osmosis takes place only in root hairs

and is concerned only with supplying- the plant with water and mineral

food. The student should be led to connect osmosis with his knowledge

of cell structure and to see the general nature and importance of the

process. All the living matter (protoplasm) in the plant or animal body

is disposed in definite units (cells), whose unity is determined by the

plasma membrane. The whole normal contact of the cell with its physio-

logical environment—food, water, soil, air, digestive fluids, other cells,

etc.— is defined and regulated, in so far as it is regulated at all, by
this membrane. Thus, it is seen that all the life processes—respiration,

photosynthesis, imbibition by living tissues, transpiration, secretion, ex-

cretion, etc.—which involve the exchange of fluids between the cell and
its environment, depend upon the selective influence of semipermeable

membranes.
I take this opportunity to acknowledge valuable assistance given me

in the study of this problem by Professor O. W. Brown of the Depart-

ment of Chemistry, Indiana University.
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ume 10.



Number of Colonies for a Satisfactory Soil Plate.

H. A. NoYKS and G. L. Grounds, Purdue University.

The uniformity between the number of colonies developing on petri

plates carrying equal sized aliquots has been used as the basis for ascer-

taining the number of colonies satisfactory for one plate. Prucha' said

in 1916: "Further study is needed to give sufficient basis for drawing-

definite conclusions, but the results so far point to the conclusion that

the average of three plates from the same dilution approaches, reason-

ably closely, to the average of a hundred plates made from the same

dilution, when that average is between one and two hundred colonies

per plate."

The following points have served as the basis for determining the

number of colonies satisfactory for a soil plate: Soil may be a medium

for the growth of all kinds of micro-organisms; the rate at which dif-

ferent bacteria multiply varies considerably, and the antagonisms be-

tween organisms are affected by media, etc.

The plan for determining the number of colonies for a satisfactory

soil plate was: First, to make many dilutions and platings of a pre-

pared soil and study the numbers of colonies developing in three, seven

and ten days incubation. Second, to compare the number of colonies

developing from the different dilutions for evidence that plates from the

higher bacterial dilution carried one-tenth the number of colonies of the

lower dilution when the lower dilution did not give above the maximum
number of bacteria that could be developed into colonies on the plates.

Third, to give confirmation of the conclusions reached by routine labora-

tory data.

Unpublished results (obtained in this laboratory) show rather con-

clusively that practically all micro-organisms can be grown on a simple

media. Differences in growth, in addition to being due to the virulence

of the organisms and their natural characteristics, result from the media

becoming unfavorable for growth, due to the presence of acid or basic

reacting substances and specific end products of bacterial metabolisms.

The importance of the proper conditions of aeration cannot be over-

emphasized. It has been noted that duplicate plates from pure cultures

often agree well when even more than two hundred colonies are present

per plate. Each organism in a pure culture multiplies under similar

conditions and unfavorable media and end products stop rate and extent

1 Prucha. M. J. Journal of Bacteriology, Vol. 1, No. 1, p. 92.

(93)



Fig 1. Many colonies but all slow growing.
(Oood plate.)

Fig. 3. I'o jr di.slribuli m on phite.

(Insatisfactory plate.)

Fig. 1. Few colonics rapid gr.)wing and poorly
distributed.

. Unsatisfactory plate.)

Few rapidly growing and well distributed
colonies.

(Good plate.)

Fig. 6. Rapirllv growing colonies.
(Doubtful plate.)

Plate I.
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of growth rather than stop the growth of any individual organism.

With mixed cultures the media may be suitable for the growth of all

the organisms present, but the differences in rate of growth and specific

end products cause uneven plates. (See Plate I.)

The literature does not furnish figures on duplicate and triplicate

platings where the bacterial dilutions were made from large aliquots

(10 cc. or more). In milk it has been noted that platings giving as low

as forty colonies are satisfactory." The soil is so much more ununiform

than milk that the technic worked out at this station,' and depending

on large aliquots for diluting and plating, was followed.

Experimental Work.

A black sandy soil was air dried and sieved to unify both the soil

and its flora. Triplicate platings were made from 1-40, 1-400, 1-4,000,

1-40,000 and 1-400,000 bacterial dilutions. Counts were made after

three, seven and ten days' incubation at 20° Centigrade. Especial care

was taken in handling the plates to prevent contaminations. The check

plates were in most cases entirely free from bacterial growth and their

average has been deducted from the figures given. The results are

given in Table I.

- Conn, H. W. Public Health Reports. U. S. Public Health Service, Vol. 30, No. 33,

August, 1915.

' Noyes, H. A., and Voigt, Edwin, in Proceedings of Indiana Academy of Science,

1916, pp. 272-301.
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TABLE I.

Dicrejszs in Numhers of B icier 'ml Colonies on Plites with Increasing Length of Time of Incuhafion.

1.

1.

2.

1.

1.

4.

1.

1.

-d 2.

u
o. 1.

S 3.

5 6.

^21.
(^ 11.

" 11.

"o 2.

^ 3.

»l:
° 5.

^ 5.

4.

3.

7.

7.

9.

12.

6.

Colony
Colony
Colony
Colony
Colony
Colony
Colony
Colony
Colony
Colony
Colony
Colony
Colony
Colon
Colon
Colon
Colon
Colony
Colony
Colony
Colony
Coloni'
Colony
Colony
Colony
Colony
Colony
Colon J-

Colony
Colony
Colony
Colony

numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numliers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers
numbers

between

.

between

.

between,
between

.

between

.

between

.

between

.

between

.

between,
between

.

between
between

.

between
between,
between,
between,
between

.

between,
between

.

between

.

between

.

between,
between
between,
between,
between,
between,
between,
between,
between,
between,
between

.

2,9on

2,000
1,700

1,600

1,500

1,400

1,300

1,200

1,100

1,000
900
800
600
500
400
300
250
200
175
150

125
100
90
80
70
00
50
40
30
20
10

and 3,000
and 2,100

and 1,800

and 1,700

and 1,600

and 1,500

and 1,400

and 1,300

and 1,200

and 1,100

and 1,000

and
and
and
and
and
and
and
and
and
and
and
and
and
and
antl

and
and
and
and
and
and

900
700
600
500
400
300
250
200
175
150
125

100
90
80
70
60
50
40
30
20
10

Average Counts

3 days

2,905
2.030
1,750
1.600
1,590
1,4.56

1,380
1,240
1.1.35

1.070
910
852
659
541

450
340
279
222
195

163
129

115
95
83
72

65
54
43
35
22

14

7 days i 10 days

2,045
1,790
1..570

1 , 050
1,400
1,256
1,150
960
918

1,010
840
778
582
480
409
327
288
220
200
168

136
125

108

91

80
71

57
53
44
30
19

12

1,680
1,610
1,003
860
960

1,021
840
820
830
940
825
677
488
440
387
308
275
213
200
172
136
128

109
92
85
79
57
55
40
33
24

15

The table shows the following':

1. Increases in counts resulted^from additional incubations when
less than 200 colonies were present after three days' incu-

bation.

2. Whether the counts increased or decreased, the counts after

seven days' incubation fall between the three- and ten-day

counts.

3. Two hundred or more colonies gave unreliable results.

4. The optimum number of colonies is probably much nearer 100

than 200 per plate.

The ratios between the number of colonies developing after ten days'

incubation of the 1-40,000 and 1-400,000 bacterial dilutions of soils

taken at different times from differently cropped areas are given in

Table II. In carrying out the dilutings and platings the lower dilutions

were made and plated before the higher dilutions were prepared, since

it is believed that multiplications of the organisms have little effect on

the higher dilutions under these conditions.



Colonies for- a Satisfactory Soil Plate. 97

TABLE 11.

Colony Counts on Plates of Diferent Bacterial Dilutions Cover Crop Investigations.

Plot Suppobiing

Nothing
Nov. 14, 1914.

Feb. 6, 1915. .

Mar. 2, 191.5..

Mar. 27, 1915.

April 15, 1915.

Millett

November 14, 1914.

February 6, 191.5...

March 2, 1915. . .

March 27, 1915 .

April 15, 1915

Soy Beans
November 14, 1914.

February 6, 1915 . . .

March 2, 1915

March 27, 1915

April 15, 1915

Nothing
November 14, 1914.

February 6, 1915...
March 2, 1915
March 27, 1915
April 15, 1915

Hairy Vetch
November 14, 1914.

February 6, 1915. .

.

March 2, 1915
March 27, 1915

April 15, 1915

Winter Rye (Sown early)
November 14, 1914 . .

February 6, 1915
March 2, 1915
March 27, 1915
April 15, 1915

Nothing
November 14, 1914.

February 6, 1915..

.

March 2, 1915
March 27, 1915
April 15, 1915

Winter Rye (Sown late)

November 14, 1914.

February 6, 1915. .

.

March 2, 1915
March 27, 1915
April 15, 1915

Crimson Clover
November 14, 1914.

February 6, 1915 . .

March 2, 1915
March 27, 1915
April 15, 1915

Average of Triplicate Plates.

Dilution 1-40,000 Dilution 1-400,000

69.7 colonies
73.0 "

107.2 "

62.0 "

94.0 "

99.3

92.0

172.7

88.3

193.3

75.3

125.3

165.7
112.0

80.0

62.3

83.3

82.0

113.3

145.0

109.0

163.0

225.3
175.0

185.7

122.0

226.0
245.5

1143
200.0

65.3

129.7

173.7

72.3

110.3

145.0

127.0

167.0

44.7

91.0

254.3

46.0

122.2

8.3* colonies
11.6
10.7*

7,7*

6.0

11.3*

18.6

22.7

11.4

27.0

10.3

26.3
17.0*

12.0*

10.7

8.3

10.6

19.3

ll.O*

12.7

20.G

36.7

10.
0'

29.3

8.7

31.6

13.7

16.0

27.6

9.7

22.0

13.3
6.7*

15.0

7.0*

14.0

16.3

15.7

27.3

3.3*

15.0

23.3

6.7

16.7

7—16568
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TABLE II—Continued.

Colony Counts on Plates of Different Bacterial Dilutions Cover Crop Investigations.

Plot Supporting

Nothing
November 14, 1914

February 6, 1915

March 2, 1915
March 27, 1915
April 15, 1915

Buckwheat
November 14, 1914

Februarv 6, 1915
March 2. 1915
March 27, 1915
April 15, 1915

Natural Grow'h of Weeiis

November 14, 1914

P'ebruary 6, 1915
March 2, 1915

March 27, 1915
April 15, 1915

Average of all 60 comparisons

.

Average of 15 comparisons* . .

.

Average of Triplicate Plates.

Dilution 1-40,000
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Table III has been compiled to show the ratios between the counts of

the two dilutions when the number of colonies developing on the 1-40,000

bacterial dilution is under 100. These results are the cases where the

counts from twenty-four soil samples averaged under 100 en the 1-40,000

bacterial dilution.

TABLE III.

Colonies on 1-40,000 and 1-400,000 Bacterial Dilutions.

[Counts on 1-40,000 Bacterial Dilutions between 47 and 100.)

DILUTIONS

1-40,000**
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TABLE IV.

Colonies on l-40,mO and 1-400,000 Bacterial Dilutions.

(Colonies on 1-40,000 Dilutions number under 30.)

1-40,000

Average of all 19.1

Average of * 19.5
Average of * ** 21.0

1-400,000

29.0
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The Length of Time to Tncubate Petri Plates.

H. A. NOYES, Edwin Voigt and J. D. Luckett, Purdue University.

Investigations of the steps entering into the plate method for the

enumeration of the number of bacteria present in soil are few. So little

agreement was observed in the procedures followed in different soil bac-

teriology laboratories that investigations were undertaken in this station

to develop a reasonably accurate technic for the bacteriological exam-
ination of soils.' The present paper gives data in support of the ten-day

period of incubation at 20° C. for soil plates. The work was done jointly

with that on methods of sampling soil for bacteriological analysis" and
the number of colonies satisfactory for a petri plate." Among the soil

factors considered in connection with the length of time to incubate

plates were the kind of soil, the nature of its flora, temperature when
sampled, the uniformity of sampling, the moisture content, and the con-

dition of aeration.

It wds early decided ihat probably the chief reason ivhy confidence

is lacking in the significance of plate counts is because the organisuis

have not usually been given the proper chance to develop into colonies.

Table I has been prepared to show how differently organisms develop

into colonies under diffeient periods of incubation. The technic followed

was that previously desci'ibed,' and the figures are based on the average

of three plates in each case.

' Noycs, H. A., and Voigt, Edwin, in Proceedinj?s of Indiana Academy of Science,

1916, pp. 272-301.

- Noyes. H. A., in .Journ. Amer. See. of Agion., No. 5, 191.5, i)p. 239-249.

^ Noyes, H. A., and Grounds, G. L., in Proceedings of Indiana Academy of Science,

1918.
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TABLE I.

CovEK Ckoi-ped Soils

Percent Counts at .3, 5, and 7-Days Incubation are of 10-Days Counts.*
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TABLE I—Continued.

Co\EB Cropped Soils

Percent Counts at 3, 5, and 7-Dat/s Innthation are of 10-Days Counts*
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The variations between the per cent of the colonies that developed

is from 7.4 to 43.4 per cent for the three days' incubation, 34.5 to 88.4

per cent for the five days' incubation, and from 53.6 to 100.0 per cent

for the seven days' incubation. The figures are taken from the 1-400,000

bacterial dilutions, where the number of colonies was small enough to

allow for all organisms to develop into colonies. The plates for the

1-40,000 bacterial dilutions in many cases had too many organisms for

satisfactory counts, and this is shown in the general averages for this

dilution as compared to those for the 1-400,000 bacterial dilution. The
cropping system, the aeration of the soil and soil temperature very

evidently influence the rate at which the organisms of soil develop into

discernable colonies on petri plates.

One contention for the use of the bacteriologist's soil sampler" was
that it sampled the soil accurately to the depth desired and kept the

sample under field conditions of aeration until analyzed. Table II gives

data showing how the methods of sampling can be compared by the

relative distribution of the rapid and slow growing organisms present

in the different samples.

TABLE II.

Percent S, o, and 7-Day Counts of 10-Day Counts **.

' Gravelly siil sodded and containing about 7% moisture.)

Time of Inccbation
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This test showed:

1. That the organisms present in this packed sodded land were

principally slow growers.

2. That the uniformity of the development of colonies varied with

the method by which the samples were drawn.

We have found by numerous tests that the number of organisms

found in sodded soil at or below a depth of four inches is much less

than nearer the surface; and, further, it has been observed that those

organisms occurring at the lower depths do not usually multiply as

rapidly on aerobic plates as those occurring nearer the surface. The

samples procured with the bacteriologist's soil sampler evidently • had

near their proper proportions of slowly multiplying organisms.

In testing out the quantities of soil necessary for bacteriological

examinations some tests were made with air-dry samples to show that

even when samples were unified by air-drying a large quantity was

necessary for accurate results. Table III gives the development of

colonies after different periods of incubation on air-dry soil sieved to

pass 1 millimeter, while Table IV gives results secured on the same

sample of air-dry soil when further unified by using only that portion

passing a sixty-mesh sieve.

T.\m-K III.

Percent 5 and 7-Day Counts are of 10-Day Counts.

(Air Dry Loam Soil, sieved C pass 1 mm.)

Time of Incubatiox
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TABLE IV.

Percent 5 and 7-Day Counts are of 10-Day Counts.

{Air Dry Loam sieved to pass 60 mesh.)

Time of Incub.\t[ON
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TABLE V.

Average Percent 6 and 7-Day Counts are of 10-Day Counts.

(Silt Loam Subjected to Different Systems of Soil Management.)

Time of Incubation



Length of Time to Incubate Petri Plates. 109

Summary.

Counts made after ten days' incubation at 20° C. of petri plates,

made from bacterial dilutions of soil, give reliable results as to the

bacterial content of the soil, providing the number of colonies present

per plate is small enough for all organisms to develop into colonies.

The rapidity with which bacteria develop into colonies has been

shown to vary with the soil, and to be influenced by soil temperature,

moisture and aeration.

Much of the lack of confidence in results obtained by the plate method
is due to having too many colonies present per plate^ and not allowing

sufficient time of incubation of the petri plates.
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Bacteria in Frozen Soil.

H. A. NOYES, Purdue University.

Two soil bacteriologists have published data as showing that the

number of bacteria in soil increases when the soil is frozen. These

reported increases in numbers are so contradictory to general belief con-

cerning bacterial activities at low (about freezing) temperatures that

not only the experimental data but abstracts of the technic followed are

given below.

Figure 1 gives the data presented in Cornell University Agricultural

Experiment Station Bulletin No. 338. The following is an abstract of

the technic followed:

"Samples of soil were usually taken with an auger or by the com-

bined use of an auger and pick when the ground was frozen. During

the winter of 1909-1910 a pick alone was used. When an auger was
employed the proceeds from two or three borings were combined, except

in winter, when only one hole was made ; but when the pick alone was
used it was impossible to take any such pains in order to obtain a rep-

resentative .'ample. * * * xhe depth of sampling was six to eight

inches, although in winter 1909-1910 it varied more than during the

remainder of the period. * * * The soil was carefully mixed, in

summer hy sieving through a sieve as fine as the moisture content would

allow, in winter by stirring after thawing. Of this soil 0.5 gram was
added to sufficient sterile water to make a volume of 100 cc. * * *

The samples taken from any one of these four spots must have all been

from within a circle of six-inch radius. The media used varied; the

one most extensively used was soil extract gelatin containing 0.1 per cent

dextrose. Plates were incubated seven days at 19° to 20° C. for gelatin

and usually two weeks for agar."

The following statement is taken from the author's summary of the

work^: "Quantitative determinations * * * have shown * * *

an increase in numbers of bacteria in frozen soil."

Figure 2 gives the data presented in Research Bulletin No. 4 of the

Iowa Experiment Station. The following is an abstract of the technic

followed

:

"The samples were drawn from the plot already described within

an area of about five feet square. * * * xhey were taken to a

> Conn. H. .J., in Ccntiab't fur Bakt II Abteil. 28 (1910), p. 422.
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depth of 20 cm. by means of a 2.5-inch auger, except during the time

that the soil was frozen, when it became necessary to substitute a mat-

tock or grub hoe for the auger. The samples were collected on a sterile

mixing cloth and then placed in sterile glass jars and taken to the

laboratory and innoculations performed as quickly as possible. * * *

In this work it was deemed inadvisable to permit such a multiplication

of organisms to occur in the sample as would undoubtedly take place if

they were allowed to stand long enough to thaw out completely. Con-

sequently the frozen samples employed here were thoroughly commin-
uted by means of a sterile spatula, carefully mixed, and then subsam-
pled for innoculations. The maximum time required to prepare the

sample in this way was ten minutes. * * * 100 gram quantities of

the soil prepared * * * were shaken for five minutes with 200 cc.

portions of sterile distilled water. Lipman and Brown 'synthetic agar'

was used and counts made after three days' incubation at 22° C. Re-

sults are averages of two dilutions which agreed closely in every case."

The author summarizes the results given in Figure 2 as follows:

1. "By means of the 'modified synthetic' agar plate method, bacteria

are shown to be present in large numbers in a typical Wisconsin drift

soil when it is completely frozen and the temperature is below zero

degrees Centigrade; furthermore, inci'eases and decreases in numbers
of organisms occur during this period and larger numbers are found

after the soil has been frozen for a considerable period than before it

begins to freeze."

2. "During the fall season, the number of bacteria present in the

soil diminishes gradually with the lowering of the temperature."

The methods of sampling and the technic employed in getting the

results reported in the above mentioned publications were .so different

from those adopted in this laboratory, after much testing, that the

results of data on bacterial counts obtained on different dates from

samples of a silt loam variously cover cropped are given in Figure 3.

The technic of sampling, diluting and plating is that previously de-

scribed."

It is to be noted that the numbers of bacteria found in the soil when

the temperature was 32° or lower were greater than those found at

other times during the winter. The soil thermometers were at a depth

of nine inches and the samples were drawn to this depth. It had been

found impracticable to take samples when the ground was solidly frozen,

and samples were taken (on the dates) starred just as the soil had

thawed enough so that the samplers' could be used. The question thus

- Noyes, H. A., Voigt, Edwin, in Proceedings Indiana Academy of Science, 1916,

pp. 272-301.

3 Noyes, H. A., in Journ. Amer. Soc. Agron. Vol. 7, No. 5 (1915).
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naturally arose as to whether the counts obtained in this and the pre-

vious work were not due to increased bacterial activities as the ground

thawed.

To give more definite information, special experiments have been

carried out. A special bacteriologist's soil sampler' reinforced with steel

was secured and driven down into solidly frozen soil. The sampler con-

taining the frozen soil was brought into the warm laboratory and in a

half hour it was possible to push the core of frozen soil out of the

sampler. This core was placed on a laboratory table. A wire was
pushed into the core from time to time and it was found that thawing

took place very slowly. It was forty-six hours from the time that the

.sample was laid out on the table before it had thawed enough for the

wire to be thrust through it.

To see if the bacterial numbers in soil were not increased on the

thawing out of the soil due to diflferent layers of the soil being brought

successively under more favorable conditions for bacterial development,

the following test was made:

A sample of frozen loam soil was obtained, brought to the laboratory,

pushed out of the sampler, then taken to a room having a temperature

below 0° C, where it was halved lengthwise by chopping with an axe.

One-half was chopped and mixed and fifty grams weighed out and

analyzed immediately for its bacterial content. The other half was

brought to the laboratory and allowed to stand twenty-four hours. It

thawed out in thi.-; time. The sample was mixed and its bacterial con-

tent determined. The results of this test were that the sample allowed

to thaw out before it was analyzed gave ovei' three times the bacterial

count that the one analyzed immediately did.

The following experiment is the latest one we have conducted on

this .subject, and it is left to the reader to judge from this in connection

with the other work reported as to whether bacteria multiply in frozen

soil. About twenty kilos of soil (silt loam) were procured by taking

soil from between the depths of four and seven inches of a plot where

millet had been plowed under each of the two preceding springs. This

soil was mixed and sieved through a screen having eight me.shes to the

inch. The portion passing the screen was mixed thoroughly and then

quartered. One quarter (about five kilos) was brought to the labora-

tory. Sterile 12-ounce bottles plugged with cotton had been previously

prepared and 1.50 grams of the mixed and prepared sample were weighed

out into each of twenty-six bottles. The soil in the bottles was then

compacted by dropping them on the bench thii-ty times. The bottles

vv'ere then divided into three groups and these groups were incubated in

the following places:
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. A. An ice box, temperature around 45° F.

B. In a cold storage room in a creamery, temperatui'e 36° F. to

42° F.

C. Cold room in creamery, temperature between 27° F. and 30° F.

The counts obtained from these tests are given in Table I.

TABLE I.

Changes in Bacterial Content of Soil Stored in Different Refrigerating Rooms.

Lengths of Time of Incubation



Some Abnormalities in Plant Structure.

M. S. Markle, Eailham College.

In looking over large numbers of microscopic slides made during the

past few years, I have noted many instances of abnormalities in struc-

ture, some of which have not been reported, to my knowledge. Assuming

that some of them may be of interest to members of the Academy, I

submit drawings of a number of them.

In cutting some fern prothallia of an undetermined species collected

in the Washington Park greenhouse at Chicago, I noticed large numbers

of imbedded archegonia and a few instances of deeply imbedded anther-

idia. As will be seen from the drawings, these structures occurred

several cells below the surface of the prothallium. An imbedded arche-

gonium was generally as.sociated with an ordinary one, though not

always. The imbedded archegonium begins as a single cell, distinguish-

able by its larger nucleus and denser cytoplasm. The axial row develops

like that of an archegonium of the usual type, except that there are

usually two neck canal cells, if such they can be called here, instead of

the usual single binucleate one. This is perhaps due to the differences

in the pressure of the surrounding cells. A variation in the imbedded

archegonia was found in one instance, in which there were two arche-

gonia, with the position of the cells in the axial rows reversed, as shown

in the figure.

Stages in the development of the imbedded antheridia were not

found.

In sectioning some ovaries of Lilium of unknown origin, I found

several sacs in which the four free nuclei following the second mitosis

all gathered at one end of the sac, instead of two at each end, as usual.

One instance of a mature embryo-sac that had evidently resulted from

the further development of such a condition as that mentioned above

showed six nuclei at one end of the sac completely surrounded by walls,

while two nuclei remained free.

The "three-story" reproductive branch of Vaucheria shown in the

figure was found in some material which was collected near Baton Rouge,

Ala. The other, in which a secondary sexual branch was formed in the

place of an oogonium, was collected near Earlham College, Richmond,

Indiana.

The megaspore tetrad of Selaginella shown in the figure shows the

outer wall of the spore continuous around the group of spores instead

of surrounding the individual spores.

(IIV)
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Vie. 3.
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Fig. 5. Fie. 6.
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Fig 7. Fife. 8.
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Fig. 9.

Explanation of Figures.

Fig. 1. Initial of imbedded archegonium.

Fig. 2. Completely formed imbedded archegonium.

Fig. 3. Two imbedded archegonia with axial rows reversed.

Fig. 4. Imbedded antheridium.

Figs. 5 and 6. Abnormal embryo-sacs of Lilium.

Figs. 7 and 8. Abnormal sexual branches of Vaucheria geminata.

Fig. 9. Abnormal megaspore tetrad of Selaginella.



Plants of Boone County, Kentucky.

James Carlton Nelson, Salem, Ore.

The following is a list of plants collected in that part of Boone

County, Kentucky lying along the Ohio River opposite the Indiana

counties of Ohio and Switzerland, extending along the river from the

town of Grant to the mouth of Gunpowder Creek—some ten miles—and
back from the river an average distance of seven miles. The region

belongs geologically to the "Cincinnati Uplift," and is very hilly, except

in the wide East Bend river-bottom. There is no exposed rock, such as

forms the picturesque limestone cliffs farther down the Ohio, except a

soft blue shale in deep stream-channels, and some large masses of con-

glomerate marking the terminal moraine of the Ice Age, which extends

inland from the Ohio at "Split Rock," opposite the mouth of Laughery
Creek, to a point about three miles west of the town of Union. The
flora of this morainic district presents a marked contrast to that of the

rest of the county. The region was originally covered with a dense

forest of deciduous trees, which have been largely cleared away, leaving

a very rich soil, which is rapidly washed away on the steep slopes, so

that the prevailing soil is a tough yellow clay mixed with fragments of

extremely hard blue fossiliferous limestone. The chief crop is tobacco,

which has rapidly exhausted the soil and rendered it in many places

sterile and unproductive. These collections were made during the years

1881-1893. I had no assistance in the work except such as was afforded

by Gray's Manual, and the determinations represent in nearly every case

simply my own unsupported opinion. The nomenclature is that of Gray's

Manual, Seventh Edition. In making the determinations I used the

Fifth and later the Sixth Edition of this Manual. I am indebted to

Mr. Chas. C. Deam of Bluffton, Indiana, for his kindness in looking over

the entire list and offering suggestions based on his own wide knowledge

of the plants of Indiana. These suggestions I have in every case incor-

porated in the list. The region lies well within the limits of Gray's

Manual, and there was little intrusion of extra-limital species. The

Northern collector will note, however, the predominance of Southern

types. Noteworthy is the total absence of Ericaceae proper and Orchid-

aceae, and the scanty representation of Umbelliferae. No attempt was

made to determine ferns, grasses and sedges.

(125)
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POLYPODIACEAE :

Adiantum pedatutn L. In rich woods, common.
(Two or three other members of this family occur, but I was

unable to determine them.)

Ophioglossaceae :

Botrychium virginiamiyyi (L.) Sw. Occasional in woods.

Equisetaceae:

Equisetum arvense L. Abundant in low ground.

Equisetum hyemale L., var. robustnm (A. Br.) A. A. Eaton. Low
ground, not common.

PiNACEAE:

JyinipeJiis virginiana L. Occasional on open hillsides.

Typhaceae :

Typha latifolia L. Not common, owing to absence of any large area

of marshy ground in the district.

Alismaceae:
Sagittaria latifolia Willd. Moist river-shores, infrequent.

Gramineae:

No attempt was made to determine these. The only species

that I can positively affirm as growing in the district were:

Andropogon virginicus L. Common in sterile soil.

Panicum capillare L. Abundant in cultivated fields.

Echinochloa Ciiis-galli (L.) Beauv. Common in barn-yards and

waste places.

Digital^ sanguinalis (L. ) Scop. Common in door-yards.

SetaHa viridis (L.) Beauv. Abundant in fields.

Phleum pratense L. A common escape.

Agrostis alba L. Not cultivated, but common.
Elettsine indica Gaertn. Common in door-yards.

Eragrostis hyjmoides (Lam.) BSP. Abundant on river-shores.

Dactylis glomerata L. An occasional escape.

Poa pratensis L. Common in cultivation, and freely escaping.

Elymus virginicus L. Dry, open ground, common.
Hystrix patula Moench. Common in woods.

Cyperaceae :

Here again nothing was done. The genera Eleocha/ris, Cyp-
erus, Scirpus and Carex were all represented, but not fully, owing
to the infrequency of marsh-land. The most characteristic Carex
was a form with broad evergreen leaves, growing in woods. It

evidently belonged to the section Careyanae, and I suspect was
C. platyphylla Carey.
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Araceae :

Arisaema triphylluvi (L.) Schott. Common in woods.

Arisaema Dracontmm (L.) Schott. With the last, but less common.

Aco7'us Calamus L. An occasional escape in dry ground.

COMMELINACEAE :

Tradescantia virginica L. Common in meadows.

JUNCACEAE

:

Juncus bufonius L. Common along streams.

Juncus tenuis Willd. Abundant in dry soil.

Juncus effusus L. Less common than the other two.

Luzula campestris L. var. nudfiflora (Ehrh.) Celak. Occasional in

woods.

LiLIACEAE

:

Uvularia grandiflora Sm. Rich woods, not infrequent.

Allium canadense L. Occasional in dry, stony ground.

Hemerocallis fulva L. A common escape.

Lilium canadense L. Very rai'e.

Erythronium americamim Ker. Rich woods, not common.

Erythronium albidum Nutt. With the last, but much more common.

Rarely flowers.

Cam,assia esculenta (Ker) Robinson. Not common.

07'nithogalum wmbellatura L. An occasional escape.

Asparagus officinalis L. Escaped to roadsides and meadows.

Smilacina racemosa (L.) Desf. Common in woods.

Polygonatum hiflorum (Walt.) Ell. Comm.on in woods.

Polygonatum commutahim (R. & S.) Dietr. Common in woods and

grass-land.

Ty'illium sessile L. Very common in rich woods.

Trillium erectum L. With the last, but less common.

Smilax herbaeea L. Occasional in woods.

Smilax rotiindifolia L. Common in thickets.

Smilax glauca Walt. In thickets, scarce.

Smilax hispida Muhl. Rich woods, rare.

DiOSCOREACEAE

:

Dioscorea villosa L. Common in thickets.

IRIDACEAE

:

Sisyrinchium angustifolium Mill. Common in meadows.

Salicaceae :

Salix nigra Marsh. Abundant on river-shores.

Salix alba L. var. vitellina (L.) Koch. A frequent escape.

Salix longifolia Muhl. Along streams, rather rare.
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Salix discolor Muhl. River-banks, common.

Salix purpurea L. An occasional escape along the river, where it is

cultivated for basket-work, etc.

Popuhis grandidentata Michx. Occasional along streams.

Pojmlus deltoides Marsh. Abundant along the river.

JUGLANDACEAE :

Juglans cinerea L. Rich woods, less common than the next.

Juglans nigra L. Very common throughout.

Carya alba (L.) K. Koch. Rich hillsides, common.

Carya ovata (Mill.) K. Koch. With the last, but less common.

Carya glabra (Mill.) Spach. Open woods.

Carya cordiformis (Wang.) K. Koch. Low woods.

Betulaceae :

Ostrya virginiana (Mill.) K. Koch. In woods, not infrequent.

Carpinus caroliniana Walt. Common in rich woods.

Alnus rugosa (Du Roi) Sprang. A single specimen on the river-

shore.

Fagaceae :

Fagus grandifolia Ehrh. Very common in rich woods.

Quercus alba L. The commonest species and our largest tree. Some
specimens reached a diameter of eight feet.

Quercus macrocarpa Michx. In rocky woods.

Quercus Muhlenbergii Engelm. With the last.

Quercus onibra L. Common on dry hillsides.

Quercus pulustris Moench. Low ground, not common.
Quercus vehitina Lam. Rich soil, not common.
Quercus imbricaria Michx. At a few stations in the interior.

Urticaceae :

Ulmus fulva Michx. Rich woods, less common than the next.

Ulmus americana L. Very common.
Celtis Occident alis L. Woods, especially along the river, common.
Cannabis sativa L. Occasional in waste places. Not cultivated.

Humulus Lupulus L. An occasional escape.

Moms rubra L. Rich woods, common.
Urtica gracilis Ait. Common in fence-rows, etc.

Laportea canadensis (L.) Gaud. Rich woods, common.
Pilea pumila (L.) Gray. Rich woods, common.
Boehmeria cylindrica (L.) S\v. Low giound along streams.

Parietaria pennsylvanica Muhl. Shaded banks, common.

LORANTHACEAE

:

Phoradendron flavescens (Pursh) Nutt. Common, especially on Ul-

mus and Gleditsia.
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Aristolochiaceae :

Asarum canadenne L. Common in rich woods.

Aristolochia Serpentaria L. In wooded districts, rare.

POLYGONACEAE :

Rumex Britannica L. In wet places, rather scarce.

(This probably should be R. altissinius Wood. Mr. Deam tells

me that Britannica occurs in Ind. only in the northern counties,

while altissinms is common along the Ohio R.)

Rumex crisjnis L. Abundant in fields and meadows.

Rumex obtusifolius L. Very common about dwellings.

Rumex Acetosella L. Common in poor soil.

Polygonum, aviculare L. Abundant in door-yards, etc.

Polygonum erectuin L. With the last.

Polygonum amphibium L. Occasional in wet places.

(This species has been found in Ind. by Mr. Deam but twice,

while P. Muhlenbergii (Meisn.) Wats., which in Gray's 5th Ed.

was not separated from amphibium, is abundant in the counties

along the Ohio, so my report is doubtless an error, and should be

changed to Mxihlenbergii.)

Polygonum Hydropiper L. Wet ground, common.

Polygonum acre HBK. Abundant in waste places.

Polygonum orientale L. An occasional escape about dwellings.

Polygonum virginianum L. Rich thickets, common.

Polygonimi sagittatum L. Occasional in low ground.

Polygonum Convolvulus L. Very common in cultivated fields.

Polygonum scandens L. Common in thickets.

Chenopodiaceae :

Chenopodium ambrosioides L. Common on river-shores and in waste

places.

Chenopodium Botrys L. Sandy soil near the river, never inland.

Chenojmdium hybridum L. Infrequent in waste places.

Chenopodium album L. Abundant about dwellings and in fields.

Amaranthaceae :

Amarayithus retroflexus L. Very common in cultivated ground.

AmarantJms hybridus L. With the last, but less common.

Amaranthus paniculatus L. Occasional near dwellings.

Amaranthus spinosus L. Waste ground near the i-iver, infrequent.

Acnida tuberculata Moq. River-shores, common.

Acnida tuberculata Moq. var. subnuda Wats. With the last.

Acnida t^iberculata Moq. var. prostrata (Uline & Bray) Robinson.

With the last.

Phytolaccaceae :

Phytolacca decandra L. Rich soil in low grounds, common.

9—16568
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Illecebraceae :

Anychia polygonoides Raf. Open places, rather scarce.

Anychia canadeyisis (L.) BSP. Dry woods, common.

AlZOACEAE :

MoUugo verticillata L. Sandy river-shores and tobacco-fields, com-

mon.

Caryophyllaceae :

Stellaria jnihera Michx. Rocky woods, common.

Stellaria media (L.) Cyrill. Abundant about dwellings.

Cerastium vulgatum L. Common in fields and meadows.

Agrostemma Githago L. Common in grain-fields.

Silene antirrhina L. Occasional in cultivated ground.

Silene virginica L. Open woods, rather rare.

Silene stellata (L.) Ait. f. Shaded banks, not infrequent.

Saponaria officinalis L. An occasional escape.

Portulacaceae :

Claytonia virginica L. Common in woods.

Claytonia caroliniana Michx. With the last, but much less common.
Portulaca oleracea L. Abundant in cultivated and waste ground.

Ranunculaceae :

Ranunculus sceleratus L. Wet places, scarce.

Ranunculus abortivus L. Shady places, very common.
Ranuncnhis recnrvatus Poir. In woods, common.
Ranunculus septenfrionalis Poir. Moist ground, common.
ThalictruiH dioicum L. Rocky woods, common.
Thalictrum polygamum. Muhl. River-banks in rich soil.

Anemonella thalictroides (L.) Spach. In woods in early spring,

common.
Hepatica acutiloha DC. Only on moraines, where it is common.
Anemone virginiana L. In meadows and fence-rows.

Anemone canadensis L. Low ground, especially in river-bottoms.

Clematis virginiunci L. River-banks, not infiequent.

Isopymm biternatum (Raf.) T. & G. Common in thickets.

Aquilegia canadensis L. Rocky woods, infrequent.

Delphinium tricorne Michx. Meadows and thickets, common.
CimAcifuga racemosa (L.) Nutt. Common in rich woods.

Actaea alba (L.) Mill. Not infreciuent in rich woods.

Hifdrastis canadensis L. In rich woods, rare.

Magnoliaceae :

Liriodendron Tulipifera L. In river-bottoms, becoming scarce.

Anonaceae:
Asimina triloba (L.) Dunal. Thickets and hillsides, common.
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Menispermaceae :

Menispermum canadense L. Thickets along streams, common.

Berberidaceae :

Podophyllum peltaUvm L. Common in rich woods.

Jeffersonia diphylla (L.) Pers. Woods, common.
Caulophyllum thalictroides (L.) Michx. Woods, infrequent.

Lauraceae :

Sassafras variifolium (Salisb.) Kuntze. In woods, becoming scarce.

Benzoin aestivale (L.) Nees. Damp woods, not rare.

Papaveraceae :

Sanguinaria cayiadensis L. Open woods, common.
Stylophomni diphyllum (Michx.) Nutt. In rich woods, common

locally.

FUMARIACEAE :

Dicentra Cucullaria (L.) Bernh. Common in woods.

Dicentra canadensis (Goldie) Walp. With the last.

Corydalis fiamda (Raf.) DC. Rich soil, not uncommon.

Cruciferae :

Le^ndium virginicum L. Waste placCvS and fields, common.
Capsella Bursa-pastoris (L.) Medic. Abundant in waste and culti-

vated ground.

Brassica alba (L. ) Boiss. About dwellings, infrequent.

Brassica nigra (L.) Koch. With the last, but much more common.
Sisymbrium officinale (L.) Scop. var. leiocarpum DC. Common in

fields.

Hesperis mutronalis L. A rare escape.

Radiada palustris (L.) Moench. Common on river-shores.

Radicula Armoracia (L.) Robinson. An occasional escape.

Barbarea vulgaris R. Br. Roadsides, infrequent.

lodanthus pinnatifidus (Michx.) Steud. Rich soil near the river.

Dentaria diphylla Michx. Woods, not common.
Dentaria laciniata Muhl. Veiy common in woods.

Cardatnine bulbosa (Schreb.) BSP. Occasional in wet places.

Cardatnine Douglassii (Torr.) Britton. Rich woods in early spring.

Cardamine pennsylvanica Muhl. Damp ground, rather scarce.

A7^abis laevigata (Muhl.) Poir. Rocky woods, infrequent.

Capparidaceae :

Polanisia graveolens Raf. Gravelly river-shores, common.

Crassulaceae :

Penthorum sedoid.es L. Muddy shores, common.
Sedum ternatum Michx. Rocky woods, common.
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Saxifragaceae :

Saxifraga virginiensis Michx. Steep wooded hillsides, local.

Heuchera americana L. Woods on moraine, local.

Mitella diphylla L. Rich woods, common.

Hydrangea arborescens L. Rocky hillsides, infrequent.

Ribes floridum L'Her. Thickets, not common.

Platanaceae :

Platanus occidentalis L. Common on river-banks.

ROSACEAE

:

A7'U7icus Sylvester Kost. Rocky woods on moraine.

Gillenla stipulacea (Muhl.) Trel. In dry soil by roadside near Ve-

rona, 20 miles from the river. The only station.

Pyrus Mains L. A frequent escape to thickets and roadsides.

Crataegus Cms-galli L. Infrequent in thickets.

Crataegus punctata Jacq. Open hillsides, not common.
Crataegus tonieritosa L. Very common.

(I did not have the benefit of Eggleston's thorough revision

of this genus. It is doubtful if tomentosa as now i-estricted

occurs in Ind., and my plant, according to Mr. Deam, was prob-

ably C. vtoliis (T. & G.) Scheele.)

FragaHa virginiana Duchesne. Common on grassy slopes.

Potentilla monspeliensis L. Common in cultivated ground.

Potentilla canadensis L. Grassy places, infrequent.

Geum canadense Jacq. Borders of woods, common.

Geum virginianum L. With the last.

Geum vei~nu7n (Raf.) T. & G. Common in meadows, etc.

Rubus occidentalis L. Thickets and fence-rows.

Rubus allegheniensis Porter. Very common on open hillsides.

Riibiis villosKs Ait. Grassy open jilaces, not common.
Agrimonia gryposejiala Walli-. Rich soil in thickets, common.
Rosa setigera Michx. Borders of thickets, not common.

Rosa rubiginosa L. Pastures and roadsides, common.
Rosa humilis Marsh. In dry soil, scarce.

Prunus serotina Ehrh. In rich woods, rather common.
Prunus americana Marsh. In thickets, frequent.

Leguminosae:

Gymnocladus dioica (L.) Koch. Rich woods, infrequent.

Gleditsia triacanthos L. Very common, especially in low ground.

Cassia marilandica L. Rich soil, common.
Cassia Chaniaecrista L. Sandy river-shores, not common.
Cercvi canadensis L. Rich woods, common.
Baptisia australis (L.) R. Br. Gravelly river-shores, rare.

Trifolium pratense L. Common in meadows, and often cultivated.
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Trifolium stoloniferum. Muhl. Occasional in open ground.

Trifolium repens L. Abundant in meadows.

Melilotus alba Desr. Common on roadsides near the river, but not

found farther inland.

^ Robinia Pseudo-Acacia L. Open hillsides, very common.

Astragalus canadensis L. Dry soil, not common.

Desmodiu'm nudifloruvi (L.) DC.
Desmodium pauciflorum (Nutt.) DC.
Desmodium canescens (L.) DC.
Desmodiutn bracteosum (Michx.) DC.
Desmodium Dillenii Darl.

Desmodium paniculatum (L.) DC.
(This genus seems to be the dominant one of the family here,

much like Astragalus in the Rocky Mountain region and Lupiyms

on the Pacific Slope. All the species are in thickets and at the

borders of woods, and are exceedingly troublesome on account of

their burs.)

Lespedeza capitata Michx. On moraines, rare.

Apios tuberosa Moench. Rich woods, common.
Strophostyles helvola (L.) Britton. Abundant in river-thickets.

Amphicarpa ynonoica (L.) Ell. Rich woods, common.

OXALIDACEAE:

Oxalis violacea L. Rocky woods, not infrequent.

Oxalis comiculata L. Dry ground, very common.

Geraniaceae :

Geranium maculatum L. Open woods and meadows, common.

RUTACEAE

:

Zanthoxylum americanum Mill. Rocky woods, infrequent.

SiMARUBACEAE

:

Ailanthus glandulosa Desf. An occasional escape.

POLYGALACEAE

:

Polygala Seyiega L. Open, rocky soil; not common.

EUPHORBIACEAE

:

Acalypha virginica L. Fields and waste places, common.

Pkyllanthus caroliniensis Walt. In meadows, rare.

Euphorbia Preslii Guss. Dry soil, common.

Euphorbia maculata L. Open places, common.

Euphorbia humistrata Engelm. Not uncommon in rich .soil.

Euphorbia corollata L. Rich soil, scarce.

Euphorbia dentata Michx. In rich soil, not common.

Eujjhorbia commutata Engelm. Dry woodlands, not common.

Euphorbia Cyparissias L. An occasional escape.
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Anacardiaceae :

Rhus typhina L. Dry soil, common.

Rhus glabra L. With the last.

Rh%is copallina L. Dry hillsides, not common.
Rhiis Toxicodendron L. Thickets and fence-rows, very common. «

Celastraceae :

Evonymus atropurpureus Jacq. Thickets, common.
Evonymus obovahis Nutt. Low ground, not common.
Celastriis scandens L. Common in thickets.

Staphyleaceae :

Staphylea trifolia L. Damp thickets, common.

ACERACEAE

:

Acer saccluirum Marsh. The commonest forest-tree of the district.

Acer rubmm L. Low woods, common.
Acer Negundo L. Low ground, common.

Sapindaceae :

Aesculus glabra Willd. Rich woods, common.
Aesculus octandra Marsh. With the last, but less common.

Balsaminaceae:
Impatieiis pallida Nutt. Along streams in rich soil, common.

Impatiens biflora Walt. With the last.

Vitaceae :

Psedera quinquefolia (L.) Greene. Common in thickets.

Vitis aestivalifi Michx. Thickets, common.
Vitis cordifolia Michx. River-banks, not infrequent.

Tiliaceae :

Tilia americana L. Rich woods, common.

Malvaceae:
Abutilon Theophrasti Medic. Common in cultivated ground.

Sida hermaphrodita (L.) Rusby. A single station on river-bank.

Sida spinosa L. Common in cultivated ground.

Malva 7'otundifolia L. Common about dwellings.

Napaea dioica L. A single station on the bank of Gunpowder Creek.

Hibiacuii militaris Cav. Wet river-shores, not common.

Hypericaceae :

Hypericum perforatum L. In fields, common.
Hypericum punctatum Lam. With the last, but less common.
Hypencum prolificum L. On moraines, rare.

Hypericum mutilum L. Damp river-shores, common.
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ViOLACEAE

:

Hybantlms concolor (Forster) Spreng. Rich woods, common.

Viola papilionacea Pursh. Meadows and thickets, very common.

Viola pahnata L. Dry woods, infrequent.

Viola jmbescens Ait. Rich woods, common.

Viola canadensis L. Rich woods, rather scarce.

Viola striata Ait. Meadows and borders of woods, common.

Passifloraceae :

Passiflora lutea L. Thickets, not common.

Lythraceae :

Rotala ramosior (L.) Koehne. Wet river-shores, common.

Ammannia cocciriea Rottb. With the last.

Lythrum- alatnm Pursh. A single station on the river-shore.

Cuphea petiolata (L.) Koehne. Dry fields, common.

Onagraceae:

Ludvigia alternifolia L. Damp river-shores.

Ludvigia polycarpa Short & Peter. With the last, but less common.

Litdvigia palusiris (L.) Ell. Wet places, very common.

Epilobium coloratum Muhl. Wet places, infrequent.

Oenothera biennis L. Open places, common.
Circaea alpina L. Rich woods, common.

(Since this species is rare in Ind., and C. lutetiana L. very

common, I agree with Mr. Deam that my plant probably is to

be referred to the latter species.)

Araliaceae :

Aralia racemosa L. Rich woods, infrequent.

Panax qidnquefolium L. Rich woods, becoming rare.

Umbelliferae:

Sanicula marilandica L. Open ground, common.

Sanicula canadensis L. Borders of woods, not so common as the last.

Erigenia bulbosa (Michx.) Nutt. Rich woods, common; the first

spring flower.

Chaerophyllum procumbens (L.) Crantz. Moist woods, common.

Ostnorhiza Claytoni (Michx.) Clarke. Rich woods, common.

Cicuta macidata L. River-banks, common.
Cryptotaenia canadensis (L.) DC. Shady places, common.

Taenidia integerrinia (L.) Drude. Dry woods, infrequent.

Pastinaca sativa L. A common escape to roadsides, etc.

Daucus Carota L. An occasional escape.
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CORNACEAE

:

Cornus florida L. Common in woods.

Cormis Amovium Mill. River-banks, infrequent.

Nyssa sylvaticu Marsh. Rich woods, infrequent.

Ericaceae :

Monotropa uinflora L. Deep woods, rare.

Primulaceae:
Samobis floribundus HBK. Occasional in wet places.

Lysimachia quadrifolia L. Moist soil, common.
Lysimachia terrestris (L.) BSP. Low ground, scarce.

Lysimachia Nummulana L. Escaped to roadsides and thickets.

Steirorienia ciliatnm (L.) Raf. Low ground, common.
Steironema lanceolatum (Walt.) Gray. With the last, but less

common.
Anagallis arvensis L. Sandy fields, rare.

Ebenaceae :

Diospyros virginiana L. Old fields, infrequent.

Oleaceae:
Fraxinus umericana L. Rich woods, common.

Gentianaceae:
Gentiana quinqnefolia L. Along streams, not common.
Frasera carolinensis Walt. Dry hillsides, rare.

Apocynaceae :

Vinca viirior L. A common escape about dwellings.

Apocynum androsaemifolium L. Dry thickets, not infrequent.

Apocynum cannabinum L. Borders of woods, common.

Asclepiadaceae :

Asclepias tuberosa L. Dry soil, not common.
Asclepias ivcarnata L. Wet places, common.
Asclepias synaca L. Alluvial soil, very common.
Asclepias quadrifolia Jacq. Dry woods, infrequent.

Asclepias verlicillata L. Open ground, common.
Acerates viridiflora Ell. Dry soil, not common.
Gonolobus laevis Michx. River-banks and cultivated ground, very

common.
Vincetoxicu 7)1 hirsutum (Michx.) Britt. A single station in rocky

oak woods.

Convolvulaceae :

Ipomaea coccinea L. Waste places, rare.

Ipomaea hederacea Jacq. Common in cultivated fields.

Ipomaea purpurea (L.) Roth. An occasional escape.

Ipomaea pandurata (L.) Mey. Occasional on dry river-banks.
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Convolvulus sephwi L. Along streams, common.
Cuscuta arvensis Beyrich. Dry soil on various Compositae, common.
Cuscuta Gronovii Willd. River-shores on SaJix, common.

POLEMONIACEAE :

Phlox divaricata L. Damp woods, common.
Polevionium. reptdns L. Rich woods, common.

Hydrophyllaceae :

Hydrophyllum macrophylhun Nutt. Rich woods, common.
Hydrophyllum appendiculatum. Michx. Damp woods, common.
Ellisia Nyctelea L. Damp thickets, infrequent.

Phacelia hipinnatifida Michx. Shaded banks, common.

BORAGINACEAE :

Heliotropium indicum L. A single station on sandy river-shore.

Cynoglossum officinale L. A common weed in pastures, etc.

Cynoglossum virginiamim L. Open woods, not common.
Lappula virginiana (L.) Greene. Thickets and roadsides, very

common.
Mertensia virginica (L.) Link. Rich soil in woods, rather scarce.

Lithospermiim arvense L. Sandy roadsides, not common.
Onosmodium virginiamim (L.) DC. Dry hillsides, occasional.

Onosmodium hispidissimum Mack. River-banks, rare.

Verbenaceae :

Verbena urticaefolia L. Thickets and roadsides, common.
Ver'hena hastata L. Low ground, common.

{V. bracteosa Michx. was common on the river-shore at Rising

Sun, Ind., but was never found on the Ky. side.)

Lippia lanceolata Michx. Damp river-shores, common.

Labiatae :

Teucrixim. canadense L. Common in rich soil.

Isanthus brachiatus (L.) BSP. Dry soil on moraines, rare.

Scutellaria lateriflora L. Low ground, common.
Scutellaria versicolor Nutt. Rich woods, not infrequent.

Scutellaria canescens Nutt. In woods, rather scarce.

Scutellaria nervosa Pursh. Rich woods, not common.
Marrubium vulgare L. Dry soil, infrequent.

Agastache nepetoides (L.) Ktze. Borders of woods, common.
Nepeta Cataria L. Common about dwellings.

Nepeta hederacea (L.) Trevisan. Shady places, common.
Prunella vulgaris L. Fields and meadows, very common.
Synandra hispidula (Michx.) Britt. Rich woods, infrequent.

Leonui-us Cardiaca L. Waste places, common.
Stachys te^iuifolia Willd. Wet ground, common.
Stachys cordata Riddell. Dry thickets, rather common.
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Monarda fistulosa L. Dry ground, common.

Blephilia ciliata (L.) Raf. Borders of woods, not infrequent.

Blephilia hirsuta (Pursh) Benth. Moist thickets, rare.

Hedeoma pulegioides (L.) Pers. Dry soil, very common.

Melissa officinalis L. An occasional escape.

Lycopiis virginicus L. Moist soil, not infrequent.

Lycopus aviericanus Muhl. With the last.

Mentha spicata L. An occasional escape in dry ground.

Mentha piperita L. An occasional escape along streams.

Collinsonia canadensis L. Rich soil in woods, not infrequent.

SOLANACEAE

:

Solaymm nigrum L. Rich soil, common.

Solanum carolinense L. Sandy soil, common.

Physalis piibescens L. Open ground, common.

Physalis heterophylla Nees. Alluvial soil, common.

Nicandra Physalodes (L.) Pers. A single specimen on the river-

shore.

Lyciiim halimiflorum Mill. An occasional escape in fence-rows, etc.

Datura Stramoniutn L. Waste places, less common than the next.

Datura Tatula L. Waste places, very common.

SCROPHULARIACEAE

:

Ver-bascum Thapsus L. Dry fields and roadsides, very common.

Verbasciun Blattaria L. Open places, common. (Only the white-

flowered form.)

Linaria vulgaris Hill. Fields and roadsides, very common.

Scropludana marilandica L. Fence-rows and borders of woods,

common.
Pentstemon hirsutus (L.) Willd. Dry, rocky hillsides; not common.

Pentstenwn laevigatus Ait. Rich soil, infrequent.

Chelone glabra L. Low ground, not common.
Mimulus ringens L. Wet places, common.

Mimulus alatus Ait. With the last, but less common.

Conobea multifida (Michx.) Benth. On muddy river-shores, infre-

quent.

Ilysanthes dubia (L. ) Barnhart. On river-shores, common.

Gratiola virginiana L. Muddy places, common.
Veronica Anagallis-aquatica L. Wet places, rather scarce.

Veronica serpyllifolia L. Damp grassy places, common.
Veronica peregrina L. Cultivated ground, common.
Veronica arvensis L. With the last, and equally common.
Gerardia flava L. Occasional in oak woods.

Gerardia tenuifolia Vahl. In a single station on the river-shore.

Pedicularis canadensis L. Moist banks on moraine.
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Orobanchaceae:
Epifagus virginiana (L.) Bart. Common in beech-woods.

Conopholis americana (L. f.) Wallr. In oak woods, scarce.

BiGNONIACEAE

:

Tecoma radicans (L.) Juss. Common on river-banks.

Catal'pa hignonioides Walt. Occasional in thickets near the river.

ACANTHACEAE :

Dianthera americana L. Gravelly river-shores, scarce.

Ruellia ciliosa Pursh. In dry soil, not common.
Ruellia strepens L. In rich soil, rather common.

Phrymaceae :

Phryyna leptostachya L. Deep woods, not infrequent.

Plantaginaceae :

Plantago major L. Door-yards and waste places, abundant.

Plantago lanceolata. L. In meadows, common.
Plantago Purshii R. & S. Sandy soil, not common.
Plantago aristata Michx. Dry soil, scarce.

Plantago virginica L. Sandy soil, not common.

Rubiacbae :

Galium Aimrine L. Very common in thickets and fence-rows.

Galium circaezans Michx. In rich woods, not infrequent.

Galium asprellum Michx. Rich soil in thickets, not common.

Galium triflorum Michx. Rich woods, common.

Spermacoce glabra Michx. A single station on gravelly river-shore.

Mitchella repens L. Dry woods, not common.

Cephakmthus occidentalis L. Common in wet places.

Houstonia piirpurea L. Borders of woods, not common.

Caprifoliaceae :

Lonicera sempervirens L. In thickets, not common.

Symphoricarpos orbiculatus Moench. Open hillsides, locally abun-

dant.

Vibu7'num prunifolium L. Open woods, not common.

Sambilcus canadensis L. In rich soil, common.

Valerianaceae :

Valeriana pauciflora Michx. Rich woods, scarce.

Valerianella radiata (L.) Dufr. In low ground, rare.

Dipsacaceae :

Dipsacus sylvestris Huds. On barren hillsides, locally abundant.

Cucurbitaceae :

Sicyos angulatus L. River-banks, common.

Echinocystis lobata (Michx.) T. & G. With the last, but less fre-

quent.
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Campanulaceae :

Specularia perfoliata (L.) A. DC. In dry fields, common.

Campanula americana, L. Borders of thickets in rich soil, common.

LOBELIACEAE

:

Lobelia cardinalis L. Thickets on river-shores, scarce.

Lobelia siphilitica L. Low ground, rather common.

Lobelia inflata L. Dry fields, common.

COMPOSITAE:

Vernonia altissima Nutt. Rich soil in pastures, common.

Elephantopiis carolinianus Willd. Low ground along streams, scarce.

Eupatorium purpureum L. Low ground, common.

Eupatoriuvi serotimwi Michx. Rich soil, rather common.

EupatoHum perfoliatum L. Low ground, common.
Eupatorium urticaefolium Reichard. Rich woods, common.

Eupatorium coelestinum L. In rich soil, not infrequent.

Solidago caesia L. In woods, rare.

Solidago uhnifolia Muhl. Rocky oak woods, scarce.

Solidago latifolia L. In woods, rather common.
Solidago canaderrsis L. Roadsides and pastures, very common.

(Revision of this species since the list was first made makes

it probable that this should be referred to S. altvisima L., accord-

ing to Mr. Deam.)

Solidago rupesfris Raf. Rocky river-banks, rare.

Solidago serotina Ait. Borders of woods, rather scarce.

Solidago graminifolia (L.) Salisb. Open hillsides, infrequent.

Aster divaricatus L. Woods, scarce.

Aster novae-angliae L. Stream-banks, scarce, but common in culti-

vation.

Aster patens Ait. Thickets, not frequent.

Aster Shorfii Lindl. Wooded banks, not common.
Aster undulatns L. Thickets, rather frequent.

Aster cordifolius L. Woods, common.
Aster miiltiflorus Ait. Dry, open hillsides ; common.
Aster vimineus Lam. Open ground, infrequent.

Aster prenanthoides Muhl. Along streams in woods, not common.
Aster umbellafus Mill. In thickets, scarce.

Erigeron pulchellua Michx. Moist banks, scarce.

Erigeron philadelphicns L. Rich soil, rather common.
Erigeron annuas (L.) Pers. An abundant weed in pastures.

Erigeron ramosus (Walt.) BSP. Common in fields and meadows.
Erigeron canadensis L. A very common weed.

Pluchea petiolata Cass. Occasional on river-shoi'es.
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Antennaria plantaginifolia (L.) Richards. Dry soil, common.
(Revision of the original species would probably throw my

plant into A. fallax Greene, which, according to Mr. Deam, is very

common in Ind., while he has but one authentic record of A.
plantaginifolia as now understood.)

Gnaphalium polycephalum Michx. Dry soil, common.
Gnaphalium uliginosum L. Not infrequent on river-shores.

Inula Helenium L. An occasional escape to pastures, etc.

Polymnia canadensis L. Moist woods, common.
Polymnia canadensis L. var. radiata Gray. With the last, but much

less common.
Polymrmi uvedalia L. Fence-rows and roadsides, not common.
Silphium trifoliatuvi L. Dry banks, infrequent.

Silphiiim perfoliatum L. In rich soil along streams, common.
Ambrosia trifida L. Abundant in rich soil.

Ambrosia artemisiifolia L. A very common weed.

Xanthium sjnnosum L. Occasional in waste places near the river.

Xanthium canadense Mill. Sandy shores and fields, very common.
Heliopsis helianthoides (L.) Sweet. Wooded banks, not frequent.

Heliopsis scabra Dunal. Open ground, more common than the last.

Eclipta alba (L.) Hassk. Muddy river-shores, common.

Rudbeckia hirta L. Occasional in grass-land.

Riidbeckia laciniata L. Thickets near river, rather infrequent.

Lepachys pinnata (Vent.) T. & G. In dry soil, not uncommon.
Helianthus annuus L. An occasional escape.

Helianthus niicrocephalus T. & G. In rocky oak woods, scarce.

Helianthus tracheliifalius Mill. In thickets, rare.

Helianthus tuberosus L. An occasional escape.

Actinomeris alternifolia (L. ) DC. Rich soil, common.
Bidens frondosa L. Low ground, common.
Bidens connatu Muhl. Along streams, rather common.

Bidens cernua L. Wet places, common.
Bidens laevis (L.) BSP. River-shores.

(I have never felt that this was correct, because of being so

far out of range. Mr. Deam thinks my plant was B. aristosa

(Michx.) Britt., which occurs on river-banks in many parts of

Ind.)

Bidens bipinnata L. Rich, damp soil; common.

Bidens trichosperma (Michx.) Britt. Frequent on river-banks after

the great flood of 1884, but never found above high-water mark.

Galinsoga parviflora Cav. River-shores, scarce.

Helenium autumnale L. Low ground, common.
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Achillea Millefolium L. A frequent escape.

Antheinis Cotula L. Abundant in barnyards, etc.

Chrysanthemum Leucanthemum L. var. ^piyinatifidum Lecoq & La-

motte. Common in waste places.

Tanacetum vulgare L. var. crispum DC. An occasional escape.

Artemisia biennis Willd. Not uncommon in waste places.

Artemisia annua L. River-banks and waste places, where it was
common before 1881, though not mentioned in the Fifth Edition

of Gray's Manual.

Erechtites hieracifolia (L.) Raf. Common in clearings.

Cacalia suaveolens L. Rich woods, rare.

Cacalia atriplicifolia L. Woods, rather common.
Senecio aureus L. In meadows and thickets, locally common.
Arctium minus Bernh. An abundant and troublesome weed.

Cirsium lanceolatum (L.) Hill. Very common in pastures.

Cirsium discolor (Muhl.) Spreng. Rich soil, not common.
Cichorium Intyhus L. Roadsides, not common.
Krigia amplexicaulis Nutt. Wooded banks, not infrequent.

Taraxacum officinale Weber. Yards and pastures, abundant.
Sonchus oleraceus L. Cultivated ground near dwellings, common.
Sonchus asper (L.) Hill. Roadsides and waste ground, common.
Lactuca interjnfoHa Bigel. In thickets, not uncommon.
Lactuca villosa Jacq. Rich soil, frequent.

Lactuca spicata (Lam.) Hitchc. With the last, and equally common.
Hieracium scabmm Michx. Common in dry woods.
Hieracium Gronovii L. Sandy soil near river, not common.

The following species were collected in the vicinity of Hanover,
Jefferson County, Indiana, during the years 1887-1890, but were never

found in Boone County, owing perhaps to the complete change in geo-

logical horizon, although the two districts are less than sixty miles apart:

Petlaea atropurpurea (L.) Link.

Camptosorus rhizophyllus (L.) Link.

Oakesia sessilifolia (L.) Wats.
Muscari botryoides (L.) Mill.

Trillium recurvatum Beck.

Hypoxis hirsuta (L.) Coville.

Orchis spectabilis L.

Habenaria peramoena Gray.

Corallorhiza odontorhiza Nutt.

Aplectrum hyemale (Muhl.) Torr.

Saururus cernuus L.

Madura pomifera (Raf.) Schneider.
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Anemone quinquefolia L.

Clematis Viorna L.

Magnolia acuminata L.

Sullivantia Sullivantii (T. & G.) Britt.

Hamamelis virginiana L.

Liquidamhay- Styraciflna L.

Spiraea tomentosa L.

Pyrus arbutifolia (L.) L. f.

Amelanchier canadeyisis (L.) Medic.

Waldsteinia fragarioides (Michx.) Tratt.

Rhus canadensis Marsh.

Viola blanda Willd.

Aralia spinosa L.

TJuispium, aureum Nutt.

Tliaspium barbinode (Michx.) Nutl.

Cornus alternifolia L. f.

Obolaria virginica L.

Convolvulus spithamaeus L.

Lamium amplexicaule L.

Salvia lyrata L.

Orobanche iiniflora L.

Houstonia caerulea L.

Triosteum perfoliatum, L.

Triosteum angustifolium L.

Viburnum acerifoliurn L.
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Plants New to Indiana. VIII.

Chas. C. Deam.

Specimens of the species reported ai-e deposited in my herbarium

under the numbers given. The Gramineae were determined at the U. S.

Department of Agriculture; the Carices by K. K. Mackenzie; the Carya

and Crataegus by C. S. Sargent; the Viola and Rubus by Brainerd;

the remainder were checked at Gray herbarium.

Faspaluvi .supinunb Bosc.

Greene County, August 10, 1918. No. 26,090. Near the base of

a wooded beech slope about one and one-half miles west of Stanford.

Monroe County, August 9, 1918. No. 26,068. Growing on a slope

with Hedeoma pulegioides and Vernonia altissima in a pasture field

about three miles northeast of Bloomington. Orange County, Augu.st

14, 1918. No. 26,231. In a clover field between Paoli and Mitchell.

Perry County, September 24, 1918. No. 26,735. Along a little used

wagon road over the crest of a wooded sandstone ridge about eight

miles southeast of Cannelton.

Andropogon Elliottii Chap))ian.

Clark County, October 30, 1918. No. 26,865. On the Forest

Reserve in forest tract No. 16, near the border of the tract which

boi'ders the wooded slope of the "knobs."

Panicum yddkinenae Ashe.

Perry County, .lune 4, 1918. No. 25,101. In Section 22 of Union
Township at the base of a black oak slope, associated with Hydro-

phyllum macrophyllum, Tradescantia virginiana, etc.

Zizania aquatica L.

Lagrange County, August 30, 1914. No. 15,045. In Pigeon River

about two miles east of Ontario. The base of the plant in water.

Steuben County, August 19, 1916. No. 20,913. In shallow water on

the north side of Lime Lake. This is the Zizania aquatica of Lin-

naeus, not of Authors.

Muhlenbergiu glabriflorua Scribn.

Posey County, September 21, 1918. No. 26,645. Low, flat woods
on the south side of Half Moon Pond, which is about ten miles south-

west of Mount Vernon.
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Sporobolus canovirens NasJi.

Elkhart County, September 13, 1918. No. 26,362. On a sandy

knoll along the roadside two and a half miles east of Bristol. Asso-

ciated with Andropogon scoparius, etc.

Agrostis Elliottiana Sclndtes.

Floyd County, May 31, 1917. No. 23,298. In an alfalfa field

along the Ohio River about six miles west of New Albany. Lawrence

County, May 16, 1918. No. 24,808. About a quarter mile east of

Tunnelton in an open woods pasture on an exposed point of the high

bluff of White River. Associated with Sagina decumbens, Rumex
Acetosella, Poa pratensis, etc.

Poa auhimnalis Mulil.

Clark County, May 11, 1913. No. 12,706. On the Forest Reserve

in a wooded ravine just north of forest tract No. 28. Jackson County,

May 15, 1918. No. 24,762. Growing in the shade in a flat woods

about five miles southwest of Seymour. Associated with Fagus,

Liquidamber, Nyssa sylvatica, Quercus Michauxii (Gray's Manual,

7th ed.), etc. Jennings County, May 14, 1918. No. 24,748. In a

flat woods about seven miles south of Vernon. In low ground with

Fagus, Liquidamber, Impatiens biflora, Podophyllum, etc.

Bronms cominutatus Schracl.

Warrick County, June 11, 1918. No. 25,308. Common on the

sandy bank of the Ohio River about one and a half miles east of

Newburg.

Scleria oligantha Michx.

Perry County, June 3, 1918. No. 25,069. Frequent over a small

area on the dry, wooded slope of a spur of the sandstone ridge about

eight miles southeast of Cannelton. Associated with Quercus velu-

tina, Fagus, Fraxinus biltmoreana, Acer saccharum, etc.

Carex horrnathodes var. Richii Fernald.

Harrison County, June 4, 1917. No. 23,417. In a swampy woods

one and a quarter miles east of Palmyra. Associated with Carex

Buxbaumii, Carex lanuginosa, etc.

Carex Shriveri Britt.

Whitley County, June 19, 1917. No. 23,704. Moist, sandy shore

of the north side of New Lake, about ten miles northwest of Columbia

City.

Carya alba subcoriacea, Sarg.

Posey County, September 20, 1911. No. 10,182. A large tree on

the east bank of the Cypress Swamp, about thirteen miles southwest

of Mount Vernon.

10—16568
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Carya Buckleiji arkansana Sarg.

Knox County, August 28, 1915. No. 18,232. In the Knox sand

on the ridge just east of what was formerly a cypress swamp, at

Vollmer, or about two miles north of Decker.

Carya oralis var. obcordata, forma,vestita Sarg.

Knox County, October 5, 1917. No. 24,144. A very large tree in

a low woods bordering Dan's Pond, which is 14.3 miles southwest of

Decker.

Rynchospora corniculata (Lam.) Gray, var. interior Fernald.

Harrison County, October 13, 1916. No. 22,407. In a swampy
woods one and a quarter miles east of Palmyra. Associated with

Carex louisianica, etc.

Polygonum exserhivi Small.

Greene County, October 2, 1917. No. 24,082. In low ground at

the edge of a field where it borders Horseshoe Pond, about three

miles southeast of Lyons. Associated with Chamaesyce Preslii, Eupa-
torium serotinum, Cyperus sp., etc.

Calycocarjnim Lyoni (Piirsh) Nutt.

Posey County, October 13, 1917. No. 24,323. Wooded border of

a slough about twelve miles southwest of Mount Vernon. Also noted

as common on the wooded bank of the east side of the cypress swamp
about thirteen miles southwest of Mount Vernon. Spencer County,

June 8, 1918. No. 25,210. In anthesis at this time. A common vine

in a slough about six miles southwest of Rockport, climbing trees

and shrubs to a height of eight to twelve feet. Noted also in Perry

County about eight miles southeast of Cannelton, but no specimen

was preserved.

Barharea vema (Mill.) Aschers.

.Jefferson County, May 1, 1918. No. 24,582. Frequent along the

road.side and rocky adjoining bluff of the Ohio River about two miles

west of Madison.

Crataegus arduennae Sargent.

Allen County, May 31, 1915. No. 15,834. A large tree on the

south bank of the St. Mary's River just south of Fort Wayne.

Crataegus conjuncta Sargent.

Wells County, May 12, 1915. No. 15,625. On the border of a

pond in a white oak woods on the south side of the lake in Jackson

Township.

Crataegus Dodgei Ashe.

Lagrange County, May 17, 1915. No. 15,662. Roadside, about

one mile northwest of Howe. Wells County, May 12, 1915. No.

15,624. A tree ten feet high and one and a quarter inches in diam-
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eter breast-high on the border of a pond in a white oak woods on

the south side of the lake in Jackson Township.

Ruhiis Baileyanus x Enslenii.

Vanderburg County, May 10, 1917. No. 22,894. In clay soil on

the slope of a roadside cut about one mile west of Darmstadt.

Lathyrus latifolius L.

Lawrence County, August 13, 1918. No. 26,215. In the vicinity

of the site of the former dwelling house and in the deep adjoining-

woods on the Donaldson farm, about three miles southeast of Mitchell.

There has been no dwelling here for at least fifteen years, and the

plant has spread into the orginal forest, where several large colonies

were noted. It is to be noted that Vinca minor has invaded the

original forest here and forms a complete mat over several acres

and is fast spreading in the dense forest.

Viola hirsutula x viissouriensis.

Clark County, May 30, 1917. No. 23,261. On the slopes of a wooded

ridge two miles northwest of Bennettsville. Associated with Quercus

Prinus (Gray's Man., 7th ed.), Quercus velutina, Quercus alba,

Pinus virginiana, Houstonia caerulea, etc. Prefers to grow in hard

clay in exposed places.

Viola missouriensis Greene.

Clark County, May 30, 1917. No. 23,261. On a wooded slope two

miles northwest of Bennettsville, associated with the preceding.

Daviess County, May 3, 1917. No. 22,667. In a low, flat woods one

mile west of Plainville. Also along the roadside six miles southeast

of Elnora. Gibson County, May 6, 1917. No. 22,809. In a low, flat

woods three miles northwest of Patoka. Greene County, May 2,

1917. No. 22,654. In alluvial soil along a creek four miles north-

west of Bloomfield. Knox County, May 6, 1917. No. 22,741. In a

low woods on the border of Claypole Pond about eleven miles south-

west of Decker. Associated on the border of Claypole Pond with

Quercus palustris, Ulmus americana, Liquidamber, Phlox divaricata,

etc. Owen County, May 1, 1917. No. 22,622. Alluvial bank of Eel

River on the road between Coal City and Worthington. Vigo County,

May 12, 1917. No. 22,934. Alluvial soil along the bank of Wabash

River, three miles west of Prairieton.

Viola missouriensis x sororia.

Knox County, May 3, 1917. No. 22,681. In a sandy black and

white oak woods two miles east of Bicknell. Also taken in a sandy

black and white oak woods four miles southeast of Vincennes. Sul-

livan County, May 11, 1917. No. 22,913. In a wooded creek bottom

two miles west of Sullivan. Tippecanoe County, May 16, 1917. No.
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23,061. Frequent on the white oak slope of the Wabash River terrace

just north of the Soldiers' Home. Vanderburg County, May 10, 1917.

No. 22,895. In a black and white oak woods one mile west of Darm-
stadt.

Viola missouriensis x triloba.

Daviess County, May 3, 1917. No. 22,679. Low woods one mile

west of Plainville. Abundant here and associated with Ulmus ameri-

cana, Betula nigra, Quercus bicolor. Phlox divaricata, Claytonia vir-

ginica, Cardamine bulbosa, etc. Greene County, May 2, 1917. No.

22,640. Associated with oak at the top of a beech slope about ten

miles southeast of Bloomfield. Also in a sandy woods one mile north

of Newberry. Associated with Fagus, Sassafras, Quercus alba,

Quercus velutina. Podophyllum, Polygonatum biflorum, etc. Knox
County, May 6, 1917. No. 22,733. In a low woods bordering Claypole

Pond, about eleven miles southwest of Decker. Lawrence County,

•June 8, 1917. No. 23,-5.56. In an old fallow field about three miles

southeast of Mitchell. As.sociated with Rubus Enslenii, Panicum
commutatum. Sassafras, etc.

Viola riarum Pollard.

Knox County, May 6, 1917. No. 22,719. In moist, sandy soil

along the railroad, about four miles south of Vincennes. Closely

associated with Viola affinis and Viola sororia.

Decodon verticillatuH laeviffatiis T. & G.

Jackson County, August 16, 1913. No. 14,025. In a bog about

a half mile south of Chestnut Ridge. Lagrange County, August 29,

1914. No. 14,979. On the west shore of Twin Lakes. Lake County,

August 23, 1915. On the east shore of Cedar Lake. Owen County,

September 22, 1917. No. 23,874. On the shoie of Stogdill Pond,

about four miles southeast of Spencei'.

Oenothera triloba Niitt.

.Jefferson County, May 1, 1918. No. 24,580. Common on a

washed, sterile, sparsely wooded slope of the bluff of the Ohio River

just east of Madison. Associated with Opuntia Rafinesque, Plantago

viiginica, etc. A specimen of this species was sent me from Wash-
ington County in .June, 1917, from near Salem, by W. H. Rudder.

Oenothera triloba parviflora Wats, was reported in Coulter's Cata-

logue for Blatchley from Monroe County, but Blatchley's original

manuscript of the flora of Monroe County does not give this species,

but doe? give Oenothera biennis parviflora. In Coulter's Catalogue

the species was reported under a revised nomenclature, and it is

believed an error was made in transferring it. Therefore it is here

proposed to drop from our flora Oenothera triloba var. parviflora,

which is as yet known only from the area west of the Mississippi.
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Oxydendriim arhoreum (L) DC.
Perry County, June 3, 1918. No. 25,071. A few trees on the

lower slope of a beech-sugar maple spur of the sandstone wooded
ridge about eight miles southeast of Cannelton. The largest tree

was about six inches in diameter breast-high and about forty feet

high. This species was closely associated with Fagus, Cornus florida,

Nyssa sylvatica, etc.

Styrax americana Lam,.

Posey County, .June 15, 1918. No. 25,420. Frequent in a swampy
place in a flat woods about ten miles southwest of Mount Vernon.

A shrub four to six feet high. Associated with Cephalanthus occi-

dentalis and the next.

Trachelospermuin difforme (Walt.) A. Gray.

Posey County, June 15, 1918. No. 25,442. A vine climbing a

button-bush to a height of six feet, in a swampy place in a low, flat

woods about ten miles southwest of Mount Vernon. Closely asso-

ciated with the last. This plant was detected by the fragrance of

its flowers, which could easily be smelled for a rod distant.

Myosotis micrantha Pallas.

Parke County, May 24, 1918. No. 25,037. A common weed about

the Administration Building in Turkey Run State Park.

Hedeoma hispida Pursh.

Putnam County, June 24, 1915. No. 1,094. Collected by Earl J.

Grimes in a barren pasture field four miles east of Russellville.

Uncommon.

Linaria minor (L.) Desf.

Vigo County, July 5, 1918. No. 25,791. Frequent in ballast along

the Vandalia Railroad at the Haeckland switch, about four miles

southeast of Atherton.

Veronica Tommifortii Gmelin.

Wells County, July 16, 1917. No. 23,761. Common in the lawn

of Geo. T. Kocher on South Main street, Bluffton. Also common in

a lawn on East Cherry street, Bluffton. This weed was kept under

observation in 1918, and it appears that the lawn mower does not

stop its progress, and it should be regarded as an aggressive weed.

Utricidaria cleistogama (Gray) Britt.

This record was founded on a sheet in the Schneck herbarium

which is now in my herbarium. I had the specimen examined by

Dr. J. H. Barnhart, a .specialist on this genus, and he says it is

Utricularia gibba; that it is small and depauperate because it devel-

oped late in the season. It is here proposed to drop this species from

our flora.
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Lonicera japonica Tlninb.

Clark County, September 7, 1915. No. 18,770. Roadside half a

mile south of Charleston. In this county, near Sellersburg, this

species was noted where it had invaded a clearing and had formed
a complete mat over an acre. It climbed all of the shrubs of the

area and was bending them down. This vine is already recognized

in several counties as a great pest. Floyd County, June 8, 1913.

No. 13,216. Common along the roadside about three miles west of

New Albany. Jefferson County, May 28, 1911. Frequent on the

rocky bluffs of the Ohio River between Madison and North Madison.

Perry County, May 19, 1918. No. 24,910. Sandy roadside two and
a half miles north of Tobinsport. A veritable pest here. Posey
County, July 5, 1915. No. 16,852. Roadside one mile northeast of

Poseyville.

Aster macrophyllus var. ianthinus (Burgess) Fernald.

Clark County, September 12, 1917. No. 23,794. On a white oak

ridge on the Forest Reserve.

EupatoHxim incarnatiim Walt.

Perry County, September 24, 1918. No. 26,732. Along a woods
road over the crest of the wooded sandstone ridge about eight miles

.southeast of Cannelton. Noted also near a spring at the base of the

bluffs of the Ohio River about six miles east of Cannelton.

Taraxicum erythrospermuia Anderz.

I thought this species had been reported many years ago, but I

find no mention of it. It no doubt is found in lawns and fields in

all parts of the State. I have specimens from the following counties:

Grant County, May 23, 1916. No. 19,804. Roadside nine miles east

of Marion. Huntington County, May 24, 1916. No. 19,774. Common
in an open woods pasture two miles south of Mount Etna. Jasper
County, May 8, 1916. No. 19,419. Abundant along the Pennsylvania

Railroad about two miles east of Goodland. Newton County, May 8,

1916. No. 19,397. Frequent in a blue-grass pasture about one and
a half miles east of Brook. Noble County, May 12, 1916. No. 19,624.

Moist, sandy shore of the east side of Diamond Lake. Porter County,
May 10, 1916. No. 19,496. In sandy soil along roadside two and a

half miles south of Valparaiso. Randolph County, May 16, 1916.

No. 19,630. Abundant in beech woods pasture five miles north of

Winchester. St. Joseph County, May 10, 1916. No. 19,548. Along
roadside eight miles west of South Bend. Wells County, May 23,

1916. No. 19,814. In an open woods about three miles south of

Mount Zion. Noted also in many places in the county and very
common in lawns. In many places it is more common than the other

species of dandelion, especially in sandy soil.



Analyses of One Hundred Soils in Allen County,
Indiana.

R. H. Carr and V. R. Phares, Purdue University.

The soils of Indiana present about as varied types and are as differ-

ent in fertility as any that can be found. They include such famous
areas as the sand dunes about Valparaiso, the peppermint fields of

Mishawaka, and the limestone country about Bedford. There is quite a

difference in soils not only between neighboring counties but even be-

tween adjacent farms, differences which the casual observer seldom

notices, because to him all soils look alike and are "just dirt."

Calling the "Soil Doctor."

Soils are usually studied only after a series of failures of wheat,

clover, etc., and the question naturally arises, "Why can I not grow
crops like father used to?" It is at this stage of the soil's depletion

that the "soil doctor" is called often to prescribe for the sick soil. The
ability of the doctor to diagnose the case through analysis has been

overestimated somewhat in the popular mind. Nevertheless it usually

gives the best answer as to why the wheat or clover failed to do well.

Of all the soils investigated in this county by the writers, it was found

that, where the physical conditions permitted, the crop yield was closely

related to the amount of organic matter and plant food present, as shown
in the graphs which follow.

Value of Soil Analysis.

One reason for the questioning by many scientific men the value of

analysis as a means of measuring fertility, is the varying results in

pot and field work and the inability to correlate or interpret the results

with the known composition of the soil. The conflicting results are

often due to artificial surrounding conditions or to the use of seed of

variable vitality, etc. Hence it was the purpo.se of this investigation to

visit the growing plant, especially corn, in its natural home and there

seek the reason of its good growth or the cause of its failure.

Plan of Investigation.

All the soils studied were secured in Allen County. They are of

glacial origin, 70 ^r belonging to the Miami series and 18.5 7r to the

(151)
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Clyde series. The samples, 100 in all, were taken from all parts of the

county and from the various soil types. Many conditions were noted

when the samples were taken (September, 1917), as the condition of

the crops, prevalent weeds, trees, etc. Information as to the use of

lime fertilizer, crop yield, was obtained from the man in charge of the

farm. The following data was obtained by analysis: First, amount
of volatile organic matter; second, per cent of phosphorus; third, per

cent of nitrogen; fourth, presence of carbonates and acidity of the soil

to litmus paper. The data from these soils is recorded in the tables

which follow:

Discussion of Tables.

O It will be noticed from the tables that there are many soils of this

county quite high in organic matter, only 11% being below 4%, while

45% range from 4 to 7%; 37% range from 7 to 15%, and 6% are above

that amount. It might be expected that this high organic content would

carry a considerable amount of nitrogen, and this was found to be the

case. Every per cent of increase in organic matter carried with it an

increase of 519 pounds of nitrogen and 72 pounds of phosphorus per

acre. This is much less phosphorus than is to be expected in these

soils, and in most cases they would respond profitably to an application

of that fertilizer. It is shown in Charts 1 and 2 that nitrogen has more
to do with high corn yield than phosphorus. There is a serious lack of

calcium carbonates in over half of the soils tested; 55% are acid to

litmus. This condition makes a good clover stand nearly impossible

and is the main cause of "clover sickness" frequently reported.

TABLE I.

Organic. Matter to 4%- Nitrogen and Phosphorus Content.

Sample
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TABLE II.

Organic Matter 4 to 5%. Nitrogen and Phosphorus Content of This Group.

Sample
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TABLE IV.

Organic Matter 6 to 7%. Nitrogen and Phosphorus Content of Group.

Sample
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TABLE VI.

Organic Matter 9 to 11%. Nitrogen and Phosphorus Content.

Sample
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Plafe I

Re.laiian Of M'ifrogen io Crop
Yield
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Picife JI

Relaf/on of Phoiohorui to Crop
Yield
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The Relation of Nitrogen, Phosphorus and Organic
Matter to Corn Yield in Elkhart County, Indiana.

R. H. Carr and Leroy Hoffman, Purdue University.

The fertility of the soil is so closely related to the progress of a
community that any considerable increase in the productiveness of the

soil from any cause is reflected in greater community prosperity. It is

therefore important to study the soil and its needs.

Invoice of the Soil.

Just as an invoice of the stock of goods in a store aids the merchant
in estimating his resources, so an invoice of the plant food in the soil

enables the farmer to get a rating of his possible crop yield and enables
him to plan intelligently for future soil improvement. A supply of plant
food does not necessarily insure a good crop yield, as there are present
sometimes counteracting conditions. Examples of such are found in

Samples 1, 10 and .51. But these are usually evident, and the data to

be presented shows that crops are generally pioduced where there is

present sufficient plant food.

Release of the Soil's Food Supply.

The soil is composed of small fragments of rock particles miked with
more or less organic matter in various stages of decay. Only a small

part of the plant food in the rock particles is available at any time.

It is thought that the food elements contained in these rock paiticles

alone, are not liberated fast enough from year to year to produce a
paying crop. This is not so, however, with that stored in organic mat-
ter, especially the fresh organic matter, which not only releases its plant
food rather rapidly, through bacterial action, but also aids materially
in freeing that tied up in the rock particles of the soil. In view of this

important part played by soil organic matter, it was thought best to

classify all soils collected according to the amount of organic matter
they contained.

Plan of Invoicing.

The samples of soil (total 57) from eleven soil types were collected

late in September, 1917, in order to estimate more accurately the pos-
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sible corn yield of that year. Much data was obtained relative to fer-

tilizer treatment, kinds of weeds prevalent, the use of limestone, and

especially the approximate crop yield as estimated by the man in charge

of the farm. The following determinations were made on soil samples:

First, total organic matter; second, total nitrogen; third, total phos-

phorus; fourth, presence of carbonates and acidity to litmus paper. The

tables which follow will give a partial composition in per cent and

pounds per acre (6.66 ins. 2,000,000 lbs.), together with the yield of

corn per acre where the samples were secured

:

TABLE I.

Content of Nitrogen, Phosphorus and Acre Yield. to S% Organic Matter.

Sample
No.
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I

I

Reproduction of Soil Map made tjy U. S. Bureau of Soils of Elkhart County, showing urean of different type anc

places where samples were taken.
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TABLE III.

Content of Nitrogen, Phosphorus and Acre Yield. 4 to 5% Organic Matter.

Sample
No.
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TABLE V.

Content of Nitrogen, Phosphorus and Acre Yield. 6 to 8% Organic Matter.

Sample
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TABLE VIII.

Content of Nitrogen, Phosphorus and Acre Yield. 15 to 85% Organic Matter.

Sample Bushels of
^Sl^^^fc'

No. 0™..s Organic
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Flame Reactions of Thallium.

Jacob Papish, Purdue University.

The terms spectra of the first and of the second order were given by

Pliiker and Hittorf^ to what are known now as band and as line spectra.

Mitscherlich- proved that the channeling of the band spectrum is due to

the existence of a compound of a metal in the flame, while the line spec-

trum is produced by the elementary metal. When halogen compounds

of barium are introduced in the Bunsen flame they produce their own
fugitive .spectra, but on dis.sociation in the flame they all exhibit the

band spectrum of barium oxide and al.so the x-line (=5535.69) of the

metal. Mitscherlich's work points to the fact that the final spectrum

produced by a halogen salt of barium is the result of a chemical change

that had been undergone by the salt in question.

The well-known luminescence of a flame charged with compounds of

sodium is undoubtedly due to the existence of metallic sodium in the

flame. Mendeleeff"' arrived at this conclusion fiom the following experi-

ments: If hydrochloric acid gas be introduced into a flame colored by

.sodium it is observed that the sodium spectrum disappears, owing to the

fact that metallic sodium cannot remain in the flame in the presence of

an excess of hydrochloric acid. The same thing takes place on the

addition of ammonium chloride, which in the heat of the flame gives

hydrochloric acid. If a porcelain tube containing sodium chloride (or

sodium hydroxide or carbonate), and closed at both ends by glass plates,

be so powerfully heated that the sodium compound volatilizes, then the

sodium spectrum is not observable; but if the salt be replaced by sodium,

then both the bright line and the absorption spectra are obtained, ac-

cording to whether the light emitted by the incandescent vapor be

observed, or that which passes through the tube. Thus the above spec-

trum is not given by sodium chloride or other sodium compound, but is

proper to the metal sodium itself. If every salt of sodium, lithium and
potassium gives one and the same spectrum, this must be a.sciibed to

the presence in the flame of the free metals liberated by the decompo-
sition of their salts.

Reference has been made from time to time to the fact that free

1 Phil. Trans. 188.5, 155.

= PoKB. Ann. 116. 419 (1862) ; 121, 459 (1863).

"'•Principles of Chemistry", 1, 563 (1891).
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carbon is found in the ordinary luminous flames' and that the lumi-

nescence is due to this carbon. Heumann" pointed out that when a feebly

luminous hydrocarbon flame be charged with chlorine or with bromine,

the luminosity of the flame is greatly increased. The chemical activity

of chlorine and of bromine brings about the separation of carbon, which,

on incandescence, increases the luminosity of the flame.

While investigating the structure of luminous flames, Smithells^

proved that free carbon is found in the luminous portion of a hydro-

carbon flame. His conclusion, which is in agreement with the view of

Kersten,' is that the separation of carbon in a flame is due simply to the

decomposition of the hydrocarbon by heat. He also asserts that the

glow of carbon in the luminous region is due to the heat of its own

combustion, and is increased probably by the concomitant combustion of

hydrogen. Smithells'' also succeeded in precipitating copper from a

flame charged with cupric chloride.

Hodgkinson'' obtained a deposit of sulphur from a moderate-sized

sulphur flame.

Bancroft and Weiser,' who experimented with a number of metallic

salts, proved that these salts dissociate at the temperature of the Bunsen

flame, of the hydrogen-air flame and of the oxyhydrogen flame, the

metals being set free.

Papish' investigated the behavior of compounds of selenium and of

tellurium in the Bunsen flame and in the hydrogen-air flame. Elemen-

tary selenium and tellurium can be easily obtained by depressing the

flames with a cold object.

In all cases mentioned above the luminescense can be traced back to

the existence of an elementary substance in the flame. In some cases

a particular luminescence is due to the existence or formation of a

certain compound in a given zone of the flame. The work described in

this paper was undertaken with the purpose of throwing more light on

the nature of flame reactions in general and of the reactions of thallium

in particular.

Thallous Chloride in the Bunsen Flame.—"Chemically pure" thallous

chloride was distilled and redistilled in a hard glass tube. The final

iHilgard: Liebig's Ann. 92, 129 (1854); Liebig's Jahresb. 1854, 287; Landlot

:

Pogg. Ann. 99, 389 (1856).

= Chem. Centrb. 1. 1876, 801.

3 Jour. Chcm. Soc. 51, 223 (1892).

•J. prak. Chem. 84, 290 (1861).

= Phil. Mag. (5) 39, 127 (1895).

« Chem. News 61, 96 (1890).

'Jour. Phys. Chem. 18, 259 (1914).

sibid. 22, 430 (1918) ; Ibid. p. 640.
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product, which consisted of fine crystals, fused to a clear liquid on heat-

ing and sublimed without leaving any residue. On examination by

means of the specti'oscope it was found to give the thallium line and

very faint sodium lines. This salt was introduced in a hard glass tube,

one end of which was drawn to a capillary and inserted in a small hole

bored in the stem of a Bunsen burner. The other end of the tube was
connected with the air blast. A very slow current of air was turned

on, the burner was lighted, and the thallous chloride in the hard glass

tube was heated to volatilization. The vapors of this salt on entering

the flame imparted to it the characteristic thallium green color. On
depressing the flame with a cold object, such as an evaporating dish,

a metallic mirror of a brownish appearance was obtained. That this

mirror was due to the deposition of thallium was proved by moistening

it with a drop of hydrochloric acid and impinging a Bunsen flame on it;

the characteristic green color flashed up.

Thallous Chloride in the Hydrogen-Air Flame.—Resublimed thallous

chloride was placed in a hard glass tube provided with a platinum tip.

Hydrogen, generated from zinc and sulphuric

acid and washed through a solution of silver

nitrate, was passed through the tube and

ignited above the platinum tip. The thallous

chloi-ide was now heated with a flattened

Bunsen flame. The flame of the burning hydro-

gen, on becoming charged with the vapors of the

thallium salt, was seen to consist of a long, slen-

der inner cone, deep green in color, surrounded

by a film which was almost colorless. The middle

cone, which constituted the main part of the

flame, was green for about two-thirds of its

length, its lower third being blue. The outer

cone, which formed the tip of the flame, was of

an intense green color. The terms inner, middle

and outer cones are used for the purpose of sim-

plifying the description of the flame. Reference

to the accompanying diagram will show that in

practice the flame consists of five diff^erent zones,

each zone having its own characteristic lumi-

nescence. On depressing the inner zone {a) with

Diagram of tiic Hydrogen- a cold objcct a lustrous dark metallic mirror of

"^'TSouJci^loHde'**' '^ brownish tinge was obtained. But no deposit

a, deep green; b. almost col- of thallium was obtained when the part of the

e'^dee )'''rcen*^'

'^'"^' *'' ^"^**"' 'Aame above the inner zone was depressed.
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Conclusions.

Thallous chloride, when introduced in the Bunsen flame, dissociates,

yielding- the metal. This metal can be condensed on a cold object in

the form of a brownish mirror. The characteristic luminescence of the

flame is to be traced to the existence of the free metal in it.

When the hydrogen-air flame is charged with the vapor of thallous

chloride, five different zones, each distinguishable by a dift'erent lumi-

nescence, can be observed. A lustrous metallic mirror of a brownish

tinge can be obtained on a cold object by depressing the inner cone of

the flame. The luminescence here again is to be traced to the element

thallium. No deposit of thallium is obtained when the cold object is

introduced in the outer zone; the luminescence in this region is undoubt-

edly due to the formation of an oxide or oxides of thallium.
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Sulphur Dioxide as a Source of Volcanic Sulphur.

Jacob Papish, Purdue University.

The reaction expressed by the equation HiS + SO-' = H-0 + 2S was

investigated by CluzeP as far back as 1812. This reaction was accepted

by geologists and chemists' as being back of the origin of volcanic sul-

phur: hydrogen sulphide and sulphur dioxide gases, escaping from vents

and fumaroles, come in contact and bring about the formation of sul-

phur. Brun^ opposes this theory of the origin of sulfatara sulphur, and

he, in turn, is opposed by others. The reader is referred to the literature

on geochemistry for details.^

In case of sulphur deposition, where hydrogen sulphide is detected

as a volcanic exhalation, it is supposed that the sulphur is formed as a

result of the partial oxidation of the hydrogen sulphide.'

While investigating the flame reactions of the sulphur group of

elements, I noticed that when a mixture of sulphur dioxide and illu-

minating gas is heated in a glass tube, an opalescence is produced

due to the precipitation of sulphur. Illuminating gas is a mixture

of different reducing gases, and, on the whole, the reaction resembles

the one described by Berthelot,' which is expressed by the equation

SO^ + 2C0 = 2C0- -^ S. Since volcanic exhalations contain carbon

monoxide, as well as methane and hydrogen, then why not suppose that

volcanic sulphur is formed from sulphur dioxide through a reaction of

reduction, say, with carbon monoxide? The sulphur thus formed will

have to cool and condense before it comes in contact with oxygen, other-

wise it will burn back to sulphur dioxide. Some means of sudden cool-

ing is especially favorable for its formation instantly upon reduction

from sulphur dioxide. Such a means is to be found in the case of the

sulphur recovered from Lake Ponto, which is a crater lake in the .south-

western part of Kunashiri Island, Japan.' The water of this lake is

strongly acid' and has a temperature of 40° C. Around the margins

» Ann. Chim. Phys. 84, 162 (1812): Jour. Phys. Chem. 15. 1 (HMl).
- Ries' "Economic GeoloMry", 4th cd., p. 293 ; Roscoe and Schorlemmer's "Treatise

on Chemistry" 1, :}6.5 (I'JO.'i) ; Erdmann's "Lehrb. anorg. Chemie", 2nd ed., p. 235 (1900).

'Chem. Zeit. 15, 127 (1909).

' Clarke's "Data on Geochemistry". .3rd cd., pj). 270 and 575.

•'Habermann: Zeit. f. anor^. Chem. 38, 101 (1901).
" Compt. rend. 96, 298 (1883).
' Y. Oinouye: Jour, of Geology 24, 806 (1916).
'• Profes.sor Oinouye, in a private conunur.ication dated Ai)ril 29, 1918, informs me

that the water smells of sulphur dioxide
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through innumerable small fissures sulphur is deposited, and the country

rock is strongly impregnated with it. The amount of gas emitted is

ordinarily not very great, but is increased enormously when the at-

mospheric pressure is low. During periods of crater activity, paroxys-

mal eruptions of gas and water are noticed near the center of the lake

at intervals of from one to three houi-s, and whenever the bubbling

begins, v/orkmen ]ow to the spot. By means of a pulley attached to a

framework resting upon two boats, the men lower an iron bucket in the

center of the bubbling area to the bottom of the lake. When the bucket

is withdrawn it is practically filled with sulphur grains. In this man-
ner, while the crater is active, a hundred buckets of sulphur are easily

brought up in a day. This sulphur is for the most part dark grey in

color and consists of oolitic grains.

The process of sulphur deposition just described is not to be taken

as typical, and Oinouye himself remarks^ that the production of sulphur

in crater lakes is very unusual even in sulfatara sulphur fields. But
this particular process illustrates strikingly the possibility of sulphur

coming from sulphur dioxide. The fact that the water of Lake Ponto

is charged with sulphur dioxide bears unmistakable evidence of the

existence of this gas as a volcanic exhalation. Its reduction to elemen-

tary sulphur can be assumed to take place through its interaction with

carbon monoxide, which is very commonly found in volcanic exhalations

together with other reducing gases. The freshly formed sulphur cools

suddenly on coming in contact with the water in the lake and condenses

in the form of oolitic grains.

The theory set forth in this paper is not meant to displace other

accepted theories on the origin of sulphur, but rather to supplement

them. No one theory can explain the origin of the different deposits of

sulphur; each deposit has to be dealt with separately, and it is hoped

that some cases of sulphur deposition can be explained on the basis of

this theory.

The study of the origin of sulphur was undertaken at the suggestion

of Dr. W. N. Logan of Indiana University, to whom my sincerest thanks

are due.

Since this note has been written an article by J. B. Ferguson

appeared on "The Equilibrium Between Carbon Monoxide, Carbon Di-

oxide, Sulphur Dioxide and Free Sulphur." Mr. Fergxison states that

he undertook his work with the purpose to shed some light on the role

of sulphur gases in volcanic activity.

^ Loc. cit.

= Jour. Amer. Chem. Soc. 40, 1626 (1918).
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The Occurrence of Coal in Monroe County.

W. N. Logan, Indiana University.

(A Preliminary Report.)

The occurrence of coal in small outcrops has been known for three

quarters of a century among a few inhabitants of the southwest part

of the county. No reference to the occurrence of coal is mentioned in

any of the geological reports, except that T. F. Jackson, in discussing

the Pennsylvanian of the Bloomington quadrangle, says: "Carbonaceous

layers varying in thickness from a thin streak to a few inches in thick-

ness are found here and there in the sandstone shale part of the for-

mation. None of these layers appear to have a very wide horizontal

distribution." ' In this report Jackson does not definitely locate any of

these occurrences within Monroe County, though he may have intended

to include such area. About twenty-five years ago Mr. Frank Coleman,

living in Indian Creek Township, opened a coal prospect in the south-

east quarter of Section 4. He first opened a drift and took out several

tons of coal, which he sold to local blacksmiths. When the roof of the

drift caved in during a rainy season, he went back about thirty feet

from the mouth of the entry and put down a shaft, entered the coal

vein and took out twenty-six bushels of coal from a hole about four feet

square. Before he could get the .shaft lined the upper part of it caved

in and he abandoned the mining project. Coal was also found in the

bottom of a well in the southeast quarter of Section 3 on the David
Koontz farm.

In the late fall of 1917 Hall and Timberlake of Bloomington leased

the Coleman farm and began prospecting for coal. They first opened
up near the old drift and exposed a layer of coal about fourteen inches

thick, a clay parting of the thickness of one foot, and a lower layer of

coal sixteen inches thick.

As the entry was driven back under the hill the clay diminished in

thickness and the coal increased in thickness to that extent. They also

opened up the old shaft and found a thickness of twenty-six inches of

good hard coal. They then drilled a well with a core drill midway
between the occurrence on the Coleman place and the one on the Koontz
place, and the well record which they kept shows six feet of coal at

this point. On the David Koontz place they then sank a shaft to a

See Thirty-ninth Anmiql Heport, Geological .Survey of Indiana, 1914, p. 227.
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depth of seventeen feet and struck a vein of coal having a thickness of

about two feet. In an entry running in the direction of the well above

mentioned the coal shows evidence of thickening. The coal at this point

underlies seventeen feet of grayish colored sandstone. Underlying the

coal is a layer of fire clay.

The deep well above mentioned was drilled at an elevation of about

970 feet above sea level. The strata pierced are as follows:

Feet.

Soil (top) 6

Ironstone 7

White shale 5

Ironstone 5%
Blue sandstone ' 34

Coal 6

Blue shale containing pyrite 22^/^

Blue sandstone 17

Ironstone and ore 27%
Limestone 3

Total 133

Composition of Monroe County Coal.

A sample of the coal taken from the reopened shaft on the Coleman
farm was analyzed by Mr. H. M. Burlage of the Chemical Department
of Indiana University. The sample was obtained by taking a bushel of

the mine-run coal, crushing and quartering down to about one pound of

crushed coal, which was turned over to the analyst. The results ob-

tained from the analysis are recorded below:

Analysis of Monroe County Coal.

Per cent.

Volatile matter 42 . 74

Fixed carbon 52 . 96

Ash 4.3

Sulphur 2.76

B. T. U 14,599.70

Comparing this analysis with the analyses of 115 samples of Indiana

coals, this sample showed the highest amount of fixed carbon; only three

samples run higher in volatile matter; only six are lower in ash; and

it is the highest in recorded B. T. U.
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The analysis of another sample taken from the same locality was
made by Thomas J. Dee & Co., Chicago, 111. The results recorded are

as follows:

Per cent.

Hydro carbon 44 . 90

Fixed carbon 4.3 . 20

Ash 3 . 00

Moisture - 8 . 90

Sulphur 1 . 56

Coal is now being mined by Hall and Timberlake from the shaft on

the David Koontz place. The coal is being used locally for domestic

purposes and for blacksmithing.



Note on Occurrence of Indianaite in Monroe County,
Indiana.

W. N. Logan, Indiana University.

During field work in 1917 the writer's attention was attracted to an
outcrop of reddish colored clay containing fragments of a white clay

near the public road in Section 3 of Indian Creek Township. A later

examination of the white clay showed it to be Indianaite, a variety of

halloysite.

In the spring of 1918, Mr. Dick Hall located a number of outcrops

of the same kind of clay in the township. One of these outcrops is on

the public road near the John Koontz place in Section 10. The section

exposed consists at the bottom of a shale containing sandy layers near

the upper part, overlying this is a layer of mahogany-colored clay of a

thickness of thirty inches, containing fragments of Indianaite, and above

is a five-foot layer of sandstone. The Indianaite occurs under and in

most cases immediately in contact with the sandstone. Where the sand-

stone is compact and unfissured the Indianaite is more abundant. The
thickness of the mahogany clay is variable, pinching and swelling. In

some places it may have a thickness of four feet and pinch down to

less than half that amount in less than ten feet.

At one point in Section 28 of Van Buren Township, in a sandstone

layer, there is a thin layer made up of the fragments of Indianaite.

This occurrence shows that the Indianaite had been formed, eroded and

redeposited. Below the sandstone there occurs a layer of mahogany
clay which contains small fragments of Indianaite. The mahogany clay

rests on a thin bed of sandstone, which in turn rests on a bed of greenish

colored shales. In the shale there are irregular, lens-like masses of

limestone. Where exposed at the surface these limestone masses are

surrounded with mahogany clay in which fi-agments of the white Indi-

anaite were found.

Distribution.—In Van Buren Township, Indianaite has been found in

Sections 27, 28, 33 and 34. The outcrops occur on the slopes of a ridge

which rises about 900 feet above sea level and forms a part of the

divide between Clear Creek on the east and Indian Creek on the south-

west. On the road which connects West pike with the Rockport pike,

passing through the center of Section 28 and intersecting the above-

mentioned ridge, there are a number of outcrops of Indianaite. On the

northern slope of the ridge, at the point where the road crosses it, there

12—16568 (177)
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Fig. 1. Outcrop of mahogany clay with white l<aolin at top. .Saridsfonc above and shale below.

Coal blossom just below note book and below mahr,gany.
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is an outcrop of mahogany clay which contains, a considerable quantity

of Indianaite. Underlying the clay and separating it from a bed of

shale is a thin layer of sandstone. A bed of sandstone having a thick-

ness of twenty-five feet overlies the clay. The clay has a thickness of

four feet at the outcrop, but pinches down to about half that in a dis-

tance of six feet. The Indianaite occurs in hard, irregular fragments

and also as white plastic streaks in the red-colored clay. On the same

slope, below this outcrop, there are some greenish gray shales containing

irregular masses of limestone surrounded by mahogany clay. This clay

also contains some fragments of the white Indianaite.

On the same ridge, farther east on the north side, there is an outcrop

of Indianaite six feet thick on the side of a sinkhole. On the south side

of this ridge, in the southeast quarter of Section 28, Indianaite occurs

under the sandstone, capping the top of the ridge, at about the same

elevation as that on the north side. West of the road above mentioned,

in Section 33, there is an outcrop of mahogany clay containing consider-

able Indianaite. The clay occurs between, layers of sandstone of very

fine grain. The ovei'lying sandstone has a thickness of about thirty

feet. The mahogany layer is irregular in thickness, pinching and swell-

ing. Similar outcrops have been found in Section 27, on the southwest

side of the ridge, and in Section 34, on the east side.

Indian Creek Township.—Indications of the presence of Indianaite

have been found at several places along the ridge which forms the

divide between Indian Creek and Clear Creek in this township. In

Section 3 outcrops occur in the west half of the section. In Section 10

outcrops of mahogany clay occur at several points, also in Sections 9

and 17. In the northwest corner of Section 10, near the public road,

there is an outcrop of a layer of mahogany clay having a thickness of

about thirty inches in places, but thinning down to about half that in

other places. White Indianaite occurs in the clay in small, irregular

fragments, which ai-e most abundant under the compact and unfrac-

tured portions of the roof of sandstone. The underlying rock is shale,

which passes into very sandy shale and len.ses of sandstone just below

the mahogany clay. The geological section exposed at this point is

as follows:
Feet.

No. 8. (Top.) Shale 5

No. 7. Sandstone in thin beds 5

No. 6. Shale, sandy 6

No. 5. Sandstone 5

No. 4. Shale 20

No. 3. Sandstone, thick layers 10

No. 2. Mahogany clay and Indianaite 2V2

No. 1. (Bottom.) Shale, sandy toward top 12
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This mahogany clay lies near the unconformity in the Mississippian

system of rocks. The shales above and below the mahogany belongs to

the Mississippian.

State of Develojrment.—Small pits have been dug at several places

on the outcrop of the mahogany clay, but no serious attempt at develop-

ment has been made. In order to determine whether the Indianaite

occurs in sufficient quantities to warrant commercial development will

require the drilling of wells along the sandstone ridge at some distance

from the outcrop. Near the outcrop the clay is nearly always stained

with oxides of iron.

The number and thickness of the outcrops offer promise of workable
beds of the white clay. A tunnel has been driven at one point to a

distance of 130 feet. Six feet of fairly white kaolin was found in this

tunnel, and the indications are that a marketable quantity exists.



Notes on the Palaeontology of Certain Chester
Formations in Southern Indiana.

Allen D. Hole, Earlham College.

In the course of an examination of the Chester formations of southern

Indiana in the summer of 1918, especial care was taken at a few points

to secure a representative collection of the fossils present. The study

of the collections made at that time has not yet been completed, but

enough has been done to make clear certain interesting relations between

the formations exposed in Indiana and those which have been examined

in southern and southwestern Illinois, and for this reason it has seemed

worth while to record the results apparent in the work thus far.

The localities from which the largest number of species were col-

lected are all in Orange County, and the horizons yielding the greatest

abundance of well-preserved specimens were of limestone, three in

number.

Renault Limestone.

The lowest of the three limestones referred to yielded the following

forms

:

Talarocrinus, somewhat abundant, one or two species.

Pentremites, somewhat abundant, including some very small forms.

Cup coral (Zaphrentis?).

Bryozoans (Archimedes rarely present).

Cliothyridina sublamellosa (Hall).

Composita sulcata, Weller.

Composita trinuclea (Hall).

Diaphragmus elegans (Norwood and Pratten).

Eumetria vera (Hall).

Girtyella (cf.) indianensis (Girty).

Orthothetes kaskaskiensis (McChesney).

Productus ovatus. Hall.

Productus parvus, Meek and Worthen.

Spirifer, sp. (near breckenridgensis, Weller).

The above fauna, considered in connection with the relation of this

limestone to the other formations exposed, seems to afford sufficient evi-

dence to justify the correlation of this horizon with the Renault of

Illinois as defined by Weller.

(183)
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Paint Creek Limestone.

The middle one of the three limestones examined, found in some

places eighty to ninety feet higher stratigraphically than the lowest

one, yielding the forms named below, and is consequently correlated

with the Paint Creek formation of Weller in Illinois. The uncertainty

recorded as to species in some cases is to be understood as indicating

more or less difference from described forms; some of these may be

new species, while others may deserve to be classed merely as variations

marking less than specific divergence. The fauna as made out so far

follows

:

Gastropods sp?.

Cup corals (Zaphrentis?)

.

Crinoid stems, locally abundant, some of large size.

Pentremites numerous, larger than in the lowest limestone.

Archimedes, not numerous, but somewhat more abundant than in the

lowest limestone.

Pygidia of trilobites. Phillipsia?.

Chonetes chesterensis, Weller.

Cliothyridina sublamellosa (Hall).

Composita sulcata, Weller.

Diaphragmus elegans (Norwood and Pratten).

Eumetria verneuiliana (Hall).

Girtyella (cf.) indianensis (Girty).

Martinia (cf.) sulcata, Weller.

Orthothetes kaskaskiensis (McChesney).
Procluctus (cf.) ovstus. Hall.

Pustula sp?.

Spirifer sp?.

Okaw Limestone.

The upper of the three limestones here referred to is found in some

places within the areas examined seventy to eighty feet higher strati-

giaphically than the middle limestone, and on the basis of the fauna

collected and the relations observed is correlated with the lower Okaw
as defined by Weller from studies in Illinois. The fauna collected shows

the following forms

:

Gastropods sp?, a few.

Cup corals sp?, many partly silicified in places.

Bryozoans including abundant Archimedes.

Crinoids numerous; mostly in fragmental state including wing plates

of Pterotocrinus sp?.

Pentremites abundant; some large forms.
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Trilobites; pygidia of Phillipsia?.

Camarophoria explanata (McChesney).
Cliothyridina sublamellosa (Hall).

Composita sulcata, Weller.

Composita trinuclea (Hall).

Productus sp?.

Pustula sp?.

Spirifer sp?.

In addition to the fauna listed and correlated above, a brief examin-
ation was made of the massive limestone beds lying below the formation

interpreted as Eenault limestone. In the best exposure found good
specimens of fossils were not abundant, and the exact location of the

lowest Chester bed was therefore not ascertained. Stems of Platycrinus

huntsvillae, Wachsmuth and Springer, were, however, found at forty-five

to fifty feet below the limestone named here Renault, thus indicating

the presence of the Ste. Genevieve as defined by Weller, and fixing the

lower limit of the Chester and therefore the upper limit of the Ste.

Genevieve at a level not more than forty-five or fifty feet below the

fossiliferous Renault limestone layer.
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Soil Survey of Cass County, Indiana.

CoLONZO C. Beals, Indiana University.

Descriptio7i of the Area.—Cass County lies in the north central part

of Indiana. It is bounded on the north by Pulaski and Fulton, on the

east by Miami, on the south by Howard and Carroll, and on the west

by Carroll and White counties. The g-reatest length north and south is

twenty-four miles, while the maximum width is twenty-two miles. On
the west boundary line it follows an irregular course. Commencing with

the northwest corner of the county, it runs twelve miles south, three

miles east, three miles south and eleven miles east to the southeast

corner of the county. Cass County has a total area of 420 square miles

and is divided into fourteen civil townships: Boone, Harrison, Beth-

lehem, Adams, Miami, Clay, Eel, Noble and .Jefferson on the north side

of the Wabash River, and Clinton, Washington, Tipton, .Jackson and
Deer Creek on the south side.

The county is roughly divided into a north and south portion by the

Wabash River, which flows in a general east and west direction through

the county. In the immediate vicinity of the Wabash and Eel rivers

the country is undulating and broken. After leaving the rivers, to the

south the surface is level. All the southern portion, in its natural state,

was heavily timbered with hardwood, bottom and table land ; the central

portion is mostly bottom with high bluffs; the northern part is largely

prairie.

The drainage of the county depends upon the large valley of the

Wabash and Eel rivers, which extends in an east and west direction

through the center of the county; the highland in Tipton and Washing-

ton townships south of the Wabash River; the highland in .Jackson and

Deer Creek townships, and the highland of Harrison and Boone town-

ships. Deer Creek flows west near the central part of .Jackson and

Deer Creek townships, emptying in the Wabash River near Delphi.

Rock Creek rises in the southwest part of Tipton Township, and flowing

west through the southern part of Washington Township, empties into

the Wabash River north of Rockfield in Carroll County. Pipe Creek

rises in the southeast portion of Miami County near Xenia, and flowing

* The soil survey was done under the direction of Edward Barrett, State GeoloKist,

in a similar way to the surveys of the past eight years. Mr. James Mathes assisted in

making the survey which was done in the field season of 1917. Thanks are extended

to those persons who assisted in making the survey a success.
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in a south of northwest direction, enters Cass County about two miles

below where the Wabash River enters, keeping the general direction

until it is south of Lewisburg, when it turns sharply to the north, empty-

ing into the Wabash River just below that town. Pipe Creek derives

its name from the fact that for the greater part of its course in Cass

County, the channel is carved in the limestone which comes to the sur-

face at that place. Twelve Mile Creek drains the southern portion of

Adams Township and a part of Bethlehem Township, emptying into

Eel River. Indian Creek flows northwest, and Little Indian Creek drains

west, both emptying into the Tippecanoe River. Crooked Creek rises in

the southwest portion of Bethlehem Township and, after making many
turns in flowing to the west, bends to the south and enters the Wabash
River near Georgetown.

Lake Cicott is nine miles west of Logansport, a little to the south-

west of the center of Jeff"erson Township. It is one mile long east and

west and has an average width of one-fourth of a mile north and south,

and its greatest depth is sixty-four feet. Bluffs twenty-five feet high

surround it on all sides except the east, where during high water it

drains by means of an old outlet through a former lake bed into Crooked

Creek.

Abandoned Valleys.—A few well-marked abandoned valleys occur

near the present Wabash Valley. The first one is around Waverly

—

in fact the town is in the valley. The channel enters the county in

Sections 22 and 27, just east of Waverly, where it forms a valley almost

a mile wide, narrowing to one-half of a mile near the Miami-Cass

County line. Nearly a mile west of Waverly the valley turns to the

south, entering the present Wabash Valley a short distance west of

Lewisburg. The boundaries of the channel are rather uniform, except

for a few gullies that enter on either side. Dr. M. N. Elrod and Mr.

A. C. Benedict, in discussing the geology of Cass County in the nine-

teenth annual report of the Indiana Department of Geology and Natural

Resources for 1894, say:

"This stream occupies a preglacial channel that starts west from the

mouth of the Mississinewa, above Peru, and runs in a western direction

until it reaches a point about one mile west of Waverly, where it turns

south and intersects the Wabash one-half mile west of Lewisburg. At

the time of our visit a diminutive streamlet was trickling over the rocks

where once a volume of water poured."

We have shown that stream as an intermittent stream on the accom-

panying map.
Another interesting valley occurs west of Logansport in Clinton

Township, where it roughly parallels the present channel of the Wabash

River. This channel leaves the county one-fourth mile north of Clinton
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Township, where it is about one-fourth of a mile wide. In places it has

a width of about one-half of a mile. Near the east end as it approaches

the river a large area of muck occurs. This channel seems to enter the

Wabash Valley in the western edge of Section 36. Another deep valley

enters the Wabash Channel in the eastern half of Section 31, heading

toward the southeast. It starts just north of the present State insane

institution at Long Cliff. Near the western end this valley has almost

perpendicular walls and a width of over one-fourth mile. The southern

escarpment of the two channels in Clinton Township, taken as a whole,

show a very irregular outline with numerous gullies and V-shaped val-

leys, indicating very extensive erosion, while on the opposite side no

indication of stream erosion exists. At present it is occupied by a few

small streams, but no large ones.

Early History.—Until 1824 Cass County was included in Tippecanoe

County. The organization of the county was completed April 13, 1829,

under acts of the State legislature, passed December 18, 1828, and

January 19, 1829. At that time it contained all that portion of the

State now included in the counties of Miami, Wabash, Fulton, Marshall,

Kosciusko and St. Joseph and parts of Laporte, Starke and Pulaski.

The county seat was located at Logansport, August 10, 1829.

The first owners of the soil of Cass County were the Pottawottomie

and Miami Indians. The former owned the land north of the Wabash,

and the latter that upon the south. The first cessions of lands was
made by the Miamis in the treaty of 1818, in which they gave up the

land west of the mouth of Eel River. The Pottawottomies surrendered

the land north of the Wabash in 1876 at the Mississinewa treaty and at

subsequent times and by various other treaties.

Logansport was named in honor of Captain Logan, a Shawnee chief,

who lost his life in November, 1812, because of his fidelity to the whites,

and not for Logan the Mingo, as many suppose. The oiiginal plot of

the town contained 111 lots, with streets 66 feet wide, except Bioadway,

which is 82^/^ feet wide.

Roads.—December 31, 1918, Cass County had 452^/^ miles of free

gravel roads and 340 miles of unimproved roads. Rural free delivery

extends to all parts of the county, which stimulates the extension of

good roads.

Population.—The following table is based on the returns of the

Federal Census, including estimated population for 1920:



1900.
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Under 3 acres 4

3 to 9 acres 87

10 to 19 acres 113

20 to 49 acres 300

50 to 99 acres 765

100 to 174 acres 786

175 to 259 acres 212

260 to 499 acres 79

500 to 999 acres 6

1,000 acres and over 1

In 1910, the average farm contained 102.3 acres; 93.8 per cent of the

total land area was in farms, and 82.7 per cent of this was improved;

35,392 acres were classed as wood land. In 1916 the waste land

amounted to 4,067 acres.

Sixty-four and three-tenths per cent of all farms were operated by
owners in 1910, which was a decrease of 1.4 per cent in ten years;

twenty-three farms were operated by managers, a decrease of four in

ten years. Eight hundred eighty-four of the farms operated by the

owners were free from mortgage debt, while 669 had mortgages.

A crop that is on the increase is that of the soy bean—797 acres

were devoted to it alone and 271 acres in combination with other ci-ops.

It can be used in the silo, thrashed for seed, or hogged down in the

fall. Cow peas showed an acreage of seventy acres where grown alone

and thirty-three acres where they were mixed with another crop or

crops.

The crops cut for ensilage during 1917 amounted to 4,591 acres,

which, we will suppose, were put in the 456 silos found in the county
that fall. The greater percent of those crops consisted of corn, with

some using part soy beans or cow peas.

The county had 934 acres devoted to white potatoes in 1917.

Most of the small fruit and truck crops occur in small farm gardens,

but one acre was devoted to onions, two acres to tomatoes, five acres to

cabbages, nine acres to watermelons, and fifteen acres to muskmelons
(cantaloupes). Strawberries, blackberries and raspberries occupied sixty-

four acres, while we find 43,849 bearing apple trees, 18,203 peach trees,

and 11,455 pear trees.

Cass County is a grain-producing county, with a great deal of stock

to consume the grain on the farm. Fifty-eight thousand six hundred
three acres of corn were harvested in 1917, which did not give a normal
yield that year because of the early frost.

During 1917 Cass County hai-vested 28,293 acres of wheat, but planted
a larger acreage that year, amounting to 37,826 acres. The farmers
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planted Sl,lo4 acres in oats, or a little more than the amount devoted

to wheat.

A great deal of the rye planted was devoted to pasturage or plowed

under in the spring as a green manure. Some may be used as a winter

cover crop where land tends to erode. The crop for 1917 amounted to

5,493 acres, while almost double that area was sown in the fall, or

9,032 acres.

Some barley is grown in this region, eighty-four acres in 1917, and

considerable land is devoted to buckwheat, for the seed principally, and

secondarily to be used as a source for honey; and, last but not least,

buckwheat is used as a restoi'er of fertility and friability of the soil;

fifty-four acres were devoted to this crop alone.

The hay produced in Cass County is an important factor in the

agricultural economy, the largest item of which was 10,298 acres of

land growing timothy hay during 1917. Some of it is sold and leaves

the county; the greater part of it is fed nearby and returned to the

farms in the form of manure. Twenty acres of land were devoted to

millet and Hungarian grasses.

A crop that has a great beneficial efi'ect on the soil and should have

a greater acreage is clover, of which 8,787 acres were used for hay,

while 3,317 acres were cut and thrashed for seed. The combined acreage

could easily be one-fourth of the combined acreage of the oats and wheat

grown, and the farming interests would profit by the change.

In 1917 there were ten pure-bred horses and colts, fifteen milk cows,

and 200 hogs in Cass County (reported to the township asses.sor). At

that time there were 10,604 horses, 1,686 mules, 8,066 milk cows, 56,630

hogs and 5,923 sheep. There were 4,417 sheep sheared, yielding an

average fleece of 7.2 pounds.

In 1917 Cass County had only 173 colonies of bees, which yielded

2,550 pounds of honey. It would be safe to say that more than that

amount of honey was "wasted on the desert air" in the county because

no bees were present to save it.

The farmers of Cass County bought 862 tons of fertilizers in 1917

and used a great deal of it on their wheat land.

The farmers had forty-two tractors on their farms the same year

to aid in increasing the amount of their farm crops. They also had

1,491 cream separators in use on their farms.

Climatology.—In a general way Cass County has the same kind of

climate that north central Indiana experiences. The following data is

based on a record of twenty-eight years in the city of Logansport about

two squares north of Eel River at an elevation of 620 feet. (The coun-

try is slightly rolling.) The average date of the last killing frost in

the spring is April 27th, and the last killing frost in the fall is October
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13th. The latest killing- fi-ost in the spring occurred May 16th, and the

earliest killing frost in the fall was September 21st. The average grow-
ing season is 169 days, ranging from 144 days in 1895 and 1904 to 210

in 1902.

The prevailing direction of the wind is from the west throughout
the year.

The only available data on average hourly wind movement (miles)

,

mean relative humidity (percentage), and sunshine (percentage) is

from Fort Wayne from a five-year record. (See table below.)

The precipitation of Cass County is adequate for all crop require-

ments of that region, and it is uniformly distributed over the growing
season. The greatest amount of the year falls during the summer
months. Dry and wet spells are not unknown, but they do not nor-

mally destroy the crop.';. The dry spells usually occur during the middle
or late summer, while the wet sea.son normally comes in the winter or
spring, as the spring high water. *

Months.

January. .

.

February .

.

March
.\pril

May
June
July
August .. .

.

September
October . .

.

November
December.
.Season
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Physical Properties.—In former years it was thought that the chem-

ical analysis of a soil was of the most importance; but since the subject

has been better understood, the physical side has gained in emphasis.

A factor of prime importance to the agriculturist is the absorbing ca-

pacity of a soil and its ability to retain and furnish moisture to the

growing plant as needed. In fact the ability of a soil to furnish an

adequate amount of water to the growing crop is of far more importance

than its chemical ingredients. Pure sand holds water poorly, so that

sand is ordinarily a dry soil. At the other extreme, clay holds moisture

very tenaciously, so that a pure clay soil is soggy and apt to be very

wet. A mixture of the two, forming a loam, is not subject to either

objections and is an ideal soil.

Liberation of Plant Food.—Ground limestone and decaying organic

matter are the principal materials which the farmer can utilize most

profitably to bring- about the liberation of plant food. The ground lime-

stone corrects the acidity of the soil and thus encourages not only the

nitrogen-gathering bacteria which live in the nodules found on the

growing roots of the growing plants of clovers, cow peas, alfalfa and

other leguminous plants, but also the nitrifying bacteria in the soil,

which have the power to make into plant food the insoluble and un-

available organic products. At the same time the products of this

decomposition also make available the insoluble minerals found in the

soil, such as the potassium and magnesium, as well as the insoluble lime-

stones and phosphates, which can be applied by the agriculturist in a

very low-priced form.

One of the chief sources of loss of organic matter in the corn belt

is the burning of the corn stalks. If the farmers would only realize

the loss they incur they certainly would discontinue the practice. Prob-

ably no form of organic matter acts to form good tilth better than the

plowing under of corn stalks. It is true they decay slowly, but that

only prolongs the desired conditions of the soil. The nitrogen in a ton

of stalks is one and a half times that of a ton of manure, while a ton

of dry stalks when ultimately incorporated with the soil is equal to four

times that amount of average farm manure, but when they are burned

the humus-making element and nitrogen are both gone and lost to

the soil.

Upland Soils.—The upland soils of Cass County are mapped in three

series, namely: Clyde, Miami and Dunkirk types, and, in addition, the

miscellaneous type known as Muck. These types are all due to a dif-

ference in soil content and color and to surface conditions resulting from

erosion. The Miami and Clyde series occur side by side, perhaps coming

from a similar glacial till, but those areas having a better natural

drainage and smaller amount of organic remains for humus become the

13—16568
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light-colored clay land or the Miami series, while the depressed areas

with poor drainage, or no drainage, in swamp or marsh conditions,

become the black or brown areas known as the Clyde series; or, where
there was a great abundance of partly decomposed organic matter, they

become Muck. The Dunkirk comprises the sand ridges and the loamy
sand of a light yellowish brown color.

Alluvial Soils.—The alluvial soils of Cass County are the sediments

deposited in the stream valleys by flood waters. A loam in the humid
region always has a very luxuriant growth of vegetation where it has

an adequate supply of water.

One of the effects of the presence of humus is to produce granules,

forming a mellow, easily worked soil. Where a soil is cultivated without

adding to the supply of humus, the soil becomes more compact and runs

together, producing decreasing crops and reducing the moisture-

retaining capacity. Cultivation loosens the soil, promoting aeration,

and increases the amount of available plant food.

Chemical Properties.—A chemical analysis of a soil will show the

amounts of the different plant foods, such as nitrogen, phosphorus,

potassium, calcium, etc.; but the difficulty is that it does not even give

a hint as to the form in which the elements occur in the soil. The
analysis shows correctly the total organic carbon, bi^t as a rule this

represents about one-half the oi'ganic matter, so that 20,000 pounds of

organic carbon in the upper six inches of an acre represent but twenty
tons of organic matter. But this twenty tons is largely in the form of

old organic residues that have accumulated during the centuries because

they were so resistant to decay; so two tons of clover plowed under as

a green manure would have greater power to liberate plant food for a

growing crop than all the twenty tons of old residue of organic remains.

The sediments came from the uplands adjacent to the valleys of the

different streams, and a certain kind of upland gave rise to a different

type of alluvial .soil. The overflow land is placed in the Genesee series.

The Fox .series consists of terrace soils, deposited perhaps by the glacial

waters, which were a great deal more abundant than the waters of the

present time. The meadow land has not been mapped, but much of the

land along the smaller streams, classed as Genesee, belongs to this type.

MI.4MI Silt Loam.

Characteristics.—The Miami silt loam consists of a dark gray or a

light brown friable silt loam having an average depth of ten inches.

It is usually deeper in depressed or level areas and somewhat shallower

on the crest of ridges and on steep slopes. When moist the surface

becomes almost uniformly grayish or yellowish brown, but when dry it

becomes a light ashy gray.
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The immediate subsoil consists of a yellow or yellowish brown silty

clay loam having a depth of from twenty to thirty inches. This is

immediately underlain by a yellowish clay or yellowish gritty or sandy

loam with usually more or less amount of coarse sand, gravel and

boulders. As a rule the material consists chiefly of fragments of lime-

stone, a mixture of crystallines of various kinds.

The silt loam has a more brownish color near the streams, where

the ground is more or less broken, and on the well-drained ridges. This

is due to greater oxidation because of better drainage. The white clay

knolls will take on a darker color when better drained and aerated.

The different soil areas mapped as the Miami silt loam will vary

from the above description in one or more particulars, but will agree in

the main. The Miami silt loam has a level to undulating or rolling

surface and occurs throughout the country, with the Clyde series occur-

ing in the depressions.

Origin.—The Miami silt loam, in common with other members of

the Miami series, is due to the glaciation of the region in which it

occurs. The retreating ice left the till with a very uneven surface,

composed of numerous ridges and valleys or depressions. During the

process of erosion and weathering since that time, the ridges have tended

to become lower, thus filling the depressions with the organic remains

and the finer sediments from the higher lands. The better natural

drainage and lack of a large amount of humus would produce a light-

colored soil with a high clay and silt content. This condition is well

shown along the larger watercourses, where the surplus water rapidly

drains away, producing a wide strip of the Miami series on either side

without any or with very few areas of the Clyde series even in the

largest depressions.

Draiymge.—The fine texture and uniform structure causes ground

water to move slowly and makes natural drainage inadequate in the

Miami silt loam. This condition can be remedied by the use of tile

drainage, but care should be taken by not using too small tile as lateral

lines. The drains not only remove the surplus water in wet weather,

thus lowering the ground water table, but also help to aerate the soil

in dry weather. In most cultivated soils the pore space is from 25%

to 50% of the volume, and this is the maximum water capacity or satu-

ration capacity. The amount of this space occupied by water for the

maximum development of most plants is from 40% to 50% of the pore

space, which leaves one-half or more to be occupied by air. The pres-

ence of a large amount of oxygen in the soil is essential to the best

growth of the plant crops as well as the liberation of the necessary

plant food.
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Tilth.—It is well to have in mind that, aside from fertility, drainage

and tillage, one of the main factors of a good soil is good physical con-

dition, or tilth. The Miami silt loam is in good tilth, but since it has

a small percent of sand is very fine grained and easily injured by the

tramping of live stock in the spring and fall on the stalk or stubble

ground and by plowing or working the ground when too wet. Clods

will result from these practices, and it usually requires considerable

time and work to put the soil in good tilth again. An occasional appli-

cation of ground limestone, followed with a crop of clover or some

soiling crop, will produce good tilth. In fact good physical conditions

depend to a large extent upon the amount of humus present in the soil.

Crops.—Corn, wheat, oats, clover and timothy do well on the Miami
silt loam. It is not as good corn land as the Clyde, but it produces

good crops where the soil is well cared for. To do the best a field

should not be in corn two years in succession. Wheat and oats do well;

in fact the Miami silt loam is better for wheat and oats than any

member of the Clyde series, as it is apt to grow too rank and fall down
when gi-own on the latter soils. Clover and timothy do well, but it is

better not to grow the timothy alone, as it has a strong tendency to

deplete the fertility of the .soil. Some potatoes are grown on the Miami
silt loam, but it does not give a high yield. Some orchards are grown

on this type and seem to give good results.

Improvement.—As has been stated before, the Miami silt loam should

be kept in good tilth by proper drainage, cultivation and the growing

of crops for soiling purposes. All the manure produced on a fann

.should be carefully taken care of and spread over the land where it is

most needed. It is well to follow a rotation where the corn is planted

on clover sod. The number of crops and kinds used in rotation will

depend on the size of the farm and the type of farming practiced, but

should include one (two would be better) year of clover. Where the

ground seems to be "clover sick" only an application of ground lime-

stone is needed to insure a change. Commercial fertilizers may be

i-esorted to under some conditions, but we believe that they should not

be constantly used with all crops.

MiA.Mi Loam.

Properties.—The Miami loam is a transition between the silt loam

and the sandy loam, and the boundary between them is usually arbi-

trary'. It has a higher percent of sand and has perhaps a little darker

color than the silt loam.

The subsoil of the Miami loam has a higher percent of sand and

fine gravel than the silt loam and is variable in color and texture. On
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the one hand it grades into the silt to loam type, while on the other it

may be sandy, grading into the sandy loam.

The difference in the character of the till as left by the glacier and

the removal of the silt by the weathering and eroding agents are prob-

ably responsible for the present structure of the Miami loam. The
topography is similar to that of the Miami silt loam.

Drainage.—The drainage of the Miami loam is usually good on

account of the open, porous structure of the soil and the large amount
of sand and gravel in the subsoil. In some cases, however, the subsoil

is hard and compact, producing a poor natural drainage. In such cases

artificial drainage would be beneficial and greatly increase the pro-

ducing capacity of the soil.

Crops Grown.—The crops grown on this type are similar to those of

the Miami silt loam and they yield as good crops. Owing to the pres-

ence of sand it can be more readily kept in a state of good tilth, but it

quickly responds to good farming methods. The same farming methods

will apply equally well in the Miami loam as in the silt loam types.

Location.—The Miami loam is about as extensive as the silt loam

and is largely south of the Wabash and Eel rivers. It is valued about

the same as the silt loam types.

Miami Sandy Loam.

Characteristics.—The upper six inches consist of a grayish to dark

brown fine sandy loam or fine loamy sand. The subsoil is a yellowish

brown heavy loam grading at about eighteen inches into a sticky fine

sandy loam or clay loam. In some places it changes to a yellowish sand

mixed with some clay.

Location.—It occurs in Cass County north of the Wabash River,

becoming less sandy towards the river. A great deal of gravel occurs

around Adamsboro and Georgetown. The sandy phase is associated

with the sand ridges where the sand has been blown over the nearby

land. The ridges are usually more sandy or gravelly, while the valleys

contain a greater percent of clay. The topography ranges from level

to undulating or rolling. Part has a morainic surface with more or

less boulders.

Drainage.—The drainage of the Miami sandy loam is more abundant

and is apt to be somewhat droughty in more sandy areas. The depres-

sions usually develop swamps which have little or no drainage. A num-

ber of open ditches have been made, heading in the Muck and Clyde

areas. Numerous wet quicksand areas occur on the hillside, where the

water-bearing sands and gravel are exposed. These places are difficult

to drain because of the continuous water supply.
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CrojJs Grown.—This type produces good yields of corn, oats, wheat,

clover and potatoes. Apples, pears, peaches, grapes and small fruits

should do well on this type of soil. A few orchards have been planted

and seem to do well.

Where sand ridges occur in the sandy loam, care should be taken

to keep the sand from blowing in the spring of the year. The sand not

only uncovers the young crops on the ridges but it covers up the plants

in drifting. Blowing sand does great damage by lacerating the leaves.

The more sandy ridges should have cover crops during the spring of

the year, such as rye.

The fine sandy loam is easily cultivated and requires less labor to

i^ecure a good seedbed than the other upland soils. The yields are

slightly below those of the heavier types.

Care should be taken not to cultivate sandy land when too wet. The
water soon sinks down and the surface soon dries off, but below the first

inch the soil is too wet. If stirred too wet, the soil loses too much water
by evaporation.

The application of barnyard and green manures is very important.

Clover and other leguminous crops should be grown for green manure.
It is well to remember that sandy land loses fertility easier than clay

soil from leaching.

Clyde Silty Clay Loam.

Cliaractenstics.—The surface of the Clyde silty clay loam is a silty

loam to a depth of from ten to sixteen inches. It then grades into a

sandier brown clay loam having an average depth of sixteen inches.

The subsoil consists of a drab or a dark blue, mottled with a yellowish

to a rusty brown plastic clay loam. When wet its surface is dark brown
or black, but when dry its surface becomes a grayish brown to brown.

When dry the soil crumbles, forming cubical blocks. The surface forms

deep cracks.

The Clyde silty clay loam grades on one side into the Peat and Muck
series, while on the other side it merges into the surrounding Miami
soils.

The topography is naturally level, with perhaps an occasional slight

elevation on the surface.

Origin.—The Clyde silty clay loam, in common with the Clyde series,

is due to depressions in the surface after the retreat of the glacier.

The depressions had a very poor natural drainage and became marshes
and swamps in the case of the glaciated regions. The areas are con-

nected in most cases by long, narrow, usually parallel lines, where the

water slowly drained from the higher swamps to the lower ones and
finally reached the smaller tributaries of the streams. The swamps
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slowly filled with organic remains from the surrounding higher land in

addition to the rank vegetation that flourished in the swamps them-

selves. The organic matter settled to the bottom, where it decayed and

became mixed with the fine clay sediments that were washed into the

depressions. The poor drainage produced the heavy phase, while the

better and more free drainage gave rise to the silt loam with a bright

yellow to reddish subsoil at a depth of two feet.

Drainage.—The Clyde series of soil types requires artificial drainage

to lower the water level below the surface of the soil. In fact, when
the country was first settled, the black land was all under water, but

after thorough drainage it was considered the best soil type.

The Clyde silt clay loam contains a very high percent of humus,

which, united with the clay, forms a porous, friable soil which absorbs

moisture readily and is easily cultivated.

Crops Grown.—The Clyde soil is the leading corn land of the country.

It yields fifty to seventy-five and sometimes eighty to ninety bushels per

acre. Timothy is a good crop to grow on the more chaff'y phases, where

other crops have a tendency to dry up. Oats yields well and wheat does

good, but both crops tend to produce too rank a growth of straw and

consequently to lodge. Wet, open winters are bad for wheat. The

open, loose texture admits water freely, and freezing heaves the soil,

pulling the wheat out of the ground. A relatively dry winter season,

with a few inches of snow for protection, is followed by good results.

• The Clyde silty clay loam, or silty loam as it is sometimes called,

occurs typically south of the Wabash River. The Muck is always asso-

ciated with or surrounded by this soil type.

Clyde Loam.

Properties.—The Clyde loam is a grayish brown to a brownish black

soil with an average depth of about ten inches. The subsoil is a grayish

brown in color, increasing in clay content as it descends, and at about

eighteen inches to two feet grading into a mottled bright yellow material.

It is sometimes streaked with a reddish color and with the steel gray.

This type occurs in shallower depressions, and the color of the surface

soil is sometimes almost midway between the surrounding Miami soil

and the darker Clyde silty clay loam.

Crops Grown.—The Clyde loam is well adapted to the growing of

corn, clover, wheat, oats and timothy. It is first and last a corn soil;

in fact, in some parts of the county that crop seems to be the only

one grown.

A crop rotation should be practiced, including a crop of clover or

some leguminous crop, every four or five years to enrich the soil. The
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farmers are planting- the soy bean in the corn rows and also as separate

crops. This will help to improve the soil.

Location.—The Clyde loam is developed throughout the county, but

principally south of the Wabash.

Clyde Sandy Loam.

Properties.—The Clyde sandy loam consists of a variable black to a

brownish black loam about sixteen inches deep. The subsoil is a light

drab or sticky fine sandy or loam mottled with brown or drab and

grading at about thirty inches into a gravelly yellowish clay.

Below this and along the border of the lake plain the subsoil and

the substratum is often of heavier glacier till. In places the top soil

is Muck but has the typical Clyde subsoil. In other cases the subsoil

grades into a fine water-bearing sand.

Location.—This type occurs in the lake plain region and to the east

north of the Wabash, where it occupies the low depressed areas between

the more sandy ridges. It is intermingled with higher, island-like areas,

usually of Miami sandy loam.

The surface is level or very slightly undulating. The Clyde sandy

loam is due to an accumulation of an abundant growth of marsh grass

mixed in with the sand and clay and washed in from the higher bor-

dering ridges.

Formerly it was covered with water and marsh grass, but at present

a system of dredge ditches and lateral drain tile foi'm fairly adequate

drainage. Care must be taken in the spring of the year, as numerous

marshy or boggy places occur, due to the excess of water and probably

the presence of quicksand near the surface. This is a great hindrance

to farming operations. Perhaps one of the greatest factors is a lack

of sufficient drainage, but this will be remedied in time.

The Clyde sandy loam is the most extensive and most important soil

type of the lake region, in fact of northwestern Cass County. Between

80% and 90% of this is in cultivation.

Crops Gronm.—Corn and oats are the principal grain crops grown,

yielding as much as eighty bushels per acre. Some wheat is also gi'own.

Before the Clyde sandy loam was drained most of it was used for

marsh hay and pasture.

Perhaps potash is the best fertilizer to use, as experiments have

shown an increase of from, ten to twenty bushels per acre of corn from

its use.

This type is used for trading jjurposes more than any other type.
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Fox Loam.

Properties.—The Fox loam has a surface of a gray to a brownish

color with a friable loamy texture to an average depth of ten inches.

The surface becomes lighter in color as the amount of sand increases.

The subsoil becomes sandy, while in some cases, as near Hoover, it

changes to gravel. The surface is level to slightly undulating.

The natural drainage of this type of soil is usually good, although

during dry seasons it has a tendency to drought.

Crops Grown.—The ciops grown and yield per acre are similar to

those of the Miami series.

Fox Sandy Loam.

Properties.—The surface soil of the Fox sandy loam is a gray to

brownish sandy loam. The subsoil is lighter in color and in the upper

part has the same composition as the top soil, but becoming heavier

with depth. At a depth of twenty-four inches it is a fine sandy clay,

becoming lighter in color, often changing to a layer of sand in the

three-foot section. Coarse gravel also may occur. This type occurs as

a river terrace along the stream valleys. The surface is level or pitted

and sometimes rolling, due to erosion.

The Fox sandy loam with the clay subsoil around Hoover holds the

moisture during the dry, growing season, as the clay prevents evapo-

ration. It yields from forty to fifty bushels of corn, fifteen to thirty

bushels of M^heat and about fifty bushels of oats per acre.

Genesee Loam.

Properties.—This soil consists of a light brown loam to a sandy or

silty loam. The subsoil is very similar in texture to the soil, but is

usually lighter brown in color. Below eighteen to twenty inches the

substratum is frequently made up of horizontal beds of sand and clay.

The Genesee loam is an alluvial soil and its variation in structure

is due to the same causes as in the case of the sandy loam. It has a

level to somewhat broken topography and occurs along the sources of

streams.

Agricultural Co7iditions.—The Genesee loam is used for the growing

of grain crops, particularly corn. It is productive, easily cultivated,

and readily kept in good condition. A great deal of the land is used for

pasture purposes.

The drainage is usually good, but it does not stand dry weather as

well as soils with a very high clay content.
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Genesee Fine Sandy Loam.

Characteristics.—The Genesee fine sandy loam consists of a variable

light brown to dark brown medium heavy fine sandy loam ranging from

ten to twenty inches deep.

The subsoil has about the same texture, but usually of a lighter

color. There are in places local variations from the typical Genesee,

due to the variations of the flow of the depositing water. Sand and

silt areas are due to erosion and depositing by the overflow waters.

It is subject to frequent or annual overflow.

The Genesee forms the flood plains of all the streams. Some of the

areas mapped as Genesee are the same as those usually called meadow
land. The two were not separated. The boundary between the Clyde

series and the Genesee series is not distinct. Since the Genesee fine

sandy loam is an alluvial soil, it varies in short distances, owing to the

changes in the current of the streams at various flood stages. Near

the streams and across the sharper bends, where the currents were

sharp, the coarser particles were deposited, and in many cases the soil

has a large proportion of coarse sand. Near the larger bends, or where

the water found settling basins, where the water was less turbulent,

the finer material was deposited, giving rise to the heavier and more

silty type, usually of a darker color. Mixture of the fine clay or silty

material with the right proportion of sand is the basis of the Genesee

fine sandy loam.

Agricultural Conditions.—The bottoms are flooded annually, or

oftener, and in places are cut by smaller streams and branches tributary

to the main stream. The drainage is usually good and the land dries

rapidly after a rain. It is a soil that is friable, easy to till, and, where

protected from overflow, is admirably adapted to corn, oats, clover or

timothy. A great deal of the rougher land is in pasture.

The fertility of the Genesee fine sandy loam is renewed each time

it is flooded by high water, making the growing of leguminous crops of

less importance. Thorough cultivation is necessary to keep down the

large number of weeds springing up from the seed brought in by high

water.

The flood of 1913 took off all the top layer of soil of a field along

the Wabash River. It was planted in corn that year and yielded ten

bushels to the acre. Oats made ten bushels per acre the next year, but

a good stand of clover was obtained. Two years later the field yielded

eighty bushels of corn per acre. This goes to show the vital importance

of clover on river-bottom land.
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Dunkirk Loamy Fine Sand.

Characteristics.—The surface of this type is a yellowish gray to

brown fine sandy loam. At six to ten inches it gradually changes to a

fine yellowish sand, with perhaps a small amount of clay. The subsoil

is variable, ranging from almost pure sand to a very sandy loam.

The topography of the Dunkirk fine loamy sand ranges from almost

level to a rolling surface comprised of a series of sand ridges, the

valleys holding the Clyde fine sandy loam. The Dunkirk loamy fine

sand usually borders the muck patches, forming sand ridges.

Drainage.—The drainage is good, except in the narrow, depressed

valleys, which are poorly drained.

Crops Groirn.—Corn and oats do well on this type where the organic

content is well supplied. Wheat does well when it has a favorable

winter. Cow peas seem to be the best crop to supply plant food, as it

can be grown more easily than clover. Most of the crop, however,

should be plowed under. The agricultural practices given for the Miami
series apply here.

Dunkirk Fine Sand.

Characteristics.—The Dunkirk fine sand occurs as a fine yellowish

sand in ridges on the border of the lake plane region. These ridges are

resting on a clay bottom. In some in.stances the clay seems to form the

core of the ridge, the sand forming a sort of veneer. The loose drift

sand was formed in unequal ridges by the wind blowing it in one direc-

tion, forming a gentle slope on the windward side and a sharp, abrupt

slope on the leeward side.

The sand blows on the surrounding land, smothering :''2 vegetation

and beating the tender leaves to strings in the early sprin--. Care must

be taken to keep a cover crop on all ridges and sandy areas that have

a tendency to be moved by the wind. Rye is a good crop for this

purpose.

Crops Grown.—Corn and oats do moderately well on this type. Wheat

does very well, while navy beans are grown to some extent. A sand

ridge is always damp just under the surface during the dryest weather.

The crop yield is usually limited by the amount of available plant food.

This is difficult to retain because of the bleaching power of the soil

water. Clover is a good crop for green manure, or perhaps a better

crop is cow peas.
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Muck.

Characteristics.—Muck is a dark brown to black mixture composed

of the organic remains of swamp vegetation in various stages of oxida-

tion, mixed with varying quantities of sand, clay and silt. It ranges

from two or three feet to many feet in depth. On the outer margins

the muck merges into the Clyde series.

Most of the muck occurs north of the Wabash and in many areas is

bordered by sand ridges. The surface is level, and before it is drained

it is covered with water, forming a marsh. Many of the areas were

known as prairie by the early settlers. They were covered with a

growth of sedges, marsh grass, etc. At the present time it is usually

drained by dredge ditches. When it is properly drained and sown in

grass it forms fine meadow or pasture land, in fact that seems to be

the most satisfactory farm crop to use.

Crops Grown.—It produces good crops of corn where the frost does

not get it in the late spring or early fall, but this land is affected most
of all. Most muck is deficient in potash, which can be supplied by
manure and potash salts. Grains grow too rank and lodge badly. Muck
is well adapted to the growth of onions, celery, cabbage, lettuce, beets,

turnips, cauliflower and Iiish potatoes. It is especially used for gar-

dening when close to town.

Meadow.

Meadow represents the variable soil conditions encountered in the

narrow, trough-like valleys of the streams. It consists of alluvial mate-

rial, varying from almost pure sand to silt or clay, and is usually sub-

ject to overflow with very high water. Part of it is in ci^ltivation, but

most of it is in pasture, trees, underbrush and weeds. This type is not

shown separately on the map, but is included with the Genesee series.



The Velocity of Sound Waves in Tubes.

Arthur L. Foley, Indiana University.

(Author's Publication No. 45.)

In 1862-63 Regnault, in Paris, made an elaborate series of experi-

ments on the velocity of sound in newly laid water pipes. As sources

of sound he used a pistol, explosions, and musical instruments. Both

ends of the pipe were closed and the sound was produced at one end.

Thus the wave passed back and forth through the pipe many times, its

time of arrival at the ends being recorded on a chronograph drum by

a stylus operated electrically when the sound wave impinged on a thin

membrane and closed an electric circuit. Figure 1 shows graphically

the results of Regnault's experiments.
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It will be noted that Regnault obtains a velocity of 334.2 m./sec. near

the source in a pipe 110 cm. in diameter, and that the velocity at 2,000 m.

from the source has decreased to 330.5 m./sec. A pipe 10.8 cm. in diam-

eter gave a smaller initial velocity and a much more rapid variation of

that velocity with distance from the source. (The curve indicates, too,

a much greater total variation in the case of a small pipe.) Regnault

concluded that: (1) The velocity of .sound in pipes varies inversely with

the diameter; (2) the velocity decreases as the distance from the source

increases; (3) the limiting velocity is the same for all sources.

Rink objected to Regnault's deductions and explained the greater

initial velocity as due to the fact that, during the first few coursings,

the sound wave would be traveling in air moving bodily as the result

of the explosion which produced the wave.

TABLE I.

Rink's Analysis of Regnault' s E^^periments.
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In the second place the sound produced by a pistol or cannon is, near

the source, a pulse whose wave curve is short and steep. As the dis-

tance from the source increases the wave type changes. This change
of wave form would of itself cause a variation in the time lag of the

device. However, the unavoidable sources of error in Regnault's work
are not sufficient to cast doubt on his conclusions that the velocity of

sound decreases as the intensity decreases. Indeed, other experimenters

using other methods have arrived at a similar conclusion, a conclusion

in accord with theory.

Referring to Rink's table of Regnault's results from which Rink
concludes that the velocity of sound in a pipe 110 cm. in diameter is

practically constant, one may conclude that the apparent constancy is

due to the fact that, in such a tube, the intensity of the sound wave
varies very slowly with the distance from the source. In very small

tubes and in tubes with rough walls or with walls of material capable

of absorbing some of the energy of the waves, the intensity would vary

more rapidly with increasing distance from the source, and one would
expect a greater variation in the velocity. Experiments confirm this

conclusion.

Observer
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TABLE II—Continued.

Observer
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ment, and are in accord with the theoretical conclusions of Helmholtz,'

Kirchoff," Rayleigh/ and others who have attacked the subject. The

equations of both Helmholtz and Kirchoff may be reduced to the form

c
yi = V (

1- =-)
2r4TC n

where v^ is the speed of sound of frequency n in a pipe of radius r, and

V is the velocity in free air. According to Helmholtz c is the viscosity

of the gas, according to Kii-choft' it is a term depending on the heat

conduction between gas and pipe walls, according to Miiller^ the equa-

tion has no general validity, according to Schulze" the "constant" c was

found to range between 0.0075 and 0.02.5, depending on the diameter and

nature of the tube.

Fig. 2.

Sturm" found that Kirchoff's formula was not valid for different

tubes and frequencies. On the other hand Wertheim's' results supported

the equation, while Schneebele" and Seebeck" obtained results that sup-

1 Helmholtz, Wessensch. Abhandl. B 1, s 383, 1882.

= Kirchoff, Pog. Ann. B 134, s 77, 1868.

3 Rayleigh's Theory of Sound, Vol. — , p. — . Also Lamb's Dynamical Theory of

Sound, p. 190.

< See Table 11.

5 See Table II.

«J. Sturm. Ann. d. Phys. B 11, s 822, 1904.

• Citation in Table II.

'^Pogg. Ann. B 136, s 296, 1869.

oSee Table II.

14—16568
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ported the equation only as far as concerns variation of speed with

diameter of pipe, and were in disagreement as to the effect of pitch.

There is therefore no consensus of opinion on any of the points con-

cerning the velocity of sound waves in tvibes. It will be noted, however,

that in no case has an observer claimed a greater speed in pipes than in

the open. The writer has obtained such results.

Figure 2 shows the general arrangement of the apparatus used in

this experiment. The reader is referred to earlier papers^ for a more
detailed description and explanation. It will suffice hei-e to say that

two spark gaps S and I are in series and connected—through two vari-

able gaps G, G—to the terminals of a powerful electrostatic machine.

When the gaps G and G are shortened a discharge passes through the

commutator C to the circuit including the sound gap S and the illumin-

ating gap I, the latter spark being retarded slightly by a variable ca-

pacity K. By varying the capacity K and the length of the gap I, the

light from the spark at I can be adjusted to cast a shadow on a photo-

graphic plate P of the sound wave produced by the spark at S.

Plate I shows such a wave. The sound spark was produced just

behind the center of the circular screen (a hard rubber disk) D, the

screen being used merely to prevent fogging the dry plate by the light

of the sound spark. T is an end-on shadow of a portion of a piece of

brass tubing 3 cm. in diameter and 5 cm. long. The projecting arms
are four pieces of brass tubing, respectively 0.2.5 cm., 0.48 cm., 0.8 cm.,

and 1.15 cm. in internal diameter, each of them 2.4 cm. long. They were
soldered radially in holes whose diameters corresponded respectively to

the outside diameters of the tubes. Almost half of the side wall of the

supporting tube was then cut away, to permit the sound wave to travel

out on one side in free air, while on the other side the wave was arrested

except for the portions passing through the four radial tubes. The
sound gap was placed as accurately as possible at the center of the

supporting tube and the point of intersection of the axes of the radial

tubes.

In order to show at a glance just what has happened with the posi-

tion of the sound gap as center I have drawn a broken line circle. To
avoid confusion I have drawn the circle C just outside the main wave W.
It will be noted that the waves through the tubes lie well without the

circle, showing that the waves in the tube traveled more lapidly than

the wave in free air, and that apparently the velocities in the several

tubes were the same, although the tube diameters were in the approxi-

mate ratios of 1, 2, 3 and 5.

On the negative from which Plate I is a reduced print the waves

1 Physical Review, Vol. ,35, p. 373, 1912. Also Proceedings Indiana Academy of

Science, p. 305, 1915.
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through the tubes measured .48 cm. in advance of the fi-ee air wave

and the tube length shadows were 4.56 cm. long. Assuming that the

entire gain in space traversed occurred while the waves were inside

the tubes (an assumption which I think is not entirely true) we would

have a relative increase of velocity within the tubes of .48 ^ 4.56, or

10.5 percent.

Plate I.

It happens that none of the observations of Table II was made with

a tube of the same size as the smallest one used by the author. For

a tube about 40 percent larger Seebeck and Miiller obtained values

approximately 5 percent less than the free air velocity—depending on

the pitch of the sound. Thus it would appear that the total difference

between their and the writer's results is in the neighborhood of 15

percent.
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Plate II was obtained by replacing the four short tubes with two

longer tubes, of internal diameter .25 cm. and 1.15 cm. respectively,

each 10 cm. long, and adjusted radially as in Plate I. Note that in

this case the wave through the small tube is actually slightly in advance

of the wave through the large tube, the distances on the original plate

being .89 cm. and .84 cm. respectively. The wave near the gap is the

reflected wave from the side of the box which enclosed the gaps and

dry plate. The percent increase in velocity in this case is obtained as

before by dividing .89 by 16.5, the length of the tube .shadow on the

negative. This gives 5.4 percent, about half the value obtained with the

shorter tubes, which were about one-fourth as long as the two shown on

Plate II. The gain in distance traversed was 0.48 cm. for the small
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tube when 2.4 cm. long, and 0.89 cm. when 10 cm. long. It would appear

from this that more than half the gain was made in the first fourth of

the tube's length, and that if the tube were long enough the velocity

might drop to the values obtained by other experimenters, or even below
-—for their results are averages over considerable lengths of tubes.

The writer gives the calculations above—for Plates I and II—merely

as an illustration of what occurred in these two cases, and not because

he attaches any significance whatever to the numbers given. As a

matter of fact, the numbers have no significance. In every case I have

tried, the waves through the tubes have been in advance of those in

free air, but the gain has been quite variable. I am now endeavoring

to determine the cause of the increased velocity, and the reasons for

its variation. I have secured a number of photographs of the waves

through a 10 cm. and a 15 cm. tube placed side by side, with their ends

at diff'erent distances from the sound spark. This investigation is not

complete, but it has gone far enough for me to say that the velocity of

a pulse through a tube is greatest when the end of the tube is nearest

the sound spark, indicating that it is a question of sound intensity.

The sound for a time travels faster in the tube than it does outside

because the intensity of the wave in the tube decreases less rapidly than

in free space.

This experiment appears to settle conclusively the question as to the

dependence of sound velocity upon intensity independent of any varia-

tions caused by motion of air in a body, as contended by Rink in the

case of Eegnault's experiments. I shall discuss in a later paper the

question of what happens to the air when a spark passes.

Physics Laboratory, Indiana University, January, 1919.
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Luther Dana Waterman.

y ?vTHUR L. Foley.

Dr. Luther Dana Waterman was born in Wheeling, West Virginia,

November 21, 1830; died at Indianapolis, Indiana, June 30, 1918, age

eighty-seven years, seven months and nine days. Dr. Waterman was
the son of Joseph Aplin and Susan (Dana) Waterman, the father being

a native of Cornish, New Hampshire, the mother of Belfry, Ohio. The
mother died in 1837, leaving five young children, of whom Luther, the

subject of this sketch, but seven years old, was next to the oldest. On
the death of the mother I^uther went to live with his grandmother at

Oxford, Ohio. Although his father later remarried, Luther continued

to make his home with his grandmother until he had completed the work
of the public schools of Oxford and entered upon a college course at

Miami University.

The father, Joseph Aplin Waterman, was a farmer in his earlier

years. Later he became a physician and still later a Methodist minister.

It appears that he was successful in each of these callings, particularly

as a minister. It is said that he was not only a zealous expounder of

the Gospel but that he was an earnest and capable biblical student. He
died at Oxford, Ohio, at the age of fifty-five years.

Luther's maternal great-grandfather was Captain William Dana,

who was in charge of one of the companies from New England that,

under General Putnam, settled at Fort Marietta, now the city of Ma-
rietta, Ohio.

Dr. Waterman's early education was obtained in the public schools

at Oxford, Ohio, where he was known as a very capable and ambitious

lad. After completing the work of the public schools, he attended Miami
University four years, and the Medical College of Ohio, at Cincinnati,

two years. During his college work he was frequently obliged to drop

out and teach a term to get money to continue his college work. At one

time while a student in Cincinnati he got so near the end of his resources

that his only alternative appeared to be to drop his medical work and

seek employment. As a last resort he decided to try for a prize of fifty

dollars offered by one of the Cincinnati papers for the best poem for

the coming New Year's edition. By New Year's day young Waterman's
funds were so low that he did not have money enough to buy a paper

to see whether or not he had won the prize, and it was by accident that

(2l5^
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he learned of his success. He spent a part of the prize money to buy

a pocket set of surgical instruments. He used these instruments during

his forty years of surgical practice and it was with pride that he ex-

hibited them to his friends, particularly after he and the instruments

had "retired."

Dr. Waterman graduated from the Medical College of Ohio in 1853.

For two years after graduation he practiced medicine in Cincinnati,

and, like the usual j^oung doctor, was not burdened with patients. Con-

cluding that he could do better in a smaller town, he moved to Kokomo,
Indiana, in 185-5, and established a partnership with Dr. Corydon Rich-

mond. The move proved to be a very wise one. The population of the

town and surrounding country grew rapidly and with it the practice

and reputation of the firm of Richmond & Waterman. For several years

these doctors led a very .strenuous life—with an office full of patients

and constant calls for country trips through swamps and over corduroy

roads. Although Dr. Waterman remained in Kokomo but six years,

leaving there in 1861 to become a surgeon in the Union Army, never-

theless it was at Kokomo that he got the practical experience that made
his work with the army so successful, and it was there that he secured

the nucleus of his later fortune.

Being a man of .strong idealism and patriotism. Dr. Waterman did

not hesitate a moment, when the integrity of the Union was threatened,

to sacrifice a large and lucrative practice to offer his services to the

Government. In August, 1861, he was commissioned Surgeon of the

Thirty-ninth Regiment, Indiana Volunteer Infantry. Although his total

service in the Army extended over a period of three years and two
months, nevertheless he was not with the Thirty-ninth Regiment much
of the time, being frequently detailed to other companies and to hos-

pitals. During his three years of .service he was Surgeon of the Eighth

Indiana Cavalry, Medical Director of the Second Division of the Second

Army Corps, Arniy of the Cumberland, then Medical Director of the

First Division of the same Corps, and during the ab.sence of superior

officers was Medical Director for a month of the Corps under General

Phil Sheridan. He was Surgeon at the hospitals at Hunt.sville, Ala-

bama, and at Bridgeport and Chattanooga, Tennessee. He was twice

captured by Confederate forces, once at Harpeth Shoals, Tennessee, and
again at Newman, Georgia. He was held for three weeks in the prison

stockade at Macon, Georgia, and then transferred to the workhouse
prison at Charleston, South Carolina. He was later released (exchanged)

near Fort Sumpter.

At the conclusion of the war Dr. Waterman located at Indianapolis

and once again began to build up a practice. He soon came to be rec-

ognized as a successful surgeon and one of the best general practitioners
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in the State. He was for several years one of the surgeons of the City

Hospital and was one of the charter organizers of the old Indiana Med-

ical College, in which he was Pi'ofessor of Anatomy from 1869 to 1873,

and Professor of Principles and Practice of Medicine from 1875 to 1877.

With the consolidation of the several medical schools of the State into

the Indiana University School of Medicine, Dr. Waterman became Emer-
itus Professor of Medicine. He was for many years an active member
of the Indiana State Medical Society, and was Secretary and President

of that organization. It was in May, 1878, as President of the Society,

that he gave an address entitled "Economy and Necessity of a State

Board of Health." The address was published by the Society and five

thousand copies were distributed throughout the State. In that address

his arguments were so conclusively presented that they caused a state-

v>ride movement which resulted eventually in the establishment of a

State Board of Health in Indiana. Up to tliat time but thirteen States

in the Union had provided for state medical boards, and all these had
been established within the previous decade.

Dr. Waterman retired from active practice in 1893, at the age of

sixty-three years, after forty years of practice of medicine and surgery.

Nowadays when a physician retires not many know about it or care.

In this day of specialists, when a different one is employed for each

and every ailment, physician and patient rarely know one another inti-

mately; indeed, they may not even be acquaintances. Once each family

had but one doctor, regardless of the nature of the case. Whatever
such a physician lacked that the specialist possesses was balanced by

the former's broad and comprehensive knowledge and experience, his

understanding of the patient's history, habits and peculiarities, and a

sympathy and personal interest that many times amounted to genuine

affection. Dr. Waterman was such a physician, a family physician of

the highest type, and there was sincere regret in thousands of homes
when he announced his retirement from active practice.

Dr. Waterman was not only a progressive and successful physician

and surgeon ; he was a man of wide intellectual interests, a constant

reader, all his life a student of science, language and literature, himself

a writer of ability.

The writer remembers well the first time he met Dr. Waterman,

then eighty years of age. He was attending a dinner of the Indiana

Academy of Science and sat beside the writer—in order to discuss the

electron theory. The last time the writer ever saw the Doctor alive

was when the Doctor accompanied him on a two-hundred-mile auto trip

to attend a meeting of the Indiana Academy at Turkey Run and The

Shades—only a month before the Doctor's death. He was still inter-

ested in the electron theory. He was interested, too, in the research
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work of the Waterman Institute and discussed minutely the work in

progress. But what impressed the writer even more than the aged

Doctor's knowledge cf and continued interest in science was his knowl-

edge of language, literature and history. He rarely faltered on Latin

or Greek derivatives and he read Spanish readily. In fact, he was at

that time reading a history of Mexico in Spanish. He had made an

extended trip into Mexico in 1886 and had acquired some knowledge of

the Spanish language. Thirty years later, at an age of more than four

score, we find him reading Spanish and studying Mexican history. Here
we find the secret of Dr. Waterman's success. He had the desire to

know, and he had the perseverance and energy required to acquire the

knowledge. In addition he had the instincts of the scientist, the faculty

of observing details and appreciating their importance. This is strik-

ingly illustrated in a paper presented to the writer a few years ago.

It is a four-page description of an aurora witnessed by the Doctor when
a young man, written as the display was taking place. For vividness

of description and terse, straight-forward English it is superior to most
of the studied memoirs published in our magazines of science. Dr.

Waterman's ability was recognized by his alma mater, Miami Univer-

sity, by conferring upon him in 1892 the honorary degree M. A.

Dr. Waterman was originally a Whig, but became a Republican when
that party came into ascendancy and remained a staunch Republican all

his life. When Fremont was runnirtg for President the Doctor stumped
Howard County in his behalf. Throughout his life he remained more
or less active in his party's councils.

At the time of his visits to Europe, 1878 and 1881, also to Mexico,

1886, Dr. Waterman wrote a number of articles for the Indianapolis

papers descriptive of his travels. He published a paper on "The Regi-

mental Surgeon" in the Indiana Medical Journal, February, 1906, and
a book of verse, entitled "Phantoms of Life," in 188.3. In this little

volume he "presented his philosophy of existence in stately phrasing.

The ideals there shown are high, and those who knew him may well

believe that he tried to fulfill them." Dr. Watei'man, the son of a

minister, was not himself an enrolled member of any church. Yet he

was in thought and deed a deeply religious man. At his funeral both

Jew and Gentile attested to the nobility of his character and the grief

his death bi-ought to them.

At a meeting of the Trustees of Indiana University, May 12, 1915,

Dr. Waterman placed in their hands deeds to property amounting in

value to one hundred thousand dollars for the purpose of founding an

Institute for Scientific Reseaich. This is the largest gift for scientific

research ever made in Indiana. Dr. Waterman believed the highest

form of charity is to discover useful truth, and for this purpose he
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gave the savings of a frugal and industrious life. The Luther Dana
Waterman Institute for Research began its work in September, 1917.

It is a satisfaction to know that Dr. Waterman lived to see the work

inaugurated and to express interest in its progress. It is to be regretted

that he did not live to see at least one publication from the Institute

which with wisdom and generosity he had established.

At the Indiana University commencement exercises, June 23, 1915,

President Bryan chose Dr. Waterman's life as a theme for his address

to the senior class. No more fitting conclusion to this biography could

be written. I therefore quote from President Bryan's address

:

"I wish to say a few words to the oldest member of our faculty

—

Dr. Luther Dana Waterman, professor of medicine emeritus.

"Surgeon in the Federal Army, prisoner of war at Macon and

Charleston, in civil life physician and professor of medicine, you have

in eighty-four years won position and honors and fortune such that

many would for them sacrifice everything else in the world. But I

wish these my children to see that you have made your way up to a

great practical success without sacrificing everything else in the world.

You have not sacrificed your interest in the worlds that lie outside of

your vocation of physician. Most men of every calling are caught

within the trap of their own business. Not you. You have escaped

that trap. You have traveled far among men and books and ideas.

You are not of those who bear a title from the college of liberal arts

and are yet aliens from its spirit. In the world of the liberal arts you

are a citizen. You are friend with Plato and Virgil and Darwin and

their kind. You know that these are not dead names in the academic

catalogue, but living forces and makers of society. In that world you

have spoken your own word in verses which are resolutely truthful,

discriminating and brave. The joy of living as you have done in the

wide, free and glorious world of the liberal arts is such that many for

it have sacrificed everything else, including that practical success which

you have not sacrificed.

"But besides your successes inside and beyond your calling you have

had another fortune. Long ago there came to you an idea. You had

lived from the days of the tallow candle and a thousand things which

went with that to the days of the electric light and a thousand things

which go with that. Within your lifetime you had seen an incredible

access of power, enlightenment and freedom, from the discovery of truth

of which all preceding generations had been ignorant. You had then

the insight, the conviction that the Great Charity is the discovery of

truth, which is thenceforth light and power and freedom for all men.

This conviction became your deepest purpose. Thirty-two years ago

you wrote:
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He who would make his life a precious thing-

Must nurse a kindly purpose in his soul.

"These lines were your confession. There was a great secret purpose

which you were cherishing. You worked for that. You saved for that.

For that you had the secret joy of living sparely, austerely as a soldier.

"Sir, you have no son. But the scholars who work upon the foun-

dation which you have established here shall be your sons. Far down
the years when all of us are in the dust your virile sons shall be here

keeping alive your name and your hope. And so shall be fulfilled your

saying that

They live longest in the future who
Have truest kept the purposes of life."



New Methods of Measuring the Speed of Sound Pulses

Near the Source.

By Arthur L. Foley, Waterman Research Professor and Head of

Department of Physics, Indiana University.

In the Proceedings of the Indiana Academy of Science for 191.5 the

writer showed that the relative speeds of sound pulses at some distance

from the source and of different intensity are apparently the same. The

experiments described threw no light on the question of the actual speed

of a pulse at diflferent distances from the source. This paper deals with

a method, rather with two methods, of finding the actual and instanta-

neous speed of the pulse at any point less than a meter or so from the

source. The method could be used for greater distances by increasing

the intensity of the spark producing the sound pulse, so as to give the

wave sufficient intensity to cast a "shadow" on a plate or film.

FIG. 1.

Figure 1 shows the arrangement of the apparatus used in this experi-

ment. M is a plane steel mirror made by grinding and polishing the

flat surface formed by cutting an axial longitudinal section 20 cm.

(22n
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long from a piece of steel shafting about 5 cm. in diameter. The
shaft was arranged for rotation at a high speed inside a light-tight

box Y connecting with another light-tight box X, with a rectangular

opening O, 2x15 cm. between them. Bi and B^ are boxes to hold

the full and empty spools for photographic film. Guides F on each

edge of the film caused it to lie, when unwound, on the surface of

a cylinder with the rotating mirror M on the axis. Just in front of the

mirror is a horizontal rod R, of small diameter. A spark from the

terminals E of an electric machine jumps the gaps d, G^, S and L, the

spark at S occurring before the one at L. When the sound spark occurs

the light passes through O, falls upon the mirror M, and is reflected on
the film, the rod R producing a shadow Ri on the film. Suppose that

the sound pulse arrives at W, by the time the retarded light spark
occurs. A part of the shadow of W, is intercepted by the wall of the

box. A part passes through O, falls upon the mirror at W„ W,., and is

reflected on the film at Wi, Wr,, together with a second shadow of the

rod R, now at R„ due to the fact that the mirror has rotated through
a measurable angle during the interval between the sound spark and the
light spark. The distance between the shadows R, and Ro together with
the mirror speed and the distance from the mirror to the film, enable
one to calculate the time interval between the sparks.

From the measured distance W,—W^, together with the distance from
the light spark to the sound spark, and from the sound spark to the

mirror, and thence to the film, one gets the true radius of the sound
wave. The quotient of the radius by the time gives the average speed.

If one plots radius by time for a considerable number of observations

the tangent at any point on the curve gives the instantaneous speed at

that point.

The films used were eight inches wide and four feet long, and in-

cluded about sixty degrees of the arc about the miiror. As the image
rotates twice as fast as the mirror it is evident that if the sparks were
produced at random, there would be but one chance in twelve of the

mirror being in the pi-oper position to give a picture. To avoid this

difficulty and to enable one to get several pictures on the same film a
metal rod was fastened in such a position on the end of the mirror shaft

that it shortened the gap G; to such an amount as to cause a spark to

pass at the proper time. The position of the gap G,. was varied by fixing

the electrode J at different points along the arc A. .J was arranged so

it could be slid back and forth through a sleeve. When a spark was
desired J was pushed forward and the gap G-. thus shortened until a
spark occurred. The gap was then lengthened before the electric ma-
chine had time to generate a sufficient potential for a second spark. In

practice, however, this device was found to be somewhat erratic, prob-
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ably due to the powerful air currents set up by the whirling electrode.

Nevertheless it was possible to get three or four pictures on each film

and to get sufficiently well defined sound pulse and rod shadows to permit

of reliable speed calculations for waves of radius greater than 2 or 3 cm.

The polish of the metal mirror was not sufficiently good to give well-

defined wave pictures close to the source, where the wave is more or less

confused with other spark effects. It was decided, therefore, to eliminate

the mirror entirely and get the picture directly on a moving film. The
mirror shaft was removed and in its stead was placed a shaft carrying

an eight-inch flat-face steel pulley two feet in diameter. The film was
fastened to the face of the pulley and rotated within 1 cm. of the open-

ing 0, across the center of which the rod R was fastened in a horizontal

position and exactly in line with the sound and light sparks. The dis-

tance on the film between the sound spark and the light spark shadows

of R together with the pulley speed gave the time interval between the

sparks. From the radius of the wave shadow together with the dis-

tances from the light and sound sparks to the film the true radivis of

the sound pulse was calculated. As before, the quotient of radius by

time gave the sound speed.

The definition of both sound wave and rod shadows was much better

in this case than when the rotating steel mirror was used. However,

the experiment did not yield better results for waves of small radius,

because it was impossible to rotate the film fast enough to make the

distance between the rod shadows sufficiently large to be measured with

accuracy, when the time interval was small. The film was thrown off

and torn to fragments whenever the speed exceeded some twenty-five

revolutions per second, regardless of the precautions taken to hold the

film on the pulley. Even when both the edges and the ends of the film

were cemented to the pulley, the film was thrown off at a speed of some

twenty turns per second. The highest rotational speed was obtained

when the film was held on the pulley by placing over it a strip of strong-

cotton net of about 5 cm. mesh, with edges laced securely on the inside

of the pulley rim. The string shadows were readily differentiated from
the rod and wave shadows, and were not so objectionable as the writer

feared they might be.

On account of the limited speed at which the film could be rotated,

the increase in the accuracy of the time interval measurements resulting

from the better definition of the rod shadows was offset by the fact that

the distance between the shadows was much less than by the rotating

mirror method. Both the rotating mirror method and the moving film

method gave results that show that if there is any difference between

the speed of a sound pulse of the intensity used and the speed of an

ordinary sound wave, the difference is less than two per cent.
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The writer is now at work on ?. third method which promises more
accurate results than either of the ones described in this paper.

It may be noted that a photographic method of measuring sound

speed eliminates sources of eiror found in all methods where the sense

of hearing or any mechanical device is used to register the time of

arrival of a sound wave, and where the distances traversed by the wave
are large. There is no question as to personal error, time lag, wind
velocities, differences in temperature, humidity, density, change of wave
fonn, etc. The method gives the instantaneous speed at points up to the

source of sound itself. These points will be discussed and data submitted

in a later paper.

The writer wishes to thank Professor Cogshall of the Department of

Astronomy, of Indiana University, for his kindness in grinding and
polishing the steel mirror used in this experiment.



The Crustaceans of Lake Maxinkuckee.'

By Barton Warren Evermann,

Director of the Museum of the California Academy of Sciences,

and

Howard Walton Clark,

Scientific Assistant, U. S. Bureau of Fisheries Biological Station,

Fail-port, Iowa.

During the physical and biological survey of Lake Maxinkuckee,

Indiana, carried on more or less intermittently from July, 1899, to

October, 1913, for the United States Bureau of Fisheries, considerable

attention was given to the Crustaceans inhabiting the lake and its con-

necting waters. The full detailed report on those investigations will,

it is hoped, be published elsewhere. In the present paper it is our pur-

pose to present only the more important considerations and conclusions,

largely omitting the vast body of details and observed facts upon which

the present contribution is based.

A very comprehensive study of the Plankton was made by Professor

Chancey Judah, now of the University of Wisconsin. It is hoped the

results of Professor Juday's studies may be pviblished soon. A similar

thorough study of the Parasitic Copepods was made by Dr. Charles B.

Wilson, a brief summary of whose report is made part of this paper.

Except during the summer of 1899 and 1900, the field work on Lake

Maxinkuckee was nearly all done by one or two investigators only.

This made it impossible to pay ejual attention to all the groups of

animals and plants; indeed, many groups could receive scarcely more

than passing notice, while others had to be wholly neglected. Among
those groups which received but slight attention are the worms, poly-

zoans, protozoans, smaller crustaceans, insects, and the like. Although

considerable collections were made in some of these groups, insurmount-

able difficulty was experienced in finding specialists to work them up.

Our reports on several of those groups are therefore necessarily brief

and general in character.

Occasional notes and memoranda were made regarding various spe-

cies which we did not have opportunity to observe regularly or method-

ically. Such of these as seem to possess some value or interest are given

in the following pages.

1 Published by permission of the U. S. Commissioner of Fish and Fisheries.
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Collecting Stations.

Lake Maxinkuckee is in Marshall County, Indiana, 34 miles south of

South Bend, 94 miles southeast of Chicago, and 32 miles north of Lo-

gansport. Its elevation above sea-level is 735 feet. It is about 2.6 miles

long from north to south, about 1.6 miles wide, and its surface area is

1,854 acres. Its greatest depth is about 90 feet.

Observations were made and collections obtained in all sorts of places

and situations in and about the lake. Cei'tain localities mentioned spe-

cifically in this series of papers may be more definitely described as

follows

:

Arlington.—A flag station on the west side of the lake, at the base

of Long Point.

Aubeenaubee Creek.—A small stream entering the lake near the

middle of the east side.

Bircli Swamp.—About two miles west of the lake.

Bruce Lake.—A small lake a few miles southwest of Lake Max-

inkuckee.

Culver Inlet.—A small stream entering the lake at the northeast

corner.

Drained Lake.—An old lake bed a mile northwest of the lake.

Farrar'.H Creek.—A small creek entering the lake at the south-

west end.

Green's Marsli.—A few acres of wet ground between Long Point and

the railroad on the west side of the lake.

Long Point.—A small peninsula projecting into the lake on the

west side.

Lo.'it Lake.—A small, shallow, muck-bottomed lake lying west a few

rods from Lake Maxinkuckee.

No7-ri.^ Boathouse.—On the southeast shore of the lake.

Norris Inlet.—The principal inlet of the lake, entering the lake at

the southeast corner.

Outlet Bay.—A small bay on the north side of Long Point.

Outlet.— The small stream through which the water flows from Lake

Maxinkuckee into Lost Lake.

Spangler Creek.—A small brook entering the lake from the east.

Walley's.—A farm on the outlet creek just below Lost Lake.

Weedpatch.—An east-and-west bar about 1,200 feet long and 500

feet wide, in Lake Maxinkuckee, in 10-foot water southeast of Arlington.

Winfield'.s.—On west side north of Outlet Bay.

For convenience of treatment, the Crustaceans of Lake Maxinkuckee

may be divided into five groups, as follows: (1) the Plankton species;
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(2) the Parasitic Copepods; (3) the Amphipods or Beach Fleas; (4) the

Isopods or Sowbugs; and (5) the Crawfishes.

The Plankton Species.

The list of species contained in the Plankton collections of 1899 and

1900, and a discussion of their abundance, distribution and habits, will

be found in Professor Juday's report. A few additional species were

later obtained in the small ponds about the lake.

Of the individual species not much can be said; our studies were too

general for that purpose. It may be stated, however, that plankton

species of crustaceans constitute a large part, probably nearly all, of

the first food of the young of mp^ny fishes, and much of the food of

some species of fishes throughout their entire lives. The little Stickle-

back {Eucalia inconstans) , for example, may be mentioned as one of

such species. Examples of this species kept in an aquarium fed eagerly

on any and all plankton crustaceans which we placed in the aquarium

with them. We observed also that these small crustaceans are captured

and eaten freely by those curious carnivorous plants, the bladderworts.

Of the whole group it can be said that they are present throughout

the year in greater or less abundance. The abundance varies greatly,

however, from time to time, as shown by Juday. On September 6,

1906, peculiar ripples were observed on the surface of the otherwise

smooth lake. Upon cautiously approaching the spot it was found that

the disturbance was caused by large schools of young black bass, circling

about and feeding voraciously. Upon drawing a towing-net through the

place great quantities of several species of plankton crustaceans were

obtained.

On many occasions the lake surface in large areas was seen to be

covered with a thin scum which, on examination, was found to consist

chiefly of the cast-off skins of minute crustaceans.

On November 5, 1906, Entomostraca were present in such remark-

able abundance at and near the surface of the lake that the water had

the appearance and consistency of thick soup, the little animals actually

crowding each other in the water. The next day great windrows of these

crustaceans were found washed up on the shore at Long Point. Two
days later they were again observed forming dense clouds at and near

the surface of the lake off the Norris boathouse. A 4-drachm vial was
simply dipped into the water and about 100 of the creatures were

secured.

A quantity of plankton collected July 7, 1909, and examined quali-

tatively by Professor A. A. Doolittle of the department of biology,

Washington, D. C, high schools, gave the following results:
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Species. I'er cent.

Diaptomus oregonensis Lilljeborg 0.38

Cyclopa leuckarti; (edax Forbes) 4.11

Diaphanosoma leuchtenbergianuui Fischer 0.40

Daphnia retrocurva Forbes, var 1 .06

Daphnia hyalina Leydig 84 .02

Total 99.97

The Copepods (free-swimming species) frequently bear attached

Protozoa, .sometimes in such numbers as to make them appear bristly.

They seem to be more abundant in winter when the lake is covered with

ice. Whenever holes are cut through the ice these crustaceans often

come crowding to the light and air.

The Cladocera are, generally speaking, the larger and more showy

element of the crustacean plankton. Their stomach contents, which at

times forms conspicuous masses, was found to be composed largely of

phyto-plankton elements, especially Dotryococcus braioii, which, because

of its color, was easily recognizable. One of the smaller Cladocera,

ChydoniH, was found to constitute an important part of the food of the

Unionidae or mussels of the lake, as it also does of the small fishes.

One of the most notable species of the Zoo-plankton was Leptadora

hyalina. This is usually a deep-water species, but on September 2,

1906, it was taken in quantities in a surface tow-net in Outlet Bay.

Though one of the largest of the plankton crustaceans, this species was

so transparent as to be quite invisible except by its movements among

the associated individuals of Lyvgbya.

Two other species of Entomostraca not usually classed as plankton

were noted, namely, the fairy shrimps. One, Branchippus serratus, was

found dead in large numbers floating on the surface in deep water July

11, 1899. Later in the same day considerable numbeis were seined in

shallow water off Norris Inlet. Again, on August 21 and 31, a few

were seen floating.

Another species, Branchippua vernalis, was found abundantly in

i.mall temporary ponds west and south of the lake in the spring of

1901. A school of these curious crustaceans of delicate structure and

pearly appearance, apparently usually swimming on their backs, their

numerous gill-feet moving rypidly in the wate)-, makes a very pi'etty

sight.

The Pdi-asitic Copepods are reported on by Dr. Wilson. It may
be here remarked that, as compared with other bodies of water,

these forms are comparatively rare in Lake Maxinkuckee. In certain

rivers which we have examined, particularly the Kankakee, Maumee,

and .sloughs along the Mississippi, certain large species of Lernasocera
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are so abundant during the summer and fall that they infest most of

the rock bass, crappies, and bluegills. They seemed to be worst on the

rock bass, nearly every one of which was bleeding in one or more places

where these parasites had fastened in their skin. At this season these

fishes are said to be "wormy" and are rejected by anglers and others

who chance to catch them.

The Isopods or Soirbugs are represented at the lake by two aquatic

species, one in the lake proper, the other (Porcellio scaber) in the wood-

land ponds and in damp places. The lake species is abundant all the

year round among the Chara, especially in Outlet Bay. It is one of the

most important fish foods, particularly of rock bass and bluegills. It

sometimes forms the greater part of the food of those species. Little

or nothing was learned of the habits of the pond species. There are,

of course, several land species of these curious crustaceans.

The Amphipods are represented by several species in the lake and
the neighboring ponds. A large species (probably Gumviarus pulex)

was found near the shore, and a smaller form (probably Hyalella knick-

erbockeri) farther out in the lake among the aquatic plants. The Horse-

tail {Ceratophyllum detnersum) was one of its favorite haunts. Some
of our herbarium specimens of this plant were found full of these beach

fleas. Many specimens were obtained from the plants raked up from
various depths. The Amphipods could be obtained by washing the plants

in a tub or bucket of water. A few weie taken at night in the towing-

net. Some were found in stomachs of fishes seined August 3, 1906,

south of Arlington station.

The freshwater shrimp (Palaenionetes exilipes) was not common in

or about the lake. Only a few were obtained, one on August 2, 1899,

one on September 6, 1899, and one on October 23, 1900, all in the Outlet.

Two were secured in Lost Lake, one on August 1, the other September 1,

1900. Another was taken November 27, 1900, upon a mass of aquatic

plants dredged some distance from shore in the lake. This species there-

fore appears to be rather rare at this lake. In Little River near Aboite,

Allen County, Indiana, immense numbers of this shrimp were found in

masses of Ceratophylhun, from which the transparent creatures jumped
with great alacrity when hauled up out of the water. They were found

in great abundance also in Chester River near Chester, Md.
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The Copepod Parasites.

By Charles B. Wilson, Professor of Biology, State Normal School,

Westfield, Mass.

Three species of Argulus, two of Ergasilus, and one of Achtheres

were found upon the fish of the lake. The species of Arguhis have all

been described elsewhere (Proc. U. S. Nat. Mus., XXV, pp. 709, 715,

718). The life history of one species, A. maculosus, was obtained in

full, and a brief account was published in 1907 (Proc. U. S. Nat. Mus.,

XXXII, p. 416). Of the two species of Ergasilus, one (£". centrarchi-

darum) has been described by Wright.* This species is common every-

where on all fishes of the pei'ch family. The other species was new to

science; it was named E. versicolor, and a full description with figures

was published in 1911 (Proc. U.S. Nat. Mus., XXXIX, p. 341: pi. 45).

The single .species of Achtheres, A. percumm, has also been described

by Wright, Nordmann, Kroyer and others, but several details were here

supplied that had hitherto been lacking.

The complete life-history was also worked out for both genera; that

of Achtheres had been partially described before by Claus and Kellicott,

while not a single detail had ever been published for Erga.sihis.

1. Arguhui catostomi Dana & Herrick.

Found in the gill-cavity of the white sucker, Cutostomus commersoni.

The discovery of this species in Indiana, together with tho.se recorded

from Lake Champlain and the rivers of Massachusetts, Connecticut and

New York, shows the distribution of this parasite to be identical with

that of the host it infests. The specimens here obtained and those from

Lake Champlain include males, the first of that sex to be recorded for

this species.

2. Argulus aniericanus Wilson.

Found on the outside surface of the Dogfish or Bowfin (Aniia calva).

This species does not appear to be very common at Lake Maxinkuckee,

but possibly an examination of a larger number of fish would .show a

different result. This is the first instance of the species having been

obtained from fish in their native haunts.

3. Argulus viaculosus Wilson.

Found on the outside surface of the Common Bullhead (Ameiurus

nebulos-us), the Yellow Catfish (Ameiuiiis natalis), and the Rock Bass

or Redeye (Ambloplites rupestns) . Only two females were found on

the Redeye; both were full of ripe eggs; evidently they were hunting

* Proc. Canadian Institute (N. S.), 1, p. 243.
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for a suitable place to deposit them, and were only using the Redeye
as a temporary host.

The Yellow Cat is the true host of this Argulus, and nearly half the
fish of that species that were examined yielded specimens of this parasite.

4. Ergusilus centrarchidarum Wright.

Found on the gill-filaments of the Calico Bass (Pomoxis sparoides)

,

the Redeye (Ambloplites rupestris), the Warmouth (Chaenobryttus

gulosus) , the Bluegill (Lepomis pallidus) , the Small-mouthed Black

Bass {Micropterus dolomieu), the Large-mouthed Black Bass {M.

salmoides) , the Yellow Perch (Perca flavescens) , and the Walleyed Pike

(Stizostedion vitreum) , and would have been found almost certainly

upon the diff^erent sunfishes had there been an opportunity to examine

them.

As its name rightly implies, it is a family rather than a specific

parasite, and is very widely distributed, as are the hosts upon which

it lives.

5. Ergasilus versicolor Wilson.

Found only on the two species of Catfish {Amemrus nebulosus and

A. natalis) , the latter of which was the more badly infested. This

species was not found upon any other fish in the lake, although many
hundreds of them were searched for it, nor was Ergisilus centrarchi-

darum so common on the other fish, ever found on these catfish.

E. versicolor has since been obtained from the Channel Cat (Ictalurus

punctatus) , and the Eel Cat (Ictalurus anguilla) , in the Mississippi

River.

The species is thus distinctively a Catfish parasite in sharp contrast

to E. centrarchidaruin, which is a Perch parasite.

The life history of Ergasilus worked out upon these two Maxinkuckee
species was published in Vol. 39, Proc. U. S. Nat. Mus., pp. 313-326,

and still stands as the only contribution to the ontogeny of the entire

family.

6. Achtheres ambloplitis Kellicott.

Found on the gill arches of the Redeye (Ambloplites rupestris), the

Bluegill (Lepomis pallidus) , the Small-mouthed Black Bass (Microp-

terus dolomieu), the Large-mouthed Black Bass (M. salmoides), and
the Walleyed Pike (Stizostedion vitreum). It was particularly common
on the Redeye and the Small-mouthed Bass, two-thirds of the specimens
examined being infested with this parasite. Like the first species of

Ergasilus mentioned above, it is a family rather than a specific parasite,

as its name implies. But it is even more widely distributed; for it is

as common on the European as on the American Perch, and is probably
as widely distributed as the Perch family itself.

The life history of this species appeared in Vol. 39, Proc. U. S. Nat.
Mus., pp. 194-224: pis. 29-36.
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The Crawfishes.

By William Perry Hay, Head of the Department of Biology and
Chemistry, Washington, D. C, High Schools.

Crawfishes are quite common in Lake Maxinkuckee and in Lost Lake;
on the land about the lakes they are less frequent. The truly aquatic

species are found chiefly in the shallower depths, hiding under rocks,

sticks, and among Chara and other aquatic vegetation. But even at

their best, not as many will be taken in the seine as will be secured in

similar collecting in sluggish streams. The greatest number taken in

one haul of the seine in Lake Maxinkuckee was twenty-two.

In the collections turned over to me for identification and study,

four species are represented, namely: Cambanifi blandingi aciitus, C.

diogenes, C. propinqims, and C. immunis spinirostns ; or, using English

names in.stead of Latin combinations, we may designate these four spe-

cies as the Pond Crawfish, the Solitary Crawfish, the Gray Rock Craw-
fish, and the Rock Crawfish. Of these, the first three have long been
known to occur in northern Indiana, but C. immunis spinirostris has
not heretofore been known north of Terre Haute. One or two other

species probably occur in the Maxinkuckee region. C. argillicola Faxon
has been reported from several localities north, east and south of Lake
Maxinkuckee, and C. rnsticus Hagen has been taken near Mount Etna,

Huntington County, Indiana.

Beyond doubt, the crawfish fauna of this lake, or of any other, will

repay careful study. The habits and economic importance of these

animals are only poorly known; but it mu.st be that, as a source of food

supply for other animals, or as scavengers, they fill a field of usefulness.

As the species of crawfishes aie I'ather diflfiicult to distinguish, and
as the present account is for the general public rather than for the

zoologist, it will be impracticable to give more concerning the structural

characters of the.>-e than is ab.solutely indispensable for their recogni-

tion. Before beginning this, howevei-, it must be stated that the male
crawfish may be distinguished from the female by the presence of two
pairs of rigid appendages which are attached to the first two joints of

the abdomen or tail, and which, projecting nearly straight forward, lie

in a sort of groove between the bases of the walking legs. In the female

the abdomen is broader than in the male, and the appendages of the

first two joints are slender and flexible like those which follow. The
rostrum is the beak-like projection of the shell (or carapace) above
the eyes.
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1. CamhariLs blundingi acutus (Girard). Pond Crawfish.

This species may be at once distinguished by the fact that in the

males the third and fourth pairs of walking legs bear a hook on the

third joint from the base. The rostrum is long and approximately

triangular, with a pair of small teeth quite close to the tip. The large

pincers and the legs which bear them are long, slender, and roughly

granular.

This crawfish is represented in the collection by two males and seven

females from Aubeenaubee Creek, one male and one female from Culver

Inlet, eight males and two females from Spangler Creek, and by two
males and one young female from Bruce Lake.

This is the pond crawfish of the region, its home being in woodland
ponds. Individuals were seen from time to time, but they usually

escaped under the leaves. Several dead ones were found in ponds.

Generally speaking, it is not a very abundant species anywhere. It is

occasionally met with in the sloughs of the Mississippi.

2. Cambarus diogenes Girard. The Solitary Crawfish.

This crawfish is an inhabitant of the lake at certain times only. It

visits the water early in the spring for the purpose of producing its

young, but during the remainder of the year each individual lives alone

in a burrow over which it constructs a chimney of mud pellets. This

habit is so peculiar, being shared by only ens ether Indiana species,

that it alone should be almost enough to distinguish the solitary craw-

fish; but as some of our readers may wish to know what the animal is

like, the following description is given : The body is high and com-

pressed; the rostrum is short, thick-edged, and without teeth near the

tip; the two longitudinal, curved lines on the back run together through-

out the whole part of their length, so that only small triangular spaces

are left between them in front and behind. The color is usually quite

brilliant for a crawfish, the claws, rostrum, and the elevations on the

shell being more or less marked with crimson and yellow.

Represented in our collections by one large female and seven young
from Aubeenaubee Creek. Other examples were noted in 1901 as follows:

March 31, a good-sized female caught in a pool at the birch swamp;
April 1, one dead, in ditch east of railroad, in Green's marsh; April 2,

remains of several seen in the Outlet; April 3, remains of one found in

Green's marsh; April 4, two caught, copulating east of the railroad, in

Green's marsh, and one caught in the marsh north of Lost Lake ; April 9,

three living ones seen, two caught, and remains of great numbers at

the drained lake; April 11, one big one caught at mouth of Farrar's

Creek, and one at mouth of Aubeenaubee Creek; April 15, several seen

in creek at south end of the lake, two caught; April 17, a female with

eggs caught on west side of lake; April 19, a large one dead at water's
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edge just east of the depot; May 3, chimneys abundant east of Lost

Lake outlet; May 17, one caught at edge of Lake Maxinkuckee at Long
Point, with small young attached to it. This is a large, "meaty" species

with heavy pincers, and, except where its natural habitat gives it a

muddy flavor, makes an excellent food.

3, Cavibaru-'i propinqims Girard. The Gray Rock Crawfish.

This species may be recognized at once by the fact that the upper

surface of the rostrum has a low median longitudinal ridge. This is too

low to be visible, but may be detected by passing the tip of one's finger

across from side to side, when the elevated portion may easily be felt.

The species is usually an inhabitant of running water and will probably

be found to occur most abundantly about the inlets and outlets of the

lake. It is represented in our collections- by fifteen males and twenty-

nine females from Aubeenaubee Creek, nine males and five females from

Lake Maxinkuckee, seven males and ten females from Culver Inlet, one

male and one female from outlet of lake, and four males and seven

females from East Inlet.

This is the common crawfish of the lake. It is found in considerable

abundance everywhere among rocks and in the Chara. The lake form

is brownish gray in color. It is too small to be of much use as human
food. This species is also found in Yellow River, near Plymouth, and

appears to be the most common species of the region. They do not

burrow, but hide under rocks or bits of boards or sticks, under which

they may make small excavations. Of many notes taken the following

may be given here:

April 27, 1901, several seen in the bottom, one bluish in color; two

copulating. .June 3, a large shed carapace in Outlet Bay. June 7,

several caught; they hide under boards; one very small one with its

mother. June 12, many caught, more seen ; almost every blunt-nosed

minnow's nest is watched by one or two. June 13, a good many at

minnows' nests. June 16, some caught at minnows' nests. June 22,

still at minnows' nests. In 1904, October 19, a common content of fish

stomachs; fishermen report that they are the best bait now; one

angler caught six black bass with crawfish and one with a minnow.

October 3, many at the head of the Outlet, about eight seen in a small

space; one was eating at a dead grass pike; it stayed there a good

while. October 31, one still eating in the morning at the pike; very

little of the pike eaten. November 2, still eating at the pike. Novem-
ber 14, one near shore east of Long Point eating a minnow. Novem-
ber 22, two caught while copulating. November 25, two caught copu-

lating east of Long Point. January 1, 190-5, three seen together, two
smallish, copulating, and a big one nearby.



The Craivfishes. 235

From numerous observations of the crawfishes of the lake the fol-

lowing conclusion may be drawn:
There appears to be no special time for mating, and no special breed-

ing period was observed ; nor again, any special time for moulting. It

is probable that in the fairly uniform temperature of the lake the lives

of the crawfishes are not so markedly divided into seasons as they are

in the river crawfishes. Generally, in rivers heavily populated with

crawfishes, one can find immense numbers of moulted shells at certain

periods—usually about the beginning of July—but in Lake Maxinkuckee
only occasional and scattered cast-off skins can be found.

The nature of the food was not easily discovered by examination of

stomach contents, as the material was too finely comminuted. A few

were seen eating dead fishes as mentioned above. They are usually

found in the \ncinity of minnow nests, and probably devour fish egg<

to some extent. Various fishes, especially walleye and bass, eat them
at times, and they are one of the principal foods of the soft-shelled

turtle. The lake species are rarely used for bait, perhaps because of

the difficulty of obtaining soft-shells or "peelers" in the lake; river

crawfishes are sometimes used.

The crawfishes of the lake often have protozoa attached to the gills,

but this probably does not seriously inconvenience them.

4. Cambams imvmnis sjnnirostris Faxon. The Rock Crawfish.

In general form and appearance this species is somewhat like the

last, but it lacks the longitudinal ridge on the rostrum. The teeth of

the rostrum are apt to be very small and, in the males, the tips of the

first abdominal appendages are slender, blade-like, and recurved.

Represented in the collections by nine males and eight females from

Aubeenaubee Creek, one male from Culver Inlet, and twelve young

females from Norris Inlet.
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Notes on Certain Protozoa and Other Invertebrates of

Lake Maxinkuckee.

By Barton Warren Evermann,
Director, Museum, California Academy of Sciences,

and
Howard Walton Clark,

Scientific Assistant, U. S. Bureau of Fisheries Biological Station,

Fairport, Iowa.

The field work upon which these notes are based was carried on

under the auspices of the United States Bureau of Fisheries, at irregu-

lar intervals between July, 1899, and October, 1913, in connection with

a physical and biological survey of Lake Maxinkuckee, Indiana.

The Protozoans and Ccelenterates.

No special attention was paid to the Protozoa of the lake; only those

forms were noted which thrust themselves upon the attention.

The protozoan life of the lake is not conspicuous except for a few

forms which are found in such abundance as to attract attention.

The list of species identified is a short one, not because these organ-

isms are rare at the lake, but because no one of the party engaged in

the study of the lake was especially interested in or familiar with them.

An attempt was made to collect and preserve all forms that attracted

the attention, but these were naturally only a small proportion of the

species present. Whenever time from our other multifarious and more
pressing duties permitted, attempts were made to collect these organ-

isms, and at one time, stimulated by the handsome figures of some of

the more ornate forms figured by Leidy and Kent, an especial attempt

was made to obtain some of the more striking forms, but the search

was rather fruitless. It so happened that the plankton, which should

have contained a number of these organisms, was submitted to two
diflferent experts, one interested in Algae, the other in Crustacea, with

the result that such Protozoa as there were went by default.

Forms of doubtful affinity, by some placed among Algae and by others

as animals, such as Pcriditiiinn, Ccrtithini and Volvox, are included,

Volvox especially exhibiting characters which strongly suggest a position

in the animal series.

Following are our notes upon the few species identified:
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1. Arcella vulgaris Ehrenberg

Upon examining the stomachs of a number of tadpoles caught at the

edge of Aubeenaubee Bay in August (1906), a goodly number of Arcella

vulgaris were obtained. The tadpoles when caught were busy sucking

the surface of weeds and sticks, as is their habit, and from these they

probably obtained the Protozoa. It is probable that Protozoa form an

important part of the food of young tadpoles. On other occasions we
have seen them taking in large numbers of Paramcecium.

Arcella vulgaris was abundant September 3 (1906), with other mate-

rial (Paramcecium) forming a scum over water in a tumbler where

some duckweeds were kept. It was also present in hand-gathered mate-

rial obtained at the dam in the Outlet, October 30, of the same year.

2. Centropyxis aculeata Stein

Taken occasionally in the summer and autumn of 1906 in gatherings

in shallow water near shore.

3. Euglyplia alveolata Dujardin

Obtained in collections near shore, summer and autumn of 1906.

4. Dinobryon sp.

Found occasionally near thore in Lost Lake, but not abundant. In

the small lakes about St. Paul, Minn., where it is very abundant, it

furnishes an important item in the food of the fresh-water mussels.

5. Euglena viridis Ehrenbei'g

Some found in a scum in pools in Green's marsh. The great amount
of vegetation makes the water almost as rich as an infusion. Obtained

August 22 (1906). Euglena formed a bright green scum over the small

pools.

6. Volvox aureus Ehrenberg

Not found by us at all in the lake, but exceedingly abundant in

Farrar's Pond and a pond east of the lake, in the spring of 1901, large

swarms being seen there, a single dip of a common dipper always con-

taining several examples. A large number of examples obtained from
a small pond near the lake April 24 (1901). Its favorite habitat is in

shallow pools, easily warmed throughout and containing in the bottom

an abundance of dead leaves or similar fertilizing matter. This species

was exceedingly abundant in the shallow, well-fertilized carp ponds at

Washington, D. C, in the spring of 1906.

7. Peridiniuin tabulation. (Ehrenberg)

Taken rather less frequently in the vertical hauls than its relative,

Ceratiiim macroceras, and apparently not very common. One might

naturally expect it to be more common near shore. It was not noted

often in surface hauls. It is a species of world-wide distribution, and

probably is abundant where conditions are favorable.

There is very little difference between the genera Ceratium and
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Peridinium, the horns or projections, which are the distingnishing char-

acteristics, occurring in all degrees of development.

8. Ceratium macroceras Schrenk

Common in the vertical plankton hauls, occurring in the great ma-
jority of hauls, but not common in the surface towings. A similar form,

C. tripos, was collected in towing near shore at Eagle Lake. The long

horns or projections of this species are developed perhaps as much to

give buoyance to the form as for protection. The Peridinales, repre-

sented by this and the two preceding species, are claimed by both botan-

ists and zoologists.

9. Stentor caeiidens Ehrenberg
While raking up weeds through a hole in the ice at the Weedpatch,

January 15 (1901), it was noted that the water dripping from the plants

turned the snow a vivid green. The snow thus colored was taken home
and examined, and the green color was found to be due to multitudes of

green stentors. These were kept in a vessel for some time. On Janu-

ary 6 they began to gather on sticks, on snail shells, on the sides of the

vessel, and on the under surface of the water, assuming a globular form.

The species was probably cserulen-H.

On February 7, on looking through the ice on Outlet Bay, it seemed

full of a reddish fine material like stirred-up mud. Examination re-

vealed the presence of small diatoms and many green stentors.

10. Stentor sp.

Among our notes mention is made of another Stentor, larger than

the green one, brownish and with a large, flat peristomal disc, circular,

with a side cleft, like a water-lily leaf.

On October 14 (1907) it was noted that brown stentors were attached

to the under side of lily pads in Hawk's marsh.

11. Vorticella cJilorostigmu Ehrenberg?

On June 26 (1901) white, fluffy little globules, which .shrank to

minute size when touched, and which proved upon examination to be

composed of colonies of Vorticella, were found very abundant on the

.submersed tips of Ceratophyllum leaves at the Inlet. Late in the autumn
of 1904 (October 31, November 2 and 16), the same objects were noted,

but in considerably longer and larger patches, on various weeds, such

as Myriojiliyllutn, etc., in the vicinity of VVinfield's. Again, in the

autumn of 1906, they were exceedingly abundant in various weeds,

especially dying leaves of Vallisneria, in Outlet Bay. So far as we
have observed, these organisms seem to increase greatly during the

autumn. Both white and green colonies were found, alike in everything

except color, and it is probable that they were the same .species under

different conditions. The green forms showed distinctly against the

dead Vallisneria leaves, which had faded to a papery white. It may be
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it was common during the summer, but concealed by its green sub-

stratum. June 22 (1906) it was plentiful on the weeds in Lost Lake.

In a note of June 26, concerning this species, occurs the remark,

"This is a larger sort; there are also other smaller isolated ones pres-

ent." On July 25, and previously, it was common in both lakes in

weedy, stagnant places, foi'ming a white halo along stems, not in balls.

In addition to these there are minute free Vorticella-like organisms

attached to the parasitic copepods on the gills of fishes, and on August

28 (1908) a number of minute clear Vorticellas were found on the body

of a Cyclops. A species of Vorticella was abundant July 31 (1906) on

Anabseyia in plankton scum. Small Vorticellas are found in myriads on

objects in Hawk's marsh. They can be found there more abundantly

than anywhere else about the lake.

12. Epistylis sp.

A species of Epistylis, probably plicatilis Ehrenberg, was observed

forming a dense growth on the shells of a small Planorbis, March 25

(1901) near Chadwick's pier.

The copepods of the same region at that time presented a very fuzzy

appearance, and upon examination were found to be thickly overgrown

with the same or a similar protozoan.

13. Opercularia irrituhilis Hempel
Abundant during the summer and autumn of 1906 upon the lower

surface of the shell (plastron) and also on the skin of various turtles,

especially the painted and snapping turtles, making a close, short, brown
fuzzy growth. The turtles were botanic gardens above and zoological

gardens below. The organisms seemed to do them no injury, and were

gotten rid of when the turtles shed their scutes. It sometimes forms a

halo about the heads of small turtles, in which case it was at first mis-

taken for Saprolegnia. It is usually the head of the Musk Turtle that

is affected. In this case it appears to do no harm, as the turtles are

quite lively.

Something very like this, probably the same thing, was observed

abundantly (August 6, 1907), on the shoulders of a dragonfly larva.

14. Vaginicola leptosoma Stokes

A species of Vaginicola, perhaps leptosoma, was rather common
along the shore of the lake by Overmyer's hill, attached to algae, Octo-

ber 28 (1906). There were at least six examples on one small bunch

of algae. The sheath was brownish and transparent. When jarred, the

animal retracted into the sheath, usually doubling up somewhat into a

sigmoid curve.

15. Tokophrya quadripartita (Claparede & Lachmann) Butschli

Common, intermixed with Opercularia irritabiUs, on the ventral

scutes of a Musk Turtle, September 12 (1906). It was also found to

some extent on the back.
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16. Ophrydium sp.

By far the most abundant and conspicuous protozoan in the lake was
a species of Ophrydium which formed large blue-green gelatinous colo-

nies about the size of a hazelnut, or larger. These semitransparent

blue-green balls remain in about the same condition the year round.

They are found abundantly wherever the carpet Chara grows, and are

usually attached to it or to pebbles; or, quite frequently, to mussel shells

either alive or dead. Clear colonies, remarkable for their unusual trans-

parency, were found on submerged pieces of tile, August and September

(1907). At certain times, as August 1 (1906), and August 1 and
October 12 (1907), great quantities are washed ashore. The colonies

are sometimes hollow, as were many of those washed ashore August 1

(1907).

17. Hydra fasca L.

Not frequently encountered in the lake. On October 31 (1906),

however, multitudes were found under leaves at the water's edge on

the east side, and on November 13 more were found in a similar posi-

tion. November 18 one was found attached to floating Wolffielht in

Norris Inlet.

The Worms.

Our notes on this group are few and very unsatisfactory. We give

here only such of them as seem to pos.sess some value.

The attention we were able to give to these forms was so little that

we are unable to say much regarding their relative or actual abundance,

their distribution, or their relation to the biology of the lake.

Flat-worms or Planarians, small, soft, flat objects, gray above, white

below, and oval in outline, were common on rocks and among weeds in

the lake. In certain material (Vorticella, etc.), obtained near Norris

Inlet, they were quite common. They were often abundant on Cerato-

phyllum also. They were so soft that they often pulled apart when at-

tempts were made to remove them from the rocks.

Small jjinkish parasites (probably a species of Distotinini) , resem-

bling minute leeches, were found quite common in the stomachs of fishes,

particularly the Straw Bass (Microjjtenis salmoides) and the Skipjack

(Ldhidei^dies sicciiliis) . Usually during the winter the stomachs of

these fishes contained little or no food, but in most cases from one to

several of these parasites were found in each.

Round-worms, resembling Ascay'is, are frequent intestinal parasites

of the snakes of this region, and one small form was found in the intes-

tine of a mussel.

Tapeworms were almost invariably present in the several shrews

(Blarina brevicdiida) examined. They were also common in the yellow
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perch and walleyed pike, and practically every dogfish (Ainia catva)

examined was heavily loaded with them. Many duck stomachs exam-
ined, especially those of the ruddy duck, contained from a few to many
tapeworms.

Angleworms or Fishworms are not abundant in this region. The
country about the lake is chiefly sandy, a soil not favorable to angle-

worms. At the edges of ditches, marshes and woodland ponds, where
the soil is a black loam with some admixture of clay and decaying vege-

tation, a rather small species of Lumbricus is fairly abundant. Fisher-

men who know these places are usually able to secure all they need for

bait. The farmers and farmers' boys and the boys of the village are

the ones who make most use of fishworms in their angling.

On December 7 (1904), worms which resembled angleworms were
observed in considerable numbers coiled up under a svibmerged water-

soaked board at Long Point, where they evidently were passing the

winter in that condition. These worms, however, possessed no annular

ring. In alcohol they display a fine opalescent iridescence in reflected

light. One seemed to be dividing by a constriction near the middle.

Some very small worms, resembling fishworms in general appearance
when alive, were seen at the mouth of a ditch April 19 (1901).

Cotylaspis insignis Leidy is a common parasite of the mussels of

Lake Maxinkuckee and Lost Lake. To the naked eye this parasite looks

like a minute yellowish leech. Its position in the mussel is close up in

the axils of the gills. It was found in Lampsilis luteola and also in

Anodonta grandis footiana, from one to several being found in nearly

every example of these species examined August 23 (1906). It was
also found in mussels taken on September 28 following, in Little River

near Fort Wayne.
The so-called Horsehair Snake or worm (Gordius sp.) is very abun-

dant in and about Lake Maxinkuckee. According to anglers, many of

the grasshoppers used by them for bait are infested with this parasite.

On Augnst 2 (1906) large numbers were seen writhing about in mud
among snails along the Outlet where it had been suddenly lowered by

a dam at the railroad bridge. We suspect that they may be parasitic

in this snail also. They were frequently found in fishes, either free in

the lower intestine or encysted and coiled up in some of the internal

organs. The bluegill appears to be especially liable to infection by

Gordius. It may be that the fish become infected through the grass-

hoppers they devour. On August 6 (1906) these worms were noted in

considerable numbers in shallow water on the east side of the lake.

A long, slender, brownish worm, probably a species of Tubifex, was
found in considerable numbers projecting up into the shallow water from

the soft mud bottom of Lost Lake. These were first observed June 8
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(1901), when the bottom near the shore was seen to be covered with

small whitish mounds about the size of buckshot, which gave a peculiar

mottled or dappled appearance. When some of this mud was dipped up

and examined the small mounds were seen to be small sand tubes in

which the worms were and from which they waved about in graceful

undulations. They were observed again at the same place on June 15.

On June 18 many were seen in the creek under the railroad bridge, and

on June 25 some were noted at the south end of Lake Maxinkuckee.

And finally, on November 4 (1904), numerous burrows were seen in

shallow water near shore in Lost Lake.

Thorn-head worms (Acanthocephali) were found to be common in-

testinal parasites of various fishes and turtles. Among fishes the redeye

appeared to be most afi'ected. The carnivorous turtles, such as the soft-

shelled and the snapper, were especially subject to them, while the herb-

ivorous species, particularly the painted turtle, were comparatively free.

Record may here be made of a Bryozoan, Plumatella polyynorpha,

possibly related to the Gephyrean worms. Plumatella polymoi'jyha is a

compound animal, many individuals budding off from one another, as

in plants. The moss-like colonies of this species were very common in

the lake among the Chara and other plants. They were noted in the

Chara near the depot pier, ofl" Long Point, near Winfield's, and at the

.south end near the Farrar cottage. Indeed, it appears to be distributed

generally through the lake wherever there are patches of vegetation.

Among the Charas it forms a brown, upright, bushy growth. In the

Weedpatch it was common on the leaves of Pota»iogeton (unplifolius.

On October 23 (1900) it was found to be abundant on Ceratophyllum

in rather deep water. A week later (October 29) a good deal was gotten

on Myriophyllum. Early in the spring (March 1, 1901), it was seen

growing on Potaniogeton robbinsii, and a little later it was found in

abundance in front of Arlington station. It was often found on Chara
and other aquatic plants dredged at various times. It was also found
growing on tile piles September 1 (1906).

During the autumn of 1900 the stadioblasts were frequent in plankton

scum along shore, often being present in great abundance. They some-

what resemble floating sand grains, but are lighter in weight, being

minute circular brown discs, uniform in shape and size. Under mag-
nification they show series of facets like the compound eye of insects.

On October 18 (1900), one of the buoys which had been for some
time anchored out in the lake was found to be covered with a flat,

creeping growth of this species.

As Plumatella polymorpha occurs in this lake it is highly worthy of

its specific name, as it shows great variation in form and general

appearance.



Certain Protozoa and Other Invertebrates. 243

The leaves upon which it grows are often eaten by fishes, probably

for the sake of the Plumatella. The yellow perch and bluegill are the

species in whose stomachs we found it most abundantly. The stomach

of a bluegill caught at the Weedpatch October 26 (1904) was full of

stadioblasts. During the autumn of 1904 it was noted as exceedingly

abundant.

So far as we know, Plumatella polymorpha is the only Bryozoan

in this lake.

The Sponges.

Sponges are not especially abundant in the lake. In some of the not

far distant lakes, as Winona Lake, they frequently form a thick coating

around the submerged portions of bulrushes growing out in the water,

but at Lake Maxinkuckee this was not observed. They are not common

on the rocks. On September 9 (1906) some were found forming a coat-

ing on submerged rocks on the east side, and some of these were col-

lected a few days later. On November 5 (1906) some flat ones found

on rocks on the east side were apparently being eaten by insect larvae.

On September 22 (1907) Prof. U. O. Cox of the Indiana State Normal

found some flat sponges covering a rock where the lake enters the Outlet

at the wagon bridge, and there were more on a rock farther down be-

tween the wagon and railroad bridges. This completes the record for

the flat sponges.

A long, green, string-like form found hanging among the weeds at

the lake, especially at the Weedpatch, was much more common. This

was observed quite frequently and often obtained when collecting aquatic

plants. Occasionally these long strings were washed up near shore.

On October 27 (1900) these sponges were observed forming stadioblasts

on the weeds in Lost Lake.

Occasionally the sponges form small, blue-green, spherical masses,

like bullets, around the stems of Chara. On January 22 (1901) some

of these spherical sponges were observed on carpet chara about five feet

out from the Arlington Hotel.

Sponges are quite common in creeks and ponds near the lake. The

long form is common in Twin Lakes. There are long, finger-like forms

in Yellow River, and they were abundant in the Outlet about the bridge

below Walley's.

The sponges were submitted for identification to Mr. Edward Potts,

of Media, Pa., who in a letter dated May 24 (1905) writes so interest-

ingly regarding the material that we here quote his letter in full:

Yours with package of material was received by first mail

yesterday A.M.; and having nothing important on hand, I ex-

amined the vials at once, with the following results:
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First, I must express my pleasure in finding that you had

sent only Sponges; that is, remembering that frequently even

workers in other lines of science are utterly unfamiliar with

these forms, and hence send one gelatinous and otherwise in-

congruous articles. I was glad to learn that you know a sponge

when you see it. The only possible exception is in your No. 5,

which, as you supposed, is not a sponge but only a puzzle, which

may perhaps be explained by considering the fibres to be a form

of alga, or more probably, the stems or stipes (as the "Micro-

graphic Dictionary" calls them) of some, possibly all, those

Diatoms now found at the outer surface of the sub-spheres. I

have frequently found Diatoms so growing.

No. 1 is Carterius tiibisper)iia Mills, and is, I am sorry to

say, the only sponge in satisfactory condition for safe deter-

mination. Nos. 2 and 4 are, I fully believe, of the same species

as No. 1, and they have plenty of gemmules or statoblasts; but

these are so far from maturity that, if the same species, the

chitinous coat is extremely thin and it apparently has not yet

developed the foraminal tubules, the granular crust, and protec-

tive birotulate spicules which should be the determining points.

I do not undex'stand why this should be so with the date given

(November 15 and later) ; but I suppose it possible that cold

spring water or its unusual depth may have retarded develop-

ment to a date later than that with which I have been familiar.

This is further suggested by No. 3, in which I have failed to

find any gemmules, and which reminds me of the appearance

and condition of forms that I have sometimes called perennial

or evergreen sponges, which apparently continue their growth all

through the winter, at least in deep water.-

No. 3 is clearly a different sponge from the others, as shown
by its shorter and more robust spicules (skeletal), which, as you

will see, are covei-ed with very minute spines. I should have

been much pleased to find the stadioblasts of this sponge. The
skeleton spicules suggest Meijenia leidyi Carter, although in that

species they are rarely microscopical. You may meet with it

again under more favorable circumstances.^

Although I fear they are too soft for safe transportation,

I propose to pack with the vials returned, two trial slides, No. 1,

showing Carterius tubisperma, in which you may .see the for-

aminal tubules before mentioned and the armature of radial

birotulate spicules, beside the skeleton and dermals; and No. 2,

showing separated spicules of the same.

- See my MonoiJrraph. pp. 245 and 246.

' See fii?- 1. plate X, of my MonoKraph.



Aphids and Ants on Fruit Trees.

S. D. Conner, Purdue University Agricultural Experiment Station.

As an amateur horticulturist I have had quite a lot of trouble with

aphids on fruit trees, particularly those trees around the residence.

Year after year I have seen the young, growing shoots of the apples,

cherries and peaches literally covered with various kinds of aphids until

the young leaves curled up and stopped growth. Without doubt the

growth of the young trees has been very much set back and the vitality

of the trees sapped. I have used nicotine sprays with more or less

success, but it takes eternal vigilance and many expensive sprayings to

keep them down.

In observing the habits of the aphids I have noticed the well-known

fact that ants were very much in evidence wherever the aphids were

present. I, of course, had been told that the ants did no damage to

the trees, but nevertheless I hated to see them profiting from such a

pest as the aphids, so in the early spring of 1917 I purchased a can of

tree tanglefoot and applied a two-inch band of this sticky material about

one-fourth inch thick around each tree, for the purpose of keeping the

ants and any other crawling insect off the trees. Well, I stopped the

ants and, much to my surprise, I had no aphids on the trees. The aphids

have wings, but they did not seem to use them to good advantage, for

wherever there were no ants there were no aphids. Some weeks later

I noticed on an apple tree some aphids and, looking closer, I saw some

ants. I examined the sticky band on the tree trunk and found that

some tall grass had bridged it over, allowing the ants to get up the

tree, where, I presume, they carried the aphids. I removed the grass,

sprayed the tree with nicotine and had no more aphids on that tree.

It appeared to me that my young trees made a much more vigorous

and sustained growth than they ever did before.

Among other trees I banded was a sour cherry standing near a

fence. The tanglefoot was applied high to this tree. A water sprout

that came out below the tanglefoot was soon completely covered with

black aphids, while not an aphid was to be seen above the band until

some weeks later, when the limbs near the fence, becoming heavy with

fruit and new growth, sagged and touched the fence. Then ants and

aphids appeared on that side and gradually spread all over the whole

tree. I watched my trees all summer, and so long as I kept the ants

off the trees I saw only a few scattering aphids. I saw one good colony

(24.5)
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of aphids, on a peach tree, that must have obtained a foothold by flying.

This colony was destroyed by means of nicotine spray, and I had no

further trouble with that tree.

At intervals during the summer the sticky band had to be freshened.

I used a band about two inches wide and from one-eighth to one-fourth

inch thick. None of my trees seem to have been injured in the least

at the end of a year and one-half. The experience of 1917 was repeated

with practically the same results in 1918.

It may be wondered why, if the aphids can fly, they did not get on

the trees above the sticky bands. In reading Farmers' Bulletin No. 362,

U. S. Department of Agriculture, on "The Common Mealy Bug and Its

Control in California," I ran across a good explanation. Ants were

found to carry and protect the mealy bugs in the same way they do the

aphids. Woglum and Nuels in this bulletin say: "Remarkable results

have been secured by keeping the Argentine ant off of trees infested

with mealy bugs by banding with a sticky mixture. In 1915 and 1916,

trees that when first freed from ants were infested severely with the

mealy bug became commercially clean without exception within a period

of six weeks to three months." It seems that the ant not only carried

but protected the mealy bug from its natural enemies, the brown lace-

wings and a ladybird beetle.

It seems logical to suppose that the same relation would exist between

the aphids, the ants and the enemies of the aphids, such as the ladybugs.

Although the mealy bug does not fly, as does the aphid, the fact remains

that the aphid, like the mealy bug, .seems to depend upon the ant for

protection and cannot long survive the attacks of its enemies when this

protection is withdrawn.

One entomologist told me, "You keep the aphids off your trees and

the ants will not bother you." But I say, "Keep the ants off and you

will not be bothered with aphids." It is much easier to work from the

ant end of the game than it is from the aphid end.



Memorial of Albert Homer Purdue.

By George H. Ashley, The United States Geological Survey.

(Reprinted from the Bulletin of the Geological Society of America,

Vol. 29, pp. 55-64, pi. 7. Published March 31, 1918.)

Published by request in Proceedings of the Indiana Academy of Science.

Albert Homer Pui"due, late State Geologist of Tennessee, was born

March 29, 1861, in Warrick County, Indiana, near Yankeetown—a small

village in the loess-covered hills bordering the Ohio River—an hour's

ride by trolley east from Evansville. While the people of the town came,

as a rule, from Yankeeland, one of Mr. Purdue's grandfathers had been

an early settler in western middle Tennessee. His early education was
obtained at Yankeetown and later at the Indiana State Normal School

at Terre Haute, from which he graduated in 1886. In 1886-1887 Mr.

Purdue taught at Sullivan, Indiana. In 1887-1888 he was superintend-

ent of public schools at West Plains, Missouri. In 1887, at Indianapolis,

Indiana, he married Miss Bertha Lee Burdick, who died of consumption

a year later. From 1889 to 1891 he was assistant superintendent of the

United States Indian School at Albuquerc.ue, New Mexico. Part of his

duties were the selection of children from the reservation for the school

and the rounding up of boys who had run away—a line of work that led

to many interesting experiences. From 1891 to 1894 he was at Stanford

University, from which he obtained the degree of A. B. in 1893. While

there he made geologic studies on the San Francisco Peninsula, and

during 1892-1893 was an assistant geologist for the Arkansas Geological

Survey with the writer, studying the southern part of the Ouachita

uplift. This association with Purdue in the field during the summer
and fall of 1892 was one of the pleasantest epochs in the writer's life.

We were living on the Coventry, in a region little settled at that time,

and Purdue's vivid description of his week's experience, when we got

together at the end of each week, gave an air of romance and adventure

to the whole undertaking. This work and that in the Coast Range
Mountains of Califoinia, both under the eye of Branner and with his

counsel, Purdue counted as among the most valuable training experi-

ences he could have had, as he could not help getting somewhat of

Branner's broad point of view and critical study of details. In 1894,

after a year of graduate work at Stanford, he became a candidate for

the elective position of State Geologist of Indiana; but his long absence

(247)
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from the State had put him out of touch with the political personnel of

the Republican party and he failed to get the nomination. Perhaps he

would have succeeded if he had listened to the demands of those who

wished the promise of places which they were not prepared to fill. The

winter following he was principal of the high school at Rensselaer,

Indiana. Then came a year of graduate work as a Fellow at the Uni-

versity of Chicago.

His professional career began in 1896, when he was elected Professor

of Geology at the University of Arkansas, his position after 1902 being

that of Professor of Geology and Mining. Here his executive ability

and judgment were early recognized, and as time went on more and

more of the administrative committee work of the university fell on his

shoulders. He was chairman of the Committee on Student Affairs and

of the Classification Committee, which had in charge the arrangement

of courses, etc. In 1898 he married Miss Ida Pace, of Harrison, Arkan-

sas, at that time Associate Professor of English at the university—

a

woman of unusual mental and social attainments, who comes of a family

distinguished in the life of Arkansas. In 1895, again in 1901, and from

then on Mr. Purdue was a field assistant on the United States Geological

Survey, devoting his summers to field-work. With the Survey he had

the reputation of being one of the very few teaching geologists whom
that organization could coimt on to carry out a program not only in

the field but in the office preparation of his reports. At the time of the

St. Louis Exposition he was made Superintendent of Mines and Metal-

lurgy for the State. In 1907 Mr. Purdue was made State Geologist

ex officio of the Arkansas Survey. Though having at his disposal only

very meager funds, Purdue was able to prepare or have prepared a

number of highly creditable reports, including one on the slates of the

State, by himself; one by Prof. W. N. Gladson on the water powers of

the State, and one by Prof. A. A. Steel on mining methods in the coal

fields of the State.

As a teacher, Purdue brought to his work the results of his normal-

school preparation, and the training received under Branner and J. P.

Smith at Stanford, and Salisbury, Chamberlain and others at Chicago,

together with his own rather varied experience along that line. He was

not a believer in the lecture method of instruction, but rather in the

students working out their results under the stimulus of actual contact

with the problems in the field and laboratory, and in this knowledge

being reinforced by repeated review and by application to new and

practical problems. He had little regard for the student who would not

work and he would bar such students as much as possible from his

classes. The great energy he put into his teaching in both the class-

room and field wonderfully impressed his students and assistants, so
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that he constantly inspired them to obtain greater results and attain

higher ideals. When he left the University of Arkansas the students

presented him a silver loving cup as a token of the respect they held

for him as a teacher. His students speak of his class-work being as

good as any course in logic, as he led them to analyze their data and

taught them how to draw proper conclusions therefrom; so that, aside

from those who decided to take up geology as a profession, his old

students, scattered all over the United States, look back to the work in

his classes as one of the most profitable experiences of their university

life. Among his students who were led into adopting geology as a life

work may be named Miser and Mesler, of the United States Geological

Survey; Carl Smith, Munn, McCreary, Hutchinson, and others, who,

after more or less time spent with the national organization, have gone

into consulting or professional work in the oil industry.

Purdue had great faith in the constructive ability of the boy brought

up on the farm, in which class most of his students fell, and in a talk

a few years ago he explained the reason for that ability as due to the

constant association in labor of father and .son on the farm, the son

getting the advantage of the father's example and counsel as they

worked together in the fields or gardens, and thus acquiring ideals of

industry, efficiency and initiative commonly lacking in the city- or town-

bred boy.

In 1912 Mr. Purdue was elected State Geologist of Tennessee, which

position he filled with honor to himself and the State until his death,

on December 12, 1917. Of his success as State Geologist of Tennessee

the best testimony is the steady stream of high-grade publications that

flowed from his office. Equally convincing from another direction is the

fact that during the session of the last State legislature his work and
its value to the State received unstinted praise, and the enlarged appro-

priation for the work of the Survey went through practically without

question or opposition.

Purdue had for thirty years suff"ered at times from intestinal trouble

that had proved more and more of a handicap as time went on. Last

spring, after a winter of unusual demand, he .suffered a sudden attack

of this old trouble, which for a time undermined his health and threat-

ened to require an immediate operation. A number of trips to the field

and for rest led to his regaining somewhat his old vigor, though not

entirely.

The last week of November he made an automobile trip into east

Tennessee for the purpose of studying the manganese deposits of that

region. He became so ill that he stored his car and returned to Nash-

ville by railroad. He was taken immediately to a local hospital and,

after a few days, underwent an opeiation, with the hope of having his
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health restored. The morning of the operation he dictated for publica-

tion in the Resources of Tennessee a paper giving the results of his

recent investigation of manganese. Then he walked into the operating

room as calmly as if he were going into his office for a day's work.

At first everything indicated a speedy recovery, but complications arose

and he died a week later from uremic poison.

Mr. Purdue was quiet and unassuming—a man who disliked display,

who sought always to keep his own personality and achievements in the

background, yet a man who made friends that stuck, because he could

prove himself a true friend under all circumstances; a man whose judg-

ment was sought by many; a man whose influence was always for sanity,

for uplift, for scientific accuracy, even in the simple things of life. I

still remember that when we were working together in the mountains

of Arkansas, it was my method to fall into the ways of the people with

whom we were living, especially in adopting the vernacular of the

region—a habit to which Purdue always objected and for which he often

chided me. He would insist that, as educated men, we had no right

not to give the mountain people a glimpse of correct English. This

same regard for the Queen's English is seen in the painstaking care

with which he edited all of the manuscripts published by him as State

Geologist.

As a field geologist, Purdue was tireless, painstaking and thorough,

and the same energy and careful attention characterized all of the prep-

aration of his reports. This desire for high quality and accuracy doubt-

less reduced somewhat the number and length of papers prepared by

him, but his work made up in quality what it lacked in volume.

While he was at the University of Arkansas he spent the summer
months in the field in that State—most of the time in camp with a party

of from one to three of his students—and wrote his reports at odd

moments during the school year. Although his field-work was varied,

it consisted mainly of detailed areal mapping for the United States

Geological Survey in a number of quadrangles in the northwestern and

west-central parts of the State. Whenever funds were appropriated by

the Arkansas legislature for the State Survey he made it count as much
as possible by co-operating with the United States Geological Survey.

Most of his geologic Vv^ork in Tennessee was administrative, but he found

time to make numerous short field trips into different parts of the State.

Much of the work carried on under his administration as State Geologist

in that State was done in co-operation with the United States Geological

Survey and the United States Soil Survey.

Among his more important papers are the Winslow and Eureka

Springs-Harrison folios and the De Queen-Caddo Gap and Hot Springs

folios, awaiting publication; the slate deposits of Arkansas, besides a
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large number of shorter publications issued by the United States Geo-

logical Survey, State Svirveys of Arkansas and Tennessee, and many
others published in magazines or elsewhere. Considering the large

amount of administrative work in the University of Arkansas that fell

to his lot, this is a rather remarkable showing of scientific results for a

teaching professor occupying practically the whole bench of geology.

Mr. Purdue was a member of the American Institute of Mining
Engineers, the Indiana Academy of Sciences, the National Geographic

Society, and the Seismological Society of America. He was a Fellow

of the American Association for the Advancement of Science, the Geo-

logical Society of America, and the Geological Society of London. He
often attended the meetings of State Geologists, of the Conservation

Congress, and of the Southern Commercial Congress. While at the

University of Arkansas he was made a teacher member of the Kappa
Alpha fraternity. In 1907 he was elected to the Stanford chapter of

Sigma Xi. The commencement following his resignation as Professor

of Geology at the University of Arkansas that institution conferred on

him the degree of LL.D. There was no recognition that he prized more
highly than his election, in 1911, to the Council of the Geological Society

of America. He was President of the Tennessee Academy of Sciences

at the time of his death and was already considering possible subjects

for the next annual address.

As a citizen, Mr. Purdue was always public-spirited, entering in

large degree into the life and activities of the place of his home and
of the State at large. In Nashville, besides his interest in the Com-
mercial Club, he was active in other civic and social clubs, including

the Rotary, Freolac, Tennessee Historical Society, Nashville Engineer-
ing Society, Reynolds Lodge, Knights of Pythias, Phoenix Lodge, Free
and Accepted Masons, and was a genei'ous subscriber to the work of

various organizations. His home, with two boys now of college age,

was always a place for real Southern hospitality, for Purdue had a

large sense of humor and a live personal inteiest in the welfare of all his

friends, and a wife whose intellectual attainments and per.sonal charms
not only added to the welcome of the home but were a constant inspira-

tion to the man.
There is appended a list of titles of papers and addresses, including

several prepared but not yet published.
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Professor M. J. Golden, Noted Educator, Called by
Death.

R. B. Trueblood, Purdue University.

In the death of Michael .Joseph Golden, for years a member of the

Purdue University faculty, which occurred December 18, 1918, at his

home, 320 State Street, West Lafayette, Ind., this community and the

professions of engineering and education lose a noted educator and

highly esteemed citizen. Professor Golden retired as an active member
of the faculty in 1916, after rendering extraordinary service since 1884.

He was beloved by students, faculty and alumni, and, although he was
a strict disciplinarian, he was ever eminently square in his dealings with

the student body, to whom he was familiarly known as "Mike." That
in the university community Professor Golden was not fully appreciated

by the freshmen was a result of intent on the part of upperclass men
to inspire awe and even fear in the hearts of the first-year men. This

was possible in some measure because of Professor Golden's manner
of speech to his freshmen classes, which was well designed to inspire

respect for things good and true, and to discourage the habits of in-

attention, indolence and dishonesty. Even these students, however, soon

learned that their interests were his interests, for he was in sympathy
with all student activities and took prominent part in many of them.

He believed in practicing what he preached. He was always ready

and willing to help those who helped themselves and needed help, and

on the other hand he believed it was the right and privilege of every

student to be allowed to get his own education.

He took advantage of every opportunity presented by critical situa-

tions in the activities of students to urge them to dealings of justice,

honesty and courtesy among themselves and with their opponents. He
was one of the staunchest advocates of athletics Purdue had, and his

brilliant personality and keen sense of humor made him a figure much

sought after in all gatherings of students and alumni. He was for

years a member of the board of insignia of the athletic association.

Probably no other individual in the university community wielded so

widespread and so effective an influence for the better things in the

university life of the student as did he.

None knew better than his colleagues his professional ability, his

kindliness and his generosity. His was a character of strength. No
adjectives are required in such a description. He was honest, frank
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and fearless. He was loyal to his family, to his friends, to his Alma
Mater, and last of all to himself. His feeling of loyalty to Purdue
weighed heavily against flattering offers which would take him away.

So he remained, striving with all his energy to make his department

in the university do its work so well that there was no other anywhere
doing it better. His constant aim was to co-ordinate the work of prac-

tical mechanics with the needs of the employers of engineering gradu-

ates. In this problem the interests in contact are many and varied,

so that progress was necessarily slow; but every line of work in the

department reflects his effort, which was tireless.

Professor Golden was a Canadian by birth, having been born in

Stratford, Can., November 17, 1862. He received his early education

at Lawrence, Mass., and was for some time a special student at the

Massachusetts Institute of Technology. For one year he was instructor

in mechanical drawing at the high school at Hyde Park, Mass. He
came to Purdue in 1884 as instructor in shop work. In 1894 he received

his degree from Purdue University as a mechanical engineer. From
1889 until June, 1916, he served as professor in practical mechanics at

Purdue, and has been Director of the practical mechanics laboratory

since 1907. In shop management and shop experiments he was intensely

interested. On one trip east for a short period of time he began making
experiments with ball bearings, and he is said to have been one of the

first experimenters in that line. Upon his return these experiments

were continued here, and valuable conclusions resulted from the data

received from them. Keen appreciation of manufacturing conditions, fine

perception and good judgment prompted Professor Golden in the de-

velopment of his department, which increased in size and elfectiveness

under his guidance, becoming a model of its kind. His course of shop

lectures was perhaps the best and most comprehensive in existence and
proved of almost inestimable value to the young engineer; so much so

that it is indeed seldom but that a returning alumnus speaks of his

indebtedness for this work.

His last notable work was in connection with the instruction in

mechanical drawing. This work was developed to such a state that

the results were highly satisfactory to both students and instructors,

and by it the efficiency of this part of his department was very consid-

erably increased. His educational work was more far-reaching than

was generally known. He was the author of texts used in correspond-

ence-school instruction.

He spent a great deal of time in research, in collaboration with his

sister, Mrs. Bitting, investigating microscopically the structure of wood.

For this work he designed and built much special apparatus. His talents

in photography lent themselves well to this work, the results of which
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are highly appreciated by investigators as well as commercially. Pro-

fessor Golden's appreciation of the beautiful in nature and in art was
greater than usually is the lot of the layman. Among those who have

received most generously of his most willing aid, and who mourn him
most sincerely, are the Sisters of St. Francis of St. Elizabeth Hospital,

where he lectured and taught, planned and advised, taking of his own
time unselfishly for this work.

In June, 1916, Professor Golden was granted a leave of absence

because of ill health, and he retired from the faculty in 1917. Professor

Golden was a member of the Theta Xi fraternity, Indiana Academy of

Science, American Society of Mechanical Engineers, the American Soci-

ety of Naval Engineers, and the Manual Training Teachers' Association

of America. He was a devout member of St. Mary's Church and was
for many years chancellor for the Knights of Columbus, relinquishing

this post because of ill health.

Since his retirement in 1916, he had devoted his time to traveling,

in the hopes of benefiting his failing health. Professor Golden is sur-

vived by three sisters: Miss Josephine Golden, 320 State Street, West
Lafayette; Miss Helen Golden, professor in mechanical drawing at

Purdue, and Mrs. Katherine Bitting of Washington, D. C.

Professor Golden was the author of "A Laboratory Course in Wood
Turning" and "Pattern Making Notes," both used in the vmiversity as

texts; "Shop Lecture Notes," which were so used for years; "Pattern

Making," which he wrote for the International Correspondence School,

and "Molding," which he prepared for the same school. Besides these

he has written brochures and pamphlets descriptive of "Purdue Uni-

versity Shops," "Tests of Ball Bearings," and other engineering papers.



Some Trees of Indiana.

By F. M. Andrews.

Some trees that are exceptional for size, or for some other facts,

have been mentioned from time to time. A few of these, together with

some facts, will be briefly referred to here.

One of our largest and most beautiful trees, Liriodendron Tulipifera

L., has attained, as is well known, great dimensions both in height and

in diameter. Britton^ in his Illustrated Flora gives this tree often a

height of 190 feet and a diameter of 12 feet. A tree of Liriodendron

Tulipifera L. having a diameter of 11 feet was cut down, a good many
years ago, about one mile north of Bloomington, Indiana. It divided

into two large branches some considerable distance above the ground

and probably attained a height of 175 feet. Sargent' states that this

species of tree may sometimes attain a height of 200 feet.

In describing Liriodendron Tulipifera, Wood' says: "Near Bloom-

ington, Indiana, we measured a tree of this species which had been

recently felled. Its circumference four feet from the ground was 23

feet; SO feet from the ground its dimension was five feet; the whole

height was 125 feet. The trunk was perfect, straight and cylindric."

When in the lumber business a good many years ago, I cut intc

lumber many fine specimens of this species. I recall one specimen which

was seven feet in diameter three and one-half feet from the ground.

The trunk was straight and was free of all branches for a height of

90 feet, where it was three feet in diameter. Where this tree was cut

off three and one-half feet from the ground, a cavity some inches in

size was found about 10 inches from the circumference, which had been

chopped out many years before. Evidently the party who had chopped

out the block of wood concluded that it would not split easily enough

for the making of fence rails, which was a necessary occupation in

that day. The wound thus made had grown completely over in the

usual manner and left no trace of its existence on the surface of the

trunk. The Fifteenth Annual Report of the Indiana Board of Forestry

shows on page 107 a partial view of a yellow poplar seven feet in

diameter. No sawmills exist in this part of the country that would saw

IN. L. Britton and A. Brown, An Illustrated Flora of the U. S. and Canada, 1913.

Second Edition, Vol. II, p. 63.

- C. S. Sargent, Manual of the Trees of North America, 1905, p. 325.

3 Alphonso Wood, Class Book of Botany, 1868, p. 215.
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into lumber without waste such logs as those of Liriodendron Tulipifera

having a diameter of 12 feet as given by Britton,' oi' even a diameter

of 10 feet as given for this tree by Sargent." Therefore, in order to

handle these large logs, they were often split or quartered by bursting

with gunpowder, so that they could be handled in the mill on the saw-

carriage. The large double saw rigs having both a large upper and

lower circular saw would lack a good deal of being able to handle such

sticks of timber without previous reduction. The waste even then and

in logs of moderate size is great when it is remembered that the ordi-

nary gauge of sawmill circular saws cut away one-fourth of an inch

of timber for each "line" or board that is sawed. Therefore, in logs

12 feet in diameter and 12 feet long a large amount of good timber,

if the log is sound, will be cut away in the form of sawdust and wasted.

In proportion smaller logs, of course, lose in sawing. Band sawmills

are more economical, since the kerf of most such saws is usually one-

eighth of an inch. Trees of the yellow poplar seven feet in diameter

are now, however, rarely found in Indiana, and no specimen 11 feet in

diameter now exists. The scores of sawmills in Indiana have been one

large agency in the removal of the timber. Most of these mills are

e jUipped with circular saws and can cut from a few hundreds or thou-

sands of feet of lumber daily up to many thousands of feet. Since,

however, the strain on a circular saw is considerable, and this increases

greatly with the increase in velocity of the "feed," a large circular

sawmill cannot be safely operated when cutting more than 80,000 feet

of lumber per day. Much timber is now being cut into lumber that

thirty or forty years ago would have been rejected, or only used for

fuel, if even that. A band sawmill, besides being more economical as

to narrowness of kerf, will cut more lumber per day, and for the same

capacity requires less power to operate than the circular sawmill. The
large "stationary sawmill" in various parts of the country use "band"

or "gangsaws" and often cut hundreds of thousands of feet. For ex-

ample, the plant of the Great Southern Lumber Company, Bogalusa,

Louisiana, has the largest sawmill in the world. It has cut 1,018,000

feet of lumber in a single day.' With such factors as the sawmill, con-

sumption for railroad ties, etc., and the "proverbial forest fires," the

forests are rapidly disappearing.

Near Worthington, Indiana, stands what is probably the largest tree

in this State. It is Plantanus occidentalis, is 42 feet 3 inches in cii'-

cumference and 100 feet high. Wood' also says of this species that,

IN. L. Britton and A. Brown. I.e.

= C. S. SarKent, I.e.

'American P'orestry. 1918, June. Vol. 21, p. .338.

* Wood, Alphonso, i.e., p. 640.
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"Along the Western rivers trees are found whose trunks measure from

40 to 50 feet in circumference." Britton' gives it a diameter of 14 feet,

and Gray' gives it a diameter of 2 to 4.2 m. and calls it "our largest

tree." A partial view of this tree is given in the Fifteenth Annual

Report of the Indiana State Board of Forestry for 1915, page 109.

In my yard is a hickory, Gary ovata, which was formerly very tall.

It is about three feet in diameter and at present only about 100 feet

high. Formerly it was 170 feet high, but 70 feet of the top has been

cut off.

There are still a number of areas of native forests containing good-

sized trees in Indiana. Among these may be mentioned Turkey Run.'

The farm of Mr. W. L. .Jennings near Lexington, Scott Gounty, Indiana.'

This farm is reported to have 100 acres of fine forest.' The farm now
belonging to Indiana University near Mitchell, Indiana, has about 80

acres of fine, large oak and poplar and some other kinds of trees. But

these and other areas still exist only because the pony sawmill, the pro-

verbial forest fire arid other timber-devouring agencies have been thus

far kept out.

^ Britton, I.e., Vol. 2, p. 242.

' Gray, New Manual of Botany, 7th Edition, p. 454.

^ Fifteenth Annual Report of the State Board of Forestry, 1915.
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ASCOMYCETES NEW TO THE FLORA OF INDIANA.^

Bruce Fink and Sylvia C. Fuson, Miami University, Oxford, Ohio.

This work is presented as a contribution to a Icnowledge of the

ascomycetes of Indiana. The collecting; was begun by the authors in

Union County, July 21, 1917, and most of the collections were made
during August and September of the same summer in the following

counties: Franklin, Hendricks, Montgomery, Parke, Tippecanoe, and

Union. Thus far, about six hundred and twenty-five specimens have

been brought together, representing thirty-eight counties. Of this num-
ber, fifty-five were obtained from the herbarium of Purdue University

and about the same number from the herbarium of Wabash College.

It is the intention to record in this first paper a list of the ascomy-

cetes found which have not been published previously for the State.

Of these there are about one hundred and forty, including two new
species. A second paper, which is to follow, will consist of an arrange-

ment of all the ascomycetes now known to Indiana.

The classification used in this paper follows that initiated by Bruce

Fink in "The Ascomycetes of Ohio," ' published in Bulletin 5 of the

Ohio Biological Survey, June, 1915.

Full sets of the species are preserved in the herbaria of Bruce Fink

and Sylvia C. Fuson, and a partial set was sent to the herbarium of

Purdue University.

Unless otherwise stated, all collections were made by the authors.

Other collectors mentioned are H. W. Anderson, J. C. Arthur, F. E.

Bryant, G. W. Clark, Miss Katherine Longhead, C. P. Orton, J. R.

Schram, Miss Simonds, and M. B. Thomas.

The authors are under obligations to the following per.«ons for help

in collecting, or for the furnishing of facilities for collecting: H. W.

Anderson, J. C. Arthur, J. W. Clokey, A. N. Fuson, Mrs. A. N. Fuson,

H. S. Jackson, C. A. Ludwig, D. P. Miller, John Miller, L. O. Overholtz,

George A. Ross, J. M. Van Hook, and Miss Bernice Wren. We are also

indebted to Dr. E. J. Durand and to Dr. C. L. Shear for determining

some difficult species.

The list of species not previously reported from Indiana follows.

^ Contributions from the Botanical Laboratories of Miami University—XV.
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PEZIZALES.

Pezizaceae.

Geopyxis 7iehidosa (Cooke) Sacc.

On rotten logs in woods. Parke, Montgomery.
Humaria fusispora Berk.

On moist ground in grassy wood. Jasper (Arthur 1903).

Lachnea setosa (Nees) Phill.

On old stumps in wood. Montgomery.
Peziza hronca Peck.

On soil in open wood. Tippecanoe.

ASCOBOLACEAE.

Ascobohis atrofusciis Phill. and Plow.

On burnt soil in open wood. Montgomery.
Ascophanus carneus (Pers.) Boud.

On sheep dung under belljar. Tippecanoe (Arthur 1896).

Ascophanus testaceus (Moug. ) Phill.

On old sacking. Tippecanoe (Arthur 1903).

Saccobolus neglecfus Boud.

On cow dung in open pasture. Montgomery.

Helotiaceae.

Chlorosplenium chlora (L. and S.) Mass.

On rotten logs in woods. Montgomery, Parke, Tippecanoe.

Helotiuvi fraternum Peck.

On petioles in low wood. Parke.

Helotmm lutescens Fries.

On old log in Sayre's wood. Union.

Lachnum leucophaeu»i (Pers.) Karst.

On dead pokeberry stems on low, open, flood plain. Montgomery.
Lanzia helotioides Rehm.

On old log in low wood. Montgomery.
Phialea scutula (Pers.) Gill.

On dead balsam and other decaying stems on flood plain of Sugar
Creek. Montgomery.

Sclerotinia tuberosa (Hedw.) Fuck.

On soil in wood. Tippecanoe (Reed).

Mollisiaceae.

Belonidmm minutissiuni Fries.

On dead tree trunks in Sayre's wood. Union.
Beloniella dehnii (Rabenh.) Rehm.

On rough cinquefoil. Tippecanoe (Orton 1911).
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Mollisia cinerea (Batsch) Kaist.

On decaying logs in wood at Turkey Run. Parke.

Orbilia leucostigma Fries.

On dry sticks in woods. Montgomery, Parke, Tippecanoe, Union.

Orbilia vinosa (Alb. and Schw.) Karst.

On osage orange in open woods. Montgomery, Union.

Tapesia ciiierella Rehm.
On rotten logs in woods. Parke, Tippecanoe, Union.

Cenangiaceae.

Dermatea carjnnea (Pers.) Rehm.
On dead tree trunk in Sayre's wood. Union.

SarcoHoma nifa (L. and S.) Rehm.
On soil in Sayre's wood. Union.

Patellariaceae.

Karschia fusispora (Cooke and Peck) Sacc.

On logs in wood. Montgomery.
Patellana atrata (Hedw.) Fries.

On logs in wet, open woods. Montgomery, Tippecanoe.

LECANORALES.

Lecideaceae.

Bacidia inundata (Fries) Koerb.

On moist bricks, limestone, and other rocks, usually in woods. Mon-
roe, Montgomery, Putnam, Tippecanoe, Union.

Bacidia rubella (Hoffm.) Mass.

On bark of willow in open wood. Tippecanoe.

Bacidia schweinitzii (Tuck.) Fink.

On bark of beech in Sayre's wood. Union.

Buellia myriocarpa (Lam. and DC.) Mudd.

On board fences and telephone poles along roadsides. Franklin,

Montgomery, Union.

Lecidea coarctata (J. E. Smith) Nyl.

On bricks, limestone, and other moist rocks in Crawford's wood.

Montgomery.
Lecidea enteroleuca Ach.

On flat, exposed rocks in open pasture. Union.

Lecidea myi~iocarpoides Nyl.

On rotten stump on Indiana University Campus wood. Monroe.

Lecidea uliginosa (Schrad.) Ach.

On rotten stumps in woods. Hendricks, Montgomery, Union.
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Cladoniaceae.

Cladonia bacillaris (Del.) Nyl.

On stumps in open pasture. Hendricks.

Cladonia cariosa (Ach.) Spreng.

On soil in Crawford's wood. Montgomery.

Cladonia coniocraea (Floerke) Sprang.

On rail fences and old logs in woods. Hendricks, Montgomery, Tip-

pecanoe, Union.

Cladonia macilenta Hoffm.

On rail fences and old logs in woods. Montgomery, Tippecanoe,

Union.

COLLEMACEAE.

Leptoginm tremelloides (L.) S. F. Gray.

On shaded, mossy rocks along creek. Montgomery.

Pyrenopsidaceae.

Pyrenopsis fuscoatra Fink sp. nov.

Thallus of brown-black, minute, flat or convex, usually scattered,

sometimes disappearing granules, these often forming a more or

less broken crust; apothecia minute, 0.1 to 0.3 mm. in diameter,

concolorous, scattered or clustered, hemispherical or flattened,

pyrenocarpic or finally more or less open, with a flesh pink to

concolorous disk; hypothecium pale or tinged brown; hymenium

pale below and brown above; asci clavate or ventricose; para-

physes slender, hyaline, distinct to coherent semi-distinct, brown

tipped; spores simple, hyaline, oblong-ellipsoid, 13 to 22 mic. long

and 7 to 10 mic. wide, 8 in each ascus.

On limestone in low, moist, open fields. Montgomery.

Peltigeraceae.

Peltigera horizontalis (L.) Hoff'm.

On rocks at The Shades. Montgomery.

Peltigera praete.data (Sommerf.) Fink comb. nov.

On limestone rocks in wood. Tippecanoe.

Acarosporaceae.

Acarospora cervina (Wahl.) Koerb.

On granite boulders in open pasture. Montgomery.
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Lecanoraceae.

Lecayiora dispersa (Pers.) Floerke.

On chistose and granite boulders in open fields. Franklin, Mont-

gomery, Union.

Lecanora hageni Ach.

On fences, old stumps, and limestone rocks. Monroe, Montgomery,

Union.

Lecanora varia (HoflFm.) Ach.

On bark of hickory, old stumps, and picket fences. Hendricks, Mont-

gomery, Union.

Pertusariaceae.

Pertusarid yiistulata (Ach.) Nyl.

On apple bark in Sayre's wood. Union.

Parmeliaceae.

Pannelia ciliala (Lam. and D. C.) Fink comb. nov.

On bark of sycamore in Sayre's wood. Union.

Parmelia conspe7-sa (Ehrh.) Ach.

On granite boulders in Crawford's wood. Montgomery.
Parmelia rudecfa Ach.

On bark in woods. Franklin, Hendricks, Montgomery, Parke, Tippe-

canoe, Union.

Usneaceae.

Ramalina fraxinea (L.) Ach.

On fence posts in open country. Union.

Teloschistaceae.

Placodiuin aurcUum (Hoffm.) Fink comb. nov.

On limestone and on sandstone conglomerate. Montgomery, Union.

Placodinm inicrophylliniDH Tuck.

On board and rail fences. Montgomery, Union.

PlacodiiHH piiraceum (Ach.) Fink.

On dead roots in open pasture. Montgomery.

Placodinm siderifis (Tuck.) Fink comb. nov.

On limestone boulders in open woods. Franklin, Montgomery, Put-

nam.
Placodinm ulmornm Fink comb. nov.

On bark in wood. Tippecanoe.

Placodiinn variahile (Pers.) Nyl.

On exposed limestone boulder on open hillside. Franklin.

Teloschistes lychneuH (Ach.) Tuck.

On maple bark in open field along road. Montgomery.
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Physciaceae.

Physcia aquila (Ach.) Nyl.

On bark in woods. Montgomery.

Physcia astroidea (Fries) Nyl.

On walnut bark in woods. Franklin, Montgomery.

Physcia endochrysea (Hampe) Nyl.

On bark and rocks in woods. Hendricks, Montgomery, Tippecanoe.

Physcia leiicoleiptes (Tuck.) Fink comb. nov.

On bark in woods and along roadsides. Franklin, Monroe, Mont-

gomery.

Physcia obscura (Schaer.) Nyl.

On bark in woods and along open roadsides. Franklin, Montgomery,
Union.

Physcia pulverulenta (Schreb.) Nyl.

On stumps, tree trunks, and paling fences. Franklin, Montgomery,
Union.

Physcia trihacia (Ach.) Nyl.

On old posts and on bark, usually toward base of trees, in woods.

Hendricks, Montgomery, Parke, Union.

Pyxine sorediata (Ach.) Fries.

On old logs in wood along creek. Montgomery.
Rinodina lecanorina Mass.

On hornblend granite in Crawford's wood. Montgomery.

HELVELLALES.

Geoglossaceae.

Leotia stipitata (Bosc.) Schrot.

On grassy place in open wood. Montgomery.

Helvellaceae.

Helvella crispa (Scop.) Fries.

On ground in grassy wood. Montgomery.
Helvella sulcata (Schaff.) Afz.

On open hillside along road. Montgomery.

PHACIDIALES.

Stictidiaceae.

Stictis radiata (L.) Pers.

On dead stems of pokeberry on low, open, flood plain of Sugar Creek.

Montgomery.
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HYSTERIALES.

Hysteriaceae.

Gloniopsis gerardiana Sacc.

On old limbs in Crawford's wood. Montgomery.

Gloniopsis lineolata (Cooke) Sacc.

On rail fence along roadside. Hendricks.

Glonium lineare (Fries) Sacc.

On sycamore bark in open pasture. Union.

Glonium nitiduni Ell.

On exposed logs in open wood. Montgomery (Miller).

Glonium stellutum Muhl.

On old logs in wood. Montgomery (Anderson).

Hysterium insidens Schw.

On rail fence in woods. Hendricks, Montgomery.
Hysterographium cinerascens Schw.

On fallen tree. Montgomery.
Hysterographium lesquereauxH (Duby) Ell. and Ev.

On old logs in wood. Union.

Hysterographium rousselii De Not.

On exposed paling in open wood along road. Montgomery.
Hysterographium variabile Cooke and Peck.

On decorticate wood, rails, and fence posts, in woods. Montgomery,
Parke, Tippecanoe.

Graphidaceae.
Opegrapha vaHa Pers.

On bark in woods. Parke, Tippecanoe. »

Arthoniaceae.

Arthonia dispersa (Lam. and DC.) Duf.

On maple bark in woods. Montgomery, Union.

Arthonia lecideella Nyl.

On bark, usually in woods. Hendricks, Montgomery, Parke, Tippe-

canoe, Union.

Arthonia radiata (Pers.) Ach.

On basswood bark in low wood. Tippecanoe.

HYPOCREALES.

Hypocreaceae.

Chromocrea gelatinosa (Tode) Seaver.

On old log in wood at Turkey Run. Parke.

Hypocrea lenta (Tode) Berk, and Br.

On exposed logs along border of wood. Montgomery.
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Hypocrea sulphurea (Schw.) Sacc.

On Exidia over decorticate wood in Sayre's wood. Union.

Nectria episphaeria (Tode) Fries.

On osage orange bark in open field along Sugar Creek. Montgomery.

Nectria sanguinea Fries.

On dead stems of common ragweed on low ground near Sugar Creek.

Montgomery.

DOTHIDIALES.

DOTHIDIACEAE.

Dothidea glumarum Berk, and Curt.

On couch-grass in wood. Montgomery (Thomas 1893).

Phyllachora potentillae Peck.

On cinquefoil in wood. Montgomery (Thomas 1893, 1913).

SPHAERIALES.

Chaetomiaceae.

Chaetomium bostrychodes Zopf.

On sheep dung in pasture. Tippecanoe (Arthur 1896).

SORDARIACEAE.

Sporo7"mia minima Auersw.

On cow dung in open pasture. Montgomery.

Sphaeriaceae.

Lasiosphaeria hirsuta (Fries) Ces. and De Not.

On decaying logs in wood at Turkey Run. Parke.

Lasiosphaeria hispida (Tode) Fuck.

On old wood along dry branch. Montgomery.

Lasiosphaeria ovina (Pers.) Ces. and De Not.

On old logs in Sayre's wood. Union.

Leptosphaeria borealis Ell. and Ev.

On ash in wood along creek. Montgomery.

Leptosphaeria doliolum (Pers.) Ces. and De Not.

On old aster stems in low, open field. Montgomery.

Leptosphaeria dumentorum Niessl.

On stems of giant ragweed and mint in open field near Sugar Creek.

Montgomery.

Leptosphaeria subacnta (Cooke and Peck) Sacc,

On stems of giant ragweed in low, open field. Montgomery.
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Leptosphaeria subconica (Cooke and Peck) Sacc.

On dead stems of actinomeris in low, open field near creek. Mont-

gomery.

Teichospora obducens (Fries) Fuck.

On ash bark in open wood. Union.

Trichosphaeria pilosa (Pers.) Fuck.

On old sticks in wood. Montgomery.

CERAT0ST0M.4CEAE.

Ceratostomella barbarostra (Duf.) Sacc.

On maple bark on Indiana University Campus. Monroe.

Amphisphaeriaceae.

AmphispJiaera incrustans Ell. and Ev.

On old wood in open pasture. Montgomery.

Pleosporaceae.

Ophiobolus acuminatus (Sow.) Duby.

On dead grape stems in low, open field. Montgomery.
Ophiobolus anguillides (Cooke) Sacc.

On dead stems of giant ragweed in low field. Montgomery.
Ophiobolus solidagiuis (Fries) Sacc.

On dead stems of giant rdgvveed in low ground near Sugar Creek.

Montgomery.

Valsaceae.

Diaporthe albocurnis Ell. and Ev.

On dead twigs in wood. Montgomery. (Anderson.)

Diaporthe orthoceras (Fries) Nits.

On dead stems of actinomeris in open ground. Montgomery.

Eutypa ludibrunda Sacc.

Old wood along roadside. Montgomery.

Eutypella cerviculata (Fries) Ell. and Ev.

On log in wood. Tippecanoe.

Diatrypaceae.

Diatrype asterostoma Bock, and Curt.

On beech twigs in open pasture. Union.

Melogrammataceae.

Botryosphaeria sumachi (Schw.) Cooke.

On sumach bark in open, flood plain. Montgomery.



Asconiycetes New to the Flora of Indiana. 273

Xylariaceae.

Hypoxylon insidens Schw.

On exposed board in wood. Montgomery.
Hypoxylon stigmateum Cooke.

On hickory log in woods. Montgomery, Union.

Xylaria digitata (L.) Grev.

On old log in wood. Montgomery.

PYRENULALES.

Verrucariaceae.

Verrucm'ia epigea (Pers.) Ach.

On exposed soil in Sayre's wood. Union.

Verrucaria muralis Ach.

On exposed bricks, sandstone, and limestone boulders. Franklin,

Monroe, Montgomery, Putnam.
Verrucaria nigrescens Pers.

On exposed limestone boulders in open field. Montgomery, Putnam,
Tippecanoe.

Verrucaria rupestris Schrad.

On exposed sandstone in open wood along road. Montgomery.
Ve7'rucaria sordida Fink sp. nov.

Thallus partly hypolithic, the epilithic portion thin, sordid, rough-

ened, clinky-areolate, the poorly defined areoles minute, 0.2 to

. 0.5 mm. across; apothecia numerous, concolorous or darker,

minute, 0.15 to 0.25 mm. across, semi-immersed, dimidiate, the

superficial portion subconical and surmounted by a minute and
obscure ostiole; hypothecium and hymenium pale; paraphyses
gelatinizing and disappearing early; asci clavate, becoming dis-

tended and variously shaped; spores simple, hyaline, oblong-

ellipsoid, 16 to 22 mic. long and 9 to 12 mic. wide, 8 in each ascus.

On limestone boulders along dry run. Montgomery.
Verrucaria viridula Ach.

On rock on north side of barn. Montgomery.

Pyrenulaceae.

Pyrenula cinerella (Flot.) Fink.

On cultivated cherry bark in Sayre's wood. Union.

Pyrenula leucoplaca (Wallr.) Karst.

On beech bark in wood at Turkey Run. Parke.

Pyrenula nitida (Weig.) Ach.

On bark in wood at Turkey Run. Parke.

18—16568



274 Proceedings of Indiana Academy of Science.

Dermatocarpaceae.

Endocarpon pusiUmm Hedw.
On limestone and granite boulders in woods. Franklin, Montgomery,

Union.

Thelocarpon prasinelluni Nyl.

On board along Sayre's wood. Union.

Trypetheliaceae.

Trypetheliiitn virens Tuck.

On beech bark in wood. Tippecanoe.

PERISPORIALES.

Erysibaceae.

Microsphaera euonymi (DC.) Sacc.

On cultivated spindle tree. Tippecanoe (Orton).

Sphaerotheca hnvmJi fidigmea (Schlecht.) Salm.

On tamarix and heal-all on low ground. Montgomery.

ASPERGILLALES.

Aspergillaceae.

Penicillium crustacewm L.

On canned fruit. Tippecanoe (Simonds 1906).

EXOASCALES.

Exoascaceae.

Exoascus mirahilis Atkins.

On wild plums. Jeffer.son (Clark 1898), Orange (1909).

Taphrina caeridescens (Mont.) Tul.

On scarlet oak in wood. Montgomery (Thomas 1893).

Taphrina potenfillae (Farl.) John.

On cinquefoil (Potentilla canacleyisis) . Vigo (Arthur).
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The Dormant Period of Timothy Seed Ater Harvesting.

M. L. Fisher, Purdue University.

The suggestion for this study came in August, 1916, through a

request from the Illinois Seed Company, Chicago, Illinois, asking for

data as to the length of time after harvesting until timothy seed reached

its maximum germinating power. No such data were at hand and a

very careful search of all the available literature revealed but one men-

tion of any previous work on the subject. In Fuhling's Landwirth-

schaftliche Zeitung for March 15, 1894, there was reported such a study

of several different kinds of seeds, and from that study a conclusion had

been drawn that timothy seed reaches its maximum germinating percent

in four weeks after hai'vest.

At the time of receiving the above inquiry it was too late to make

an investigation for the season of 1916. In the .season of 1917 an inves-

tigation was begun. Heads of timothy were harvested from a lot back

of the Agricultural Building at Purdue University. It was decided to

make the study in two parts.

1. A study of the germinating qualities of individual heads was
made to see if there was such a thing as individuality in heads.

2. A number of heads were shelled together for a mass selection and

this was used in duplicate. The shelled seed was allowed to stand in an

open pan in the laboratory. The timothy heads were not ripe enough

to shatter from the spikes, but were easily shelled. The culms below

the .spikes were still green. The heads were harvested August 11th,

and the first tests set at once. The second test was set August 20th,

and the third test September 5th. For the individual head testing, five

heads were selected. A small amount of seed was shelled from the base

of the spikes and one hundred seeds (more or less accurately) counted

out for testing. For the mass tests duplicate lots of one hundred seeds

(more or less accurately counted) were taken. The seeds were tested

on blotters in moist chambers formed by turning one plate over another.

The following tables show the results of these tests:
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TABLE II—Summary of Table I.
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after harvesting the individual heads had practically reached their

maximum percent, averaging 98.29^, while the mass selections had

reached a satisfactory germinating percentage—889^ (U. S. Gov. stand-

ard being 85-90 percent). (Yr. Bk. U.S. D. A. 1896, p. 623.)

2. Alternate drying and wetting increases the germinating percent-

age. However, where seed was kept wet throughout the period no

further germination took place in the hard seeds.

3. The testing of the five individual heads showed that there is some
variation in the germinating quality of the single heads, as illustrated

by head No. 4 in the test.

4. The individual heads reached a higher percentage of germination

than the mass selections. Possibly this was due to the fact that in

individual heads the seed remained attached to the spikes until shelled

off for testing, while in the case of mass selections the seed was .shelled

off of the spikes as soon as harvested. The first condition is the one

which would prevail under farm practice.

5. Seed alternately wetted and dried will eventually reach a high

percentage of germination.

6. It seems reasonable to conclude from the data obtained that be-

tween three and four weeks from the time of harvesting is necessary

for timothy seed to reach its maximum germinating power.

7. If timothy seed which has been harvested and threshed before it

has reached its maximum germinating power is kept from heating and
sown at once it would eventually give a fair stand of plants.

. Bibliography.

Fiihling's Landwirthschaftliche Zeitung, March 15, 1894.
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The Birds of the Sand Dunes of Northwestern Indiana.

C. W. G. EiFRiG, Oak Park, Illinois.

The region covered by this list is not the entire area of sand dunes

in Lake and Porter counties, but is the "Dunes" in the narrower sense,

i. e., the strip of dune country immediately adjoining the south end of

Lake Michigan to a width of from one to two miles, extending from

Gary to Michigan City, a distance of about twenty-five miles. This is

an immensely interesting region to nature lovers and students of various

branches of natural history or science. It is interesting to the physiog-

rapher, geologist and geographer, as here may be seen the destructive

as well as the constructive forces of nature actually at work. It is a

perfect Eldorado to the zoologist, especially those devoted to the study

of ornithology and entomology, as well as the botanist. And in few

other regions can studies in ecology be carried on as well as here. All

of this needs no further elucidation in this connection. Most phases of

it have been written upon, as, e. g., by Prof. W. S. Blatchley and Mr.

A. W. Butler in the twenty-second annual report of the Indiana Depart-

ment of Geology and Natural Resources for 1897; by Dr. H. C. Cowles,

in his "Plant Societies of Chicago and Vicinity"; by R. D. Salisbury,

in "The Geography of Chicago and Its Environs"; by V. E. Shelford,

in his "Animal Communities"; and others. There is also a well-written

account of the Dunes by Mr. A. F. Knotts of Gary in the Indiana geo-

logical report for 1916. Lately, artistically gotten-up books on the

Dunes are beginning to appear, as "The Sand Dunes of Indiana," by

E. S. Bailey; "The Dune Country," by E. H. Reed, and others.

Since the publication of Mr. Butler's "Biids of Indiana" in the 1897

report, which is one of the best if not the best state list of birds known
to the writer, little has been published on the avifauna of the Dunes.

Some short notes have been published on certain rare species here by

Mr. H. L. Stoddard, of the Hariis Public School Extension of Field

Museum, who has .spent much time in the Dunes in connection with his

work. The notes are to be found in the "Auk," Vols. .33 and 34.

The writer's idea in compiling this list is not so much to quote old

records, but to give the present status of the avifauna of this section.

He has spent many days in the Dunes, in every month of the year, and

has also accumulated material from the observations of members of the

Chicago Ornithological Society, many of whom also go to the Dunes as

often as they can. As an example of what may be seen here, at a time
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when very little of interest can usually be seen in most places in this

latitude, I quote the species I saw during my last three visits to the

Dunes, on November 30th, December 21st and 27th, 1918, namely.

Evening- Grossbeaks, Pine Grossbeaks, Tufted Titmouse, Red-breasted

Mergansers, Hooded Mergansers, Herring Gulls, Red-headed Woodpeck-

ers, Chickadees, Blue Jays, Tree Sparrows, Juncos, Cardinals, White-

breasted Nuthatches, Redpolls, Downy Woodpeckers, and Crows. Any-

one familiar with bird conditions will see how difficult it would be to

duplicate this list in most places. The writer deplores his lack of time

to enter into the subject more fully, and hopes to be able to do so at

some future time. In the meantime, everyone able to do so ought to

lend his aid to the proposal to make a part of this alluring region a

national park. Let it remain a monument of nature and a high school

of and in nature forever!

Order Pygopodes: Diving Birds.

1. Colymbns aurihis, Horned Grebe. A none too common migrant,

especially in spring, and one may now and then breed in Long Lake,

near Millers, or some others of the larger and not too accessible lakes

that are between the dunes or along the southern end of them. They

are seen on Lake Michigan in April, and several have been seen or

taken on Long Lake, April 3rd, 15th and 21st, 1916, and April 25th

and May 5th, 1917.

2. Podilymhus podiceps, Pied-billed Grebe. A common migrant and

breeding species, nearly every pond or lake harboring one or several

pairs. Late records are: April 1, 1916; .June 2 and 6, 1916, nests with

four to seven eggs found in Long Lake; July 18, 1911, family of old

with young.

No doubt, if a competent observer would stay here throughout at

least one whole year and patrol the beach daily, he would also see Hol-

boell's Grebe and the Eared Grebe, but the writer knows of no late

records.

3. Gavia immer, Loon. Formerly, no doubt, a common breeder here,

but is so no longer. This shy bird does not stay where the genus homo

becomes abundant, as is now the case in the Dunes, but it still tarries

here in migration. April 1, 1915, one swam about, a short distance from

shore, at Tremont.

What has been said in the case of the Grebes undoubtedly holds good

for the Loons, too. The Red-throated Loon would probably also be seen

by continuous observation. And this is still more true of the species of

the next order, the Longipennes. Nearly all the far northern Jaegers,

Gulls and Terns probably put in an appearance here, especially in long,

severe winters and after strong northerly gales, but it takes more than

ordinary fortitude to be out on the lake shore then.
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Order Loxgipexnes: Long-winged Swimmers.

4. Stercorarius longicaudas, Long-tailed Jaeger. This is an instance

of what painstaking search may reveal. Mr. H. L. Stoddard shot a fine

male of this species at Dune Park, September 21, 1915. Mr. F. M.

Woodruff, of the Chicago Academy of Science, mentioned several other

occurrences of this boreal species to me.

5. Larus hyperboreas, Glaucous Gull. One was shot at Millers,

Augu.st 8, 1897, which is in Mr. Woodruff's collection.

6. Laiiis argentatiis, Herring Gull. An abundant winter resident,

and a few, probably unmated individuals may be seen even in summer.

April 24, 1915, there were many over the lake at Tremont; August 30,

1916, about ten at Millers. At the latter place, where there is a fisher-

men's colony on the beach, it is one of the common sights to see one

perched on the top of every post in the lake and numerous others flying

about.

7. Larus delau:arensis, Ring-billed Gull. Almost as abundant as the

preceding species, some days even predominating in numbers. A female

was taken as early as August 3, 1915. Often flies up close to the walker

along the beach,' as if to inspect him.

8. Larn,H Philadelphia, Bonaparte's Gull. Although this is next to

the Herring and Ring-billed Gulls the commonest of the migrating gulls

on Chicago River and off the lake shore at the parks, we do not see it

nearly so often as the two other gulls at the south end of the lake.

Probably we have just missed the days of their abundance. May 10,

1917, I saw about ten flying about in the harbor of Michigan City.

9. Sterna caspia, Caspian Tern. This now turns out to be a rather

regular and not uncommon migrant here. In late August and early

September as high as twenty have been seen at one time over the lake

at Mineral Springs. Stoddard took specimens August 30, 1914, and

September 4, 1915. I saw one at Millers August 30, 1916.

10. Sterna forsteri, Foster's Tern. An abundant migrant, at about

the same time as the preceding species. August 30, 1916, a flock of

about two hundred were fishing parallel to the water line near Millers,

two or three rods from .shore, where they were continually diving from
about twenty feet above the water into the schools of minnows in the

shallow water below, making as much noise as possible, reminding one

of a lot of small boys on a rampage. Most still had the black crown
of their nuptial dress.

11. Sterna hirundo, Common Tern. May almost be called a summer
resident, as it is common after the first of August, and I have seen

twenty as late as May 20 (1915), at Mineral Springs. Some days this

species makes up the bulk of the tern flocks over the lake, on others

the preceding leads in numbers.
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12. Sterna dougalli, Roseate Tern. A specimen of this rare acci-

dental visitor to inland waterbodies was secured by Mr. Stoddard on

the beach between Millers and Dune Park, August 14, 1916. This

seems to be the first clear record for this bird in Indiana, for the records

cited by Mr. A. W. Butler in his "Birds of Indiana" either are for

adjoining states only or do not state whether the specimen was taken

or not.

13. Hydrochelidon nigra surinamensis. Black Tern. This species is

extremely common in August and September at the southern end of

Lake Michigan, where we have taken specimens as late as August 30

(1916), still in the entirely black breeding plumage. If they do not

nest in the region under discussion, they certainly do in the immediate
vicinity, as on Wolf and Hyde Lake, almost on the state line, also in

larger sloughs a little south of the dune region.

Order Steganopodes : Totipalmate Swimmers.

14. PJialacrocorax aaritus aurihis, Double-crested Cormarant. Al-

though we have no recent records for the occurrence of this species,

there are numerous ones for the immediate neighborhood of the dune

region in a wider sense than as used above, such as Liverpool, Lake

County, three miles south of Millers, where one was taken October 16,

1896; it is frequently seen in Chicago, at the lake in the south end of

the metropolis, and in the adjoining parts of Michigan. Mr. K. W.
Kahmann, the Chicago taxidermist, frequently has specimens sent to

him from Kouts, Porter County. Hence there can be no doubt as to

the occurrence in the dune region in the restricted sense indicated above.

15. Pelecanus erythrorhynchos, White Pelican. Mr. F. M. Woodruff"

reports two at Millers, seen in the fall of 1896, and I have seen a speci-

men at Mr. K. W. Kahmann's shop, taken at Kouts, Porter County.

There can be no doubt as to the casual occurrence of this species in the

dune area.

Order Ansers: Lamellirostral Swimmers.

16. MerguH americanus, Merganser. This is a common migrant and

v/inter resident. They were common at Millers December 17, 1895, and
on January 14, 1897; four were seen there.

17. Mergus serrator, Red-breasted Merganser. Of the same status

as the preceding species. Saw two at Millers, November 30, 1918.

18. Lophodytes cucullatus, Hooded Merganser. Another common
migrant and winter resident all ever the southern end of Lake Mich-

igan, with the added diff"erence that it also breeds in the vicinity, along

the Kankakee River. It no doubt formerly bred along the Grand and
Little Calumet, and near the larger dune ponds, and may do so still.
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19. Anas jilatyrhynchos, Mallard. A common sojourner during mi-

gration, and probably would breed if there were not so many hunters

at Long Lake. I saw about ten fly over the dunes from this lake on

March 18, 1916.

20. Ayias rnbripes, Black Duck. Of similar .status as the preceding,

only not so abundant. Stoddard took a male. May 5, 1917, at Millers,

Lake County, out of eight he saw there.

21. Chaulelasmus streperzis, Gadwall. A rare migrant, or probably

accidental visitor. A specimen was taken October 18, 1896, at Liver-

pool, Lake County, practically in the dune region.

22. Mareca ameHcana, Baldpate. A common migrant and not in-

frequently breeds in the neighborhood of the Dunes. May 12, 1917, I

saw a pair and approached it quite closely, at Long Lake, which acted

as though very much at home. They have been found breeding along

the Kankakee and in the adjoining parts of Illinois and Michigan.

23. Nettion curolinense, Green-winged Teal. A migrant of some-

what uncertain status. Mr. Stoddard saw a pair at Dune Park, April 1,

1917.

24. Querquedula discors, Blue-winged Teal. A common migrant and

rather common breeder over the whole region. May 30, 1916, I saw two

in Long Lake, which indicates their breeding there. May 31, 1912, I

saw three or four on Hyde Lake in Illinois, right over the Indiana line.

When once the Dunes are made a state or national park, or when at

least the present federal law regarding spring shooting is enforced

strictly, also against the "original squatters" in this region, who now

consider themselves above such laws, this species, as well as the Mallard,

the Hooded Merganser, the Wood Duck, the Baldpate and others will

no doubt breed here again as in former years.

25. Spatula clypeata, Shoveller. Of similar status as the preceding,

perhaps not quite as common. I saw two pair in Long Lake, April 24,

1916, and May 31, 1912, three in Hyde Lake, near the Indiana line.

26. Dafila acuta, Pintail. A common migrant. E. W. Nelson in his

"Birds of Northeastern Illinois" states that he, in 1875, found several

pair nesting in the sloughs near the Calumet River, which may have

been within this region.

27. Ai.r sponsa, Wood Duck. The quiet and often rather large

ponds on the south margin of and between the Dunes are ideal breeding

places for this beautiful duck, and it is no doubt only owing to the

relentless persecution of past years that it now is seldom or never seen

in summer. Let us hope for better times for them in the near future.

It is almost criminal in my eyes to shoot and pluck such beauty.

28. Marila americana. Redhead.
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29. Marila valisneria, Canvas-back. These two species were formerly

abundant on Wolf and George Lakes, at the edge of the dune country,

also at Liverpool, Lake County, where a large flock of the latter were

seen February 28, 1896, by Mr. J. G. Parker, but now they are far less

common.
30. Marila vuirila, Scaup Duck. March 18 and April 24, 1916, I

saw flocks of fifteen and seven on Long Lake which I took to be this

species. There is absolutely no reason why they should not be here,

as well as Marila affinis, since they breed from Minnesota northward

and winter from there south and southeastward, thus being almost com-

pelled to cross over.

31. Marila affinis, Lesser Scaup Duck. An abundant migrant over

the whole region of which the Dune region is the centre.

32. Marila collaris, Ring-necked Duck. Also this species can hardly

avoid being found here during migration, although I have no positive

dates at my command. It is simply a matter of having enough time to

be there continually during migration to find this and other species of

similar habits and range.

33. CUmgula clangula americana, Golden-eye. A common winter

resident throughout the southern end of Lake Michigan. This is a

hardy species and is in some places called Winter Duck. March 18,

1916, I saw about twenty-five on Long Lake.

34. Charitoneita alheola, BufTle-head. Not as common as the pre-

ceding one, since it spends the winter farther south as a rule. Mr.

Stoddard took a female out of a small flock on Long Lake, April 25, 1917.

35. Harelda liijemalis, Old-squaw. An abundant winter resident.

Mr. J. G. Parker, Jr., and Mr. F. W. Woodruff saw large flocks of them

at Millers in January and February, 1897.

The Eiders and Scoters would probably in time nearly all be seen

by one who would have the time and hardihood to patrol the beach daily

during the winter, as there are records for them from as near the south

end of the lake as Chicago.

86. Erismatura jamaicensis, Ruddy Duck. Early records show that

this species not only visited here but bred in this region. Mr. H. K.

Coale found two males and a female together at Tolleston, now a part

of Gary, May 9, 1877. It no doubt still returns to the ponds and slug-

gish streams so well loved by it, as the Grand and Little Calumet.

What has above been said concerning the Eiders and Scoters prob-

ably holds good for the various Geese, of which we have no definite

record for the narrow region under discussion. They would probably

nearly all be seen in time. Mr. Stoddard saw six Snow Geese off Gary

October 21, 1916, which I would put down as Chen hyperboreus hyper-

boreus, since that is the form whose breeding range is west of Hudson
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Bay, and would pi'obably come south on the west side of Lake Michigan,

while those coming southwest in fall along the coast from Michigan
should be the eastern form, Chen hyperhoreus nivalis.

37. Chen caerulescena, Blue Goose. Mr. Stoddard saw a flock of

about forty off Gary, October 21, 1916, one of which, a fine male, he

collected. He concludes that this species is probably common for a few

days in fall along the southern end of the lake.

38. Branta canadensis canadensis, Canada Goose. This species not

so long ago bred in the Calumet marshes, adjacent to our area, and is

now a common migrant and winter resident. March 18, 1916, a flock

of about forty were holding a .sort of convention, apparently, at the

edge of the i^e, off Millers, where they were very noisy, as though

debating hard. April 1, a flock of twelve flew northward, later a flock

of thirty came in wedge formation, then formed a broad line front, and

then suddenly, as if by command, broke and plunged down on the lake.

39. Olor columbianus, Whistling Swan. Mr. Woodruff" reports see-

ing several specimens that had been taken at Liverpool, Lake County,

and he himself shot one near Hyde Lake in Indiana. It no doubt still

flies over our region in its migration.

Order Herodiones: Storks, Herons, Ibises.

40. Botuurus lentiginosus, Bittern. A common summer resident.

April 24, 1916, I heard two "pumping" at Mineral Springs.

41. I.cobri/chus exilis, Least Bittern. A common summer resident in

the fringe of cat-tail around most ponds, especially at Long Lake, where

I scared up one September 25, 1915. Stoddard found a nest under con-

struction there June 2, 1916.

42. Ardea herodias, Great Blue Heron. A migrant of diminishing

numbers, and a few pairs may still breed along the Calumet, as they

formerly did in considerable numbers. I saw one August 13, 1915, at

Millers.

43. Butorides virescens virescens, Green Heron. A rather common
summer resident. They like to place their nests in button bush (Cepha-

lanthus occidentalis) and other growth forming dense masses, and this

is found along the edge of sloughs in abundance. April 24, 1916, we
saw one at Dune Park, also June 24.

44. Nycticarax nycticorax naevius, Black-crowned Night Heron.

While we have not seen or taken this species lately in the Dunes, it is

rather common in the whole neighborhood, e. g., Hyde Lake, Kouts, etc.,

so it cannot fail to at least visit the region occasionally.

45. Grus mexicana, Sandhill Crane. Mr. Stoddard saw three near

Dune Park, April 7, 1917. He is familiar with the species from a resi-

dence of years in Florida. They have lately been reported from a num-
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ber of neighboring locations also, such as Crete, Illinois, near the Indi-

ana line.

46. Rallus elegans, King Rail. A common summer resident in the

large and small cat-tail areas of the region. Dates range from April 13

to October 21.

47. Rallus virginianus, Virginia Rail. Also a summer resident, per-

haps not quite as common as the preceding species. May 30, 1916, I

saw three at Mineral Springs.

48. Porzana Carolina, Sora. Abundant migrant, but probably less

common breeder than the two preceding species. April 24 and May 20,

1916, I saw one and two respectively at Mineral Springs.

There can be no doubt that the Yellow and Black Rails are also

found here, but owing to their small size, secretive habits, the difficulty

of flushing them, and aversion on the part of the dune hiker to thor-

oughly explore the areas of cat-tail, they have so far escaped detection,

but have been seen at Hyde and Wolf Lakes, immediately adjoining.

49. Gallinula galeata, Florida Gallinule. Nests rather commonly on

Long Lake. April 22, 1917, the first ones of the year were seen there,

and June 6, 1916, a nest of seven partly incubated eggs was found.

50. Fulica americana, Coot. An abundant migrant and sparing

nester. They would no doubt nest commonly if left undisturbed. A
few nest on Long Lake. January 6, 1917, we found a dead one that

appeared to have died recently.

Order Limicolae: Shore Birds.

If one could for a whole year, or at least throughout the spring and

fall migration, patrol the beach of the dune country systematically,

many more species of Limicolae would undoubtedly be seen than are

here recorded, for it is the logical place for them to be met with.

Whether they come in fall along the east or west shore of La^'e Mich-

igan, they must come here, the south end of the lake.

51. Philohela minor, Woodcock. A summer resident which is not

very common. The many campers and dune prowlers probably make
this region increasingly distasteful to it. July 18, 1911, I flushed two

from a willow thicket at the border of a small pool at Millers, and I

have seen them at Mineral Springs.

52. Gallinago delicata, Wilson's Snipe. A common migrant.

53. Macrorhwmphus griseus griseus, Dowitcher. A rare migrant.

Mr. F. W. Woodrufi' saw one or more of them at Liverpool, Septem-

ber 2, 1892.

The Stilt Sandpiper, Micropalania hiinantopus, has also been taken

near our region, and no doubt is also one of the rare sojourners among
the shore birds.
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54. Tringa canutus. Knot. A migrant, probably not as rave as usu-

ally thought. Mr. Stoddard took two specimens, both in spring plumage,

June 2, 1917, and September 2, 1916, at Millers, and I took one at the

same place from among a flock of Sanderlings, September 25, 1916.

55. Pisohia tnacnlata, Pectoral Sandpiper. An abundant migrant.

56. PiHobia bairdi, Baird's Sandpiper. A rare migrant. A few may
be seen during August and September on the beach near Millers, which,

by the way, seems to be the best place for Sandpipers, especially the

rare ones. Mr. Stoddard secured two fine specimens at Dune Park,

August 23, 1916, and two at Millers, September 2, 1916.

57. Pisohia minutilla, Least Sandpiper. A common migrant. The
small troops of scurrying sandpipers on the beach are largely made up
of this species. August 13, 1915, I saw about ten at Millers.

58. Pelidna aljnna sakhalina, Red-backed Sandpiper. A common
spring migrant over the whole neighborhood, so it must at times be

found here also. Mr. G. F. Clingman took a specimen here, on the

beach, June 1, 1879.

59. Erennetes jnisiUus, Semipalmated Sandpiper. A common mi-

grant along the beach, where it may be seen in the company of the

Least Sandpiper, Sanderling and others. August 14th, 23rd and 30th,

1916, they were plentiful on the beach at Millers.

60. Calidris leucophaea, Sanderling. An abundant migrant. The
earliest record for the fall migration is July 18 (1911), when I took

two from a flock of fifteen at Millers. From then on they are common
up to about October 1. One taken by Stoddard, August 23, 1916, at

Millers, was still in breeding plumage, but after that date all were in

the fall dress. June 2, 1917, Stoddard saw several in full nuptial

plumage near Dune Park.

61. Limosa haemastica, Hud.sonian Godwit. Probably a rare mi-

grant. Mr. Charles Brandle took one on Wolf Lake, Indiana, Septem-

ber 15, 1898, which is close to our region.

62. Totanus Mehinolencus, Greater Yellow-legs. Migrant. Mr. J.

G. Parker has seen them as early as March 30 (1895) at Liverpool.

63. Totanus flavipes, Yellow-legs. Of similar status as the last.

64. Helodromas solitarius solitarius, Solitary Sandpiper. A not un-

common migrant. May 20, 1916, I saw one at Mineral Springs.

65. Cdtoptrophorus semijxdmatiis inornattis, Western Willet. Mr.

F. W. Woodruff refers the Willets seen along the beach near Millers to

the western form. He has taken many there. It is seen occasionally

from August 1 to the 15th of September, also late in April or early in

May. (Woodruff.)

The chances are that both the eastern and western forms occur here.
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66. Bartramia longicaudu, Upland Plover. Apparently a rare breeder

in our restricted region, but common along the southern edge of it.

Mr. A. W. Butler gives several breeding records for Lake County and

the Calumet marshes in Indiana.

67. Tryngites subrnficollis, Buff-breasted Sandpiper. Apparently a

rare migrant. Mr. Stoddard took a fine specimen at Millers on August

30, 1916. Up to the publishing of Mr. Butler's "Birds of Indiana," there

was only one record of its having been taken in the state. This, then,

would be the second.

68. Actitis macularius, Spotted Sandpiper. A common summer resi-

dent. April 24, 1916, I saw two at Mineral Springs, and, on May 20, six.

The Curlews seem to be a thing of the past.

69. Squatarola squatarola, Black-billed Plover. Rather rare along

the beach. Stoddard saw three on August 30, 1916, at Dune Park;

September 2, 1916, he collected four fine specimens between Millers and

Gary, ranging from full breeding dress, through the eclipse plumage of

a few black feathers only on belly, to entire fall dress. The last one

noted by him was October 15, 1916, near Gary.

70. Charadrms dominicus dominicns, Golden Plover. Probably now
rarer here than the preceding species. Both are migrants, of course.

I saw two, April 24, 1915, at Tremcnt.

71. Oxyechus twciferus, Killdeer. A common migrant and breeder.

72. Aegialitis semipalmata, Semipalmated Plover. A migrant, asso-

ciating with Semipalmated and Least Sandpipers on the beach.

73. Aegialitis meloda, Piping Plover. Formerly a common, now a

rather rare breeder. Despite the overrunning of its peculiar breeding

grounds on the part of campers, bathers, dune prowlers, ecology classes

and others, this dapper, attractive little beach sprite has survived here

as breeder to probably a half dozan pairs between Millers and Mineral

Springs. Its peculiar habitat is the depression between the first twp

low, incipient dunes, a few rods back from the lake. Sets of eggs are

found nearly every year. Stoddard has taken specimens August 23,

1916, in full summer dress; Avigust 23, 1916, in the eclipse plumage,

and September 2, 1916, in full winter dress.

74. Arenaria interpres interpres, Turnstone. A migrant. Mr. Stod-

dard took one June 2, 1917, at Millers in full breeding plumage. They
are here again by August 5 (1916), when he took another specimen yet

in full spring dress. One taken August 23, 1916, was partly changed,

and the last of September 2, 1916, was entirely in winter plumage.

Order Gallinae: Gallinaceous Birds.

75. Colinns virginianus virginianus, Bob-white. This attractive spe-

cies is not as common here as one would wish. Their musical call is

19—16568
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heard bvit rarely. March 11, 1916, we saw a covey of about twelve at

Mineral Springs; Aug~ust 24 we heard one; August 13, 1915, I saw two

on the dune immediately behind the electric railway station at Millers.

76. Bonafsa umbelluH ionbellns, Ruffed Grouse. This fine species still

holds its own in the dense covers of scrubby oak, juniper, sumac, etc.,

between the middle dunes and in the woods on the southern fringe of

them. No more than three or four at the highest are seen in a day's

walk. March 11, 1916, I flushed three at Mineral Springs; on the 18th,

one at Millers; July 16, 1915, also one at the last-named place; one

January 6, 1917, and one February 17, 1917.

77. Tympannchus americanus americamis, Prairie Chicken. Very
rare here. Mr. Stoddard saw two near Mineral Springs in the fall of

1913. They had probably sought refuge there from the persecution of

hunters a little farther south.

Order Collmbae: Pigeons and Doves.

77. Zenaidnra niacroura cufolinensis, Mourning Dove. A rather com-

mon summer resident, but present in spring and fall as well. April 1,

1916, two were seen at Millers; on the 24th, four at Mineral Springs;

May 20th, six at Millers, one nest on ground, with two eggs.

The last records of the memorable Passenger Pigeon, which is a

thing of the past for this i;egion, are probably those given by Mr. Wood-
ruff in his "Birds of the Chicago Area," where he quotes from the

"Auk," Vol. 12, page 389, as follows: "April 8, 1894, Mr. Edward J.

Geckler saw a flock of about fifteen Wild Pigeons flying while in a

woods near Liverpool, Indiana.

"Mr. Kaempfer, a taxidermist of this city, had a fine male Passenger
Pigeon mounted on one of his shelves which was bi'ought in on March
14, 1894. The gentleman who brought it said he shot it near Liverpool,

Indiana, and saw quite a number of them at that time."

Order Raptores: Birds of Prey.

79. Catliartes aura neptentrionalis, Turkey Vulture. A rare acci-

dental visitor, though one would expect it to be more common. Stoddard

saw three at Tremont, July 4, 1917. For hawks this is a great region,

as is to be expected, considering the great number of small rodents and

large and small swamp birds found here.

80. Circus liud.somHs, Marsh Hawk. This is the commonest hawk,

where it finds the many large and small swales to its liking for feeding

and nesting. They come early and stay late. March 11, 1916, five or six

were seen at Mineral Springs; on the 18th, two; April 1, 1916, four, or

rather two pair, were observed mating at Millers. May 20, 1916, we
saw seven at Mineral Springs and found a nest in a large swale with
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five half-incubated eggs. May 30th another nest with four eggs was
found there. Stoddard located six nests within a radius of one mile of

Mineral Springs.

81. Accipiter velox, Shaip-shinned Hawk. A much rarer breeder.

March 11, 1916, we saw one at Mineral Springs; April 1st, two; August

13, 1915, I saw one at Millers; May 12, 1917, one in immature plumago

at Mineral Springs.

82. Accipiter cooperi, Cooper's Hawk. This species is a little com-

moner than the preceding. It has picked on the stand of large timber

in the Mineral Springs-Tremont sector as being to its liking. April 1,

1916, we saw four at the former place; May 2, one; May 25, 1914, Stod-

dard found a nest with four partly incubated eggs 45 feet up in a tam-

arack. July 13, 1915, he took four youxig, nearly ready to fly, from a

nest at the latter place. The next year he located a nest in the same
place, also with four eggs, on May 21st. We saw^ two there February

17, 1917.

83. Astur atricapillus atricapillus , Goshawk. Probably a rare winter

visitant. I saw one February 17, 1917, at Mineral Springs, carrying a

cottontail in his talons.

84. Buteo boreulis borealis. Red-tailed Hawk. A rather uncommon
summer resident, commoner in migration. April 24, 1916, we saw two
at Mineral Springs; May 12, 1917, one.

85. Buteo lineatus lineatus, Red-shouldered Hawk. This is after the

Marsh Hawk the commonest hawk. One or more can be seen at every

visit to the Dunes. Dates are: April 24, 1915, one seen at Tremont;
May 29, 1916, one at Mineral Springs; March 11, 1916, four at Mineral

Springs; April 1, one at Millers; Augu.st 20, 1916, one at Mineral

Springs; September 25, 1915, one at Millers. Mr. Stoddard found a

nest at Mineral Springs.

86. Buteo platypterus, Broad-winged Hawk. Seems to be rare here,

probably common enough on some days during migration. Mr. Butler

quotes Mr. C. E. Aiken, who says that it breeds in Lake County. I saw
two at Whiting, Lake County, April 18, 1914.

87. Archibuteo lagopiis sancti-johannis, Rough-legged Hawk. Mr.
Butler quotes Mr. J. G. Parker as saying that this is the commonest of

the large hawks in Lake County in winter. I saw one November 30,

1918, near Millers.

88. Hcdiaetus leucocephalus leucocephalus, Bald Eagle. Up to within

twenty years or less ago this great bird was almost a common sight in

the Dunes, nesting regularly. When the number of foolish gunners in-

creased, it had to go; but it still comes back from time to time as if to

survey its former realms again. Mr. Stoddard saw a bird in the imma-
ture plumage at close range at Millers, October 15, 1916, and Mr. W. D.
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Richardson, who spends more time in the Dunes than anybody I know
of, saw three at Mineral Springs, June 17, 11)17.

89. Falco colunibcirius colunibarius, Pigeon Hawk. Probably not as

rare as supposed. We saw one at Mineral Springs, March 11, 1916.

90. Falco sjxirverins sparverius, Sparrow Hawk. Rather rare here.

I saw one at Millers, September 29, 1915.

The Osprey can hardly fail to at least pass over our region at times,

but I have no recent dates. Mr. Stoddard and I saw one near Kouts,

Porter County, just a few miles south of the Dunes, May 6, 1916.

91. Asio wilsoniamis, Long-eared Owl. Apparently a rare migrant
and breeder, but is perhaps only more secretive than rare. Stoddard
has seen several at Mineral Springs, and found a nest of them with

three partly feathered young. May 25, 1914.

92. Asio flammeuH, Short-eared Owl. Should be common here, as the

swales that attract the Marsh Hawk are erjually attractive to it, but it

is not. It must nest, as adults were frerjuently seen during May and

June, 1914, at Mineral Springs.

93. Cryptoglany acodiat acadica, Saw-whet Owl. Probably a rare

permanent re.'-ident, as witness these dates: Mr. Stoddard took one

February 15, 1914, at Millers, and one April 4, 1915, at Mineral Springs.

94. Otu,s asio asio, Screech Owl. Like the Sparrow Hawk, this is

not as common as one would expect. It is, of course, a permanent
resident. We saw one near Millers on March 18th and on August 30th,

1916.

95. Bubo rirginianus virginiaruis, Great Horned Owl. Contrary to

expectations, this species is commoner here than the Sci'eech Owl or

Short-eared Owl seem to be. In a walk between the dunes from Millers

to Mineral Springs, three or four may be scared up, and there is a pair

staying in the dark tamarack and pine swamp at the latter place, and

another one nearby. We saw three, e.g., March 11th and 18th, 1916;

AugTist 30, we saw one near Millers being pestered by crows. Stoddard

has found three nests in one season alone, to which wei'e added three

or four more near to Dune Park or Mineial Spi-ings the following sea-

sons. Here are nesting data: March 15, 1914, a nest was found with

three slightly incubated eggs in a scrub pine, forty feet up; March 17th,

two eggs were found in the cavity at the top of a large dead pine stub.

The third, containing three downy young, in a similar location, was
found April 4th. February 25, 1917, a nest with two eggs was found

near Dune Park, thirty feet up in a pine, in an old crow's nest. March
4th there were three eggs, which are now in my collection. February 24,

1918, one was found in the same neighborhood, probably built by the

same pair, containing two eggs, in a Banksian Pine, of which fine photo-

graphs were secured by Mr. W. 1). Richardson, who succeeded in taking
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pictures of the female on the nest, as well as of the young later on.

The nest was discovered by Dr. Alfred Lewy. On one of the nests the

remains of a Ruifed Grouse were found, on another those of a Bittern.

Order Coccyges: Cuckoos and Kingfishers.

96. Coceyzus aniericanus americanus, Yellow-billed Cuckoo. A sum-
mer resident which is not exactly common. I have seen one at Millers

on each of the following dates: May 20, July 18, and August 30, 1916.

97. Coceyzus erythraphthalmus, Black-billed Cuckoo. Much rarer as

migrant and breeder than the preceding species.

98. Ceryle alcyon, Belted Kingfisher. A moderately common breeder

in the region. April 1, 1916, we saw three on the way from Gary to

Millers along the Grand Calumet. Here and along the creek at Tremont
they are seen all summer and fall.

Order Pici: Woodpeckers.

99. Dryobates viUosus villosus, Hairy Woodpecker. Rare here, as

indeed it seems to be over most of its range. I saw one April 24th and

May 20th, 1916, at Mineral Springs, the latter date showing that it

breeds.

100. Dryobates jmbescens medianus, Downy Woodpecker. A com-

mon migrant, not as numerous as breeder. March 11 and 18, 1916,

several were seen attacking old cattail stalks at Mineral Springs.

101. Picoides arcticus, Arctis Three-toed Woodpecker. A rare win-

ter visitant. Mr. Stoddard secured a male of this species March 11,

1917. Mr. Butler does not give this species at all, so this seems to be

the first record for Indiana.

102. Sphyrapicus varius, Yellow-bellied Sapsucker. A very common
migrant. Some dates are: March 30, April 1 and 24, 1916, Tremont.

103. Melanerpes erythrocephalns, Red-headed Woodpecker. A not

very common summer resident; when there is a good acorn crop, a few
sometimes winter in the Dunes. April 24, 1915, several were seen at

Tremont; May 20, 1916, I saw six at Mineral Springs; November 30,

1918, about fifteen near Millers.

104. Colaptes aiiratus luteus, Northern Flicker. A common migrant
and breeder. Now and then an odd one stays over winter. Thus we
saw one at Mineral Springs, February 14, 1917.

Order Macrochires: Goatsuckers, Swifts, etc.

105. Antrostomus vociferus vociferus, Whip-poor-will. Must be called

a rare migrant here and should breed, although I have no dates for it,

unless one seen May 20, 1915, at Mineral Springs, indicates breeding.
The Whip-poor-will seems to me to be decidedly decreasing in numbers.
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106. Chordeils virginianus virginicmns, Nighthawk. There must be

days or evenings when this species passes over in numbers, but we have

never been here then, nor have we dates that indicate nesting, but a

few pair probably do. May 20, 1916, I found a dead one along the

railway track between Gary and Millers, which seemed to have flown

against a wire, an unusual thing for such an accomplished flier.

107. Chaetura pelagica, Chimney Swift. Cannot be called common
here in the usual meaning of that word as applied to Chimney Swifts.

A pair or two are seen around the farm buildings of the region and a

few more in the village of Millers. They arrive during the last week
in April and are gone by the end of August, with a few stragglers

flying over in September.

These last two species seem to me to be extending their fall migra-

tion farther into autumn every year.

108. Archilochns colubiis, Ruby-throated Hummingbird. This is the

only member of the order that can be called common, even if only

locally so. What comes near to being a nesting colony of them was
discovered by Mr. Stoddai-d and Mr. Richardson along the creek at

Tremont, where they found nine nests within a rather small radius.

We also found an old nest in Mineral Springs, 25 feet up in a black

birch, 10 feet out on a limb.

Order Passeres: Perching Birds.

109. TyrannuH tyrunnus, Kingbird. A moderately common breeder,

but abundant on certain days in migration. Thus on August 18, 1915,

on a walk from Gary to Millers, it seemed to be the most prominent

bird. On the other hand. May 20, 1916, we saw only two at Mineral

Springs.

110. Myiarclms cyiuitus, Crested Flycatcher. For this species the

Dunes and adjacent swampy woods are a metropolis. Stoddard found

several pairs nesting where the B. & O. Railroad passes through such

woods near Millers, June 21, 1914. May 20, 1916, we saw about twelve

at Mineral Springs, and August 3, 1915, about four at Millers; May 30,

1916, five at Mineral Springs.

111. Sayornis plioebe, Phoebe. A few pair only breed in the Dunes.

March 30, 1916, Stoddard must have struck a migrating flight of them,

for he saw twelve near Millers; Api'il 1, along the Calumet from Gary
to Millers, we saw only two, one singing oi- twittering ecstatically in

flight, which I never saw a Phoebe do before.

112. Nuttallot-nis borealis, Olive-sided Flycatcher. Rather common
in migration from the middle of August to the first week in September,

between and on the dunes just back from the lake. August 23, 1916,

Stoddard took four at Mineral Spi'ings, and saw a number of them
August 30 near Millers.
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113. Myiochanes virens, Wood Pewee. The melancholy note of this

small flycatcher is not nearly as often heard as one would suppose from

the wooded condition of the Dunes. On the other hand it cannot be

called rare.

114. Empidonax flaviventris, Yellow-bellied Flycatcher. A probably

not uncommon migrant. We saw one or two at Mineral Springs, May
20 and 30, 1916.

115. Empidonax virescens, Acadian Flycatcher. Uncommon over most

of the Dunes, but nests rather commonly in the damp woods along the

creek at Tremont. Stoddard found nests on the following dates: July

30, 1915, one with two partly feathered young; June 28, 1916, one with

one young and one addled egg, and one on the same day with two

freshly laid eggs, at Mineral Springs.

116. Empidonax trailli trailli, Traill's Flycatcher. A few nest in

bushes in the open swamps.

117. Empidonax minimus, Least Flycatcher. A common enough mi-

grant, but scarce breeder. May 20, 1916, there were about six in a

migratory wave.

The Shore Lark or Horned Lark {Otocoris alpestris alpestris) prob-

ably occurs here in company with the Snow Buntings and Longspurs,

which frequent the beach at times in fall and winter, but I have no

records.

118. Otocoris alpestris praticola, Prairie Horned Lark. A rare

breeder in our circumscribed area, common enough just a little south

of the Dunes.

119. Cyanocitta cristata cristata, Blue Jay. A common permanent

resident; especially common in the tamarack swamp at Mineral Springs,

which is protected from the cold north wind by several dunes.

120. Corvus brachyrhynchos brachyrhynchos, Crow. A rather com-

mon breeder and quite a few stay over winter. The flocks of migrating

crows show what seems to be a crossing of migration routes here. Flocks

coming from southwest in spring cross over to the eastern shore of Lake

Michigan, while others coming from southeast seem to make for the

western shore of the lake, heading toward Wisconsin, thus crossing their

paths. In fall it is, of course, reversed. We believe to have noticed the

same thing with other migrants, too, e. g., Bluebirds.

121. Dolichonyx oryzivo7-us, Bobolink. A common summer resident,

breeding in the swales and moist meadows adjoining the dunes on the

south.

122. Molothrus ater ater, Cowbird. This is. a decided nuisance in

our region. April 24, 1915, I saw several hundred on a walk of two

miles from Tremont to Mineral Springs, and most were apparently look-

ing for nests. To this I ascribe the fact that there are relatively so

few small birds found here in summer, such as warblers, finches, etc.
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Cowbird eggs or young are found in many if not most of the nests of

small species found here. They should be thinned out.

123. Agelaius phoeniceus phoenicens. Red-winged Blackbird. A com-

mon summer resident. They arrive the first and second week in March
and some stay late into November.

124. Sturnella jnagna magna, Meadowlark. A common summer resi-

dent in the same places as the Bobolink. We saw one at Mineral Springs

March 11, 1916. Mr. H. K. Coale asserts that the form breeding in

Indiana and Illinois is Siurnella magna urgutula, Southei-n Meadowlark,
which is probably correct.

125. Icterus galbuhi, Baltimore Oriole. A moderately common sum-
mer resident.

126. Euphagus carolinus, Rusty Blackbird. A migrant of somewhat
uncertain behavior in regard to time and appearance.

127. QviscaluH quiscalus aeneus, Bronzed Crackle. An abundant mi-

grant, but not very common as breeder. Arrives at the same time as

the Redwing and is found late into fall.

128. Hesperipliona vespertina vespertina, Evening Grosbeak. This

rare, eiratic northern visitant now turns out to be a very common win-

ter resident in the Dunes. They were first discovered by Mr. Stoddard,

February 6, 1916, along the Calumet between Cary and Millers, making
their quarters in a densely grown ravine on the north side of the river.

At first a flock of about forty-five was seen, then we saw small flocks

at Mineral Spiings on March 11 and 18; Maich .'^O, flocks of seventy-five

and fifty were seen. Then more and more disappeared, until May 4 the

last one was seen. They reappeared in the same places, but not so

many, in November of the same year, 1916, and were seen now and then

also in Chicago till the last week in May, when Mr. H. K. Coale saw
one in Highland Park. We saw small flocks of six to eight March 24,

1917, at Mineral Springs, and Stoddaid took one there May 15.

The reason for this preference for the Dunes became apparent when

I examined the stomach contents of several taken ; this consisted mostly

of the berries of Rhus trilobata, Rhus aromatica, and even Toxicoden-

dron vernix. The first two are extremely abundant near Millers, the

last at Mineral Springs. November 30, 1918, I saw about eighteen at

Millers, and again December 21st and 28th.

129. Pinicola enucleator leucura, Pine Grosbeak. A rare, irregular

winter visitant. I took one out of two .seen November 30, 1918.

130. Carpodacus purpureus piirpureus, Purple Finch. Another most

erratic visitant, only xyith this diff"erence that it may also be seen in

summer. We have not found it often in the Dunes. April 1, 1916, we
saw two near Gary, and January 6, 1917, there was a solitary one in

the big timber at Mineral Springs.
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131. Loxia curvirostra minor, Crossbill.

132. Loxia leucoptera, White-winged Crossbill. These two erratic

northern visitants were reported as ni'inerous for Lake County during

the summer of 1869 and during the following winter, as quoted by Mr.

Butler. They still turn up every winter, mostly the former, at Beach,

near Waukegan, noi-th of Chicago, and it is unthinkable that they would

not also visit the extensive stands of conifers at the south end of the

lake.

133. Acanthis homemanni exilipes, Hoary Redpoll. On December

23, 1916, Mr. Stoddard noticed among the numerous redpolls, then in

the tamarack swamp at Mineral Springs, a small flock of larger and
whiter ones than linaria. He secured one, which proved to be this form

;

the rest took flight and never showed themselves again.

134. Acanthis linaria linaria, Redpoll. March 11, 1916, there were
hundreds in the swamp at Mineral Springs. By November 25th of the

same year they were back again and were seen December 23, January 6,

1917, on which days about five hundred wei'e here. By March 24th they

had dwindled down to about fifteen, at least that is all we saw. They
fed on the seeds of black birch and alder. They were abundant in many
places around Chicago that winter.

There is every likelihood that the other forms of Acanthis linaria

turn up here at times, as they have done at Chicago, but there is no

one here to register it.

135. Astragalinus tristis tristis, Goldfinch. A common summer resi-

dent, and some flocks stay over winter. April 24, 1915, they v^^ere com-

mon at Tremont; May 30th, about fifty at Mineral Springs; also July

18th ; August 13th, families of old and young could be seen ; August 30,

1916, on the other hand, I saw only one at Millers.

136. Passer domesticus, English Sparrow. This pest is here, too.

137. Spinus pinus. Pine Siskin. An irregularly abundant migrant.

October 12, 1919, a flock of about 500 were at Mineral Springs.

138. Plectrophenax nivalis. Snow Bunting. An irregular migrant

and winter visitant. Sometimes arrives about the middle of October, in

other years later. Stoddard took three October 28, 1916, near Tremont;

October 24, 1915, January 6 and February 17, 1917, a little fleck was
on the beach near Mineral Springs. They are always on the beach, not

among the Dunes.

139. Calcarius lapponicus lapponicus, Lapland Longspur. Not com-

mon! March 18, 1916, we saw a flock of about twenty at Dune Park,

where the dunes have been removed and a large, level, weed-grown area

is now found instead.

140. Pooecetes gramineus gramineus, Vesper Sparrow. A few breed

here; they are found from March 30th (1916) to October 28th (1916).
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141. Passerculus sandwich ensis savanna, Savannah Sparrow. Also is

not common here. April 24, 1916, there were quite a number on the

large swale at Mineral Springs.

142. Passerherhulus henslowi hensloici, Henslow's Sparrow. What
might almost be called a breeding colony is found in the same large

swale mentioned under the preceding species. They were first noticed

April 24, 1915, and 1916. In May their harsh "tsray" call is very notice-

able.

143. Passerherhuhisi lecontei, Leconte's Sparrow. A rare migrant.

Stoddard collected one at Mineral Spiings, October 19, 1916.

144. Passerherhulus nelsoni nelsoni. Nelson's Sparrow. Mr. Butler

quotes H. K. Coale and others, who say they have found this elusive

species repeatedly in Lake County, next to the Dunes.

145. Zonotrichia leucophrys lencophrys, White-crowned Spariow. A
not too common migrant.

146. Zonotrichia albicollis, White-throated Sparrow. An abundant
migrant.

147. Spizelld iiionticola nionticola. Tree Sparrow. An abundant mi-

grant and winter resident.

148. Spizellu pusserina passerinu. Chipping Sparrow. A rather un-

common summer resident. This sparrow is strangely rare in northeast-

ern Illinois and northwestern Indiana, although common or abundant in

most places of its range. Stoddard found one of the few nests of a

season at Tremont on July 15, 1917, containing one young and one Cow-
bird. During migiation they are common enough on some days; thus,

April 14, 1915, theie weie many at Tremont; May 29, 1916, I saw about

fifteen at Mineial Springs, but on the 30th only three.

149. Spizella pusilla pusilla, Field Sparrow. A more common breeder

than the foregoing species. They arrive about the beginning of April.

On the first of that month, 1916, we saw one near Millers.

150. Junco hyemalis hyemalis, Slate-colored Junco. An abundant

migrant and winter resident. September 25, 1915, we saw about twenty

near Millers, and April 24, 1916, there were still many at Tremont.

151. Melosj/iza melodia melodia, Song Sparrow. A very common
summer resident, because the many bush-fringed pools and small water-

courses are just to its liking. They come early in Maich, and Mr. Stod-

dard saw one as late as December 23 (1916).

152. Melospiza lincolni liyicolni, Lincoln's Sparrow. A rare migi-ant;

perhaps only rarely seen because so secretive. Stoddard took one May
20, 1916, at Mineral Springs.

153. Melospiza georgiuna, Swamp Spari'ow. An abundant migrant

and less common summer resident. April 1, 1916, we saw one; May 20

about ten at Mineral Springs.
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154. Passerella iliaca iliaca, Fox Sparrow. A common migrant; not

seen, however, in such numbers as Z. albicollis. April 1, 1916, we saw
six on the way from Gary to Millers.

155. Pipilo eri/throphthalmus erythroplithalmus, Towhee. This is one

of the commonest summer residents in this region, from April 1 (1916)

to late in October.

156. Cardinalis cardinalis cardinalis, Cardinal. A permanent resi-

dent, but seen only in a few chosen places. At Mineral Springs and

Tremont, and especially along the roads leading from there to the beach,

from one up to a dozen may be seen any day, summer or winter. Novem-
ber 30, 1918, I saw about fifteen near Millers.

157. Zamelodia Indoviciand, Rose-breasted Grosbeak. A rare sum-

mer resident.

158. PasseriiHi cyanea, Indigo Bunting. A summer resident which

is somewhat more numerous than the preceding, but cannot be called

common.

159. PiriDiga erythroDiela^, Scarlet Tanager. A rather rare summer
resident, something like the Rosebreast in numbers. A little more nu-

merous in migration.

160. Progne siibis s^ibis, Purple Martin. A summer resident which

cannot be called plentiful. May 30, 1916, I saw only about six on the

way from Millers to Mineral Springs, a distance of about twelve miles.

161. Hirnndo erytJnogastra, Barn Swallow. A little more numerous
than the preceding. Both form small colonies about the farm buildings

on the southern edge of the Dunes. Thus on the walk above referred

to from Millers to Mineral Springs, I saw about fifteen of this species.

162. Iridoprocne bicolor, Tree Swallow. During migration many can

be seen gracefully skimming over Long Lake, but only a few stay to

nest. On June 19, 1915, I saw a pair at a nesting hole in a dead cotton-

wood on top of a dune at Millers, and Mr. Stoddard found a nest with

four fresh eggs in a hole in a telegraph pole near Long Lake, .June

8, 1914.

The Cliff Swallow will, no doubt, occasionally be found here, too.

163. Riparia riparia. Bank Swallow. This is the only swallow that

can be called common, and this only locally. There are several fair-sized

colonies in precipitous places en the first dune from the beach, on the

side facing the lake, near Millers. July 9, 1915, about three hundred,

mostly young, were perching on the sand of the beach there or flying

about aimlessly.

164. Stelgidopteryx serripennis, Rough-winged Swallow. A rare

breeder. June 10, 1915, a pair was at the nesting hole in the same

Cottonwood in which the tree swallows were.
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165. Bo))ibyciIla cedronun, Cedar Waxwing. A locally common sum-

mer resident, and some will probably be found in winter, too.

The Bohemian Waxwing {Bomhycilla gzrrula) has been reported

once or twice from Whiting, Lake County.

166. Lanius Borealis, Northern Shrike. Mr. Stoddard shot one of

this species at Mineral Springs, December 23, 1916.

167. Lanius ludoviciayins migrans, Migrant Shrike. A rather rare

summer resident. There is a pair yearly building its nest at Mineral

Springs, near the electric railway station; but that is the only pair I

know of.

168-171. The Vireos are represented by the Red-eyed {Viroesylva

olivacea) and the Warbling Vireos (Vireosylva gilva gilva) as summer
residents, the former moderately common, the latter rare; and the Phil-

adelphia {Vireosylva philadelphica) and the Blue-headed Vireos {Lani-

vireo solitarius solitarius) as uncommon migrants. The Yellow-throated

(Laniviree flavifrons) should be here, but we have not yet seen it.

In respect to Wood Warblers the Dunes are a disappointment, both

as regards nesting and migrating ones. There must be something in

the biological or physiographic conditions that is repellant to most spe-

cies. In the woodland tract just south of the Dunes proper, they are

abundant enough during migration, but in the Dunes only certain species

as the Myrtle, Magnolia and Palm Warblers are, or they may be nor-

mally numerous at certain points where a large tract of woodland pai'-

takes of the character of the non-dune forest, as at Tremont.

The following species breed here : The Black and White Creeping

(MniotUta varia) , the Yellow Warbler {Devdrocia aestiva aestiva) , the

Ovenbird (Seiiirus aumcaijillns) , the Maryland Yellow-throat {Geoth-

lypis trichas trichas) , the Redstart (Setophaga ruticilla) , the Chat
(Icteria virens virens). Of these the Yellow-throat is the commonest,
the shrubbery along the many pools pi-oving congenial to it; next comes
the Yellow Warbler, which is common in a few bushy pools near Millers

and Dune Park, then the Ovenbird, but only at Tremont. The Black

and White Creeper is not common, the Redstart still raier, and the Chat
has been found only one summer and in one place. The Pine Warbler
(Dendroica vigorsi) and the Prairie Warbler (Dendroica discolor) prob-

ably breed here, since they each have been found once in breeding time

or nearly so, as the latter, July 16, 1916, at Tremont by Dr. A. Lewy.
The following may breed here occasionally, as they have been found

in all the adjoining area around the Dune region: The Worm-eating
Warbler (Helnntheros vermivorus) , the Prothonotary Warbler (Proton-

otaria citrea) , which nests abundantly at Kouts, Porter County; the
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Blue-winged Warbler (Vei-mivora piniis) , the Golden-winged Warbler

{Vermivora chnjsoptera) , the Cerulean Warbler (D. cerulea) , the Louis-

iana Water-Thrush (Seiurus motacilla) , the Kentucky Warbler (Opo-

rornis formosiis) , and possibly the Sycamore Warbler (D. dominica albi-

lora) . The Louisiana Water-Thrush has been seen by Mr. Stoddard at

Mineral Springs, May 5th, 1917, and it breeds abundantly just south

of our region. The Cerulean I have found at South Bend and at Addi-

son, Illinois, east and west of the Dunes, and is reported just to the

south, too. The same holds good for the rest.

The following are the migrant warblers: The Na.shville Warbler

{V. r. rubricapilla) , taken May 20th, 1916, at Mineral Springs; the

Orange-crowned Warbler (V. c. celata) , taken by me May 27, 1919,

near Millers; the Tennessee Warbler (V. 2^e)'egrn»«) , which we took

at Mineral Springs, May 20th and August 30th, 1916; the Cape May
Warbler (D. tigrina) , taken August 30th, 1916; the Black-throated Blue

Warbler {D. caerulescens) , seen April 24th, 1915; the Myrtle Warbler
(D. coronata) , the Magnolia Warbler (D. magnoUu) , the Chestnut-sided

Warbler {D. pensylvanica) , the Bay-breasted Warbler (D. castanea),

the Black-poll Warbler (D. fttriata), the Blackburnian Warbler (D.

fuffca), the Black-throated Green Warbler {D. virens) , the Palm Warbler

(D. palmaTiim) , the Northern and Grinnell's Water-Thrushes {S. n.

noveboracensis and S. noveboracensis notabilis) , the Connecticut Warbler

(Opororv.is agilis) , taken May 21st, 1916, at Mineral Springs; the

Mourning Warbler (0. philadelpliia) , seen in numbers by me May 27,

1919, along Long Lake; Wilson's Warbler {Wilsoyiia pnsilla pusilla) , and
the Canada Warbler (W. ccmadensis) , taken by Mr. Stoddard even so late

as July 1st, 1917, at Tremont. Of these only the Myrtle, Magnolia, and
Palm Warblers seem to be common during migration, while of species

as the Black-throated Blue and Green, the Chestnut-sided, the Black-

burnian, and others, usually so common in migration elsewhere, only one

or two individuals are seen in a hunt of several hours in the most favor-

able places, such as was May 20th, 1916, at Mineral Springs. As Kirt-

land's Warbler (D. kirthuidi) has been reported from a number of points

in surrounding country, it must almost of necessity also pass through

here occasionally.

(Nos. 172-210.)

211. Anthufi rubescens, Pipet. This has been reported from Liver-

pool, October 18, 1895, as quoted by Mr. Butler.

212. Dumetella carolinensis, Catbird. A common migrant and breeder.

May 20, 1916, I saw about twenty at Mineral Springs.

213. To.vostovia rufuin, Brown Thrasher. A less common breeder

than the foregoing species.
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214. Thryothorus I. Indoviciomus , Carolina Wren. Since the Car-

dinal is here in some numbers, and the Yellow-breasted Chat has been

seen a whole summer, this species should not be too uncommon, especially

at Tremont, where conditions are ideal for it, but it is almost absent.

Mr. Stoddard has taken one at Mineral Springs, November 25, 1916.

I expect it to move into here, however, sooner or later.

215. Troglodytes aedon parkmani, Western House Wren. This is,

over certain parts of our area, a rather common summer resident,

notably on the first dune from the lake, between Millers and Dune Park,

where it likes to make its nest in old, vine-covered stumps on the top

of the dune.

216. Ntmmis hiemalis hiemalis, Winter Wren. A not uncommon mi-

grant. They are commonest from April 1st to 24th (1916).

217. Cistotho7-ns stellmHs, Short-billed Marsh Wren. I have never

seen a place where this species was so numerous, at least locally, as in

this region. At Minei-al Springs, in the large swale, there is a regular

colony of them. May 29th, 1916, I counted about fifty here. Their song

is a sharp "psit tsit tsit," ending in a trill that sounds like the knocking

together of pebbles. Henslow's Sparrow is its neighbor here, as also

the Marsh Hawk.
218. Tebnatodytes palnstris iliacus, Prairie Mar.sh Wren. This west-

ern form of the Long-billed Marsh Wren is extremely common in all

larger cat-tail sloughs in the Dunes. They arrive about the middle of

April. May 30th, 1916, I saw about 75 along Long Lake alone. Of the

numerous nests seen, some contained two to three eggs. By July 18th

their fully grown young still further increase their numbers. At Gary,

niinois, I found some in the marsh as late as October 17th.

219. Certliia faviiliaris americana, Brown Creeper. A common mi-

grant. April 24th, 1916, I saw abort 80 at Mineral Springs. I would

not be surprised to find a pair breeding some summer at Tremont or

nearby, as they have been found at Kouts, 25 miles south.

220. Sifta carolineyisis carolineyiHis, White-breasted Nuthatch. A not

common migrant and scarcer breeder. Even on great migration days

not more than three or four are seen. This species seems to me to be

decreasing in number over a large part of its range.

221. Sitfa canadensis, Red-breasted Nuthatch. An even rarer mi-

grant than the last species.

222. BacolopJius bicolor, Tufted Titmouse. A rare resident. Has so

far been found at Tremont only, June 28th and December 23rd, 1916

(Stoddard).

223. Penthestes a. atricapillus, Chickadee. An abundant winter resi-

dent and moderately common breeder, mostly again at Mineral Springs

and Tremont. Maich 11, 1916, a large flock was attacking cat-tail stalks
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of the previous season along the edge of the tamarack swamp at Mineral

Springs.

224. Reguhis satrapa satrupa, Golden-crowned Kinglet.

225. Regulus c. calendula, Ruby-crowned Kinglet. Both are abundant

migrants. In the cold spring of 1916, I saw about thirty of the latter

as late as May 20th at Mineral Springs.

226. Polioptila caerulea, Blue-gray Gnatcatcher. A rare migrant and

breeder. April 18th (1914) is the earliest date I have for them.

227. Hylocichla ustelina, Wood Thrush. A rare summer resident,

although it should be plentiful in such a fine place as Tremont.

228. Hylocichla fuscescens fiiscescens, Veery. A not very common
migrant. What percentage of them is the western form, salicicola, is

hard to say without taking a great many, which one does not like to do.

But the chances are that both occur.

229. Hylocichla a. aliciae, Grey-cheeked Thrush. On a few days

during migration a more abundant species than the preceding, e. g.,

May 20th, 1916, when about ten were seen at Mineral Springs.

230. Hylocichla nstulata sivainsoni, Olive-backed Thrush. Of about

the same status as the foregoing.

231. Hylocichla guttata pallasi, Hermit Thrush. A somewhat more

abundant migrant than the two preceding species. The earliest date we

have is April 1st (1916).

232. Planesticus m. migratorius, Robin. In the Dunes proper a not

very abundant summer resident. Some days in summer one sees only

about two all day; more common about the farms along the southern

edge of the Dunes.

233. Sialia sialis sialis, Bluebird. Also not so common here as in

farming regions, but more so than the preceding. The earliest date I

have is March 11 (1916), but they probably appear before this in mild

seasons.
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A Synopsis of the Races of the Guiana Flycatcher,

MYIARCHUS FEROX (GMELIN).

Harry C. Oberholser, The U. S. National Museum.

The present status of the forms of Myiarchus ferox (Gmelin) seems

not to be wholly satisfactory. The following notes are offered as an

attempt to aid in their elucidation, and also to call attention to the

need of more definite information regarding the various subspecies,

particularly their geographic distribution.

For the use of material the writer is indebted to the authoi'ities of

the United States National Museum, the American Museum of Natural

History, and the Carnegie Museum at Pittsburgh, Pennsylvania.

The geographic distribution of Myiarchus ferox as a species extends

from Costa Rica and the Island of Tobago south through the continent

of South America to northern Argentina. At present four subspecies

are current: Myiarchus ferox ferox, Myiarchus ferox venezuelensis,

Myiarcluis ferox pancmiensis, and Myiarchus ferox actiosus. An addi-

tional race, Myiarchus ferox insulicola, has been lecently described by

Messrs. Hellmayr and von Seilern; and two others, Myiarchus ferox

cantans and Myiarchus ferox pliaeocephahis, have been lecognized. In

addition to these we find it necessary to add another, Myiarchus ferox

ferocior Cabanis, making now a total of eight subspecies. The bird

known as Myiarchus cephalotes Taczanowski, which some authors sup-

pose to be a subspecies of Myiarchus ferox, is without much doubt a

distinct species.

Myiarchus ferox ferox (Gmelin).

[Muscicapa] ferox Gmelin, Syst. Nat., vol. I, part 2, 1789, p. 934

(Cayenne; based primarily on Tyrannns cayanensis Brisson, Ornith.,

vol. II, 1760, p. 398).

Subs])ecific characters.— Size moderate; upper parts dark and oliva-

ceous; gray of throat and yellow of posterior lower parts also of a

rather deep shade.

Measurements.—Male: wing, 85.5-88 mm.; tail, 86-89; exposed cul-

men, 19.

Female: wing, 82.5-86 mm.; tail, 8.3-88; exposed culmen, 18-19.

Type locality.—Cayenne.

Geographic distribjition.—French Guiana, British Guiana, Trinidad,
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eastern Venezuela, and northern Brazil south to the Amazon valley and

west at least to the Madeira River.

Remarks.—This, the typical form of the species, was originally

described by Gmelin as Muscicajia ferox,^ based chiefly on the Tyrannus
cayanensis of Brisson.^ This is without doubt the species now known
as Myiarchus ferox, so that the proper application of the name ferox

to this species is clear and the currently accepted designation correct.

This, with the exception of MyiarcJius ferox insulicola, is the darkest

race of the species. The exact limits of its geographic distribution

remain, however, yet to be determined.

Myiarchus ferox insulicola Hellmayr and von Seilern.

Myiarchus fe^-ox insulicola Hellmayr and Von Seilern, Verb. Ornith.

Gesell. Bayern, vol. XII, Heft 3, July 25, 1915, p. 202 (Man-o'-War Bay,

Tobago Island).

Subspecific characters.—Similar to Myiarchus ferox ferox, but wing
and tail much longer; bill stouter; upper parts darker and more grayish

(less greenish) ; throat and jugulum darker; and rusty margins of the

rectrices more conspicuous.

Measurements.—Male: wing, 94 mm.; tail, 94; exposed culmen, 21.

Tyjie locality.—Man-o'-War Bay, Island of Tobago, West Indies.

Geographic distribiition.—Island of Tobago.
Remarks.—This recently described subspecies is very distinct from

Myiarchus ferox ferox, and is the darkest race of the species. It seems
to be confined to the Island of Tobago.

Myiarchus ferox venezuelensis Lawrence.

Myiarchus venezuelensis LAWRENCE, Proc. Acad. Nat. Sci. Phila.,

vol. XVII, February, 1865, p. 88 (Venezuela).

Subspecific characters.—Similar to Myiarchus ferox ferox, but upper

parts lighter and more gi-ayish or biownish.

Measurements.—Male: wing, 84-87 mm.; tail, 86-89; exposed cul-

men, 17.

Female: wing, 80-84 mm.; tail, 81-86; exposed culmen, 16.5-17.5.

Type locality.—Venezuela.

Geographic distribution.—Middle and western Venezuela, west to

central Colombia.

Remarks.—This bird, originally described as a distinct species, is

without doubt a subspecies of Myiarchus ferox, and its representative

in western Venezuela and eastern Colombia.

1 Syst. Nat., vol. I, part 2, 1789, p. 934.

-'Ornith., vol. H, 1760, p. 398.

20—16568
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Myiarchus ferox panamensis Lawrence,

Myiarchus Pcmcnnensi^ Lawrence, Ann. Lye. Nat. Hist. N. Y., vol.

VII, 1862 (May, 1860), p. 284 (Isthmus of Panama).
Subspecific characters.—Similar to Myiarchus ferox veneziielensis, but

larger; upper parts lighter and more grayish (less brownish), particu-

larly on head and neck; yellow of lower parts paler.

Measurements.'^—Male: wing, 87-96.5 mm.; tail, 80.5-93.5; exposed

culmen, 17.5-21.

Female: wing, 88.5-100.5 mm.; tail, 84-96; expo.'?ed culmen, 19-22.

Tyjje locality.—Canal Zone, Panama.
(jeographic distributioti.—Panama and western Colombia.

Remarks.— This flycatcher is clearly but a subspecies of Myiarchus
ferox ferox, being connected with that form through Myiarchus ferox

veneziielensis.

Myiarchus ferox actiosus Ridgway.

Myiarchus ferox actiosiis Ridgway, Proc. Biol. Soc. Wash., vol. XIX,

September 6, 1906, p. 116 (Pigres, mouth of the Gulf of Nicoya, Costa

Rica).

Subspecific characters.—Similai' to Myiarclius ferox panamensis, but

with upper parts anteiiorly more grayish, posteriorly darker and paler,

and yellow of lower .surface paler.

Measiirements.'—Male: wing, 92-97 mm.; tail, 85.5-91; exposed cul-

men, 18.5-21.5.

Female: wing, 89.5-95.5 mm.; tail, 85.5-91; exposed culmen, 18.5-

21.5.

Type locality.—Pigres, mouth of the Gulf of Nicoya, Costa Rica.

Geogi-a])hic distribution.—Pacific coast of Costa Rica.

Remarks.—This seems to be a well-differentiated race, distinguished

from Myiarchus ferox panamensis as above noted, but it seems to be

confined to Costa Rica.

Myiarchus ferox phaeocephalus Sclater.

Myiarchus phseocephalus Sclater, Proc. Zool. Soc. Lond., 1860, p. 281

(Babahoyo, western Ecuador).

Subspecific characters.—Similar to Myiarchus ferox actiosus, but gray

of head and neck not so much tinged with olive brown
;
yellow of lower

parts darker.

Type locality.—Babahoyo, western Ecuador.

Geographic distribution.— Ecuador and Peru.

1 Ridjrvvay, Bull. U. S. Nat. Mus., No. 50, pt. IV, 1907. p. Gil.
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Remarks.—This rather well differentiated subspecies is apparently

the representative of the Myiarchus ferox group in Ecuador and Peru,

but its limits of distribution are at present undefined. It is of interest

to note, however, that in color it much more closely resembles the Costa

Rican Myiarchus ferox actiosns than it does the intervening Myiarchus

ferox pana-jnensis.

Myiarchus ferox ferocior Cabanis.

Myiarchus ferocior Cabanis, Journ. f. Ornith., vol. XXXI, No. 162,

April, 1883, p. 214 (Tucuman, Argentina).

Subspecific characters.— Similar in size to Myiarchus ferox ferox, but

upper parts lighter and more brownish (less greenish) olive; gray of

throat lighter.

Measurements.—Male: wing, 90 mm.; tail, 89; exposed culmen, 19.

Female: wing, 85 mm.; tail, 86; exposed culmen, 16.5.

Type locality.—Tucuman, northern Argentina.

Geographic distribution.—Northern Argentina and Paraguay, with

probably also Bolivia and southwestern Brazil.

Remarks.—This seems to be a recognizable race, differing from both

Myiarchus ferox ferox of Guiana and Myiarchus ferox swainsoni of

southeastern Brazil. No specimens have been examined from south-

western Brazil or from Bolivia, but in all probability this is the form

of the species that occupies those areas. Further investigation, how-

ever, must settle this point.

Myiarchus ferox swainsoni Cabanis and Heine.

M[yiarchus']. Sivainsoni Cabanis and Heine, Mus. Hein., part 2,

September 30, 1859, p. 72 (Brazil).

Myiarchus cantans Pelzeln, Ornith. Bras., 1869, pp. 117, 182. (Rio

Janeiro, Sapitiba, Ypanema, and Curytiba, Brazil) (type locality, Cury-

tiba. State of Sao Paolo, Brazil).

Subspecific characters.—Similar to Myiarchus ferox ferocior, but bill

shorter, upper parts paler, somewhat more grayish, and more unifoi-m,

the pileum and auriculars not noticeably .darker than the surrounding

parts, as is the case in Myiarchus ferox ferocior.

Description.—Adult male. No. 177677, U. S. N. M. ; San Carlos do

Pinhal, September, 1895. Upper parts dark citrine drab, the darker

centers of the crown feathers dull olive brown, and the upper tail-coverts

slightly rufescent; tail warm fuscous, the outer webs of the outer pair

of tail-feathers and the very narrow tips of all, pale brown; all but

the exterior pair of rectrices basally edged with rufescent brown; wings

fuscous, the tertials edged on the outer webs with buffy white, the pri-
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maries and all the superior wing-coverts, excepting the primary coverts,

margined with pale dull brown, these edgings darker and more rufescent

on the lesser coverts; sides of head and neck like the upper parts, but

somewhat more grayish; lores paler and somewhat buify grayish; throat

and jugulum pale smoke gray; lining of the wing barium yellow, some-

what clouded by brownish gray; remainder of lower parts pale primrose

yellow.

Measurenienta.—Male: wing, 94.5 mm.; tail, 88; exposed culmen, 16.5.

Female: wing, 83.5 mm.; tail, 83.5; exposed culmen, 17.

Type locality.—Southeastern Brazil.

Geographic distribution.—Southeastern Brazil, north at least to Ba-

hia, probably also to Pernambuco.

Remarks.—This race has already been revived by Mr. Hellmayr,'

under the name Myiarchiis ferox cantans, and it apparently can be dis-

tinguished from both Myiarchus ferox ferox and Myiarclms ferox fero-

cior. From Myiarchus ferox ferox it differs in its smaller, paler bill,

its much paler, more grayish or brownish (less greenish), and more

uniform upper parts, and in its paler ventral surface. How far to the

northwestward in Brazil it ranges remains yet to be determined.

Whenever recognized, this race has been known as Myiarchus ferox

cantans Pelzeln, but it should apparently be called Myiarchus ferox

sivainsoni. Cabanis and Heine, in describing their Myiarclni.'i sivainsoni,'

gave as its locality only Bi-azil, and they included in theii' literature

citations also localities that belong under Myiarclms ferox ferocior; but

the diagnosis is cleaily applicable to the bird from southeastern Brazil,

called later Myiarchus cantans by von Pelzeln.'' Since Myiarchus swain-

soni Cabanis and Heine has several years' priority over Myiarchus can-

tans Pelzeln, it is the name that should be used for the present sub-

species.

' Novit. Zool., vol. XVII, No. .3, December 1.5. 1910, p. 302.

- Mus. Hein.. part 2, September .30, 1859, p. 72.

= Ornith. Bras., 1869, pp. 117, 182.



Erosional Freaks of the Saluda Limestone.

Elmer G. Sulzer, Madison.

In the Madison region, the Saluda Limestone presents many peculiar

freaks of erosion. The best exposures of these peculiarities are on the

Hitz Hill, immediately northwest of Madison.

There is exposed in part of the quarry (extreme east part) about

ten feet of typical limestone. Its top is distinctly formed and above

it are several feet of white, chalky clay, doubtless formed by the

decomposition of this same formation. The section as above described

extends for about thirty feet. Beyond there is a sharp, clean-cut

projection of the rock. Where this projection is supposed to join the

Figure showing- tVie irregularity of erosion of the saluda limestone.

main body, however, a crack from one to three inches wide intervenes.

This gives rise at first to the supposition that there may be a fault, but

this possibility is speedily ruled out when, by minutely tracing the rock

courses, similar occurrences of them on a smaller scale are found.

Probably the most wonderful thing about this section and many

similar ones in this locality is the presence of this chalky stratum at

different levels. This stratum is at times both overlaid and underlaid

by limestones and does not blend into them but is separated from

them by distinct lines of contact. In the section discussed above chalky

strata also occur in the projection but at a very different level. At the

same level in the main quarry is the solid limestone.

(309j
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Remnant Monument Near Madison.

Elmer G. Sulzer, Madison.

In 1898 Dr. Chas. R. Dryer* described Jug Rock, a peculiar example

of erosion in Martin County, Indiana. The existence of monuments of

a similar character near Madison is well known to only the few scien-

V\z 1. Cmiplete pinnacle.

i

ri;; 2. Wide monument with cave formation.

* Proc. Ind. Acad. Sci., 1898, p. 268.
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tists who have had occasion to do work there. These curiosities have

been formed from the Laurel Limestone of the Niagara series. The
most eastern exposures of this formation on the Ohio River occur only

about two miles east of Madison. By the time the formation reaches

Madison practically its entire thickness is exposed. The monuments are

first found, going west, in Wilburs Woods, one-half mile north of Mad-
ison. The accompanying illustrations serve to give some idea of their

3
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A Kinetic Model of the Electron Atom.

R. R. Ramsey, Indiana University.

Modern theories of the structure of an atom assumes one or more

electrons in motion in or about a central body or positive nucleus.

Probably the experiment which has been the most helpful in giving an

idea as to the striicture of an atom is the Mayer experiment of the

floating needles. (Experiments with Floating and Suspended Magnets,

Illustrating the Action of Atomic Forces, the Molecular Structuie of

Matter, Allotropy, Isomerism, and the Kinetic Theory of Gases. Alfred

M. Mayer, Scientific American Supplement, Vol. 5, p. 204.5, June 22,

1872.) This, together with the work of J. J. Thomson, has become

almost classic. (Phil. Mag., Vol. 7, p. 237, 1904.) The experiment

gives an idea of the possible structure of atoms and may account for

the periodic variations of the properties of the atoms. Thus one by

assuming that an atom of large atomic weight has more electrons than

one of small atomic weight, may account for the periodic table. The

iMg. 1.
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periodic variations of the properties of the atoms may be illustrated by

the periodic variation of the number of needles in any of the rings, the

inside ring, say. This has been done by Lyon. (Phys. Rev., Vol. 3,

p. 232, 1914.) Figure 1 is a reproduction of the groupings of the needles

taken from Mayer's original article. The following table taken from

Thomson's work gives the theoretical groupings of the magnets from

one to one hundred. The lower row of figures gives the number of

magnets in the inside ring, and the upper row of figures gives the num-

ber in the outside ring. The intervening rows give the number in the

intervening rings.

Table.

Number of Corpuscles in Order.

12 3 4 5

5 6 7 8 8 8 9 10 10 10 11

11112 3 3 3 4 5 5

11 11 11 12 12 12 13 13 13 13 13 14 14 15 15

5 6 7 7 8 8 8 8 9 10 10 10 10 10 11

111112 3 3 3 3 4 4 5 5 5

15 15 15 16 16 16 16 16 16 16 17 17 17 17 17 17 17

11 11 11 11 12 12 12 13 13 13 13 13 13 14 14 15 15

5 6 7 7 7 8 8 8 8 9 9 10 10 10 10 10 11

1111112 2 3 3 3 3 4 4 5 5 5

17 18 18 18 18 18 19 19 19 19 20 20 20 20 20 20 20 20 20 21 21

15 15 15 15 16 16 16 16 16 16 16 16 16 17 17 17 17 17 17 17 17

11 11 11 11 11 12 12 12 12 13 13 13 13 13 13 13 14 14 15 15 15

5 5 6 7 7 7 7 8 8 8 8 8 9 9 10 10 10 10 10 10 11

111111112223333445 55 5

21 21 21 21 21 21 21 21 22 22 22 22 22 22 22 22 23 23 23 23 23 23 23 24

17 18 18 18 18 18 19 19 19 19 19 20 20 20 20 20 20 20 20 20 20 21 21 21

15 15 15 15 16 16 16 16 16 16 16 16 16 16 17 17 17 17 17 17 17 17 17 17

11 11 11 11 11 12 12 12 12 12 13 13 13 13 13 13 13 13 14 14 15 15 15 15

5 5 6 7 7 7 7 8 8 8 8 8 8 9 9 10 10 10 10 10 10 10 11 11

1111111112223333344 5 5 555
24 24 24 24 24 24 24

21 21 21 21 21 21 21

17 18 18 18 18 18 19

15 15 15 15 16 16 16

11 11 11 11 11 12 12

5 5 6 7 7 7 71111111
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The object of the present paper is to describe an extension of the

Mayer experiment in which the magnets or needles are rotated. In

order to understand how the experiment illustrates the structure of an

atom it will be well to point out some of the properties of atoms. All

atoms have mass and all the atoms of the same element have the same
mass. We find that the elements have different atomic weights. Hydro-
gen has the atomic weight, one; and uranium, the heaviest, has the atomic

weight, 238. Thus the mass of the uranium atom is 238 times that of

the hydrogen atom.

The atoms of certain elements have the ability to unite with certain

other elements to form compounds. Certain elements form the bases

and certain others the acid radicals of the compounds. Or certain are

said to be electropositive and others are said to be electronegative.

If we examine the elements, starting with the lightest, hydrogen, and
taking them one by one in order of their atomic weight or mass, we find

that this propei-ty of combining varies periodically. In this manner we
can form the periodic table.

All elements have a definite spectrum. That is, they give off light

of a certain wave length. Light is a vibratory motion of the ether.

The wave length or frequency depends upon the source. Thus the atoms
or something in the atoms must vibrate with certain frequencies. The
same as in music, when one hears the note middle C one knows that

there is a string, reed, or .something vibrating so as to make 261 vibra-

tions per second. In the same manner when one sees the D line of

sodium one knows that there must be something in the sodium atom
which makes 5. X 10" vibrations per second.

The X-rays are known to be due to a wave disturbance whose wave
length is one thousandth that of .sodium light. Thus when a swiftly

moving electron or cathode ray strikes an atom of platinum there must
be a disturbance set up in the atom whose frequency of vibration is one

thou-'jand times that which produces the disturbance which we call light.

Besides the radiations or wave disturbances of the ether which are

.set up by the atom, there are the corpuscular radiations which are given

off by the atom, such as in the photo-electric effect, ionization by hot

objects and flames, and the cathode rays, in all of which electrons are

shot off from the atom.

A theory of atomic structure must account for all of these phenom-
ena. Several theories and modifications have been suggested, all of

which involve electrons rotating about or in a central body or region of

force which has been called the positive nucleus.

The Mayer experiment with the extension which I propose can be

used as an analogy or as an illustration of what happens in an atom.

The various phenomena of wave motion and corpuscular radiations can



A Kinetic Model of the Electron Atom. 315

be explained by assuming them to be due to certain motions and dis-

turbances which are seen in the experiment. The experiment lends itself

to any (Tr all of the theories as the fundamental assumptions may be

changed to fit the particular theory in question.

The classical method of performing the experiment is by floating

mag'netized needles by means of corks in water. I have found that

small bicycle balls floated on mercury are much more convenient. (Pro-

fessor Merritt used this method at Cornell University in 1900.) The
mercury surface lends itself admirably for projection with reflected light.

In projection it is well to focus not on the balls but on a plane a short

distance above the balls or on the focal point of the concave mirror made
by the depression caused by the balls. The position of the ball is then

shown on the screen as a point of light. Fig. 5a is a photograph of

three balls; the time of exposure is one-fifth of a second. Fig. 5b is a

photograph of some thirty balls; the time of exposure is one-hundredth

of a second. In this the balls are shown as points so fine that one can

scarcely see them in the photograph.

Fig. 2.

Fig. 2 shows diagrammatically the arrangement of the apparatus for

projection. A, C, and L are the arc, the condensing lenses, and the

objective lense of a vertical projection lantern. M is a mirror with

which the light is thrown down on the mercury in the tray, T. L' is a

lense with which an image of the balls floating on T is focused on the

screen, I. M' is a mirror. N & S is an electro magnet which serves as

the positive nucleus.

In the classical Mayer experiment the balls are fixed. There is no
motion. There is nothing to suggest how the atom may radiate. The
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atom is dead. The motion of the atom must be imagined. It is usual

to imagine the needles to rotate about the center with a constant angular

velocity. This is contrary to the laws of planetary motion as illustrated

in the Solar system.

While working with this experiment the thought came to me to rotate

the mercury and thus rotate the balls. A wooden tray was made with

an electrode at the center and four electrodes, one at each corner which

are connected in multiple. By sending a current in at the center elec-

trode and out at the corners one has an approximately radial current

flowing at right angles to the magnetic field of the magnet which plays

the part of the positive nucleus in the experiment. This causes the

mercury to rotate and carry the balls with it. The apparatus consists

of a wooden tray as shown in Fig. 8. The dimensions are 15 x 15 cm.

Fi^. 4. Fig. 3.

and 2 cm. in depth. The electrodes C and M are made of platinum.

It has been found later that the electrodes C can be made of iron without

appreciably distorting the magnetic field. A and B are binding posts

which are connected to the electrodes by wires, shown by dotted lines,

which are in grooves on the under side of the box. The apparatus can

be centered up by placing one ball on the mercury surface after the

current has been turned on through both the magnet and the tray and
then shifting the tray until the ball lemains practically still at the center

of the rotating mercury.

When two balls are placed on the rotating surface they do not rotate

about the center on the same circle as one would expect from the Mayer
experiment. No. 1 first rotates about No. 2, and then No. 2 rotates about

No. 1, their paths resembling rotating elipses. Figs. 5d, 5e, and 5f are
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photographs showing- various phases of the motion. The time of ex-

posure is about one-half a second.

With three balls the motion is more complicated, the three balls tak-

ing turns in the center. Figs. 5g, 5h, and 5i give photographs of the

motion of three balls. The motion reminds one of a complicated game
of leap frog.

With a number of balls the motion becomes very complicated. The
mercury at the edges of the tray is stationary while the central portion

is rotating. The angular velocity increases as we go from the edge to

the center; the balls floating on the surface tend to take up the same
angular velocity as the mercury on which they float. Thus there is a

tendency for the balls to take up a motion which may approximate to

planetary motion. Thus we may assume that they obey Kepler's law.

This is shown in Fig. 5j. This photograph also shows two balls ex-

changing rings.

In the Mayer experiment, balls stationary, when there are a number
of rings any one ball is held in its place by the central force and the

mutual repulsion of the neighboring balls. The balls of one ring fit into

the crotches of the neighboring rings. When the balls are rotating and
the angular velocity of the outer ring is less than that of the inner 4-ing

there is a slipping of one ring with respect to the one next to it. This

slipping produces a perturbation or a vibratory motion which is super-

imposed on the regular circular motion. This perturbation may be said

to be the source of some sort of radiation, light perhaps.

When a ball is allowed to come in from the outside there is a great

disturbance of the whole system. This is shown in Fig. 5c, where a

ball has been caught coming from the bottom of the photograph into the

system. In this case the balls were not rotating. If the balls represent

electrons this disturbance may be said to be the source of X-rays as

when a cathode ray hits an atom of platinum, say. With a large number
of balls the motion is very much more complicated than one would expect.

At times a ball will start out from the outer ring and apparently seem
to try to escape from the system. Due to the friction of the mercury
and the nature of the field the ball always returns. If a ball were to

escape it would cause a rearrangement of the others or a disturbance

similar to that caused by an added ball. This tendency of the balls to

fly off is especially great if the current thi'ough the mercury is increased,

or if the system is absorbing energy. This may be an illustration of

what takes place in the photo-electric effect or in the case of ionization

produced by hot bodies.

In the case when a ball flies out when rotating at normal or constant

velocity v/e have an explanation of gamma rays caused by beta rays.

Or we may let the balls represent alpha rays, helium atoms, or that
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a

Fig. 5.
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which in the atom makes alpha rays or helium atoms after they have

escaped, and we have an illustration of a radioactive substance. To
illustrate the disintegration of an atom of radium through its several

disintegration products I made a tray in which I imbedded a ring of iron

so as to make a magnetic field which is strong at the center and dimin-

ishes as we go along a radius passing through a minimum and then

through a maximum over the ring of iron. Fig. 4 is a cross-section of

the tray and central magnet. N, S, is the central magnet. R, R, is a

cross-section of the iron ring. A and B are binding posts by which the

current is led in and out. The variations of the field is represented by

lines of force.

To use this the current is turned on the magnet and a number of

balls are placed in the center of the tray, forming the characteristic

figure due to the particular number as in the Mayer experiment. The
current is then turned through the tray, causing the balls to rotate.

When a ball at irregular intervals starts out on a tangent it will be

caught and held by the intense field over the iron ring at R. Thus if

the ball represents an alpha particle, the escape of beta rays and the

gamma radiation may be explained as being due to the disturbance in

the atom due to the rearrangement of the electrons in the atom. As
many as eight or ten balls may escape from the system, each rearrange-

ment of the system representing one of the products in the radioactive

series. Fig. 5k is a photograph of this. The four white spots, one at

the top and one at the bottom and one on either side, are balls which

have been thrown out and caught and held stationary over the staples

which hold the iron ring in place. At the top of the photograph is shown
the path of a ball which is being thrown out and caught by the ring.

Getting the conditions right is a matter of trial. Some three or four

trays were made before one was satisfactory. The dimensions of this

tray are as follows: Length, 10 cm.; breadth, 10 cm.; depth, 2 cm. The
iron ring is made of a 2% -millimeter rod bent into a ring of 6 cm.

diameter.

No doubt many analogies will occur to the operator which have not

been mentio-ned in this paper. The worst difficulty with the experiment

is with the mercury. The mercury must be clean. Any film of dirt or

dross on the surface of the mercury prevents the free motion of the balls.

The magnet and tray may be connected in series, but it is more
convenient to have two circuits which may be manipulated independently.

Department of Physics, Indiana University.
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Some Contributions of Physical Science to Military

Efficiency.

C. M, Smith, Purdue University.

The technical and popular press has of late been offering much valu-

able material which shows the contributions of the physicist and the

research laboratory to war problems. Moreover before these Proceed-

ings are printed and circulated it is certain that m^uch more information

along the same line will be released. It is not the purpose of this paper

to give a complete catalog of the achievements of physical science in the

war, nor to set forth in detail the devices which have been developed and

applied. It is, however, my purpose to sketch briefly some of the general

lines along which the physicist gave aid to the military forces, and to

point out some of the valuable results which have followed from the

large activities and generous appropriations which were called out by

the pressure of war conditions.

It will undoubtedly appear that instances are lare where war-inspired

research has resulted in the discovery of any distinctly new principle or

law. The lay public, keenly alert for some wondeiful invention or dis-

covery, which .should overwhelm the opponent as by a great cataclysm,

frequently voiced the question why our active scientists were not bring-

ing forward this all-important achievement. But the hoped-for result

did not come about. Rather the achievements of physical science in the

war consisted in the application of already well-known principles, but

with a refinoneyit and a jjrecisioii heretofore not realized. The careful

consideration from the standpoint of theory of the lines and balance of

a shell, of the form of its ends, and of the proper width and thickness

of its copper band resulted in the addition of miles to its range and
increased the accuracy of gunfire manyfold. Such precision studies,

often highly theoretical in nature, growing in numbers to scores or hun-

dreds, all contributed to an increased efficiency of the military forces,

and their full value cannot at this time be realized.

Studies similar to the above resulted in our becoming free from

European markets in the mattei' of high-grade optical glass. Precision

methods of glassworking, amounting almost to ciuantity production, were
developed, and lenses and prisms large and small, and plane parallel

plates were turned out in large numbers with an exactness heretofore

hardly thought possible. In photography, in the great development of
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photographic map making, ray filters were devised for eliminating the

effects of haze. By means of these, landscape details were clearly delin-

eated, while without them the plates revealed little more than a bank of

clouds.

In the development of suitable instruments for giving the aviator

information as to his position, altitude and speed, and for enabling the

accurate dropping of bombs upon assigned target areas, the combined

skill of many specialists brought results of surprising value. With a

dynamo-generator attached to the frame of the airplane, driven by the

air stream and with a control so perfect that in spite of the inevitable

large variations in speed practically a constant voltage could be main-

tained for the radio equipment, the aviator was enabled to signal or talk

with ground stations, with other aircraft or with his companions in the

same machine.

In the science of acoustics many old and well-known principles have

been revived, extended and applied in a variety of ways. Of especial

value were those applications to sound-ranging, for locating positions,

and even determining caliber of enemy guns. Moreover the observer is

enabled to distinguish between sounds due to discharge, flight and burst-

ing of the shell. Highly developed listening devices gave invaluable

information in locating enemy aircraft, in detecting mining operations,

and in submarine detection. The v/idely used methods of ground teleg-

raphy, invaluable in communication, recall the early experiments long

antedating modern radio.

Meteorology has taken its place as essentially a new department of

physical science, and a careful study of the earth's atmosphere has led

to results of the highest importance in determining wind conditions

before and after gas attacks, in correcting data for artillery fire, in

revealing favorable conditions for the aviator, in foreseeing conditions

which will aid or hinder transport service and in predicting fog and rain.

In the field of electricity the vacuum tube or electron relay has dem-

onstrated its indispensability for countless uses; telephonic and other

communication devices have been perfected to an astonishing degree;

the dangers of electrostatic charges on balloon fabrics have been studied

and methods of control devised; and the quality of small portable bat-

teries has been much improved and their life increased. In radio com-

munication, already highly developed before the war period, startling

results have been realized. Closed coil reception has proved successful

in the absence of large antenna installations, and has made possible

satisfactory work in uni-directional sending and receiving, in triangula-

tion and in receiving on submerged submarines even at transatlantic

distances. Without the vacuum tube much of this important work would
have been impossible.

21—1(5568
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Finally, however, the student of the scientific achievement of the war
period, whether in applications of known laws and perfection and refine-

ment of existing devices, or in pure research, cannot but be impressed

by the large body of knowledge and experience which has come as a

by-product of the study of war problems. During the war both govern-

ment and private laboratories left no promising clue untraced, and no

suggestion was ignored if it seemed to contain any germ of expectation.

Although a large part of this activity did not result in devices or pio-

cesses directly useful or applicable to war problems, nevertheless out of

it all is sure to come a wealth of results of value to our scientific and
industrial life. Now that the immediate need for high pressure research

is at an end, there should be no decline in the research spirit. Now,
more than before, the effort should be made to maintain and advance

the effectiveness of all existing organizations and agencies which en-

courage and promote diligent research in physics.

One outgrowth of the intense activity in physical research has been

a growing interest in physical science and its applications. Our stu-

dents have been keener and more alert and the instructor has before him
a wealth of illustrations with which to enrich his classroom and labora-

tory work. Also in the popular press, setting aside the purely sensa-

tional, there has been given to the reading public much stimulating

material, and the people at large have been brought to a wider appre-

ciation of scientific laws and facts.
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CONSTITUTION.

NEW YO«K

ARIICIJ'] I.

Section 1. This association sliall i)e callod tlie liidiaiia Academy of

Science.

Sec. 2. Tlie object of this Academy sliall be scientitic re-earch and

Ihe diffusion of kno\yledge concerning 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 vhe material, educational and other resources and riches

of the State; to arrange and prepare for publication s-uch reports of

investigation and discussion as may further the aims and objects of the

Academy as set forth in these articles.

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

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

several departments of tlie State, through the Governor, act through its

council as an advisory body in the direction and execution of any inves-

tigation within its province as stated. The necessary expenses Incurred

in the prosecutioii of such investigation are to lie l)orne by the State; no

pecuniary gain is to come to the Academy for its advice or direction of

such investigation.

The regular proceedings of the Academy as published by the State shall

become a public document.

ARTICLE II.

Seotiox 1. Members of this Academy shall be honorary fellows, fellows,

non-resident members, and acti\ e members.

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

or in any original research in any department of science, shall be eligible

to active membership. Active members may be annual or life members.

Annual memliers may be elected at any meeting of the Academy ; th.ey

shall sign the constitution, pay an admission fee of two dollars and there-

after 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 Viho have

removed from the State. In any case, a three-fourths vote of the mem-

bers present shall elect to membership. Application for membership in

any of the foregoing classes shall be referred to a committee on appli-

cation for membership, who shall consider such application :ind re]>in-t

to the Academy before the election.
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Sec. 3. The niemhors wlio are actively engasied in scientific work,

wlm have recognized standing as scientific men, and who have been mem-
bers of the Academy at least one year, may be recommended for nom-
ination for election as follows by three fellows or members personally

acquainted with their work and character. Of members so nominated a

number not exceeding five in one year may, on recommendation of the

Executive Committee, be elected as fellows. At the meeting at which
this is adopted, the memlters of the Executive Committee for 1S94 and

fifteen others shall be elected fellows, and those honoi'ary members
shall become honorary fellows. Honorary fellows may be elected on

account of siiecial prominence in science, on the written recommendation

of two members of the Academy. In any case a three fourths vote of

the members present shall elect.

ARTICLE III.

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

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

a President, Vice-President, Secretary, Assistant Secretary. Press Secre-

tary, Editor, and Treasui'er, who shall perform the duties usually per-

taining to their respective offices and in addition, with the ex-Presidents

of the Academy, shall constitute an Executive Committee. The President

shall, at each annual meeting, ajtpoint two members to be a committee

which shall prepare the i)rograms and have charge of the arrangements

for all meetings for one year.

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

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

otherwise ordered b.v 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, shall constitute the council of the Academy,

and represent it in the transaction of any necessax'y business not espe-

cially 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 shal 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 mem-



bers interested in tlie same department, to endeavor to advance Icnowl-

edge 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 the report.

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

one of the days of the meeting at the expiratioii of his term of otlice.

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 l)een 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.

G. INIembers who shall allow their dues to remain unpaid for two

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

shall have their names stricken from the roll.

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

business.

8. An Editor shall be elected from year to year. His duties shall be

to edit the annual Proceedings. No allowance shall be made to the Editor

for clerical assistance on account of any one edition of the Proceedings

in excess of fifty ($50) dollars, except by special action of the Executive

Committee. (Amendment passed December 8, 1917.)

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 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 government, through the Govei'nor, 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 Academj', 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 several

papers read before it, have very great educational, industrial and economic

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

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

Failure of Legislature at its 1919 session to appropriate anything' for publica-
tion of the Proceedings for 1919 and 1920.



General Assembly to eiiconnige by ;ill suitalile means intellectual, scieu-

tific and agricultural inii)ro\cnient : therefore.

Section 1. Be it imactcd hi/ the (Icumil Asxcnhhlii of the State of
Indiana, That hei-eafter the annual reports of the meetings of the

Indiana Academy of Scii'uce. lieginning with th(> repoi't for the year

1894, including all papers of scientitic or economic value, presented at

such meetings, after they shall have ln'cn edited and prepared for pub-

lication as hereinafter provided, shall lie published liy and under the

direction of the Commissioners of I'ublic Printing and Binding.

Sec. 2. Said reports shall be edited and jirepared for publicati(»n

without expense to the State, by a corps of editors to be selected and
appointed by the Indiana Academy df Science, wlio shall not. by reason

of such service, have any claim against the State for compensation. The
form, style of liinding. paper, typography and manner and extent of

illustration of such reports shall be determined by the editors. suDJect

to the iipproval of the Commissionei's of Public Printing and Stationery.

Not less than 1.5(1(1 nor more than .'i.ddd cdpics of each of said reports

shall be published, the si/.c of the cilitioii within said limits to be deter-

mined by the concui rent action of tlic editors and the ( "onimissioners of

Public Printing and Stationery: I'rorUUil. 'I'iiat not to exceed six hun-

dred dollars (.$(i(lO) siiall be expeiuUMl for sucli publication in any one

year, and not to extend beyond ISIMI : l'rnii(l((l. That no sums shall be

deemed to be appropriated for tlie year Is'.U.

Skc. .>. Ail except tlu'ce liundreij copies id" eacii \<ilnme of said re-

ports shall Ite placed in the custody of tlie State Librarian, who shall

furnish one copy thereof to each public lilirary in tlie State. <me copy ;o

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

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

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

may be designated !)y the Academy through its editors or its council.

The remaining three hundred copies sliall he turned over to the Academy
to be disposed of as it may determine. In order to ])rovide for the pres-

ervation of the same it shall be the duly (d tlie 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 ottice of

the Academy of Science, wherein .said copies of said reports belonging to

the Academy, together with the original manuscrijits. drawings, etc.,

thereof can be safely kept, and he shall also e(pup the siime with the

nece.ssary shelving and furniture.

Sec. 4. An emergency is hereby deelareil to exist for the iiiiiuediate

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

from and after its- passage.
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PUBLIC OFFENSES—HUNTING AVILL) BIRDS -PENALTY.

(Approved March 15, 1013.)

Section 1. Be it enacted hij the (lrii<r<il Axsenihli/ of the State of

Indiana, That section six ((!) of the iihove entitled act Ite amended to

read as follows: Section G. That section six hnndred two (G02) of the

above entitled act be amended to read as folhtws : Section 002. It sliall

he unlawful for any person to kill, tiaji or possess any wild bird, or to

purchase or offer the same for sale, or to destroy the nest or eggs of any

wild bird, excei)t as otlierwise provided in this section. But this section

shall not apply to the following named game birds: The Anatidae. com-

monly called swans, gee.^e. brant, river and sea duck: the Hallidae. com-

monly known as rails, coots, mud-hens and gallinules : the Limicolae.

commonly known as shore birds, ])lovers. surf birds, snipe, woodcock,

sandpipers, tattlers and curlews : the Gallinae. commonly cjilled wild

turkeys, grouse, prairie cliickens, quails, and plieasants : nor to English

or European house sparrows, blacl\birds, 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 provisions of this section shall,

on conviction, be fined not less than ten dollars (.$10.00) nor more than

fifty dollars ($50.00).
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MEMBERS.*

FELLOWS.

Andrews, F. M., 901 E. 10th St., Bloomington tl911

Associate Professor of Botany, Indiana University.

Plant Physiology, Botany.

Arthur, Joseph C, 915 Columbia St., Lafayette 1893

Profes.sor Emeritus of Botany, Purdue University.

Botany.

Badertscher, J. A., 312 S. Fess Ave., Bloomington 1917

Associate Professor of Anatomy, Indiana University.

Anatomy.

Beede. Joshua W., 404 W. 38th St., Austin. Texas 1906

Bureau of Economic Geology and Technologj', I'niversity of Texas.

Geology.

Behrens, Charles A., 217 Lutz Ave., West Lafayette 1917

Professor of Bacteriology, Purdue University.

Bacteriology.

Bennett, Lee F., 309 S. 9th Street, Janesville, Wis 1916

With the H. AV. Gossard Company.

Geology, Zoology.

Bigney, Andrew J., Evansville 1897

Professor of Physiologj', Evaus\ir.e College.

Blauchard. William M., 1008 S. College Ave.. Greencastle, Ind 1914

Professor of Chemistry, DePauw University, Greencastle, Ind.

Organic Chemistry.

Blatchley, W. S., 1558 Park Ave., Indianapolis 1893

Naturalist.

Botany, Entomology, and Geology.

Breeze, Fred J., Muncie 1910

Branch State Normal School.

Geography.

Bruner, Henry Lane, 324 S. Ritter Ave., Indianapolis 1899

Professor of Biology. Butler College.

Comparative Anatomy, Zoology.

Every effort has been made to obtain the correct address and occupation of each
member, and to learn in what line of science he is interested. 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 mail ad-
dressed to the last printed address was returned as uncalled for. Information as to
the present address of members so indicated is requested by the secretary. The custom
of dividing the list of members has been followed.

tDate of election.



Bryan, William Lowe, Bloouiiii.i^toii 1914

President Indiana University.

Psychology.

Butler, Amos W., 52 Downey Ave., Irvington, Indianapolis 1S93

Secretary, Indiana Board of State Charities.

Vertebrate Zoology, Anthropology, Sociology.

Cogshall, Wilbur A.. 4-2.3 S. Fess xVve.. Bloomington '

. .mOf.

Associate Professor of Astronomy. Indiana University.

Astronomy.

Coulter. Staidpy. 213 S. Ninth St., Lafayette 1S03

Dean School of Science. Purdue University.

Botany. Forestry.

Cox, Ulysses ().. P. ( ». P.ox SI. Tcrrc Haute 1008

Head Department /dology and I'.otany. Indiana State Normal.

Botany. Zoology.

Culbertson, (Jleiui. Hanover ISOO

Chair (Jeology. Physics and .Vslronomy. Hanover College.

Geology.

Cumings. lOdgar Koscoe. .327 F. Second St.. lilooiiungton 1000

Professor of Ceology, Indiana University.

(Jeology, I'aleontology.

Deam. Charles (".. Pduffton 1010

Druggist. I'.otanist, State Foresier.

Botany.

Dryer, Ciiarles K.. (taU Knoll. I'oii Wayne 1S07

Geograiihy.

Dulcher. .1. P... 1212 .\l\\ater St.. i'.loominglon 1014

Associate Professor of Physies, Indiana Universit.v.

Physics.

Eigenmaini. Carl H.. (i.'iO Atwater SI.. P.ioonnngton 1,S0.3

Professor of /oology. Dean of (Jraduate School. Indiana Uin-

versity.

Fanbryology. Degeneration. Heredity. i']\dlntioii and Distributi(jn

of .\merican Fish.

Enders. Howard Fdwin.210 Littleton St.. West Lafayette 1012

Professor of /oology. Purdue University.

/oology.

F\an>. Percy .Xoriou. .302 \\'aldi-on St., West Lafayette 1001

Direct<ir of Chenucal Lalior.-iloi y. Pnidne Iniversity.

ChcMUstry.

Fisher. .Martin L.. :!2.". Nine St.. We^t Lafayette 1010

Pntf. Cr(i]> Production, PiU'due Cniversity.

Agriculture, Ornithology.
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Foley. Ai'thiir L., Bloominjiton 1897

Head of Department of Physics, Indiana University,

Physics.

Hessler, Robert, Logansport 1S99

Physician.

Biolog.v.

Hufford, Mason E., Bloomington 191G

Assistant Professor of Pliysics, Indiana T'niversity.

Physics.

Hurty, J. N., .31 E. 11th Street. Indianapolis 1910

Secretary, Indiana State Board of Health.

Hygiene and Chemistry.

Hyde, Roscoe Raymond, 4101 Penhurst Ave.. Baltimore. Md 1909

Assistant Professor Physiology and Zoology, Indiana State Normal.

Zoology, Physiology, Bacteriology.

Jackson. Herbert S., West Lafayette 1919

Chief of Botany, Agr. Expr. Station, I'urdue.

Plant Pathology.

Kenyon, Alfred Monroe, 515 University St., West Lafayette 1914

Professor of Mathematics, Purdue University.

Mathematics.

Koch. Edward W., Buffalo, N. Y 1917

Care of University of Buffalo Medical School.

Pharmacology.

Logan, Wm., N., 924 Atwater St., Bloomington 1917

Professor of Economic Geology, Indiana University.

State Geologist.

McBeth, Wm. A., 1905 N. 8th St., Terre Haute 1904

Professor of Geography, State Normal School.

McBride. Ro])ert W., 1239 State Life Building, Indianapolis 1910

Lawyer.

Markle, M. S., Richmond 1919

Professor of Botany, Earlham College.

Middleton, A. R., 705 Russell St.. West Lafayette 1918

. Professor of Chemistry, Purdue University.

Chemistry.

Mori'ison, Edwin, East Lansing, Michigan 1915

Assoc. Professor of Physics, Mich. Agr. College.

Physics and Chemistry.

Mottier, David M., 215 Forest Place, Bloomington 1893

Professor of Botany, Indiana University.

Morphology, Cytology.
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Naylor, J. P., Greencastle 1903

Professor of Physics, iJePaiiw University.

Pliysics, Mathematics.

Nleuwland, J. A 1914

Notre Dame University.

Botany and Organic Cliemistry.

Payne, F., 620 S. Fess St., Bloomington 1916

Professor of Zoology, Indiana University.

Cytology and Genetics.

Ramsey, Rolla R.. G15 E. Third St., Bloomington 1906

Professor of Pliysics, Indiana University.

Physics.

Rettger, Louis J., 31 Gilbert Ave.. Terro Haute 1896

Professor of Physiology, Indiana State Normal.

Animal Physiology.

Rothrock, David A., 1000 Atwater St., Bloomington 1906

Professor of Mathematics. IndijiiiM riiiversity.

Matliematics.

Schockel, Barnard, Terre Haute
Professor of Physical Geography.

State Normal School.

Scott, Will, Bloomington 1914

Associate Professor of Zoology, Indiana University.

Zoology, Lake Problems.

Shannon, Charles W., 518 Lahoma Ave., Norman. Okia 1912

With Oklahoma State (k'ological Survey.

Geology.

Smith, Albert, 500 University St., AVest Lafayette (Army Service) 1908

Professor of Structural Engineering.

Phy.sics, Mechanics.

Smith, Charles Marquis, 152 Sheetz St., West Lafayette 1912

Professor of Physics, Purdue University.

Phy.sics.

Stoltz, Charles, 530 N. Lafayette St., South Bend 1919

Physician.

Medicine.

Stone, Winthrop E., Lafayette 1893

President of Purdue University.

Chemistry, Administration.

Van Hook, James M., G39 N. College Ave.. Bloomington 1911

Assistant Professor of Botany, Indiana University.

Botany.
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Wade, Frank Bertram, 1039 W. Twenty-seventh St., Indianapolis 1914

Head of Chemistry Department. Shortridge High School.

Chemistrj', Physics, Geology, and Mineralogy.

Williamson, E. B., Blnffton 1914

President, The Wells County Bank.

Dragonflies.

Woollen, William Watson, Indianapolis 1908

Lawyer.

Birds and Nature Study.

Wright, John S., 3718 X. Pennsylvania St., Indianapolis 1894

Manager of Advertising Department, Eli Lilly Co.

Economic Botany.

NON-RESTDEXT MEMBERS AXD FELLOWS.

Abbott, G. A., Grand Forks, N. Dak., Fellow 1908

Professor of Chemistry, University of North Dakota.

Chemistry.

Aldrich, John Merton, Washington, D. C, Fellow 1918

Custodian of Diptera, U. S. National Museum.
Dipterologist.

Aley, Robert J., Orono, Me., Fellow 1898

President of University of Maine.

Mathematics and General Science.

Branner, John Casper, Stanford, California.

President Emeritus of Stanford University.

Geology.

Brannon, Melvin A., President Beloit College. Beloit, Wis.

Plant Breeding, Botany.

Burrage, Severance, Denver, Colo., Fellow 1898

Professor of Bacteriology, University of Denver.

Public Health Work.

Campbell, D. H., Stanford University, California.

Professor of Botany, Stanford University.

Botany.

Clark, Howard Walton. U. S. Biological Station, Fairport, Iowa

Scientific Assistant U. S. Bureau of Fisheries.

Botany, Zoology.

Cook, Mel T., New Brunswick, N. J., Fellow 1902

Plant Pathologist, New Jersey Experiment Station.

Botany, Plant Pathology, Entomology.

Coulter, John M., University of Chicago, Chicago, 111., Fellow 1893

Head Department of Botany, Chicago University.

Botany.
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Davis. B. M.. Oxford. Ohio.

Professor of Agricultural Education.

Miami University.

Evermann. Barton Warren. Director Museum,
California Academy of Science. Golden Gate Park. San Francisco.

Cal.

Zoology.

Goss, William Freeman M.. Gl Broadway. New York. P\'llow 1893

President The Railway Car Manufacturers" Association.

Greene. Charles Wilson. .S14 Virginia Ave.. Columbia. Mo.

Professor of Physiology and Pharuiacolo^'v. rnivcrsity of Missoiu'i.

Physiology. Zoology.

Hargitt. Chas. AV.. 1)00 Walnut Ave. Syra(us(\ X. V.

Professor of Zoology jind Directoi- of the I.iihoratories. Syracuse Uni-

versity.

Hygiene. Embryology. Eugenics. Animal I'.cliax ioi-.

Hay, Oliver Perry. I". S. National MuM-um. Washington. D. C.

lie.search Associate. Carnegie Institute of Washington.

Vertebrate Paleontology, especially that of the Pk'istocene Epoch.

Huston. H. A.. 42 P.n.adway. New York City. Fellow 1.S1).'5

Manager soil and crops service .syndicate.

Jordan. David Starr. Stanford University. California.

Chancellor Emeritus of Stanf<n-d Univeisity.

P^sh. Eugenics, Botany. Evolution.

Kingsley. J. S.. T'niversity of Illinois, libana. III.

I'rofessor of Zoology.

Zoology.

Knipp. Charles T.. 'Mr, W. .Nevada St.. Urbana. III.

Professor of Experimental Physics. Univi-rsity of Illinois.

Physics. Discharge of Electricity Through (Jares.

McDougal, Daniel Trembly. Tuscon. .\riz.

Director, Department of I'.otanic.il Kese.ncli. C.iniegie Institute.

Washington, I). C.

Marsters. V. F.. Kansas City. .Mo.. c:ii-e of C. .\. Gonld. i'ellow ISic;

(ieologist.

Botany.

McMullen, Eynn Banks, Stale .Normal School. Valley City. N. D..

Head Science Department ami X'ice-l'resident St;ite .Normal School.

Physics. ( 'liemistry.

Miller, John Anthony, Swarthmore. I'a., Fellow ]i)()4

Professor of Mathematics and Astronomy. Swarthmore College.

Astronomy, Mathematics.



21

Moore. George T., St. Louis. Mo.

Director Missouri Botanical (iarden.

Botany.

Noyes, William Albert, Urbana, 111.. Fellow 1S93

Director of Chemical Laboratory. University of Illinois.

Chemistry.

Rans(mi, James H.. Detroit. Mich.. Fellow 1902

Chemistry.

Reagan, A. B.

Superintendent Indian School, Kaycnta. Arizona.

Geology, Paleontology, Ethnology.

Smith, Alexander, care Columbia University, New York, Fellow 1803

Head of Department of Chemistry, Columbia University.

Chemistry.

Springer, Alfred, 312 PI Second St., Cincinnati, O.

Chemist.

Chemistry.

Swain, Joseph. Swarllunorc. Pa.. Fellow 1S9S

President of Swarthniorc College.

Science of Administration.

Waldo, Clarence A.. 401 W. ISth St.. Now York City 1893

Mathematics, Mechanics. Geology and Mineralogy.

Wiley, Harvey W., Cosmos Club, Washington. I). C. Fellow 1895

Professor of AgriciUfnral Clic'.nistry. Geoi'ge AVashington Uni-

vei'sity.

Biological and Agricultural Chemistry.

Zeleny, Chas., 1003 W. Illinois St.. Urbana, 111.

Professor of Experimental Zoology.

Zoology.

ACTIVl^ MEMBERii.

Acre, Harlan Q.. Gorden, Xebr.

Botany.

Adams. Wm. B., 431 S. College Ave.. Hhtomington.

Assistant in Botany, Indiana University.

Allen, William Kay. 709 Atwater Ave., Bloomington.

Zoology, Indiana University.

Allison, Luna E., 435 AVood St., Lafayette.

Care Agricultui'al Ex])eriment Station.

Botany.

Anderegg, Frederick ().. 322 Waldron St.. \Vest Lafayette.

Assistant Professor of Chemistry, Purdue University.
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Anderson. Flora Charlotte. Route 5. Crawfordsville.

Botany.

Atkinson. F. C 2534 Broadwa.v. Indianapolis.

Chemistry, American Hominy Company.

Baldwin, Ira L., 601 University St.. "West Lafayette.

Instructor in Bacteriology, Purdue University.

Baker, William Franklin. Indianapolis, care St. Vincent's Hospital.

Medicine. Roentgenology. Pathology.

Barnhill, Dr. T. F.. Indianapolis.

Professor of Surgery, Indiana University School of Medicine.

Barr, Harry L., Stockland, 111.

Botany and Physics.

Bates, W. H., 403 Russell St., West Lafayette.

Associate Profe.ssor of Mathematics. Purdue T'niversity.

Mathematics,

Beals, Colonzo ('., 103 Russell St., Hammond.
Botany.

Begeman. Hilda. Sanborn.

Physics.

Begeman, Lulu. Sanborn.

Mathematics Teacher, Sanhorn High School.

Berteling, John B.. 228 W. Colfax Ave.. South Bond.

Medicine.

Bishop, Harry Eldridgo. 3344 Michigan Ave.. Chicago.

Gla.ss Container Association of Chicago.

BlLss, G. S., Fort Wayne.
State School for Feeble Minded.

Bond, Charles S., 112 X. Tenth St., Ridimoiid.

Physician.

Biology, Bacteriohtgy, IMiysical Diagnosis and IMiotomicrography,

Bond, Dr. George S.. Indianapolis.

Professor of Medicine. Indiana University School of Medicine.

Bonus, Walter W., Indianapolis, care of Kli Lilly & Co.

Plant Physiology.

Director of I'.otanical Department.

Bourke, A. Adoljthus. 2304 Liberty Ave.. Terre Haute.

Instructor. I'hysics. Zoology, and (ieography.

Botany, Physics.

Brossman. Charles, 1503 Merchants I'>ank I'.ldg.. Indiana])olis.

Consulting Engineer.

Water Supply, Sewage Disposal, Sanitary Engineering.
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Bruce, Edwin M.. 2108 X. Tenth St., Terre Haute.

Professor of Chemistry, Indiana State Normal.

Chemistry.

Bybee, Halbert P., University Station, Austin, Texas.

Adjunct Professor of Geology, University of Texas.

Byers, Cecil W., 408 Ru.ssell St., West Lafayette.

Assistant in Physics, Purdue University.

Campbell, Elmer G., 220 Sylvia St., West Lafayette.

Assistant Prof. Agricultural Botany, Purdue University.

Canis, Edward N., lioute A-2, Box 372-A, Indianapolis.

Nature Study.

Caparo, Jose Angel, Notre Dame.
Professor of Physics and Mathematics. Notre Dame University.

Mathematics, Pliysics and Electrical Engineering.

Carr, Ralph Howai'd, 27 N. Salisbury St., West Lafayette.

Professor of Agricultural Chemistry, Purdue.

Carter, Edgar B., 2615 Ashland St., Indianapolis.

Director of Scientific Work. Swan-Myers Company.

Chemistry and Bacteriology.

Chansler, Elias J., BicknelL

Farmer.

Ornithology and Mammals.

Chapman, Edgar K., 500 S. Grant St., Crawfordsville.

Professor of Physics, Wabash College.

Cliristy, O. B., State Normal School. Muncie.

Botany and Agriculture.

Clark, Jediah H., 126 E. Fourth St., Connersville.

Physician.

Medicine.

Collins, Anna Mary, 2734 58th St., Seattle, Wash.
Zoology.

Conner, S. D., 204 S. Ninth St.. Lafayette.

Chemistry, Experiment Station.

Coryell, Noble H., N. Y. City.

Department of Geology, Columbia University.

Crockett, W. P.. Shortridge High School, Indianapolis.

Physics Teacher.

Dean, John C, University Club, Indianapolis.

Astronomy.

Denny, Martha L., Manhattan, Kan.

Kansas Agricultural College.

Zoology.
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Deppe, C. A., Franklin.

Franklin College.

Dietz. Harry F.. State House, Indianaix)lis.

State Entomologist's Office.

Entomology.

Dolan. Jos. P.. Synicnse.

Lake Study.

Douglas, Benjamin W.. Trevlac.

Fruit Culture.

Douglas. Mary. Attica.

Zoology.

Downhour, D. Elizabeth. IGoo N. Alaltania Street. In(lianaiK)]is.

Zoology and Botany, Teachers College.

DuBois. Henry M.. 1408 Washington .\v('.. LaCJiandc. Ore.

Paleontology and Ecology.

Dukes, Richard (i.. Corner Scvcnlli and Iviisscll Sts.. West Lafayette,

Purdue University.

Engineering.

Earp. Samuel E., CtM Occidental P.ldg.. IiidianaiK)]is.

Physician.

Mcclicine.

E<luions()n, Clarence E.. 822 Atwjiter St.. liloominglon.

Dean of men, Indiana University.

Phy.^iology.

Eldred, Fx'ank R.. 3325 Kenwood Avr.. Iiidianaiiolis.

Director, Scientific Dept.. Eli Lilly iV: Co.

Chemistry.

Emerson, Charles P., G02 Hunic-.Mansnr I'.ldg.. Indianapolis.

Dean Indiana University Medical College.

Medicine.

Epple. Wni. F.. :m Sylvia St.. West Lafayette.

Assistant in Dairy Chennstry. ICxiiei-iiueid Station, Piwdne T'luversity.

Estahrook. Arthur H.. Indianapolis, care P.oard of State Charities.

Heredity and Eugenics with Board of State Chaiities.

Evans, Samuel ().. 14r)2 T'piwr Second St.. Evansville.

Merchant.

Botany. Ornithology.

Felver, William P.. Bay St., P. O. Bo.\ 4S(;. Louis. Miss.

Geology, Chemistry.

Fisher, L. W., Detroit. Michigan, care Parke. Davis & Co.

Zoology.

Foresman, George Kedzie. 110 S. Ninth St., Lafayette.

Instructor in Chemistry, Purdue University.
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Friesner, Ray C, 71 Rutter Avenue, Indianapolis.

Charge of Botany, Butler College.

Fuller, Frederic 1)., 4520 W. 28tli St., Bryan, Texas.

Experiment Station.

Chemistry, Nutrition.

Funk, Austin, 404 Spring Street, .Jeffersonville.

Physician.

Diseases of Eye, Ear, Nose and Tliroat.

Galloway, Jesse James, Geology Department, Columbia University, New
York City.

Geology, Paleontology.

Gardner, Max W., AVest Lafayette. Purdue Experiment Station.

Plant Pathology.

Gatch, Willis I).. 00.") Hume-Mansur Bldg.. Indianapolis.

Professory of Surgery, Indiana University Medical School.

Gates, Florence A., 3435 Detroit Ave.. Toledo, O.

Teacher of Botany.

Botany and Zoology.

Gidley, William, 2.3G Littleton St.. AVest Lafayette.

Pharmacy, Purdue University.

Gillum, Robert G., Terre Haute.

Professor of Chemistry, State Normal School.

Chemistry.

Gingery, Walter G,, Shortridge High School. Indianapolis.

Mathematics.

Glenn, Earl R., 640 Park Avenue. New York City.

The Lincoln School of Teachers (-oUege, Columbia University.

Physics.

Goldsmith, William Morton, Winfield, Kansas.

Professor of Zoology, Southwestern College.

Zoology.

Gray, Harold. 511 Elwood Avenue, Cuyahoga Falls, Ohio.

Chemistry.

Greene, Frank C. 30 N. Yorktown St.. Tulsa, Okla.

Geology.

Hadley, Joel AY., 1127 Fairfield Avenue, Indianapolis.

Geology.

Teacher Chemistry and Biology.

Hadley, Murray N., 008 Hume-AIansur Bldg., Indianapolis.

Physician.

Surgery.

Hanna, U. S.. Atwater Street. Bloomington.

Associate Professor of Mathematics, Indiana University.
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Hansford, Hazel Irene, S. Eastern Hospital for Insane, N. Madison.

Psychology.

Happ, William. South Bend.

Botany.

Harding. C. Francis, 503 University St.. "West Lafayette.

Head of Electrical Engineering. Purdue University.

Harman, Paul M., 311 E. South Ave.. Bloomington.

Physiology.

Heimburger, Harry V., St. Paul. Minn.

Instructor in Biology in Hamline University.

Heimlich, Louis Frederick, 495 Littleton St., West Lafayette.

Instructor in Botany, Purdue University.

Hemmer. EdNAin .John. Somerville.

Botany.

Hendricks, Victor K.. 5642 King.sley Boulevard. St. Louis. Mo.

Assistant Chief Engineer. St. L. & S. F.. Mo.. Kan. & Texas; Mo.,

Okla. & Gulf Railroads.

Civil Engineering and Wood Preservation.

He.ss. Walter E., S. College Avenue. Greenca.stle.

Professor of Biology. DePauw T'niversity.

Hetherington. .John P.. 417 Fourth St.. Loganspnrt.

Physician.

Medicine, Surgery. X-Iiay. Electro-Therapeutics.

Hinman, Jack J., Jr., State Universily. P. O. Box 313. Iowa City. Iowa.

Assistant Professor of Epidemiology. State University of Iowa,

Water Chemi.st and Bacteriologist, State Board of Health.

Hitchens, A. Parker, care Eli Lilly «& Co.. Indianapoli.s.

Physician and Biologist.

Hoffman, George L., care of Western Pennsylvania Hospital. I'ittslmrgh, Pa.

Bacteriology, Serology.

Hole, Allen D., 015 National Road AVest. Richiiiiond.

Professor of Geology, Earlham College.

Geology.

Holman, Richard M.. Crawfordsville.

Professor of Botany, Wabash College.

Houseman, H. V.. 300 S. Bradford St.. Plnttsville, Wis.

Chemistry and Physics.

Hewlett, Berton A., 503 Elm St., Valparaiso.

Associate Professor of Physics. A'alparaiso University.

Huber, Leonard L., Hanover.

Hanover College.

Chemistry and Biology.
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Hull, Julia, St. Anno, III.

Zoology.

Hutchinson, Emory, Norman Station. Ind.

Zoology.

Hutton, Joseph Gladden. Brookings. S. Dak.

Associate Professor of Agronomy, State College.

Agronomy and Earth Science.

Hyslop, George, 200 Chatterton Parkway. "White Plains, N. Y.

Cornell Medical School.

Irving, Thos. P., Notre Dame.
Physics.

Jackson, James W., Central High School. Chattanooga, Tenn.

Chemistry Teacher.

Jackson, Thomas F., 8 N. Yorktown, Tulsa, Okla.

Geology.

Jacobson, Moses A., 800 Fourth St.. Portsmouth, Virginia.

Bacteriology.

James, Evalyn G., 144 Butler Avenue, Indianapolis.

Botany.

Jopling, John C, 119 W. Lake Avenue, Barberton, Ohio.

Chemist.

Jordan, Charles Bernard, West Lafayette.

Director School of Pharmacy, Purdue University.

Kaczmarcek, Regidius M., Box 54, Notre Dame.
Professor of Biology and Bacteriology.

Natural Science.

Knotts, Armenis F., SOO Jackson St.. Gary.

Nature Study.

Kohl, Edwin J., University St., West Lafayette.

Instructor in Biology. Purdue University.

Lieber, Colonel Richard. State House, Indianapolis.

Director, State Conservation Commission.

Conservation.

Listen, Jesse G., R. F. D. No. 2, Lewis.

High School Teacher.

Geology.

Ludwig, C. A., R. R. 1. Clemson College, S. C.

Agriculture, Botany.

Ludy, L. v., 600 Russell St., West Lafayette.

Professor Experimental Engineering. Purdue University.

Experimental Engineering in Steam and Gas.
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Lnton. Daniel B.. lO.'O Lomclio Annex, Tn(linnai>()lis^

Bridge Engineer.

Applied Civil Engineering.

Mahin, Edward G., 27 Knssell St.. West Lafa.vette.

Professor of Analytical Chemistry. Purdne T'niversity.

Mains. E. B.. 212 S. Grant St.. West Lafayette.

r. S. Agricultural Experiment Station.

Plant Pathology and Mycology.

Mallon. Marguerite. 221 Waldron Street. West Lafayette.

Instructor in Food Chemistry. Purdue University.

Malott, Burton J.. Indianapolis, Care Tech. High School.

Teacher in Physiography and Geology.

Malott, Clyde A., 521 E. Second St.. Bloomington.

Assistant Professor of (Jeology. Indiana University.

Geology.

Mason, Thomas E.. 130 Andrew Place. West Lafayette.

Assistant Professor of Mathematics, Purdue University.

McCarty. Morris E.

Miller. .1. Ford. UW> .\. .Meridian St.. Indianapolis.

Student in Zoology and Embryology.

Miller. John W., 444 Littleton St.. West Lafayette.

Instructor in Plant Physiology iind P.otany. Purdue University,

^lontgomei-y. I>r. H. T.. 244 .IcITci-soii I'.ldg.. South Iteiid.

Geology.

Morrison, Harold. I'.urt'au of JOntoiiiology. Washington. I ). C.

Entomology.

Morrison. Louis, SO S. West St.. {{iclniiond.

Munro. (J. W.. 202 Waldron St.. West L:ifayette.

.Mechanical Engineeiing.

Myers. B. 1).. .•',21 X. Washington St.. P.ioomiiigton.

Professor of Anatomy. Luliana Unixcrsit.v.

Nelson. Ualph Emory. 2:;2 Littleton St.. West Lafayette.

Chemistry. Purdue University.

Newman, G. P>.. Fryshurg. Maine.

Entomology.

.Xichctlson. Thomas E.. ol!) N. Fess Avenue. Bloomington.

Instructor in Psycliology, Indiana I'niversity.

Noyes, Harry A., 27 Cottage Street. Westtield. N. Y.

Research Chemist and Bacteriologist.

Oberholzer, H. C, National Museum. Washington, D. C.

Biology.

O'Neal. Claude E.. Delaware, Ohio.

Botany.
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Orahood, Harold. Kiiismaii.

Geology.

Ortoii. C'la.vton R.. Stato Colloso. Pa.

Professor of Botaii.v, Poiuia. State College.

Owen. D. A., 200 S. State St., Franklin.

Professor of P,iolog.v. (Retired.)

Biolog.v.

Papisli, Jacob, Itliaea, N. Y.

Department of Chemistry. Cornell University.

Chemistry.

Peffer, Harvey Creighton, 1022 7th St., West Lafayette.

Head School of Chemical Engineering, Purdue University.

Petry, Edward J.. 722 East Sth St., Brookings. South Dakota.

Professor of Botany, South Dakota State College.

Pickett, Fermen L., Pullman College Station No. oG, Washington.

Botany.

Pinkerton, Earl, Box 411, Walters. Okla.

Manager Walters Natural Gas Co.

Prentice, Burr N., 400 Russell St., West Lafayette, Ind.

Assistant Professor of Forestry, Purdue University.

Pressey, S. L., 801 Atwater Ave., Bloomington.

Instructor in Psychology, Indiana University.

Pressey, Mrs. S. L., 801 Atwater Ave., Bloomington.

Student in Psychology. Indiana University.

Price, Walter A., 123 Sheetz St.. West Lafayette.

Associate Professor Entomology. Purdue University.

Proulx, Edward G., Ill Waldron St.. West Lafayette.

State Chemist, Agricultural Experiment Station.

Richards, Ante, Norman, Oklahoma.

Professor of ZooU)gy, Oklahoma University.

Richards, Mrs Mildred Hoge, Norman. Oklahoma.

Zoology.

Rifenburgh, S. A., Valparaiso, Ind.

Instructor Zoology, Valparaiso University.

Rightsell, Raymond M., Shortridge High School, Indianapolis.

Teacher in Physics.

Riley, Katherine Rol)ert, 50 Whittier Place, Indianapolis.

Roark, Louis, Box 1162, Tulsa, Okla.

Roxana Petroleum Company.

Petroleum Geologist.

Roberts, R. Chester, Hougham Street, Franklin.

Chemistry Teacher.
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Sheak, William H., 102 X. 20tli St., IMiiladelphia, Pa.

Mammalogy.

Sherman, George W.. 4 Miirdock Flats. We.st Lafayette.

Assistant Professor of Physics, Purdue University.

Shonle, Horace A.. Care Eli Lilly & Compaiiy. Indianapolis.

Chemist.

Showalter, Ralph W., Indianapolis.

Director Biological Department. Eli Lilly & Co.

Biology.

Silvey, Oscar W.. College Station. Texas.

Physics, University of Texas.

Smith, Chas.. Piper. 354 S. 10th St., San Jose, California.

Systematic Botany.

Smith, John E.. 03 S. Edwards Street. Franklin.

Professor of Physics.

Snodgrass, R. E., 20(J3 Park Road. Washington. I>. C.

U. S. Bureau of Entomology.

Entomology.

Southgate. Helen A., 218 W. 0th St.. Michigan City.

Biology.

Spitzer. George. 1000 Seventh St., West Lafayette.

Dairy Chemist, Purdue University.

Chemistry.

Spong. Philip. 3873 E. Washington St., Indianapolis.

Biology Student in Butler College.

Stockdale, Paris, 521 E. 2nd Street. Bloomington.

Assistant in Geology, Indiana University.

Ston(i. italph Bushnell. 307 Russell St.. West Lafa.vette.

Registrar and Assistant Professor of Mathematics, Purdue University.

Sulzer, Elmer G., Madison.

Geology.

Tatlock, Myron W.. Shortridge High Scliool. Inilianapoli.><.

Teacher in Physics.

Taylor, Joseph C, 117 Ninth St., LogansjKirt.

Student in University of Wisconsin.

Terry. Oliver P., 215 Sheetz St.. West Lafayette.

I'rofessor of Physiology, Purdue T'niversity.

Tetrault. Philip Armand, 007 T'niversity St., West Lafayette.

Assistant Professor of Biology, Purdue University.

Test, Louis A., 629 Russell Street. West Lafayette.

Professor of General Chemistry, Purdue University.

Tevis, Emma Louise, 122 W. 18th St.. Indianapolis.

Department Experimental Medicine, Eli Lilly & Co.
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Thompson, Clem O., Hanover.

Professor of Education. Hanover College.

Thompson, David H., Champaign, Illinois.

Department of Experimental Zoology, University of Illinois.

Graduate Student in Zoology.

Thornburn, A. D., 105 High Street, Indianapolis.

Chemist Pitman-Moore Company.

Toole, E. H.. Care Botany X)ept.. University of Wisconsin, Madison, Wis.

Botany. Plant Physiology and Pathology.

Troop, James, West Lafayette.

Professor of Entomology, Purdue University.

Turner, B. B., 1017 Park Ave., Indianapolis.

Associate Professor of Pharmacology, Indiana University School of

Medicine.

Turner, William P., 222 Lutz Ave., Lafayette.

Professor of Practical Mechanics, Purdue University.

Van Nuys, W. C, Box No. PA. Newcastle.

Superintendent Indiana Epileptic Village, Fort Wayne.

Visher, Stephen S., 817 E. 2nd Street, Bloomington.

Assistant Professor of Geology, Indiana University.

Voorhees, Herbert S., 804 W. Wildwood Ave., Fort Wayne.
Instructor in Chemistry and Botany, Fort Wayne High School.

Chemistry.

Weatherwax, Paul, LeConte Hall, Athens, Ga.

Associate Professor of Botany, University of Georgia.

Botany.

Weems, M. L., 102 Garfield Ave., Valparaiso.

Professor of Botany.

Botany and Human Physiology.

Wiancko. Alfred T.. 230 S. Ninth St., Lafayette.

Chief in Soils and Crops, Purdue University.

Agronomy.

Wildman, E. A., Earlham College, Richmond.

Chemistry.

Wiley, Ralph Benjamin, 777 Russell St., West Lafayette.

Associate Professor of Hydraulic Engineering, Purdue University.

Williams, A. A., Valparaiso.

Professor of Mathematics, Valpai'aiso University.

Mathematics, Astronomy.

Wilson. Charles E., Agr. Exper. Sta., St. Croix, Virgin Islands, U. S. A.

Zoology and Economic Entomology.

Wilson, Mrs. Mildred N., St. Croix, Virgin Islands, U. S. A.

Plant Physiology.



Wilson, Mrs. Etta L., 2 Clarendon Ave.. Detroit. Mich.

Botany and Zoology.

"Wilson, Ira T.. 521 E. Kirkwood Avenue. Klooiuington.

Assistant in Zoology, Indiana University.

Wood, Harry W., Bloomington.

Geogi-aphy and Geology, Extension Division. ludiiina ruivorsity.

Wynn. Frank B.. 421 Hume-Mansur BIdg., Indianapolis.

Professor of Pathology. Indiana I'niversity School of iMedicine.

Young. Gilbert A.. 739 Owen St.. Lafayette.

Head of Department of Mechanical Engineering, Purdue University.

Yuncker. Truman G.. Wood Street. Greeneastle.

I'rofessor of Botany, Del'auw University.

Zehring. William Arthur. 303 Russell St., West Lafayette.

Assistant I'rofessor of Mathematics. Purdue University.

Mathematics.

Fellows 58

Members, Active 198

Members and Fellows. Non-resident 34

Total 290
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SPRING MEETING.

State Forestry Reserve. Henryville, Indiana,

Thnrsday. May 22, 1919.

B usiness Meeting.

At 8 :30 P. M. the meeting was called to order by the Vice President,

Chai'les Stoltz, at the Foi'ester's Residence of the State Forestry Reserve.

The following named persons were present : Charles Stoltz, John S. Wright,

D. M. Mottier, M. S. Markle. Frank B. Wade. H. F. Montgomery, Armanis
Knotts, Mason L. Weems, Paul Weatherwax, J. M. Van Hook, Mabel Hans-

ford, F. J. Pipal, Mr. Christie, B. A. Howlett, Walter Gingery, J. Ford

Miller, and Howard E. Enders.

On motion, duly passed, the Academy is to make up the deficit incurred

by the Ladies' Aid Society of Henryville in the preparation of supper for

a larger number of visiting members than appeared.

The following named persons were nominated and dul.v elected to mem-
bership :

Frederick O. Anderegg, Assistant Professor Chemistry, Purdue University.

Hilda Begeman, Assistant in Physics, Indiana.

Lulu Begeman, Mathematics teacher, Sanborn H. S.

Mary Douglass, Student, Purdue, Attica,

Berton A. Howlett, Associate Professor Physics, Valparaiso University.

Julia O. Hull, Student, Purdue, St. Anne, Illinois.

Col. Richard Lieber, Director State Conservation Commission, Indianapolis.

J. Ford Miller, Student, Purdue, West Lafayette.

Edward G. Proulx, State Chemist, Purdue University.

George W. Sherman, Asst. Professor Physics, Purdue University.

Louis Agassiz Test, Prof. General Chemistry, Purdue University.

Armanis Knotts of Gary, introduced the matter of the next Spring Meet-

ing. He invited the Academy to Gary and the Dunes, and guarantees free

automobiles and provision to visit the iwints of interest on the dunes, the

manufactories of Gary, and the Field Museum in Chicago. He also six)ke

of the work of the Dunes Park Association and its efforts to enlist interest

in the project of making it a national park. Its preliminary step has
been to secure an option on five hundred and twenty acres of land. Men
of wealth are interested in its development l)ut additional membership is

solicited. Favorable expression was made by the members present.

John S. Wright explained the failure of the legislative appropriation for

the publication of the Proceedings, thi'ough an oversight on the part of the

enrolling clerk to include this item, together with two others, after they

had been authorized. After a discussion of the subject it was moved and
passed that the publication of the 1918 Proceedings proceed, and that the

number of copies, and of free reprints to authors be reduced as much as

necessary.

Announcement of plans for the next day was made.
Adjourned, 9:30 P. M. »

CHARLES STOLTZ, Vice President,

HOWARD E. ENDERS, Secretary.
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FRIDAY MAY 23, 1919.

During the forenoon the members and guests joined Assistant Forester

Deam in a tramp through the State Forestry Reserve, in a study of the

various plantings and of the topograpliy of tlie Reserve to tlie "Look-Out"

and back to the Forester's Residence. At noon the party went by electric

cars to New Albany and Silver Springs, thence by train to Marengo, where

President E. B. Williamson and J. H. Williamson, together with F. M.

Gauge and A. C. Ruthven of the T'niversity of Michigan, joined in supper

at the Murphy House. Twenty-one members and guests sat down to the

supper, after which President Williamson called for informal remarks from

a number of persons.

Informal business related to a reduction in the number of free reprints

from the Proceedings so as to come within the unexpended balance of the

publication fund.

Plans for the trip into Marengo Cave were announced, and immediately

after supper the ])arty made a tour of the cave under the leadership of a

competent guide. The geological formations were studied and several cave

animals were collected by Dr. Ruthven and others.

Heavy rains during the night led to a (lis])ersal of the party early Satur-

day morning.

HOWARD E. ENDERS, Secretary.

WINTER MKETING.

Minutes of the Exeeufive Committee.

ClayrK)ol Hotel, Indianapolis, Ind.,

December 4, 1919.

The Executive Committee was call(>d to order at eight o'clock by President

E. B. Williamson, in parlor "B". The following members were present

:

Wm. Blanchard, W. S. Blatchley, Amos W. Butler, W. A. Cogshall, Glenn

Culbertson. C. H. Eigenmann, Howard E. Eiiders, A. L. Foley, Robert

Hessler, W. A. McBeth. D. M. Mottier. Charles Stoltz. F. B. Wade, E. B.

Williamson. .Tohn S. Wright. F. M. Andrews. C. C. Deam. H. S. .Jackson and

R. W. McBride.

The minutes of the last meeting of the Executive Committee were read

and approved after which the rejiorts of the standing committees were

received.

Committee on Relation of Xendemy to State.

R. W. McBride reported on the failure of the legislative appropriation for

1919-1920. Through failure of the enrolling clerk, for some reason or other,

toenter the twelve hundred dollar. (>l;i.200) appropriation after it bad passed

the H(mse and Senate. The history of th(> appropriation to the Academy

was related and suggestions were jnade as to the mode of proceedure.
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The committee has prepared a resolution which it hopes may be com-

municated to every member of the legishiture at its special session. It

would also devise that each member of the Academy seek through his

representative, to have the original appropriation restored.

It was pointed out that there had been no change in the wording of the

original appropriation since it was made in 1009, and that it had thus passed

the House and Senate but that it had been omitted by the enrolling clerk.

The report was received and on motion was duly passed. The Secretary

is authorized to have five hundred (500) copies of this appropriation bill

printed for distribution to members of the legislature, and a committee of

three is to be appointed to formulate a letter to be sent by the Academy
members to each member of the legislature.

A discussion followed on the advisability of asking for an increased

appropriation but the consensus of opinion favored a request for twelve

hundred dollars ($1,200), the sum which the legislature intended to appro-

priate rather than to make an uncertain trial for a large amount, though

the demands are urgent. The committee

:

Howard E. Enders,

Stanley Coulter,

A. M. Kenyon.

Program Committee.

C. C. Deam and F. B. Wade reported that a progi-am of fifty-seven (57)

titles is printed, together with eleven delayed titles. Provision has been

made with the Claypool Management for rooms to provide for a satisfactory

rendering of the program and the banquet.

Committee on Blolixjieal Siirvey.

H. S. Jackson, chairman, reported that the work of the committee during

the year had been chiefly to stimulate activity on the part of persons en-

gaged in the work of the State, and it has thus secured the promise of two

papers for the present meeting.

The report was then read which Indicated, In part, the work accomplished

in previous years and outlined the possibilities for early attention. It Is

advised that a committee be appointed to confer with the State Conserva-

tion commission, with a view to cooperate with it In extending the survey.

On motion : first, the report was received ; second, a committee is to be

named to prepare a resolution for presentation at the close of the Sym-
posium on Friday evening. It is understood that the committee is to confer

with the members of the Conservation Commission on this matter. Com-
mittee :

C. H. Eigenmann,

Glenn Culbertson,

H. S. Jackson.
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Committee on Sitate Lihrari/.

Amos W. Butler reiiorted the very satisfaftory condition of the Library

of the Academy under careful direction of the State Librarian. Foreign

publications are now beginninjsr to arrive and are being bound as rapidly as

volumns are completed. Extensive foreign and domestic exchanges are

received. The report was accepted.

Committee on Difitrihulion of Proceedings.

Howard E. Enders reported that the lOlS proceedings are on press and

are promised for delivery in Januarj- or February.

The Memhcrship Committee.

The Membership Committee nominates the following named persons for

membership

:

Wm. B. Adams. Asst. Botany, Indiana T'niversity.

Price W. Allen, Asst. I'rof. Entomology. Purdue University.

Ira L. Baldwin, Instr. Bacteriology, Purdue University.

Cecil W. Byers, Asst. Physics, Purdue L'niversity.

Elmer G. Campbell, Asst. Prof. Agr. Botany, Purdue University.

O. B. Christy, Prof. Botany and Agr., Muncie Normal School.

G. H. A. Clowes. Physiological Chemist. Indianapolis.

W. P. Crockett, Physics Teacher. Shortridge II. S.. Indianapolis.

Ray C. Friesner. Prof. Botany. Butler College.

Max Wm. Gardner. Assoc. Botanist, I'urdue Exper. Station.

Joel W. Iladley. Teacher Chem. and Biol.. Indianaiwlis.

A. Parker Kitchens, Physician. Indianapolis.

Evalyn G. James. Student in Botany, Indiana University.

Marguerite G. Mallon. Instr. in Food Chem., Purdue University.

John W. Miller. Instr. Plant Pathology. Purdue University.

G. B. Newman. Instr. Entomology. Purdue University.

Raymond M. Kightsell. Physics Teacher. Shortridge High School.

K. Chester Roberts. Chemistry teacher. Franklin. Ind.

Horace A. Shonle. Chemist. IiidiaiiaiMtlis.

John F.. Smith. I'rofessor of Physics, Franklin.

Steplien S. Visher, Asst. Prof. Geology. Indiana University.

Ira T. Wilson, Asst. in Zoology. Indiana University.

Triuuan (i. Yuncker, Professor of Biology, DePauw University.

Committee on Puhliedtion of Proceedings.

Editor L. F. Bennett's report was read in which he outlined the undue

delay <m the part of the printer, thus causing the uiiexpeiKh-d funds of the

Academy to revert to the General Fund of the State.
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Treasure?''s Report.

The balance in the Treasury. December 2, 191S $462. 0'»

Dues collected 241.00

Total $703.07

Expended $216.81

Balance. December 2. 1919 486.07

$703.07

On motion the report of Treasurer P.lanchard is referred to the Auditing

Committee for subsequent report.

Z^nfiu ish ed B iisiii r.s'.<?.

Chairman H. L. Bruner read the Revised Report of the Committee on the

Establishment of a Research Endowment Fund.

On motion the report is accepted to be spread upon the minutes and is

referred to the general business session.

The following named persons are nonunated as fellows upon the recom-

mendations of W. A. Cogshall. Amos Butler and F. B. Wade

:

M. L. Fisher. I'urdue University.

H. S. Jackson. Purdue University.

M. S. Markle, Earlham College.

Chas. Stoltz, South Bend.

Adjourned 10 :30 P. M.

E. B. WILLIAMSON. President,

HOWARD E. EXDERS. Secretary.

Business Session.

Meeting called at 9 o'clock in Assemlily Room of Claypool Hotel on De-

cember .J, 1919. The Executive Committee minutes were read and approved

as read. Demarchus Brown. State Librariiin. was called upon to present

minutes on the relation of tlie State Library to our Proceedings and ex-

changes. The library serves as custodian, cataloguer, and binder.

President WUlianison discussed causes that led to abandoning of the

general winter meeting a .vear ago. prevalence of Influenza. The Conser-

vation Bill went into effect April 1. 1919. It required the nomination of

three members of Academy of Science from which the Governor of the

State was to select one to serve on the committee. President Williamson

appointed a canvassing committee to determine b.v correspondence who
should be nominated. Stanley Coulter was so named liy the Governor from

the list of three submitted by the Secretary.

On motion, duly passed, the twenty-three persons nominated were elected

to membership in the Academy.
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On motion, the names of the foiii- persons nominated for fellowship were
elected fellows.

The Auditor's report was received.

The committee on The Estalilishment of the Research Endowment Foun-
dation read its Revised Report.

On motion, duly passed, the plan as outlined is attempted as read with

one correction as indicated on the printed copy.

Business having heen concluded, the academy proceeded with the

general program and pajjers, numbered one to seven, were taken up.

Adjourned, 12 o'clock noon.

Called Meeting of Exeeutire Committee.

Meeting was called to order at 1 :oO in Assembly Room. The report of the

nominating committee was received as follows :

For Trustees of the Aeademii Foundation—
Amos Butler.

Robt. Hessler.

For Direetors Rescareh—
H. L. Bruner.

R. W. Mcl'.ride.

John S. Wright,

Glenn Culbertson,

A. L. Folej.

On motion, the nomination was accepted.

Adjoiuned. l.:}.") V. M.

Business Session.

The meeting was ("iIUmI to order at 1:3") l)y President 'Williamson in

A.ssembly Room. On motion, tlie two Trustees and five Directors proposed

by the Executive Committee are elected to serve on the Research Endow-
ment Foiuidation.

The Spring meeting was discussed. Invitations have been received from

Gary, and Mailisoii was suggested as a possiliilit.v.

Resolution on Metrie Sj/stem.

The general adojition of the Metric System was discussed and the follow-

ing resolution was introduced.

Whereas, the Majority of the Nations are now using the Metric system.

Whereas, Science in all of its Departments, in all parts of the world,

has adopted the Metric System.

Theketore, Be it Resolved: That the Indiana Academy of Science place

itself on record as favoring and urging the compulsory use of the Metric

system in the United States at once and that the Secretary of the Acad-
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emy be instructed to send a copy of these rosoli;tions to the President of

the United States.

The suggestion of State Fh)wer was discussed. The following resolutions

were then presented.

77(6 Resolution on State Flotrer.

Whereas the Indiana Legislature in 1913 (Acts of 1913 on page 967)

passed a law making the Carnation the State Flower.

AVhereas the Carnation is a native of Southern Europe and no specie or

color is specified, and the Carnation does not lend itself to art.

Therefore, Be it Resolved: That the Legislature he asked to change the

name of the State Flower to one that is a native of Indiana and is well

adapted to art.

That the Flower should be native of every county of the State, and known
to all, and by one name only, such as the Tulip Tree, Flowering Dogwood,

May Apple, Blood Root. etc. On motion, the Academy expresses its ap-

proval of the resolution favoring a wild flower rather than a hothouse plant

for the State Flower.

On motion, the Academy goes on record as favoring the blossom of the

Tulip Tree as the State Flower.

Ajourned, 12 o'clock.

Sectional Meetings.

Physical Science including Geology, Geography. Physiology and Chem-

istry : The Biological sciences including Botany, Bacteriology, and Zoology.

The Physical Science section was held in Parlor "B", W. A. Cogshall, chair-

man. The Biological section met in As.sembly room, E. B. Williamson, chair-

man.

Academy Banquet.

The Academy Banquet in which sixty-three members participated, was

held in the Claypool Hotel from :30 to 8 :00 o'clock. A short business meet-

ing was held at the close of the banquet at which Stanley Coulter, as chair-

man, read the report of the Nominating Committee, For President, H. L.

Bruner ; for Vice President, W. A. McBeth ; Secretary, Howard E. Enders

;

Assistant Secretary, R. E. Holman ; Press Secretary, F. B. Wade ; Treasurer,

Wm. M. Blanchard ; Editor, F. Payne.

On motion, the above named officers were elected.

On motion, Stanley Coulter is to serve as committee, with the power to

act, in an effort to bring about a closer affiliation between the State Acad-

emy and tlie American Association for Advancement of Science.

Suggestions were made favoring the latter part of May as most favorable

time for the Spring meeting.

Adjournment.
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General Evening Session.

An evening session at wliicli i>;i]»ors of popular interest were presented

was held in the Assembly Room of tlie Chiypool Hotel beginning at 8 :15.

In a short business session the trustees and directors which had been nom-
inated to serve on the Academy Research Foumlation were elected.

Adjournment.

E. B. WILLIAMSON, President,

HOWARD E. EXDERS, Secretary.

Indianapolis, December 5, 1919.
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Revised Report of the Committee

Appointed To Consider the Establishment of a Research

Endowment Fund.

To THE MEilBERS OF THE INDIANA ACADEMY OF SCIENCE :

At the Bloomington meeting of the Academy, December, 1917, the report

of the committee appointed to consider the advisability of establishing a

research fund, was referred l)ack to the committee for further revision,

final action being postponed in order to give both the committee and the

membership of the Academy ample time to consider the important project.

Copies of the original report were sent to all members early in 191S. As a

result of suggestions which have been received from many sources, the com-

mittee respectfully submits the following revised report.

R. W. McBKIDE.
J. S. WRIGHT,
H. L. BRUNER, Chairman,

Committee.

A PLAN FOR THE ESTABLISHMENT AND ADMINISTRATION OF A
FUND FOR THE PROMOTION OF RESEARCH

Financial Management of the Fund.

Trustees—Election—Appointment—
The Academy shall organize a board of three trustees for the custody and

financial management of a research endowment fund.

The treasurer of the Academy shall be ex officio a member of this board,

and the other two members shall be nominated by the executive committee

and elected by vote of the Academy membership.

The first board shall be constituted as follows : The treasurer of the

Academy and one member elected for a term of three (3) years, and one

member elected for a term of four (4) years.

Thereafter the trustees, other than the treasurer of the Academy, shall

be elected for terms of four years. Vacancies in office caused by death or

resignation shall be filled by appointment by the president of the Academy,
but the appointment shall be merely to fill the unexpired term.

Bonds—
The trustees shall be required to furnish bonds in accordance with the

amount of the funds intrusted to their keeping, the amount of bonds re-

quired to be subject to revision annually or with every accession to the fund
of an amount of one thousand dollars ($1,000.00) or more.

The fees for bonding the trustees shall be paid out of the current funds of

the Academy, likewise all other ex]>enses of administering the research

endowment fund, until it shall reach an amount yielding twenty-five hun-
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dred dollars ($2,500.00) or more annually, whereon, at the option of the

Academy, the cost of administration may, as far as compatible ^Yith the

terms of the bequests to this fund, be paid out of the interest accruing from
the fund.

The executive committee of the Academy shall appoint a standing com-

mittee which shall have charge of the bonding of trustees and be the cus-

todian of the bonds.

Remuncnition—
Trustees shall serve without pay. but shall lie reimbursed for necessary

expenses inciuTcd in the actual performance of their duties.

Investments—
The trustees shall keep all research endowment funds invested in stand-

ard securities, such as are prescribed by law in Indiana for the investment

of the legal reserve of life insurance companies. In the event real estate or

property other than money is conveyed to the Academy for research pur-

poses and is sold, the funds accruing from such sale shall be promptly rein-

vested in securities of the class named above.

The trustees shall .select some well-established bank or trust company,

having safety deix)sit boxes, as a custodian of all securities, moneys, and
negotiable papers, etc.

Reports—
It shall be the duty of the trustees to make written sworn rejiorts on the

fimd at each annual winter meeting of the Academy, and at such other

times as the executive committee or the president of the Academy may
designate.

Duties of Trustees—Financial—
The duties of the trustees of the fund shall be restricted chiefly to the

financial management of the principal and the interest under the rules pro-

vided. They .shall not as trustees have a voice in the appropriation of such

proceeds as are available for research work. l»ut shall turn them over to

.such committees or individuals as are properly dcsignattMl by the Academy,

to be employed in research work.

Establishment of the Researeh Endowment Fund.

This fund shall be established by the following methods:

(a) By ;innual a])itropriations from the current revenues of the Acad-

emy. It shall be the duty of the treasurer to report to the Academy at each

annual meeting such an amount as in his judgment can be spared for this

purpo.ve. Funds so jipproiiriated shall be irrevocaltle by tiie Academy.

(b) By conveying to this fund all fees from life mendiers.

(c) By establishing the relationship of ](atroii, with a fee of .flOO.OO,

and conveying all such fees to this fund.

(d) By gifts, etc.
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(e) Except when the conditions of individual bequests or gifts specify

to tlie contrary, tlie annual proceeds of tlie fund sliall be reinvested and
become a part of the principal fund until the principal is sufficient to yield

an annuity of two hundred dollars ($200.00).

(f ) In soliciting or accepting gifts an effort should be made to have the

proceeds available for use at the discretion of the research committee, ex-

cepting those cases in which the donor wishes to favor special scientific

interests and will contribute funds adequate to support re.searches in this

line.

(g) It is recommended that donors of small bequests for special pur-

poses should be persuaded, if possible, to give the Academy wide latitude

in the use of the annuities, permitting them to accumulate, where neces-

sary, until the total income shall be sufficient to accomplish substantial

results.

(h) The establishment of prize funds is to be discouraged as incom-

patible with the main object of this fund, which is to aid men of proper
training to do research work, by giving it support while in progress, espe-

cially where adequate resources would be unobtainable otherwise.

Hricntific Adminisf ration.

The Academy, through its executive committee, shall organize a Research
Committee composed of five FcUotrs, representing different departments

of science, to administer the proceeds of this fund.

The first committee is to be nominated by the Executive Committee and
elected by the members of the Academy—one for one (1) year, one for two

(2) years, one for three (3) years, one for four (4) years, and one for five

(5) years. Their siiccessors are to be elected by the Academy members
for terms of four years each, and two Fellows shall be nominated by the

executive committee as candidates for each vacancy caused by the expira-

tion of terms of office. Vacancies by resignation or death shall be filled b.v

appointment by the president for the unexpired term, and if possible the

one appointed shall represent the same department of science as the retir-

ing member or a department not already represented on the committee.

Duties—
This committee shall receive and investigate applications for assistance

in reasearch work and present its recommendation in writing to the ex-

ecutive committee for confirmation.

Investigations in pure science shall have preference in making awards.

Preference is likewise recommended for members of the Academy engaged

upon valuable work for which other adeciuate resources are not available.

No awards shall be construed as Itinding on the Academy beyond the

fiscal year for which they are made, nor for funds unearned by the endow-
ment at the time at which the award is made. Nothing in this provision,

however, is to be construed to i^revent the Academy from continuing appro-
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such continuance shall lie by separate yearly allowances.

The research committee shall be the custodian of all apparatus of i3er-

manent value which shall be purchased through appropriations of the Acad-

emy.

Minor rules and regulations pertaining to other details of administration

shall be made by the research committee and the executive committee of the

Academy.

Remuneration—
Members of the research coniinittet' shall receive no remuneration for

their services. l)ut their necessary expenses, incurred in the actual perform-

ance of their duties. shiiU be paid by the Academy.

Beneficiaries' Requirements—

•

The research conimittee shall require from each beneficiary of the fund
annually, or as freipiently as it may deem expedient, a report regarding

the progress of his research.

Researches supported by appropriations from the Academy may be pub-

lished anywhere, provided in all cases, that <lue acknowledgment shall be

made of such assistance. A (•oi)y of each ])ubliciiti()n not included in the

Proceedings of the Academy shall be jtresented to the library of the Acad-

emy.

Apparatus purchased by lieiieticiaries from funds furnished by the

Academy shall be the property of the Academy, and shall be suliject to the

order of the re.search committee, when the investigation for which it was
provided is completed.

Notices—
Awards of financial a.ssistance shall be made in writing, addressed to the

trustees of the fund and signed by the chairman of the research committee,

the president. an<l the secretary of the Academy.

Promotion Woric -

It .shall be the duly of I lie researcli (niiniiitlee to co-opi'i-ate with the

trustees of the fund and the executive eoiimiitlee. in giving suit;ible pub-

licity to the plans of the Acailemy to establish this fund, and to invite con-

triliutions.
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PROGRAM
OF THE

THIRTY-FIFTH ANNUAL MEETING
OF THE

Indiana Academy of Science

Claypool Hotel, Indianapolis

THURSDAY AND FRIDAY

December 4 and 5, 1919

OFFICERS
E. B. WILLIAMSON, Blulftou President

DR. CHAS. STOLTZ, South Bend Vice-President

HOWARD E. ENDERS, West Lafayette Secretary

P. A. TETRAULT, West Lafayette Asst. Secretary

FRANK B. WADE, Indianapolis Press Secretary

W. M. BLANCHARD, Greencastle Treasurer

LEE F. BENNETT, Janesville. Wis Editor

General sessions of the Academy will be held in the Assembly Room of

the Claypool Hotel. Section meetings in the Assembly Room and in the

Palm Room.
Thursday, December 4, at S :00 P. M., Executive Committee meets at

Claypool Hotel.

GENERAL PROGRAM
Friday, December 4, at D :00 A. M., Assembly Room, Claypool Hotel.

Business meeting 9 :00 to 9 :30 A. M.
General session 9 :30 to 12 :00 A. M.
Lunch 12 :00 to 1 :30 P. M.
Business meeting 1 :30 to 2 :00 P. M.
Section meetings 2 :00 to G :00 P. M.

Physical Sciences in Assembly Room. All lantern papers to be given in

this room.

Biological Sciences in Palm Room.
Annual Academy Dinner. 0:30 P. M.. Dining Room to be announced at

meeting. Members who expect to be present at the dinner will please not

fail to mail at once the enclosed card to Mr. F. B. Wade, 1039 West Twenty-
seventh Street, Indianapolis, in order that plates may be reserved.

General session, 8 :00 P. M., in Assembly Room.
No Saturday program is planned.
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TITLES OF PAPERS TO BE READ.

The papers listed below will be read in the order in which they appear

on the program except that certain portions of the program will be presented

pari passu in sectional meetings. When a paper is called and the reader is

not present, it will be dropped to the end of the list, unless by mutual agree-

ment an exchange can be made with another, whose time is aproximately

the same. Where no statement of time wa.s sent with the papers, they have

been uniformly assigned ten minutes.

Opportunity will be given after reading of each paper for a brief dis-

cussion.

Whenever pos.sible, authors should bring their pai>ers typewritten and

in shape for the editor of the proceedings to tui'n over to the printer.

Drawings and other illustrations should also be ready for the engraver

and delivered with the manuscript to the Secretary.

1. Whales and Whale Fisheries of the North Pacitic Ocean—15 minutes

—William Watson Woollen.

2. Hydrangia Arborescens, var. sterilis Torr. an<l Hray. as an Orna-

mental Plant—10 minutes—D. M. Mottier.

3. The Forest Problem in Indiana—20 minutes—lantern—B. W. Doug-

lass.

4. The Irwin Expedition to Peru. I'.olivia mikI Cliilc lantern— :'.."> minutes

—Prof. C. H. Eigemann.

5. Lorenzo E. Daniels (Biographical Sketch i— ."» minutes—W. S. Blatch-

ley.

6. James E. Weyant (In Memoriam )— ."» minutes—Frank B. Wade.

7. Trees as a Nature Lover Sees Them—20 minutes—lantern—Dr. Frank

Wynn.
8. Correction of the Acoustics of the Auditorium of the Student Build-

ing of Indiana University—8 minutes—lantern -Arthur L. P'oley.

9. A. New Method of Aerating Water l(t ininutcs—lantern—Arthur

L. Foley and Will Scott.

10. Synchronous Leaping of Fish
—

"> minutes Artiiur T>. Foley.

GENERAL pi:()(;ra.m.

8:00 P. -M. Friday.

IL The Burden We Bear, a Study of the Problem of the Mental De-

fectives of Indiana—40 minutes—lantern—Amos W. Butler.

12. The Pelicans of Pyramid Lake—25 minutes—illustrated with moving

pictiu'es—Barton Warren Evermann. California Academy of Sciences. San

Francisco. Cal.

13. The Department of Conservation, State of Indiana, Present and

Future—The Division of Geology represented by W. N. Logan—5 minutes

;

The Division of Entomology, represented by Frank N. Wallace—10 minutes;

The Division of Forestry, represented by Chas. C. Deam—5 minutes ; The
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Division of Lauds and Waters, represented by Clias. G. Saiiers—5 minutes

;

The Division of Fisli and Game, represented by Geo. N. Mannfeld—15 min-

utes ; Concluding Remarks by tlie Director, Ricliard Lieber—10 minutes.

SECTION PROGRAM.
2 :00 P. M. Friday.

Physical Sciences and all lantern papers in Parlor "B".

Biological Sciences in Assembly Room.

PHYSICAL SCIENCES—GEOLOGY AND GEOGRAPHY.

14. Origin of Indianaite—15 minutes—lantern—W. N. Logan.

15. The Calumet Region—15 minutes—Chas. R. Dryer.

16. The Stratigraphy of the Chester Series of Indiana—10 minutes-
charts—Clyde A. Malott and J. D. Thompson, Jr.

17. A Notable Case of Successive Stream Piracy—10 minutes—charts

—

Clyde A. Malott.

18. Nomenclature of Indiana Geological Formations—20 minutes-
charts and maps—E. R. Cummings.

19. Beach Cusps—20 minutes—E. R. Cummings.

PHYSICS AND CHEMISTRY.

20. Ground Resistance—10 minutes—blackboard—R. R. Ramsey.

21. Defects in Mouthpieces of Telephones and Other Sound Recording

Apparatus Shown by Sound Wave Photographs—10 minutes—lantern^
Arthur L. Foley.

22. Retardation of a Sound Wave Moving Tangentially Along a Solid

Wall—5 minutes—lantern—Arthur L. Foley.

23. A. New Method of Investigating the Electric Spark—5 minutes^
lantern—Arthur L. Foley.

24. An Electric Device for indicating at a Power House, the Depth of

Water in a Distant Reservoii-—5 minutes—lantern—Arthur L. Foley.

25. The Spectrum of Phosphorescent Mercury—10 minutes—E. K.

Chapman.
2G. The Chemist and the Community—5 minutes—W. M. Blanchard.

27. Some Chemical Reactions with High Frequency Corona—20 minutes

—lantern—F. O. Anderegg.

28. Segregation and Growth of Crystals in Bearing Metals—10 minutes

—lantern—E. G. Mahin.

29. A Study of the Soils of Hancock County, Indiana—10 minutes—R.

H. Carr, H. S. Copeland and E. Gentzler.

MATHEMATICS.

30. Checks on the Accuracy of Computations in the Solution of Triangles

(by title only) A. M. Kenyon.
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BIOLOGICAL SCIENCES.

Palm Room, 2 :00 O'clock Friday.

BOTANY AND BACTERIOLOGY.

31. A Strange Phlox—4 minutes—charts—Elmer G. Campbell.

32. Additions to the Fmigus Flora of Indiana—5 minutes—H. S. Jackson.

33. An Arrangement of the Ascomyeetes of Indiana—10 minutes—Bruce

Fink and Sylvia C. Fusnn.

34. Indiana Plant I)iseas<>s, l!)lf>—1.") minutes—Max W. Gardner.

3;"). The I'redinales of Indiana. Ill
—

"> minutes—H. S. Jackson.

36. Prevalence of the Loo.'^e Snnit of Wheat in Indiana—10 minutes^

F. J. Pipal.

37. The Dodders of Indiana—10 minutes—T. G. Yuncker.

38. Plants New or Rare to Indiana. IX—5 minutes—Chas. C. Deam.

39. Apparatus for Aerating Plants—5 minutes—F. M. Andrews.

40. A Study of Pollen. II—Kt minutes—F. M. Andrews.

41. A Warming Needle for Arranging Specimens in Paraffin—5 minutes

—F. M. Andrews.

42. The Relation of Hydrogen Ion Concent ration and 'I'itratahle Acidity

in Bacteriological Media—10 minute.s—Ira L. Baldwin.

43. A List of the Parasitic Fungi of M(mtgomery County. Indiana—10

minutes—H. W. and P. J. Anderson. Massachusetts Agricultural College.

44. A Pipette for Holding and :Measuring Sterile Fluids— .^) minutes

—

Chas. A. Behrens.

45. The Cultivation of Spirochaeta N'ovyii Without the Use of Tissue

—

20 minutes—Chas. A. Behrens.

ZOOLOGY.

46. Influenza from a Biologic Viewpoint—10 minutes—Robert Hessler.

47. Notes on the Birds of Carroll, Monroe and Vigo Counties, Indiana

—

25 minute.s—Barton Warren Evermann.

48. Selection for High and Low Bristle Number in the Mutant Strain

"reduced"—15 minutes—F. Payne.

49. The Appearance of Fresh Water .Medusae in Indiana—5 minutes

—

F. Payne.

50. The Inheritance of Orange !]ye Color in Drosophlia—10 minutes

—

F. Payne and :\Iartlia Denny.

51. An i:('olo,gical Note on the .Vndean Lapwing Ptilosocelys resplendens

—5 minutes—William Ray Allen.

52. Ecological Note on the Andean Frog, Cyclorhamphus culeus, Garman
—5 minutes—William Ray Allen.

53. The Ingesting Mechanisiu of the T'nioniade—10 minutes—charts

—William Ray Allen.

54. Notes on the Biology of some conunon fireflies—10 minutes—speci-

mens—Walter N. Hess.
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55. The Orthoptera of Eastern North America—10 minutes—W. S.

Blatchley.

56. Birds Singing at Niglit—5 minutes—M. L. Fisher.

57. The Life History of Myobia Museuli, a Parasite Upon Rats—10 mln-

ute.s—cliart—Howard E. Enders.

Come prepared to let the new program committee know where you want

to go on tlie next annual sirring trip.

Should the Academy do anything toward getting the metric system of

weights and measures into more general use in this country?

Remember that we do not now plan to hold the meetings over to Saturday.

Oiu- Treasurer will be on hand at the meeting to receive your annual dues.

Perhaps you are in arrears on account of the loss of last year's meeting.

Prescription, "Double the dose."

What did you do with that reply card in regard to the banquet? The
Commissary Department must count noses. Mail it now.

ADDITIONAL TITLES.

58. A Case of Asphyxiation by Hydrogen Sulphide, Wm. M. Blanchard.

59. Stellite Mirrors for Astronomical Instruments, W. A. Cogshall.

60. Wild, or Indian Rice, (Title) Albert B. Reagan.

61. The Influenza and the Navajo. (Title) Albert B. Reagan.

62. A Trip in the Little Fork and Nett Lake Country, Minnesota, (Title)

Albert B. Reagan.

63. A Trip Among the Rainy Lakes, (Title) Albert B. Reagan.

64. Bryozoa of the Stones River Group of Central Tennessee, (Title)

H. N. Coryell.

65. A Synopsis of the Forms of Electron Platyrhynchum, (Title) Harry
C. Oberholser, U. S. National Museum.

66. Huffmans Lake : A Map, Its Original Conditions and Some Addi-

tional Observations on Oscillatoria Prolifica, Will Scott.

67. The Depletion of the Fishes of Lake Maxinkuckee by Saprolegnia sp..

Will Scott and Howard E. Endefs.

68. The Food of the Daphnids. Homer G. Fisher, with an introduction
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WHALES AND WHALE FISHERIES OF THE NORTH PACIFIC.

BY

William AVatsox Woollen.

Captain Geoi'ge Vancouver, under a Commission from tlie Government

of Great Britain, in 1792, 1793 and 1794, explored the Nortliwest Coast of

America from nortli latitude 30° to north latitude 60°, in a search for

the Strait of Anian, afterwards known as the North West Passage. For a

number of years I have been making a study of his explorations, and in

doing so have made five voyages to Alaska, the fourth of which extended to

the head of Cook Inlet in north latitude (51°. The following paper is based

on observations made while making those voyages, supplemented by a study

of various authorities uiwn the subject of whales.

On the 7th of April, 1792, Vancouver reached latitude 35°25', longitude

217°24', where he found himself in tlie midst of immense numbers of the

sea blubber of the species Medusa Villilia. The surface of the ocean, so far

as the eye could reach, was covered with these creatures in such abundance

that even a pea could hardly be dropped clear of them. In the afternoon

his ship passed within a few yards of altout twenty whales of the anvil

headed or si)ermacoti species playing in the water. His conclusion was,

that these whales were induced to resort hither to feed upon the immense

number of the Medusa, with which the region al)ounded.

On Monday, the 2.jth of June, he had reached a point in the Strait of

Georgia beyond the present site of the City of Vancouver. In his record

of that day, he says: "In the course of tlie forenoon a great number of

whales were playing abdut in every directi(m : and though we had been

frecjuently visited by these animals in this inland navigation, thei'e seemed

more about us now than the whole of those we had before seen, if collected

together." He also says. "That in sailing from Desolation Sound to Menzies

Bay, numberless whales, enjoying the season, were playing al)out the ship

in every direction." The.se quotations from Vancouver's Journal, and

many others that might be made, show the great abundance of whales

that wei-e to be found in the North Pacific (tccaii a century and a half

ago and how tame they were at that time.

The first of these jinimals that I have had the ))rivilege of seeing was

that of a dead one which was br(»ught from the East to Indianapolis,

many years ago on two open fiat cars, for exhibition. The next one was

seen July 11, 1911. sporting in the Strait of (Jeorgia. between Vancouver

and Active Pass. After that I saw many of them, singly and in pairs, but

I have never seen a "school" of tlicuL I saw a Beluga, or wliite whale,

near to Kodiak, October 1. 1914. On my return trij) of that voyage I formed

the acquaintance of Alfred Hanger, an intelligent man. who had long been

engaged in whale fishing, and from him gained nnich information about

whales and whale fishing. The following are the whales which he said are

found on the Nortliwest Pacific Coast: Right Whale, liowliead Whale,

Sulphur Bottom Whale, Fin Whale, California Gray Whale, Sperm Whale,
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Bottle-nose Whale, White Whale and Killer Whale. His story of whales

and whale fishing, in the main, corresponds very much with what I have

found in the authorities that I have consulted.

The mammalia is constituted of the highest order of the animal kingdom.

Strange as it may seem, a whale belongs to this order, and not to that of

the fishes which in form and habitat, it so mvich resembles. It is a hot,

x-ed blooded creature, breathing by means of lungs, which lie in the interior

of the body in a definite chest cavity, shut off from the rest of the cavity

of the body by a large muscular partition or diaphragm. Frequently it has

vestiges of the hairs which cover the bodies of other mammals and the

I)resence of a few scattered hairs in the neighborhood of the mouth. It

brings forth its young alive and suckles them with milk. At Kyuquot
Whaling Station I saw tliQ foetus of one that was six feet long that had

been taken from a slaughtered mother whale. The bones of the skull are

precisely like those of other mammals, and only differ slightly in their

relative arrangement.

Whales are the giants of creation ; they are not only the largest of the

living animals, but of all animals that have existed, except perhaps the

one hundred and thirty foot Dinosaur, recently described, and in many re-

spects are the most interesting and wonderful of all creatures. They are

all fish-like in form with tapering bodies, one pair of paddles, no apparent

vestige of hind limbs, no external ears, tiny eyes, and black piebald or white

coloration. They are divided into two families, namely, Mystacoceti, or

toothless whalebone whales, and Odontoceti, or toothed whales. All of the

members of the first family are called whales, but of the second only cer-

tain of the larger ones are so termed, the smaller species being popularly

spoken of as "Bottlenoses", "Dolphins" and "Porpoises".

The family Mystacoceti, or whalebone whales, is subdivided into three

genera, (1) Balaena, (2) Megaptera, and (3) Balenoptera. The Balaena

consist of the Greenland, or more properly Arctic right whale, and sevt-ial

other species described according to their geographical distribution. In

the Greenland or Arctic right whiile all the peculiarities which distinguish

the head and mouth of the whales from those of other mammals have at-

tained their greatest development. The head is of enormous size, exceed-

ing one-third of the whole length of the creature. The cavity of the mouth
is actually longer than that of the body, thorax, and abdomen altogether.

The upper jaw is very narrow, but greatly arched from before backwards,

to increase the height of the cavity and allow for the great length of the

baleen, or whalebone ; the enormous rami of the mandibles are widely sep-

arated posteriorly, and have a still further outward sweep before they

meet at the symphysis in front, giving the floor of the mouth the shape of

an immense spoon. In front of the door to "Ye Old Canosity Shop" on the

wharf at Seattle, I saw a pair of jaw bones of a whale which were marked
as being twenty feet and one inch long and weighing one thousand pounds

each.

The Baleen blades of these whales, or whalebone, as known in common
parlance, attain the number of three hundred and eighty or more on each
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side, and those in the middle of each series have a length of ten to twelve

feet. It is by means of this apparatus that the whale is enabled to avail

himself of the minute, but highly nutritious, crustaceans and Medusa Villilia

which swarm in immense shoals in the seas it frequents. These plates of

baleen or whalebone act as strainers. The food thus filtered off by the

action of the whale bone and the raising of the tongue and shutting of the

jaws is left stranded upon the gigantic tongue and then swallowed down
the narrow throat. This whale attains a length of fifty to sixty-five and oc-

casionally seventy feet. It produces a single foal or "sucker" at a birth,

which at birth is ten to fourteen feet long. The bowhead whale, whose

range is circumpolar, probably belongs to this species. According to Scam-

mon, it is seldom seen south of the fifty-fifth parallel north latitude, which

is about the farthest southern extent of winter ice. In other words, it is an

"ice whale". This whale and the southern right whale resemble each other

in the absence of a dorsal fin and longitudinal furrows in the skin of the

throat and chest, but they differ in tliat the southern right whale possesses

a smaller head in proportion to its body, shorter baleen, a different shaped

contour of the upi>er margin of the lower lip. and a greater number of

vertebrae.

The Megaptera. commonly called tlie "hTuupback" whale, is characterized

from all otliers of the group, especially by its immense length of the pec-

toral tins or flippers, which are indented or scalloped along their margins,

and are. except at the base, of a white color, nearly all the rest of the bodj'

being black. It differs from the right whale and resembles the rorqual

in having the skin on the throat and chest marked with deep longitudinal

furrows. The Baleen or whalelxme plates are short and Inroad and of a

deep black color. The usual length of the adidf ranges from forty to fifty

feet. The production of its oil varies iimrc than in all other whales.

Scammon reiwrts having seen indivi<luals which yielded but eight or ten

barrels of oil and others as much as .seventy-five. Whalemen distinguish

this mammal at a consideralde distance Ity its niMliiliitiiig movement. They

are found in both the Xorth and South racific. During the breeding sea-

son this species is remarkable for its amorous antics. At such times their

caresses are of the most amusing and novel cliaracfer. When lying side

by side of each other they frequently administer alternate blows with

their long fins, which love i)ats may. on a still day. lie heard at a distance

of miles.

The P.alaeiioptera coniixised of the rorquals ur lln wliales have the plicated

skin of the throat like that of the megaptei-a. the furrows being more

numerous and close-set; but the pectoral fin is conii>aratively small and the

dorsal fin distinct and falcate. This whale is comjiaratively small, flat and

pointed in front, the baleen or whalebone short and coarse, the body long

and slender, and the tail very much compressed Itefore it expands into the

flukes. The rorquals are perhaps the most abundant and widely distributed

of all the whales, being found in some of their modifications in all seas,

except the extreme Arctic, and probably Antarctic regions. They yield
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a small quantity of Inferior whalebone, and a limited amount of blubber

or subcutaneous fat. There are four and probably five species of the

rorqual. (1) Sibbaldi, named in honor of Sir Robert Sibbaldi ; Borealis

;

(3) Rostrata ; (4) Musculus, and (5) Sulphureus. The sibbaldi is the

greatest of all the whales. Whalers know it by its large size and by the

height to which it spouts. Its speed too, when going rapidly, is great

—

something like twelve miles an hour. It feeds uix»n Crustacea, lives mainly

in pairs, and reproduction is said to take place every three years. The
species borealis. known as Rudolph's Rorqual has a length of forty to fifty

feet ; color bluish black above and white below : upper surface with oblong

light spots. Baleen black with white bristles ; number of plates three hun-

dred and thirty. It is inoffensive in character. It is estimated that it can

remain under water eight to twelve hours. The species rostrata has a

length of twenty-five to thirty-three feet, color greyish-])lack above, and
white below; dorsal fin high at commencement of last third of the body;
pectoral fin one-eighth of the total length of the body ; plates of baleen

about three hundred and twonty-five. This is the smallest of the rorquals,

and is readily distinguished from them by the white band which crosses

the pectoral limb, and by the sharp snout—hence the specific name of

"rostrata". The species musculus, grows to a length of sixty to seventy

feet. The color is gray-slate above, white below. The dorsal fin low with

straight margins, is placed slightly in front of the last fourth of the body

;

the pectoral fin has a length of one-ninth of the body. The plates of

baleen and bristle are of a dark liluish black color, and the number of them
ranges up to three hundred and seventy. This is perhaps the commonest
species of the rorquals. The species Sulphureus. commonly known as the

"Sulphur Bottom" whale, is one of the longest of the whales ; an example

of it having been measured and found to ])e ninety-five feet in length with

a girth of thirty-nine feet. It weighed one hundred and forty-seven tons,

and yielded one hundred and ten barrels of oil. Ordinarily one of them
yields about eight hundred pounds of baleen or whalebone. The name is

derived from the yellowish color of the under parts of its body ; the back

is lighter in color than is usual, and is sometimes a very light brown,

approaching to white. During the months from May to September, inclus-

ive, these whales are found in large numbers close in with tho shore.

The family Odontoceti is composed of the toothed whales. Correlated

with the presence of the teeth is tlu> absence f)f baleen or whalebone.

Beddard says. "So sharply defined are the Odontoceti from the Mystacoceti

that intermediate types are sadly to seek ; and both additions, in fact,

have each specialized on their account in the same kind of direction in

parallel lines. We have great-headed Cetaceans in both groups. The
Cachalot corresponds to the Right whale. There are giants and pigmies

amongst the families of each. The small Kogia is a near ally of the bulky

Cachalot. The somewhat dwarfish Neobalaena is not far off from the

leviathan of the Greenland seas. There are Odontocetes without a dorsal fin,

and Odontocetes with that fin. The Rorquals correspond to the latter, the

Greenland whale to the former. The head of the Sperm whale or cachalot
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is about one-third of the lon.tith of the IkxI.v. very massive, high and trun-

cated in front, owing to its huge size and remarl^able form mainly to the

great accumulation of a peculiarly modified form of fatty tissue, filling

the large hollow on the upper surface of the skull. The oil contained in

die cells in this great cavity, when refined, yields Spermaceti, and the

thick covering of blubber, which everywhere envelopes the body, produces
the valuable sperm-oil of commerce. The single blowhole is a longitudinal

slit, placed at the upper and interior extremity of the head to the left side of

the middle line. The opening of the mouth is on the underside of the head,

considcral)ly behind the end of the snout. The lower jaw is extremely
narrow, and has on each side from twenty to twenty-five stout conical teeth,

which furnish ivory of good (piality. The upper teeth are quite rudimentary
and buried in the gum. The pectoral fin or flipper is short, broad, and
truncated, and the dorsal fin a mere low protuberance. The general color

of the surface is black above and grey below, the colors gradually shad-

ing into each other. The food of the sperm whale consists mainly of

various species of cephalapods. but they also eat fish of considerable size.

The substance called "ambergris", formerly used in medicine and now in

perfumery, is a concretion formi'd in the intestine of this whale, and is

found floating on the surface of the seas it inhabits. Its genuineness is

proved by the presence of the horny beaks of the cephalopods on which the

whale feeds. The remaining Odontoceti are all animals of much smaller

size than the sperm whale, but to several of them the name "whale" is

commonly applied.

The Koluga or White whale is entirely northern in its range. Its name
"Beluga" is derived from Ihe Russian and signifies white. The young
is blackish, the older whale a mottled, and finally a yellowish hue is

arrived at. which is gradually blanched to i)ure white. It reaches a length

of sixteen to twenty feet. It is a singular fact that these whales, unlike

many Cetacea. have a distinct noise which has earned for them the name
of "Sea Canary". They live in companies and feed upon fish. ce])liiloi)ods

and Crustacea. Though this is a marine whale, it sometimes ascends rivers,

it is said, in pursuit of salmon. It has been known to asceml the Vnkfm
Uiver for a distance of seven hundred miles.

The Orca or Killer whales grow tf» a length of twenty !<» Iliiily feet. They
are powerful, rapacious ;inimals. and ;ire the only whales that feed upon
their own kind and upon large ]>rey. Tliey are a sjiecies of rapacious, car-

nivorous whale, whose upper and lower jaws are armed with sharp, saw-
like teeth. They are known as the tiger-hearted gladiators of the sea. The
Killer whale iie\cr hunts alone. It pursues its titanic (|nany in couples

and trios, and sometimes in veritable wolf-like packs of a half dozen. I

witnesi-ed one of these attacks in (Jueen Charlotte Sound. They havc^ been

known to assault the largest whales of the sea. Burns tells of an attack

of this nature upon a large bowhead whale and Scannnon of one uiK)n a

Californian Grey whale which he witnessed. He says. "They made alter-

nate assaults ui»on the old whale and her offspring, finally killing the latter,
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which sunk to the bottom, where the water was five fathoms deep. Duriug
the struggle the mother became nearly exhausted, liaving received several
deep wounds about the throat and limbs. As soon as their prize had set-

tled to the bottom the three Orcas descended, bringing up large pieces of
flesh in their mouths, which they devoured after coming to the surface."
The common porpoise is a gregarious whale found in both the Atlantic

and Pacific. It reaches a length of five to six feet and is generally blackish,

but white on the belly. Like the stormy petrel they have the reputation of
presaging foul weather, when they sport and chase one another about
vessels, an instance of which I witnessed in Lynn Canal.

It seems to be hardly a matter of doubt that whales were first utilized

only when stranded on shore. The discovery thus made of the economic
value of many parts of these huge monsters led naturally to their pur-
suit, either from the shore or open sea. As to the actual date of the first

active bunting of them there is dispute, the real date of the origin of this

pursuit being difficult to ascertain. Hakluyt thinks it was practiced on the
Norway coast as early as A. D. 890. In the first place it probably was
practiced from the shore. Beddard says, "No doubt as soon as the value
of stranded whales was ascertained they would be hunted in this fashion,

and then as the shore-coming whales got scarcer they would be pursued
by the whalers further and further into the ocean". The American whale
fishing began as early as the year 1G14. At first the animals were pursued
from the shore ; and Nantucket Island was the headcpiarters of the industry.

The whales were watched for from a "tall spar", and when an animal was
seen to spout the boats immediately set out in pursuit. The whale when
captured was towed into shore, and the flensing done on the beach.

Verrill says that, at that time no ships had set forth in quest of whales
and the whalemen depended upon those which could be captured from small

boats and it was not until 1GS8 that the first whaleship set forth on a true

whaling cruise. Within a dozen years the sails of the sloops, brigs and
schooners from Nantucket and other Massachusetts towns were spread to

the winds of the Atlantic from the Equator to the Arctic Circle.

Never very abundant, the right whales, that is the Arctic right, or

Greenland whale, and the North Atlantic whale, of which the oil served to

light the way of our ancestors and the whalebone to give shapely form to

the women, have become very rare. In our time the Greenland whale is not

regularly hunted except in Davis and Lancaster Straits, Hudson Bay, on
the Northwest Coast of North America about Point Barrow. Even in

those places it is no longer abundant. The second species of right whale, the

North Atlantic right whale is at present scarcely more abundant than the

Greenland whale. In contrast with the foregoing, finbacks and Humpbacks
abound in all seas, such as the blue whale, the rorquals, the pollack whale,

the common humpback, and many other less well-known species. The
cetaceans are at present relentlessly pursued for commercial purposes.

The finback whale fishery began in 18G7, when the celel)rated Norwegian
sailor, Svend Foyn with his destructive machine captured his first whale,

and in the first year took thirty of them. In less than fifteen years this
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fortunate inventor found himself possessed of more than $2,000,000. En-

couraged by this example, companies were organized to exploit this source

of profit, to such an extent that in 1SS7 there were no less than thirty-five

whaling vessels on the coast of Finmark. In good years they captured from

twelve hundred to thirteen hundred finbacks. According to the Norwe-

gian Fisheries Journal four companies alone in 1911 captured fourteen

hundred and seventy-two finback whales, and in the Antarctic seas around

South America, not less than ten thousand finbacks and humpbacks were

killed. In 1913 nine companies with thirty-two steamers were established

in the South Shetlauds, and they caught more than three thousand whales.

The early days of whaling, as we have seen, was "shore whaling" by

means of small boats, and all the whales attacked and captured were those

which approached close to the shores and could be seen from the land.

This whaling was carried on l»y means of harpoons and lances. The first

Nantucket whaling vessels were small, thirty-ton sloops fitted for crui.ses

of a few week's duration and after capturing one whale they returned to

port. From the small sloops of those early days the vessels were Increased

in size until large barks, ships and brigs were in almost universal rise. The

tools, weapons and implements of those early days were not well adapted

to the capture and cutting up of whales, and the later whalers found it

ditticult to imi>rove upcm them. The most improvement made was the har-

poon-gun invented by Svend Foyn in 18(17. This gun is heavily constructed

throughout and has a l)ore of three inches and placed in the extreme bow

of the whaling vessel. The harpoon is a very heavy niissle. weighing sev-

eral hundred pounds. A bomb containing roughly a pound of powder is

screwed on to the haipoon. and the latter then rammed home and in the

same maniler shot. Coiled upon the iron plate under the gun muzzle is the

"doregoer", made of the best Italian steam tarred hemp, four and half

inches in circumference, one end of which is attached to the harpoon about

eighteen inches from the point. Attached to the other end of the "foregoer"

is one of the main whale lines from the winch, this line l)eing of Russian

steam-tarred hemp, about four hundred fathcmis in length, and of five and

a half inches circumference. Thus equipped a vessel is ready for action.

Near the top of the mast head is located the lookout barrel, from which

point of vantage the lookout can cover a much larger area than a man on

deck would be able to do. As soon as a whale is sighted the vessel is run

as close to it as possible, and when within I'ange the gun is fired. A time

fuse is attached to the l)omb on the harpoon, this being ignited by the dis-

charge of the gun. and five seconds after the discharge the bomb ex-

plodes. On the shaft of the harpoon are barbs, which expand on entering

the body of the whale, making it next to impossible for the harpoon to be

drawn out. As soon as struck the whale sounds and goes to the bottom.

These animals have enormous strength and will at times tow the vessel

several miles before beginning to weaken. As soon as the line slackens it

is snubbed around a heavy steam winch on the deck just ahead of the

bridge, after which the wounded whale is playeil in much the same manner

that a fish is played by an expert angler, a continual strain being kept on
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him. slackeninj? sometimes to avoid a wild rush, but always reeling in

slack at every opportunity. The strain soon begins to tell on the whale, his

rushes growing shorter and less vicious, and finally he rises to the surface,

lashing the water white in his struggles. Should he blow blood when he

reaches the surface, the whalers know he is mortally wounded, and wait

until he dies, but if he blows clear and quiet, the "pram", a peculiar spoon

shaped boat adapted from a Norwegian model, is lowered and rowed along

side and a long lance is driven into him until he blows blood, which shows

an internal hemorrhage, from the effects of which he soon expires, rolling

over on his back in his last struggle, and then sinking to the bottom. The

line is now rapidly hove in until a heavy strain shows the slack is in and

the weight of the whale is showing, when the line is run through a heavy

ii'on block at the foremost head, this being heavily rigged in order to stand

the tremendous strain. Fathom by fathom the line comes in until at last

the dead body is alongside. A chain is attached around the tail and the

winch then heaves the tail out of water, causing the animal to hang ver-

tically head down from the bow. The vessel is then forced ahead at full

speed to bring the body to the surface. The lobes of the tail are then sev-

ered and brought on board. In order to make the carcass more buoyant,

air is blown into the abdominal cavity liy means of a Westinghouse air

pump.

If the whaler is not ready to return to the station immediately, a buoy

with the ship's flag attached, is secured to the whale, and both allowed

to go adrift while the vessel continues its hunt, sometimes as many as three

or more whales being brought in at one time, all ^^^th their tails out of the

water, and hoisted to the liow. Upon arrival at the station the whales are

attached to a buoy in front of the ship, from which a line is taken and the

animal haided into the mouth of the ship between two cribs filled with

rocks, which act as guides to keep it centered, at the same time to ballast

the nose of the slip under water at all stages of the tide. A large one

and a half inch diameter iron chain is then attached to the tail of the

whale and it is hauled out of the water under the "flensing" shed by a

powerful steam winch. As soon as the whale is in place, men with long

handled knives commence "flensing", that is. removing the blubber. This

is a layer of fat directly under the skin, covering the whole body like a huge

blanket, and varying in thickness from four to seven inches. The men
walk from the head toward the tail, cutting long gashes in the blubber as

they go, then a steel hook attached to a wire cable is hooked in at the

end of a strip, the steam winch heaves in on the wire, and the long strips

are peeled off one after another.

As fast as removed the strips of blubber are put into the slicer, or blubber

cutter, and chopped into half-inch slices, which are dropped into an endless

bucket elevator to be hoisted to the blubber pots, where the oil is fried out

by means of steam pipes running through pots. After the blubber is ex-

hausted in these pots, it is conveyed in a chute to a drainage tank, where
the bulk of the water is separated by gravity, and then to the dryer, where,

mixed with the residue of the meat, it is turned into guano. After the blub-
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ber is removed from the carcass and the inside fat is taken out by chopping

through the ribs, the carcass is hauled up to the carcass platform

which is at right angles to and a few feet Iiigher tlian the main slip.

Here anotlier gang of men remove the meat from the skeleton. Tliis meat,

which very much resembles beef both in appearance and flavor and is fre-

quently eaten at the station, is put into pots arranged on Iwth sides of the

platform, where it is boiled and the oil extracted from it by an acid pro-

cess. After the oil lias been dipped from these meat pots, a sluice is

opened and the residue is allowed to drop into the chute, where it is itm

into the drainage tank before mentioned, from thence going into the hot-air

dryer witli the l)lubber residue. Here it is made into guano by a drying

process which dries the material thoroughly and then shreds it fine,

after which it is ready for the marlvct. its value as a fertilizer being very

liigh. The blubber oil is ready for barreling as soon as it is cold, but the

meat oil has to be clarified first, to remove the little particles of meat re-

maining in the liquid. The latter is the darker of the two oils, both be-

foi'e and after clarifying.

Heretofore, the parts of the whale utilized and the products prepared at

a whaling station were as follows : Tails and tongues, sliced into thin strips

and shipped to Japan, where they are eaten; oil. guano, bone meal, and the

baleen or whalebone of commerce. A glue was also made from the residue

of the blubber after boiling which was used for coating the insides of the

barrels to hold the oil. In addition, experiments were maile with the prep-

aration of a meat extract from the Qc^h. and with the preparation of leather

from the skin and stomach wall. An important addition to these uses, is the

preparation and Titilization of the flesh of whales as a food for the human
family.

Seven whaling stations have been established along the Pacific Coast, and

fully ecjuipped for the preparation and baiidling of whale products. Each
of these has its whaling fleet, that .scours the ocean for a supply for the

plant. These plants disposed of about one thousand whales during the

season of 191S. It was my privilege to visit the Kyuquot Station in that

year. My visit was at a fortunate time. The flenced carcass of a

monster female whale was on the floor of the plant, and six others were

anchored in the bay. These consisted of two Sperm whales, one Finback,

one Bowhead. one Sulphur liottom and one Humpl)ack. They had just

been brought in from a distance of sixty miles, thus showing how scarce

whales are getting to be on the Pacific coast. When our vessel came into

the bay and stirred the water, it was red with the blood of the slaughtered

whales. I was able to examine the various i)nicesses of handling and con-

verting whales into their various products. I was especially interested in

tlie process of preparing and canning the flesh for human food and could

see no reason why it would not be perfectly edible. In every detail it was

done in a most deaidy manner. Certainly the flesh of a whale is grown

or made from the cleanest of food and five from dlsea.'-ed conditions. Other

nations use and relish the flesh of the whale as food. Why should not

Americans do so? By doing so the (piestion of meat supply will be much

simi)lified.
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HYDRANGEA AKBOKP::SCENS VAR. STERILIS TORR. AND GRAY
AS AN ORNAMENTAL PLANT.

David M. Mottiek.

From time to time during tlie i)a.st twenty years, members of the botanical

staff of Indiana t'ni'; ersity have pointed out to students the very showy
and conspicuous sp( > imens of the sterile form of Ht/drangca arborescens L..

to be found occasionally among the fertile plants of the species which grow
abinidantly on rocky banks, in shaded ravines and along streams in Monroe
County, Indiana. These sterile specimens are very conspicuous becaui-e of

the large, showy, snow-white flower clusters, in which not a single fruit is

developed. Upon plants in their native habitat in the woods, the clusters

of cymes often attain, in thrifty individuals, a diameter of fi'om six to eight

inches. Owing to their promising character as ornamental plants, and be-

cause of hardiness, specimens of sterile individuals were transplanted to the

grounds of a local gardener near the university, where they have been imder

cultivation for a number of years. The plant is easily propagated from

stem cuttings, and, in the second year, if pruned to a single cane or two,

the clusters of flowers may attain a diameter of from fourteen to sixteen

inches. For this reason, and because of the fact that sterile forms of Hyd-
ramjcu arborescens are listed and offered for sale by florists under other

names than Hijdrungea arborescens var. sterilis Torr and Gray, the writer

Fig. 1.—Hydrangea arborescens var. sterilis. A clump transplanted when
small from the woods to a blue grass lawn. It is three feet in diameter at the
ground and bears about sixt.y-five large heads of flowers. (Courtesy of Mr. Hugh
Hinlile.)

became interested in the probable origin of the sterile form as it occurs in

this vicinity, and to know whether the plant advertised under other names
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may not have been obtained from the variety sfcrilis Torr. and Gray, taken

into cultivation from some other part of its range, which, according to the

manuals, extends from southern New York to Florida and west to Iowa

and Missouri.

Fig. 1 is a photograph of a large clump of H. arborescence var. sterilis

Torr. and Gray, which was transplanted from the woods to a blue grass

lawn in the open sunshine. When transplanted from the woods, fourteen

years ago, it consisted of a small plant with two or three canes. It has had

no cultivation save an occasional watering in dry weather. At the present

time the clump is three feet in diameter at the ground, and this summer

bore sixty-five large heads of snowy-white flowers.

Fip. 2.—Ilytlrangea aibuiescciis var. sterilis. Two flower clusters foiirtoou

inches in diameter, borne by a plant two years old from a enttinff.

Fig. 2 represents two flower clusters fourteen inches in dianieter borne

ui)on a plant two years old from a cuttini;.

Torrey and Gray' (Flora of North America . vol. 1. i»ag(> ")!)! i recegnized

four varieties of Jli/draiu/ca nrhorcficciiK L. described as follows:

"a. Vi(l(i<irix: leaves ovate, oliluse at tiie b.-ise; flowers commonly all

fertile. -H. iirhorcscens, L. ! (pi. gronovl; II. ruUjariH. Michx.

!

etc.

"b. Vordata: leaves broadly ovate, more or less cordate, large; a few

of the marginal flowers radiate, sterile.—H. cordata, Pursh.

!

I.e. ; DC. I.e..

"c. Ohionya: leaves ovate—oblong, mostly acute at the base; a few

of the marginal flowers r;idiate, sterile.

"d. Sterilis: flowers all sterile and radiate. The specimens upon

which the description of this variety was based was collected at

Wysox, Penna., by Mr. John Carey."
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In the later manuals (Gray and Britton and Brown) -ho varieties

f)f Hi/draiKjca arborescens L. are recognized. In l)oth the sixth and
seventh editions of Gray's Manual reference is made in the des-

cription of H. arhorcsccns L. to the rare occurrance of radiant

flowers thus : "flowers often all fertile, rarely all radiant, like

the Garden Hydnnu/cfi." In the seventh edition the expression,

"like the Garden Hi/drmxjca", is omitted.

In Britton and Brown's Illustrated Flora (2nd edition) we find: "marg-

inal sterile flowers usually few or none, but sometimes numerous, or form-

ing the entire inflorescence."

In Bailey's Encyclopedia of Horticulture (Vol. 3. p. 1622, 1915.) three

varieties of S. arborescois are listed as follows : "Var. cordata, Torr. and
Gray, has the leaves broadly ovate and cordate. Var. stcrilis, Torr. and
Gray. A form with all the flowers sterile, sepals broadly oval, rounded or

mucronate at the apex ; leaves oval to oblong ovate, rounded or abruptly

contracted at the base. It is doubtful whether this form is still in cultiva-

tion. Var. fjrandiflora, Rehd. A form of variety cordata with all the flow-

ers sterile: heads 5-7 inches across; flowers %-inch across with ovate acute

sepals ; leaves ovate to ovate-elliptic ; cordate or rounded at the base."

From the foregoing it is clear that Bailey regards var. grandiflora Rehdei.

as a form of var. cordata Torr. and Gray, and expresses doubt as to whether

var. stcrilis Torr. and Gray is still in cultivation. He does not state when
and where this variety had been in cultivation, nor are we told how var.

grandiflora originated from var. cordata. Torrey and Gray (1. c. p. 591.)

make no reference to the flowers being even occasionally all sterile in var.

cordata.

The following remarks pertain to the wild specimens in the woods and to

those transplanted to the lawn as stated in the foregoing, and not to plants

propagated from those and subjected to ciTltivation. The native plants of

//. arhorcsccns L. growing in this vicinity agree with the descriptions in the

manuals with the exceptions of the leaves. In Gray's manual the leaves

are described as ovate, rarely heartshaped. while Britton and Brown refer

to them as rounded, cordate, or rarely broadly cuneate at the base. In

Torrey and Gray, the leaves are ovate or cordate, mostly acuminate, ser-

rately toothed, puberulent or nearly glabrous.

In the plants observed by myself the leaves were generally heartshaped.

iilthough there may be a wide variation in diiferent plants and upon differ-

ent stems of the same clump. These gradations range from a broad, deeply

cordate, truncate, to rounded and narrowly tapering bases. The smaller

leaves near the inflorescence are frequently narrow with narrow tapering

bases.

Variety stcrilis possesses the same stem and leaf characters as the fertile

species. The flowers, liowever, are all radiant, snowy-white, from l%-3
cm. in diameter, A'ery much larger in cultivated specimens ; sepals broadly

oval, rounded or obovate, somewhat pointed or i-ounded at the apex, but not

mucronate ; in most of the flowers stamens and pistil present, the latter
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becomiiif; aliortivo. fonniiig no spcdi^ : in the ro-t nf tho flowers stamens and

pistils rndinientary or none, or so rudimentary as to appear absent. It

should lie remembered that tlie radiant flowers of the fertile plants fre-

quently bear stamens and pistils, the latter aborting.

Plants under consideration originated in nature from the fertile species.

probably as a seed mutant or bud sport. They did not originate in cultiva-

tion.

If certain forms or varieties of Ifi/ihrnii/rit arhorrsccii.^ merit the name
"Hills of Snow." var. .s/c/vV/.v should be known in the garden as "Moun-
tains of Snow."

In the near future a closer study will I»e made of the species in its nat-

ural habitat, along with the sterile variety. Owing to the conspicuous ai>

pearance of var. sterilis among the fertile species, the occasional siiecimens

are readily found by plant lovers and removed to cultivation. As a result

this variety is very rare in this vicinity at present. In the opinion of the

wi'iter the form or forms advertised by florists as Tltidraufica grandiflora

may probably be cultivated specimens of var. sterilis.
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THE INDIANA FOREST PROBLEM.

Benjamin Wallace Douglass.

Emerson Hongli has ivcently pointed ont that we are liviu.ir in a fool's

pai'adise and that tlie time had arrived when we would have to take some
measures to protect and if iwssible perpetuate our vanishing supplies of tim-

ber, coal and other natural resources.

The forest problem and the idea of making some pro\asion for a future

timber supply has for many years been before the public in a sort of half

hearted way and it has been a source of inspiration for many half baked

reformers who had turned to reform as a tired business man turns to golf.

It has become a plaything for politicians and as a result there is no real

progress in timber conservation to be seen.

It has recently been advocated that the solution of the problem in Indiana

consisted in the purchase of some vast but vague number of acres of waste

land and then reclaiming this land by the planting of trees. Such a project

would be most admirable from the stand point of the political "reformer"

for it would place in his hands a considerable amount of public money

—

and if there is anything that the average politician likes to do better than

anything else it is to handle public funds.

Mic'hijiran forest land In which all young growth has liecn killed. Trees liave
been replaced hy asters, fire weed and bracken ferns.

We are fortunately not in the dark as to the possible success of such a

program for there have already been planted in Indiana quite a number of

"forest plantations". It has been the writer's good fortune to visit many of

these plantings and to secure data on the rate of growth, the value of the

land, the possible return, etc. Without exception not a single plantation of
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this kind has produced enough to pay the taxes on the land it occupies.

"Without exception, every plantation visited could be characterized as an

absolute failure. The best of them were planted on land that was good

enough to be rated as good corn ground. In such situations young trees

thrive fairly well but when planted in poor, "washed", abandoned soil the

trees struggle along for years before they are large enough to cut first class

bean poles. Certainly it is not proiwsod to buy high priced Indiana farm

land, take it out of production and plant trees on it. And yet if we delib-

erately plant trees on the opposite type of land no one will ever be benefitted

l>y the work—and the tax payers will have to foot the bill.

In southern Indiana we have still many thousands of acres of timber land.

Some of this, most of it in fact, has been cut over more or less. It is difficult

to find a tract from which no timber has ever been removed. There are

other thousands of acres that have been cut over and practically all of the

merchantable timber .sold. This cut-over land has not been cleared for

agricultural purposes, however, and still contains the stumps and I'oots of

the former trees.

It is a well known fact that when a tree is cut down that the root will as

quickly as possible send up one or more vigorous sprouts in an effort to

replace the top. It is aLso well known that when the mature trees are

The forest lire is the worst iMiciiiy nt" mir t'liluri' liiiilicr siipply.

removed in a forest the younger trees make a trcniciuiinis growth in a very

short time. What then is to prevent these cut-over lands from replacing the

trees removed much more <iuickly than .similar trees c<mld be grown on

abandoned farm lantls? There is but one answer to that question and that

is "fire". Every year in Indiana we permit forest fires to rage over our tim-

ber lands and no one ever takes the trouble to do anything about it. In my
own neighborhood we had a fire a few years ago that killed more young

trees than have been planted in the state since the Board of Forestry was
first organized. This particular fire was prevented from doing still greater

damage only by the prompt action of a private individual. It was known
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at the time by whom the fire was started and a itrosecutiou could have been

made under the existing tire law but altho the authorities were notified they

did not indicate any disposition even to invi'stifjate the matter.

In our neighboring state of Michigan a similar condition prevails as it

does in most of the states in the Union. Our public indifference to forest

fires is preventing the growth of timber to supply our future wants and a

stringent fire law would do more to perpetuate our forests than would any

amount of forest planting on low grade state owned land. In Wisconsin I

have seen large areas of white pine land that had been burned over year

after year until even the humus had been burned out of the soil and only

the pure sand sub-soil w^as left. In the same district I have seen small

patches of land which have been protected from fire for thirty years or more
and now have a perfect stand of pines nearly a foot in diameter. In Mich-

igan I know of one tract of cut over land that has not had a fire in it for

sixty years. To one who does not know the history of the place it is

thought to be virgin forest and to all intents and purposes it is, for it bears

a crop of trees that are ready for market.

A typical Catalpa planting
times been urged by the state.

Plantings of tliis wiirtliless tree have at various

In my own neighborhood in Indiana I know of one little tract of white

oak land that has been protected from fire for over thirty years and sup-

ports a growth of very perfect trees nearly all of which are large enough to

cut cross ties and many of them will make saw logs. On the same farm is

another tract that has been burned over at intervals of a few years and
the growth on it consists of sas.safras, sumach, blackberry and tangled vines.

If this tract should be protected for a few years the sassafras even would
quickly reach a size that it would be valuable. Repeated burnings have
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killed successive crops of young trees luitil now only a stand of bean poles

is left.

The question may he raised as to whether or not it is possible to enforce

an anti-forest Are law. This might well he answered by referring to the

results obtained by our northern neighbor. Canada has a forest fire law

and enforces it. Wlien a hunter or camper goes into a Canadian forest he

knows beforehand just what will happen to him if he allows a fire to escape

in the woods. The farmers have the same information and as a result such

fires simply do not happen. The few forest fires that have been reported

from Canada have either been s-et through agencies ovej- which no control

can be practiced (such as lightning) or they were "nipped in the bud"

through the work of the law enforcing bodies.

The same laws and the same methods which have reduced Canadian fires

to a minimum might well be applied to our own country and our own state.

We would then have a chance to provide a timber supply for the future

without tapping the i)ul)lic till to olitain funds for a gigantic experiment

which is at best Itut doubtful in its outcome—but vci-y certain in its outgo.

A part of a Michigan forost that has giowii in tlie last si.xty years. An r-vidonce

of what may be expected on cut-over lands when fire is l<ept out.
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L. E. DANIELS—A BIOGRAPHICAL SKETCH.

BY

W. S. Blatctiley.

Lorenzo E. Daniels was born March 4. l.sr)2, near Mazon. Grnnrty Co..

Illinois. He was reared on the farm, which he afterward inherited, and

received his education in the country and village schools. He taught for

two years, and later served one or two terms as sheriff of Grundy County.

In time a portion of his farm became a town-site, so that he had in his

later years a competence wliich enabled him to devote all his time to nat-

ural science.

In his boyhood days Daniels became interested in fossils and shells, and

later in reptiles, conchology finally becoming his especial hobby. His home
was located near Mazon Creek, which in that region flows through the Coal

Measures, exposing numerous outcrops of the I'pper Carltoniferous Rocks.

These he found rich in animal remains, especially in those of insects. In

time he gathered personally one of the largest and most valuable private

collections of Mazon Creek fossil insects extant. These were later worked

up by a Dr. Handlirsch of Vienna and the results published as a Memoir
by the U. S. National Museum.

In his study of recent Mollusca Daniels first collected all the si^cies of

land and fresh water shells near his home. After retiring from the sher-

iff's office he began to make annual collecting trips to other states, going the

first few years to North Carolina, Tennessee or Florida, and later extending

these trips to the far western States.

One of his sisters, Mrs. J. M. Foster, lived at Laporte. Ind., and for a

number of years he made his home with her. While there he joined the

Indiana Academy of Science, his name first appearing as a member in the

Proceedings for the year 1900. It was at one of the Academy meetings

about that time that I first met him. As I was then in need of an assistant

to help me in locating the marl deposits in and aliout the lakes in northern

Indiana. I secured his services and we worked together at that task dur-

ing the summer of 1900. Finding him a willing and conscientious worker

and an enthusiastic shell collector, I gave him a place as an assistant and

field collector for the State Museum, and he served as such for four years.

During the months from Aijril to October inclusive of each year he collected

shells, fishes, reptiles, batrachians and insects in diffei-ent parts of the State.

These he worked up and installed in the museum during the winter months.

All the mounted turtles and snakes, the alcoholic fishes and reptiles, the but-

terflies in Denton tablets and 75% of the land and fresh water shells which

were in the museum at the time I turned it over to my successor were col-

lected and arranged by Daniels.

In the year 1S99 I had published in my animal report as State Geologist

an extended paper by R. E. Call, entitled "A Descriptive Illustrated Cata-

logue of the Mollusca of Indiana," which started out with the words: "This
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Catalogue is intended to be complete and to fully exhil)it our knowledge

concerning the group of which it treats as i)resented in the fauna of Indi-

ana." In it Call described, and for the most part figured, 185 species of land

and fresh water shells from different parts of the State. In two years

Daniels, by liis close field collecting, found no fewer tlian 91 species not

included in Call's catalogue. As up to tliat time he had had little exi^erience

in writing scientific papers, and as I was .somewliat familiar witli the sub-

ject of conchology. we prepared a joint paper entitled "On some MoUusca
Known to Occur in Indiana : A Sui)plenientary Paper to Call's Catalogue,"

in which these 01 species were described and many of them figured. This

was i)ublisbed in the Twenty-.seventli (lIlfK{) Annual Kephft of the Depart-

ment of (Jectlogy. In the same voliune was a paper by Daniels entitled "A
Check List of Indiana IMollusca with Localities." in which the 27G species

known from the State were listed and their local distribution given.

In 1905 Daniels returned to LaiK)rte and later moved with his sister to

a farm near Rolling Prairie in the same c(»unty, where he was living at tlie

time of his detith, which occurred in a Chicago hospital on October 23. 1918.

During his later years I saw Daniels only a few times, and these usually

on occasions of the winter or spring meetings of the Academy, or when lie

visitetl this city in connection with his Masonic duties, a fraternity in

which he took much interest and in which he received the thirty-tliird or

highest degree. I last saw him at the annual meeting of the Indiana Audu-

bon Society at Michigjin City in May. 1917. He then told me that, in com-

pany with II. A. I'illsliry of IMiiladelpbia. .luiiius Henderson of Boulder,

Colorado, and Jas. H. Ferriss of Joliet. Illinois, all noted conchologists, he

was making annual collecting trips to Idaho. Utah. New Mexico or Arizona

in search of mollusks, reptiles, etc. The results of two of these trips were

afterward published in joint papers by himself and Henderson in the Pro-

ceedings of the Philadelidiia Academy of Natural Science.

Nearly a dozen species of fossil insects and shells were named in honor

of Daniels by his co-workers and contemporaries. His private collection of

land and fresh water shells was one of the largest and most complete in

this country, and after his death was purchased by Bryant Walker of

Detroit for the Museum of Zoology at Michigan T'niversit.v. His collection

of fossil in.^ects went to the museum of the University of Illinois. No
disposal has as yet been made of bis reptile collection.

During our four years of association on the State Survey I foinid L. E.

Daniels to be a con.scientious worker, an honorable gentleman, a genial

companion. He was one of the kind of men who do much and say little.

Of such men thei'e are too few on this earth today. In Ids death this Acad-

emy lost a member of greater worth than is iKTliaps appreciated by most

of us who are left.

I app(>nd herewith a list of the imblisbed writings of Daniels as far as

I have knowledge of them. In addition to the two jilready mentioned there

are three others which deal with Indiana MoUusca and may therefore be

of more than passing interest to some of the members of the Academy.

These are numbers 1, 3 and 4 of those cited.
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1—Daniels, L. E.—1902—A new species of Larapsilis from the Wabash
River. The Nautilus, Vol. XVI, pp. 13-14, pi. II.

2—1903—A Check List of Indiana Mollusca with Localities. Twenty-sev-

enth Rep. Ind. Dept. Geol. & Nat. Resources, pp. 029-G52.

3—1904—Geographic Range of Polygyra tridentata discoidea in Indiana.

The Nautilus, Vol. XVIII, p. 92.

4—1905—Notes on the Semi-fossil Shells of Posey County, Indiana. The
Nautilus, Vol. XIX, pp. 62-63.

5—1909—Records of Minnesota Mollusks. The Nantllns, Vol. XXII, pp.

119-121.

6—1911—Notes (m Oreohelix, (Grand Canyon of the Colorado). The
Nautilus, Vol. XXV, pp. lS-19.

7—1912—Abnormal Shells. The Nautilus, Vol. XXVI, pp. 38-42, pi. V.

8-Blatchley, W. S. & Daniels, L. E.—1903—On some Mollusca Known to

occur in Indiana.—A Supplementary Paper to Call's Catalogue.

Twenty-seventh Rep. Ind. Dept. Geol. & Nat. Resources, pp. 577-628,

pis. I-III.

9—Henderson, Junius, & Daniels, L. E.—1910^—Hunting Mollusca in Utah
and Idaho. Proc. Acad. Nat. Sci. Philadelphia, pp. 315-339, pis. XV-
XVIIL

10—1917—Hunting Mollusca in Utah and Idaho in 1916. Proc. Acad. Nat.

Sci. Philadelphia, pp. 48-81, pis. XIX-XXII.
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A METHOD OF DIRECT AERATION OF STORED WATERS.

BY

Will Scott and A. I>. Foley.

The r)uriK)se of this paper is to describe u siinjjle apparatus for the eco-

nomic aeration of stored waters. The apparatus has been installed at the

impounding reservoir and pumping station of the Indiana University water

system.

CROn'S FOOT Am NOZZLZ.

Figure 1. Shows the arangement of the air duct and nozzle in relation

to the dam and the water level.

The impounding basin of this system is a dammed V-shaped valley, hav-

ing the characteristic steep slopes of this valley type. These slopes are ini-

derlaid with the shales of the knobstone except at the upper levels where

the shale is replaced with limestone. The knobstone is covered with a thin

layer of soil on which it is difficult if not impossible to grow grass, partly
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because of the chemical composition of the soil, and partly because it is so

thin. The only method for the prevention of erosion of the sides of the val-

ley is forestration.

The form of the valley j^cives a deep narrow inipoinidinj; basin, which is

well protected from wind. This results in the complete thermal stratifica-

tion of the water early in the summer. The leaves from the wooded slopes

of the valley are blown into the water producing a very considerable

amount of oxydizable material. The result is that during the latter part

of the summer the oxygen is exhausted from the lower levels of the water.

This oxygenless region increases in thickness until the autumn "turnover"

and reaches the level of the intake early in August. As a result of this

the water is very unpalatable during most of August and a part of Septem-

ber. Of course a better flavor could be obtained by placing the intake above

the thermocline. but the water is carried directly to the taps without icing

and hence it is a marked advantage to take it from the cooler water below

the thermocline.

The apparatus consists of an ordinary compression pump such as is sold

by the trade for use in garages. To tliis is coupled a % inch air line which

is carried over the dam and down to a point near the bottom of the reser-

voir, and just below tlie intake. Tliis point is }).7r> M. below the top of the

dam. At this end was attached a crow-foot formed of three % inch pipes

7 feet long, and jointed at right angles to the line and to each other. The
ends of these pipes are capped and small holes ( Vs inch) are drilled on the

under side. The.se holes are 1 inch apart, placed altcM-natoly in two rows

(Fig. 1). The pump is operated by a belt connecting it to the tlywheel of

one of the oil engines which operates the w;iter imnip. 'Ibc iiuni]) usually

runs eight hours in cacii Iwcuty-fonr.

Tlie pressure at the air outlet is slightly more than one additional atmos-

phere. The temperature was about 17 ('.. while .il the surface it varied

from 22 C. to 2(> ('. It was '22 ('. on September •_'."». 1!H1>. The increased

pressure and tiie lower temperature would of course* make the rate of gas

absorbtion more rapid per unit of surface than it would Ite at the surface

of the reservoir. By discharging the air tlirough the small openings, small

bultbles were produced which increased the surface per unit of air volume.

It was hoped that this operation woidd introduce enough oxygen to main-

tain a potable (pnility of water below the tbennoclinc. 'i'bc (juality of the

water was improved markedly, but the improvement was due. in part at

least, to another set of factors which bad not lieen considered when the

apjtaratus was put into operation, 'i'bese weic the convi'ction currents

caused by the rising l>ubbles. The friction of these bubbles set up a vertical

current that was approximately KK) s(|. ft. in cro.ss section. The rate of

flow of this upward current was not measured but it was sufficient to raise

the level of the surface some 2 or 3 cm.

The amount of dissolved oxygen was determined at various levels at the

intake and at the deepest pcant in a cross section 1~>() feet above the dam.

In the upper S M. at the upper station (the water was 1.7r» M. l)elow the

top of the dam) there was more oxygen at every level than at the intake.
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This indicates that the ascen<liii.m currents carried some of the oxygenless

water from tlie bottom toward tlie surface, wliile beyond the influence of

this vertical current tlie water descended carrying with it oxygen which it

had received at the surface from the air. Both of these currents were more
or less mixed with the water that normally lay at the different levels.

The accompanying curves indicate the conditions in 1919 and also the con-

ditions on the same date in 1912.

The usual method of aerating stored waters is to spray the water into

the air or allow it to flow over rubble or an interrupted spillway. The ad-

vantage in the method just described is that it takes very much less energy

to carry the air into the water than it does to force the water into the air.

BFPTH

'V\.

1 RRi
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THE DEPARTMENT OF CONSERVATION, STATE OF
INDIANA, PRESENT AND FUTURE.

DIVISION OF GEOLOGY AND NATURAL RESOURCES.

W. N. Logan.

The personnel of the geological force as at present organized is as follows

:

W. N. Logan, Ph.D., Economic Geology.

E. R. Cummings, Ph.D., Stratigraphy and Paleontology.

C. A. Malott, Ph.D., Toiwgraphy and Glaciology.

S. S. Visher, Ph.D.. Geography and Hydrology.

.7. R. Reeves, Laboratory Assistant and Draftsman.

H. W. Legge, Preparator.

Office Force.

B. J. Malott. A.B., Assistant Geologist and Supervisor of Natural Gas.

A. J. Coleman, Curator of Museum.
Miss Alice O'Connor, Stenographer.

Field Corps for 1919.

W. N. Logan S. S. Visher

C. A. Malott J. R. Reeves

P. B. Stockdale G. A. Lee

Willis Richardson O. H. Hughes
Ted Jean Fred Call

Topographic Corps, U. S. G. S.

Oscar Jones, Topographic Engineer.

J. I. Enders, Assistant Toix)graphic Engineer.

Clarence Long, Chainman.

G. M. Rariden, Chainman.

L. C. Pitts, Rodman.
LINES OF INVESTIGATION.

The various lines of investigation carried on by the Division in the field

and laboratory include : The investigation of the origin, mode of occur-

rence, distribution and utilization of Indiana kaolin. The results of these

investigations are embodied in a report of some thirty thousand words

a('Conii>anied ])y more than 100 maps, charts and photographs. A topo-

graphic map of thirty-six square miles in the heart of the kaolin district

was completed for the use of those desiring to develop the kaolin mining

industry.

A study of the stratigraphy of the Chester division of the Mississippian

was continued by Dr. C. A. Malott who assisted in the field work on the

kaolin report and later on, assisted by Mr. P. B. Stockdale made structural

maps of portions of Jennings, Orange, and Pike counties and investigated

oil conditions in Pike County.

One of the tasks assigned the Division by the passage at the last

General Assembly of the Conservation laws was that of determining the
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amount of minable coal under navigable stream beds. The investigation of

the amount of minable coal under the Wabash River in Vigo County was
undertaken by Dr. S. S. Yisher. who completed a report for publication.

Dr. Visher also collected samples of limestones, collected information from

industrial plants that u.'-e Indiana raw materials, located in Vigo, Clay and

Putnam counties and carried on investigations in the oil field of Sullivan

County.

In cooperation with the I'nited States Geological Survey, the mapping of

the Bedford and the Heltonville quadrangles lying adjacent to the Bloom-

ington quadrangles was begun in September and continued until the first

of November. Work will be resumed with favorable weather in the Spring.

PUBLISHED PAPERS.

Shorter articles were prejiared and iMiblisbcd as follows:

"The Natural Resources of Indiana an<l Their T'tilization", published in

the Guide book issued l)y the American Chemical. Metalluigical and Min-

ing Institute.

"The Raw Materials of Indiana", iniblished in the Chemical and Metal-

lurgical Journal.

"The Occurrence of Coal in Mdurdc Coiuity". by the Indiana Academy of

Science.

"On the Occurrence of Indianaitc". Imliaiia Academy of Science.

"High Grade Clays and Kaolins nf Indiana". United Stales Geological

Survey.

PROPOSED LINES OF INVESTIGATIONS.

The division has in progress the investigation of the oil bearing shales of

Indiana; the investigation of the shales of tb(> Chester group and the fire

clays of the state to determine llicir \alnc to tlic icniniic industry; the in-

vestigation of the limestones of the state Id dctrniiiiic wliicli are Itest suited

for agricnltural imrposes; tlie prei»ai'ali(iii of a baMd-liooli on tiie Geology

of Indiana. In the prejiaration of tliis voluinc. I)i-. ]). K. Cummings will

have ciiargc of the iinrtion nn stratigraphy ;i\\i\ paleontology. Dr. C. A.

Miiloti tiic iMirlion on topography and glaciology. Dr. S. S. N'islier the por-

tion on geography and liydrology, and the writer tlie iiortion dealing with

economic geology. Two advance chapters of this \dliniie which have been

l>repared will be given wider distrilmtion than the handbook. The study of

tiie stratigraphy of the Chester group will be continued by Dr. Malott. It is

hoped that we will be able t(; continue the topographic niapiiing until every

(piadrangle in the State of Indiana has been mapped.
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THE DIVISION OF ENTOMOLOGY.

Frank N. Wallace.

The Division of Entomology of the Department of Conservation carries

with it all the powers and duties of the old office of State Entomologist and
in a-ddition has new duties and broader powers than the State Entomologist

had under the old laws. These powers and duties of the Division of Ento-

mology cover such a wide field of activity that an appropriation of four

or five times the amount now available would not be sufficient to see the

work carried out as I would like to have it.

There are many duties of this office which are specifically required by our

laws and it is only after these are accomplished, that we can turn to the

other phases of the work. The field of insect study and control is so broad

and the need so great, it is deplorable that more money is not available for

this work. ,

Primarily, the State Entomologist's Office was established for the inspec-

tion and regulation of nurseries in the state and this is still one of its prin-

cipal duties. The niu'sery agents and dealers are also licensed by our de-

partment and we now have a fairly good control over the nursery business.

We have been able to eliminate most of the crooked methods which were

practiced in the old days Ity some of the nurserymen and their agents.

The apiary inspection is an important part of our duties and this work
has Increased rapidly the past few years and most of the beekeepers of the

state are now appreciating what the inspectors really mean to the beekeep-

ing industry of Indiana. There is now a spirit of cooperation among the

beekeepers, in the districts where the inspectors have worked during the

past two years, that is extremely gratifying. Last summer I had four in-

spectors in the field and even then we could not cover as much territory

as we had calls from. Yet. we visited 1772 apiaries and inspected 10.245

colonies. We were able to do tliis because we had a definite plan of work

outlined last .spring and followed it throughout the season. A comparison

of this years work with former years will give you some idea of the benefit

of our system of work. During (he four years of Mr. Baldwin's regime, 844

apiaries were visited and 12.2r),S colonies of bees inspected. This record

was taken from Mr. Baldwin's published reports and I am only (putting his

figures. It shows that this season we did 57% more work than was for-

merly done in four years.

AVhen disease is found we require each beekeeper to report to the office

when his treatment of the disease has been completed and in most in-

stances where we could get no report an inspector was sent out to see if our

instructions were followed. We had to burn some hives on these rein-

spections as a few of the beekeepers still contend that they can keep

bees in any manner they see fit. Out of 1772 inspections this season

we have only 40 reports which have not yet been checked up on the work

finished as we directed.

Beekeepers tours were held in man^- counties and 147 demonstration
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meetings were given where the trcatiiiciit of foulhi-oi.d was shown and
many other phases of heekeeping actually demonstrated.

Another service we have heen aide to render the beekeepers was secur-

ing sugar to feed colonies which were sliort of stores. All during the sugar

shortage we have been able to secure sugar for all beekeepers in actual

need of sugar and this fall we have again supplied many tons of sugar

when it could be secured in no other wa.v.

Under the Conservation Act we have vciy Itroail powers and the Division

of Entomology should lie al»le to handle any emergency that may arise in

in.^ect or plant disease control. It was this very fact that we did have the

power to handle such situations that helped lis this summer at Wash-
ington when the Federal Horticultural Board was considering placing

a quarantine against the .shipment of all small grains out of this state,

because they believed the "Take-All" disease of wheat was established

here. The Chairman of that board, Dr. Marlatt. said he hoped some
day each state would see the wisdom of giving broad enough powers

to a commission or board so that emergencies such as ours. c<mld be handled

by the states themselves, without the federal government having to establish

quarantines against them.

You would naturally suppo.se that any excitement caused by an insect

outbreak would be to our liking, yet we often bend our efforts to allay

the excitement rather than add fuel to the flames. The army worm scare

this summer will illustrate this. While in the southern part of the state.

I had an urgent call to go to Henry County and when I arrived there a

day late I found about two or three thousand farmers and other volun-

teers out digging trenches around wheat Jind rye fields. Not one trench

in a hundred was effective and in only one case was trenching really

nece.ssary. I a.sked the newsjtapers to publish the real facts in regard to

the army worm situation in their county and to get tlic farmers back to

work on their <'oni wliicli needed cidtivation. Tlic army worm panic

cost $30,000 a day in that comity as a farmers time was worth at least

$10.fK» per day in liis corn fields and the trenches that were dug were

worse than useless. The army worm scare tlid an immense amount of

damage because the first peojde on the ground did not tniderstand <'on«li-

tions. I saved many coiuitii's from having a similar panic by getting

there in time to allay their fears by showing the real conditions.

The florists have many periilexing inse<t j)roblems and have had very

little systematic helii in any (d" the states. Their ]»roblems are differ-

ent from the fanners in gardeners in that they do not have seasonal con-

trojs such as the winter brings lo tiie farmers. With the thermometer

held at a growing temperature the insect i»ests can multipl.v all year unless

artificial means are used to <'ontrol (U- exterminate them. A wide range

of plants is often grown miiler one roof and an insecticide, which will give

results on one iilant, will ruin the foliage on others. I am hoping to be

able to give the florists and greenhouse men more assistance along these

lines and liave plans un<ler way to assign a man to this work this winter.

We have rendered nnicii valuable assistance to the florists but I would
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like to standardize some of tlie methods so that the growers would be

able to ai)i)ly remedies before pests became numerous enougli to do serious

damage.

I am often aslied if insect damage is greater now than thirty or forty

years ago. It is a difficult question to answer, but I believe that with
our present knowledge and methods of control the insect pests do relatively

less damage. The farmers and growers now recognize that much of the

insect damage is pre\-ental)le and are accepting any practical control

which is presented to them. I hope the Division of Entomology will be

able to render greater assistance now than it has inuler the old office.

THE DIVISION OF FORESTRY.

Chas. C. Deam.

The popular definition of forestry is the work of growing forest trees;

their sale and conversion into lumber. This conception of forestry is the

one, for the greater part, that is practiced in the United States. Foresters,

however, see a wide difference between the growing of a tree and its util-

ization, and suggest a more restricted definition of the term. They prefer

something like this: "Foresti'y is the work of growing the f/reatfiKf amount
of the most valuable timber in the shortest time at the IvuhI r.rpciiar."

The forester grows the forest; the axman and millman destroy it. diverg-

ing operations.

In the five minutes allotted to me to discuss this subject, I must assume
that you are already acquainted with the present work of the Division of

Forestry, and I will call your attention to the possibilities of the forestry

of the future.

The achievements of the future must not be measured by those of the

past. The present high price of lumber is arousing the people from their

apathetic State of mind, induced by being surrounded on all sides by forests

for centuries. The liuuberman years ago appreciated the shortage of timl)er

when he was compelled to go to other States for a supply. The con-

sumer who is just behind the lumberman is now beginning to feel the

pinch, and is asking, "will the present high price of lumber continue,

diminish or increase?". I answer, "they will increase unless active meas-

ures are adopted to provide a future timber supply." How is this to be

done? First, set aside enough timber land to insure a future supply of

timber. In doing this it is best to err on the side of having too much
rather than too little.

A study of the social and economic conditions of the land owners of the

State, which considers the geographical location of the State, the fertility

of our soil, the small size of oiir farms, the iiuprf)vement and high price

of our land, our railroad facilities, etc., shows that little can be expected

from private forestry, and that our future timber supply must come from
State owned forests.

The latest statistics credit Indiana with about two million acres of good
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timberlaucl. The animal cut in the State far exceeds the growth. Yet, with
this excessive cutting, our present forests furnish only 30% of the timber

we consume. It is extremely conservative to place tlie number of acres of

timberland we should have at a million acres. How many acres of tim-

berland does the State now own? Only 2,000 acres. When the State buys
998.000 acres more, we can feel reasonably secure as to our future supply
of timber.

Our forests must be placed under scientific management. Our empirical

knowledge of forest management must give way to such work as is being

done on the Clark County State Forest. Here a study is being made on

about 175 acres which is divided into about 75 plots on wliich have been

planted and are growing 24 species of native trees. This study consists of

making and recording observations on the species in the several plots to

thrdw light upon some of the following problems: Why do not forest

trees l)ear seed every year? Why are the seed more viable some years than

others? The best time of year to gather the seed? How to handle and
store them? When to plant the seed? How deep to plant them? What
protection the sei'd and seedlings should have in the nursery? The size

of the seedling to be planted? The best time of year to plant? The
spacing recpiired by each species? AVhat cultivation, if any, the young trees

should receive? The control of insects and diseases. Now these problems

with others, must be worked out for each species separately, and on

different sites, before the forester's definition of forestry can be fulfilled.

The facts of plant i)hysiology, tliose of physical and colloidal chemistry

and other sciences, must be used to penetrate the unknown of plant be-

havior and response. The recent discovery and application of the laws

of heredity offer a great opportunity to the forester. By breeding we
have seen how quality and quantity have been greatly increased in both

plants and animals, and it is roasonal)le to presume that in time, the for-

ester will hv able to doul)le the growth rate of trees and greatly improve

the quality of the wood. The nuts of the hickory and walnut will be im-

proved as much as tliose of the pecan.

It is believed tliat the cry of the peoi)le for relief from a timber famine

will be heard. The resi»oiise will come from a I>egislature that will know
no politics: he('(l ud preferences or iirejudices ; and will generously provide

for State forests niid liieir scientific management.

THE DIVISION OF LANDS A.N I) WATERS.

CiiAS. G. Saukrs.

Recreation is necessary to the stability and physical welfare of the com-

munity. The Lands and Waters Division is seeking to furnish recreation

to a large shan- of llie Iloosier imlilie tlirougli the estal>lishnient of State

Parks. Two are now maintained—Turkey Run in I'arke County and Mc-

Corinick's Cicek Canyon in Owen County. 'I'beic were 33.500 visitors fo

Turkey Run during the past se;ison. .\ceessi!iiiity lias been a great problem.
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The auto now permits use of sites wliich a decade ago would Iiave been

inaccessible backwoods retreats. Our ideal is a chain of state parks, de-

picting the great natural beauty and physical features of the state, con-

nected by a state parkway. A trip over this road would show virgin tracts

of timber, broad open prairies, the Oliio valley, the magnificent beech woods
of Southern Indiana, the lakes of the north and the great mining and
quarrying districts—a gallery wherein are displayed tlie natural resources

and beauties of Hoosierdom.

The Division of Lands and "Waters is charged with investigation of cases

of stream pollution. Our rapid industrial development has greatly increased

the pollution by industrial waste, until the situation has become acute in

many localities. The question is entirely economic and requires earnest co-

operation between public, state and commercial interests. A campaign of

relentless prosecution cannot succeed. It is the policy of the department

to seek out cases of pollution and work with the offender to remedy the sit-

uation. Of course where reciprocity is lacking, the offender is prosecuted.

The whole problem is very complex and requires the combined work of

biologists, chemists, and engineers. The Department of Conservation is

the logical clearing house for pollution matters, for developing co-operation

among industries concerned, so the findings of the scientists may be made
available. Much waste material may be reclaimed in profitable by-

products ; in some cases the disposal means increased cost in production of

the original article, in any case the value of any waste product is its

commercial value, wdien properly recovered, plus the amount of loss it

occasions when unrecovered.

An almost untouched field is the regiilation of the removal of sand,

gravel, coal and marl from lake and stream beds. The drainage situation in

the north must have exhaustive study.

The Division is an infant with enormous possibilities for growth. The
duties bestowed upon it by the conservation law^ are numerous and far

reaching. Our ideal is the establishment of a system of state parks

—

"public estates", where money spent in development will be profitably in-

vested but where the chief return is in pleasure, happiness, and vitality, the

value of which it is impossible to estimate ; streams, which are clean and

wholesome and abound in fish for the angler, furnish beauty to the tourist

and healthful water to the cities : streams and lakes which have not given

up their beaiity and utility needlessly to the dredge : in brief the control of

the lands and waters of the state to the end that they may serve their most

desirable, useful and economical purpose with the greatest possible profit

and pleasure to Hoosiers.

DIVISION OF FISH AND GAME.

George N. Mannfeld.

History and observation compel us to Itelieve that conservation is more

professed than practiced; that much that assumes the name and passes as
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such, is utterly spurious. Yet it is true that the doctriiu' or {-oiiservation,

which .';eeks puljlic good, is in oliedience to the hiws of nature, and a real

and active virtue.

There can l)e no doul)t that certain men are endowed with a sort of in-

herent instinct which leads them to hiuiting and tishing. There is nothing

so sati.'^fying and alluring to them as a day in the open. I think it may he

safely said that the true hunter and tisherman is lK)rn. not made. I helieve,

too, tliat those who by instinct and birthright belong to the sporting fra-

ternity are actuated by a genuine spirit of <-on'-(Mvation. They are neither

cruel, nor greedy and wasteful of the game and lisli they ]iursue. and I am
convinced that there can be no better conservators and protectors of game
and lish. than those who are most enthusiastic in their pursuit. For it is

they who restrain and regulate themselves, showing thereby fairness and

generosity which is felt and recognized only by a true sportsman.

To the Intlians and esi)ecially to the pioneers the word conservation had

but little meaning. < Mir resoiwces were used by them only to satisfy their

needs. There was such an almndancc that little tliDUght was given to

hunting and tisliing for pleasure, or tfi cutting away the forests for profit.

It was largely a matter of necessity with tliem.

All this has changed, and we now consider these natural resources from

an entirely different angle. This means that a radical change has taken

place since the days of the pioneers. Fishing and hunting as an occupation

is a thing of the past. The trapping of ftu'-bearlng ainmals. once a very

profitable business, now will recpiire strict regulation.

The disappearance of wild life in Indiana can be attributed to many
things. However, they can all be traced back to the main cause, which is

man himself. Nature in lavish fashion originally provided things so orderly

that each particle of vegetable, mineral and animal life was put in its

proper place. Man was only a minute thing in the grand whole, but, by

his superior iwwers he has put himself in a dominating position. He has.

in fact, made himself the possessor of all other things. This has come

about through a slow i»r(rcess of evolution. There was a time when man
was in the minority. All around liim was an army plotting and waiting

for a chance to attack and annihilate him. His cncniie-: were all about him.

They were the powers that ruled. Inil in timo liicy were checked and

man. assistcil by his allies, the birds, became the con(iuei-or. Today, he

regai-ds with disdain the army which is an <'nemy. and is ]»i-one to forget

his true friends, the useful insectivorous birds. lieing endowed with su-

perior intelligence, he has been able t<i seciu'c control over all the lower

foi'ms of animal life. This ilncs wai mcaii tli;il bis jMtsition is secure, but

rather how strong his enemies may become, and how wisely he is holding

bis alliance with his feathered friends.

It is but natural that we shoidd i)artake freely of the supidies of nature.

That is what they are here f<ir. Iml bcyimd satisf.\iim diir real iiceils. we

have no right to destroy them to gratify our jiassions. F<tr. shoidd that be

so, it would lead to the conclusion that one generation has the light to

exterminate living creatures ami deprive all future generations of their
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share of them. The remnant of wild life that is handed down to us, is a

heritage. It should he used economically to supply our needs only, and

then be passed on to our descendants. We have inherited a treasure, and

it is a responsibility we have to see that others are left that heritage.

If the natural law was strictly observed, the balance in nature woidd
remain fairly even. Upsetting the balance has resulted in a great need for

conservation. Thus it can be seen that the enactment of protective laws

was necessary, and their enforcement al)s()lutely imperative now.

Wild life depends on forests for shelter and food, but mankind has taken

them over for profit. Whole forests have been destroyed merely to gratify

a desire for wealth. Little thought has been given to the consequences.

Thus has wild life been destroyed and driven away.

In like fashion what has been done with our streams? Water is one

of our primary natural resources and absolutely necessary for our existence.

Instead of safe-guarding it for our own use and that of generations to

come, we are daily polluting it and making of our streams dumping grounds

for filth. Thus have the waters of our state year by year been made less

fit for fish to live in and their number greatly lessened.

One «!f the first requisites then is to see that birds, game animals and fish

have a home and proper environment to live in : then to see that they have

food and are properly protected when they are reproducing themselves.

This must be done by strict laws rigidly enforced. In proceeding with the

work of game and fish conservation, the co-operation of every good citizen

is needed. Public opinion must be molded in favor of game and fish laws.

The public press here becomes of great importance.

Laws are but the crystallized expression of public f)pinion. If ])ublic

opinion is opposed to a law, merely putting it on the statute books will not

produce any results. It is necessary to create and foster an enlightened

iniblic opinion. When that is accomplished game and fish laws become
more easy and effective of enforcement.

What is needed therefore, l.s a campaign of i-ducation. The public as a

general rule is not informed as to game laws and tlic reason for their en-

forcement. As a wise man said. "lie who knowctli the law. and knowetli

not the reason of the law. knoweth not the law. for the reascm of the law
is the life of the law." If this be true, it follows that to teach the public

the reason of a law is the Hi'st recjui^ite. (lame and fish proi»agation serve

as an aid titward increasing wild life in the state, but the greatest good it

accomplishes is in (Mlucafing the imblic.

Fish hatcheries and game farms bring to itublic notice the life history am!

habits of fish and game in their wild state, which could not lie imparted in

any other way. A visit to a fish hatcher.v while the fish are spawning, con-

vinces one that they should be protected when spawning in the lakes and
streams. Such a visit has converted man.v a violator who formerly killed

fish while on their nests.

The foregoing leads to tlie conclusion that

:

1. Birds are of value to the people as Insect, rodent and weed seed
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destroyers ; that they aid our vegetable and other crop producers, and assist

in preserving our fast diminishing forests.

2. That game and fish are valuable as a food asset.

3. That hunting and fishing are an incentive and inducement to out-

door life, whereby man may recuperate his powers and renew liis liealth.

4. Tliat game and fisli are valuable in an economic and financial way,

because of the tourists' and sportsmen's travel attracted thereby.

These in themselves are well worth any effort that we put forth to con-

serve the supply of fish, game and birds of the State.

CONCLUDING REMARKS.

Richard Lieber.

The Department ftf Conservation has for its object the business-like man-
agement of the peojdo's interest and share in Nature's gifts. Reduced to

its primitive principles, the l»asis of the wealth of a people consists in the

relative fertility and i)ro(luctiveness (if the land it iidiabits. Water, air. soil,

its richness in mineral and its fruitfulness determine the possibilities of

national wealth, while cultivation, indpagiitidii and conservation are tjie

forces at work which will guarantee the greatest possible return from

Nature's bounty. To obtain this <lesii;il>le end. siuidry state offices were

created in the past, which led a disconnected existence. As political offices

they may have worked satisfactorily. As public otlices. with the best of

intentions on the part of able and industrious otlice holders, they have

been failures or near faihires.

Besides that, these offices were created at different times and in no way
coordinated with the business of the State at large. That much overworked

word "reconstruction" nevertheless found a correct use when applied to

the realignment of all of those offices wliicli have to do with the conserva-

tion of natural icsoiirces of our State, for the nmst liackward in national

economies is being driven to admit that imhlie oliiees must serve as agencies

to advan<-e the interests of the human society, and their iictivifies, fluire-

fore, must not oidy be eflicient in their jiarticular line, but must also be

kept up to the modern stamlard of keen bnsine-s administration.

Order is the liist iciinisite (d' successful business: Order and co-ordin-

ation. In a piivate business the various branches are all co-ordinated.

There is a system whereby the most infinitesimal detail is within hnmediate

reach of the head of the institution. A private business would never dream

of establishing a branch and then leave it to its own devices until inventory

time, as the State does. In State affairs we have noticed that whenever

a new demand was made on the state's administrative force, a new office

or a new commission had to lie added which, while in semi-touch with the

administration, was entirely incapable of aligning itself with the balance of

the state's work performed in the many other Dep.iitiiients, becau.se it was

thinking and operating disconnectedly.

Laboring under these conditions tlu' State House has resendjled more
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an office building where people hardly know their neighbors than a depart-

ment store or an industrial plant where CA-erybody is fitted into a coordin-

ate place and function.

The Department of Conservation is an attempt on a large scale and I

believe a successful one. at coordination. Every one of its branches is de-

pending on and co-operating with the other.

Charles Richard Van Hise tersely says, "The principle of Conservation

is not a simple subject which can be treated with reference to a single

resource, independently of others : it is an interlocking one. The conserva-

tion of one resource is related to that of another. *********
A complete treatment of any part of the subject in all of its ramifications

of necessity repeats a portion of the treatment of another part of the sub-

ject."

It has been the experience of those states that are in the lead of con-

servation work—New York, Louisiana and Wisconsin—that no single nat-

ural resource can be dealt with separately and independently from the

other, and that only consolidation of the work makes real results pos-

sible.

The correctness of this theory was proven out in the first six months

of our work. Not only did this natural support of one Division by another

greatly facilitate work, l)ut it also saved a great deal of time and avoided

duplication. It made larger results possible, or. to put it in another way.

it got more direct returns out of the moneys appropriated.

Starting with a well defined policy of self-limitation, it nevertheless took

the Department some time to get under way because of the difficulty of

limiting the scope of work in a well nigh unlimited field. Requests, if not

demands for assistance, weye naturally made, which, even if the office

force had been adequate, would have exhausted our funds in short order.

Many of these demands were entirely reasonable and in many instances

the people should have had relief where we found it imiwssible to help

owing to lack of ix-rsonnel and funds.

If ever proof was wanted that the State iieiMlcd a Department to conserve

Its natural resources, the large and variegated correspondence in our office

containing requests for assistance and advice would furnish it. From

toi)ographic survey to i etroleum lands; from analyses of clays, soils and

minerals to identification of relics; from a lonely elm tree to Sand Dunes;

from drainage projects to tlie use of cat-tail swamps as food producers;

from fanners" wocdlois to flood control; from kaolin to coal; from the pro-

tection of game and fish to that of lake levels; from stream pollution to

fish culture ; from wheat diseases to sugar supply for beekeepers, and so on

without end.

As the Department advances, these demands will increase. The organi-

zation is such that it may be indefinitely enlarged and it is left to the

wisdom of our lawmakers to make more extended work possible by legis-

lative action. But before a legislature would be willing to appropriate

u)ore funds, it must needs have proof of results. Let me cite a few.

The working agreement between the Department of Conservation and In-
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diana Univrsity whereby a part of the Division of Geology's allotment

of funds is paid out for field work during the summer months, gives the

State practically eight months laboratory and research work in addition,

free of cost. A part of that work is recognized in the report on Indiana

Kaolin. Oil-bearing Shales. Limestones, the report on coal under state

lands and the Handbook of Geology now in preparation.

By order of the Conservation Commission a log has to be kept and re-

turned to the Office on all new wells drilled for oil and gas. Aside from
safeguarding the field in a thorough manner these logs are of very great

value in determining the substrata.

The work of the Division has demonstrated the need of a thorough-

going soil survey in conjunction with the T'nited States Government. The
building stone industry has received valualde assistance through the result

of a topographic survey conducted in Lawrence Coimty together with the

United States Geological Survey.

The Entomologist's efforts in warding off a Federal tpiarantine against

Indiana wheat and thereby saving the Indiana farmers very cfmsiderable

sums of money was made possible only by the fact that the Department has

been clothed with police powers. Of similar value was the assistance rend-

ered in the fights against the Army Worm and the Chinch bug.

The Tri-State Forestry Conference held in conjunction with the Federal

Government and the wood-u.sing industries is a land mark in the develop-

ment of an effective forest policy.

A new hotel which was much needed has been completed at Turkey Hun.

Turkey Run. the first State T.-irk to be developetl. stands tiie State approx-

imately $.SO,fXlO which includes individual contributions to the amonut of

$40,000. In the past .season (May to October inclusive) it has returned in

round figures, an income of $4.r)(M». tluis showing that state parks, if needs

be, can be made self-supporting.

Reference is made that tlie Division of Fisii ami Game distributed within

the State approximately 1,."(K».(K>0 fry and fingerlings.

The results in the (Jame: Warden Service were largely made possible

tiirough the readjustnu'nt of the work and .si»eak for thems(>lves. As a

matter of comparison it is statecl that whereas, in the first six months of

the fiscal year 171 convictions for violations of the game and fish laws were

made which brought to the school fund $0S5.0<). the secoml six months re-

turned ;j42 convictions and .$.'i..'ilO to the school fund. Comparing with the

preceding fiscal yciir a saving in salaries and expenses of .$!>.r»ir).10 was made
and an increase of revenue was had in the amount of .$l>.1 10.(>S ; a total of

$1S.(;2(;.0S. It should i»e mentioned that this is merely a begiiniing as the

Department lost nearly three months in the necessary reconstruction of

the force.

The publication of Dr. Evermaiiiis remarkable .Monograitb on Lake Max-
inkuckee is a work which is expected by the .scientific world with keen in-

teres'; and will widely advertise the natural advantages of Indiana lake.s.

A full list of publications is as follows:
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"Laws of Indiana Kolatin}; to (ho Natural Kesources", 123 pages—com-

piled by Charles Kettlehorough.

"A Digest of the Laws for the Protection of Fish. Game, Birds and Fur-

Bearing Animals."—1919-1920. 44 pages.

"Your Part in a L^nited Effort to Protect the Fish, Game and Birds of

Indiana."—G pages, Chas. Biedenwolf.

"The Way and Wherefore of Conservation in Indiana."—1919. 8 pages.

"Train Schedules and Hotel Rates of State Parks." Leaflet.

"Trees of Indiana", 299 pages—Chas. C. Deam.
"Turkey Run State Park, History and Description", 48 pages.

"The Natural Resources of Indiana and Their Utilization". W. N. Logan
—Published in guide book of American Chemical. Metallurgical and Mining

Institute.

"The Raw Materials of Indiana"—In Chemical ami Metallurgical Jour-

nal.

"The Occurrence of Coal in Monroe County"—Indiana Academy of Sci-

ence.

"On the Occurrence of Indianite"—Indiana Academy of Science.

"The High Grade Clays and Kaolins of Indiana."—U. S. Biological Sur-

vey.

On Press.

"Indiana Kaolin"—W. N. Logan—50 pages (estimates) Maps, colorprints

and halftones.

"Lake Maxinkuckee" a monograph—Barton W. Evermann—1.500 pages

(estimated), Maps, colorprints and halftones.

"Proceedings of Tri-State Forestry Conference. 100 pages (estimated).

That, in part, is the work done in the first six months of our otBcial

existence.

The importance of conservation, at this time, is only dimly seen. But,

as Van Hise remarks : "In a hundred years from now the great ix)litical

issues will be forgotten, but our times wUl be noted for the beginning of

that movement which is destined to protect our natural wealth and build

up a true appreciation of national values and responsibilities."

Up to the beginning of the present century we were all living in a fool's

pai'adise. thinking that we were richer in every way than everybody else

in the world, believing that our natural resources in minerals, coal, forests,

waters, game and fish were inexhaustible. Our very laws expressed and

breathed this spirit. We know now that in visible time we will have

reached an end of many of Nature's gifts. The pa.st war, for the first time

in modern times, has confronted us with the ugly realization of a universal

shortness of food. How then, could laws that were made before we knew

what Jiiled us, before we realized our true condition, before we went

through the actual experience, lie made applicable and of working efficiency

in our present day status?

The natural wealth of the State is the foundaticm and main-stay of our

prosperity. The proper use, propagation and conservation of these riches
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are of the utmost importance to all of the people within the State and
should be treated comprehensively in an entirely non-partisan, non-political

and business-like manner. It is purely and simply a business matter,

whether our people will get much or get little out of their own State. That
they should get all that is to be had and that the natural wealth of our

State may be kept in sustained use is the work of the Department of Conser-

vation.



89

THE CHEMIST AND THE COMMUNITY.
Wm. M. Blanchard.

Some twenty-five years ago there was to be fouiul in a certain college

town a spring to whose waters had been ascribed for many years very pro-

nounced medicinal qualities. People came from quite a distance to exper-

ience the efficacy of the healing fountain. The water possessed an odor

suggestive of hydrogen sulphide and it became known as a sulphur water.

It was taken on faith, no analysis of the water ever having been made.
During long, dry summers the spring had a habit of withholding its heal-

ing fluid.

In course of time the benevolent old gentleman who taught chemistry at

the college passed away and was succeeded by a much younger man whose
interest in practical chemistry had kept pace with his studies of atoms and
molecules. The famous spring attracted his attention. An analysis of the

water showed eWdence of marked sewage contamination and further in-

vestigation revealed the fact that the main sewer of the town, whose

location had apparently been forgotten, passed within twenty feet of the

spot from which the curative waters flowed.

The writer had a similar experience several years ago with several

springs of Greencastle. Waters that were believed to be not merely potable

but even particularly beneficial on account of the supposed presence of

special salts were found to be merely well charged with bicarbonate of lime

and the products of sewage decomposition.

But it is not merely in the examination of public waters that the teacher

of chemistry may be of service to his community. To illustrate further, the

town of Greencastle has not felt able to supply itself with paved streets

but, like many other towns of the state, must still be content with Indiana

lime stone. To keep down the dust during the summer liberal applica-

tions of road oil have been used for several years. The effectiveness of the

oil has been by no means uniform and in some cases it has served its pur-

pose for only a few weeks. Last spring various samples were submitted

to the city council, each guaranteed to contain fifty per cent asphalt, prices

practically the same. It was suggested that the chemist at the University

in the town test them out and to such a request he readily responded. The

oils were found to contain anywhere from thirty-two to fifty-six per cent

of asphalt. The one with maximum content was chosen and as a result,

although the summer was an unusually dry one, the residents were not

troubled with dust during the entire summer.

One other instance may be cited. Last year the quality of coal gas sup-

plied Greencastle varied considerably in quality and at times was practic-

ally of no use at all. Complaints had been made for some time but all

break-downs and poor service generally, like every other evil, were

attributed to the war. Near the close of the year the gas company asked

the State Commission for an increase in rates and was granted it provided

the company would maintain a gas output of standard quality. The plant

being a small one, the company did not feel able to install a standard gas
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calorimeter and the town was not willing to bear the cost alone. At this

point the instructor of chemistry at the college proposed that if the city

and the company would together pay the cost of an inexpensive calori-

meter, he would install it in his laboratory and make regular tests without

charge. This proiwsition was accepted. An inexpensive instrument was
.secured and tested and standardized by an official calorimeter from the

Bureau of Standards of Washington. Gas tests have been made quite reg-

ularlj' for many months and the quality of the gas has been maintained

of a quality satisfactory to all parties concerned.

These illustrations indicate some of the various ways in which a chemist,

even a teacher of chemistry, may be of practical service to his community.

This brings us to the main point of this brief paper. Chemistry has come
to be recognized as a distinct profession. The American Chemical Society

is the largest organization of men of a single science in the world, its

membership now running beyond the fourteen thousand mark. The large

majority of these men is employed as research men or for routine work
in chemical industries all over the country. Many others are professional

consulting chemists who maintain professional laboratories where all kinds

of chemical analyses are made and where various industrial problems are

taken in for investigation and solution. Still others are teachers of chem-
istry and directors of research in our colleges and universities.

The value of chemistry to the nation, the state, and to every community
is recognized. A professional chemist in any community would be of great

service to the people at large in that community but the actual amount of

work to be done in the town of average size would not warrant his em-
ployment for this purpose alone. Why not combine two functions? Why
may we not have in every high .school that is in a position to maintain a

chemical laboratory a man of sufficient training and provided with an
equipment of sufficient size and variety, not only to meet the requirements

of a high school teacher but also to meet the more urgent chemical needs

of the community? A little work of the latter kind would not only be

valuable service to the public but would also stimulate interest in the

subject of chemistry on the part of the students and very likely would lead

to the discovery of many an embryonic scientist.

Where the city is of sufficient size to support a professional chemist, this

work can be left to him. There is no thought of any competition on the

part of the teacher of chemistry, whose chief business is to teach, with

the professional chemist who has chosen this occupation as a source of live-

lihood. It is felt, however, that herein lies the possibility of a cooperation

between our state laboratory and the chemical laboratories of our high

schools and colleges to which some consideration might be given with re-

sulting benefit to both schools and state. The competent high school teach-

er of chemistry might function as a kind of outpost of the state laboratory,

the community providing the necessary material and equipment and the

state laboratory such assistance as might be needed. Such cooperation

would undoubtedly prove stimulating to the high school teacher, an
assistance to the state laboratory, and of real benefit to the local com-
munity.
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SEGREGATION AND GROWTH OF CRYSTALS IN BEARING METALS.
BY

E. G. Maiiin and J. F. Broekek, Jr.

Purdue L^niversity

Bearing metals that have heen used .succes.sfully in industrial practice are

alloys that crystallize as conglomerates upon cooling from the liquid con-

dition. A comnioidy accepted theory accounts for the anti-frictional qual-

ities of such alloys upon this hasis. It is understood that there must he
certain hard particles emhedded in a softer and more yielding matrix.

The hard components serve to resist ahra.sion and to endure the wear and
they are enabled to assume a form to accommodate microscopic irregular-

ities of the moving journal surface through the limited plasticity of the

supporting metal.

This being true, the conclusion seems ol)vious that it is highly important

that a good bearing metal should be so constituted that the hard crystals

are relatively small and well distributed but this is a most difficult condi-

tion to obtain in practical bearing casting. The formation of various met-

allographic constituents occurs at different temperatures and continued

heating of the alloy results in rapid growth of any crystals that may have
formed at that temperature or at a liigher temperature. Also it is generally

true that either flotation or settling occurs in the semi-liquid mass during

cooling, since there are often considerable differences between the si>ecific

gravities of the solid and liquid portions. Growth and segregation may
thus result in the formation of a bearing of very poor anti-frictional prop-

erties, even though the composition of the alloy as a whole is correct.

The work described in this paper has to do with one phase of an investiga

tion of the relations existing between melting and pouring conditions on the

one hand, and crystal segregation and growth on the other, of the alloy

of tin, copper and antimony known as Babbitt metal or Navy Babbitt

metal. The alloy used in the experimental work had the composition : tin

85.70%, antimony 9.86%, copper .S..S4%. zinc 0.70%. and lead 0.40%. The
last two metals are to be regarded as impurities rather than as essential

constituents.

The constitutional diagrams for the binary tin-antimony and tin-copper

systems, respectively, are shown in Figs. 1 and 2. These represent the con-

clusions of a number of experimenters and the diagrams are reproduced

from Gulliver's "Metallic Alloys". The constitutional diagram for tlie ter-

nary system tin-antimony-copper is not so well worked out but a part of

the diagram, more or less idealized, is shown in Fig. 3. Referring to the

composition of Babbitt metal, given above, it will be seen that the only

metallographic constituents that will have any con.siderable imiwrtance

in this connection are e-tin-copper and 7-tin-antimony crystals. In the

the photomicrographs the latter are shown as cubes, the former as pecul-

iarly shaped crystals arranged in straight chains, stars and triangles.

7-tin-antimony is the liardest constituent of this alloy and it also has

the lowest specific gravity. It forms on the branch i-k of the liquidus of
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Fig. 1. e-tin-copper also is liard, lias a lower specific gravity than that of

tin and forms first of all crystals of the alloy of this composition, on a fall-

ing temperature, along the branch E-F of the liquidus of Fig. 2.

These crystals grow rapidly at temperatures within their formation

ranges. On account of their relatively low specific gravities flotation in the

still liquid portions readily occurs. It may easily happen that a given bear-

ing may have its hard, wear-resisting components so large that they become

broken in use and so distributed as to possess quite different properties at

different points. Figs. 4, 5, (5, 7 and 8 illustrate the rapidity of flotation.*

Metal was melted and immediately iiouro'd on a warm iron plate. A sheet

about one-fourth inch in thickness solidified in less than thirty seconds.

Figs. 4, 5, 6 and 7 show the cast, unpolished upper surface. Fig. 8 the lower

surface, polished and etched with nitric acid. Even in the short time that

elapsed between pouring and solidification, segregation of -crystals has

occurred to so great an extent that none at all are present in the lower

surface layer. Figs. 9 and 10 illustrate the extent of growth under unusual

conditions, although it may be noted that such conditions might easily be

brought about by inadequate control of furnace conditions.

Rapid growth and segregation at higher temperatures are well recognized

phenomena. In the experiments described in this paper an attempt was

made to determine the relative rates of growth and segregation of the two

systems of crystals here mentioned, in temperature ranges near the re-

spective solidi.

Wbrking specimens were first prepared by melting a quantity of the

alloy at 650° C, stirring thoroughly with a stick of wood and immediately

casting in chill molds of cast iron. This re;-;ulted in the formation of fine

crystals, as shown in Figs. 11 and 12, taken after polishing and etching

sections of two of the pieces. These specimens were then heated to stated

temperatures and either chilled or slowly cooled after certain periods of
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time. Treatments at temperatures above 2.j0° C. were carried out by
beating in covered crucibles in an electric muffle furnace. For lower tem-

peratures the specimens were immersed in a Itatb of lieated glycerine.

Sections of the treated specimens were examined and ytbotograpbed as

before. A measurement of crystals was made on the ground glass of the

camera and actual sizes calculated. In the chill cast specimens T-tin-

antimony crystals varied from 0.015 to O.U.j mm and e-tin-copper from 0.02
to 0.18 mm in their .longest dimensions. In table I are summarized The

results of the various thermal treaments of the chilled pieces. Figs. 13 and
14 illustrate two of the treatments in the lower temperature ranges.

*A11 ijhotoiiiicrograiihs have boen rcdiu-cd one-third l)y the printer.

TABLE I

Tempera-
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Fig. 4.—Metal melted at 550° and pour-
ed on a warm iron plate. Upper

surface. X 50

Fit -Same conditions as in Fig. 4.
Upper surface, x 50

Fig. 6.—Same conditions
Upper surface, x 50

in Fig. 4. Fig. 7. -Same conditions as in Fig. 4.

Upper surface, x 50
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Fig. 8.—Same conrtitions as in Fig. 4.

Lower surface, polished and etclied.
X 50

—Heated to 800° C. for 1 hour,
cooled in furnace, x 50

Fiu 10.

—

Il.'iiti'd to SOO' C. fur 1 hour,
cooled in the furnace, x 50

I'i;.'. 11.

—

Mi'lti'il at .'j.'.O' C. and cast in
iron chilled mold. Vertical section.

X 50
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Fig. 12.—Meltwl at .">.jO° C. oast in ir(

chilled mold. Horizontal Iowit
section. X 50

Z\>i •'^-

Fi^r. ^'>.—Chilled i)iece of Figs. 11 and
lli reheated at T.',(\° C. for 1 hour.

X 100

Fig. 14.—Chilled piece of Figs. 11 and
12 reheated to 240° C. for 2 hours.

X 100

An inspection of the table and photomicrographs shows that appreciable

growth and segregation take place even at temi>eratures as low as 225°,

this temperatnre being practically at the lower boundary of the area of for-

mation of e-tin-copper and near the lower l)oimdary of the 7-tin-antimony

rani;e. As this temperature is well l^elow the liquidi for both binary systems

involved in the alloy here used it will readily be seen that practical melting

and casting of bearings of Babbitt metal is necessarily done at consid-

erably higher temperatures, thus offering correspondingly greater oppor-

tunity for crystal growth and segregation. It may be remarked that Galla-

gher found* a very slight crystal growth after several wrecks heating at 218°

C, a temperature below the solidi for both binary systems.

*J. Phys. Chem., 10, 93 (1906).
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FERTILITY OF SDTLS OF HANCOCK COUNTY, INDIANA.

BY

K. II. Carr, H. S. Copei.and and E. Gkntzleb.

Purdue University.

There are at least six factors wliicli are recognized as essential in crop

jtrodiiction and all are thought to be of about equal importance; these are

liffht. moisture, fcmpcraturc, seed, place for seed to grow, and sufficient

food- for its use. Of these the one most easily controlled is the last men-

tioned or food for its use. There are at least ten food elements necessary

to grow crops and of these sufficient carbon, hydrogen, oxygen and sulphur

seem to be supplied naturally while iron is needed in small amounts from

soils usually containing an abundant supply. The other five food elements

nitrogen, phosphorus, calcium, magnesium and potassium are usually present

in the soil in more limited quantities and are removed by cropping in a rota-

tion to corn, wheat, oats and clover to the extent of about 75 lbs. of phos-

phorus, IGO lbs. of calcium, .318 lbs. of iwtassium, 65 lbs. of magnesium per

rotation, and at least 150 lbs. of nitrogen for every 100 bu. of corn and its

stalks.

The supply of potassium in the soil is usually 20,000 lbs. (per acre 6%
m's) or more in all but the unusual soils. The amounts of calcium and mag-

nesium vary from 8,000 to 10,000 lbs. per acre whereas the amount of

phosphorus is much more limited varying from 1,000 to 3,000 lbs. per acre

and is usually the limiting factor in the production of crops. Nitrogen also

is a very important element in crop production and is present in soils to

the extent of 1,000 to 5,000 lbs. per acre. It too is often a limiting factor

and one of the most expensive to replace unless returned through the aid

of legume crops instead of commercial fertilizers. Thus it will be

evident that only the system of farming which returns as much to the

soil as the crops remove can be considered good farming and anything less

must be termed "mining". A chemical invoice of part of the plant food in

Hancock County, Indiana, has just been made, and is reported here.

Plan of Procedure.

One hundred representative soils were collected in the usual way in

August, 1918, by Mr. Coi^eland and after being air dried were ground

and analyses were made for total nitrogen, total phosphorus, volatile matter,

amount of calcium or magnesium present as carbonate, acidity to litmus,

and solubility of soil in dilute nitric acid. The carbon dioxide determina-

tion was made by treating 20 grams of soil with 10 per cent hydrochloric

acid in such a manner that the volume of gas evolved could be determined.

The data obtained from the above is contained in the tables which follow.

Discussion and Summary.

The data is so arranged as to put in one group all soils containing approx-

imately the same organic content. This has been found desirable because
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it seems to classify a soil more accurately than any other single factor in-

vestigated. It will be noted from all tables that the nitrogen, phosphorus,

acid soluble matter and crop yield increase as the per cent of organic

matter increases.

Tlie plant food soluble in dilute acid (n/5) is 1.08 per cent for soils in

table 1 having a volatile content of 2 to 3% whereas that for table 7 con-

taining 10% or over averages 7.88% soluble in this acid, besides the latter

shows a high corn yield compared with that shown in tables 1 and 2.

It wilt be noted that nearly all soils produced some carbon dioxide gas

(4 to G c. c. ) when treated with hydrochloric acid including those slightly

acid to litmus. This indicates that a small evolution of gas when treated

with acid does not prove the soil is not acid as is often noted in the liter-

ature.

It will be noted also from tables 1, 2 and 3 containing low organic matter

that the soils most acid to litmus belong in these three groups and embrace

about 70 i>er cent of the total. In comparing the nitrogen content of the

different grctups of soils noted in tables 1 to 7 with that of counties previ-

ously reported in the Proceedings it is found that the clay soils with a

volatile content of to 4% contain the following amounts of nitrogen in

lbs. per acre for the different counties. Elkhart County 2,049, Allen County

3.(;G7. Hancock County 2,779. and Cass County 1.748.

Where the clay loain^ predominate with a volatile content of 4 to 6%
Elkhart County contained 2.r)r)8 lbs. of nitrogen per acre, Allen County .3,985

lbs.. Hancock County 8.872 and Cass County 2.700.

The loam soils with a volatile content varying from C> to 10% were higher

still—Elkhart County soils contained 4.218 Ihs. per acre. Allen County 5.805,

Hancock 5.259. and Cass County 4,411. The above figures were obtained

from the analyses of over 400 samples of soils representing all townships

in each of the counties.
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RELATION OF PLANT FOOD CONTENT TO CORN YIELD

aci</ So/- /rra^/er, ?7' / royen _ ar7</ /'/fo i/>Ao ru 5 to Crop yie/c/
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CHECKS ON COMPUTATIONS IN THE SOLUTION OP TRIANGLES
A. M. KENYON

It is the purpose of this note to illustrate methods of checking the accuracy of the

results when unknown parts of plane triangles are computed from given parts. Five

place tables are used in the computations.

I. RIGHT TRIANGLES.

Let h represent the hypotenuse and a and b the other two sides of a right triangle

Let R be the right angle and A and B the acute angles opposite a and b respectively •

To fix ideas suppose A is not less than B.

Either of the following identities contains all five of the variable parts and can

be used as a check formula when a right triangle has been completely solved.

(1) 2 ah

(2) (a+b) (a-b)

ir- co^ (A-B)

It' sin (A-B)

To prove these produce AR (Fig. 1) to C making RC ^= AR, connect BC, and draw
CD perpendicular to AB. Then CB= h and angle BCD = ^iti,

CD = h cos (A-B) = 26 sin A

Therefore h^ cos (A-B) = 2bh sin A = 2uh

DB = h sin (A-B) = h -2b cos A

Therefore h^ sin (A-B) = h'-2bh co5 A = a^-^^

It is evident that these formulas hold also when A is loss than B,
If it is desired to check only the sides, either of the formulas ' ;

(3) a = (h+b) (h-b) or ¥= (h+a) (h-a)

may be used.
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Example 1. Given A = 63°,
0^=25.429, log 6=1.11250, 6 =

ft= 28.54.
: 12.957.

Compute B^27°, log 0=^1.40533,

A = 63°

A-B 36

h = 28.54

a = 25.429

b = 12.957

a+b = 38.386

a-b = 12.472

/i+a := 53.969

h-a = 3.111

h+b = 41.497

h-b = 15.583

2ab

log 2 = 30103
log a = 1 40533
log b = 1.11250

Checks

= ft2 cos (A-B)

log h = 1.45545
1.45545

log cos (A-B) = 9 90796-10

2.81886 2.81886

(a+b) (a-b) = /i= sin (A-B)

1.58417
1 09594

2.68011

1 . 40533
2

2.81066

1.11250
2

2 . 22500

1 . 45545
1 .4554.5
9.76922-10

fls = (h+b) (h-b)

62 = (h+a) (h-a)

2 . 68012

1.61802
1 . 19265

2.81067

1.73214
. 49290

2

.

22504

Example 2. Given .4^28° 40'. 4, 6^20.71 Compute B= 61°19'.6
log a= 1.057407. a= 11.326, log h = 1.37300, h = 23.605.

B =
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II. OBLIQUE TRIANGLES

When any triangle has been completely solved the formulas

(4) (a-6) cos liC =^ c sin i^^(A-B)

(5) (a+b) sin l-iC = c cos 14(A-B)

(6) (a-b) (a+b) sin C ^^ c^ sin (A-B)

together with those obtained from these by cyclic permutations of the letters repre-

senting the sides and angles, may be used as checks.

Formulas (4) and (5) may be proved as follows and (6) is readily deduced from
them.

Let ABC be any triangle having two sides unequal, say a>6. With a radius b, the

shorter of the two imequal sides, and centre C, the vertex of their included angle,

desciibe a circle through A which cuts the side CB in a point D between B and C and
also at a second point E beyond C. Draw EA and at B erect a perpendicular which
meets EA produced in F. On DF as diameter construct a circle; this circle will pass

through A and B. Then angle BEF= HC DFA ^ B, BFE := 3^(A +B), and BFD ==

YiiA-B).

In the triangle ABD.
a-b sin BAD

sin BDA
but
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Example 1.

67° 5' and log b
of sines.

Given a =
= 0.49146, b

2.903, B = 79° 40', C =^ 33°= 3.1007, log c = 0.23757, c

15'. Compute A =
= 1.7281, by the law

Checks
(6-c) cos liA = a sin mB-C)

b ^ 3. 1007
C = 1.7281

13754
9.92090-10

0.46285
9.59558-10

b+C 4.8288

. 05844 . 05843

(b+C) sin HA = a cos H(B-C)

6-C ^ 1.3726
B = 79° 40'

C == 33° 15'

B-C = 46° 25'

i^(B_C) = 23° 12'.5

y^A = 33° 32" 5

0.68384
9.74236-10

. 46285
9.96335-10

0.42610 0.42610
(b+C) (b-c) sin A =^ a^ sin (B-C)

0.68384
'

0.46285
0.13754 0.46285
9.96429-10 9.85996-10

Case 2.

Example 1

cosines.

Given two sides

a = 22, 6 :

0.78567

and their included angle.

= 12, C = 42°. Compute c

0.78566

15.350 by the law of

a == 22
6 = 12
c = 15.350

2s = 49.350
s = 24.675

s (s-c) tan2 yiC

1.39226
0.96965
9.58418-10
9.58418-10

Check
(s-a) (s-ft)

s-a = 2.675
S-b = 12.675
s-c = 9.325

Check = 24.675

1 . 53027

0.42732
1 . 10295

1.53027

Compute A = 106° 27'.7 and B = 31° 32'.4 by law of sines.

Checks

a+6 = 34
a-b = 10

c = 15.35

A == 106° 27'.

7

B = 31° 32'.4

A-B = 74° .53'.3

MiA-B) = 37° 27'. ()

iiC = 21°

(a-b) cos i^C = c sin ^(A-B)

1

.

00000
9.97015-10

1.18611
9.78405-10

0.97015

(a+ b) sin yiC

1.53148
9.55433-10

0.97016

c cos ],2(A-B)

1.18611
9.89970 10

1.08581

(a-\-b) (a-b) sin C

1.53148
1 , 00000
9.82551-10

1.08581

sin (A-B)

1.18611
1.18611
9.98478-10

2 . 53699 2.53700

Example 2. Given a = 34.645, 6 = 22.531, C = 43° 31'.

a = 34.645 ViC = 21° 45'.5 \i(A-\-B) = 68° 14'.5
b := 22.531 Then compute }4(A-B) = 27° 57'.

6

a+b = 57.176
a-b = 12.114

whence
and

A =z 96° 12'.1

B == 40° 16'.

9
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1.53964
9.81060-10

1 . 35024

Check

a sin B^b sin A
1.35278
9.99745-10

1.35023

Compute log c = 1.38014, c = 23.996 by the law of sines, in two ways.

Checks

(a-b) cos V^C = c sin MiA-B) {a +b) sin ^C = c cos M(A-B)

1 . 08328
9.96790-10

1.05118

Case 3.

1.38014
9.67104-10

1.05118

(0 +&) ia-b) sin C
1.75721
1.08328
9.83795-10

2 . 67844

Given the three sides.

1.75721
9.66902-10

1.38014
9.94610-10

1 . 32623

c2 sin (A-B)

1.38014
1.38014
9.91817-10

1.32624

2 . 67845

Example. Given a = 2314, ft ^2431, c ^ 3124. Compute MA = 2^° 36'.8,

y^B =: 25° 13'. 8, y^C = 41° 9'.4 and check by taking their sum.
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Example. Given a = 301.35, b = 352.11, A = 33° 17'.

There are two solutions. Compute log sin B = 9.80701-10, Bi
J32=140° 7'. Check by the law of tangents.

39° 53'

b+a =

b-a

ViiBi+A)

653.46

= 50.76

36° 35'

YiiBi-A) = 3° 18'

H{B2+A) = 86° 42'

YiiB^A) = 53° 25'
Next compute

Check

{b+a) tan I iiBi-A) = (b-a) t&n J^(Bi+v4)

2.81522
8.76087-10

1 . 57609

{b+a) tan '2 {Bi-A)

2.81522
0.12947

1 . 70552
9.87053-10

7.57605

{b-a) tan ? 2(^2+ A)

Ci = 106° 50',

A = 33° 17'

Bi = 140° 7'

1 . 70552
1.23913

2 . 94465

C2^ 6° 36'
A = 33° 17'

39° 53'

Now compute fi and c« by the law of sines, log ci = 2.72065, ci = 525.59,
log C2 = 1.80013, C2 = 63.114; whence Ci+Ci = 588.704, C1-C2 = 462.476

Checks
ci +C2 = 26 cos A

30103
2.54668
9.92219-10

Ci-Ci = 2a cos B
0.30103
2.47907
9.88499-10

2 . 76989 2 . 76990 2 . 66.509 2 . 66509

The triangles now being completely solved, any of the checks illustrated above
may be used; for example

{b+a) sin >iCi = c cos H(Bi-A)

2.81522
9.90471-10

2 . 72065
9.99928-10

2.71993
.Purdue University, December 1.1919

2.71993
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AN ARRANGEMENT OF THE ASCOMYCETES OF INDIANA.^

Bruce Fink and Sylvia C. Fuson.

In this second contribution toward a knowledge of the ascomycetes of

Indiana, the authors present a classification of all the ascomycetes previ-

ously published for the state. The classification follows that used in the

first paper, "Ascomycetes new to the flora of Indiana". So far as possible,

the names of the counties from which the species have been collected are

given. The list comprises .372 species from thirty-eight counties. Future

studies will, of course, add largely to this number of species for the state.

While the main purpose of this paper is to bring together the names of

all ascomycetes known in Indiana under a system of classification, other

features are introduced as aids to mycologists who may refer to the paper.

For this purpose, the distribution has been given so far as we have been

able to ascertain it. Of the 372 species of ascomycetes known to occur in

Indiana, 13G were recorded for the first time in our i>aper cited in the

bibliography at the close of the present paper. The other 236 species were
previously recorded for Indiana by other workers. We have determined

from our collection of 030 sr>ecimens, 203 species of ascomycetes collected by

us in Indiana. These are starred in the present paper. The other 109

species not starred are admitted on the determinations of others. We regret

that we have not all the data at hand for giving the names of those who
have determined these, but mycologists who are interested will get some
clue from the bibliography. Among works of special reliability, we may
mention those of Professor J. M. Van Hook and his students.

The herbarium material at the University of Indiana, at Purdue
University, and at Wabash College we examined hastily ; but it was not

possible, in the short time available, to examine critically and verify or

correct the determinations found in these collections. While a critical ex-

amination of the species found in the three herbaria would have added to

the value of the present paper, it is hoped that the classification, the addi-

tions to the flora, the record of distribution, and some other features of

our work may prove helpful in the further study and the final systematic

account of the ascomycetes of Indiana.

ASCOMYCETAE.

PEZIZALES.

Pezisaceae.

*Geopyxis nebulosa (Cooke) Sacc.

Montgomery, Parke.

*Humaria fusispora Berk.

Jasper.

*Lachnea erinaceus Schw.

Monroe (?)*.

^Contributions from the Botanical Laboratories of Miami University. XVI.
^Monroe ( ?) signifies that the collections thus designated may have been made in

Monroe County, Clarlc County, or Brown County.
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*Lachnea hemispherica (Wigg.) Gill.

Tippecanoe.

*Lac'hnea scutellata (Sow.) Gill.

Monroe (?), Montgomery, Parke. Putnam, Union.

*Lachnea seto,sa (Nees) Phill.

Montgomery.

*Macropoclia macropus (Peck) Fuck.

Putnam.

*Oti<lea aurantia (Pers.) Mass.

Monroe (?).

*Peziza bronca Peck.

Tippecanoe.

Peziza coccinea Jaeq.

Monroe (?). Montgomery, Putnam.

Peziza occidentalis Schvv.

Brown, Vigo.

*I*eziza repanda Walil.

Monroe (?).

Peziza succosa Berk.

Monroe ( ?).

Peziza vesiculosa Bull.

Monroe ( ?).

*Urnula craterium (Schw.) Fries.

Monroe (?), Montgomery, Putnam, Tippecanoe. Vigo.

Ascoholaceae.

Ascoholus atrofuscus Phill. and Plow.

Montgomery.

Ascophanus carneus (Pers.) Bond.

Tipi^ecanoe.

Ascophanus testaceus (Moug.) Phill.

Tipix'cauoe.

*Saccoholus neglectus Boud.

Montgomery.

JIcl(tfi(i(( (ic.

*Chlorosplenium aerr.ginosum (Oed.) I>«' Nol.

Monroe (?), Montgomery, Putnam.

Chlorosplenium chlora (Lam. and Schw. i Mass.

Montgomery. Parke, Tippecanoe.

*I)asyscypha virginea (BatsclK Fuck.

Montgomery. Putnam. Fnion.

Helotium citrinum (Hedw.) Fries.

Monroe (?). Putnam, ITnioii.

Helotium fraternum Peck.

Parke.



115

*Helotium lutescens Fries.

Union.

*Laclinum leucophaeum (Pers.) Karst.

Montgomery.

*Lanzia lielotioides Relim.

Montgomery.

*Pliialea scutula (Pers.) Gill.

Montgomery.

*Sarcoscypha floccosa (Sehw.) Sacc.

Monroe, Tippecanoe, Union.

*Sarcoscyplia occidentalis (Scliw.) Sacc.

Monroe, Parke, Tippecanoe.

Sclerotinia cinerea (Bon.) Woron.
Tippecanoe.

* Sclerotinia fructigena Pers.

Monroe (?), Tippecanoe.

Sclerotinia libertiana Fuck .

Tippecanoe.

"Sclerotinia trifoliorum Eriks.

Clark, Fulton, Gibson, Henry.

*Sclerotinia tuberosa (Hedw. ) Fuck.

Tippecanoe.

Mollisiaceae.

*Belonidium minutissimum Fries.

Union.

*Beloniella dehnii (Rabenh.) Rehm.
Tippecanoe.

Holwaja gigantea (Peck) Dur.

Monroe.

*Mollisia cinerea (Batscli) Karst.

Parke.

*Orbilia leucostigma Fries.

Montgomery. Parke, Tippecanoe, Union.

*Orbilia viiidsa (Alb. and Scbw. ) Karst.

Montgomery, Union.

*Pseudopoziza raedicaginis (Lil».) Sacc.

Monroe ( ? ) , Tippecanoe.

Pseudopeziza ribis Kleb.

Monroe.

Pseudopeziza trifolii (Bernli.) Fuck.

Marshall, Monroe (?).

*Tapesia cinerella Rehm.
Parke, Tippecanoe, Union.
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Cenaiifjiaccac.

*Dermatea carpinea (Pers.) Rehm.

Union.

*Sarcosoma rufa (Lam. and Scliw.) Rehm .

Union.

Patclhiridccac.

*Karscliia fusispora (Cooke and Pock) Sat-c.

Montgomery.

*Patellaria atrata (Hedw.) Fries.

Montgomery. Tippecanoe.

LECANORALES.

Lccidcacciic.

*Bacidia innndata (Fries) Koerb.

Monroe. Montgomery. Pntnani. Tippecandc. Union.

*Bacidia rnbella (Hoffm.) Mass.

Tippecan(»e.

Bacidia scliweinitzii (Tnck. ) Fink.

Union.

*Buellia myriocarpa (Lam. and D.C. ) Mudd.

Franklin. Montgomery, Union.

*Buellia parasema (Ach.) Th. Fries.

Putnam.

Lecidea albocaerule.scens (Wnlf.) Sdiaer.

Monroe. Parke, Putnam. Tippecanoe.

Lecidea coarctata (J. E. Smitli) Nyl.

Montgomery.

Lecldea enterolouca Acli.

Union.

Lecidea myriocarpoides Nyl.

Monroe.

Lecidea uliginosa (Sclirad.) Ach.

Hendricks, Montgomery, Union.

i'ladoiiiaccae.

*(;iadonia hacilhiris (l>el.) Nyl.

Hendricks.

Cladouia caespiticia (Pers.) Floerke.

Putnam.
Cladonia cariosa (Ach.) Spreng.

Montgomery.

*Cladonia coniocraea (Floerke) Spreng.

Hendricks, Montgomery, Tipi^ecauoe, Union.
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*Cladonia cristatella Tuck.

Montgomery, Tippecanoe, Wayne.

*Cladonia limbriata (L. ) Fries.

Putnam, Wayne.
*Cladonia furcata (Huds.) Fries.

Parlve. Putnam, Tippecanoe.

Cladonia macilenta Hoffm.

Montgomery, Tippecanoe, Union.

Cladonia mitrula Tuclv.

Montgomery, Putnam, Tippecanoe. I'nion, Wayne.

*Cladonia pyxidata (L.) Fries.

Parlie, Putnam.

*Cladonia squamosa (Scop.) Hoffm.

Wayne.
Cladonia symptiycarpa Fries.

Putnam.

Collemaceae.

Leptogium lacerum (Retz. ) S. F. Gray.

Tippecanoe, Wayne.

*Leptogium pulchellum (Ach.) Nyl.

Parlce, Wayne.
*Leptogium tremelloides (L.) S. F. Gray.

Montgomery.

Pyrenopsidaceae.

*Pyrenopsis fuscoatra Finli.

Montgomery.

Pannariaceae.

*Pannaria nigra (Huds.) Nyl.

Montgomery, Wayne.

Stictaccae.

*Sticta amplissima (Scop.) Mass.

Hamilton, Marion, Montgomery. Putnam, Wayne.

*Sticta pulmonaria (L.) Ach.

Hamilton, Marion. Owen,. Putnam, Wayne.

Pcltigeraceae.

Nephroma helveticum Ach.

Putnam.
Nephroma laevigatum Ach.

Putnam.
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*Peltigera canina (L.) Hoffm.

Parke. Putnam. Wayne.
*Peltigera horizontalis (L.) Hoffm.

Montgomery.

*Peltigera praetextata (Sommerf.) Fink

Tippecanoe.

A curo-sjiorarcde.

*Acarospora cei'vina (Wahl.) Koeib.

Montgomery.

Lecanoruccuc.

*Lecanora dispersa (Pers.) Floerke.

Franklin. Montgomery. Union.

*Lecanora hageni Ach.

Monroe. Montgomery, Union.

Lecanora pallescens (L.) Schaer.

Wayne.
Lecanora pallida fSchreb. ) Schaer.

Putnam.

*Lecanora subfu.sca (L.) Ach.

I'utnam.

Lecanora tartarea (L. ) Ach.

Putnam.

Lecanora varia (Hoffm.) Ach.

Hendricks, Montgomery, Union.

Pertusariaccae.

*Pertusarla communis Lam. and D. C.

Hendricks, Parke, Putnam. Union.

Pertusaria pustulata (Ach.» Xyl.

Union.

*Pertusaria velata (Turn.t Xyl.

Putnam, Tippecanoe.

I'armcliaccac.

Parmelia borrerl Turn.

Tippecanoe, Union, Wayne.

•Parmelia caperata (L.) Ach.

Franklin, Hamilton, Hendricks, Marion. Montgomery, Putnam. Tip-

pecanoe, Union, Wayne.

Parmelia cetrata Ach,

Wayne.
Parmelia ciliata (Lam. and D. C.) Fink.

Union.
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Parmelia colpodes (Ach.) Nyl.

Putnam.

*Parmelia conspersa (Ehrli.) Ach.

Montgomery.

Parmelia laevigata (Smith) Nyl.

Wayne.
*Parmelia perfoi-ata (Jaeq.) Ach.

Putnam.

*Parmelia rudecta Ach.

Franklin, Hendricks, Montgomery, Parke, Tippecanoe, Union.

*Parmelia saxatilis (L. ) Fries.

Hamilton, Marion, Putnam.
*Parnielia tiliacea (Hoffm.) Floei'ke. •'

Putnam, Wayne.

Usneaceae.

*Ramalina calicaris (L.) Fries.

Hamilton, Marion. Putnam, Wayne.

*Ramalina fraxinea (L.) Ach.

Union.

*Usnea barbata (L.) Fries.

Brown, Hamilton, Marion, Marshall, Owen, Putnam, Wayne.

*Usnea florida (L.) Web.
Wayne.

Usnea angulata Ach.

Wayne.

Teloschistaceae.

Placodium aurellum (Hoffm.) Fink.

Montgomery, Union.

*Placodium microphyllinum Tuck.

Montgomery, Union.

*Placodium pyraceum (Ach.) Fink.

Montgomery.

*Placodium sideritis (Tuck.) Fink.

Franklin, Montgomery, Putnam.

*Placodium ulmorum Fink.

Tipi^ecanoe.

*Placodium variabile (Pers.) Nyl.

Franklin.

*Teloschistes concolor (Dicks.) Tuck.

Franklin, Montgomery, Putnam, Union.

*Teloschistes lychneus (Ach.) Tuck.

Montgomery.

Teloschistes parietinus Norm.
Wayne.
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Physciaceae.

*Physcia adglutinata (Floerke) Nyl.

Union. Wayne.
Physcia aquila (Ach.) Nyl.

Montgomery.
*Physcia astroidea (Fries) Nyl.

Franklin, Montgomery.
*Physcia endochry.sea (Hampe) Nyl.

Hendrick.*^. Montgomery, Tippecanoe.

*Physcia hypoleuca (Ach.) Tuck.

Tippecanoe, Wayne.
*Physcia leucoleiptes (Tuck.) Fink.

Franklin, Monroe. Montgomery.
Physcia ob.scura (Schaer.) Nyl.

Franklin. Montgomery, Union.

Physcia pulverulenta (Schreb.) Nyl.

Franklin, Montgomery, Union.

Physcia speciosa (Wulf.) Nyl.

Tippecanoe, Union, Wayne.
Physcia stelhiris (L.) Nyl.

Franklin. Montgomery, Putnam. Wayne.
Physcia tribacia (Ach.) Nyl.

Hendricks, Montgomery, Parke, Union.
Pyxine sorediata (Ach.) Fries.

Montgomery,

liinodina lecanorina Mass.

Montgomery.

HELVELLALES.

Geofflossaceae.

Geoglossum gelatinosum (Pers.) Dur.

Monroe (?).

Geoglossum glabrum Pers.

Monroe.

Leotia lubrica (Scop.) Pers.

Monroe (?), Tippecanoe.

Leotia stipitata (Bosc.) Schrot.

Montgomery (?).

Microglossum rufum (L. and S.) Underw.
Monroe.

Helvellaceae.

Gyromitra brunnea Underw.
Putnam.

Gyromitra gigas (Krombh) Cooke.

Monroe ( ?).
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Helvella crispa (Scop.) Fries.

Montgomery (?).

Helvella elastica Bull.

Monroe, Montgomery.

Helvella lacunosa Afz.

Monroe.

Helvella sulcata (Schaff.) Afz.

Montgomery.

Morchella conica Pers.

Monroe (?), Putnam.

Morchella e.sculenta (L. ) Pers.

Monroe (?), Montgomery, Putnam.

Morchella rimosipes D. C.

Putnam.

Morchella hybrida (Sow.) Pers.

Putnam.

Morchella semilibera D. C.

Monroe ( ?).

Psilopezia nummularis Berk.

Putnam.

Tuber rufum Pico.

Monroe (?).

Stictis railiata (L.) Pers.

Montgomery.

TUBERALES.

PHACIDIALES.

^tictidaceae.

Tryhlidiaceae.

Tryblidium minor Cooke.

Putnam.

Phacidiaceae.

Rhytisma acerina (Pers.) Fries.

Jasper, Marshall, Monroe, Putnam.

Rhytisma andromedae (Pers.) Fries.

Fulton, Monroe (?).

Rhytisma ilicis-canadensis Schw.

Putnam. Marshall, Vigo.

IIYSTERIALES.

Dichaowceae.

Dichaena faginea (Pers.) Fries.

Tippecanoe, Putnam.

Dichaena ferruginea (Pers.) Fries.

Monroe (?).



Hystenaccuv.

*(Jloniopsi.s gerardiana Sacc.

Montgomery.

*(;ioniopsi.s lineolata (Cooke) Sacc.

Hendricks.

*Glonium lineare (Fries) Sacc.

Union.

*GIonium nitidum Ell.

Montgomery.

Glonium simulans Ger.

Monroe (?).

*Glonium stellatum Muhl.

Montgomery.

*Hysteriiim insidens Schw.

Hendricks. Montgomery.

Hysterographium cinerascens Schw.

Montgomery.

*Hysterographium gloniopsis (Ger.) Ell. and Cooke.

Monroe ( ? )

.

*Hysterographinm lescpiereauxii (TMiliy I Ell. and Ev.

Union.

*Hysterographium mori (Scliw.) Kehni.

Monroe, Montgomery.

Hysterographiimi rons.'-elii De Not.

Montgomery.

*nysterographium variahiie Cooke and I'eck.

Montgomery, I'arke, Tippecancc.

(Sraithhbiccac.

Graphis dendrillca Acli.

Wayne.
Graphis scripta (L. ) Acli.

Montgomery, Piirkc. T'utiiam. T'nion. Wayne.
*Opegrapha varia Pers.

Parke, Tippecanoe.

Arthoniuceae.

*Arthonia disper.sa (Uam. and I). C. i Dnf.

Montgomery, Union.

*Artlionia lecideella Nyl.

Hendricks, Montgomery. Parke, Tippecanoe. Union.

*Arthonia radiata (Pers. i Adi.

Tippecanoe.

*Arthothelium spectabile Mass.

Parke, Putnam, Union.
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irvrocitEALES.

*Cliromocron gelatiiiosa (Todc) Scnvpr.

rurke.

*Clavic'eps iuicrocei)lialii (Wallr. ) Till.

Marion, Marsliall, Tii)|)0(,aiic)t'.

*Clavicei)s purpurea (Fries.) Tul.

Clay, Hamilton, Marion, Montgomery, Putnam, Tippecanoe.

Cordyceps herculea (Scliw.) Sacc.

Monroe (?).

Cordyceps militaris (L. ) Link.

Monroe (?).

Cordyceps opliioglossoides (F.lirli.) Sacc.

Montgomery, Putnam.

*Epichloe typhina (Pers.) Tul.

Putnam, Tippecanoe.

Gibberella saubinettii (Mont.) Sacc.

Monroe.

Hypocrea citrina (Pers.) Fries.

Putnam.

Hypocrea gelatinosa (Tode) Fries.

Putnam.

*Hypocrea lenta (Tode) Berk, and Brown.

Montgomery.

Hypocrea rufa (Pers.) Fries.

Putnam.

*Hypocrea sulpliurea (Scliw.) Sacc.

Union.

*Hypomyces lactifluorum (Schw.) Tul.

Monroe (?).

Hypomyces rosoUus (Alb. and Schw.) Tul.

Monroe ( ?).

*Nectria cinnabarina (Tode) Fries.

Carroll, Monroe (?). Montgomery.

Nectria ditissima Tul.

Nurseries.

*Nectria episphaeria (Tode) Fries.

Montgomery.

Nectria ipomeae Hals.

Franklin, Monroe, Tippecanoe.

Nectria sanguinea Fries.

Montgomery.
DOTIIIDIALES.

DofhidUiccae.

Dothidea collecta (Schw.) Ell. and Ev.

Putnam.
*Dothidea glumarum Berk and Curt.

Montgomery.



124

Dothidea linderae Ger.

Putnam.

Dothidella ulmea (Schw.) Ell. and Ev.

Kosciusko, Monroe. Montgomery.

*Dothidella ulmi (Duv.) Wint.

Decatur, Montgomery.

*Phyllachora graminis (Pers.) Fuck.

Hamilton, Johnson, Marion, Monroe. Montgomery, Putnam. Tippe-

canoe.

Phyllachora lespedezae (Schw.) Cooke.

Marshall.

Phyllachora pomigena (Schw.) Sacc.

Tippecanoe.

Phyllachora potentillae Peck.

Montgomery.

Phyllachora trifolii (Pers.) Fuck.

Johnson, Tippecanoe.

Plowrightia morhosa (Schw.) Sacc.

Franklin. Montgomery. Putnam.

spiiakriai.es.

Chaetomiaceae.

*Chaetomium bastrychodes Zopf.

Tippecanoe.

Sordariaceae.

*Sporormia minima Auersw.

Montgomery.

Sphaeriaceae.

Anthostomella ostiolata Ell.

Monroe (?). Montgomery.

Endothia parasitica (Murr. ) Anders.

Benton, Marion.

Glomerella rufo-maculans Schrenk and Spauld.

Tippecanoe.

Lasiosphaeria hirsuta (P^'ries) Ces. and De Not.

Parke.

Lasiosphaeria hispida (Tode) Fuck.

Montgomery.

Lasiosphaeria ovina (Pers.) Ces. and De Not.

Union.

Leptosphaeria borealis Ell. and Ev.

Montgomery.

Leptosphaeria doliolum (Pers.) Ces. and De Not.

Montgomery.

Leptosphaeria dumentorum Niessl.

Montgomery.
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*Lepto.sphaeria subacnta (Cooke and Peck) Sacc.

Moiilgomt'vy.

*Lepto.spliaoria subconica (Cooke and Peck) Sacc.

Montgomery-

Massaria inqninans (Tode) Fries.

Monroe.

*Melanomma sporadicum Ell. and Ev.

Putnam. L'nion.

""Rosellinin aquila (Fries) De Not.

Boone. Monroe. Montgomery, Putnam.

Rosellinia glandiformis Ell. and Ev.

Boone, Monroe.

Kosellinia ligniaria (Grev. ) Sacc.

Boone, Monroe.

Rosellinia mammiformis (Pers.) Ces. and De Not.

Monroe.

*Roselinia meduUaris (Wallr. ) Ces. and De Not.

Monroe, Montgomery.
Roselinia mntans (Cooke and Peck) (Sacc.)

Monroe.

Rcsellina pulveracea (Ehrh.) Fuck.

Boone, Hamilton.

*Rosellinia subiculata (Schw.) Sacc.

Clark, Hamilton, Monroe, Montgomery.

Sphaerella fragariae (Tul.) Sacc.

Johnson, Monroe (?), Putnam.
Sphaerella fraxinicola (Schw.) Cooke.

Johnson.

Sphaerella thalictri Ell. and Ev.

Moiitgomery.

Sphaeria iridis Schw.

Montgomery.

*Tolchospora obducens (Fries) Fuck.

Union.

*Trichosi)haeria pilosa (Pers.) Fuck.

Monlgomery.

Ceratostomaceae.

*Ceratoslomella barbarostra (Duf. ) Sacc.

Monroe.

Amphisphaeriaceae.

*Amphi.sphaeria incrustans Ell. and Ev.

Montgomery.

*Caryospora putaminum (Schw.) De Not.

Putnam, Tippecanoe.

*Treniatosphaeria pertusa (Pers.) Fuck.

Owen, Tippecanoe.
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Mi/rnsphfirrcUaceue.

*Gnignar(lia l)i(l\vollli (Ell.) Via. and Rav.
Johnson. Monroo. Owon, Pntnani. Tiitpecanop.

Mycosphaerella ulnii Kleh.

.Tolnisoii.

Pirospnrficeac.

Diilymella lophospora Sace. and Speg.

Monroe.

"Opliiobolus acuminatus (Sow.) Duby.
Montgomery.

*Ophiobolus anguillides (Cooke) Sacc.

Montgomery.

*Opliiobolus solidaginis (Fries) Sacc.

Montgomei-y.

A^'enturia cerasi Aderli.

Kosciusko.

Venturia inaequalis (Cooke) Wint.

Tippecanoe ( ?).

*A'^enturia pomi (Fries) Wint.

Franklin, Monroe.

Venturia pyrina Aderli.

Montgomery, Tippecanoe.

(inonioniaccac.

*Gnomonia ulniea (Schw. ) Tliiim.

Johnson, Montgomery.

Vtilsdccae.

*Diaportho albocarnis Ell. and i:v.

Montgomery.

Diaporthe batnlatis Hart, and Field.

Franklin, Ti])pecanoe.

Diaporthe orthoceras (Fries) Nits.

Montgomci-y.

*Eutypa ludibunda Sacc.

Montgomery.

*Eutypa spinosa (Pers.) Tul.

Montgomei'y, Putnam.
*Eutypella cerviculata (Fries) Ell. and Ev.

Tippecanoe.

Eutj'pella platani (Schw.) Sacc.

Putnam.

Valsa leucostoma (Pers.) Fries.

Monroe ( ?).
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Melavchanidaceae.

Valsavia exasperaiis (Ger.) p]ll. and Ev.

Monroe. Putnam.

Valsaria qnadrata (ydiw.) Sacc.

Putnam.

Didtrijpaccae.

*Diatrype albopruinosa (Schw.) Cooke.

Monroe (?), Tippecanoe. Vigo.

*Diatr.vpe asterostoma Berl^. and Curt.

Union.

*Diatrype stigma (Hoffm.) Fries.

Monroe (?), Montgomery.

*Diatrype virescens (Scliw.) Ell. and Ev.

Monroe (?). Montgomery, Putnam.
Diatrypella cephalantlii (Scliw.) Sacc.

Putnam.

*DiatrypelIa prominens (Howe) Ell. and Ev.

Monroe, Montgomery.

McJogramma taceae.

*Botryosphaeria .sumachi (Scliw.) Cooke.

Montgomery.

Xylariaccae.

*Daldinia concentrica (Bolt.) Ces. and De Not.

Monroe (?), Montgomery, Putnam.

Hypoxylon annulatum (Schw.) Mont.

Monroe, Putnam.

*Hypoxylon atropunctatum (Schw.) Mont.

Monroe, Montgomery, Orange, Putnam.

Hypoxylon atropurpureum Fries.

Monroe, Owens.

Hypoxylon coccineiim Bull.

Monroe. Montgomery, Putnam.

*Hypoxylon coherans (Pers.) Fries.

Monroe. Montgomery, Putnam.

Hyix)xylon effusum Nits.

Monroe.

Hypoxylon fuscopurpureura ( Schw. ) Berk.

Monroe.

Hypoxylon fuscum (Pers.) Fries.

Monroe. Montgomery. Tippecanoe, Union.

Hypoxylon howeianum Peck.

Monroe.
* Hypoxylon insidens Schw.

,

Montgomery.
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Hypoxylou iiiAestiens (Schw.) Berk.

Monroe (?).

Hypoxylon marginatum ( Schw. i Berk.

Monroe, Putnam.
*Hypoxylon multiforme Fries.

Monroe. Montgomery.

Hyi)oxylon perforatum (Schw.) Sacc.

Monroe, Putnam.
Hypoxylon petersii Berk, and Curt.

Monroe (?), Putnam.
Hypoxylon rubiginosum (Pers.) Fries.

Clark, Monroe, Montgomery, Putnam.
Hypoxylon sassafras (Schw.) Berk,

Monroe, Putnam.

Hypoxylon stigma teum Cooke.

Montgomery, Union.

Hypoxylon turbinulatum (Schw.) Berk.

Monroe.

Xummularia hulliardi Tul.

Brown. Clark, Hendricks, Monroe. Putnam.
Nummularia discreta (Schw.) Tul.

Hendricks. Monroe, Putnam.
Nummularia microplaca (Berk, and Curt.) Cooke.

Monroe.

Nummularia repanda (Fries) Nits.

Clark. Monroe. Putnam.
Nummularia tinctor (Berk.) Ell. and Ev.

Monroe.

*T'stulina vulgaris Tul.

Monroe (?|, Montgomery. Parke. Putnam. T'nion.

*Xylaria castorea Berk.

Hendricks, Monroe (?).

*Xylaria corniformis Fries.

Monroe. Montgomery, Putnam.
Xylaria dlgitata (I..) Grev.

Montgomery.

Xylaria hypoxylon (L.) Grev.

Monroe ( ? ) . Putnam.

Xylaria polymorpha (Pers.) Grev.

Hamilton, Marion, Monroe (?), Montgomery, Putnam, Tippecanoe.

Union.

PYREMI.ALES.

Verrucariaceae.

Verrucaria epigea (Pers.) Ach.

Union.

Verrucaria muralis Ach.

Franklin, Monroe, Montgonicrv. Puliiam.
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*Vernicaria nigrescent Pers.

Montgomery. Putnam. Tippecanoe.

*Verrucaria rupestris Schrad.

Montgomery.

Verrncaria sordida Finli.

Montgomery.

''^'errucaria viridula Acli.

Montgomery.

]*!ir()nilficcae.

*Pyrenula cinerella (Flot.) Finl^.

Union.

*Pyrenula leucoplaca (Wallr. ) Kar.st.

Parke.

Pyrenula nitida (Weig. ) Ach.

Parlce.

Dcrmritorfirparcae.

Endocarpon miniatnm Fries.

Owen. Wayne.
Endocarpon pusillium Hedw.

Franlvlin. Montgomery. T'nion.

*Thelocarpon prasinellum Nyl.

Union.

Trj/iictlifUficcac.

*Trypethelium virens Tuck.

Tippecanoe.

perisporiai.es.

Eri/siphaceae.

*Erysiplie ciclioracearum I). C.

John.son. Marsliall, Moni-oe. Montgomery. Putnam. Tippecanoe. Union.

*I{)rysiplie commimis (Waalr. ) Fries.

Johnson, Marshall. Montgomery, Owen. Putnam.
Erysiphe galeopsidis D. C.

Fulton. Johnson. Marsliall, Montgomery, Putnam.
*Erysiphe graminis D. C.

Johnson, Monroe. Montgomery. Putnam.
Erysiphe horridula Lev.

Montgomery.
Erysiphe lamprocarpa (Wallr.) Lev.

Montgomery.

Erysiphe liriodendri Schw.

Montgomery. Putnam. Wabash.
*Erysiphe polygon! D. C.

Monroe, Montgomery. Parke, Putnam, Tippecanoe, Union.
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Erysiplie tortilis (Wallr.), Link.

Montgomery.
*Microsphaera alni (D. C.) Wiut.

Fulton, Johnson, Marshall. Monroe, iMonfuoiucry, riiliunii, 'I'ipiK'Ciiiioe,

Union.

Microsphaera densissima Cooke and Peck.

Montgomery.

*Microsphaera diffusa Cooke and Peek.

Marshall, Montgomery.

*Microsphaera elevata Burr.

Monroe, Owen, Putnam. Tippecanoe.

Miserosphaera erineophila Peck.

Marion. Putnam.

*Microsi)haei-a euonyuii (D. C. i Sacc.

Tippecanoe.

*Micro.sphaera eujiliorhiae (I'eck) lierk. and Ciiit.

Steuhen, Tippecanoe.

Microphaera extensa Cook .ind Peck.

Montgomery (?).

Microsphaera fiicsii Lev.

Montgomery.

*.MicrospliaerM gi'ossidari.ic (Wallr.) Lev.

Johiison. .Montgomery.

*Microsiihaeia (iiicrcina (Schw. i P.iirr.

.FcIiii.m;!!, .M.iishall. .Moiitgoinciy, Pulnaiii, Vigo.

.Microsphaera plalaiiii Howe.
.Montgiiiiici\-.

.Microsjiliaera ravcnelii P.erk.

Jolinson. .Marion. Moidgomery. r>weii. Putnam. A'igo.

*Microsi»haera russellii Clint.

Jolmson. Montgomery. (»\\cii. Piilimm. \'igo.

Miscrospiiaera scmifosta I'.crk. and Curt.

Johnson. \'igo.

.Micrcs]»liaera syiiipliori'-iirpi Howe.

.Montgoiiier.v, I'utnani.

.Mici'ospliaera vaiciiiii ( Scliw. i Cooke and Peck.

Marshall. .Moidgomery. Owen, I'Mln.Miii. 'i"ii)iiecanoe.

*Pliyllactiida corylea ( Pers. ) Karst.

Carrol, Johnson, Montgomery. I'utiiam.

*Phyllactinia suffulta fReh.) Sacc.

Johnson. Marshall, Montgomery. Putii;iiii. Shelby. Vigo.

Podosphaera hiuncinata Cooke and Peck.

Putnam.

*Podosphaera leucotrich.a (Ell. and Ev.) Salm.

Sidlivan.

*Podosphaera oxycanthae (I). C.) De P.ary.

Floyd. Fountain. Johnson, Marshall, Monroe, Montgomery, Owen, Put-

nam, Tippecanoe.

1
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Sphaerotheca castagnei Lev.

Johnson. Marshall, Monroe. Montgomery, Putnam, Tippecanoe.

* Sphaerotheca hnmiili (D. C) Bnrr.

Marshall, IMonroe, Montgomery, Putnam, Tippecanoe.

*Sphaerotheca humuli fuliginea (Schlecht.) Salm.

Montgomery.

Sphaerotheca mors-uvae (Schw.) Berk, and Curt.

Montgomery.

*Sphaerotheca pannosa (Wallr. ) Lev.

Elkhart, Fayette. Johnson, Monroe (?), Putnam.

^Sphaerotheca phytoptophila Kell. and Swing.

Montgomery, Putnam, Tippecanoe.

Uucinula aduncta Lev.

Montgomery ( ?).

Uucinula americana Howe.
Montgomery.

Uncinula ampelopsidis Peck.

Montgomery, Tippecanoe.

*Uncinula circinata Cooke and Peck.

Johnson, Marshall, Montgomery, Putnam.

*Uncinula clintonii Peck.

Montgomery, Putnam.

*Uncinula flexuosa Peck.

Hamilton, Johnson, Montgomery, Putnam.

*Uncinula geniculata Ger.

Johnson, Monroe, Montgomery.

*Uncinula macrospoi*a Peck.

Johnson, Montgomery, Owen, Putnam, AVabash.

*Uncinula necator (Schw.) Burr.

Johnson, M(mroe, Montgomery, Putnam.

*Uncinula parvula Cooke and Peck.

Johnson, Marion, Putnam.

*Uncinula salicis (D. C.) Wint.

Marshall, Monroe, Montgomery, Putnam, Tippecanoe.

Perisporiaceae.

Dimerosporium collinsii (Schw.) Thiiem.

Monroe (?).

*Scorias spongiosa (Schw.) Fries.

Monroe (?), Owen, Putnam.

ASPERGLLLALES.

Aspergillus glaucus (Wigg.) Link.

Tippecanoe.

*Penicillium crustaceum Link.

Tippecanoe.
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EXOASCALES.

E.ro<isf(icc(te.

Exoascus deformans (Berk.) Fuck.

Monroe. Mt)ntsonier.v. Putnam. Tipiiecanoo. Vigo.

*Exoa.scus mirabilis Atkins.

Jefferson. Orange.

Exoascus potentillae Farl.

Putnam. Vigo.

Exoascus pruni (Tul.) Fuck.

Mouroe, Tippecanoe.

*Taphrina caerulescens (Mont.) Tul.

Montgomery.

*Taplirina potentillae (Farl. I John.

Vigo.

*Taplirina virginica Sad. and Seym.

I'utnam. Vigo.
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INDIANA PLANT DISEASES. 1919.^

Max W. Gardner.

introduction.

The parasitic fnn,2ji of economic importance in Indiana liave been ])revi-

ously recorded by PipaP and by OsnerV'. Wliile additions to this list will

be included in subsequent reports the nature of the report will be essen-

tially altered so that it will constitute a somewhat detailed account of the

general crop pathology and the diseases of considerable economic import-

ance during the season in question. Relative prevalence, geographical dis-

tribution, local epidemics, new or unusual features observed, and los:tes in-

curred, especially specific instances, will be among the data included. It is

hoped that by such an annual procedure, a clearer understanding of Indiana

plant disease conditions may be obtained. For this report no claim of

completeness is made. Diseases of forest trees and ornamentals are not in-

cluded. Diseases not reported in the previous lists are enumerated in the

summary.

WEATHER CONDITIONS.

Because of the very intimate bearing of the weather upon crop path-

ology, it is deemed not out of place to present a brief resume of the weather

conditions prevailing during the 1019 growing season as summarized by

Mr. J. H. Armington in the monthly reports of the Weather Bureau at

Indianapolis.

Very warm weather early in April advanced vegetation very rapidly

and caused fruit to blossom in the central and southern portions of the

state. Consequently the freezing temperatures attained April 2.5th. to 27th.

resulted in very serious injury to peaches, cherries, plums, apples, wheat,

and rye. After this followed a month of cool, cloudy, wet weather resulting

in a marked retardation of grains, a yeflowing of wheat and rye in wet soil,

a subsequent lodging of wheat, and a delayed planting of corn and truck

crops.

June and July were exceptionally hot and dry. The rainfall during June

was in the form of local thunder storms and was deficient in the east and

central portions of the state. In general, however, the weather during June

was not unfavorable to crops. Except for a light rain, July 14th.. there

was practically no rain at all during that month until the 31st. This pro-

longed drouth, coupled with the excessive heat, resulted in severe retarda-

3Pipal, F. J. A list of plant dispases of economic importance in Indiana with
bibliography. Proc. Ind. Acad. Sci. 1915 :379-413. 1916.

*Osner, Geo. A. Additions to the list of plant diseases of economic importance in

Indiana. Proc. Ind. Acad. Sci. 1916 :327-332. 1917.
=Osner, George A. Additions to the list of plant diseases of economic importance

in Indiana. Proc. Ind. Acad. Sci. 1917 :14.">-147. 1918.
^Contribution from the Botanical Department of Purdue Univer-sity Agricultural

Experiment Station. Lafayette. Indiana.
=The writer wishes to aeljnowledge the assistance of Prof. H. S. .Jackson. Mr.

F. .1. Pipal, Mr. G. X. Hoff.-r. Dr. C. T. f-re-.'orT. nriri TO. B. M.iins in prt'parin;:

this report.
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tion and drouth injury of corn and truck crops. The heavy rainfall of July

31st. and Auf^ust 1st. was state-wide and relieved the drouth situation to

a large extent althougli certain localities continued to suffer.

There was hail injury to truck crops and strawljerries at Madison. June

12tli. and to truck crops, corn and oats at Berne and Winona Lake. July

10th.

August was not especially hot and local rains were frequent. The rainfall

was. however, helow normal and was insutticient. especially in certain local-

ities, to offset the drouth injury of July. The first half of September was
also hot and dry. thus further injuring i)otatoes and truck crops. Heavy

rains, Septemlier 18th. to 2"Jnd.. followed by an exceptionally warm, wet,

and late fall, with no frost until latf in Octolicr. resulted in a very favorable

late growing season.

To .summarize briefly, we have had this year an early period of warm
weather in April followed by a destructive freeze, a cold wet May. an ex-

cei)tionally hot and dry June and July period, followed by a generally favor-

able growing season lasting until late in Octoljer. Certain types of parasitic

plant diseases are markedly influenced by such weather conditions. For

example, the cold wet weather of May was especially favorable to certain

fruit disea.ses such as apple scab, the sulisei|uent h<»t dry weather to the

Fusarium root diseases such as cabbage yellows, and the late growing sea-

son resulted in a prolonged exposure of crops to certain tyjK's of disease such

as the Septoria leaf-spot of tomato which increase in pn-xaleiice and se-

verity as the season advances.

DISI ASKS ARTtANOKI) HV HOSTS.

Al.lAI.KA.

Leaf-spol caused by r.s( iidoi)' zizn hk tliiuinnix was generally prevalent.

Ari'i.K.

r.lotch caused by I'll ullostiila xolitarin was the most serious disease in

the southern part of the state on the susceptible varieties. .Northwestern

and Rhode Island (-Jreenings. Stark, lien Davis. Smith Ciilei'. Duchess, and

Arkansas Red. according to ('. L. liurkhcdder who fiutber re]K)rts that

blotch was nnich worse than usual this year. According to J. Oskamp. C. L.

Hurkholder. and F. P. Cullinan. the northern limit of blotch as an important

commercial factor in Indiana could be repre. ented by a line across the state

north of Indianapolis through the counties of Fountain, Montgomery. Boone,

Hamilton, and Madison. The disease occurs, however, on the Stark and

Northwestern (ireening to a considerable degree as far north as the Wabash

valley. The above cthservers al.so rei)ort that, in the badly infested southern

half of the state, the disease seemed to be most severe in the southwestern

corner and along the Ohio River. ()skami» reports severe blotch at Solon,

Indiana. Blotch was found in neglected orchards about Lafayette and in

sprayed orchards at Bedford. Mooresville. (Jreenfield, and Knightstown.

At Greenfield cankers on lOIK wood were not at all common. Counts
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made September 18th at Greenfield showed fruit infection ranging from 45

to 72%, at Knightstown, 78 to 80%, and at Mooresville. 77 to 90%. Petiole

infection ranged between 57 and 74% at Mooresville. In the Greenfield

orchard l)lotch was found on two young Grimes trees that were overhung
by di.seased Greenings, indicative of drip infection. Good control of

blotch on the fruit was secured by the Bordeaux sprays. I)ut no success was
liad with the concentrated lime sulphur dormant spray.

Scab, caused by Ventiiriti itKir(ji(alis. is the most important apjilc dis-

ease in Indiana and seemed to be equally prevalent throughout the state.

Because of the wet weather in May. scab was i)articularly severe on the

foliage and blossoms. It was not, however, as severe on the fruit as the

early infection led one to expect. However, it was generally prevalent on

fruit in the northern part of the state. H. H. Swaim reports diflflculty in

finding scab-free fruit in a sprayed orchard near South Bend. Cullinan

found in an experimental orchard at Peru, practically 100% defoliation

and no fruit in unsprayed check plots as a result of scalt. He further re-

ports that the Ben Davis variety suffered severely from this disease. Burk-
holder found scab worse this year in .southern Indiana than he had pre-

viously noted. Owing to the very early and vigorous start made by the

disease, spray control was less successful than usual.

Taking the state as a whole, .black rot caused by tS'p/c/crop.s/.s- tualonnn

was by far the most prevalent disease. The frog-eye leaf-spot was particu-

larly ubiquitous and destructive, and the l)los.som-end type of fruit rot was
rather common on certain varieties. The latter condition was noticed in

an orchard at Knightstown. Jinie 17th., and on Summer Rambo in an or-

chard near Bedford, July loth, fullinan found black rot very severe on

Ben Davis apples in an orchard at Bicknell in August in the shaiie of a

blossom-end rot associated with a heavy San Jo.se scale infestation of the

calyx ends which had caused cracking of the fruit. While this disease is

usually worse on old unpi'uned trees, it was found very severe in a large

oi'chard of young trees near Paoli, May 2Sth.. resulting in a noticealde yel-

lowing of the foliage. Considerable defoliation was caused l).v this disease

and in cases carefully noted it was found that five or six le-ions were suiti-

cient to cause the leaf to drop.

Early in the season, fire blight caused by BucUIkh (nni/lororus occasion-

all.v was noted to be severe in apple trees, particularly those near diseased

pear trees. A striking example of this was noted near Knightstown. June

17th., where there was a row of badly blighted pear trees along one side of

an orchard. The apple trees along this side were badly blighted, while

farther over there was not much blight to be found. In a dooryard in

Orleans, a case was observed where. there was con.sideral)le Idight on one

side of an apple ti'ee, the side adjoining a blighted pear tree. In a small

orchard of young ti-ees near Indianapolis, the extreme susceptibility of the

Winter Banana variety to fire blight was clearly indicated.

Sooty blotch caused by Leptothi/rium pomi occurred rather commonly

in the central and southern parts of the state. Considerable sooty blotch

was noted on the fruit from an orchard near Mooresville.
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Rust caused by Gymnosporaxgiiim jiiniperi-virf/inianoe was rather severe,

according to Pipal, in the southeastern part of the state. The abundance

of the red cedar in southern Indiana is of course very conducive to rust

epidemics.

Oskamp reports tliat blister canker due to Xuiumiildria (Uscreta is in-

creasing in importance in Indiana and further reports its extreme severity

on the Ben Davis variety near Greencastle. It is also roporien to be present

on that variety in an orcliard near Peru.

According to the observations of Oskanii> and Pipal. bitter rot caused

by Glomcrelki cinguhiia was not as destructive as usual this year. P.itter

rot occurs mainly in southern Indiana.

A serious root trouble occurs to a considerable extent in central and

southern Indiana, e.specially on the Grimes variety. This root rot usually

results in tlie death of the affected trees and cases are on record where
whole orchards have been destroyed in the soiithern part of the state.

Whether or not this is the Xylaria r(M)t rot has not been ascertained.

Frost injury to api>le l)lossoms was of course severe in certain sections of

the state and caused a marked reduction in yield. A very bad case of this

was noted in a large orchard near Goshen where absolutely all of the blos-

som clusters were killed. A peculiar crinkling of apple leaves due to the

death of the lower epidermis was very widely noted during June and was
attributed to freezing injury. There was a marked prevalence of frost

marking of the fruit in the central and southern parts of the state in all

stages from narnjw frost bands an<l Itlossom-end russet to russeting of the

entire surface of the fruit, and even malformation of the fruit. So prevalent

was this type of injiu'y that it asstnned considerable significance as a blem-

ish in the prize exhibits in the shows.

The lace-like russeting of the fruit resulting from Bordeaux injury and

arsenical burning of the foliage was found in sprayed orchards.

Asparagus.

Rust caused by Pnccinia (isixiragi was not found in the Indianapolis

market gardens but was noted at Lafayette.

.1 STEU.

Fnsarium wilt was severe locally.

Bakt.kv.

Thirty-six barley fields in 15 counties were examined in the federal cereal

disease survey. Ergot caused by ('l(ni(<]tft piiritiircti was ffumd in two fields.

Spot lilotch cau.sed by Ilclmhitliosjioriinn Hdtivion was reiH)rted from eight

fields, net blotch caused by Ilchninthoftporium terra from 11 fields, and
stripe caused by Ilelminthosporitim gramiiwum from two fields. Spot blotch

is the most serious of these diseases in Indiana and was very abundant

in the eight fields above noted, all of which were in Madison. Delaware and
Xoble counties. Scab causetl by flibhrreUa Kanhineiii was found in 19 or
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53% of the 36 fields with an average incidence of 3.3%. One field in Mad-
i.son County showed 35% scab. This field was in corn in 1918.

Leaf rust caused by Puccinia simplex was found in six out of the 3G fields

with an average incidence of 1.2% and a maximum of 20%. Stem rust

caused by Puccinia graminis was found in 13 fields with an average inci-

dence of 2.1% and a maximum of 20%. Neither of these disea.ses was of

any considerable economic importance.

Covered smut caused by Ustilar/o liordci was found in 10 of the 3G fields

with an average incidence of less than i/l>% and a maximum of 8%. Loose

smut due to Ustilofjo nu(J<i was found in 30 or 83% of the fields with an
average incidence of l.G% and a maximum of 25%. None of the 30 fields

examined had been planted with treated grain.

Bean.

The garden crop suffered severely from drouth injury, which was evi-

denced by a downward curling and extreme distortion of the leaves ac-

companied by marginal browning. Bacterial l)light caused by Pscudomonas
phaseoli was generally present in all gardens and constituted a serious loss-

producing factor. Late in the season, the mosaic disease became very prev-

alent. Its symptoms may have been masked by the universal drouth injury

earlier in the season. The leaf spot caused by PhijUosticta phaseolina was
found at Lafayette.

Beet.

The sugar beet crop of Lake County seemed to be more or less free from

disease except for some leaf-spot caused by Cercospora beticola. A little

scab due to Actinomyces scabies was found, and crown gall was reported

by growers. A crown rot of the roots was noted in DeKalb County.

Garden beets throughout the state were generally infected with the leaf-

spot due to Cercospora beticola, but as a rule the attack was not particularly

severe.

Blackberry.

Orange rust due to (li/innoconia peckiana was very widespread and abun-

dant throughout the state in late May and early .Time.

Bllegrass.

The slime mold, Phi/sanim cincreum, caused con-<picuous patches in lawns

early in the spring.

Cabbage.

The limiting factor in the cabltagc crop of Indiana this season was the

yellows disease caused by Fusnrinm coni/lutinans. The extremely hot

weather was especially favorable to this disease and it was widespread

throughout the state both in small gardens and in truck fields. In certain

of the market gardens near Indianapolis, the early crops of Wakefield and
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f'openliagen were failures l)ecause of yellows and market growers about

Shelbyville reported that yellows was forcing them entirely out of the cab-

bage industry. In the Lake County truck region near Highland, yellows

was found to a greater or less extent in a rather large number of fields of

kraut cabbage examined and no fields were found to be free from it. Yellows

is frequently present in seed beds and the use of diseased transplants is a

prolific means of dissemination of this disease. Especially is this the

case when one grower secures i)lants grown liy iuiother. a practice commonly

indulged in.

Clubroot caused by I'ltisinodiopliora hnixsicac was found in several (5)

fields near Highland in Lake County and where it occurs a heavy reduction

in yield results. In one instance a grower had knowingly introduced both

yellows and cluli loui inio clean ^oil with his purchased transplants.

Rlack-leg caused by I'honni lhi</<nti was found in a few fields neai- High-

land. Itut was not very fjcstrucf ive. lilack rot due to I'xrH(h>)nitnti.s ram-

IKxIris was not noted. lilack leaf-siM)t caused by Alh rinirid hrtiHHicac was
noted in Lake County. In the early croj) in the Indianapolis market gard-

ens there was .some loss due to a rot of the stem and leaf l)ases caused by

Sclcrotiiiifi libcrtidiHi. The same fungus was observed earlier in the season

on seedlings in a greeidiouse. Likewise there was noted a damping-off of

cabbage seedlings due to Khizoctonia.

A non-parasitic tip-burn of the leaves was found in Lake County, in

September, wliich was not cnnliiicd to tlie exterioi- leaves, but occurred

also on interior leaves as well. This disease caused a considerable loss.

Affected heads are unmarketable because the kille<l leaf margins almost

invariably becdine inf'ecte<l witii rot-producing fungi such as liotrytis.

Camai.oii'e.

Fields were examined in Knox, Jackson and Marion Counties. The most
important disease was wilt due to liticilliiK I rndK iiihiliis. This cau.sed the

death of a small jiercentage of the plants e;irly in the season. It was found

actively spreading Jinie li(>. and July '24 its ravages were attested by numer-
ous blanks and rlea<l ])lants. It was not serious in the Indianapolis market
gardens but was generally recoginzed at Decker and Vjilloina as the worst

cantaloupe di.-case. \o indications of Fusarium wilt were found.

Leaf itiight or "rust'" due to AlfcriKiriti hi-d.ssicac var. niiinxc< hh was very

generally prevalent in all fields examined. It was severe in the Decker

region, even as early as .Jnne LH;ih.. am! liy .Inly I'ltli. was killing the older

foliage extensively. ( »n many of tlie lields in tiiis district cantaloupes

have been grown for the last 20 to o(t years ami the severity of leaf blight

ma.v be largely thw to this lack of crop rotation.

The mosaic disease, characterized b.v dwarfed vines and mottled leaves

was founri in several fields in Knox County. This disease reduces the yield

very materially.

White porcelain-like areas due to sunscald were found (»n the upiier sur-

faces of melons in the Held, July 24th. In the packing shed, melons were dis-
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carded as culls because of deep cracks and l)ecause of a rot resultint; from
scab-like lesions on the side of the melon that was in contact with the

soil in the field.

Carrot.

Leaf-spot caused by Cercospora apii var. carotfic was found in the Indi-

anapolis market gardens.

Catalpa.

Leaf-spot due to Macrosiioihaii ctifiil/xic was widespread.

Celery.

The most serious disease of celery as observed near Lafayette and Indi-

anapolis was the root trouble known as the "stunting disease"^"-, "crown
rot," or "yellows". This is caused by a soil fungus, Ftisarium, and is essen-

tially similar in its effects to the cabbage yellows disease. Affected i>lants

show a yellow color or premature bleaching of the older leaves usually on
one side, exhibit all degrees of stunting, and may die early in the season or

continue a sickly existence. The fungus persists in the soil and the dis-

eased areas enlarge year by year. The disease is confined chiefly to the

highly desirable Golden Self-blanching variety and green or late varieties

are practically immune. In 1014 this dis-ease was so prevalent in the celery

marshes at Kalamazoo, Michigan, and Goshen. Imliana, that the industry

was threatened with lailnre. Steam soil sterilization was found to be effect-

ive but rather impracticable, and the situation was relieved by the dis-

covery that the Easy Bleaching variety, though slightly less desirable com-

merciall.v, was highly resistant to the disease. This variety has now com-

pletely supplanted the Golden Self-bleaching variety at Kalamazoo and
Goshen. At present the disease is just gaining a foothold in the Indianaix)lis

market gardens. This season it caused one grower to plow under his celery,

and caused a practical failure for another. A small area was found in a

third field, and in another case two diseased plants were found in the cold

frames early in the season and a few scattered plants in the field later. In

this disease, as in cabbage yellows, dissemination is largely by means of

diseased transplants.

In the Goshen crop, early blight caused by CcicoHpora apii was very de-

structive as observe<l in early September. Late blight due to )^eptoria

petroseUni occurred in a garden in Rush County in September. The bac-

terial leaf-spot was found near Lafayette, xVugiist 11th., and in some of

the Indianapolis market gardens, August 22n(l. Some nematode injury

was found at Goshen where there is a large area of muck soil so badly in-

Cooiis, G. H. ' Tho Michigan plant disease survey for 1914. Mich. Acad. Sci.
17th. Ann. Rpt. :126-127. 1915.

-("ixins, G. II. Michigan pliint disease survey for 1917, Mich. Acad. Sci, 20th,
Ann. Rpt. :444, 1918,
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fested with iiematofles that its use for truck crops has been discontiuued.

This nematode infestation has been present at least five years.

Cherry.

Leaf-spot caused liy Cocconii/ces IticmtiUs was the most serious cherry

disease and was jienerally prevalent and widespread. It was responsible

for a marked yellowing of the foliage and consequent defoliation. Undoubt-
edly leaf-spot is a limiting factor in cheiry production in Indiana. C. L.

Burkholder reports that a successful spray control was secured by R. A.

Simpson at Vincennes. using Bordeaux 2-4-50.

Brown rot due to Sclcrotinhi cUitrca was reiwrted by one grower near

Indianapolis to be very severe on the Ox-heart variety.

Powdery mildew due to Po(Jos})1ificr(i o.ri/caiiihac was found in Jackson

County.

Clover.

Antliracnose due to Collclotrichnm trifolii was very serious on red clover.

A l)adly di.seased field was noted near Hartford City.

Leaf-spot caused by Pseudopesiza trifoln was found in Hancock County.

A spotting of sweet clover due to Asrnrhi/fa raulicola was found in Jef-

ferson County.

Corn.

The most serious disease of corn was the root rot due to Fusarium
species. G. X. Hoffer reports that this disease was state-wide in distribu-

tion but was worst in Shelby, Noble, an<l Bartholomew counties. It is

worse in the lighter soils and in clay spots in the fields. The disease

causes firing of the lower lea\es and results in barrenness and nubbin pro-

duction. The loss in yield due to root rot is estimated at 5% to 10%.
The fungus is canicd in the s( cii and also persists in the soil.

Leaf sheath, nodal, ear and root infection with the fungus (lihhrrcJUi

Kfiuhinctil has been the cause of nuich loss this year acctirding to Hoffer.

The most imitortant injury is due to the shank infection which causes the

ears to lop over and to the root rot. This is the same fungus which causes

wheat scab.'

IIotTer also reports that corn ear rots dm- to Fusarium and Diplodhi

were not prevalent this year because of the fact that the weather was
very favoiable for the ripening of the grain. October and November
]lo(.ils in southern Indiina have caused much loss in seed corn, however,

due to moiouiu' of the ears l)oth on the stalk and in the shock.

Smut caused by Ustilufjo scae was present in the usual almndance. It

was worse in sweet corn and in fields where corn was grown in lf)18.

Bust caused by Pucciuiu sorghi was less abundant than usual and was
most common in the late plantings of swict corn.

Stewart's disease caused by Bacterium .slcirdilii was found near Ladoga,

iHoffer, G. N., Johnson, A. G., and Atanasoflf, D. Corn root—rot and wheat scab
Jour. Agr. Research 1', :G11-C12. 1918.
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Shelbyville, and Indianapolis. Hoffer reports that the infection was ratlier

light, rangiiij,' from 2 to 3%.
Dronth injury to corn became very severe in July and a marked firing of

the leaves especially on the lighter soils was one of the results. Certain
localities suffered worse than others in tliis regard.

Cucumber.

Uacterial wilt caused by Bacillus trachciphUiis occasioned heavy losses

in certain greenhouses near Indianapolis and Terre Haute and was com-
mon in the field crop in Lake County. In the greenhouse crop hea^y
infestation of fruits on diseased vines was noted.

Mosaic was of considerable importance in the greenhouse and cold-frame

crop but was not as prevalent as usual in the pickle crop.

Anthracnose caused by CoUctotriclium 1a<jciiariiim was very destructive

in certain grcenliouscs where overhead watering was practiced. The
disease was very destructive on all of the foliage up as high as the water-

ing 'lipes.

Angular leaf sjiot due to liaeUriinn Jachnjmans was noted in the tie'd

crop but was net found in the greenhouses. This disease was prevalent

in the pickle crop about Plymouth, LaPaz, and Lakeville in 1917 and 1918.

Powdery mildew caused by Eryniplic cichoraccanim was noted occasion-

ally in greenhouses and was more prevalent on the fall crop.

Downy mildew caused by Pcronophtainoixira ciihcnsis was found to a

lim.ited extent on the fall crop in one greenhouse.

Nematodes are one of the worst difficulties encountered in growing cucum-
bers in the greenhouse. One grower reports that the inroads of this trouble

occasioned the iysiallalicn of a system of control which entailed an original

outlay of .$15,000 find an annual operation cost of $500.

Eggplant.

Leaf-spot and fruit rot caused by I'homopsis vexans \yas found in the

Indianapolis market gardens. More serious, however, was a wilt disease of

iindetermintd origin.

Kale.

Yellows due undoubtedly to Fusarium conglutinans occurred in certain of

the Indianapolis market gardens.

Lettuce.

In the greenhouses, downy mildew caused by Bremia lactiicae was preva-

lent in the winter crops. It has been found that a low temperature greatly

favors spore germination and this may explain why the disease is not so

severe in the sprhig crop under glass and is absent in the field crop. Downy
mildew affects mainly the older leaves and not only renders the older leaves

unfit for market, but also predisposes them to a Botrytis rot. Botrytis not

only attacked these older leaves, but also caused a stem rot which usiially

resulted in the death of the affected plants.



Drop caused by (^rhrotiiud lihcrtiami occurred to a serious extent in

some greenhouses in the late crop during cloudy weather.

A leaf-spot, probably of bacterial origin, and a rosette probably due to

Rhizoctonia were also found in the greenhouse crop.

Maple.

Sunscald or drouth injury was severe on hard maples along city

sti'eets. The injury occurred in July and its effects were visible lor

several weeks. The leaves turned brown about the margins and between

the veins and curled upward.

Oak.

Sunscald similar to that on maples occurred on shade trees during July.

( ats.

Leaf-spot or spot blotch cau-ed by flrlinintliusijitriiitn avcnac was re-

ported from 28 out of the 254 fields of oats examined in the federal cereal

disease survey. K. V. Allison found it very abundant in fields in Madison,

Delaware, Wabash. Noble and Lagrange counties. Septoria leaf-spot was
found in four of these fields, bacterial blight in six. and scab caused by

(Hhhcnlld Hduhiiictii was found in eight with a maximum incidence of 45%.
Blast was reportecl from iL' of the fields and Wiis found very abundant in

Noble, Lagrange. Wabasli. Di'laware and Madison counties.

Covei'ed smut caused by I'stihit/o Icavis was reported from eleven fields.

Loose smut caus<'d by Cxtiltn/o uvokic was foiuid in 2()S or S2% of the

fields examined, with an average incidence of 3.3% and a maximum of 24%.
Out of 'AO fields, the seed for whicli was tr(>ated liy the wet formaldehyde

metliod. 1."! showed l<iose smut witli an average incidence of 0.2% and

a maximum of 2%. Out of 2(> fields phinted with seed treated by the

dry formaldehy(h' method. 22 showed loose smut with an average incidence

of O..S% and a nuixinuim of S%.

Leaf rust caused by I'Kcciiiia coroniitn was reported from lit? or 77% of

the 254 fields witli an average incidence of 17% and a niaxiiiiuni of 1<U(%.

Stem rust caused liy I'nccinin i/rtnninix was fitund in mily 17 tields. with

an average incidence of <>.(>'
'^ an<l a maximum of .'UKy.

Onion.

Smut caused by rrnrj/ntis ccpuldc lias been foiuid liy (". T. (Jregory

in a few fields at Hannnond just across the state liiu' from an area of

infection in Illinois.

Smudge caused by ('oUctofriiliinn circUidiix was fouinl on wliiti' bulb

onions in the Indianapolis market ganlens.

rink root ami Fnsariuni bulli rot were found in one Held near (iarrett

in Dekalb Coiuity.

In Dekalb and Fulton counties there was considerable ditficulty with

onions in muck sctils due to a severe stunting of a large percentage of

the i>laiits whicli resnlted in a marked ii'regidarity of the stand and con-
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sequent lack of uniformity in tlie size of tlie bulbs. In addition there was
in the field a distinct bleaching and burning of the leaf tips. This trouble

could not be attributed to any parasitic attack and was quite likely

due to an excess of soluble salts in the surfiice soil, according to S. I).

Conner. The latter' has found that there is an accumulation of soluble

salts in the surface layei's of muck soils, composed largely of nitrates, and

in com]>arative analyses of soil from areas where onions were not growing

well and from the rest of the field, he has found the concentration of

nitrates three times as great in the surface inch of the diseased areas. In

such concentrations there is a toxic effect ui)on the plant.

June 17th., there was observed in (me field in Dekalb County a peculiar

type of injury characterized b.v a bleached area and constriction of the

leaf just above the ground line. The leaves usually broke over at this

lesion. This trouble is likewise due probabl.v to injur.v residting from a

temporary concentration of solulde salts in the surface soil.

Localized nenuitode infections were found in one field in Fulton County.

Instead of root galls the effect was a clump of secondary roots at the point

of infestation.

Parsnip.

Leaf-spot due to frrrospuni apii was found rather al)undant in the fall

near Ijafayette.

Pea.

The bacterial spot and the blight caused by Afirocln/fft pisi were foinid

in small gardens.

Canners report serious trouble in their crops. It is (piite likely that this

will prove to be a soil difficulty due to a Fusarium. Hotter reports that

specimens received in previous years showed root infestation by Fusarium
species.

Peach.

Earl.v in the season there was a particularly widespread and destructive

epidemic of peach leaf cui-l caused b.v E.rofisciis (Icfornttnts. The disease

was noted in nine counties. A ver.v high percentage of the foliage on

diseased trees was infected.

Later in the seas(m the leaf-spot and shothole caused liy Bacterium iJiunL

became the most serious disease. It occurred in (Jreene and Hancock
counties and was found in abundance in Knox coiuit.v where defoliation was
clearly attributable to this disease. In the last case, the attack on the

fruit was not at all severe, however.

Cankers and twig blight due to Sclcrofinid viiicreu were noted earl.v in

the season in Tippecanoe and Orange counties. This disease seems to be

most common on neglected farm .yard trees. Growers report that brown
rot is apt to occur in the hollows in the orchards.

'^Conner, S. D. Excess S()lul)le salts in huiiiid soils. .Tour. Am. Soo. Agronomy,
9 :297-301. 1917.
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Twig lesions of the scab disease caused liy Cladosiioriuin carpoijhilum

were found very common on the 1918 wood and were noted in four counties.

In tlie Knox Comity crop, fruit infection was leather abundant Imt occurred

too late to be of economic importance except as a minor blemish.

A root rot caused by ArmiUaria mellea was found in Brown County.

The severe winter injury of 1917-18 is conspicuous in the peach orchards

near Paoli, which were rendered practically worthless. Frost injury to

the blossoms reduced the Indiana crop severely this season.

Pear.

Fire blight caused by BaciUus amylovorus was very severe early in the

summer, especially in the southern half of the state. I'ipal reports that lire

blight is ruining orchards in Tippecanoe and Gibson counties. Some of

these have yielded no fruit for several years.

Leaf-spot caused by Scijtoria pi/ricola is cduunoii on ddoryjird trees.

Scab caused by Vcniiiria pi/rina occiirrcil Idc.illy.

PErPEK.

Sunscald of the green fruits was undoulttediy llie cause of Ihc grcalest

losses in this crop. The .scalded areas are readily inxinicd iiy rol producing

fungi.

Mosaic was rather common late in the season.

Plum.

Brown rot cau.sed by Sclcroliiiia cinerca was severe ou lanu y;iid hces

in general. Twig blight due to the same fiuigus was noted also.

The leaf-spot caused by Bacterium pnini was noted in Blackford. I'Moyd,

and Marshall counties. It was found quite serious near Plymoulli, .June '!rd.

Black knot due t(» I'Joirr'ujhtin morhosu was found in \\'liil(' ('ounly and

Pipal reports a case in an orchanl in Hendricks < 'ounly in wliicli every tree

is being killed by black knot.

Twig injury caused by E.roasciis pruni was very severe in an orchard

in Hancock County early in the season.

Frost injury to the blossoms reduced the yield, liusset and cracking of

the fruit due to frost injury was noteil at Plynioutli. .Tune .".rd.

I*OTATO.

The hot dry summer season was very unfavorable lo (he jiotato crop. The

vines as a rule remained undersized, the leaves were sin.ill with a ten-

dency to roll upwards, and the yield was low.

The weather conditions which prevailed this season were especially con-

ducive to the non-parasitic disease known as tip-burn, which was jtrevalcnt

throughout both the early and late crops. rndoul)tedly soil and seed stock

have some influence on the severity of this disease. The relative importance

of the leaf-hopper as a causal agent in connectitm with tip-burn is still in

question. C. T. Gregory and F. C. Gaylord found that a coniliined spray of
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Bordeaux and nicotine sulphate seemed to result in improved vine vigor

and yield where no fungous leaf diseases were present. This is hard to

explain except upon the basis of the partial leaf-hopper control secured

or the possible stimulation of the plant by the copper.

Fungous diseases of the foliage were of no importance in the Indiana crop

this year. Late blight was not reported. Early blight caused by Alteniaria

Hohnii was found in Mari(m and Blackford counties in June and in Clark

and St. Joseph counties in October. Init was evidently of no economic im-

pnrtanee.

Fusarium wilt was, however, the cause of serious losses in the late crop

and was by far the most important fungous disease of Indiana potatoes.

The percentage of yellowing or dead plants or shoots to be noted late in the

season was very high in many fields in the northern part of the state. The
disease seemed to be especially destructive near Valparaiso. The vascular

discoloration in the base of the main stem and in the stolons was pro-

nounced. Tubers from diseased plants usually showed vascular discolor-

ation at the stem end frequently accompanied by a rotted area externally

visible as a sunken, wrinkled region about the stem end. The effect of wilt

on the amount of yield is not known, but tubers showing the incipient stem

end rot do not endure storage. Whether or not this disease as it occurs

in Indiana, is primarily due to soil or to seed infestation is not known.

There was undoubtedly a high incidence of infection due to soil infestation

but in addition there was striking evidence of seed carriage of disease

in fields planted with seed from different sources as observed by Gregory.

For example, in a field near Valparaiso, .seed from Wisconsin showed less

than 1% of wilt August 1.3th., field run Indiana seed, 25% wilt, and Indiana

seed selected for freedom from Fusarium infection, only 5% wilt.

There was also in many fields a great abundance of localized root lesions

in connection with which the relative importance of Rhizoctonia and Fusar-

ium as causative factors has not yet been determined. Unmistakable Rhiz-

octonia cankers with the cracked brown tissue were of frequent occurrence

on the lower stem and with these were associated similar root lesions. Lat-

eral roots were found entirely cut off b,v these lesions and in severe cases

the root system was severely reduced. In Lake County this type of root

trouble was very bad and apparently resulted in an uneven stand. Cases

of a red discoloration of the rootlets suggesting P'usai'ium attack were also

frequently found.

Black leg caused by Bacillus phi/foplithorus was found by Gregory in a

small percentage of plants in one field near Indianaiwlis.

Among the tuber diseases, in addition to the Fusarium stem end rot

associated with wilt, common scab, black scurf, and russet scab were of

importance. Common scab caused by Actinomyces scabies was very severe

in the heavier soils, but was successfully controlled by seed disinfection.

In a test field in Dekalb county, 59% of the tubers grown from initreated

seed were scabby, as compared with 5 to 17% from treated seed. Black scurf

caused by Rhizoctonia solani is of very general occurrence. A fairly

successful control of this disease was also secured by the mercury bichloride
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treatment. In an exiieriniental \>U>t in Dekalh ((innty. nntreated seed

yielded tuliers showing 87% infection of black scurf as compared with

41% from treated seed. In a similar test in Lake county, there was (J9%

black .scurf where imtreated seed was used as compared with G to 13%
where treated seed was used.

Russet scab was found in Lake County. Its cause is not well under-

stood. Silver scurf caused by Sjjoiifli/Iocl'iiliKDi (ifrovirois was found on

seed stock in Dekalb County. Leak caused by I'ythium was found at

Lafayette in freshly dug tubers kept in a warm place.

A rather careful search of the state for the Idack wart disease accom-

panied by educative propaganda to enlist the assistance of the growers and
consumers in the search was made in cooperation with the federal plant

disease survey by J. H. Weghorst. None of the disease was found.

I{.\I)ISH.

Black-root attributed to Rhro.'iponini/iiim nphfniiflrnnatKS was the most

serious disea.se of radishes and was an important loss-jn'oducing factor

in the culture of the white varieties esiieciall.v in heavy clay soils. Not

only are the blackened lesions objectionable in themselves, but are gen-

erally invaded by rot-producing organisms.

White rust caused by f'j/ittopus run did us was prevalent in certain green-

houses. A rot of the leaf bases (hie to tich'rotiiiin IHk rfimid was also

noted in greenhouses.

Kasim'.kkkv.

Orange rust due tn di/iiuKtcdniii ixckidiid was of widesjjread occurrence

early in the sunniicr.

Anthracnose caused by (Uoi (ixixiriinn y< ti< litin was very severe this year

and was the worst disea.«e of black raspberry in Indiana. It was especially

important in Fountain County. In a i)lantarion near Silverwood this dis-

ease has been so severe that it has led t(i a nictlidd of culture in which

the vines are forced until two or three good crojis are secured after

which they are destroyed and replaced.

The non-parasitic yellows disease occurred locally.

Km r..M<i!.

Leaf-s))ot caused by \.si(iili i/lii rh( i was of general occurrence.

KOSK.

I'owdery mildew i SjiIkk rafln in iminiosin was verj.' i|."<tructi ve iji

greenhouses, esjiecially on llie Killaiiiex' \ariet.v. It was als<i jirevalent on

the Kandilers in .lune.

Hlack sjtot causcMJ by Acliiionciiiii i()siit was found in the greenhouse croii

an<l was most serious on the Uussell variety.

RVK.

Twenty-eight lields in 17 c(Mnities were examinefl in the course of the

fe<leral cereal di.^ease survey. Sei»toria on the heads was reported from
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three of these fields. Er^ot caused I).v Chiricrihs iiiirimrcit was reported

from 15 fields hut was not nearly as prevalent as in l!)ls.

Pipal reports that aiithracuose, caused hy VdlUtolrUhnm ccrrdl was ser-

ious in southern Indiana. The disease was also found in Cass County.

Scab cati.sed by GihbercUfi snuhiiictii was found in 24 or S")% of the 28

fiehls above mentioned, with an average incidence of 5.4% and a maximum
of 40%. In addition, the disease was found in two counties not included in

that survey.

Leaf rust {Piicciiiid di.sixrfifi) was found in nine of the 2S fields with an
average incidence of 4.4% and a maximum of 4."!%. It is quiti' likely,

however, that leaf rust occurred to some extent in all fields. Mains reptjrts

that leaf rust was very severe on rye cover crops late in tlie fall of 1918.

citing one case hear Logansport wliere a field was (piite yellow with the

rust. Stem rust {Puccinia (jram in in) was found in 5 fields with an average

incidence of less than 1% and a maximum of 15%^.

Stem smut caused by Iroci/stis occiiltfi was foiuid to a very limiteil ex-

tent in Lake and St. .Joseph counties. One head of loose smut was found

in the latter county by Gregory.

SXAPDRAGON.

Rust {Puccinia antirrhiui) is steadily increasing in pi-evaleiice in Indiana,

according to H. S. Jackson.

Stkawherky.

Leaf-spot caused by MycosphaercUa fra</ariac was very generally found
in all plantings but was not especially destructive since its attack did not

become severe until after the fruit was picked. I'ipal reports that the

disease was prevalent in the commercial crop at Borden, Clark Coitnty.

Sweet roTATO.

Black rot due to Sphaeroncnia fimhriafinii occurred in Jay Comity where
it caused losses on several farms.

Tomato.

Leaf-spot caucd by Srpforia h/roprrsici was the most iniportnnt disease

of field tomatoes and was present in almost all fields to a greater or less

degree. This disease usually does not become destructive vnitil late in the

season. By killing the lower leaves the disease not onl.v reduces the leaf

area of the i)lant but exposes the fruit to sunscald. Tests with copper

sprays conducted by W. B. Clark of the U. S. Bureau of Plant Industry

at Paoli indicate that leaf-spot may be held in check to some extent liut

not satisfactorily controlled l)y spraying. This is largely owing to the

impossibility of thoroughly covering the foliage after the plants become

large. Increases in yield were secured by spraying, however. Leaf-spot

was much worse in the region near Paoli than in the Indianapolis region.

The disease was found to some extent in greenhouses near Indianapolis.

Early blight caused by AUcmaria soUnii occurred to some extent in

plant beds causing a leaf-spot and also an elongated, blackened stem



150

lesion. Later the disease became rather prevalent in the field. In central

Indiana early blight did not become a serious factor but about Paoli it

assumed some importance late in the season. August Sth. there were found
in the fields near Paoli numerous spindling plants which showed a dry

blackened stem lesion about the stem at and below the ground line. AVhether

or not these plants were the result of using transplants with the elongated

stem lesions above noted is not known.

Wilt caused by Fusarium Jijcopcrsici caused severe losses to certain grow-

ers and. seems to be becoming more prevalent in the state. It was unques-

tionably the most serious disease of greenhouse tomatoes and numerous
instances of complete or partial crop failure due to this disease were
found in the Indianaixjlis region. Owing to the persistence of this disease

in the soil, its high virulence luider greenhouse temperatures, and the ex-

treme susceptibility of the Bonny Best variety, the greenhouse situation

is especially deplorable. In the field crop in central Indiana, the wilt

occurred to a considerable extent locally in areas of various sizes and as

scattered infected plants in the fields.

At Frankfort, August 14th., a field was observed in which there was a

large area of dead plants surrounded by a narrow zone of plants showing

all stages of Fusarium infection. An experimental field near Frankfort

was planted with seed from a large number of varieties and single plant

selections, one to each row. There were scattered plants in this field killed

by wilt, a few rather definite areas of wilt, and a single striking case of

one row, a single plant strain, showing pi'actically 100% wult. In a lOO-

acre field of tomatoes near Indianapolis no wilt was found and the Paoli

region was practically free from the disease. Quite likely this disease, like

the Fusarium root diseases of cabbage and celery, is disseminated by

means of diseased transplants.

Loaf mold cau.sed by ('ladosporium fulntm was exceedingly serious in

many greenhouses, the infection being .so general in some instances as to

cause the death of the plants. The disease was at its height during the

ripening period of the summer crop and was favored l)y the high temper-

ature and humidity existing in tlio houses at that time. Leaf mold
appeared in epidemic form in the fiill greenhouse cioji at Lafayette and
Terre Haute. liordeaux spray and sulphur dust seem to be ineffective as

control measures and a lime sulphur sjiray has )te(>n recommended. The
disease was found to a limited extent late in the fall in an experimental field

at Frankfort.

A bacterial spot disease previously rei)orted from Michigan' as "canker"

was widespread and abinidant in central Indiana late in the season. This

disease is characterized by conspicuous black lesions on the fruit and by
rather inconspicuous black lesions on the leaves, petioles and stems. The
black fruit lesions are very objectionable from the canner's jxiint of view

and the disease assumed considerable economic imixirtance this year.

Buckeye rot of the fruit caused by Phyiophthoni icrrestrui was found

in one greenhouse near Indianapolis. Only the lower fruits in certain areas

were affected.
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Antbracnose caused by Collciotrichum phomoidcs was noted on tbe ripe

fruit at an Indianapolis canning factory.

Tbe mosaic disease became generally prevalent tbrougbout central In-

diana during tbe last balf of tbe season. Tbe disease was not noted to any

extent in tbe Paoli region nor in Lake County, but was found in Knox,

Marion, Clinton and Tippecanoe counties. It also occurred very generally

in tbe greenbouses early in tbe summer and bas already (November)

become epidemic in tbe fall crop in one bouse. Most fields sbowed from 50

to 100% infection. Except for tbe low percentage of fern-leaf plants wbich

yield no marketable fruit wbatever, tbe effect of tbe disease upon yield

is not known. The attack seemed to bave occurred too late to noticeably

reduce tbe yield tbis season. However, tbe disease bas extremely destruct-

ive ix)ssibilities and sbould be considered a distinct danger to tbe tomato

industry. No resistant strains or varieties bave l)een found.

Tbe non-parasitic blossom-end rot was prevalent in tbe greenbouse sum-

mer crop and in tbe first fruit set in tbe canning crop, especially in tbe

Paoli region. Tbe non-parasitic injury is almost invariably invaded by some

rot-producing fungus, sucb as Alternaria or Fusarium, so tbat affected

fruits are a total loss. A very considerable reduction in yield may be at-

tributed to tbis trouble. In a series of fertilizer plot tests at Paoli, no

difference was noted in tbe incidence of blossom-end rot.

In tbe field crop later in tbe season, tbe non-parasitic growth cracks were

very prevalent and were responsible for a large proportion of tbe fruit

rot since these cracks are subject to invasion by rot-producing organisms.

While the loss due to growth crack invasion was considerable tbis year,

especially in canning stock shipped by rail, it was not nearly as heavy as

in years which are characterized l»y frequent rains during tbe picking

season.

Sunscald was rather common in the market garden crop which was badly

affected with leaf-spot and to some extent in tbe canning crop as a result

of tbe hot weather early in September. Sunscald also affords an avenue of

invasion for rot-producing fungi.

Catface, a disfiguration of tbe blossom-end of the fruit, was very common

in tbe canning crop. Tbis does not predispose the fruit to rot. A very

shallow, brown, lace-like ))lemisb on mature fruit, called "blotch" becaiise

of the shape of tbe lesion, was found rather commonly.

Among locally grown fruit on the sorting belts in a canning factory at

Indianapolis, September 30tb, 10% showed infected growth cracks, 5%-
bacterial spot, 5%-blotch, 3%-sunscald, 1%-catface, 0.5%-anthracnose.

Hollow stem was of common occurrence this year where spindling trans-

plants were used. Hollow stem was also caused by tbe extreme drouth,

the moisture being absorbed from the pith to supply tbe needs of the green

tissue. A conspicuous upward curling of tbe leaves and pi-emature death of

tbe older leaves among garden tomatoes has also been attributed to drouth.

Nematode root Infestation was found in certain greenbouses. Affected

Toons, G. II. Michigan plant disease survey for 1917. Micli. Acad. Sci. 20th.

Am. Rep. 446. 1918.
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plants are checked in their growth, tlie lower leaves die prematurely, and
the whole plant usually wilts and dies before maturing fruit s(j that in-

fested plants arc practically a total loss.

Turnip.

Pcronofifiorn paranitira was found causing darkened regions within the

roots late in the storage season. The diseased tissue is readily invaded and

rotted l)y Khizoctonia or the soft rot bacteria.

Watermelon.

The limiting factor in the watermelon industry in Indiana is the Fu-

sarium wilt disease. This soil trouble has rendered much land unfit for

water melon culture and necessitates the use of new soil each year. Wilt

has caused the growers in many districts to give u]) watermelon growing

entirely. For example. Vallonia was once an iiii]pi>rtant watermelon ship-

ping point, but now practically no watermelons arc grown in that district.

The disease is serious in Knox County, also.

Anthracnose caused by ('olUtotruhuin hKjctiariion was not at all prev-

alent this year and was found oidy in two fields, one near Vincennes and

the other near Vallonia. .\ nnnilicr of liclds about Vincennes were i)lanted

with treated seed.

In one instance of a small watermelon jiatcli in a large cantaloupe field,

the leaf blight cause<I by .\lt(nntri<t hnissictic var. iii(/n xa n.s occurred on

the watermelons as well as the cantaloupes.

There Wiis considerable rotting of the fruits in the field in Knox County

due to infection through the non-iiarasitic blossom-end rot by Fusarium

and I)ii>lodia. Stem-end rot is not encountered in sbipiiients of Indiana

melons, according to .1. U. Cavanaugh.

WHE.\T.

Very general concern was <iccasioned by tiie discoxcry of a foot rot of

wheat much resembling tlie Australian "take-all" di.^ease.' Tliis disease

was first found in Madison County, Illinois, where a consideralile acreage

was involved. In Indiana the di.sease was found in one lielil in Tippecanoe

County, in five fields near La]»orte. and in six fi<'lds in I'orter Comity l)e-

tween Valparaiso and Wanatah. All but two of these fields were planted

with Salter's Ked Cross Variety.

This disease occurs either in well delined sjiots in the field or may in-

volve more or less all of the field. When first noted during May the dis-

eased plants were distinctly stunted, being only a few inches high while

normal plants were knee high. The affected i)lants shctweil excessive

tillering and the rosette effect as well as a darki-r green color were very

marked. A large percentage of plants were killed outright. Closer examin-

ation showed a dark brown discoloration and rotting of the leaf sheaths and

stem just above the ground line.
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In .some cases this disease was so destriu-tive tliat the entj) was plowed

under. In other fields a fair yield was secured. In order to i»revent a

spread of the disease, state authorities compelled the hurnins of the straw

from the infested fields and a thorough disinfection of the ijrain in formal-

dehyde. None of the grain was allowed to he used for seed. (Growers were

advised not to plant wheat in these fields for several years. The cause

of the disease has not heen determined.

In connection with the rather careful statewide search made for the

ahove disease, a very consideral)le amount of frost injury to wheat was
found. This was evidenced by a shriveling and l»rown discoloration of the

stems just above the nodes.

Wheat scab cau.sed by flihhrrclld saubhictii was the most serious wheat

disease and was an important loss-producing factor this season. As a result

of the federal cereal disease survey, scab was found in 442 f)r l-i'/c of the

SOf! fields examined with an average incidence of IT'/c James Dickson, in

charge of this survey, rejxirts cjises of infection as high as 00% in Orange

and Posey Counties. IMpal rei»orts authentic cases in Vanderburg, Knox,

and Posey counties where the crops were not even harvested and he esti-

mates that there was a 50% loss in badly infected fields in general.

Since recent investigation indicates that the wheat scab fungus lives

over winter on corn stalks the following observations are of intei'est. Pipal

reports an instance of a farm near Martinsville where 35% scab occurred

in wheat following corn and only a trace in the other field on fallow ground.

On another farm the corn stalks were carefully removed from one acre in

a large field planted to wheat. This acre later showed ?.% scab as compared

with 10% in the rest of the field. From Dickson's report it appears that

out of the 13 fields examined in Hancock County, the percentage of scab

ranged from 5 to 45% in the six fields where wheat followed corn, with an

average of 20%, while in the seven fields wliich were not in corn in 1918,

the percentage of scab ranged from 5 to 75% with an average of 29%.

Among the latter is a case of (;0% scab following clover and another of 75%
following wheat. From the same report it further appears that in the 10

fields surveyed in Posey County, there was an average of 77% scab in the

four fields which were in corn in 1918 and an average of Ct~}% in the other

six fields. Furthermore, in the 10 fields surveyed in Orange County, there

was an average of 45% scab in the six fields in corn in 191S and 13% in

tlie other four fields. The evidcnci' therefore is not conclusive and factors

other than the corn must be considered. It seems quite likely that otlier

plant residues are also of importance as a source of infection. Dickson

gives as his opinion that the two important factors are the abundance

of the parasite, and the presence of organic matter such as plant residues

on the soil for the propagation of the parasite. He intimates that the

preparation of the soil is as imi>ortant as the crop rotation utilized. Ac-

cording to Hoffer. seed from diseased heads yields weak plants but does

not constitute an important means of dissemination of the scab fungus.

iHumphrey. Harry B. and .lohiison, Aaron G. Take-all and flag smut, two wheat
iases new to the United States. U. S. Dept. Agr. Farmers' Bui. 106:5 :1-S. 1919.diseases
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A seedling disease characterized by a yellow stripe extending the entire

length of the leaves was found rather commonly during the last half of

May. The cause of this disease is unknown.

A slight infection of ergot was found on Red Wave wheat in Noble

County. July 10th., l)y K. V. Allison. Powdery mildew (EnjHlphe f/raminis)

was abundant in the latter part of May. probably owing to the prolonged

wet weather. Tlie bacterial disease, black chaff, was found in Morgan
County.

The Septoria leaf-spot was very i)revalent early in the season. Later

the Septoria on the glumes became widespread. Out of the 596 fields ex-

amined in the course of the federal cereal disease survey, these diseases

were found in 133.

Anthracnose caused by Citlhtotricluini vcrciiJc was roi)orted from 10 of

the 5!^m; fields above mentioned. A field very badly affected with anthracnose

was found near Lafayette, June 2(;th., by Allison. The affected plants in

tliis field were already killed at this time.

Leaf rust (Puccinia triticiiia) was as usual very severe in Indiana, espe-

cially in the southern part of the state. Very heavily infected fields were

seen in Martin County, May 28th., and in Hendricks County, June 26th.

Leaf rust was reported from 214 or 3.1% of tlu> r»!X! fields examined in the

federal survey, with an aver;ige incidence of 1.4% and a maxinnun of 75%.
It is probiible that leaf rust occurred to some extent in all fields, however.

Stem rust {I'licciuUi (/nnniiii>!) was i-cimrted from 202 or ;>3% of the ~ti)Ct

fields above mentioned, with an average incidence of 6.2% and a maxinnun

of 100%r. This rust was not epidemic except in llie neigliliorhoocl of bar-

berries. Pipal reports cases of epidemic outbreaks near barberries in

Kan(lo!i>li, Spencer, Knox, and I.agi'ange Counties.

Bunt or stinking smut caused l)y TiUctui JoctauH was reported from 5)0

or 15%o of the 51M! fields above menti<med with an average incidence of less

than 1%. ripal re])orts that the disease was sericms only in the northeast

corner of the state (Steuben and Lagrange Counties). As to the control

of the disease it is of interest to note tliat out of .;:> fields planted with seed

treated with wet formaldehyde, bunt was found in seven and in these cases

to the extent of not over l%o. Out of eight fields planted with seed treated

by the dry method (formaldehyde), a trace of bunt was foiuid in 1 field.

In the 45 fields for which the seed was ti'eated iiy tiie liot water method,

bunt was found in only one field, and only to the extent of 1%.

This season was especially favorable to loose smut caused by IJstilago

tritici and the disease was especially prevalent. According to Tipal's obsei--

vations and to the results of the federal cereal disease survey, it was found

in 760 fields in the state with an average incidence of about 3%c and a

maximum of 30%?. Loose snuit was most severe in the area comprising

the following counties : Morgan, Marion, Hancock, Shelby, Rush. Barthol-

omew, Decatur and Jennings. The greatest losses were suffered in Shelby

County where the average infection, according to IMpal, on 33 farms ob-

iPrevalence of the loose simit of wheat in Indiana in 1919. I'roc. Ind. Acad. Sci.

1919.
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served was about 10%. As is elsewhere reported by PipaP. a striking con-

trol of loose smut was secured in certain districts with the hot water seed

treatment.

StTMlSrARY.

The plant diseases of outstanding economic importance as observed during

tlie season are as follows

:

Apple: Blotch; scab; frost injury.

Bean»: Drouth injury.

Cabbage : Yellows.

Cantaloupe : Bacterial wilt ; leaf blight.

Celery ; Yellows or stunting disease.

Cherry : Coccomyces leaf-spot.

Clover : Anthracnose.

Corn: Fusarium root rot; local infection of GihbcrcUa saubinctii.

Cucumber : Bacterial wilt ; mosaic.

Eggplant : Wilt.

Maple : Sunscald.

Onion : Soil salt injury.

Peach : Leaf curl ; black leaf-spot ; frost injury.

Pear : Tire-blight.

Pepper : Sunscald.

Plum : Brown rot ; frost injury.

Potato : Fusarium wilt ; Fusarium tuber rot ; common scab ; Rhizoctonia

root and stem infection.

Radish : Blaclv-root.

Raspberry : Antliracnose ; orange rust.

Rose : Powdery mildew.

Tomato : Septoria leaf-spot ; Fusarium wilt ; leaf mold ; mosaic ; blossom-

end rot ; fruit rot from infected growth cracks.

Watermelon : Fusarium wilt.

Wheat : Foot rot ; scab ; loose smut ; frost injury.

Plant diseases found in 1919 which have not been previously listed by

Pipal and Osner are as follows

:

Celery : Yellows or stunting disease due to a Fusarium ; nematode root

injury ; bacterial leaf-spot.

Sweet clover : Ascochijta caulicola.

Corn : Root rot due to Fusarium ; Local infection with GihhcrcUa sauhi-

netii; Stewarts' disease due to Bactcriam stewartii.

Eggplant: Wilt (cause not determined).

Kale: Yellows due to Fusarium coiujJutinans.

Oats: Scab due to OihhcrcJla sauhinetii; blast.

Onion : Pink root and bulb rot due to a Fusarium ; soil salt injury

;

nematode injury.

Parsnip : Leaf-spot due to Ccrcospora apii.

Peacli : Root rot due to ArmUlaria mellea.
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Pepper : Sunscalcl.

Potato: Black leg clue to Bacillus ijlii/tnphthorus ; leak due to Pythiiim.

Radish: Black-root, petiole rot due to t^clcyotinia lihcrtiinut.

Kye : Septoria disease of heads; scab caused by GibbcrcIIa .'^(iiihiiictii.

Tomato: Buckeye rot due to Phijtophthora tcrrcxfrio : bacterial spot;

fruit rot due to infected growth cracks ; sunscald : hollow stem ; nematode
wilt.

Watermelon: Blossom-end rot.

Wheat: Foot-rot reseml)ling "take-all": lilack chaff.
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NOTES ON OUR INDIANA DODDERS.

T. G. YUNCKER.

Dodder is the popular or common name ordinarily applied to species of

Ouscuta. This genus belongs naturally to the Convolvulaceae. The re-

markable embryogeny ; the structure of the mature plants ; the manner in

which they secure their nourishment and their peculiar ecological rela-

tionships make tliem subjects of particular scientific interest.

Tliere are in Nortli America about lifty known native and five intro-

duced species. Of the natives less than a half dozen are reported as harm-

ful to economically important crops, and, of these, but one or two are of

much importance. Of the introduced species four are distinctly harmful.

Because of the trouble caused by this minority the whole genus is fre-

quently considered in ill repute. Some authors, however, attempt to show

that the harm done by a few members of the group is offset by the good

done by the others in parasitizing harmful weeds and thus retarding their

growtli.

In the state of Indiana we have seven native and possibly two introduced

species. Of these, one native, C. pcnfagoiia. and both of the introduced spe-

cies are harmful to crops. The amount of harm caused by these parasites

becomes considerable if they are not checked, in some cases causing nearly

the total loss of the crop. The grower finding these plants in his fields

should take immediate steps to <lestroy them.

In the proper identification of the species one must oi-dinarily make a

careful dissection of the flowers. After the flowers have been pressed and

dried this usually means that they require softening by boiling and the

subsequent dissection in water. Because of the lack of other vegetative

characters of diagnostic value and the trouble attendant on the flower

dissection many of the collections show no attempt at all towards identifica-

tion. Certain species freiiuently show wide specific limitations that is apt

to confuse one not perfectly familiar with the genus. The nomenclature of

the group is also quite confused.

It is believed that a key using those characters that are ordinarily visible

with the aid of a hand lens will be of value. The following key aims at

the identification of the species found in Indiana without the necessity of

making flower dissections.

1. Stigmas capitate. (Native species). 2.

Stigmas linear. (Introduced species). 8.

2. Flowers subtended by numerous bracts and ordinarily in a close, compact in-

florescence. 3.

Flowers not subtended by bracts and ordinarily in a more loosely clustered

inflorescence. 4.
.

3. Inflorescence dense. rope-lil«'. tightly wound about the liost ; bracts acute witli

recurved tips 1- Cusciita gloiiicrata.

Inflorescence less dense and not particularly rope-like ; bracts obtuse, closel.v

appressed 2. Cusciita compacta.
4. Flowers commonly 4-parted (or 3-parted). 5.

Flowers comnionlv 5-parted. 7.

.5. Withered corolla remaining more or less persistant as a cap at the apex of the

capsule : infrastaminal scales well developed 3. Cusciita Ccplialanthi.

Withered corolla remaining at the base of the capsule, about it, or early decid-

uous ; infrastaminal scales rudimentary. (>.
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Flowers fleshy, with the cells convex-lens shaped ; corolla lobes upright, tips
inflexed 4. Cuscuta Coryli.

Flowers not as al)i)ve 5. Cns.utii Folituononiiii.
Capsules globose or depressed-globose (not pointed) ; corolla lobes rcflexed,

acute, with intiexod tips 6. Citsriita prittayoiia.
Capsules ovoid or globose-pointed ; corolla lobes upright to spreading, ob-

tuse 7. Cu.tcuta Gronovii.
Usually found parasitizing legumes (ordinarily clover or alfalfa) ; styles, in-

cluding the stigina, exceeding the length of the ovary 8. Cuscutn Epithijmum.
Usually parasitizing flax ; styles, including the stigma, not exceeding the length

of the ovary 9. Cuscuta Epiliiium.

1. Cuscuta glomerata Choi.»<y. Glomerate dodder.

Fig. I.—Cuscuta glomerata. x4.

[FiGUUE I.]

C. f/lo})i<ratc Choisy, Mem. Soc. Phy.s. et Hist. Nat. Genfeve, 9 :280. pi. ',, fin. I. 1S4I.

Indiana marks the eastern limits of this, the most consplcnons of our

species. The yellow, rope-like clusters of the flowers are not infretpieiitly

one to one and a half inches in thickness. It produces but few seeds, mosl

of ihe ovules Iteins abortive. Be.ssey (Amer. Nat. IS: 114.5. 1S.S4 i pointed

Kill the fact that the flowers are produced endo.^enously breaking forlh in

I wo more or less parallel lines. This spec-ies favors tall ('onii)ositae.

Specimens examii!e(l :—Lake Co.. Whiting (Chase 'i22) : Fluyd Co.. Xew Alban>
<('liil>p) : Marshall Co.. Lake Maxinkuckee (Clark in 1909) : Wells Co. (Dcam In
1901) ; McCallon's (Clapp in 1837).
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2. CtJSCiJTA co.\rPACTA Jussieu. Compact dodder.

C. roiiiiHiclii .Tiissicii ill rimisy, Mem. Soc. Phys. et Hist. Nat. Gen&ve, 9 :281.

pi. i>j J'kj. v.. 1S41.

Tlie fl(nvei-s of this well niiirked species are often produced eudogenonsly

like tliose of ('. fjlonivrata and, while they are ustially formed into dense,

compact clusters about the host, the inflorescence does not have the rope-like

ap))earance of the former. The flowers of this are usually of a much darker

color than are those of V. ijlomcrata. This species prefers woody hosts such

as Ccphalanthus, Sassafras, Salioe, etc., and seems to be limited to the

soutlawestern part of the state.

Specimens examined:—Gibson Co. (Schneck in 1904); Lawrence Co., Mitchell
(Beam 18,Ji99) ; Sullivan Co., Gtayville (Deam 29,369) ; Posey Co., Mt. Vernon
(Beam 2J/,2S0, 29,076) ; Dubois Co., Huntingburg (Deam 28,253) ; Jaclison Co.,

Chestnut Ridge {Beam 9,520).

Fig. II.—Cuscuta Cephalanthi. x4.

3. Cuscuta Cephalanthi Engelmann. Buttonbusli dodder.

[Figure II.]

C. Cephalanthi Engelmann, Amer. Journ. Sci. & Arts, i3 :336. pi. 6, figs. 1-6. 1842.

This little dodder is commonly mistaken for G. Gronovii, an error that

should not occur, however, if one compares the capsules which are iwinted

with C. Gronovii and depressed with this species. It is frequently found
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with the flowers formed endoKenously. It jirows on CcplKiJuutlius, ^nlijc,

C\>nii)ositae iiiul numerous other hosts.

Spcciincns fXimiintMl :—Lake ("o.. Cljuki- {Coilxich ui 1S9S). Whiting (Hill in

ISOll : Dime I'lirk iChasr 1.SS2) : Wells Co. (Dram in isftO. 1003 & 1110.") I, Murray
{Ddiiii 'iHin : Porter Co., Bavuii Briil.ue Hham ..'<;, ',.S„' ( ; Adams Co., I>efatur {Dcatn
5,3ii.>, .'ly^.d'i in part): Itamlolijh Co.. Keeilield (IIkiiii i:,.J)i^): Parke Co. {niaiii

!),SS!)) : Steuben Co.. Lake .Tanie^ (Diiiiii /.7,/7/;) : All^n Co., Robinson Park (Diiiin

l,oS2): Carroll Co. (Ixaiit l-',..;n'i).

FiK- in.—Cuscnla Coiyll. x t.

4. CfSCCTA CouvLi Kntrelmiinii. Ilii/.el iNxhler.

(FHauK in.
I

('. Coiiili Kiiuclnianii. Anier. .loui-n. Sei. & .\rls.
'i

', -.'M'.l . /il. d, jujs. 111. LS4'_'.

'I'his speeies is sometimes confu.sed with ('. intlccoid which has never, to

tlie writer's knowledge, been found so far east as Indiana. The flowers of

this, the smaUest of our Indiana species, are not infre(|uently formed en-

dofieuously. It seems to prefer shruhlty hosts.

Siieclinens examined :—Blackford Co., {luiim Itid). Hartford City (llram .112) ;

Lake Co., (Hill :ir,-iS!n. l,2 ',-tf<<n \ ; Wilsons (///// liiii- lS!f! ) : Dune Pjirk (Chaxe
'>22) ; Kosciusko Co.. Winona Lake ilitiim }

', ) ) : La},'ran>re Co.. .Vdain's L.tke \ Dean:
l'i.S')(!) : Vermilion Co.. Hillsdale (Dcinii !i.sn\.

"t, Ci'HcrT.v I'oLYdo.NORTM Kii^elmaiin. Smartweed doihler.

('. I'oliiifoiionim Enjreliiiann. Aiiier. .I<iiirii. Sei. & Arts, ).( ::!12. pi. (1 fU/s, 20-2!).

1S42.

This sjiecies does not appear comuKni in <'ollections from Indiana. \um-
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erous collections of it liave been made in adjacent states and it is to he

expected anywhere in Indiana. It is a less conspicuous plant than some

of the other dodders whicli may account for the lack of collections. It is

ordinarily found most predominant on species of Polygonum.

Specimens examineil :—Lake Co.. Whiting (Hill in 1891) ; Vigo Co. (Beam 22,-

1S2) ; Franklin Co., Brookville (Ihum in 190.3) ; Grant Co., Lake Galacia (Dcam 1',,-

2(i9).

Fig. IV.—Cuscuta pentagona. x4.

6. Cuscuta pentagoxa Enselmann. Field dodder.

[Figure IV.]

C. pcntogona Engelman, Anier. .Tourn. Sci. & Arts, ',3 :.340. pi. 6 figs, 22-2-',. 1842.

This species is ordinarily treated in the Manuals under the name of C.

arvcHsis Beyr. It is one of the most widespread of our North American

species doubtless due to the introduction of the seeds with those of clover

and alfalfa. This species becomes a troublesome weed in some localities

where it becomes established in clover or alfalfa fields. It is thought by

some that it is capable of wintering over in the crowns of the host plants

thus obtaining an early start in the spring.

Specimt^is e.Kaniined :—Gibson Co. (Schncck in 1906) ; Lake Co., Clarke (Vm-
hach in 1898) ; Putnam Co., Greencastle {Yinicker in 1919) ; Bartliolomew Co., Co-
lumbus (Dram 12. ',03) ; Spencer Co., Lake (Deam 2S,3T0). Enterprise (Dcam 28,-

.',00) : Pospy Co., Mt. Vernon {Dcam 25J,30) ; Ripley Co., Versailles (Dcam 7,101) ;

Vermilion Co., Hillsdale (Dcam 'J,S71) ; Orange Co., Paoli (Dcam. 17,38 J,).
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7. CuscuTA Gronovii Wilklenow. Common dodder.

[Figure V.]

G. Gronovii Willdciiow in Koemer & Schultcs Syst., 6 :205. 1820.

This is tho commonest of our Indiana species. It is freiiuently found in

low wet places forming large mats of entangled, yellow stems. It seems to

prefer Impaficns or Salix, but will utilize any host within reach having

been found on one occasion coiling about and penetrating the stems of

Equlsctnm. It has ])een reported as causing slight damage to onions

grown in muck soil.

Fig. V.—Cuscuta Gronovii. x4.

Spocimcns examined :—Delaware Co., Munoie (Brady in 1S9G) ; St. Joseph Co.,
Notre Dame (yicinvland 11,300), Clear Lake (Dcam 26,391) ; Olio (Wilson in 1897) ;

.Tefferson Co., Hanover (Coulter in 1876), Manvillc (Dcam 18,78.'i) ; Franklin Co.,
Brookville (Dram in 1903) ; Posey Co., Mt. Vernon (Dcam 22,33'J) ; Vijjo Co., Ather-
ton (Dcam 2J,,01',)

; Dubois Co., Iluntinjjburg (Dcam 2S.267) ; .Taekson Co., Vallonia
(Dcam. 30,2 'lO) ; Knox Co., VoUmer (Dcam 2ti.rn '>) ; Marion Co., Indianapolis (Ytinck-
er in 1916) ; Porter Co., Waverly Beach (Dcam 29,S12) ; Wayne Co., Richmond
(Dcam 23,SI!0) : Clark Co.. (Dcam 5,'i13 & 7.r,no), .TefPersonville (Dcam 23,800) ;

Harrison Co., Elizabeth (Dcam 2«,.S".Ji) ; Adams Co., Decatur (Dcam 5,36/,, in part)
;

Whitley Co., Shrincr Lake (I), am in 1897), Blue River I^ake (Dcam 21,696) ; Steub(>n
Co., Clear Lake (Dcam in 1904), Gage Lake (Dcam in 1906) ; Brown Co., Helnisburg
(Dcam 12,225) ; Noble Co., Albion (Dcam l'i,701) ; Lagrange Co., Pretty Lake (Dcam
l-',,888) ; Hamilton Co.. Noblesville (Dcam 12,129) ; Decatur Co., St. Paul (Deam
9,535) ; Carroll Co., Monticello (Dcam 15,339).

8. Cuscuta Epitiiymum Murray. Clover dodder.

C. Epithijmiim Murray, Linn. Syst., 1.3 cd., p. 140, 1774.

This species is usually found parasitic on leguminous crops, principally
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alfalfa and clover. In herbaria it is cdmmonly labelled as (1. trifolii, a

sijecies that is now considered as being either synonymous with or at most
but a variety of G. Eijithymum. It is also confused with G. pentagona be-

cause of the fact that both species show a predilection for the same kind

of hosts. This species has become very wide spread in North America hav-

ing been found from the Atlantic to the Pacific and from Canada to Mexico.

Its wide distribution is accounted for by the fact that its seeds are fre-

quently found as a contaminant of those of leguminous crops. While col-

lections of this species have been made in adjoining states none have been

seen by the writer from Indiana.

Fig. VI.—Cuscuta Epilinum. x4.

9. Cuscuta Epilinum Weihe. Flax dodder.

[Figure VI.]

C Epiliinum Weihe, Archiv cl. Apoth.. S :50-51. 1824.

This species, so far as known to the writer, has never been found In

Indiana. It has been seen from Ohio and Michigan and is to be looked for

wherever flax is grown. All of the specimens have been parasitic on flax.

The private herbarium of Mr. Chas. €. Deam of Bluffton, Indiana, was
the largest single collection of Indiana dodders seen by the writer. I desire

to express my thanks for the loan of this and other collections which were

sent me for study.

DEPAUW UNIVERSITY,
Dec. 5, 1919.
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APPARATUS FOR AERATING PLANTS.

BY

F. M. Andrews.

I have made use of the well known Bunson pump with some additions

or modilications for the purix)se of aerating water cultures. Sometimes I

have used it for aerating ctdtures not grown in water also with good results.

In a previous paper^ I have shown the advantageous effect that the

passing of air through a water culture has on the plant. A like bene-

ficial effect was also found when air was passed through soil in which the

corn plant was growing. In the paper just referred to the Kekule apparatus

as described by Ostwald was also used for some experiments with equally

favorable results. Of the Kukule and lUnisen apparatus for the puriwse of

aerating the latter, as I arranged it, will furnish by fiir the greater amount
of air to be passed through a culture. So far as convenience is concerned,

however, in other respects there is tlie further advantage of the Bunsen
apparatus in that much less space is required to operate it. The perpen-

dicular tube which conveys the chain of bubbles of air and water down-
ward must be of such a length that the sum of the lengths of the short

columns of water in this perpendicular tube between the columns of air

will more than equal the depth of the solution through which the air is to

be passed. This necessitates a perpendicular tulte of consideral)le length.

In the Kukule apparatus I used the perpendicular tube has a length of 120

cm. while the culture solution had a depth of only 20 cm. Of course the

length of the ijerpendicular tube and the speed with which the chain of

air and water will pass through it can be made to depend somewhat on the

length of the single columns of water for sometimes these columns of water

are short and sometimes long depending on the quantity of water which

enters the tube in the form of individual drops. Another drawback to

the Kekule's apparatus is that the perpendicular tulie is often rapidly

clogged completely with algae of various kinds, mostly those belonging

to the Cyanophyceae. and with iron deposits as well as some sediment.

In the Proceedings of the Indiana Academy of Science for 191(5 Mr. C. C.

Beals*, who carried out a piece of work on aeration under my direction,

has shown a brief sketch of the Kekule apparatus. At b in his diagram

he shows the perpendicular tube in question. In order to form bubbles

readily this tube as arranged should not be over 4 mm. in diameter. This

smallness of size of the tube, however, contributes to the accumulation and

stoppage of the tube. The algae as well as the iron can be quickly cleaned

out of the tube by using .50% or 60% HCl. Weaker strengths as 10% and

15% HCl were tried at first to clean the tube but they were not effective.

Experiments are in progress to try to prevent this troublesome phase of

the accumulation of material in the tube. Its stoppage often occurred in a

few days ; at other times in two weeks. This necessitated the disconnecting

"^The Effect of Soakhig in Water and of Aeration on tlie Growth of Zea Mays.
Bulletin of the Torrey Botanical Club, 1919, Vol. 46, PP. 94-100.

^Beals, C. C.—The effect of Aeration on the Roots of Zea Mays. Proe. nd. Acad,
of Science. 1916, P. 177.
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of the apparatus to effect the cleaning. The bubbles produced by the Kekule
appai'atus as well as that by Bunsen should be as small as possible. How-
ever, it is not possible to constrict the submerged end of the tube much,
otherwise the resistance to the passage of the bubbles and the water nec-

essary to convey them will be so great as to prevent a sufficiently rapid flow.

The Kekule appartus while useful for airing a few cultures, is too small

to furnish sutticient air for a series having a large numl)er of cultures. I

have theiofore used for airing a series of seven or more cultures the Bun-
sen apparatus al)()ve referred to. The pump portion of the Bunsen appa-

ratus was constructed by using the ordinary form of a large sized Chap-

man's brass air pump. For the tube below the Chapman pump I used

an old condenser which had been broken and which had a diameter of

about 5 cm. This I cut off so that it had a length of 45 cm. leaving

near the end one of the lateral tubulares for the escape of air from the

apparatus. This length of tube gave a column of water of sufficient height

to easily force the air through the water culture solution in the 1.5 L
capacity culture jars in which the depth was 20 cm. From the Bunsen

appartus arranged as just described I conducted the air through a lead tube

having a bore of .5 cm. and an external diameter of 1 cm. a distance of

about 11 meters to the water cultures. These cultures, in many cases 14

in number, were placed about the center of the greenhouse in order to obtain

the best light; otherwise they would liave lu'cn placed nearer the pump.

In order to prevent any possibility of water being blown over from the

pump into the cultxu"es a bottle was arranged so that the air passed into

it and then out at the to]) lu'fore entering the cultures. This acted as a

catch basin or ])ocket for tlu> water in case any should pass through the

lead pipe. In the use of the apiiaratus thus far, however, I have not ob-

served that any water has been carried over to the bottle. This is prob-

ably because the lead pipe rises to a height of 2 meters or more before

the air enters the cultures. If water should enter the culture soluticm

after passing through the lead pipe it would, of course, be poisonous to

the plants. If water should pass from the I*>unsen jauup so used to the

water cultxu'e. it would l)e less poisonous to the plants than if it were dis-

tilled water, because as distilled water it is in the form of hydroxide of

lead and would contain more lead, whereas in the case of natural water

it is then in the form of carhonate of lead, which is less soluble and

would contain less lead.

In the form of the apparatus as first used to disti-ibute the air to the in-

dividual jars containing the culture solution I used a piece of cypress 5 cm.

broad by 55 cm. long which carried two rows of T-tubes having seven T-

tubes in each row. The cypress board was perforated with holes which al-

lowed the central arm of each set of seven T-tubes to i»roject through the

board on each side. Tliese T-tubes were coiniected with one another and to

the glass tubes that conveyed the air down through the culture solutions

by rubber tubing. There were in all about 45 rubber tube connections.

These were troul)l(some to keep free from leaks owing to the cracking of

the rubber tubing. The life of the rubber tuldng in such situations as here
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used varied from one to several weeks. To obviate at least part of this

difSculty I selected a heavy brass tube having an inside diameter of 1.5

cm. and a length of 120 cm. Into this tube directly opposite one another

were threaded air tight small brass tubes having an internal diameter of

4 mm. an outside diameter 7 mm. and a length of 55 mm. This tube was
supported at the center, between two rows of water cultures, by a ring-

stand. This arrangement eliminated the breakage that often occurred with

the glass T-tubes and by being fastened together in one piece it also elim-

inated 27 of the 45 rubber tubing connections, besides being more convenient

in other ways as to neatness, compactness, etc. The Bunsen pump as I

have it arranged and when working at full capacity will send through

the above mentioned tubes 4 liters of air per minute overcoming at the

same time the resistance offered by a coliuun of water 20 cm. in depth.

This would amount, if the pressure of the water mains remains constant, to

240 liters per hour or 5,760 liters per day when the pump continues to work
at full capacity. As. however, only about one liter per hour was generally

used, at this rate, about 240 separate cultures could be aerated simultan-

eously with this apparatus if properly arranged and adjusted. This will

depend, as before mentioned, somewhat on the size of the glass tubes which
conduct the air through solutions in the culture jars. If these tubes are

very small or much constricted at the end so as to make small bubbles,

which is desirable, so much back pressure will be generated in moving a

large quantity of air that most of it will escape at the pump. In my experi-

ments so far, however, only about seven to fifteen cultures have been aired

at once and such a size of tubes used that the difficulty just mentioned did

not occur.

A STUDY OF POLLEN II.

F. M. Andrews.

Since the appearance of the first of the.se two accounts on investigations

made on pollen of various kinds, further studies have been in progress in

order to study some of the points there indicated on a greater number of

plants. In the first paper which appeared in 1917 I had Investigated 435

plants. Since that time I have extended my study of the pollen so that

now I have investigated 508 plants. This list of phanerogams include

plants of many and distantly related families all of which have been sub-

jected to the same conditions in order to ascertain how their pollen would
behave. All of the pollen of these plants, as in the first paper, have been

put under favorable cultural conditions in cane sugar. This medium was
supplied to them in solutions of different strengths from weak to strong.

Of the 73 plants so investigated since my first account appeared in 1917,

about the same proportion of plants showed a response as there indicated.
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The pollen of one of the plants showed an unnsually rapid response in

the form of a very sudden rise in its hydrostatic pressure. That plant

was Scabiosa atropurpurea which belongs to the Dipsaceae. Instantly

almost, or before any measure of time could be made, when the pollen of

this plant was placed in distilled water it instantly put out 4 tubes about

the length of the diameter of the pollen grains. No further change took

place no matter how long they were left undisturbed in distilled water. On
the average 96 pollen grains in each 100 piit out tubes suddenly In the

way just described. For rapidity of resix)nse in this way the pollen of

Scabrosa excells all other pollen thus far investigated. To be sure pollen

Andrews, F. M. Proceeflings of the Inrliana Af-adomy of Science 1917, P. 163.
grains will often burst in a short time when placed in distilled water and
the contents, as is well known, will be forced out more or less rapidly but

none of them do so with the almost instantaneous action of Scabiosa. Nor
do they maintain a tube form characteristic of the usual germinating

methods in pollen. This sudden endosmotic action shown by the pollen of

Scabiosa is an illustration of how quickly a niomltrane may be permeable

even if only a slight amount (»f li(|ui(l enters. No cliango in the wall of the

pollen as a dissolution had taken place.

A WARMING NKEDLi: FOR AKRAXCTNC SPECIMENS IN PARAFFIN.

F. M. Andukws.

The arranging of spcciiiit'iis in itarntlin in (he box of whatever kind used,

must ))e done (luickly and orderly before the cooling process begins. When
the paraflin begins to chill in the box it becomes opaque due to air. At
the same time when an ordinary needle is used that is not warmed to the

same temperature or above the temiiemture of the paraffin in the embedding
box the paraffin chills on the neecllc an<l mcc iiniulates on it with each at-

tempt to such an extent that it must be cleaned continually or it is use-

less. This difficulty I have overcome by the use of what I have termed an

electrical needle.

The needle itself consists of a No. 10 copper wire about 1!) cm. long,

a small silver wire would be better, and is tapered to a point at the end

which is to touch the specimens to be arranged. The other end is fastened

to the electric wires. Beginning at this end the copiier needle is wound
with No. 22 enamelled resistance wire to within 3 cm. of the point of the

needle. This small wire is connected with the direct electric current and
both the needle and enamelled resistance wire wrapped together with tape

to a distance of 0.5 cm. from the point. This needle was coiuiected to the

current with four 100 watt electric lami)s in arranged multiple series which

gave the necessary amount of heat. I found by experiment that the needle

arranged as de.sci'ibed acquired within about one minute 52 to 55 C. which

is sufficient to keep the paraffin melted. If a higher or a lower temperature

than 52 C. was desired then lamps having a greater or a less resistance
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can be put in the series for this purpose. The needle was attached to an

electric wire about 2 meters long and could thus be used at any point

about the work table or hung up out of the way when not in use. The
use of a warming needle of this kind is much more convenient than the

old method generally used and more rapid.
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HYDROGEN ION CONCENTRATION AND TITRATABLE ACIDITY IN
RELATION TO BACTERIOLOGICAL MEDIA.

I. L. Baldwin.

It has long been recognized that the reaction of media is a very im-

portant consideration in the cnltivation of bacteria. The bacteriologist is

confronted with the problem of determining or measuring this reaction in

two instances. First, in the adjustment of the original reaction of the media
and secondly in the measurement of acid production by bacteria.

In the past two methods of measurement have been used, based on two
different chemical phenomena. The older method of the two is the titra-

tion of the media with a standard acid or basic solution, using phenolph-

thalien as an indicator. In using this method media was almost universally

made +1 to phenolphthalein, or 1% of normal acid was added after the neu-

trality point was reached. This method was based on a measurement of

the total acid or base in the solution. The newer method is a measure
of the concentration of the free hydrogen ions in the solution. This may be

accomplished by either the electrolytic or the colorimetric method. The
electrolytic method is the more accurate of the two, but requires more
time and complicated apparatus, to which the bacteriologist rarely has

access. The colorimetric method, since the introduction by Clark and Lubs
of a series of phthalein indicators whose sensitive ranges have been ac-

curately determined, is accurate enough for l)acteriological work, is applic-

able to the solutions with which the bacteriologist is working and is quick

and simple in operation.

Since it is the concentration of free or disassociated hydrogen ions and
not the total amount of acid present that affects the bacterial growth, it is

readily seen that a method which measures hydrogen ion concentration is

preferable to one which measures titratable acidity. Also it should be

clearly understood that a determination of the titratable acidity gives

no indication of the hydrogen ion concentration. A single example using

two common acids will illustrate this point. Normal acetic acid has ten

times the titratable acidity of tenth normal hydrochloric acid, yet tenth

normal hydrochloric acid has about 22.4 times the hydrogen ion concen-

tration of normal acetic acid.

Another very serious source of error in the determination of the reaction

of media by the old method of titrating with a standard solution lies in the

buffer effect of various ingredients of the media. By the buffer effect of a

substance we mean its ability to combine with an acid or base in the union-

ized condition. Peptone, mainly due to the proteoses and phosphates which

it contains, has a marked buffer effect. Thus the addition of an acid or a

base to a peptone solution may change the hydrogen ion concentration but

very slightly. Also the extent of the buffer effect of a peptone solution is

dei^endent uijon the brand of the peptone and the technic followed in making
up the solution. As mentioned above, the buffer effect of peptone is largely

due to its content of proteoses and phosphates, according to Kligler's work
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the proteoses will be in a large measure precipitated out if the acidity be-

comes greater than Ph 5.4, while the precipitating point for the phosphates

is around Ph 8.S.

In an effort to determine just what the variations in the final resuli

might be, between the use of the two methods, a number of samples of

media were made up according to the American Public Health Association

standards and the reaction determined by both methods. The procedure

they laid down was used in making the media +1. and the colorimetric

method, using the indicators and standards of Clark and Lubs. was fol-

lowed in determining the hydrogen ion concentration.

From the accompanying table it may be seen that the actual amount

of base necessary to make the media neutral was less than that indicated

by the phenolphthalein titration in all cases except the bouillon made up

with Wittes Peptone. Also the results of this experiment show that the

media made up with Difco Peptone was practicall.v neutral as made, how-

ever due to the buffer effect of the peptone the phenolphthalein titration

indicated that it was necessary to add base. In the ca.^e of the agar media

where two per cent iieptone was used, the difference l>etween the actual

amount of ba.se necessary to bring the media to neutrality and the amount

indicated by the phenolphthalein titration is greater than in the bouillon.

In the gelatin media the bouillon was neutralized before the gelatin was

added and as a result there is no difference indicated between the two pep-

tones, however, there is a great difference shown l)etween the two methods

of determining the reaction.

The results of the.se tests show that the method of making media +1 to

l)henolphthaleiii can not be depended uiion to bring it to n(Mitrality and that

in the case of all careful work the reactidu must lie determined by measure-

ment of the hydrogen ion concentration.
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Sample
No.

1

2
3
4

Ave.

1

2
3
4

Ave.

1

2
3
4

Ave.

Media

Bouillon

Agar.

Gelatin

Witte Peptone
cc of N/1 Base to make

+ 1

1.0
1.0
1.0
2,0
1.25

,75

13
15,00
14,0
14.0
14.0

Ph7
0.8
1,0
1.0
2,0
1.2

1,3
1.2
1.2
1,3
1,25

Difco Peptone
cc of N/1 Base to make

+ 1

3,0

6,0
6,0
6,0
5,0
5,75

15,0
13,0
13,0
14,0
13,75

Ph 7
0,3
0,0
0,0
0,0
0.08

0,0
0,0
0,0
0,0
0.0
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THE PARASITIC FUNOI OF MONTGOMERY COUNTY. I.

H. W. AND P. J. Anderson.

Ten years ago the writers became interested in fungi and began collect-

ing and preserving the parasitic forms which thrive on the rich native and
cultivated flora of Montgomery county. No season during that decade has
failed to add materially to the number of species collected. College years
at Wabasli, summers on the farm near Ladoga, vacation excursions to The
Shades, Pine Hills and other country stations have been made more inter-

esting and profitable in the hunt for previously uncollected fungi. Even
after both of the writers took up their work in other states, at least one
month of each year has been silent in Montgomery County, and many col-

lecting trips have added to the growing number of species. The abundance
of fungi varies greatly from year to year but hardly a flowering plant can
be found which is not parasitized at some time by at least one fungus and
frequently by many of them. To be sure, many of these fungi have been
previously reported from the county, many more from other counties of the

state, others only from other states, but a considerable number have not
been reported before from North America and even a few seem to be
species new to science.

Non-parasitic forms have also been collected and preserved and it was
the original intention to include all in this list. Since, however, the study
and determination of the saprophytes has been much more limited, they

have been reserved for a future presentation after more collecting and
study. In order that this paper may be more useful to students of fungi

it has been thought best to include not only all our own collections, but
also those of all others who have collected or reported fungi from the

county.

The paper is presented with a threefold object: (1) as a contribution

to the biological survey of the state, a worthy enterprise, started over

twenty-five years ago but the cryptogamic part of which has made little

progress during the last two decades; (2) as a help to plant pathologists

in determining the range and prevalence of pathogenes
; (3) as a reference

and finding list for local students of fungi, amateurs and professionals, who
will find determination of newly found species muoh facilitated by the

use of the appended host index. This list, however, undoubtedly does not

include all the parasites of the county. A summer day spent in the woods
or along the low banks of the streams still yields the excitement of finding

many a new one and will continue to do so for years to come. Nor have
the collecting ix»ssibilities of the orchard, garden and flower bed been by
any means exhausted. The list of species on plants of economic importance

will seem meager to the experienced plant pathologist ; for example only

one parasite is reported on potato. This is due to the fact that less atten-

tion was paid to the common economic fungi than to the rarer parasites on

wild plants. It is hoped that other students will find the pursuit as allur-

ing as the writers have and will continvie to add to this list and increase

its usefulness.
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The first published record of fungi collected or observed in Montgomery
county is a short paper, "Mildews of Indiana", by J. N. Rose in the Botan-

ical Gazette for 1886 (Bot. Gaz. 11:00-63). He lists and makes notes on 12

species of Erysiphaeeae on 30 different liosts wliicli lie collected about

Crawfordsville during the previous season and deposited in the herbarium

of Wabash College.

In 1889, M. A. Brannon read a paper before the Ind. Acad. Sci. entitled

"Some Indiana Mildews". He included 7 species of Erysiphac<eae on 11

hosts from Montgomery County. Most of these had previoiTsly been re-

ported by Rose. Brannon's paper was not published but a list of his col-

lections was .secured by Underwood and included in his catalog of 1893.

In 1890, E. M. Fisher read a paper before the Academy entitled "Para-

sitic Fungi of Indiana", based on collections he made for the Division of

Vegetable Pathology, U. S. Dept. of Agriculture. The specimens were de-

posited in the herbarium of the Department of Agriculture. The paper was
never published but his collections were listed by T'nderwood. He collected

rather extensively in Montgomery County as indicated in our list below.

In 1893 the Indiana Academy of Science began a biological survey of the

state. L. M. Underwood, at that time professor of botany at DePauw
University, was appointed director for the division of botany on the sur-

vey. In his first report (Proc. 1893:30-67). lie publisluMl "A List of Cryp-

togams at Present Known to Inhal)it the State of Indiana". This list was
supidemented by another in 1S94 (Proc. 1S!>4 : 147-1.")4) and by a third short

one in 1896 (Proc. iSiKt :7l-72) . The name of county and collector is in-

dicated for each species of fungus and host. He Included a total of 160

species of fungi on 268 hosts for Montgonieiy. These figures cannot be re-

garded as exactly accurate because a nuinhcr of his species, especially in

the rusts, have been shown since that time to bo identical with others in

his list. Outside the collections by Brannon and Fislicr, nearly all the

si>ecies which he listed from Montgomery witc collected by E. W. Olive

who was at that time a student in Wabash College. In 1894, M. B.

Thomas, lu'ofessor of bolany a( Wjibasli College, slated at the meeting of

the Academy (I'roc. 1894:6."»t (b:it the list of i»ai'iisitic fungi from the

vicinity of Crawfordsville had licni Iik rciiscd liy <>li\c until tliere were
now 17i) species and 2r)0 hosts.

In 1898 J. C. Arthur read before the Academy a list of the rusts of Indi-

;in;i. He in-eseuted another one in P.MK!. A more comidctc list was presented

by .Inckson in 191.1 (Proc. 191.">: 429-47;1 ) . The third one of these papers

included all the .'<pecies re]Kir(cd in the first two. In a second paper "Ured-

inaies of Indiana II", (Proc. 1917 :1.'!.'M37 I. .Inckson added 4 more species

from as many hosts from Montgomery ni.iking a total of r»8 species of

rusts on 98 hosts from that county. In ii not her pai>er "The Ustilaginales

of Indiana", presented at the same time (Proc. 1917:119-1.32). .liickson lists

four smuts from Montgomery occurring on as many hosts.

Since Underwood had reported in his list 103 parasites, outside the

smuts and rusts, on 171 hosts we get the grand total for the county of 165

parasites on 273 hosts. In the present paper this number has been raised
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to 336 parasites on .560 hosts. There are 371 different liost species. A
number of new species collected during the last few years have not been

included in this list but will be described separately in a future publication.

Tlie cryptogamic herbarium of Wabash College contains many exsiccati

specimens collected by students and instructors for thirty years. Much of

the material has been lost or destroyed by use or the data lost, but all

specimens which were in recognizable condition and for which data were

present were carefully gone over and included here. All other exsiccati

on which this list is based are in the private herbaria of the writers. Most

of the collections have been from the neighborhoods of Crawfordsville,

Ladoga and The Shades but in general the southern and central parts

of the county have been pretty thoroly covered. Very few collections

have been made in the northern edge of the county.

The nomenclature used in this list is in the main, that of Saccardo, but

for the Erysiphaceae, Salmon's Monograph has been followed, Ellis & Ever-

harfs "North American Pyrenomycetes" for the other Pyrenomycetes and
Clinton's Ustilaginales in N. A. Flora for the smuts.

The writers are indebted to Professors J. C. Arthur and H. S. Jackson

of Purdue University for identification of some of the Uredinales and for

other favors.

LIST OF FUNGI COLLECTED.

In the following list the species are arranged alphabetically under the

orders of the fungi. The following abbreviations for names of collectors

are used throughout: (A)=H. W. & P. J. Anderson, (Bk)=Walter Burk-

holder, (Br)=M. A. Brannon, (D)=H. B. Dorner, (F)=E. M. Fisher,

(Ftz)=H. M. Fitzpatrick, (H)=A. Hughart, (J)=H. M. Jennison, (O)

=E. W. Olive, (T)=M. B. Thomas, (CT)=Cecil Thomas. The short ab-

breviation for the month of collection is used but the date of the month,

although on the original packet, is omitted here because it is less essential.

The exact station of collection is also omitted in the list because not con-

sidered of great importance when all collections were within the boundaries

of one county. Exsiccati material representing many of the early collec-

tions by Rose, Fisher and Brannctn and some of those by Olive and M. B.

Thomas were not availalile for examination. Such are included in this

list on the authority of the puldished records, and the month of collection,

not being stated in the published records, is necessarily omitted from our

list. In the case of a number of very common fungi the collections were

too numerous to include here and some have been omitted, but we have

retained those which show the widest range in time of occurrence and num-
ber of collectors.

PHYCOMYCETES.

CHYTRIDALES.

1. Synchytrium decipiens Farl.

Amphicarpa monoica. Au 1918 (A).
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PERONOSPORALES.

2. Albugo Bliti (Biv.) Kze.

Amarantluis spinosus. S 1893 (O).

Amarantlius retroflexus. An 1910 (A).

3. Albugo Candida (P.) Kze.

Bra:>sica nigra. Jy 1S91 (T).

Capsella Bursa-pastoris. S 1S93 (O), Jy 1910 (A».

Cardamine bulbosa. Je 1S94 (O).

Dentaria diphylla. Je 1893 (H).

Lepidium canipestre. My 1915 (A).

Lepidium virgiiiicum. Jo 1893 (O). Je 1898 (T).

Radicula Armoracia. Au 1893 (T). An 1918 (A).

Raphanus sativus. Au 1918 (A).

Sisymbrium canescens. Je 191.1 (A).

Sisymbrium officimile. Je 1898 (T). Je 1915 (A).

4. Albugo Ipomoeae-pandurannae (Schw.) Swing.

Ipomoea hederacea. S 1894 (O). Au 1912 and Au 1915 (A).

Ipomoea pandurata. Jy 1894 (O).

5. Albugo Portulacae (DC.) Kze.

Portubicu (ileracea. S 1893 (Oi, Au 1910 and Au 1910 (A).

6. Albugo Tragopogonis (DC.) S. F. Gray.

Ambrosia artemisiacfdlia. Au 1918 (A).

Senec-io aureus. My 1913 (Ai.

7. Basidiophora entospora Roze & Cornu.

Erigeron annuus. Je 1919 (A).

8. Bremia Lactucae Kegel.

Lactuca .^cariobi. My 1915 (A).

9. Peronospora Arthurii Farl.

Oenothera biennis. My 1893 (T), My 1913 (CT). Au 1919 (A).

10. Peronospora Corydalis de Bary.

Corydalis iiurea. My lS9l' (T).

Diceutra Cucullaria. My 189.". (II).

11. Peronospora effusa Rabh.
('hen(»]M)diuni album. An 191(i and Au 1918 (A).

12. Peronospora Ficariae Tul.

Kanuniiilus rccui-vafus. My 1S9:! (II).

13. Peronospora parasitica (P.) de Bary,

Arabis hirsuta. Ap 1919 (A).

Arabis laevigata. My 1914 (A».

Capsella Bursa-pastoris. My 1915 (A).

Dentaria laeiiiiata. My 1910 (A).

Lepidium viriiinicnni. Je 1910 (A).

14. Peronospora Polygoni Thueni.

Polygonum Convolvulus. Je 1910 (A).
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15. Feronospora Potenlillae de Bary.

Poteutilla uonspliensis. My 191G (A).

16. Plasmopara australis (Speg.) Swing.

Sicyos angulatiis. Au 1918 (A).

17. Plasmopara Halstedii Farl.

Ambrosia artemisiaefolia. Au. 191G (Ai.

Ambrosia trifida. Au 1009 (A).

Bidens frondosa. S 1909 (A).

Bidens laevis. 1893 (T).

Helianthus annuus 1893 (O).

18. Plasmopara Geranii (Pk.) Berl. & de Toni.

Geranium maculatum. 1893 (T).

19. Plasmopara obducens Schroet.

Impatiens biflora. 1893 (T), My 1914 (A).

20. Plasmopara viticola Berl. & de Toni.

Vitis cordifolia. Au 1910 (A).

Vitis cinerea. Aul919(A).
Vitis Labrusca. 1893 (O), Au 1915 (A).

21. Pseudoperonospora cubensis (B. & C.) Rostew.

Cucumis sativus. Au 1914 (A).

ASCOMYCETES.

PBOTODISCALES.

22. Exoascus deformans (Berk.) Fckl.

Prunus Persica. Ap 1910 (A), 1893 (O).

PEZIZALES.

23. MoUisia Dtlinii (Rabh.) Karst.

Poteutilla UKinspelieuMS. 1893 (T), O 1910 and My 1913 (A)

24. Fabraea maculata (Lev.) Atk.

Cydonia vulgaris. S 1910 (A).

25. Pseudopeziza Medicaginis (Lib.) Sacc.

Medicago sativa. ,Je 1919 (A).

26. Pseudopeziza Ribes Kleb.

Ribes Grossularia. Au 191G (A).

Ribes vulga re. Au 1916 (A).

27. Pseudopeziza Trifolii (P.) Fckl.

Trifolium pratense. Au 1919 (A).

28. Sclerotinia cinerea (Bon.) Wor,
Prunus Cerasus. Jel910(A). Many other collections.

Prunus domestica " u a .*

Prunus Persica " " " "

Pyrus Malus. Au 1919 (A).
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PHACIDIALES.

29. Coccomyces hiemalis Hig.

Pruiuis Cerasiis. Au. 1918 (A).

Primus americana An 1918 (A).

30. Coccomyces Prunophorae Hig.

Pruuiis hortulana. S 1910 ( McCuUoiigh )

.

31. Rhytisma Acerinum Fr,

Acer rubruru. S 1910 (A).

PLECTASCALES.

32. Plectodiscella veneta Burk.
Kul)ns idacns var. aculeatissinuis. A\i 191(; Ui).

Kubu.s occidoiitalis. An 1910 (A).

PERISPORTALES.

33. Diplocarpon Rcsae Wolf.
Rosa (cult.). S 1912 (CTaud P.k).

Rosa seligera. Au 191.s (A).

34. Erysiphe cichoracearum DC.
Actiiioiiicris altcniifnliii. S 1!K»T (l>i. Au 1918 (A),

Aujlirosia artcniisiacfolia. S 189."'. (O).

Ambrosia trilida. <) 1S9:; (()(. () IIKK) (A).

Aster azureus. O 1893 (O).

Aster ericoides. S 1893 (O).

Aster Novae-angliae. O 1893 (O).

A.ster paniculatus. O 1893 (O).

Aster sp. 1889 (Br.).

Cirsium altissiniuni. 1880 (Rose).

Eupatoriuiu jK-rfoliatum. O 1893 (O).

Kupatoriuni purpureum. S 1894 (O).

Ileliautlius ainuius. 1880 (Rose). S 1893 (O).

Ilclianthus decaiK-talus. 18rK^) (V).

Helianthus doronocoides. 1880 (Rose).

Heliauthns strumosus. O ISIM ((»). Au 1918 (A).

Heliantlius tuberosus. 1890 (F).

Hydroi»liylluni ai)p('iidiculatnni. ,1c 1S9:; (()).

Hydropbylluni caiiadcnsc. .My 1.S9:! (()).

IIydroi)byIluiii niacropbyliuui. .le 1892 (()).

Hydr(ii)liylluni virginiauuni. 1S9:', (O).

Parietaria ]K'iinsylvanica. S 1S94 (O).

Phlox divaricata. S 1907 (D).

Phlox pauiculata. Ap 1890 (F).

Pilea pumila. O 1893 (O).

Plantago major. Au 1918 (A).

Rudlteckia laciniata. S 1918 (A).
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Rudbeekia triloba. An 1919 (A).

Solidago canadensis. S 1893 (T).

Solidago latifolia. 1893(0).
Verbena stricta. S 1893 (O). S 1909 (A).

Verbena urticaefolia. S 1893 (O).

Vernonia altissima. Au 1918 (A).

Vernonia fasdculata. S181>4(0).

Xanthium strumarium 1893 (O).

35. Erysiphe Galeopsidis DC.
Scutellaria lateriflora. Au 1893 (O).

36. Erysiphe f:raminis DC.
Poa pratensis. N 1893 (O).

Triticum vulgare Je 1918 (A).

37. Erysiphe Polygoni DC.
Aniphicarpa monoica. <> liH)! (Dl.

Anemone sp. 1886 (Rose).

Aquilegia canadensis. O 1907 (D). Au 1919 (A).

Brassica nigra. Au 1919 (A).

Clematis virginiana. 1886 (Ro.se). 1889 (Br.).

Gei'anium maculatum. O 1919 (A).

Liriodendron tulipifera. O 1909 (A).

Polygonum aA'iculare. O 1909 (A).

Polygonum Convolvulus. O 1909 (A).

Polygonum erectum. S. 1907 (D).

Ranunculus abortivus. S 1893 (O).

Ranunculus recurvatus. S 1893 (O).

38. Microsphaera Alni Wallr.

Carpinus caroliniana. 1889 (Br.).

Evonymus atropurpureus. Au 1919 (A).

Gleditsia triaeanthos. S 1913 and S 1914 (A).

Juglans nigra. O 1910 (A).

Platanus occidentalis. O 1893 (O). S 1909 (A).

Quercus rubra. S 1909 (A).

Quercus velutina. O 1909 (A).

Quercus sp. 1889 (Br).

Syringa vulgaris. S 1892 (O). S 1909 (A), numerous others.

39. Microsphaera Alni var. Vaccinii Schw.

Catalpa speciosa. O 1!:K)7 (D), O 1909 (A).

40. Microsphaera diffusa Cke & Pk.

Symphoricar]>us firliiculatus. O 1894 (O).

41. Microsphaera Euphorbiae (Pk.) B. & C.

Euphorbia marginata. O 1907 (D).

42. Microsphaera Grossulariae (Wallr.) Lev.

Sambucus canadensis. 1886 (Rose), O 1893 (O).

43. Microsphaera Russellii Clint.

Oxalis corniculata. S 1893 (O), S 1909 (A).
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44. Phyllactinia Corylea (P.) Karst.

Carpinus caroliniana. 1890 (F).

Catalpa bignonoides. 1893 (O).

Celastriis scandens. 1890 (F).

Conius floricla. 188G (Rose).

Corylus americaiia. 18SG (Rose), 1890 (F).

Fraxinus amexicana 1893 (O).

Fraxinus nigra. S 1913 (A).

Liriodendron tulipifera. 1893 (O).

Ostrya virgiiiiana. 1890 (F).

Quercus coccinea. 1890 (F).

Quercus palustris. N 1909 (A).

Zanthoxylum amerieaiumi. 1893 (O).

45. Podosphaera Oxacanthae (DC) de Bary.

(\vdoiiia vulgaris. 188(i (liose).

Diospyrus virgiiiiana. 1880 (Rose).

Prunus Cerasus. Au 1910 (A).

46. Sphaerotheca Huniuli (DC.) Burr.

Agrinionia gryposejiala. 1890 (F). Jo 1919 (A).

47. Sphaerotheca Humuli var. fuliginea Schl.

P.ideiis frondosa. 1893 ( Fiiderwood), An 1910 (A).

Bidens laovis. 1893 (O).

Erigeroii sp. 18,S(; (Rose). 1889 (P,r).

Hieraeium sp. 1880 (Rose).

Lactnca sp. 1S8G (Rose).

Prmiella vulgaris. O 1907 (Di. An 1918 (A).

Taraxacum oltieinale. O 1909 (A).

48. Sphaerotheca Mors-uvae (Schw.) B. & C.

Rllics Cyiinshati. 1893 (ID.

49. Sphaerotheca Phytoptophila Kell. & Swing.

IMiytoi>iis fascicles on ("cllis occidciifiilis. IS'.C! (()).

50. Uncinula circinata C. & P.

Acer ruhrnui. ]88(i (Rose).

xVcer saccharinnni. O 1909 (A).

Ac(>r saccliarnni. 1S!>."; (Oi.

51. Uncinula Clintonii Pk.

Tilia anicricaiia. ]S!K> (F). .Te 1910 (A).

52. Uncinula flexuosa Pk.

AescTilus glabra. 1889 (P.r), 1893 (O), S 1909 (A).

53. Uncinula geniculata Gerard.

Morns rubra. 1890 (F), 1893 (Underwood).

54. Uncinula macrospora Pk.

IJlmus americaua. 189.3 (O).

Ulmus fidva. 1893 (O).
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55. Uncinula necator (Schw.) Burr,

Psedera quinqnefolia. 1S93 (O), S 1909 and An 1918 (A).

Vitis cordifolia. S 1909 (A).

Vitis vulpina. 1894 (O).

Vitis Labrusca. 1886 (Rose).

56. Uncinula Salicis (DC.) Wint.
Salix cordata. 1893 (O).

Salix sericea. 1890 (F).

Salix sp. 1889 (Br), S 1909 (A).

57. Cleistothecopsis circinans (Berk.) Stev.

Allium cepa.

HYPOCREALES.

58. Claviceps purpurea (Fr.) Tul.

Elymus striatus. Au 1918 (A).

Elymus virginieus. Au 1918 (A).

Festuca elatior. Je 1918 (A).

Plialaris arundinacea. 1893 (T).

Fhleum pratense. Au 1917 (A).

Secale cereale. Jel918(A).

59. Epichloe typhina (P.) Tul.

Grass. Je 1908 (Ftz).

60. Gibberella saubinettii (Durieu & Mont.) Sacc.

Zea Mays. Ap 1919 (A).

Triticum vulgare. Je. 1919 (A).

61. Nectria cinnabarina (Tode) Fr.

Sambuciis canadensis. D 1919 (A).

62. Pleonectria berolinensis Sacc.

Ribes vulgare. Au 1916 and D 1918 (A).

dothideai.es.

63. Phyllachora graminis (P.) Fckl.

Bromns eiliatus. 1893 (T).

Elymus canadensis. 1890 (F).

Elymus striatus. 1910 (A).

Elymus virginieus. Ja 1910 (A). S 1907 (Ftz).

Elymus sp. Au and S 1907 (Ftz).

Hystrix patula. 1893 (Underwood).

Mublenbergia sp. S 1907 (D).

64. Phyllachora Trifolii (P.) Fckl.

Trifolium pratense. Je 1903 (Ftz), Au 1910 (A).

Trifolium repens. Au 1918 (A).

65. Plowrightia morbosa (Schw.) Sacc.

Prunus domestica. N 1907 (Ftz), F 1913 (A).
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SPHAERIALES.

66. Botryosphaeria Ribis Gros. & Dug.
Ribes vulgare. D 191S (A).

67. Glomerella piperata (E. & E.) S. & S.

Capsicum auuuiim. Au 1916 (A).

68. Gnomonia Caryae Wolf.

Carya ovata. S 1918 (A).

69. Gnomonia leptostyla (Fr.) Ces. & de N.

Juglans cinerea. Au 1918 (A).

Juglans nigra. Au 1918 (A).

70. Gnomonia ulmea (Schw.) Thuem.
Ulmus americana. 1893 (O), Au 1907 (Ftz), Ja 1910 (A).

Ulmus fulva 1890 (F)?

71. Gnomonia Veneta (Sacc. & Speg.) Kleb.

Platanus occidentalis. Au 1919 (A).

Quercus alba. Au 1919 (A).

72. Guignardia Aesculi (Pk.) Stew.

Aesculus glabra. Au 1918 (A).

73. Guignardia Bidwellii (Ell.) V. & R.

Psedera quinquefolia. S 1909 (A).

Vitis cordifolia. .Te 1911 (A).

Vitis Labrusca. O 1910 (A).

74. Leptosphaeria Coniothyrium (Fckl.) Sacc.

Kubus ooddentalis. 1)1918 (A).

75. Mycosphaerella Fragariae (Schw.) Lind.

Fragaria virginiaua. Au 1918 (A).

76. Mycosphaerella Grossulariae (Fr.) Lind.

Kibes auroum. Au 1912 (A).

Ribes gracile. S 1910 (J).

Ribes Grossularia. Au 191G (A).

Ribes vulgare. Au 1910 (A).

77. Mycosphaerella sentina (Fr.) Schl.

Pyrus conimunis. S 1912 (A).

78. Mycosphaerella Ulmi Kleb.

Ulmus americana. Au 1918 (A).

79. Physalospora Ambrosiae E. & E.

Ambrosia trifida. Au 1918 (A).

80. Physalospora Cydoniae Am.
Pyrus Mains. Au 1919 (A).

81. Venturia inaequalis (Cke) Aderh.

Pyrus Mains. .7y 190.3 (Ftz), Au 191G (A).

82. Venturia Pyrina Aderh. ,,i*.

Pyrus communis. 1893 (O), Au 1919 (A). ,;
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BASIDIOMYCETES.

USTILAGINALES.

83. Schizonella melanogramma DC.
Carex pennsylvaniea. My 1913 (Kern), My 1913 (A).

84. Tilletia laevis Kuhn.
Triticum vulgare. Je 1919 (A).

85. Urocystis Anemones (Pers.) Wint.

Hepatica acutiloba. My 1919 (A).

86. Urocystis occulta (Wallr) Rab.

Secale cereale. Je 1919 (A).

87. Ustilago anomala J. Kunze.

Polygonum scandons. S 1908 (V. B. Stewart).

88. Ustilago Avenae (Pers.) Jens.

Avena sativa. My 1910 (A). Numerous other collections.

89. Ustilago levis (Kell. & Swing.) Magn.
Avena sativa. My 1910 (A).

90. Ustilago neglecta Miessl.

Setaria glauca. An 1910 (A).

91. Ustilago Rabenhorstiana Kuhn.
Digitaria sanguinalis. S. 1913 (A). Numerous other collections.

92. Ustilago Tritici (Pers.) Rostr.

Triticum vulgare. .To 1919 (A). Numerous other collections.

93. Ustilago Zeae (Beckm) Unger.

Zea Mays. Au 1918 (A). Numerous other collections.

ITREDINALES.

94. Aecidium Boehmeriae Arth.

Boehmaria cylindrica. My 1899 (Arthur).

95. Aecidium Dicentrae Trel.

Dicentra cucuUaria. .Te 1893 (H).

96. Aecidium hydnoidium B. & C.

Dirca palustris. Je 1S92 (T).

97. Aecidium Tithymali Arth.

Euphorbia commutata. My 1910 (A).

98. Colesosporium Campanulae (Pers) Lev.

Campanula americana. Au 1907 (D). Au 1918 (A).

99. Coleosporium delicatulum Hedg. & Long.

Solidago lanceolata S 1909 (A).

100. Coleosporium Ipomoeae (Schw.) Burr.

Ipomoea pandurata. S 1910 (A).
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101. Coleosporium Solidaginis (Schw.) Thum.
Aster azureus. 1890(F).

Aster corclifoliiis, 1890 (F).

Aster ericoides var. villosiis. Au 1918 (A).

Aster Novae-angliae. O 189:? (O).

Aster paniculatus. 1890(F).

Aster sagittifolius. An 1918 (A).

Aster Shortii. 1890 (F).

Callisteplms hortensis. An 191G (A).

Solidajio altissima. Au 1918 (A).

Solidago arguta. 1894 (O).

Solidago bicolor. 1893 (O).

Solidago caesia. 1890 (F).

Solidago canadensis. S 1894 (O) An 1918 (A).

Solidago latifolia. O 1886 (Rose).

Solidago patnla. 1890 (F).

Solidago nlmifolia. 1907 (Ftz).

102. Coleosporium Vernoniae B. & C.

Yeraouia altissima. S 19(19 (A). Au 191S (A).

Veronia fasciculata. S 1893 (O), S 1900 (D).

103. Gymnoconia interstitialis CSchlect) Lagerh,

Kul.us allcghcniciisis. .Ir 1911 (A).

Uuhus occidcutalis. .TclOll (Ai.

Kulnis viilosus. My 1910 (A».

104. Gymnosporangium globosum Farl.

Crataegus cocci noa. 1893 (O).

Crataegus Crns-galli. 1894 (O).

Crataegus punctata. 1893 (O).

Cra taogus sp. Jy 1 908 (A )

.

105. Gymnosporangium Juniperi-virginiana Schw.
.Tuniporus virgiiiiaua. 1893 (()). My 1919 (A).

Pyrns mains. 1901 (Wlietzel).

106. Kuehneola Uredinis (Link) Arth.

Rul)us allcglicnicusis. My 1913 (A). An 1918 (A).

107. Melampsora Bigelowii Thum.
Salix cordata. 189;! (()).

Salix discolor. 1S9:! (()).

Salix lougifolia. S 1893 (O).

Salix nigra. S 1907 (D).

Salix sp. S. 1909 (A). S 1907 (D).

108. Melampsora Medusae Thum.
Poplus halsamifera. 1S90 (F).

I'oplns dcltoides. S 1894 (O).

Populus tremuloides. S 1894 (O).

Populus sp. S 1909 (A).
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109. Phragmidium Rosae-setigerae Diet.

Rosa setigeni. An 1!»10 (A) Au 191G (A).

110. Phragmidium triarticulatum (B. & C.) Farl.

rotentilla canadensis. Au VMS (Ai. Ap 1!)19 (A).

111. Pileolaria loxicodendri (Berk & Rav.) Arth.

Rhus toxicixk'ndn.n. My 1SI)4 (<)).

112. Puccinia-strum Agrimoniae (Schw.) Tranz,

Agrimonia gryposcpala. IS!)'! (()), S 1909 (A) Au 1918 (A).

113. Pucciniastrum Hydrangeae (B. & C.) Arth.

Hydrangea arlxn-esrens. S 1909 (A) Au 1917 (A).

114. Puccinia Anemones-Virginianae Schw.
Anemone virginiana. Au 191S (A) Ap. 1919 (A).

115. Puccinia angustata Pk.

Scirpus atrovirens. Au 191S (A).

116. Puccinia Antirrhinii Diet. & Holw.
Antirrliium majus. 1) 1914 (C. C. Rees).

117. Puccinia Asparagi DC.
Asparagus ollicinale. S 1909 (A). Other collections.

118. Puccinia Asteris Duby.
Aster cordifolius. 1890 (F), S 1907 (D).

Aster paniculatus. 1890 (F) O 1907 (D).

Aster sp. O 1909 (A).

119. Puccinia Bardanae Corda.

Arctium Lappa. Au 1918 (A).

120. Puccinia Bolleyana Sacc.

Carex Frankii. Au 1917 (A).

Carex trichocarpa. N 190(5 (Reddk).

Sambucus canadensis. My 1893 (H), ,Te 1911 (A), Ap. 1908

(Miller).

121. Puccinia Circaeae Pers.

Circaea lutetiana. S 1894 (O), S 1914 (A).

122. Puccinia Cnici Mart.
Circium lanceolatum. My 1913 (A).

123. Puccinia Convolvuli (Pers.) Cast.

Convolvulus sepium. Je 1895 (Oj, O 1909 (A).

124. Puccinia coronata Corda.

Avena sativa. Au 1910 (A), Au 1918 (A).

125. Puccinia Cyperi Arth.

Cyperus strigosus. Au 1907 (Barrus) O 1907 (D).

Cyperus Schweinitzii. 1893. (Underwood).

126. Puccinia Dayi Clint.

Steironema ciliatum. Au 1911 (A).
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127. Puccinia dispersa Ericks.

Seeale cereale. Je 1919 (A).

128. Puccinia Eatoniae Arth,

Ranunculus abortivus. Ap.l903 (T), Ap. 1910 (A).

129. Puccinia Eleocharidis Arth.

Eleocharis paUistiis. S 1907 (D).

130. Puccinia emaculata Schw,
Panicum capillaie. O 1893' (O), S 1909 (A).

131. Puccinia extensicola Plowr.

Aster cordifolius. Je 1893 (T), My 1892 (T).

Aster sagittifulius. My 1892 (T).

Aster shortii. My 1907 (D).

Erigeron anuuus. 1889 (Arthur).

Solidago arguta. Je 1894 (O).

Solidago caesia. Jy 188G (Rose) 1893 (O).

132. Puccinia graminis Pers.

Agrostis alba. Au 1918 (A).

Avena sativa. Au 1918 (A).

Phleum prateuse. Jy 1910 (A), Au 1918 (A).

Triticum vulgare. Je 1918 (A).

133. Puccinia Helianthi Schw.
Helianthus annuus. S 1893 (O), S 1909 (A), Au 1918 (A).

Helianthus divaricatus. 1890 (F).

Ileliaiitlius grosse-serratus. S 1893 (O).

Helianthus hirsutus. Au 1918 (A).

Helianthus strumosus. O 1894 (O).

Helianthus parvlflorus. Au 1919 (A).

Helianthus trachiifolius. 1893 (O).

134. Puccinia Hieracii (Schum) Mart.

Hieraciuni stabruni. My 1913 (A).

135. Puccinia Impatientis Arth.

Elymus striatus. Au 1918 (A).

Impatiens biflora. My 1908 (Miller).

136. Puccinia Iridis (DC) Arth.

Iris Virsicolor. S 1909 (A).

137. Puccinia Lobeliae Ger.

Lobelia syphilitica. S 1907 (TV), Au 1918 (A), S 1913 (A).

138. Puccinia ludibunda E. & E.

Oenothera biennis. Au 1910 (A). My 1914 (A). Je 1894 (()).

139. Puccinia Malvacearum Bert.

Althaea rosea. S 1915 (A).

140. Puccinia Mariae-Wilsoni Clint.

Claytonia virginica. My 1907 (T).
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141. Puccinia marilandica Lindr.

Saiiiciila caiiadonsis. S IJXIT (Barrus).

142. Puccinia Menthae Pers,

Blephilia hirsuta. ISIK) (F). Au 1919 (A).

Mentha canadensis. Au 1894 (O). Au 1918 (A).

Monarda fistulosa. N 1893 (O), O 1909 (A). Au 1917 (A).

143. Puccinia Muhlenbergiae Arth.

Muhlenliergia tenuiflora. 1915 (Mrs. Arthur).

144. Puccinia obscura Schroet.

Luzula campestris. My 1913 (A).

145. Puccinia obtecta Pk.

Scirpus validus. 1893 (O).

146. Puccinia patruelis Arth.

Lactuca canadensis. 1801 (O).

147. Puccinia Poarum Niess.

Poa pratensis. D 1918 (A). Numerous other collections.

148. Puccinia Podophylli Schw.
Podophyllum peltatum. Ap 1910 (A). Numerous other collections.

149. Puccinia Polygoni-amphibii Pers.

Polygonum acre. S 1909 (A).

Polygonum convolvulus. Au 1918 (A), S 1909 (A).

Polygonum Muhlenhergil. S 1894 (O).

150. Puccinia Phingsheimiana Kleb.

Carex puhescens. S 1907 (D).

Ribes Cynosbati. Je 1911 (A), Je 1893 (H).

Ribes floridum (?). Je 1804 (O).

Ribes oxyaeanthoides. 1899 (Arthur).

151. Puccinia Pruni-spinosae (Pers) Arth.

Hepatica acutiloba. Ap 1893 (O).

Hepatica triloba. My 1910 (Dietz), Ap 1908 (Miller).

152. Puccinia punctata Link.

Galium concinnum. S 1894 (O). Au 1918 (A), S 1907 (D).

Galium triflorum. 1893 (Underwood).

153. Puccinia pustulata (Curt) Arth.

Commandra umbellata. Je 1893 (H).

155. Puccinia Ruelliae (B. & Br.) Lagh.
Ruellia ciliosa. Au 1918 (A).

Ruellia strepens. S 1909 (A), Au 1918 (A).

156. Puccinia Silphii Schw,
Silphium perfoliatum. Au 1918 (A).

157. Puccinia Sorghi Schw.
Oxalis eorniculata. My 1897 (Taylor).

Zea mays. Au 1910 (A). Numerous other collections.
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158. Puccinia Taraxaci (Keb) Plowr.

Taraxacum officinale. My IS'J?, (O). O 1009 (A). Numerous other

collections.

159. Puccinia Thalictri Chev.

Thalictrnm dioicum. My 1804 (O).

160. Puccinia tomipara Trel.

Anemonella thalictr()i<los. Uy 1894 (O).

Bromus ciliatus. S 1W7 (D).

Clematis vlr|t?iniana. 1893 (O).

161. Puccinia triticina Ericks.

Triticuni vulgare. Au 1918 (A). Numerous other collections.

162. Puccinia Violae (Schum.) DC.
Viola blanda. S 1900 (A).

Viola cucullata. Ap 1910 (A).

Viola papllionacea. S 1906 (D).

Viola imhescons. My 1908 (Miller).

Viola striata. S is.Sd Hiosc). My 1907 (D).

163. Puccinia verrucosa (Schult) Link.

Agastache nepetoidcs. Au 1018 (A).

164. Puccinia Windsoriae (Schw) Kze.

Ptelea (rifoliata. .Te 1892 (T).

Tridens flavus. S 19(»T (I>).

165. Puccinia Xanthi Schw.
Xanthinm canadensc. Au 1908 (A). Numerous other collections.

166. Uromyces appendiculatus (Per) Lev,

Phaseolus vuluai'ls (> 1010 (1»). Numerous other collections.

Strophostyles helvola. S 10(10 (A).

167. Uromyces Caladii Farl.

Arisaema Dracontiuiii. .Te 1010 ( .\ i

.

Arisaema tripliyllum. My 1010. (\). Numerous collections.

168. Uromyces caryophyilinus (Shrank) Wint,

Dianthus caryopliyllus. () 1907 (I'.arrus).

169. Uromyces Fabae (Pers) DeB.
Lathyrus palustris. .Te 189.3 (O).

170. Uromyces fallens (I)es) Kern.

Trifolium pratense. Au 1910 (A), Au 1918 (A),

171. Uromyces Hedysari-paniculati (Schw) Farl.

Desmodium canescens. 189.'> (()).

Desmodium Dillenii. 189.3 (Underwood).

Desmodium laevigatum. 1890 (F).

Desmodium paniculatum. S 1909 (A).

172. Uromyces Howei Pk.

Asclepias incarnata. Au 1918 (A).

Asclepias purpurascens. 1893 (O).

Asclepias syriaca. Au 1909 (A).
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173. Uromyces Lespedezae-procunibentis (Schw) Lagh.
Lespedeza fructescens. S 1907 (D).

Lespedeza proeunibeiis. S 1007 (D).

174. Uromyces Polygoni (Pers) Fuckl.

I'olygonum aviculait'. 1S!).'> (O).

175. Uromyces proeminens (DC) Lev.

Euphorbia dentata. An 1918 (A).

Euphorbia huiiiistrata. 19<)(> (T).

Eupliorbia maculata. 18SG (Rose).

Euphorbia Preslii. S 1909 (A). Au 1918 (A).

176. Uromyces Rudbeckiae Arth & Holw.
Rudbeclda laciiiiata. S 1894 (O), Au 1918 (A).

177. Uromyces Scirpi (Cast.) Burr.

Scirpus amorieauus. Jy 189") (O).

178. Uromyces Trifolii (Hedw) Lev.

Trifolium procumbens. Au 1918 (A).

FUNGI IMPERFECTI.

SPIIAEROrSIDALES.

179. Actinonema Rosae (Lib.) Fr.

See Diplocarpdu Rosai' Wolf.

180. Ascochyta Lappae Kab. & Bub.
Arctium Lappa. Je 1919 (A).

181. Ascochyta caulicola Lau.

Melilotus alba. Au 1918 (A).

182. Ascochyta Violae Sacc. & Speg.

Viola cucuUata. Je 1919 (A).

183. Cincinnobolus Cesatii de Bary.

Mycelium of Erysii)hacpa(' on Solidago arguta. S. latifolia. Aster

Shortii, Rudbockia triloba, Hydrophyllum virginicnin. 1893 (F).

Sphaerotheca Humuli var. fuliginea on Taraxicum otticinale. 1893

(O).

Phyllactinia corylea on Liriodondron tulipifera. 1893 (O).

184. Coniothyrium concentricum Desm.
Yucca. 1894 (O).

185. Coniothyrium Fuckelii Sacc.

See Leptosphaeria C/oniothyrium.

186. Darluca filum (Biv.) Cast.

Uredinia of I'uccinia Menthae on Monarda fistnlosa. Au 1918 (A).

187. Dendrophoma obscurans And.
Fragaria virginiana Au 1910 (A).

188. Leptothyrium Pom! (Mont. & Fr.) Sacc.

Pyrus Mains. Au 1910 (A).

Rubus idaeus vai*. aculeatissimus. Au 1910 (A).
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189. Melasmia hypophylla (B. & Rev.) Sacc.

Gleditsia triacanthos. Au 1907 (Ftz). S 1907 (D>, An 1918 (AV

190. Phoma herbarum West.
Solidago canadensis. Ap 1919 (A).

191. Phyllosticta Asiminae E. & K.

Asimiiia trilolia. S lOi:; (A).

192. Phyllosticta Bridgesii Speg.

Lobelia sipbilitica. Au 191S (A).

193. Phyllosticta Caryae Pk.

Carya ovata. An 1919 (A).

194. Phyllosticta Catalpae E. & M.
Catalpa speeiosa. O 1908 (A).

195. Phyllosticta Celtidis E. & K.
Celtis ofcidontalis. Au 1918 (A).

196. Phyllosticta cercidicola Ell.

Cercis canadonsis. Au 19is (A).

197. Phyllosticta Chenopodii Sacc.

rbcnoiiodiuin album. My 1S94 (O).

19S. Phyllosticta Commonsii E. & E.

Paeonia officinale. S 1S9:{ (Ti.

199. Phyllosticta Coryli West.
Coiylus aincricana. Au 1910 (A).

200. Phyllosticta cruenta (Fr.) Kickx.

P(ilyp)iiatuni liilloruni. Au 191S (Ai.

Srailacina raceniosa. .Te 1894 (()). .My 1914 (At.

201. Phyllosticta decidua E. & K.

Xcpcta iicdcracea. .Je 1919 (A).

202. Phyllo.sticta DesnuKlii F:. &. K.

Desinodiiun nituMdifoliuiu. 1S!>4 (O).

203. Phyllosticta fraxinicola Curr.

Fraxinus aiiiiTicauM. S 191."'. (A).

204. Phyllosticta guttulata Hals.

Dxalis corniculata. .Te 1919 (A).

205. Phyllosticta Hydrangeae E, & E.

HydraiiiiCM arbcicscens. S 1893 (O).

20G. Phyllosticta Labruscae Thuem.
See (Jui.iiuardia r.idwcllii.

207. Phyllosticta Liriodendri Cke.

Liriodendrou tulijiifera. S 1907 (D).

208. Phyllosticta minima (H. & C.) E. & E.

Acer saccbarum. Au 1918 (A).

209. Phyllosticta Oakesiae Dear. & House,

Uvularia iK'rfoliata. Au 1918 (A).
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210. Phyllosticta Paviae Desm.
See Guignardia Aesculi.

211. Phyllosticta Podophylli Wint.
Podophyllum peltatum. My 1894 (O).

213. Phyllosticta Quercus Sacc. & Speg.

Qiiercus macrocarpa. S 1893 (O).

214. Phyllosticta Rosae Desm.
Rosa setigera. 1894 (O).

215. Phyllosticta smilacina (Pk.) Dearn.
Smilax hispida. An 1918 (A).

Smilax rotundifolia. 1893 (O).

216. Phyllosticta solitaria E. & E.

Pyrus Mains. Au 1916 (A).

Pyrus coronaria 1893 (Underwood).

217. Phyllosticta straminella Bres.

Rheum Rhaponticum. Au 1916 (A).

218. Rhabdospora Solidaginis C. & E.

Solidago canadensis. Ap 1919 (A).

219. Septoria Agrimoniae Bourn.

Agrimonia gryposepala. 1894 (O), Je 1919 (A).

220. Septoria asclepiadicola E. & E.

Asclepias Incarnata. Je 1919 (A).

223. Septoria Cacaliae E. & K.
Cacalia atriplicifolia. S 1893 (O), O 1907 (Barrus).

Cacalia reniformis. 1894 (O).

224. Septoria Cannabis (Lasch.) Sacc.

Cannabis sativa. 1890(F).

225. Septoria Cerastii Rob. & Desm.
Cerastium viseosum. My 1914 (A).

226. Septoria Cirsii Niessl.

Cirsinm altissimum. O 1919 (A).

227. Septoria consocia Pk.

Polygala Senega. 1894 (O).

228. Septoria conspicua E. & M.
Steironema cilia tiim. Je 1918 (A).

229. Septoria cornicola Desm.
Cornus florida. Au 1919 (A).

230. Septoria Cryptotaeniae E. & Rau.
rryptotaenia canadensis. 1894 (O). Au 1918 (A).

231. Septoria Dentariae Pk.

Dentaria laciniata. 1893 (O).

232. Septoria Erigerontis Pk.

Erigeron annuus. 1893 (O), S 1907 (D), Ap 1019 (At.

Erigeron philadelphicus. 1894 (O).
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233. Septoria Helianthi E. & K.

Helianthus anmius. 1893 (O).

Heliopsis helianthoides. 1893 (O).

234. Septoria Heucherae Pass.

Heuchera americana. 1894 (O).

235. Septoria irregularis Pk,

Rhus toxicodendron. Au 1916 (A).

236. Septoria Lactucae Pass.

Lactuca canadensis. Au 1918 (A).

Lactuca sativa. Au 191G (A).

Lactuca scariola. 1894 (0),Aul918 (A).

237. Septoria Lapparum Sacc.

Arctium Lappa. 1893 (O), Je 1919 (A).

238. Septoria Lycopersicae Speg.

Lycopersicon esculentum. Au 1910 (A).

239. Septoria noctiflorae E. & K.

8ilene antiniiina. Je 1919 (A).

240. Septoria itiiscrospora E. & E.

Hystrix patula. 1890(F).

241. Septoria Oenotherae West.
Oenothera hieiniis. O 1909 (A).

242. Septoria Phlogis Sacc. & Speg.

Phlox divaricata. 1894 ( O )

.

243. Septoria Pillae Thuem.
Pilea puniila. An 1918 (A).

244. Septoria podophyllina Pk.

Podophyllum peltatum. 1893 (O). My 1912 (A).

245. Septoria Polygonorum Desm.
Polygonum hydropiperoides. 1894 (O).

Polygonum Mnhleid)ergia. 1894 (O).

Polygonum iiennsylvanicum. S 1909 (A).

246. Septoria Pteleae E. & E.

Ptelea trifoliata. 1894 (O).

247. Septoria piricola Desm.
See Mycosplijierella sentina.

248. Septoria recurvata E. & Hals.

Trillium erectum. 1894 (O).

249. Septoria Ribis Desm.
See Mycosphaerella Orossulariae.

250. Septoria Rubi West.

Uuhus allegheniensis. 1893 (O).

Huhus idaeus var. aculeatissimus. Au 1910 (A i.

Kuhus occidentalis. Au 1916 (A).
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251. Septoria sambucina Pk.

Sambncus canadensis. 1894 (O), My 1915 and Au 1918 (A).

252. Septoria Scrophulariae Pk.

Scrophularia marilandica. 1893 (O), S 1907 (D), My 1912 (A).

253. Septoria Sicyi Pk.

Echinocystis lobata. O 1893 (O).

254. Septoria Trillii Pk.

Trillium cernuum. 1893 (O), Je 1911 (A).

Trillium recurvatum. 1893 (O).

Trillium sessile. 1893(0).

255. Septoria Tritici Desm.
Triticum vulgare. Je 1919 (A).

256. Septoria Urticae Desm.
Laportea canadensis. 1894 (O).

257. Septoria Violae Westd.
Viola cucullata. 1893 (O).

258. Sphaeropsis malorum Pk.

See Physalospora Cydoniae.

259. Sphaeropsis Sambuci Pk.

Sambucus canadensis. D 1918 (A).

200. Sphaeropsis Linderae Pk.

Benzoin aestivale. Ap 1919 (A).

261. Stagnospora Chenopodii Pk.

Chenopodium all)um. Je 1919 (A).

262. Vermicularia albo-maculata Schw.
Liriodendron tulipifera. S 1907 (D).

263. Vermicularia Dematium Fr.

Rudbeckia laciniata. Au 1919 (A).

264. Vermicularia trichella Fr.

Folygonatum biflorum. Aii 1918 (A).

265. Vermicularia circinans Berk.

See Cleistotliecopsis circinans.

266. Vermicularia Violae E. & E.

See Colletotrichum Peckii v. Violae rotundifoliae (Sac.) A.

MELANCONIALES.

267. Colletotrichum lagenarium (Pass.) Ell. & Hals.

Citrullus vulgaris. S 1915 (A).

Cucumis Melo. Au 1910 (A).

Cucumis sativus. Au 1916 (A).

268. Colletotrichum Lindemuthianum (Sacc. & Magn.) Bri. & Cav.
Phaseolus vulgaris. Au 191G (A).
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269. Colletotrichum nigrum E. & H.

Capsicum anniium. An 1910 (A).

270. Colletotrichum Peckii v. Violae rotundifoliae (Sac) Anders.

Viola cviciiUata. 1S93 (O), Ap 1914 (A).

271. Cylindrosporium Iridis E. & H.

Iris versicolor. 1893 (O).

273. Cylindrosporium officinale E. & E.

Saixjnaria officinalis. 1894 (O).

274. Cylindrosporium Padi Karst.

8ee Coccomyces liiemalis and ('. Prnnophorae.

275. Gleeosporium affine E. & K.

Sas.safras variifolia. S 1907 (D).

276. Gloeosporium caulivorum Kirch,

Trifoliiini pratcnsc. An l!tl9 (A).

277. Gloeosporium piperatum E. & E.

See Glonierella piperata.

278. Gloeosporium Rumicis E. & E.

Knuiex ohtnsifolins. An 1919 (A).

279. Gleosporium septorioides Sac.

Quercus sp. 1890 (F).

280. Gloeosporium nervi.sequum (Fckl.) Sacc.

See (iiionionia vencta.

281. Gloeosporium Caryae E. & D.

See Gnomonia Caryae.

282. Gloeosporium Ribis (Lib.) Mont. & Des.

See Psendope/.iza Uibis.

283. Gloeosporium venetum Speg.

See Pleetodiscella veneta Bnrk.

284. Mar.ssonia Delastri (De Lacr.) Sacc.

Ajrrostenima Githajro. .Te 1919 (Ai.

285. Marssonia .luglandis (Lib.) Sacc.

See Gnomonia leptostyla.

286. Marssonia M'artinii Sacc. & Ell.

Quercus alba. 1890 (F).

Quercus bicolor. 1890 (Fi. An 1918 (A).

Quercus Muhlenbergia. 1890 (Fl.

Quercus rubra. 18W (F).

Quercus velutina. An 1918 (A).

287. Marssonia Thomasiana Sacc.

Kvonymns atrdpnrpnrens. .\n 1919 (A I.

HYPIIOMYCET.\I.KS.

288. Alternaria Brassicae (IJerk.) Sacc.

I'.rassica oleracea. An 1918 (A).
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289. Alternaria crassa (Sacc.) Rands.
Datura Stramonium. Au 1910 and Au 1918 (A).

290. Alternaria Solani (E. & M.) Jones and Grout.

Solanum tuberosum. Au 191S (A).

291. Alternaria Violae Gall. & Dor.

Viola cucullata. S 1909 (Scliramm).

292. Cercospora Acalyphae Pk,

Acalypha virginica. Au 1919 (A).

293. Cercospora althaeina Sacc.

Althaea rosea. Au 191G (A).

Malva rotundifolia. Au 1918 (A).

294. Cercospora amphakodes E. & H.
Phlox divaricata. 1894(0).

295. Cercospora Apii Fres.

Apium graveoleus. Au 1916 (A).

296. Cercospora Apii var. Carotae Farl,

Daucus Carota. Au 1919 (A).

297. Cercospora Apii var. Pastinacae Farl.

Pastinaca sativa. Au 1918 (A).

298. Cercospora Armoraciae Sacc.

Radicula Armoraeia. 1894 (O), Au 1916 (A).

299. Cercospora beticola Sacc.

Beta vulgaris. Au 1910 and Au 1916 (A).

300. Cercospora cana Sacc.

Erigeron annuus. Je 1919 (A).

301. Cercospora caulophylli Pk.

Caulophyllum thallictroides 1894 (O).

302. Cercospora chionea E. & K.
Cercis canadensis. 1893 (O).

303. Cercospora citrullina Cke.

Citrullus vulgaris. Aul919(A).

304. Cercospora clavata (Ger.) Cke.
Asclepias incarnata. O 1909 and Au 1918 (A).

Asclepias syriaca. Au 1918 (A).

305. Cercospora Cleomis E. & H.
Polanisia graveolens. 1894 (O).

306. Cercospora cruciferarum E. & E.

Radicula palustris. Au 1919 (A).

307. Cercospora Davisii E. & E.

Melilotus alba. Au 1919 (A).

308. Cercospora Diantherae E. & K.
Dianthera americana. 1893 (O), Au 1918 (A).
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309. Cercospora Echinocystis E. & M.
p]chinocystis lobata. O 1893 (O).

310. Cercospora elongata Pk.

Dipsacus sylvestris. 1893 (O).

311. Cercospora Eupatorii Pk.

Eupatoriiim perfoliatnm. 1893 (O).

Eupatoi-ium purpnrenm. 1893 (O). Au 1918 (A).

312. Cercospora flagellaris E. & M,
Phytolacca decandra. 1893 (O), An 1918 (A).

313. Cercospora granuliformis E. & H. »

Viola cucidlata. 1890 (F), 1890 (Underw.). Au 1917 (A).

314. Cercospora Hydropiperis (Thuem.) Speg.
I'olygonum Hydropiper. S l!t09 and Au 191G (A).

Polygonum Muhlenborgia. 1894 (O).

315. Cercospora Lippiae E. & E.

Lippia lanceolata. 1893 (O), Au 1918 (A).

316. Cercospora Lobeliae Kell. & Swing.
Lobelia inflata. Au 191S (A).

Lobelia siphilitica. Au 1918 (A).

317. Cercospora Nasturtii Pass.

Kadicula Nasturtium-aiiuaticuni. 1893 (O).

318. Cercospora Penstemonis E. & K.

Penstemon laevigatus var Digitalis. 1894 (O).

319. Cercospora Physalidis Ell.

Physalis subglabrata. Au 1918 (A).

320. Cercospora Prenanthis E. & K.

Prenanlhes alba. O 1893 (O).

321. Cercospora Pteleae Wint.
Ptelea trifoliala. ls93 (0>.

322. Cercospora raceniosa E. & M.
Teucriuni canadcnsc Au 1910 (A).

323. Cercospora Resedae Fckl.

Re.'-oda odorata. S 1907 (D).

324. Cercospora rhoina C. & E.

Rhus glabra. 1890 (F).

325. Cercospora Sagittariae E, & K.

Sagittaria variabilis. Au 1919 (A).

326. Cercospora Smilacis Thuem.
Smilax rotundil'olia. () 1893 (O).

327. Cercospora sordida Sacc.

Tecoma radicans. 1893 {()), S 1909 (A).

328. Cercospora umbrata E. & H.
Bidens frondosa. Au 1918 (A).
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329. Cercospora varia Pk.

Viburnum acerifolium. Au 1918 (A).

330. Cercospora variicolor Wint.

Paeonia officinale. Au 191G (A).

331. Cercospora Vernoniae E. & K.

Vernonia altissiuia. Au 1917 (A).

332. Cercospora Violae Sacc.

Viola cucullata. Je 1914 (A).

Viola papillionacea. O 1007 (D).

333. Cercospora Xanthoxyli Cke.

Zanthoxylum amerioanum. 189.". (O).

334. Cladosporium carpophilum Thuem.
Prunus Persica. Au 1914 (A).

335. Cladosporium tenuissimum Cke.

Zea Mays. 1893 (T).

336. Clasterosporium caricinum Schw.
Carex sp. 1893 (T).

337. Didymaria fulva E. & E.

Dioscorea villosa. 1894 (O).

338. Epicoccum neglectum Desm.
Sanguinai'ia canadensis. 1895 (O).

339. Heterasporium gracile (Wallr.) Sacc.

Iris versicolor. 1893 (O).

340. Macrosporium Abutilonis Speg.

Abutilon Ttieophrasti. Au 1918 A.

341. Macrosporium Catalpae E. & M.
Catalpa speciosa. Au 1919 (A).

342. Macrosporium Malvae Thuem.
Malva rotundifolia. Au 1918 (A).

343. Macrosporium Porri Ell.

Allium Cepa. Au 191G (A).

344. Macrosporium Saponariae Pk.

Saponaria officinalis. My 1914 and Au 1918 (A).

345. Ovularia rigidula Del.

Polygonum aviculnre. Je 1919 (A).

346. Piricularia grisea (Cke.) Sacc.

Digitaria sanguinalis. Au 191C (A).

Setaria glauca. Au 1916 (A).

347. Polythrincium Trifolii Kze.

See Phyllaehora Trifolii.

348. Ramularia Armoraciae Fckl.

Radicula Armoracia. S 1893 (O).
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349. Ramularia aromatica (Sacc.) Hoehn.
Acorus Calamus. Je 1919 (A).

350. Ramularia arvensis Sacc.

Potentilla monspilieiisis. An 1918 and Ap 1919 (A).

351. Ramularia Brunellae E. & E.

Prunella vulgaris. Au 1919 (A).

352. Ramularia Celastri E. & Mart.
Celastrus scandens. A\i 1916 (A).

353. Ramularia Impatientis Pk.
Impatiens biflora. Au 1917 and Je 1919 (A).

Impatiens pallida. S 1907 (D).

354. Ramularia lineola Pk.

Taraxacum offieinale Au 1918 (A).

355. Ramularia Mitellae Pk.

Mitella diphylla. Au 1918 (A).

356. Ramularia obovata Fckl.

Rumex crispus. Au 1919 (A).

Rumex obtu.sifolius. Ap 1919 (A).

357. Ramularia Plantaginis E. & M.
Plantayo maj<ir. .7e 1893 (H), My 1912 (A), My 1916 (Closs).

358. Ramularia Ranunculi F*k.

Ranuufulus abortixus. Ap 1919 (A).

Ranunculus septciitrionalis. My 1913 (A).

359. Ramularia Tula.snei Sacc.

See Mycosi)liaerella Fnijiariae.

360. Ramularia Urticae Ce.s.

Lajxirtea canadonsis. Au 1918 (A).

361. Ramularia variabilis Fckl.

Verbascum Tliapsus. My 1894 (0).

I
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HOST INDEX

The numbers opposite the fungus name refer to species numbers in the

body of the paper.

Abutilon Theophrasti

Macrosporium Abutilonis 340

Aealypha virginica

Cercospora Acalyphae 292

Acer rubrum
Uncinula circinata 50

Rhytisma acerinum 31

Acer saccharum

Phyllosticia minima 208

Uncinula circinata 50

Acer saccharinum

Uncinula circinata 50

Acorus calamus

Ramularia aromatica 349

Actinomeris alternifolia

Erysiphe cichoracearum 34

Aesculus glabra

Uncinula flexuosa 52

Phyllosticta Patriae 210

Guignardia Aesculi 72

Agastache nepetoides

Puccinia verrucosa 163

Agrimonia gryposepala

Pucciniastrum Agrimoniae 112

Septoria Agrimoniae 219

Sphaerotheca humuli 46

Agrostemma Githago

Marssonia Delastrei 284

Agrostis alba

Puccinia graminis 132

Allium Cepa
Macrosporium Porri 343

Vermicularia circinans 265

Cleistothecopsis circinans 57

Althaea rosea

Cercospora althaeina 293

Puccinia malvacearum 139

Amaranthus retroflexus

Albugo Bliti 2

Amaranthus spinosus

Albugo Bliti 2
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Ambrosia artemisaefolia

Albugo Tragopogonis 6
Erysiphe cichoracearum 34
Plasmopara Halstedii . 17

Ambrosia trifida

Erysiphe cichoracearum 34
Physalospora Ambrosiae 79
Plasmopara Halstedii 17

Amphiearpa monoica
Erysiphe Polygoni 37
Synchylrium decipiens 1

Anemone virgiana

Puccinia Anemones-virginanae 114

Anemone sp.

Erysiphe Polygoni 37

Anemonella thalictroides

Puccinia tomipara 160

Antirrhinum majus
Puccinia Antirrhinii 116

Apium graveolus

Cercospora Apii 29

Aquilegia canadensis

Erysiphe Polygoni 37

Arabis hirsuta

Peronospora parasilica 13

Arabis laevigata

Peronospora parasitica 13

Arctium Lappa
Ascochyta Lappae 180

Puccinia Bardanae 119

Septoria Lapparum 237

Arisaema Dracontium
Uromyccs Caladii 167

Arisaema triphyllum

Urnmyces Caladii 167

Asclepias incarnata

Cercospora clavata 304

Septoria asclepidiacola 220

IJromyces Howei 172

Asclepias purpurascens

Uromyces Howei 172

Asclepias syrlaca

Cercospora clavata 304

Uromyces Howei 172

Asimina triloba

Phyllosticta Asiminae 191

Asparagus officinalis

Puccinia Asparagi 117
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Aster azureus

Coleosporium Solidaginis 101

Erysiphe cichoracearuin 34

Aster cordifolius

Coleosporium Solidaginis 101

Puccinia Asteris 118

Puccinia exlensicola 131

Aster ericoides var. villosus

Coleosporium. Solidaginis 101

Erysiphe cichoracearum 34

Aster Novae-angilae

Coleosporium Solidaginis 101

Erysiphe cichoracearum 34

Aster paniculatus

Coleosporium Solidaginis 101

Erysiphe cichoracearum 34

Puccinia Asteris '. 118

Puccinia exlensicola 131

Aster sagittifolius

Coloesporium Solidaginis 101

Puccinia exlensicola 131

Aster Shortii

Coleosporium Solidiganis 101

Puccinia exlensicola 131

Aster sp.

Puccinia Asteris 118

Erysiphe cichoracearum 34

Avena sativa 'l%

Puccinia coronata 124

Puccinia, graminis 132

Ustilago Avenae 88

UsHlago levis 89

Benzoin aestivale

Sphaeropsis hinderae 260

Beta vulgaris ' Pl
Cercospora beticola 299

Bidens frondosa

Cercospora urnbraia 328

Plasmopara Halstedii 17

Sphaerotheca hurnuli var. fuliginea 47

Bidens laevis

Plasmopara Halstedii 17

Sphaerotheca humuli var fuliginea 47

BlephUia hirsuta

Puccinia Menthae 142

Boehmeria eylindrica

Aecidium Boehmeriae 94
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Brassiea nigra

Albugo Candida 3

Erysiphe Polygoni 37
Brassiea oleracea

Alternaria Brassicae 288
Bromus ciliatus

Phyllachora graminia 63

Puccinia tomipara 160
Cacalia atriplicifolia

Seploria Cacaliae 223

Cacalia reniformis

Septoria Cacaliae 223
Callistephus hortensis

Coleosporium Solidaginis 101

Campanula amerieana

Coleosporium Campanulae 98

Cannabis sativa

Septoria Cannabis 224

Capsella Bursa-pastoris

Albugo Candida 3

Peronospora parastica 13

Capsicum annuum
Colletoirichum nigrum 269

Glomerella piperala 67

Cardamine bulbosa

Albugo Candida 3

Carex Frankii

Puccinia Bolleyana 120

Carex pennsylvanica

Schizonella melanogramma 83

Carex pubescens

Puccinia Pringsheimiana 150

Carex trichocarpa

Puccinia Bolleyana 120

Carex sp.

Claslerosporium caricinum 336

Carpinus caroliniana

Microsphaera Alni 38

Phyllaclinia Corylea 44

Carya ovata

Gnomonia Caryae 68

Phyhosticta Caryae, 193

Calalpa bignonoides

Phyllaclinia Corylea 44

Catalpa speciosa

Macrosporium Catalpae 341

Microsphaera Alni var. Vaccinii 39

Phyllosticla Catalpae 194



205

Caulophyllum thalictroides

Cercospora CaulophyUi 301

Celastrus scandens

PhyUadinia Corylea 44

Ramularia Celastri 352

Celtis occidentalis

Phyllosticta Celiidis 195

Sphaerolheca phytoptophyla 49

Cerastium viscosum

Septoria Cerastii 225

Cercis canadensis

Cercospora chionea 302

Phyllosticta cercidicola 196

Chenopodium album
Peronospora ejfiisa 11

Phyllosticta Chenopodii 197

Stagnospora Chenopodii 261

Circaea lutitiana

Puccinia Circaeae 121

Cirsium altissimum

Erysiphe dehoracearum 34

Septoria Cirsii 226

Cirsium laneeolatum

Puccinia Cnici 122

Citrullus vulgaris

Cercospora citrullina 303

Colletotrichum lagenarium 267

Claytonia virginiea

Puccinia Mariae-Wilsoni 140

Clematis virginiana

Erysiphe Polygoni 37

Puccinia tomipara 160

Comandra umbellata

Puccinia pustulata 153

Convolvulus sepium

Puccinia Convolvuli 123

Cornus florida

Phyllactinia Corylea 44

Septoria corni ola 229

Corydalis aurea

Pernospora Corydalis 10

Corylus americana

Phyllacitinia Corylea • 44

Phyllosticta Coryli 199

C ataegus coccinea

Gymnosporangium globosum 104

Crataegus Crus-galli

Gymnosporangium globosum 104
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Crataegus punctata

Gymnosporangium glohosum 104

Crataegus sp.

Gijmnosporangium glohosum 104

Cryptotaenia canadensis

Septoria Cryptotaeniae 230
Cucumis Melo

Collctotrichum Lagenarium 267

Cucumis sativus

Colletotrichum Lagenarium 267

Pseudoperonospora cubensis 21

Cydonia vulgaris

Podosphaera oxacanlhae 45

Fabraea macxdala 24

Cyperus strigosus

Puccinia Cyperi 125

Cyperus Schweinitzii

Puccinia Cyperi 125

Datura Stramonium
Alternaria crassa 289

Daucus carota

Cercospora apii var. carotae 296

Dentaria laeiniata

Peronospora parasitica 13

Septoria Dentariae •. 231

Dentaria diphylla

Albugo Candida 3

Desmodium eanescens

Uromyces Hedysari-paniculati 171

Desmodium Dillenii

Uromyces Hedysari-paniculati 171

Desmodium laevigatum

Uromyces Hedusari-paniculati 171

Desmodium paniculatum

Uromyces Hedysari-paniculati

Desmodium rotundi olium

Phyllosticia Dcsmodii 202

Dianthera americana

Cercospora Diantherae 308

Dianthus caryophyllus

Uromyces caryophyllinus 168

Dicentra CucuUaria

Aecidium Dicentrae 95

Peronospora Corydalis 10

Digitaria sanguinalis

Piricularia grisea 346

Uslilago Rabenhorsliana 91
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Diospyros virginiana

Podosphaera oxacanthae 45
Dioscorea villosa

Didymaria fiilva 337
Dipsacus sylvestris

Cercospora elongata 310
Direa palustris

Aecidium hydnoidium 96

Echynoeystis obata

Cercospora Echinocystis 309

Septoria Sicyi 253

Eleocharis palustris

Puccinia Eleocharidi 129

Elymus canadensis

Phyllachora gramin s 63

Elymus striatus

Claviceps purpurea 58

Phyllachora graminis 63

Puccinia Impatientis 135

Elymus virginieus

ClavicQps purpurea 58

Phyllachora graminis 63

Elymus sp.

Phyllachora graminis 63

Erigeron annuus
Basidiophora entospora 7

Cercospora cana 300
Puccinia extensicola 131

Septoria Erigerontis 232

Erigeron philadelphicus

Septoria Erigerontis 232

Erigeron sp.

Sphaeroth ca huimdi va -. fuliginea 47

Erysiphaceae

Cincinnoholus cesatii 183

Eupatorium perfoliatum

Cerospora Eupatori 311

Erysiphe cichoracear uni 34

Eupatorium purpureum
Cercospora Eapatorii 311

Erysiphe cichoracearum 34

Euphorbia eommutata
Aecidium Tithymali 97

Euphorbia dentata

Uromyces proeminens . ., 175

Euphorbia humistrata

Uromyces proeminens 175
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Euphorbia maculata

Uromyces proeminens 175

Euphorbia marginata

Microsphaera Eiiphorbiae 41

Euphorbia preslii

Uromyces proeminens 175

Evonymus at opurpureus

Marssonia Thomasiana 287

Microsphaera Alni 38

Festuca elatior

CLaviceps purpurea 58
Fragaria v.'rginiana

Mycosphaerella Fragariae r 75

Dendrophona obscurans 190

Fraxinus americana

Phyllactinia Corylea 44

Phyllosticta fraxinicola 203

Fraxinus nigra

Phyllactiyiia Corylea 44

Galium concinuum
Puccinia punctata 152

Galium triflorum

Puccinia punctata 152

Geranium maculatura

Erysiphe Polygoni 37

Plasmopara Gcranii 18

Gleditsia triaeanthos

Mclasmia hypophylla 188

Microsphaera Alni 38

Helianthus annuus
Erysiphe cichoracearum 34

Plasmopara Halstedii 17

Puccinia Helianthi 133

Septoria Helianthi 233

Helianthus deeapetalus

Erysiphe cichoracearum 34

Helianthus divaricatus

Puccinia Helianthi 133

Helianthus doronicoides

Erysiphe cichoracearum 34

Helianthus grosseserratus

Puccinia Helianthi 133

Helianthus hirsutus

Puccinia Helianthi 133

Helianthus parviflorus

Puccinia Helianthi 133
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Helianthus strumosus

Erysiphye cichoracearum 34

Puccinia Helianthi 133

Helianthus tracheliifolius

Puccinia Helianthi 133

Helianthus tuberosus

Erysiphe cichoracearum 34

Heliopsis helianthoides

Septoria Helianthi 233

Hepatica aeutiloba

Puccinia Pruni-spinosae 151

Urocystis Anemones .' 85

Hepatica triloba

Puccinia Pruni-spinosae 151

Heuchera americana

Septoria Heucherae 234

Hieracium scabrum
Puccinia Hieracii 134

Hieracium sp.

Sphaerotheca humuli var. fuliginea 47

Hydrangea arborescens

Phyllosticta Hydrangeae 205

Pucciniastrum Hydrangeae 113

Hydrophyllum appendiculatum

Erysiphe cichoracearum 34

Hydrophyllum eanadense

Erysiphe cichoracearum 34

Hydrophyllum macrophyllum <

Erysiphe cichoracearum 34

Hydrophyllum vtrginianum

Erysiphe cichoracearum 34

Hystrix patula

Phyllachora graminis 63

Septoria microspora 240

Impatiens biflora

Plasmopara obducens 19

Puccinia Impatientis 135

Ramularia Impatientis 353

Impatiens pallida

Ramularia Impatientis 353

Ipomoea hederacea

Albiigo Ipomoeae panduranae 4
Ipomoea pandurata

Albugo Ipomoea-panduranae 4

Coleosporium. Ipomoea 100
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Iris virsicolor

Cylindrosporiuni Iridis 271

Heterosporium gracile 339
Puccinia Iridis 136

Juglans cinerea

Gnomonia leptostyla 69

Juglans nigra

Gnomonia leptostyla 69

Micronphaera Alni 38
Juniperus virginiana

Gymnonporangium Juniperi-virginianne 105

Lactuca canadensis

Puccinia patruelis . .

.;
146

Septoria Laclucae 236

Lactuca sativa

Septoria Lactucae 236

Lactuca scariola

Bremia Lactucae 8

Septoria Lactucae 236

Lactuca sp.

Sphaerotheca humitli var Juliginea 47

Laportea canadensis

Ramularia Urticae 360

Septoria Urticae 256

Lathyrus palustris

Uromyces Fabae 169

Lepidium campestre
' Albugo Candida 3

Lepidium virginicum

Albugo Candida 3

Peronospora parasitca 13

Lespedeza fructescens

Uromyces Lespedezae-prooumbentis 173

Lespedeza procumbens
Uromyces Lespedezae-procumbentis 173

Lippia lancoolata

Cercospora Lippiae 315

Liriodendroi> tulipifera

Erysiphe Pulyguni 37

Phyllactinia Corylea 44

Phyllosticta Lirodendri 207

Vermicularia albo-maculata . : 262

Lobelia inflata

Cercospora Lobeliae 316

Lobelia siphilitiea

Cercospora Lobeliae 316

Phyllosticta Bridgesii 192

Puccinia Lobeliae 137
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Luzula campestris

Puccinia obscura 144

Lycopersicon eseulentum

Septoria Lycopersicae - 238

Malva rotundifolia

Cercospora Althaeina 293

Macrosporium Malvae 342

Medicago sativa

Psexidopeziza Medicaginis 25

Meliotus alba

Ascochyta caulicola 181

Cercospora Davisii 307

Mentha canadensis

Puccinia Menlhae 142

Mitella diphylla

Ramularia Milellae 355

Monarda fistulosa

Darluca filum 186

Puccinia Menthae 142

Morus rubra

Uncinula geniculata 53

Muhlenbergia tenuiflora

Puccinia Muhlenhergiae 143

Muhlenbergia

Phyllachora graminis 63

Nepeta hederacea

Phyllosticta decidua 201

Oenothera biennis

Peronospora Arthurii 9

Puccinia ludibunda 138

Septoria Oenotherae 241

Ostrya virginiana

Phyllactinia Corylea 44

Oxalis comiculata

Microsphaera Russellii 43

Phyllosticta guttulata 204

Puccinia Sorghi 157

Paeonia offtciniale

Cercospora variicolor 330

Phyllosticta Commonsii 198

Panieum capillare

Puccinia eniaculata 130

Parietaria pennsylvanica

Erysiphe cichoracearuni 34

Pastinaca sativa

Cercospora Apii var. Pastinacae 297

Penstemon laevigatus var. Digitalis

Cercospora Penstemonis 318
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Phlaris arundinacea

Claviceps purpurea 58

Phaseolus vulgaris

Colleotrtichum lindemuthianum 268
Uromyces appendiculaius 166

Phleum pratense

Claviceps purpurea 58

Puccinia graminis 132

Phlox divaricata

Cercospora atnphakodes 294

Erysiphe cichoracearum . .

.' 34

Septoria Phlogis 242

Phlox paniculata

Erysiphe cichoracearum 34

Phyllactinia Corj'lea

Citicinnobolus Cesatii 183

Physalis subglabrata

Cercospora Physalidis 319

Phytolacca decandra

Cercospora flagellaris 312

Pilea pumila

Erysiphe cichoracearum 34

Septoria Pileae 243

Plantago major
Erysiphe cichoracearum 34

Ramularia Plantaginis 357

Platanus oceidentalis

Gnomonia veneta 71

Microsphaera Alni 38

Poa prateniss

Erysiphe graminis 36

Puccinia Poarum 147

Podophyllum pelatatum

Phylloslicta Podophylli 211

Puccinia Podophylli 148

Septoria podophyllina 244

Polanisia graveolons

Cercospora Clcornis 305

Polygala Senega

Septoria consocia 227

Polygonatum biflorum

Phylloslicta cruenla 200

Vermicularia trichella 264

Polygonum acre

Puccinia Polygoni-amphibii 149
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Polygonum aviculare

Erysiphe Polygoni 37
Ovularia rigid ula 345
Uromyces Polygoni 174

Polygonum Convolvulus

Erysiphe Polygoni 37
Peronospora Polygoni 14

Puccinia Polygoni-amphibii 149

Polygonum erectum

Erysiphe Polygoni 37

Polygonum hydropiper

Cercospora hydropiperis 314

Polygonum hydropiperoides

Septoria Polygonoriim 245

Polygonum Muhlenbergii

Cercospora hydropiperis 314

Puccinia Polygoni-amphibii 149

Septoria Polygonorum 245

Polygonum pennsylvanieum

Septoria Polygonorum 245

Polygonum scandens

Ustilago anomala 87

Populus balsamifera

Melampsora Medusae 108

Populus deltoides

Melampsora Medusae 108

Populus grandidentata

Melampsora Medusae 108

Populus tremuloides

Melampsora Medusae 108

Populus sp.

Melampsora Medusae 108

Portulaca oleracea

Albugo Poriulacae 52

Potentilla canadensis

Phragmidium triarliculaium 110

Potentilla monspeliensis

Mollisia Dehnii 23

Peronospora Potenlillae 15

Ramularia arvensis 350

Prenanthes alba

Cercospora Prenanthis 320

Prunella vulgaris

Ramularia Brunellae 351

Sphaerotheca humuli var fuliginea 47

Prunus americana

Coccomyces Prunophorae 30
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Prunus Cerasus

Coccomyces hiemalis 29

Podosphaera Oxacanthae 45
Sclerotinia cinerea 28

Prunus domestica

Plowrightia morbosa 65

Sclerotinia cinerea 28
Prunus hortulana

Coccomyces Prunophorae 30
Prunus Persica

Cladosporium carpophilum 334
Exoascus deformans 22

Sclerotinia cinerea 28

Psedera quinquefolia

Guignardia Bidwellii 73

Uncinula necator 55

Ptelea trifoliata

Cercospora Pteleae 321

Puccinia Windsoriae 164

Septoria Pteleae 246
Puccinia Menthae

Darluca filum 186

Pyrus communis
Mycosphaerella senlina 77

Venturia Pyrina 82

Pyrus coronaria

Phyllosticta solilaria 216

Pyrus malus
Gymnosporangium Juniperi-virgnianae 105

Leptothyrium Pomi 188

Phyllosticta solitaria 216

Physalospora Cydoniae 80
Sclerotinia cinerea 28

Venturia inae^ualis 81

Quercus alba

Gnomonia veneta 71

Marssonia Marlinii 28()

Quercus bicolor

Marssonia Marlinii 286

Quercus coecinea

Phyllactinia Corylea 44

Quercus macrocarpa

Phyllosticta Quercus 213

Quercus Muhlenhergii

Marssonia Marlinii 286

Quercus palustris

Phyllactinia Corylea 44
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Quercus rubra

Marssonia Martinii 286

Microsphaera Alni 38

Quercus velutina

Marssonia Martinii .' 286

Microsphaera Alni 38

Quercus sp.

Gloeosporium septorioides 279

Microsphaera Alni '. 38

Radicula Armoracia

Albugo Candida 3

Cercospora Armoraciae 298

Ramularia Armoraciae 348

Radicula Nasturtium-aquaticum

Cercospora Nasiurtii 317

Radicula palustris

Cercospora cruciferarum 306

Ranunculus abortivus

Erysiphe Polygoni 37

Puccinia Eatoniae 128

Ramularia Ranunculi 358

Ranunculus recurvatus

Erysiphe Polygoni 37

Peronospora Ficariae 12

Ranunculus septentrionalis

Ramularia Ranunculi 358

Raphanus sativus

Albugo Candida 3

Reseda odorata

Cercospora Resedae 323

Rheum Raponticum
Phyllosticta slramindla 217

Rhus glabra

Cercospora Rhoina 324

Rhus Toxicodendron

Pileolaria toxicodendri. Ill

Septoria irregularis 235

Ribes aureum
Mycosphaerella Gross ulariae 76

Ribes Cynosbati

Puccinia Pringsheimiana 150

Sphaerotheca Mors-uvae '*°

Ribes floridum

Puccinia Pringsheimiana 1^
Ribes gracile

Mycosphaerella Grossulariae '6
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Ribes Grossularia

Mycosphaerella Grossulariae ' 76

Pseudopeziza Ribis 26

Ribes oxycanthoides

Puccinia Pringsheimiana .' 150

Ribes vxilgare

Botryosphaeria Ribis 66

Mycosphaerella Grossulariae 76

Pleonectria berolinensis 62

Pseudopeziza Ribis 26

Rosa setigera

Diplocarpon Rosae 33

Phyllosticta Rosae 214

Phragmidium Rosae-setigerae 109

Rosa (cult.)

Diplocarpon Rosae 33

Rubus allegheniensis

Gymnoconia interslilialis 103

Kuehneola Uredinis 106

Septoria Rubi 250

Rubus idaeus var. aculeatissimus

Leptothyrium Pomi 187

Plectodiscella veneta 32

Septoria Rubi 250

Rubus occidentalis

Gymnoconia interstilialis 103

Leplosphaeria Coniothyrium 74

Plectodiscella veneta 32

Septoria Rubi 250

Rubus villosus

Gymnoconia interstilialis 103

Rudbeckia laeiniata

Erysiphe cichoracearum 34

Uromyces Rudbeckiae 176

Vermicularia dematium 263

Rudbeckia triloba

Erysiphe cichoracearinn 34

Ruellia strepens

Puccinia Ruelliae 155

Ruellia eiliosa

Puccinia Ruelliae 155

Ruraex crispus

Ramularia obovata 356

Rumex obtusifolius

Gloeosporium Rumicis 278

Ramularia obovata 356

Sagittaria variabilis

Cercospora Sagittariae 325
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Salix cordata

Melampsora Bigelowii . 107

Uncinula Salicis 56

Salix discolor

Melampsora Bigelowii 107

Salix longifolia

Melampsora Bigelowii 107

Salix nigra

Melampsora Bigelowii 107

Salix sericea

Uncinula Salicis 56

Salix sp.

Melampsora Bigelowii 107

Uncinula Salicis 56

Sambucus canadensis

Microsphaera Grossulariae 42

Nectria cinnabarina 61

Sphaeropsis Sambuci 259

Septoria sambucina 251

Puccinia Bolleyana 120

Sanguinaria canadensis

Epicoccum neglectum 338

Sanicula canadensis

Puccinia marilandica 141

Saponaria officinalis

Cylindrosporium officinale 273

Macrosporium Saponariae 344

Sassafras variifolium

Gloosporium affine 275

Scirpus americanus

Uromyces Scirpi 177

Scirpus atrovirens

Puccinia angustata 115

Scirpus validus

Puccinia ohtecta 145

Scrophularia marilandica

Septoria Scrophulariae 252

Scutellaria lateriflora

Erysiphe Galeopsidis 35

Secale cereale

Claviceps purpurea 58

Puccinia dispersa 127

Urocyslis occulta 86

Senecio aureus

Albugo Tragopogonis "

Setaria glauca

Pericularia grisea • 346

Ustilago neglecta 90
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Sicyos angulatus

Plasmopara auslralis 16

Silene antirrliina

Septoria noctiflorae 239

Silphium perfoliatum

Puccinia Silphii 156

Sisymbrium canescens

Albugo Candida 3

Sisymbrium officinale

Albugo Candida 3

Smilacina racemosa

Phyllosticta cruenta 200

Smilax hispida

Phyllosticta smilicina 215

Smilax rotundifolia

Cercospora Smilacis 326

Phyllosticta smilacina 215

Solanum tuberosum

Alternaria Solani 290

Solidago altissima

Coleosporitim Solidaginis 101

Solidago arguta

Coleosporium Solidaginia 101

Puccinia extensicola 131

Solidago bieolor

Coleosporiun Solidaginis 101

Solidago caesia

Coleosporium Solidaginis 101

Puccinia extensicola 131

Solidago canadensis

Coleosporium Solidaginis 101

Erysiphe cichoracearum 34
Phoma herbarum 190

Rhabdospora Solidaginis 218
Solidago laneeolata

Coleosporium delicaiulum ; 99

Solidago latifolia

Coleosporium Solidaginis 101

Erysiphe cichoracearum 34
Solidago patula

Coleosporium Solidagini 101

Solidago ulmifolia

Coleosporium Solidaginis 101

Sphaerotheca humuli var. fuliginea

Cincinnobolus Cesatii 183
Steironema cUiatum

Puccinia Dayi 126

Septoria conspicua 228
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Strophostylus helvola

Uromyces appendiculatus 166

Symphoricarpos orbiculatus

Microsphaera diffusa 40

Syringa vulgaris

Microsphaera Alni 38

Taraxacum officinale

Puccinia Taraxaci 158

Ramularia lineola 354

Sphaerotheca humuli var. fuliginea 47

Tecoma radicans

Cercospora sordida 327

Teucrium canadense

Cercospora racemosa 322

Thalietrum dioicum

Puccinia Thalictri 159

Tilia americana

Uncinula Clintonii 51

Tridens flavus

Puccinia Windsoriae 164

Trifolium pratense

Gloeosporium caulivorum 276

PhijUachora Trifolii 64

Pseudopeziza Trifolii 27

Uromyces fallens 170

Trifolium proeumbens

Uromyces Trifolii 178

Trifolium repens

Phyllachora Trifolii 64

Trillium ceriiuum

Septoria Trillii 254

Trillium erectum

Septoria recurvata 248

Trillium recurvatum

Septoria Trillii 254

Trillium sessile

Septoria Trillii 254

Triticum vulgare

Erysiphe graminis 36

Puccinia graminis 132

Puccinia triticina 161

Septoria Tritici 255

Tilletia laevis 84

Ustilago Tritici 92

Ulmus americana

Gnomonia ulmea 70

Mycosphaerella Ulmi 78

Uncinula macrospora 54
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Ulmiis fulva

Gnomomia ulmea 70

Uncinula macrospora 54

Uvularia perfoliata

Phyllosticta Oakesiae 209

Verbasciim Thaspus
Ramularia variabilis 361

Verbena strieta

Erysiphe cichoracearum 34

Verbena urticaefolia

Erysiphe cichoracearum 34

Vernonia altissima

Cerospora Vernoniae 331

Colesosporium Vernoniae 102

Erysiphe cichoracearum 34

Vernonia faseiculata

Coleosporium Vernoniae 102

Erysiphe cichoracearum 34

Viburnum acerifolium

Cercospora varia 329

Viola blanda

Puccinia Violae 162

Viola cucullata

Allernaria Violae 291

Ascochyta Violae 182

Cercospora granuliformis 313

Cercospora Violae 332
Colletotrichum Peckii var. Violae-rotundifoliae 270
Puccinia Violae 162

Septoria Violae 257
Viola papillionaeea

Cercospora Violae 332
Puccinia Violae ; 162

Viola pubescens

Puccinia Violae 162
Viola striata

Puccinia Violae 162

Vitis cinerea

Plasmopara viticola 20
Vitis cordifolia

Guignardia Bidwellii 73

Plasmopara viticola 20
Uncinula necator 55

Vitis Labrusca

Guignardia Bidwellii 73

Plasmopara viticola 20
Uncinula necator 55
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Vitis vulpina

Uncinula necalor r)5

Xanthium canadenso

Puccinia Xanthii 165

Xanthium strumarium

Erysiphe cichoracearum 34

Yucca
Coniothyrium concentricum 184

Zanthoxylum amercianum
Cercospora Xanthoxyli 333

Phyllactinia Corylea 44

Zea mays
Puccinia Sorghi 157

Ustilago Zeae 93

Gibberella smihinettii 60

Cladosporium lenuissimum 335
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PIPETTES FOR HOLDING AND MEASURING FLUIDS.

Charles A. Behrens.

(Purdue L^ni versify, Lafayette, Ind.)

There are many applications in bacteriology and especially in serology

for pipettes which will serve the double purpose of holding and measuring

fluids. We have devised such pieces of apparatus which are simple in con-

struction, easy and convenient to operate and which have proved to be

satisfactory in our laboratory.

Figure I represents the pipette for use when it is desired to handle sterile

liquids. The glass parts and rubber connections are sterilized in the usual

way and assembled aseptically.

By releasing the clamp (C) on rubbering-tubiug connection (D) the

sterile fluid contained in the reservoir (B) which may be of any suitable

shape, will flow into the pipette (G) which is of the desired calibration.

The side-arm (E) which Is plugged with sterile cotton (F) to avoid air

contamination, compensates for the air displaced by the liquid entering

the calibrated tube (G) or replaced when the clamp (J) on rubber-tubing

connection (I) is released thus permitting the measured fluid to flow

thru the capillary-tubing (K). The latter may be protected by a sterile

test-tube (M) plugged with cotton (L).

Applying negative or positive pressure by means of the rubber-tubing

(H) which is connected to the side-arm, the liquid which remains in the

capillary-tubing or pipette proper or in both may be removed. The small

amount of sterile liquid which may be discharged from time to time from

the same may be collected in sterile tubes or flasks and thus prevent waste

of fluid. However, it is not advisable to return such material to the stock

solution in the reservoir for fear of contamination.

After the opening in the capillary-tubing has been sealed in the flame

the liquid is stored by placing the appartus in the refrigerating-room. When
more fluid is to be used a file-scratch is made near the sealed end of the

capillary-tubing. It is broken off, the opening sterilized by flaming and the

pipette is manipulated as before. It may be advisable to warm the liquid

before so doing. Of course, sterile fluid may be taken directly from the res-

ervoir.

Evaporation of the material may be cut down to a negligible quantity by

covering the cotton stopper (A) in the holding-chamber with a rubber cap

or by inverting a test-tube over it etc.. and by tying a knot in the rubber-

tubing (H).

In this way a sterile liquid may be conveniently stored with a minimum
amount of evaporation and used in definite quantities without becoming

contaminated.

In serological work where sterility is not necessary but where it is

essential to bring the reacting substance to an equal volume by adding

physiological salt solution the pipette as shown in figure II may be used

to an advantage because of its convenience in operation and time saving.

The apparatus is entirely glass in construction and in operati<in is similar

to the pipette previously considered. A rack holding the tubes containing

the reacting substances is placed under the pii^ette and the required amount

of physiological salt solution is added to each tube.
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THE CULTIVATON OF SPIROCHAETA NOVYI* WITHOUT THE USE
OF TISSUE FROM ANIMAL ORGANS.

Charles A. Behrens.

(Purdue University, Lafayette, Indiana.)

In 1909 Sclierescliewsky' by deeply imbedding a piece of liuman tissue

containing Spirochaeta Pallida in gelatinized horse serum, first demon-
strated tliat the treponema might be cultivated in vitro. He was not able

to obtain a pure culture of the organism, for bacteria grew along with the

pallidum, nor did lie succeed in reproducing syphilitic lesions by inoculating

animals.

In 1910. Muhlen^ obtained the first generation of the spirochaete by
utilizing the above mentioned method. By the use of horse serum agar,

he further succeeded in obtaining a culture devoid of bacteria. Muhlen's

pure cultures also were evidently non-pathogenic.

During the same year, Bruchner and Galasesco^ succeeded in cultivating

"young impure cultures" by using Schereschewsky's medium. But upon
inoculating rabbits with the material which also contained the original

spirochaetal tissue, syphilitic lesions were produced. They were, however,

unable to obtain a second generation of these organisms.

In 1911, Hoffman* succeeded in getting pure cultures of the spirochaete

by the utilization of Schereschewsky's and Miihlen's methods. Although
his cultures were morphologically typical, he. like the above mentioned
experimenters,' was not able to demonstrate their pathogenic properties.

Also at this time. Sowade'' succeeded in procuring impure virulent cul-

tures by using the gelatinized horse serum or gelatinized ascitic fluid. This

inocuable material also still contained the original pallidum tissue.

In 1911, Noguchi® was able to cultivate pure virulent cultures in vitro

of this organism. He accomplished this by placing a small piece of fresh

sterile rabbit kidney or testicle tissue into each tube containing about

sixteen cubic centimeters of serum water (one part of serum and three

parts of distilled water) which was previously fractionally sterilized. A
layer of sterile parattin oil was added to each sterile tube containing this

cultural medium and placed under strict anaerobiosis and incubated at

35-37° Centigrade. Under these conditions the spirochaetes which were
morphologically typical and virulent were obtained and cultivated for

many generations.

In the following year. Noguchi' cultivated for the first time the follow-

ing relapsing-fever spirochaetes : Spirochaeta Duttoni, Spirochaeta Kochi,

Spirochaeta Obermeieri and Spirochaeta Novyi.

In 1912, Treponema macrodentium and microdentium\ Treponema Re-

fringens". Treix)nema mucosum^", Spirochaeta Phagedenis", and Spirochaeta

Galliuarum'^ were likewise successfully cid'tivated.

The media used in their cultivation was of a similar nature to that used
in the pallidum cultural work. It was not essential in some instances to

*The author is greatly indebted to Dr. F. G. Novy, Ann Arbor, Michigan, thru
whose kindness this strain of Spirochaete was obtained.
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resdil t<i strict anaerobio.si.s, hut it was liowever, necessary to employ the

use (if sterile animal tissue in all cases. In the cultivation of pallidum,

macrodentium, microdentium, mucosum. refringens, and phagedenis strict

anaerobic conditions were reciuired. (^uite the opposite seems to be true

for the rclapsing-fever spirochaetes.

Xoguchi's method of obtaining cultures of the latter is briefly as follows

:

A piece of sterile fresh raltbit kidney is placed in a sterile test-tube

to which is added a few drops of citrated infected hearts blood of a rat or

mouse. About fifteen cubic centimeters of sterile ascitic or hydrocle fluid is

then added. Some of the medium is covered with sterile paraffin oil. The
cultui-e tubes thus prepared are incubated at 35-37° Centigrade. Maximum
growth occurred on the fourth to the ninth day.

The use of sterile tissue being employed in all of this cultural w'ork,

of cour.'-e, entails in many cases the killing of rabbits for their kidney tissue

only. For tiiis reason as well as Iteing intensely interested along these

lines in view of the fact that we attemptod the cultivation of the relapsing-

fever organisms three years previous to Xoguchis first publication and

after obtaining cultures without difficulty by Noguchi's method, we deemed
it advisable to attempt cultivation without the use of sterile tissue from
animal organs. After various attempts we were finally able to obtain

initial cnltures without such tissue. These cultures as well as those

which were obtaiiicii by the employment of the tissue medium, could be

transphuitcd. with success, to asoitic fluid to which a small amount of

sterile iMidefibrinated blood only, had been added.

The medium employed by us differs considerably from that used by

Noguchi. Approximately eighteen cubic centimeters of sterile Ascitic

fluid are transferred to each of a number of sterile test-tubes (tubes

20 by 1..") centimeters were used). The piiu'tte for holding and measuring

sterile fliiids" may lie conveniently used in transferring this fluid to the

tubes. If is very important as Xoguchi also notes that the ascitic fluid

does not contain bile, but forms a loose fibrin. Specimens of this fluid

which do not i»f)ssess this property or which have been sterilized by pass-

ing thru a Herkefiold filter are entirely worthless for this work.

Rats were inoculated with a small amount (about one-eighth cubic centi-

r.'.efer) of spirochaetal blood obtained from the heart or tail of an infected

rat. The blood of these rats is conveniently examined by clipping off the

end of their tails. When it reveals the presence of from twenty-five to one

hundred spirochaetes jier field, (one-twelfth oil immersion lense). before

large agglutinating masses of the organisms are seen, usually requiring

from eighteen to twenty-four hours after inoculation, they are bled from

the heart by means of a small bulb cai>illary pipette".

The blood thus ol)tained is transferred befcne coagulation takes place

to the bottom of the tubes containing ascitic fluid which have been previous-

1\ warmed to a temperature of thirty-seven degrees centigrade. It is most

important that whole inidefibrinated blood is used. The inoculated tubes

are then incubated at thirty-seven degrees centigrade. No perceptible

growth occurs at twenty-five degi'ees centigrade.
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Mnltiplioation nppni'ontly liogins in fho iioislibovlinnd of seventy-two

hours after inoculation and the maximnin fci'owth is reached in from six

to eight days. Material for examining tlie cultures is olttained by intro-

ducing a capillary pipette" near the bottom of the tubes.

The organisms are perpetuated by transferring about one-half cubic-

centimeter of the cultures from the positive tubes to fresh undefi-

brinated blood ascitic fluid medium, preferably just before the cultures

reach their maximum growth (five to seven days). These transplants are

made by sucking up the material in a capillary pipette which is intro-

duced about one inch from the bottom of the culture tube, thus avoiding

a large number of so-called skeleton forms.

By the means above described we have been aide to cultivate Spirochaota

Xovyi and to carry the same thru six generations without the u.se of sterile

tissue.

If the positive tubes are covered with paraffin oil and placed in the ice

box (0-10° centigrade) just before the maximum growth results, successful

subcultures may be made ten to twelve days later. These iced paraffin

oil covered cultures will also exhibit pathogenic properties two or three

weeks later. As a matter of fact, whenever motile forms are present,

although the greater part of the culture has degenerated into granules and

.skeleton forms, they are pathogenic. It is advisable to warm the cultures in

order to ascertain motion.

One hundred percent infection resulted when rats were injected with

generations one to six inclusive. The period of incubation is somewhat
longer in the case of culture infected rats than in rats receiving the blood

type of spirochaetes. The period of incubation in the former generally is

from seventy-two to ninety-six hours, while that of the latter is usually

eighteen to twenty-four hours. Once the infection is established the cul-

tural spirochaete form is identical in appearance with the straight blood

type. Besides the period of incubation being somewhat longer, the dis-

ease thus induced seems also to be less fatal for out of twelve rats receiving

cultiu-e material of various generations, (one to six) no deaths resulted.

In cultures approximately ninety-six hours old there are actively motile

spirochaetes of various description. Some have two or three irregular

curves, while others have six or eight. Degenerated skeleton and granular

forms and highly refi-active granules are also present at this time but

more especially in tubes a week or more old. The spirochaetes may occur

singly, in pairs or chains, but there is a tendency for them to form agglut-

inated masses. These cultures do not stain as easily nor as distinctly as

the blood type by the Wright or Romanowsky methods.

SUMMARY.

Spirochaeta Novyi has been cultivated in vitro by employing a medium
devoid of tissue obtained from animal organs.

Undefibrinated blood, ascitic fluid free from bile and capable of forming

a loose fibrin are necessary for obtaining and maintaining such cultures.
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The activity of these cultures is prolonged by covering the medium with

sterile paraffin oil and chilling (0-10° Centigrade) just before their max-

imum growth (five to seven days) is reached.

These cultures are pathogenic, altho, apparently their virulence is lowered

as indicated by a longer period of incubation and no fatalities.

The cultural type differs from the normal blood tyi)e of the spirochaete

morphologically and in its staining properties,

This culture of Spirochaeta Novyi has been perpetuated upon ascitic

fluid containing undetibrinated normal blood for six generations.
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NOTES ON THE BIOLOGY OF THE FIREFLIES.

WaliTeb N. Hess.

(DePauw University.

)

During the past year I became interested in studying tlie biology of tlie

fireflies, and after looking up the literature on the group I concluded that

little was known regarding them except what had been learned from a study

of the adults.

The following species were studied: Photinus con^anguineus Lee, Pho-

tinus scintillans Say, Photurus pcnnsyliJanicus DeGeer, and Pyropyga fene-

stralis Mels. Most attention, however, was given to Photurus pennsyl-

vanica, and this paper will be limited to a discussion of that species.

This firefly, Photurus pcnnsylvamca, is one of the lai'gest and most

common of our native species. As is common of our luminous fireflies,

the adults are usually found only at night since they spend the day con-

cealed underneath moss or grass, although occasionally specimens were

found clinging to the underside of leaves of low vegetation. Like many
other insects, this species has well defined centers of distribution, it being

rarely found except along marshy or moist localities. Some of the smaller

species 'of flrefiies, however, seem to prefer the drier regions.

Many insects during their advilt life eat little or no food, but the adults

of this species, especially the females, are very voracious in their feeding

habits. These females were commonly observed devouring other species of

fireflies, and not infrequently the males of their own species.

In the case of nearly all our luminous fireflies the female never flies, but

remains on or near the ground and there awaits her mate. In this species,

however, the female is also an active flier.

It is agreed by most students of fireflies that the light-emissions serve

to bring the two sexes together. In our smaller native species there is

a definite interchange ot flashes, by which the male is able to find the

female. In this species l)oth sexes are active fliers and they flash frequently

whether in the presence of each other or not. In no case was there observed

a definite exchange of flashes between the sexes of this species. Yet, on

several occasions while holding females in my hand, males flew to them,

and on two occasions while holding males, females flew and alighted be-

side the captured males. This would lead one to believe that there is a

definite sexual attraction between the sexes of this species, and that the

females having become active fliers, are also atti*acted to the males.

The characteristic place for the oviposition, by the females, is at the base

of grass or moss in damp loamy soil. The eggs which are deiwsited about

the first of June are usually placed in little cracks or depressions in the

earth, and there they remain for a period of approximately 26 days, when
they hatch into little larvae. These little larvae, which hatch about July

first, require nearly two years to complete their growth before they trans-

form into adults.

The larvae resemble to a considerable extent the halnts of the adults as

they are active only at night. This makes it rather difficult to study their
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feeding habits in the field. On several occasions, however, larvae were

taken while feeding on snails, which they had evidently killed a short time

before being discovered. Xumerons larvae were taken into the laboratoi'y

where they were placed under as nearly normal conditions as possible for

the purpose of determining the nature of their food. On six different occa-

sions a slug (Agriolimax campcxtria Binney) was placed with six larvae of

Photuris licnnsylvanica and in every case it had been eaten before morning.

A .slug (Afirirjlinmx agrcstris L.) and a snail (^iiccinca avcri/ Say) were

put with six larvae. The snail was eaten during the first night, but the

slug was not killed and eaten until the third night. On two different occa-

.sions two small earthworms (Lutnhricus terrcstris L. ) were placed in a jar

without earth, which contained eight larvae. One was killed and eaten the

secoiul night, and the other on the fifth night. C)n two occasions a very

large specimen of LumhririiH tcrrcntriH was placed with twelve firefly larvae.

In each case the earthworm was not eaten, though it remained with the

firefly larvae for over a week, and they received no other food during that

time. On two occasions a cutworm larva of each of the following species

:

(Paragrofix rnessoria Harris, Parngrniis tcsscUata Harris, and Peridroma

margarifoKa Haworth) were placed in jars with six larvae and in every

instance they were eaten the first night. Finally, on four different nights,

two second and two third stage squash-bug nymphs (Anasa tristis DeGeer)

were placed with six larvae, and in each instance they were eaten before

morning. Some of the hard-bodierl Arthropods which normally live on the

ground, such as sowbugs (OniHCiifi anclUiH Paulmier). wireworm larvae

(Agriotes mancus Say), ants (Formica sp.) and coleopterous beetles in-

cluding the common ground beetles {yclyna Pallipes Say and Chlaenius

pennHylvanicuH Say) were placed with these l.nvae. l>ut they were never

eaten.

These experiments lead one to (•(unlude that the firefly larvae probably

eat any soft bodied insect larva, Mollusk or Annelid, that they happen to

find in their nocturnal wanderings. Slugs, snails, cutwdrm-larvae, and

small earthworms are probably their chief foods.

The larvae of many of the fireflies as well as certain other more or less

widely separated groups of insects digest their food entirely or partially

outside of their bodies. This is accomplished by the digestive juices being

exuded through the mouth and hollow mandibles upon the food which is

later eaten by the larva in a nearly completely digested condition. Such is

true of the larva of I'hotui'iis pcvitxgJvfuiica. When this larva first pierces

its prey it immediately injects a substance by means of its mandibular

canals into its body, which seems to paralize it.

As was said before, the larva of PhoivruH Pcunni/lvanica lives for nearly

two years before transforming to a pupa. During the cold winter months

from about November first to March fifteenth it lies concealed underneath

stones, logs or something similar. During the warm summer months it

wanders about at night in search <»f food, while during the day it remains

concealed

.

About the middle of May of the second year when the larva is approxi-
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inatoly twi'iit.v-two months old, it cliooses a siiitabii' spot on the surface (if

the jLjronnd and builds a lattice work of soft earth over itself in the shape of

a small dome, by which means it conceals itself in about a day. In the con-

struction of this cell the larva removes earth from underneath itself by

means of its mandibles. This it masticates in its mouth for a short time,

after which it regurgitates it in the form of a short riI)bon-like mass,

which it applies to the walls of the chamber.

Almost as soon as this chamber is completed the larva becomes sluggish

and transforms to a pupa. The extent of the pupal period was found to vary

from sixteen to eighteen da.vs, at the end of which time the pupae trans-

formed to adults and emerged.

So far as the economic importance of fireflies is concerned it is generall.v

believed that they are of little or no importance. This conception is far

from correct. It is true that the adults are of little value as most of them
probably eat comparatively little, and most of the insects upon which they

feed are not injurious. Tlie larvae, on the other hand, are voracious little

creatures which feed largely upon injui'ious species of animals, such as

cutworm larvae, slugs, snails, etc. Most of the soft l>odied a-nimals liv-

ing on the ground are injurious (unless it is the earthworm), and as the

food of firefly larvae is probably limited to these small animals, they nec-

essarily do much economic good in killing them. The slugs and cutworm

larvae are among our worst economic pests, and it seems evident that they

furnish a large part of the food of these larvae. Most of our fireflies live

two years as larvae, hence the number of larvae that are feeding on the

ground during any season is approximately twice that of the adult fireflies.

Any one who has been out during a June or July evening, knows that the

fireflies are one of our most abundant insects, which together with the vorac-

ious habits of the larvae leads one to the belief that they are of much
more economic importance than has been attributed to them heretofore.
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THE ORTHOPTERA OF NORTHEASTERN AMERICA.

BY

W. S. Blatchley.

In 1885, when I was a sophomore at Indiana University, Dr. J. C. Bran-
ner first taught me that an insect has six legs. About the same time I first

learned through Dr. D. S. Jordan that insects, birds and other animals have
definite scientific names and that they can be arranged and classified into

orders, families, genera, species, etc. Previous to that time I had about as

much knowledge of or interest in such things as the king of Zululand has in

logarithms.

While Dr. Branner was professor of Geology, he was at the same time

interested in Entomology, and in the spring term of 1885 formed a class in

that subject and gave lectures two or three times a week. Of the members
of that class I remember definitely but three, Chas. A. Bollman. Jerome
McNeill and myself. We three occasionally went forth and studied insects

at first hand. The 17-year locusts were on hand that spring and the first

insects I ever collected to keep were some of these, which I pinned on

ordinary pins and stuck on the walls of my room. I have a few of them yet.

When once started, I soon saw the advantage of a private collection, one
that I could call my very own, so I secured a dozen empty cigar boxes,

split some corn pith and placed a layer in the bottom of each box, and
began to collect every thing from chiggers up to Cecropian moths. That
collection has gradually grown until now I live in the biggest "bug house"
in Indiana.

As grasshoppers were common and easily collected, McNeill and I be-

came especially interested in them. He afterward kept up that interest

and in time published a number of valuable papers on the group.

The great bugbear of our work was lack of literature. We could get

specimens, hut at that time we could not make books. The University

library had burned in 1883, and in restocking its shelves the authorities did

not take kindly to bug books. We had access only to such works as Har-
ris' "Injurious Insects of Massachusetts", and Packard's "General Ento-

mology". I was working my way through college and had all I could do to

furnish fuel for my body, none to spare for expensive out of print works
on Entomology. On a trip to IndianaiX)lis in 1886, I happened upon a copy
of Thomas' "Acrididae of North America" in a second hand book store,

which for four bits became my personal property. I took it home and was
able from it to name the majority of my species of grasshoppers or, right-

fully, locusts. From that time on my interest in the order Orthoptera in-

creased. I collected them in all parts of the State, and between 1887 and
1894, while liAing in Terre Haute, published a series of papers on the

Acrididae of Indiana in the Canadian Entomologist. As the literature on

the other families of the order was widely scattered, I prepared works on

the Indiana Gryllidae. Blattidae and Locustidae, which were issued in the

Proceedings of this Academy for the years 1892 and 189.3. These were my
first contributions to those Proceedings.-
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In 1903, I published in the 27th Annual Report of the Indiana Geological

and Natural Resources Survey a paper of 350 pages on Indiana Orthoptera

which included keys, descriptions and full notes on habits of all the sijecie^

known in the State. This gave Indiana students interested in the group a

single work with which they could identify and arrange their specimens,

something that I had long desired for my own use but which was not extant

and therefore not available to me. After that time, for a dozen or more

years, I gave my attention to Coleoptera and did little along Orthopteran

lines.

Since 1910 I haxe .spent eight winters in Florida and while there have

collected .such Coleoptera, Orthoptera and Heteroptera as I could find at

that season. My captures there between October 25 and April 15—the ear-

liest and latest dates which I have been in the State—aggregate about 1,500

species of Coleoptera, 150 of Orthoptera and perhaps 400 of Hemiptera-

Heteroptera, the last named group as yet not studied or even in great part

mounted.

During the last ten years the study of Entomology has become one of the

most, if not the most important among the dilTerent divisions of Zoologj'^

this in great part due to its economic phases, its bearing upon the produc-

tion of food, and therefore upon that of the H. C. L.- Among uijurious in-

sects the Orthoptera take high rank. The economic entomologist, in study-

ing the life history, food habits and other facts regarding any insect, and

in devising methods for its eradication, and putting them before the public,

must have a handle, a scientific name for it. He cannot call it as he would

a man, John Jones of Smithville, Ind.. and let it go at that, but must call it

by its correct scientific handle, so that other entomologists, the world over,

may know with just what species he is dealing. Our present knowledge of

the Orthoptera of the eastern United States is scattered throughout hun-

dreds of papers, the majority of them out of print and difficult to obtain.

The economic entfmiologist is in need of a single work—a manual of Oi--

thoptera which will give him this knowledge.

Being out of a jol) and realizing the truth of the old adage that "An

idle brain is the devil's workshop." or, if not that, the "workshop of a soul

of discontent,"' I saw this need and three years and more ago began tliG

preparation of a work in which all species of Ortlioptera known from tlie

United States east of the Mississippi River <ir from Canada east of the 90tli

meridian, are treated in detail, with full diiigMd.-cs of fnniilics. trilies and

genera, keys to and descriptions of all species, (listriliuiinn. habits, etc., etc.

Many <if the 353 species and 5S varieties or races recognized from (lie terri-

tory covered, occur of cour.se in the region west of the Mississippi lint tliere

hiid to be a "dead-lino" soniewliere, and that stream fiiinislied tlie one

most available.

Of the more than 400 forms treated. I have collected personally in the

field 307, and have seen or studied either in my own collection or else-

where, all but five, so that the work is based principally upon first-hand

knowledge. The 58 varieties are. for the most part, ti'eated as .species

by other writers, but my field work, taken in connection with my ideas of
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geographical variation, caused me to reduce them to A'arieties or races.

Wliere a well known species ranges over a large area, the different environ-

ments, due to altitude, variation in mean annual temperature, atmos-

pheric conditions, difference in toixigraphy, drainage and soils, varied footl

plants and many other causes, are sure to bring about certain changes in its

external structure. If only the extremes of these variants be at hand,

they are often so different in appearance as to cause them to be considered

races or even different species. However, where a large series from all

parts of the range are present, intermediates are almost sure to be found

and there is little use and often much resulting confusion in giving or recog-

nizing a specific name for each slightly variable form.

The Orthoptera of the territory covered I have placed in eight families

of which I will make brief mention, comparing the members of each as

represented in the faunas of Indiana and Florida.

FAMILY I.—FoRFicuLiDAE.—The Earwigs. Narrow, flat Orthopterons. with

either short outer wings or none at all, their abdomen ending in a pair of

forceps-like appendages. They are mostly subtropical in distribution and
occur beneath bark or in crevices in houses and ships. Twelve species are

known from eastern North America, nine occurring in Florida, three in

Indiana, one common to both states and one not found in either. The name
earwig was given them by the peasants of Europe, who believe that they

often enter the ears of humans and injure the hearing, such belief being

of course nonsensical. They often do much damage by eating ripe fruit,

tender shoots and corollas of flowers, etc.

FAMILY II.

—

Blattidap:.—Tlic Cockroaches. Examples of these are familiar

to all. Their distribution is mainly tropical and of many species cosmopol-

itan. In the houses of the poorer classes of the trf)pical countries they form
the most annoying and disgusting of insect pests. They are omnivorous in

choice of food, but live chiefly upon animal and vegetable refuse. In some
parts of Brazil they are said to eat the eyelashes of the children, biting them
off irregularly, often quite close to the lid, and as the children have very
long black eye-lashes, their appearance thus defaced is very grotesque.

Where abundant in a house, cockroaches leave a fetid, nauseous odor, well

known as the "roachy odor" which is persistent and defiles both food and
dishes. One writer has thus quaintly written of them and other house-

dwelling insects in the screenless hotels of India :

"On every dish the booming beetle falls.

The cockroach plays, or caterpillar crawls;

A thousand shapes of variegated hues

Parade the table or inspect the stews.

When hideous insects every plate defile

The laugh how empty and how forced the smile."

While hundreds of species of cockroaches occur in the tropics, only 43

and two varieties are i-esidents of the United States. Of these 30 species

and both varieties are known east of the Mississippi, 24 species and one va-
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riety occurring in Florida. 11 species in Indiana, seven common to both

states, and two species and one variety not Ivnown from either.

FAMILY III.

—

Maxtidae.—Tliis family comprises the ".soothsayers" or

"spraying mantids." long, ungainly bodied forms having the fore legs

raptorial or fitted for grasping other insects and conveying them to the

mouth. They ai"e the tigers and cannil)als among Orthoptera, living mainly

Tipon living in.sects and often ui)on one another. A male kept in captivity

in New York ate in one day rliicc large grasshoppers and a daddy long-

legs and then tackled another mantis from which he was separated with

difficulty. Nine species of mantids occur in the eastern United States, seven

in Florida, two in Indiana, both of which are among the seven Floridian

species, and two introduced species in the outside States.

FAMILY IV.

—

Phasmidae.—The members of this family are known as walk-

ing-sticks. They simulate twigs or leaves in form of body, and often lie

stretched out in such a manner as to deceive a close observer. All are veg-

etable feeders and often do much damage to the foliage of trees and shrubs.

They also are mainly troi»ical in distribution, only 11 .species occurring in

the Eastern States. But two of these are known from Indiana and five from

Florida—one common to both states and five outside of either.

FAMILY V.

—

Tetrigiuae.—Tills family comprises those minute grouse or

pygmy locusts whieh have the pninotnni extending back to or l)eyond the

tip of abdomen and tlic fine and middle tarsi with only two joints. They
live mainly along mudily or sandy ll.-tts or on dry open wooded hillsides and

are the only Iniliana loc-usfs wliich i»ass the winter as adults. About 4r)0

nominal species are known from all parts of the earth. Only 16 .species and

eight varieties are recognized from the Eastern States. Of the.se eight

species and five varieties occur in Indiana, nine .species and three varieties

in Florida, six si)ecies and <tne variety being cftmmon to both states, and five

species and one variety not otiiirring in citlici-.

FAMILY VI.—AcKiniUAE.— This family c((inpriM's the dominant group of our

eastern Orthoptera. While c(tmmonIy ciilled "grasshoppers," they are in

reality the locusts iiicnfioncd in the liihlc—the ones of which the prophet

Joel wrote

:

"The land is as the garden of Eden before tliein, and behind them a deso-

late wilderness; yea. and nothing shall escape them."

Several of these locusts, .it times, after one or two favorable seasons,

increase in sticli numbers as to do enormous damage, the fully winged forms
often congregating and migrating in vast droves, stopping wherever food

appears abundant and stripping the country liare in a few liours. Of one

of these migrations the jioet Soutliey wrote:

"<»nwai<l tliey came, .i dark continuous cloud

of <ongregated myriads numberless.

The rushing of whose wings was as the sound
Of a broad river headlong in its course

Plunged from a mountain sununit. or the roar

Of a wild ocean in the autumn storm,

Shattering its billows on a shore of rocks."
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There is an Arab legend to the effect that "A locust unto Mahomet said

:

"We are the army of the great God ; we produce ninety-nine eggs ; if the

hundred were completed, we should consume the whole earth and all that

is in it."

These locusts or short-horned grasshoppers are the Orthoptera which

are so common in our meadows and pastures, on our city lawns, and along

our roadsides from mid-April until late November. From tlie eastern

United Stat>es 130 species and 21 varieties of the Family Acrididae are rec-

ognized by me, 51 species and ten varieties belonging to the single genus

Melanoplus. Of the entire number 50 species and three varieties occur in

Indiana, 52 species and 11 varieties in Florida. 22 species and one variety

being common to both states and 50 species and eight varieties of the eastern

forms not known from either of the two states.

FAMILY VII.

—

Tettigoniidae.—This family, formerly known as Locustidae,

comprises our Orthoptera commonly known as katydids, long-horned green

grasshoppers, cone-head grasshoppers, camel crickets, stone crickets, etc.

Some of the larger green-winged forms—the true katydids—are either

known to you in person or through their strident notes, one of them being

quoted by Holmes as saying

:

"I sit among the leaves hei'e, when evening zephyrs sigh.

And those that listen to my voice I love to mystify

;

I never tell them all I know, altho' I'm often bid.

I laugh at curiosity and chirrup, 'katy-did.'
"

There are many characters separating the Tettigoniidae from the locusts

or Acrididae. one of the most interesting being that the auditory organ or

ear is situated on the basal ring of the abdomen in the locust and on the

tibiae of the front pairs of legs in the katydids, as also in the crickets. The
males only of the winged forms stridulate, the note being a sexual or love

call, but both sexes possess the auditory organ. In the wingless form of

all Orthopterons both stridulating organs and ears are absent. As I

have mentioned on another occasion before this Academy ; Tliese katydids

and crickets were the first musicians of the earth, as by means of their

shrilling organs they enlivened the solitudes of the strange old Devonian
forests with their love calls and wooing notes.

Ninety-seven species and 14 varieties of Tettigoniidae are recognized from
the P]astern States. 40 species and three varieties occurring in Indiana, 40

species and nine varieties in Florida, ten species and one variety being com-

mon to both states and 21 species and three varieties not found in either.

FAMILY VIII.—(iRYLLiDAE.

—

Tlic Crickcts.—Some of the members of this

family, as the ground and field crickets, are very common insects and famil-

iar to all. Others, as the mole crickets, the tree crickets and bush crickets,

are more often heard than seen. One of the smallest of our eastern species

occurs only in the nests of ants. All are chiefly vegetable feeders and in

the aggregate do much damage to forage and other crops.

Forty-seven species and 14 varieties or subspecies of crickets are known
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from the Eastern States. Of these 22 species and six varieties occur in In-

diana, 29 species and eight varieties in Florida, 11 species and four varieties

being common to the two states, and seven species and four varieties of our

eastern forms not occurring in either state.

While the aggregate number of forms of Orthoptera occurring in North-

eastern America is few as compared with the Coleoptera, they often appar-

ently make up in individuals what they lack in number of species. Those

with which we are most familiar are diurnal and move freely.from before

the intruder on their domains. Those which are nocturnal we know best

by their strident notes which form the great bulk of the music of that

autumnal choir which fills the air at night from mid-July imtil the hoar

frosts of autumn have brought death to the musicians. Blot the Orthoptera

from our insect fauna and the weird music of nature would almost wholly

disappear.

The trills of crickets—black Gryllids, brown Nemobids and white Oecan-

thids—seem to form most of the night sounds, though the note of the broad-

winged or true katydid is the loudest and most strident of them all. By
day the songs of the green grasshopiiers—our meadow musicians par ex-

cellence—ring out from every swale and lowland meadow in unbroken

symphony as long as the afternoon sun shines brightly upon the choir.

By day also the males of our commcm locusts chirrup and call from their

gras.sy retreats, some while at rest, others while winging their way from one

point to another and still others while hovering a few feet above the sup-

posed hiding places of the opiK»site sex. All in all, the order Orthoptera

comprises one of the most interesting groups of the great class of insects.
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BIRDS SINGING IN THE NIGHT.

BY

M. L. Fisher.

(Purdue University.)

These notes were taken in tlie summer of 1918. On .Tune lOtli, tlie writer

went to tlie northeast part of Monroe county near the Brown county line to

spend his summer vacation. Having forgotten his camp-cot it was necessary

to sleep on the ground for about a week. Not being used to sleeping on the

ground the bumps on the surface were not conducive to sound slumber

;

also, the deadly fear which the writer has for snakes, of which rattle-

snakes and copperheads were reiwrted to be plentiful, tended to keep him
sensitive to every little noise. Being so easily aroused the writer was at-

tracted by the bird notes which were noticeable at all hours of the night.

The following are some of the observations :

Jmie 19th.

The yellow-breasted chat seemed to be almost as noisy at night as in the

daytime, for every few minutes he would cackle in his characteristic way.

At 10:30 and at 2 :.30 (Daylight Saving Time) the cawing of the crow
was noted.

In the early part of the night the whip-poor-wills were exceedingly lively,

but about 11 :00 o'clock their notes stopped.

June 20th.

The yellow-breasted chat again made the night musical, although not so

frequently as on the previous night.

At various intervals the tufted titmouse and yellow-billed cuckoo added

to the night noises.

June 21st.

The yellow-billed cuckoo was noticed at 10 :15.

June 22nd and 23rd.

The whip-poor-wills were noisy throughout both nights, from early in the

evening imtil early morning. The writer noted that very frequently the

note of the whip-poor-will would be repeated more than a hundred times

without pausing. "Very frequently the pause would be but for an instant.

and then it would be continued as long as previously. This would be kept

up sometimes until several series had been sounded.

June 24th.

This was a rainy night and no bird notes were noted.

It was evident that a rainy night depressed the spirit of the songsters so

that they wei'e comparatively quiet.

June 25th.

Whip-poor-wills were noted at 4:00 o'clock A. M.

June 29 th.

Whip-poor-will noted at 12 .irt. Also, the barred owl. The hooting of the

barred owl was very interesting. He seemed to be located on a hill at some
distance to the left of the writer's tent. He gave his notes of "Whoo-whoo-
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who-are-you" ; then off to the right came back the echo "Whoo-are-you".

At 12 :25 the yellow-billed cuckoo gave forth his notes again.

July 1st.

The Carolina wren sounded its notes at about 4 :(X) A. M.

No further notes were made until July 30th when at 12 :00 o'clock A. M,

the Carolina wren was again noted.

At 2:30 on this morning the field sparrow trilled out its characteristic

song.

It was quite noticeable that after the first of July the bird singing was
much less by day and rarely observable at night. Doubtless if notes could

have been taken earlier in June a larger nimiber of species would have been

noted. Also, if the writer had been more familiar with bird notes, a larger

number would have been noted, for at the time when these observations

were taken many bird notes were heard that he could not identify.
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WILD OR INDIAN RICE.

BY

Albebt B. Reagan.

Along tbe swampy borders of streams and in the shallow water of the

numerous small lakes throughout the Great Lake region and on westward
through Minnesota to the Red River valley in that state, grows the water

oats or Indian rice. Zizania aqitatica L. This plant belongs to the grass

family. It is an annual ; flowers monoecious ; the staminate and pistillate

both 1-flowered spikelets in the same panicle. Glumes 2, subtended by a

small cartilaginous ring, herbaceous-membranaceous, convex, awnless in

the sterile, the lower one tipped with a straight awn in the fertile spikelets.

Palet none. Stamens 6. Stigmas pencil-form. A large reed-like water-

grass. Spikelets jointed upon the club-shaped i^edicels, very decidous.

Culms 3 to 9 feet high ; leaves flat. 2 to 3 feet long (and lie flat on the water
when they first emerge ; later they stand erect and finally decline at

the tips), linear lanceolate; lower branches are of the ample pyramidal;

panicle staminate, spreading ; the upper erect, pistillate ; lower glums long

awned, rough; styles distinct; grain linear, slender, 6" long.

I became acquainted with this plant at Nett Lake, Minnesota, where I

had charge of the Bois Fort Indian Reservation as Superintendent and
Special Disbursing Agent from 1909 to 1914. Nett Lake, the lake that bears

that name, covers three-fourths of a township in area and is the shape of a

great lobster's paw with the claws pointing eastward, the major claw being

the northern member. It is very shallow, the greater part being less than

four feet in depth. In this the wild rice grows in such quantities that the

lake looks like a great barley field.

The rice does not ripen all at once, so can not be cut like a barley field.

But as the grains drop from the stalk very easily when ripe, it can be

pounded off into a canoe with a stick and the green still left to ripen.

The rice begins to ripen in the latter part of August. As soon as it be-

gins to ripen, the Indians have a secret ceremony and much powowing.

Then the chief medicine man gives permission for the Indians to go out

and gather rice.

With canoes, the Indians go among the rice and beat the heads over the

canoe with short clubs. This they keep up till they have a canoe full of rice.

They then go to the village with it.

At the village the rice, which has just jiassed the milk stage when gath-

ered, is parched and scorched in a large iron kettle inclined over the

fire so that a squaw can stir the rice the while to keep it from burning. By
this scorching process the hulls are ))urned from the kernels, or are so dried

and charred that they can be loosened and removed by the next process.

As soon as the scorched rice is removed from the kettle and is cold enough
to handle, it is placed in a cylindrical hole in the ground that has been

lined with cement or marl from the lake. Then the Indian man of the

house gets into this hole and tramps the hulls off with his bare feet. (Some
people say they wash their feet—after they get through the tramping.)
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After the tramping is completed, the chaff, dust, and ashes are winnowed

from the rice bj^ the women. The product is tlien saclied and is ready for

sale as brealifast food. It sold for not less than ten cents a pound before the

war at the village ; and as high as twenty-five cents per pound in the cities.

This rice is prepared and baked as gem cakes. It is also used to stuff

ducks and other fowls when preparing them for dinners. A man in Salt

Lake City sent all the way to Minnesota for wild rice for dressing for ducks

for his Thanksgiving dinner.

In prepai-ing it as breakfast food, it is prepared and cooked the same as

white rice and can be cooked in as many different ways. The preferable

way, however, is to take a cupful of the rice and pour a cupful of boiling

water on it at bedtime and then cover it up so as to keep the steam in and

let it set till morning. Then put it on the stove and evaporate the remaining

water. It is then "puffed-rice" and is delicious with sugar and cream.

"The Ojibwa (Chippewa) sometimes boil the excrements of the rabbit

with rice 'to season it' and are said to esteem it as a luxury. To make the

dish still more palatable, and one of the highest epicurean dishes, they occa-

sionally take a partridge, pick off the feathers, and without any further

dressing except pounding it to the constituency of jelly, throw it into the

rice, and boil it in that condition." (Winclioll, Aliorigines of Minnesota,

p. 59-,.)
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THE INFLUENZA AND THE NAVAJO.

BY

Albert B. Reagan.

The Walketon (Ind.) Indepenclent and The Indian School Journal hoth

report: "Dispatches from Phoenix. Arizona, state that two thousand

Navajos, residing on that part of the reservation in Apache County, mider

the jurisdiction of Fort Defiance (representing about one-fifth of the Navajo
country) liaA'e died of influenza. The chief clerk of the Navajo agency

made the report."

It is the writer's belief that the above statement is a gross exaggeration

;

yet the death-rate was appalling. Probably no other people in the United

States suffered from the ravages of this plague at all comparable with them.

The Navajos belong to the Athapascan stock of Indians and are full

cousins of the Apache. In the 17th century, they appropriated the farm
lands of the Tewa Indians of New Mexico, called Navahu, and engaged in

farming. To distinguish them from the other and more roving Apaches,

they were called Apaches de Navajo or "great seed sowings" by the Span-

iards. In time, the first part of the name was dropped, leaving the name
"Navajo" as the tribal signification, though at the present time it is a mis-

nomer as they are now a pastoral people. This name is not used by the

Navajos except when they try to speak English. In fact, many of the tribe

do not know it and only the educated part of the tribe can pronounce the

word correctly, as "v" is a sound unknown in their language. They call

themselves "Dine" (the people), which, in its variable forms, is the gen-

eral triljal name of the whole Athapascan family.

They believe that they were created by the gods of Arizona and Utah
about 5(K) years ago, though they believe that the earth was previously

peopled with human beings most of whom were destroyed by demon giants.

They probably wandered into Arizona and New Mexico in small bands from

the north. A joining of these groups enabled them to make a successful

war on their neighbors. By this means and by adoption of the captured

women into the tribe, they soon became a powerful people. Besides the

addition of several Athapascan bands that joined them of their own free

will, their stock is now made up of descendants of captured Pueblos, Sho-

shoneans, Yumans, and Aryans. Their language is a modified Dine dialect

of copious vocabulary and intricate grammatical construction, exhibiting

many words, phrases and constructions from outside sources. Also in ap-

iwarance, the Navajos have no pre^ailing type which gives further evidence

of their compo.site origin. The population of the tribe is estimated to be in

the neighborhood of 35,000.

They have several kinds of houses, among wliich are the hogan (dwell-

ing), the medicine lodge, and sweat-house. They are all cone-shaped,

huilt of upright poles or logs placed horizontally in polygonal, worm-fence

shape over which branches, grass, and earth are placed. A smoke-hole at

the apex serves as a chimney for each kind except the sweat-house which
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is warmed by rocks heated without. When any one dies in a liogan or

near it, it is at once destroyed, being considered a "devil liouse." Brush
corral, windbreaks, lean-tos, and open sheds, serve as dwellings in summer.
They are quite religious. Their deities are nature gods, animal gods, and

local gods. The most reverenced deity is Estsanatlahi (the ever-changing

year), called a woman who changes or rejuvenates herself.

They have great stoi'es of legendary and mythic lore, innumerable songs,

and prayer-chants. They are very fond of games and races. Their prin-

cipal dance lasts nine nights and parts of ten days. The culminating per-

formance in the medicine cultus is the Yavachai ceremonies in which pic-

tures of their deities are painted in dry powders on the floor of the med-
icine lodge.

They were quite warlike when we began to learn about them in the ]7th

century. At that time and until the occupancy of their coimtry by the

United States, they kept up an almost continual marauding war against

the Pueblos and whites. The United States made treaties with them in

1S4G and '49 but these were both outrageously broken. "Kit" Carson cor-

nered them in 1.S03—killed all their sheep, captured practically the whole

tribe, and took them to Fort Summer at Bosque Kedondn on the Rio Pecos

in New Mexico where they were kept till ISOT. 'Hiey were then returned to

their own land and given a new supply of sheep. Since then, they have

remained at peace. They are now a prosperous people.

They are jovial and much given to merriment and jest, and are not

stoical like the eastern liidiMii. On tlu- wliole. "they are celebrated for their

intelligence and good order." They are also great and shrewd traders and

are considered "the noblest of the American al)origines."

Their reserved lands, known as the "Xavajo Country," cover 25.725 .square

miles, or an area of sixty-three scpiare miles larger than the District of

Columbia, Delaware, New Jersey, Vcrnidiil. the PaiiMuia Canal Zone, Guam,
our possessions in the Samoan group. lihode Island, and Porto Rico com-

bined—about one thousand square miles larger than Greece. For the pur-

IK)se of administration, this vast area is divided into the following reserva-

tions : Pueblo Bonito. Hoi)i (whose inhabitants are partly Puel)los), San
Juan (Shiprock). Western X;ivii.jo. X.-ivaJo (Fort Defiance), and Navajo
Extension.

They have never been un<ler very severe discipline of the government.

They are wanderers in the full sense of that word. Like the Irishman's flea,

they are here this moment but where \^ill they be the next sun? Though
placed on the largest body of reserved land in the United States, they

wander off of it at will and many isolated rMuiilics Ii\c beyond the reserva-

tion boundaries in all directions. liike tlie noble Arab, they move about

with their flocks of sheep and goats, horses and a few cattle. They may
be in a certain wash or canyon today and miles from there in another to-

morrow, as the scarcity of grass and water necessitates. They have but

few ti'aps of any sort, so that moving from place to place is an easy and
ever round of life. In a few favored places, they may raise a little corn

and a few melons, the extent of their agricultural efforts. Also, like the
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tneii of Arabia, tliey are very independent Ijy nature and wish to be let alone.

Moreover, the medicine men doctor them when 8ick and also prepare them

for the Happy World in the hereafter.

The influenza broke out at the boarding-school at Tuba City. Western

Navajo Agency (Arizona). October 12, and in the other reservations of the

Navajo country at about the same time. At the school, there were 138

cases at one time but due to prompt action on the part of Dr. N. O. Reynalds.

the agency physician, and the ever vigilant and careful work of the other

employes in taking care of the pupils—many employes doing nurse work to

save the children even when they themselves were running a high fever

—

only two deaths then occurred and only one since from complications due to

the disease. Most of the other Navajo schools fared worse. The school

at P^ort Defiance is reported to have lost 67 pupils.

At the time the malady was raging at the school, the Hopi Pueblo of

Moencopi, two miles from the school, was stricken with the plague. At one

time, 181 of its 300 population were down with the disease. At the same
time, all the government employes at the place but one became sick. At this

critical moment, some nurses arrived from Flagstaff and attempted to look

after the Indians' needs ; but, with the best of intentions, the,y made a fail-

ure of their efforts. Not understanding the Indian character, they made
the villagers so angry that they would not allow them to give them medicine

or attention. The "principals" of the place also followed them around and
forbade every one to take their remedies. Consequently, the.v gave up the

task as hopeless. By this time, the pupils at the school were so convalescing

that a force of school and agency employes could be spared for taking

care of the Hopis. These took food from the school to the village ; and,

gaining the good will of the Indians, soon had them taking all the med-
icine needed and receiving all the necessary care. As a result, of the 300

sick only 16 died.

By the time the people of Moe'jicipi began to recover from the disease, the

epidemic had begun to spread to the Navajo settlements on the reservation.

Aid was at once sent them in every possible way. Hospitals were estab-

lished at every convenient place to which the sick were taken for treat-

ment. The hogans were also visited. But the work was difficult.

When the disease reached the Navajos, they fled from the places where
it appeared. Those at the "Fields" in Moencopi wash south of Tuba fled

westward and northwestward to Black and Navajo mountains. In this

panic, they often abandoned everything, even their sheep in some cases.

One Navajo is alleged to have abandoned his sick wife and se^-eral children

to die of starvation. Several families are alleged to have abandoned sick

members of their family. While sick with the disease, a Navajo woman
gave birth to a baby girl. Five days later, it becoming evident that she

would die, she and the baby were abandoned. Later they were found by a

government party, both still alive. They were both' brought to the hospital

into which the Marsh Pass school had been converted but the mother died

that same evening, and the little one had been so starved that it succumbed
two days later. Other similar cases of abandonment are reported. One is
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an instance where the husband abandoned several children bj' tlie side of

his dead wife, all of whom are reported to have starved to death. It might
be added that among the Navajo if the mother dies the children are virtually

orphans, though the father survives. They are not considered his children

but the children of the clan to which his wife belonged. In addition, he
inherits none of his wife's or of his children's property in case of their

death, same diverting to the clan of the wife. Hence the children from the

Navajo standpoint are not his in the same sense that a white man's chil-

dren are his.

The disease was astoundingly fatal. Whole families were wiped out,

leaving their flocks wandering over the hills at the mercy of the wolves.

Several related families living together all died but one small boy who
was found herding the combined flocks of sheep ; and, it is now reported

that the agent of the San Juan reiservation. luider whose jurisdiction he

belonged, has recommended that this boy inherit the combined sheep

droves he saved from the coyotes. At another place, a family of eight were
picking pinyon nuts when the disease reached them. Later their dead bodie^^

were found around their wagon. A Piute woman died on their reservation

north of the San Juan river. Fleeing from the place of the dead, the hus-

band and five children crossed the river into the Navajo country with their

sheep where they died one by one along the trail. Only one little boy sur-

vived and he is so small that he is unable to give his parents' name.
No people have a greater dread of ghosts and mortuary remains. Conse-

quently, to prevent a stampede, the two pupils who died at the boarding-

school, both dying at night, were carried out f»f the dormitory as soon as

dead, with lights darkened so that the pupils could not see what was being

done. The dead pupils wcic also buried in the early hours of the morning

for the same reason. At the hospital at the Marsh Pass school—which

was filled with sick adults—a patient died near sunrise one morning. Im-

mediately, the death-wail was struck up and pandemonium took possession

of the sick. "With eyes wide and staring, they strove to leave the place.

Even a sick man. who could hardly hold his head up the evening before,

sprang from his bed as he trembled from head to foot and started to run

out of the room. Luckily there was another hospital room to wliicli they

were all speedily moved. To prevent a like occurrence, the deathly sick

were put in a building by themselves, and when one died he was buried at

night so as not to arouse the superstition of the Indians any more than

possible.

The Indians were so terribly afraid of the dead or so weakened by Uw
disease themselves that they fled from the "chindi Ilogan" (devil's house),

as they termed a i)lace where a Navajo died. Many were left where they

died in the hogan and were simply covercMl over with a few shovels full of

dirt right where they expired. In one case, that of the only Indian stone

house in 60 miles of Kayenra post office, the relatives of the deceased (wife)

threw some dirt over the corpse near the fire-place where she died ; then in

panic they fled, leaving the door open. Later, they begged a party of gov-

ernment officials to close the door, which they did. Many other dead were
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abandoned and left unburied, the scared Indians begging the whites to inter

them. If there were no wliites in the vicinity, tliey were left vinburied. The

agency and school people interred many Indians who had thus been aban-

doned. The Kayenta policeman was buried by a government party after he

had been dead in an abandoned hogau eight days. Also, in the week closing

April, the government stockman interred two influenza victims who liad lain

in their respective hogans since last fall.

When sick, the Navajo think one should eat a whole lot. If one can not

eat, it is expected he will die. Stuffing in sickness is usually practiced as a

remedy and is often the cause of much trouble and many deaths. At one

place on the reservation, during the plague, meat balls the size of the end

of one's thumb were forced down the patients who were too weak and sick

to eat until no more could be forced down them. The stomach of an influ-

enza victim at another place, who had been abandoned and partly eaten

by the wolves, was seen to contain al)0ut a quart of corn which had prob-

ably been boiled before it was forced down him. Such stuffed patients usu-

ally died.

When sick, the medicine man often gives the patient the juice of the

Arizona jimpson and same was much used during the inflenza epidemic.

This makes the pulse run high and causes the patient to be delirious. It is

used as one of the last resorts. One jimpson victim examined by the agency
physician had a pulse running as high as 240. The Indians also killed

horses and made horsetail soup as a remedy to combat the disease. This

was a good thing in a way as it helped get rid of some of the worthless

ponies. The main remedy, however, was the powwow, Yavachai ceremonies,

accompanied by elaborate sand-paintings.

In making these paintings, all but the patient in the respective house-

hold concerned is removed from the hogan, usually to a corral-like brush

wind-protection—provided a regxdar medicine-lodge is not erected for the

ceremony. The drawing is then made around the central fire or about it;

each medicine man has his own system and places the drawing to suit his

own taste and whims. Usually, the parts of the drawing are in concen-

tric bands whose separating rings represent rainbows. The inter-rainbow

spaces are filled with crude figures of human-mythical beings called

"chindes." When completed, the nude patient is smeared from head to

foot with a blackish, medicinal concoction. He is then placed either on
or near the drawing. Then elaborate singing and praying follows. As a
faith cure, it is a good remedy, but it failed to cure the influenzn. This
failing, the final and last remedy was s\, massage, contorting process. As the

disease usually termin;ited in pneumonia and conseciuently the lungs became
"tight," the medicine man jumped on the chest to loosen up the liuigs. The
residt can be imagined !

After the final abatement of the malady, the Indians rode over the reser-

vation, scattering sacred meal and corn pollen in prayer over their stone
altars on every high point, to prevent the epidemic from returning. It is

to be hoped that the deities will listen to their earnest supplications.
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A TRIP IN THE LITTLE FORK, NETT RIVER COUNTRY, MINNESOTA

BY

Albert B. Reagan.

On May 13th Mr. Charles Hartman, Register of the Duluth Land Office,

and myself set out from the Indian Agency at Nett Lake, Minnesota, on a

trip in the Little Fork and Nett Lake river valleys. We had camping out-

fit and had hired three Indians with canoes to take us from place to place

as we desired. We left the agency at about 2 P. M. and canoed westward
five miles across Nett Lake and descended Nett river. That night we stayed

at Glen Thompson's homestead on the west side of the Bois Fort reserve.

The next day we camped where the D. R. L. & W. Ry. Co. switch from the

main line at Kinmount crossed Nett river in the logging days of 1908 on the

reservation. At this juncture we sent two Indians back to the agency for

more supplies. This delayed us a day, most of which was spent in camp and

in visiting the country in the vicinity of the same. May 16th and 17th found

us at the falls on Nett river. On the 18th we went on down the river to

where it joins the Little Fork to Dead Man's rapids and on Monday 1

walked overland to Celler's rapids still further up stream. On the 21st we
descended the Little Fork 65 miles to the town of Little Fork. Here we paid

off the Indians and Mr. Hartman and mj'self proceeded on to Big Falls on

the Big Fork river by railway, some 20 miles southwest of Little Fork

post office. We spent the 22d at Big Falls and then took the evening train

northward for home by way of International Falls. Mr. Hartman stopped

a day at the latter place, but I went on the first train south from Ranire

over the D. R. L. & W. Ry., arriving at Nett Lake May 2?>.

We had been out in all less than ten whole days. We had traveled more
than 200 miles by water and a little less than 100 miles by railroad. We
also saw much country that has hitherto received but little mention.

From its confluence with Little Fork river from where it leaves Nett lake,

Nett river is a very crooked, much meandering stream. It is some fifty miles

in length as it runs, while a footman can walk from its mouth to its source

in one day by cutting across the meanders. The general direction of the

stream is north of west. Sixteen miles from where it leaves Nett lake, as it

runs, are a series of pronounced falls, three in number. The distance be-

tween the first falls and the third is approximately one mile. The first and

second falls are over Laurentian granites and allied Archaeon rocks. The

third falls are over upturned lower Hiu-onian rocks along fault lines, cross-

ing the river at right angles to its course.

Nett river has but little fall from where it leaves Nett lake to the fall line.

Its banks do not average four. feet in height and much of the region adja-

cent to the river is a swamp. There is evidence that in very recent geolog-

ical time Nett lake extended to the falls and covered an area of .lOO.OOO

acres instead of % of a township as it does now. Furthermore, should

an earth disturbance raise the falls twelve feet, it would convert the region

back into a huge lake and the lowering of the same falls twelve feet would

soon make Nett lake dry.
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On account of the little fall in Nett river in its upper course and its

numerous meanders, the stream is blocked by thirteen log jams in as many
miles.

Nett lake and river have 17,000.000 feet of pine tributary to it and as

many million feet of hardwood, not to say anything about the cords of pulp

wood. It is proposed to dam Nett river at the upper falls, the dam to be

four feet in height. The river at present is forty to sixty feet wide and
very shallow most of the year, especially at the intake from the lake. This

would raise it so that logs could be driven down it. The numerous mean-
ders f)f the stream are also proposed to be cut through, thus shortening the

stream and increasing its flow-current. This improving the river should

not exceed $0,000.

A mention of the falls has been made. The three falls each aggregate ap-

proximately fifteen feet respectively. These could be utilize! for geuorathig

water power and I judge that each is capable of producing lO.dOO liorse-

power. These, no doubt, will be used in the installing of mil Is and electric

phints. when the region becomes settled.

Below the falls in Nett river the slream has inciscil its cliamicl til! near

its confluence with the Little Fork, its banks are fifty feet high. And as n

consequence, its tributary side streams make tlie region have quite a l)lufty

appearance. Throughout its entire crmrse its channel is incised in glacial

material except at the falls and the few rapids. Its l)anks below tlie falls

are mostly in clays of the Lake Agasiz series.

Little Fork river has a considerable fall, but is also a much meandered
stream. At one place a meander is between 7 and 9 miles around while a

trail across its nock is less than forty rods. The stream is nearly 100 feet

wide and rather deep. It has numerous rapids but no falls. It< rapids are

in places where the stream cuts across the upturned edge< of fault blocks

of Iluronian and Archaeon rocks. The rapids were once falls, but have been

worn down to rapids by the rapid current and ice action. The more rapid

current accounts for the falls of this stream being worn down to ra)>ids

while those of Nett river are still falls. The country adjacent to the stream

(Little Fork river) is not swampy from Cellor's landing to Little Fork post

office. Northward from there, however, it crosses the "Great Muskeg."' The
Little Fork coiuitry is settled near the river, as is lower Nett river. The
valley of this stream, for the most part, is incised in clays of glacial age.

mostly of the Lake Agasiz stage, though the meandering stream itself is

cut in deposits laid down by itself on its owji valley floor.

The timber t)f the region amounts to many hundred millions of feet B. M.

The industry of the region today is in the main lundtering. We passed

1.000.000 feet of logs in the river on our trijT, all being driven northward to

Rainy River and International Falls to be sawed into InnilxM- or made
into i)aper. The timber adjacent to the river is nxislly Innil wood and

cedar. Three acres of cedar poles at the mouth of Nett river iietlcd .'?1.400

as it stood in the woods. A homesteader or a buyer of land along either of

the.se streams will usually have timber enough on the land to pay for clear-
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ing up and imiiroviiii!; the land, furnish a handsonio liviiijr for tlio settlor

while clearing same.

The soil iu the region is varied, but ranges from a sand-loam clay, black-

loam soil to peat-loam soil, usually underlaid with clay, making it rich in

plant life. We made repeated inquiries of the settlers as to the crops. Dent

and Northwestern corn were said to mature. Wheat yielded well, as did

rj'e and barley. Clover and gras.^es also yielded two to three tons per acre.

There is no reason why people who go into this region for the puriwse of

making a living farming should not succeed. But too many men have taken

up land with no other intention than to sell it to the timber people (or any

other possible buyer) as soon as they could prove up on same. Improve-

ments, therefore, are not what they should be and too few settlers have

cows and cliickens in a covmtry where both do well and bring profitable

returns. Furthermore, there is no reason why farmers who intend to farm

and make a home should not go to this region. There are some home-

steads yet to be had. In addition, land is cheap that is owned privately

or by the state of Minnesota.

In a mineral way nothing is known of this region. Float coal is said

to have been found in the stream beds, but no veins have ever been located.

Quartz rock formation, exposed both on the Little Fork river near the

town of the same name and also on the Big Fork river near Big Falls, is

often sprinkled with gold that is said to assay well. Placer deposits have

also been fomid that run high in gold locally. Geologically speaking, the

region seems to be underlaid with Lower and Middle Huronian rocks

(Couchiching formation) plus Archaeon rocks. The Huronian rocks are

likely to contain iron deposits. In fact iron boulders have been found in

many places and all the streams are impregnated with iron.

The region is crossed by the Minnesota and International Railroad, the

terminal points being Bamidji and International Falls with the towns and
railroad centers of Little Fork in Little Fork valley and Big Falls in the

Big Fork region. Otherwise the region is practically in the virgin state.
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A TRIP AMONG THE RAINY LAKES.

BY

Albert B. Reagan.

I arrived at lutei'iiational Falls, Minnesota, on the morning of the 18th

of October last, but found that the "International", the lake boat, would

not run up the lakes until the 20th. So I bided my time visiting Fort

Frances, Ontario, also the International Pulp mills at International Falls

on Rainy river, said to be the largest paper mills in the vporld. On the

20th I took boat. Our course lay nearly east. For eight hours we steamed

up the lakes a distance of more than 50 miles. Our course lay among islands

and projecting points and through narrows and wide open spaces. The day

was beautiful and the mirrored shadows of the shore line, rocks, trees, and
entangled vines brought forth to view the doubled beaut.v of the wonderful

scenery. Also as we journeyed along in and out through this chaip of

lakes, the sea birds gathered about us and the captain threw bread and

crackers and other eatables on the water for them. And without fear the

birds hovered about and darted here and there for the floating morsels.

And they were disappointed when the boat whistled for Kettle Falls, our

destination.

Our boat had hardly anchored when an Indian woman by the name of

Ke-me-tah-beake was canoeing me over to Kettle Falls on the British side

;

and on the next day I proceeded on to Moose river and Capitogama lake,

finding myself that evening in the Indian village of Moose River. I had

moose meat for siipper and our Indian guide killed a dear about dark. So

we had plenty of venison the rest of our stay in the country.

We were in the Indian country and Indian scenes were to view on every

hand.

While strolling about the Indian village on the day of our arrival I found

two Indians playing the Bowl Game—the Chippewa dice game. The players

had a symmetric, nicely finished, hemispheric bowl of some 13 inches in

diameter and C inches in depth, a bowl made of a large round nodule of

a maple root, fashioned solely with the aid of an ax and a knife. This bowl

is about an inch in thickness in the bottom but tapers considerably towards

its rim. In this game there are 40 counters. These are made of trimmed

sticks about 12 inches in length and usually % of an inch in thickness. Half

of these are colored red, half white. The dice used in the game are some
vai'iously carved, very small, thin pieces of bone, with side's variously

colored.

When I arrived, the bowl containing these dice was being lightly tapped

on the ground to flip the dice. Bets were being made and the staked prop-

erty was to vievF. And as both spectators and players sang, the game
went on. A "Smart" tap of the bowl might change the whole game. AVhile

thus playing, the players tapped the bowl alternately until one person

won all the counters, both the white and the red. He then had won the

game.
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The value of the throws as played wei-e

:

First throw (tap) 3 white dice and 5 red, 1 count.

Second throw, 4 white dice and 4 red, a draw.

Third throw, 8 red dice and white, 40 counts.

Fourth throw, 2 white dice and 6 red, 4 counts.

Fifth throw, 1 white dice and 7 red, 20 counts.

I watched this game till one of the players who had sold some hay for

$1S0 the day hefore was staking a handful of nails on the game.

Turning from this game. I heard a vigorous drum tap in one of the houses

and on entering the houi^e I found several Indians playing the Mocca.sin

Game. It is a curious affair and resembled our "shell game'' in many re-

spects. A blanket was spread on the floor and on it in front of the p'ayer

were four inverted moccasis. The player had four bullets in his hand, one

of which was marked and was the winning bullet. As the winners sang,

this actor (player), to di.sconcert his opponents, shrugged hi.s shoulders,

waved his hands and went through various contortions and slight-of-hand

performances, as he slipped one bullet after another under a moccasin.

When all had been placed, the guessing then began. An opponent went

through various preliminaries with a long stick to see if he could detect

from the action of the hidor of the bullets under which moccasin he had hid

the marked l)ullet. Then with this stick he struck th.o moccasin under which

he thought the marked bullet was hid. Sometimes 1 e won and got the moc-

casins and the bullets, and his opponents began to guess. Each time the

guesser failed to guess right, he lost a tally count. Forty tally counts gave

the winner the game.

While watching this moccasin game, my atteiiJiim was ath'acted to a

deep sounding drum beat beyond a little raise of gniuiid. So I repaired

to the spot from whence the sound came. There I saw the medicine fra-

ternity initiating a "suliject" into the medicine lodge, called "Medawin"

(lodge) by the Indians. The medicine ceremonies were being held in a long

drawn-out wigwam of 100 feet or more in length, a wigwam all but having

the bark roof on it. I went close to the lodge and saw the peopTe eating

puppy soup with a relish. And .soon thereafter the dance was begun, or

rather resumed, as they had been dancing previous to the dog-feast period.

Two old men began to chant in the minor key, while both beat a crude

drum. As soon as the chant reached a fairly high pitch, the dancers began

to line up in column style, the "navitiate" heading the column. The dance

was a forw^ird movement encircling the central space of the lodge, the

movement being a tripping, gliding dance. As each one thus danced, he

waved some medicine trophy in each hand, usually the skin of a bird or

some animal. As they thus waved the medicine things, they gave forth

peculiar utterances in grunting style and glided, tripi^ed on.

As I was watching this dance, I noticed that through the center of the

lodge longitudinally there were hung blankets and much bright colored

calicos, the navitiate's price to join the order. And at the close of the cere-

mony, I noticed further that the medicine men took these medicine gifts

up themselves, as a price of their services.
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My attention was next called to where au aged Indian was ivpeatins the

myth stories of his race to an eager listening audience. The story he was
telling was about his god Manabush and was as follows

:

"In the early days of the earth Manabush was god as he is now. He
lived then in the East at tlie coming of the rising sun. He was tlie maker,

the creator of all things. He made tlie trees, the animals, the birds, tlie

land, the water, the clouds, the air, the sky, and all tilings we see. He is

god. He also made the eartli as it is and the sky as it is and prepared

places for the living and places of habitation for the dead peoples. The
whole universe as he created it is one whole thing. It is as though he had
created it as we would make a cheese box and put shelves in it ; only the

universe, as Manabush created it, he made five places, or shelves, of liabita-

tion one above another, the earth occupying the middle-shelf position. Tlie

gods live in and on the shelf above tliis one and the dead people live in the

world just below the shelf on which we live—the people of tlie dead live to-

ward tlie south in that world. The gods (manidos) also travel about the

whole universe at will. They visit all the places of habitation, as they wish.

"After Manabush had created all things he went to live with his grand-

mother in the brilliantly colored regions in the vicinity of the setting sun

and he lives there still. He is the guardian for all the Indians and he holds

in reserve for them the things of the earth and lets them have them as he

thinks they need them. He is to the Indian in a spiritual way the same as

the Honorable Commissioner of Indian Affairs is to them in a material

way. He conserves for his peoples the things of earth and allows them to

have them as they can show that they need them. When the Indians wish

anything they ask Manabush for it in dancing, drumming and praying.

When they wish to hunt they dance and drum and pray to him to give them
plenty of game to kill. They do the same when they wish a good fishing

season, a good crop of berries, and so on. Manabush owns all things and if

he is made to know or believe that the one who is praying to him and danc-

ing before him (for Manabush is everywhere) really needs the things

prayed for, he allows them. But sometimes he can not be induced to allow

the things. The man may ask the things but may not be a worthy person.

The man may wish much game in the hunt and may dance and drum and

pray and may go hunting and get no game at all. But the man may dance

and drum and pray again—they always dance and drum and pray four or

five days. The man may do this till he wears out the patience of Manabush and

Manabush may get angry and give it to him—allow him success in his

undertaking." (This accounts for the reason why an Indian never quits

on any proposition. I have known an Indian to ask the government for

a certain thing and be told that it could not be allowed and on the very

next mail he would demand it again. Furthermore, the Indian will confer

charges against (>mployes and inspectors will come and investigate same and

find (hat the Indian has falsified in the full of the cloth and dismiss the

case. And before the inspector is hardly out t)f sight the Indian has recon-

ferred the old charges in a new form and demanded a new investigation.

He never quits. The same is true with his dealings with the government.
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He abrogated treaties and signed new ones and now he demands settlement

by each treaty and is keeping at it till he will get it (?)—get paid twice

or moi'e times for the same thing. Many Chippewas believe that Manabush
is the Great Spirit ("Chee Manido").)

"After Manabush had created all things, he set about going over the

earth. He was unfortunate. He lost his bow and broke his arrows. Con-

sequently, he could not kill any game. He therefore got very hungry. One
day a^fae was traveling, he met Mr. Lion and, as he had a good bow and
some arrows, he had him lend them to him. He went hunting. He had
traveled about only a short time when he came near a caribou that was
browsing in a near-by bushy area. So he slipped up to it and took deadly

aim and let fly not one arrow but three. The ix)or beast fell dead after

making just one leap. So Manabush took the caribou and skinned it. He
then cut it in pieces and suspended same from the boughs of a fir tree.

He then built a big fire beneath the tree and by it cooked the meat. He
then took the meat down and sat down to eat. He was hungry. He had
eaten only a few bites when he heard the groaning of one tree rubbing

against another near-by. This groaning disturlx'd him. Ho had rendered

out a tray of tallow from the caribou. This he took and determined to stop

the groaning by greasing the parts that rublied over each other. He went

to the trees that were in trouble. A high wind was blowing and the

groaning was intense and ear-grating. He sat the tray of tallow down and
quickly climbed up one of the trees. Reaching the place where thej^ rubbed

together, he put his hand between them to pry them apart so he could put

the tallow on the rubl)ing surfaces. At this moment the wind stopped

blowing and he found his hand fast, lie could not release it. So he had to

remain there in the tree brandies.

"As he was held fast by the trees holding his hand between them in a

crushing grip, wolves were seen approaching in great numbers. He told

them to go away, but, instead, they came on, having smelled the fresh

meat. They came to where the cooking had been done and ate every bit

of the meat, leaving nothing but the bones. They then began to smell

about and finally discovered the tray of tallow and started to go to it.

Manabush hallooed to them to go away ; but, not minding him at all. they

came on and licked up all the; tallow. Then they galloi>ed off into the

woods and were soon out of hearing.

"Soon after the wolves had left, tlic wind Itegan to blow again, thus

releasing IManabush's band. He then climbed down to (iiid that not a bit

of the caribou he had killed was left but the bones and a little meat
around the eyes and in the inside of the skull that neither the wolves nor

himself in his human form could get. He was luuigry. For a considerable

time he tried to get some meat from these bones. Then he changed himself

into a snake and crawled into the skull. In this form he could get plenty

to eat for one meal. He ate there till he was satisfied then started to get

out of the skull by backing out of it. He had gotten nearly out when he

suddenly was changed back into the human form ; ))ut—his head was still

in the skull and he could not get it out. Furthermore, his head was so
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so far as being able to see anything was concerned, commenced wandering

about in tlie woods trying to get to his friends, if possible. He wandered

about in tlie woods here and there, now falling over logs, now falling into

pits, and so on. At last he came to a tree. He felt of it. 'You are Cedar,'

he addressed it (all things had a mind tlien and could talk), "show me
which way to go and give me the direction to the water. You grow by

the lake.'

" 'Keep on going.' answered Cedar.

"So Manabush took two more steps and fell head-foremost into twenty feet

of water in a big lake. He at once began to flounder about. He swam here

and there for a considerable time somewhat towards shore, as he was a

good swimmer. His head, as he swam, brought the caribou head and horns

to view. The Indians on the shore saw it and supposed it to be a caribou

swimming. So they set out in their canoes to attack it. There was quite

a chase and many arrows were disi)atched at the head of the supposed

beast ; but Manalnish outswam his pursuers and finally came to shallow

water. He then stood upright and waded ashore. In his hurry and his not

being able to see. he fell down over several boulders along the shore. He
finally fell headlong over a large rock and struck the caribou skull on his

head on another boulder that laid ahead of him in the direction he fell.

This rock cracked and broke open the caribou skull and Manabush drew

forth his head. He was at once recognized and taken to the village and

feasted.

"He is our god and lives in the brilliantly colored sunset sky." The next

day found me in Indian village of Nett Lake where I took in another grand

medicine lodge dance scene, similar to the one mentioned above. Towards
evening I took a canoe and went out to Picture Island and examined the

chiseled pictures of the long ago. As I was examining the various pictured

scenes night closed over the land, and before another day I was on my
way to civilization. But I had enjoyed my trip.

In Nett lake about a quarter of a mile off shore to the north the Indian

village of Nett Lake, Koochiching and St. Louis counties, Minnesota (the

county line runs through the center of the village), is an island of some-

thing like half an acre in area. Its western and southern slopes are wooded
with poplar, birch, elm, and some shrubs and some viny species. There is

also some grass and quite a profusion of flowering plants scattered here and

there. Its northeastern part has an exposure of bare rocks, pitching into

the lake on that side. Its central part reaches an elevation of some ten feet

above the surface of the water of the lake. The island is surrounded by

rice fields intermingled with cane brakes and flags, except on the south-

west where the water is too deep for rice to grow. In the ages past this

island, as well as the surrounding country, was glaciated. At the time of

the glaciation, the northern sloping rocks on the northeastern part of the

island were polished to an almost perfect smoothness.

The rock of this island is of the Koochiching (Couchiching) formation,

being composed of mica schist and gneiss cut by granite intrusions. The
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whole is then c-ut hy a large green stone dike running in an approximately

north and south direction, from which stringers have been sent out across

and through the other rocks. The dike itself is faulted in one place. As
seen, it strikes about north and south ; the mica schists strike N. 58 degrees

E. and dips to the south of this direction at an angle of 70 degrees, except

just at the northeast point where the rocks, as we have seen, dip nortlieast

into the lake.

In the revolving .vears following the glacial epoch the region was inhab-

ited by Indians. These peoples visited this picturesque island. There the

medicine man danced and "made medicine", and the Indian wooed his

sfpiaw in the squaw dance. From there the deities called the dusky inhal)-

itants to partake with them th.e eternal bliss of the happy lumting ground.

P'urthermore. to commemorate the events of that far away time, the

medicine man chiseled the then life scenes on the polished rock surface

of their island home. These are pictographs of liuman beings, dance

scenes, and outlines of the animal gods worshiped by the men making the

pictures. The.«e have been pre.serv(>d to the investigator, though all history

of their purpose has vanished and hut only a very faint legendary history

of the peo]»le who made them can be had from the legends of the aborigines

who now occi!i)y the country. The pictographs. thus preserved, are of dance

scenes, medicine ceremonies, scenes of the hunt, and dream scenes.

This Island has one peculiar feature. The jiolished rock area is hollow

beneath: and. on walking oxci- it. it giv<'s a IkjIIow. drum-like sound. For

this reason it is considered saci-ed by the Indians of the reservation even to

this day. They s;iy it is the lionic of their god and that he "drums" when-

ever they go on the island to tell them they are on sacred ground. Conse-

quently, to appease this god and keej) his good will and to have their lives

more happy, they place "medicine", tobacco, and smelling herbs in the

crevices and the "hollow" place in the rock as an offering to him.

This island is also calle<l "(Jhost Island." Tradition has it that in the

second generation back a cori)se in a cotlin was taken there for interment.

There it was left for a little while, while the people went back to the

village in accordance with tln-ir bui-ial cnstoins. When they returned, the

corpse lia<l disappeared. "The god of tlie island had taken him to his

abode."

It is also a fact that in the old times and even now (!od and the drum
have a close relationshi]* among Indians in this northern country. In the

old times there was a dnun house: and some one was alwa.vs left to keep

charge of the drum. To lose the drum was to incur the enmity of the gods.

Their reverence for the drum has had infinence. no doubt, in causing them

to worship the "drum place" on this island and cause them to Iioikm' it with

their sacred drawings.

Who made the pictograi)hs of this islandV The drawings seem to be

similar to those at rijiestone. .Miinies»)ta. which are known to be Si<»uan.

Furthermore, the Chipiiewas of the region say: "Our peoi>le did not make

the 'rock jiictures;' imt have this tradition as to what beings made them



250

(imdoiihtedly a mythical account of the fleeing of the Sioiix from Nett

Lake on the approach of the Chippewas) :

"When the first Chippewa came to the region," (after the terrihle battle

of Elbow Falls near Gheen, Minnesota, where the Sioux were clisasterously

defeated according to other Chippewa traditions), "he crossed over Pelican

Lake portage from Farmer John's landing and entered Nett Lake by way
of Lost creek. On .-ipproaching Picture Island, it was found to be inhabited

by innumerable beings that were half fish and half sealion. Upon
the approach of the Chipjiewa, these became panic-stricken, and, diving

into the w.iter, they swam with all speed across the lake southwestward

;

the Chippewa followed them by the muddied water the.v stirred up in their

mad flight. On reaching the southwestern shore of the lake, they flied

up a little creek, and. coming to its source and having been caught as in a

net. they dove down into the earth and are there yet. You can see the

water bubbling up (in a huge spring) today where the earth swallowed

them up. We know this regitm as holly ground. Because of these beings

being caught as in a net, we call our lake 'Xetor As-sab-aco-na' (Nett lake).

When the pursuers returned from chasing the half fish, half sealion be-

ings, they found these rock pictures on the rocks of this islaud. They are

the pictures of these beings our people found here."
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Introduction.

In 1915 the State Geological Survey timl the University of Tennessee

employed Dr. J. J. Galloway and the writtr to make a survey of the geology

and soils in the centi-al part of the state. A county was cho.sen as the

unit of area for this work. The study of the geology of Rutherford County



263

was completed the first season, and the results published in a report written

hy r>r. Galloway. It contains a discussion of the topoj;raphy, descriptive,

structural, and historical seoUtf^y. and natural resources of the area, with

an areal geological map and numerous diagrams.

Collections of fossils from the separate divisions of the Stones Kiver

beds were made at every favoral)le locality during the first field season

(1915) and during the second (1916) when the writer returned to com-

plete the soil mapping. A study of the material collected was made at

Indiana University under the efficient and authoritative direction of Dr.

E. R. Cummings and aided by the useful suggestions of Dr. J. J. Galloway.

The results of the paleontologic work forms the basis for this paper. The
identifications and a portion of the descriptions were completed before mak-

ing a visit to the U. S. National Museum to compare the new and old forms

with the unpublished material of Dr. E. O. Ulrich and Dr. R. S. Bassler.

It was discovered that they had the following species described and photo-

graphed :

Ceramoporella grandis, new species.

Ceramoporella ingenua. new species.

Monticulipora compacta. new species.

Monticulipora discula, new species.

Monticulipora intersita, new species.

In order to avoid comi>lications of nomenclature by introducing new
names for the used but unpublished ones the following given by Ulrich

and Bassler were adopted :

*Anolotichea explanata.

*Mesotrypa crustulata.

*Mesotrypa (lubia.

*Constellaria lamellosa.

*Xicholsonella frondifera.

*Hallopora spissata.

*Batostoma suherassum.

Batostoma den droidea.

Bastostoma conferta.

Batostoma itiutilis.

*Stromatotrypa Inmcllata.

*Rhinidictya tahulata.

*Stictoporella cribriliua.

Photographs of those above marked with an asterisk (*) were furnished

by Dr. Bassler. The descriptions are the individual work of the writer

and where tlie new forms were independently recognized fi'om his collections

a cotype was used. For the privilege to pul)lisli the descriptions of the new
species prepared by Ulrich and Bassler. which increases the value of this

paper as a paleontological c(Hitribnti(iii, exi)ressions of gratitu<le are due to

Dr. Ulrich and Dr. Bassler.
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GENERAL GEOLOGY OF THE STONES RIVER GROUP OF
CENTRAL TENNESSEE.

The formations of the Stones River group outcrop upon the crest and

west sloi^e of Nashville dome in Rutherford, AVilson, Bedfiu-d, Marshall,

Davis, Cannon, Williamson and Murray counties, where the Stones, Duck,

Harpeth and Cumberland rivers have eroded their valleys through the

younger beds.

In 1851 J. M. Safford^ studied the limestones in central Tennessee and

gave the name Stones River to the series of beds that appeared at the

surface in the bluffs along that stream. In 18(i9- he published a description

of the formations and considered the group equivalent in age to the Trenton

of New York at which time he abandoned the name he bad formerly used.

Twenty-eight years later Winchell and Ulrich^ revived the name Stones

River and included within the group the Carters' limestone, and in 1900

Safford and Killebrew* redefined the group and published a brief descrii>-

tion of the formations.

The upper member of the Stones River group occurs in the CoUnubia.

Tennessee, quadrangle and was studied by Hayes and I'lrich' in 190;5, and

lists of fossils fnmi the lower members are published in the folio.

The Cartel's limestone was transferred from the Stones River to the

Rlack River group in ]01."( by Mr. Ulrich.- Further study and mapping of

the limestones of Stones River age was done by Flrich and Bassler during

1008 in the Woodbury, Tennessee, quadrangle, but a reiK)rt has not yet been

published.

The following table gives the names and cbroiKtlogical order of the di-

visions of the Stones River group as developed in central Teinisesee : (For-

mations present are given in italics.)

Ccnozoic
Mesozoic

Pdlcozoic

Proterozoic

Pprmian
Pcnnsylvanian
Missi.ssii)i)ian
Devonian
Silurian

lOrdovifian

I
Canadian
iOzarkian
I Cambrian

'('incinnalian
iMoliawkian fLebanon
. Chazyan , Blount liidlry

Stones Kivcr {Pierce
Big Buffalo series IMurfreesboro

IMosheim

MurfrecHhoro Uiticsftiiic. Safford referred to the Murfreesboro limestone

as the "Central limestone" in his Geology of Tennessee published in 1809*,

because it occurred in the center of the state. The name of this formation

was changed to Murfreesboro limestone in 19(X) by Safford and Killebrew'

when they believed that the city of Murfreesboro was near the center of its

*Am. Jour, of Sci. and Arts, 2nd ser.. Vol. XII, p. :i.">2.

2&eol. of Tenn., p. 2.5S.

sGeol. of Minn., Vol. III. Pt. II, p. xc, (1897).
*Elem. Geol. of Tenn., p. 12.5. (1900).
'U. S. Geol. Survey Folio 95 (1903).
=U. S. Nat. Bull. 92, PI. II.
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circular outcrop, but they confused the Murfreesboro and Ridley limestones

at this time.

The Murfreesboro limestone is the oldest formation exposed on the Nash-

ville dome and outcrops only in Rutherford County uix)n the crests of

secondary upfolds that occur along the valleys of Stones River and its

tributaries. Thus, instead of a single area in which the formation appears

at the surface, there are numerous small and isolated localities.

The beds consist of thick layers of bluish gray, dense, bituminous lime-

stones with much disseminated chert which appears upon weathered sur-

faces in small irregular masses. At Lascassas, Rutherford County, the

lower fifteen feet of the twenty-seven feet exposed consists of sandy, lam-

inated, ripple-marked and sun-cracked limestone, which is evidence that

the sea was shallow and the shore line probably not far distant during the

closing stage of the deposition of the Murfreesboro limestone.

Fossils are few and difficult to obtain from the unweathered limestone

;

but in the residuum resulting from the weathering of many feet of the

formation, and in the cherty masses upon the surface of the exposed rock,

silicified specimens occur in considerable abundance. Some of the best

localities are near the Central Normal School, at Murfreesboro, and upon
the bluffs of Stones River near the Nashville pike. Salterella billlngst,

LopJwspira peranijidata, Liosph-a abnipta, Helicotoma tennesseensis, H.
declivis are the most abundant species and are characteristics of the forma-
tion.

The maximum exposure of this limestone is seventy feet, with the basal

beds not exposed.

Pierce limestone. This formation was named by Safford' in 1SG9, from
the splendid outcrop near Pierce's Mill, one-half mile south of Walter Hill,

Rutherford County. It consists of several lithological members as fol-

lows : The lower four to six feet is a massive dove-colored, coarsely crystal-

line limestone. The next one to two feet consists of thin bedded dense
light blue limestone interbedded with coarsely crystalline layers which ai'e

fossiliferous. Upon this lies a massive coarsely crystalline bed having a
thickness of four feet and containing few fossils. The upi>er fifteen to

eighteen feet is made up of thin lieds of dense unfossiliferous calcareous

layers interbedded with coarsely crystalline limestone two to three inches

thick and containing abundance of fossils. Seams of shale separate the

numerous layers.

The total thickness of the formation varies frcim twenty-five to twenty-

eight feet, it outcrops in narrow irregular belts about the areas of the Mur-
freesboi'o limestone, and it is easily recognized by the great abundance of

fossils of which there is <i predominance of bryozoa. The following forms
are characteristic and abinidant: Nicho1f<oncU(i pulchra. N. froiidifera,

Anolotichia cjphinnta. HtictoporelJa crihrilina.

The Pierce limestone apparently lies conformably upon the Murfreesboro

iGeol. Tenn. (1869), p. 259.
»Elem. Geol. Tenn. (1900).
iGeol. Tenn. (1869), p. 261.
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except at Lofton. Rutherford County, where the upper ten feet of the Mur-
freesboro is absent.

Ridley limestone. This limestone was named by Safford^ in 1869 from

the exposure at Ridley's Mills (now Davis' mill) near Jefferson, Tennessee.

Only the lower thirty feet of the formation ai-e exposed at this locality.

The Ridley limestone has a much wider surface distribution than the older

f<jrmations of the Stones River group. It accurs in Rutherford. Wilson.

Bedford, Marshall. Williamson, and Davidson counties. Its thickness

varies from 95 to 120 feet.

The formation consists of massive, dense, light blue, bituminous lime-

stone with considerable chert, appearing upon the weathered surfaces.

The.se characters are much like those of the Murfreesboro limestone, and

it is not surprising that Safford confused the formations lithologically.

The faunas, however, are decidedly different, but in many outcrops

fossils do not occur and correlation is uncertain except where the contacts

with either the Pierce or the Lebanon are seen.

The Ridley limestone is in most places apparently conformable upon

the Pierce, except near Jefferson, Rutherford County, where the contact is

slightly undulating. The small variation in thickness of the Pierce lime-

stone does not indicate a prolonged period of erosion. The following are

among the most characteristic and abundant fossils : Camrrella varians,

H(h( rtelht helhirufioHH. Oonioceras anceps, Orbif/iiyclla fiiiblamcllOHa, lAo-

spiru convexa, Protorhynchu ridhyana and Sfroinatoeeriuni ruyoftum.

Lebanon fornuition. This formation was called the "glade limestone"

by Safford in 1809'. .^ince it is the surface rock beneath the extensive "cedar

glades'" of central Tennessee. In 1900 Safford and Killebrew- changed the

name to "Lebanon limestone" presumably from the splendid outcrops of

the formation in the town of liCbanon. Wilson County. The thickness meas-

ured by Safford'' near Readyville. Rutherford County, is 118 feet. Other
measurements in other localities show a variaticm from SO to 120 feet.

The outcrops of this limestone extend over a considerable ai'ea in Ruth-
erford, Wilson. Cannon. Bedford. Marshall. Maury. Williamson, and David-

son counties, and almost everywhere valualHe cedars grow in tlie shallow

Lebanon .soil. The formation consists of thin l.iycrs (if dense, light blue,

fos.siliferous limestone separated by .seams of shale. In some sections a

massive coarsely crystalline luifossiliferous Ited of limestone occurs near the

ba.se. Ripj>le-, rill- and wave-marks are comnwui in different iiarts of the

formation, indiciiting that shallow water conditions jtrevailed at different

times during the deposition of the beds.

Some layers of the fftrmation are made up aliiiost wholly of a single

sjiecies of I'lcctfunbonitrs as seen two miles south of Murfreesboro. Other

abundant and characteristic fossils are: Seenidiiini (iiillionen.se. liatostonui

libana, Eacliaropora hriareii.<i, PhraymolUes yrandin. ;iini Zyyospira stiffordi.

The Lebanon lies with apparent conffirmity niioii the Ridley.

iGeol. Tenn. (1869), p. 2G1.
iGeol. TPiin. (1SC9). p. 2.58.

^Elem. Geol. Teiin. (1900). p. 125.
^Geol. Tenn. (1869), p. 263.
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PALEONTOLOGY OF THE STONES RIVER GROUP OF
CENTRAL TENNESSEE.

In correlating the formations of Stones River age in other localities with

the beds in central Tennessee, it has been found necessary to have available

a complete list' of the fossils described from the Murfreesboro, Pierce, Rid-

ley, and Lebanon formations.

Murfreesboro Limestone.

Ctenodonta gibberula Salter.

Cyclonema ( ? Gyronema ) praeciptum Ulrich.

Cyrtoceras ? stonense Safford.

Crypospira tortilis Ulrich.

Dinorthis defiecta (Conrad).

Eccliomphalus contignus Ulrich.

Ectomaria prisca extenuata Ulrich.

Eotomaria eanalifera L^lrich.

Eotomaria labiosa Ulrich.

Gonioceras occidentale Hall.

Helicotoma declivis Ulrich.

Helicotoma subquadrata Ulrich.

Helicotoma tennesseensis Ulrich and Scofield.

Leperditia fabulites (Conrad).

Liospira abrnpta LTlrich and Scofield.

Liospira amerlcana (Billings).

Liospira decipiens LTlrich.

Liospira progne (Billings).

Liospira subconcava Ulrich.

Lophospira bicincta (Hall).

Lophospira centralis Ulrich.

Lophospira perangulata (Hall).

Lophospira procera Ulrich.

Lophospira (?) trochonemoides LTlrich.

Maclurites magnus Lesueur.

Maclurites nitidns (Ulrich and Scofield).

Modiolopsis (?) consimilis Ulrich.

Nicholsonella frondifera, new species.

Nicholsonella pulchra Ulrich.

Ophiletlna sublaxa depi'essa LTlrich and Scofield.

Orthis tricenaria Conrad.

Pianodema siibaequata (Conrad).

Plectoceras bondi (Safford).

Pterygometopus troosti (Safford).

Raphistomina modesta Ulrich.

iThe li.st of fossils is compiled from Bulletin 92 U. S. Nat. Miis. and from the
study of collection made from tbe different formations of the Stones River group.
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Salterella billingsi Safford.

Tetranota bidorsata (Hall).

Trochonema belluliim Ulrich.

Whiteavesia saffordi (Ulrich).

Zittelella varians (Billings).

Pierce Limestone.

Anolotichia explanata. new species.

Batostoma conferta. new species.

Batostoma dendroidea. new species.

Batostoma invitilis, new species.

Batostoma ramosa, new species.

Batostoma suliorassum, new species.

Ceramoporella grandis, new species.

Caramoporella ingenua. new species.

Chasmatopora sublaxa (Ulrich).

Coeloclema consimile, new species.

Coeloclema inflatnm, new species.

Coeloclema pierceanum, new species.

Columnaria alveolata, Goldfuss.

Constellaria lamellosa. new species.

Corynotrypa delicatula (James).

Corynotrypa tennessoensis, Bassler.

Dinorthis deflecta (Conrad).

Diplotrypa catenulata, new species.

Eccyliomplialus contigmis. Ulrich.

Escharopora angularis Ulrich.

Escharopora oonfluens Ulrich.

Eurychilina subradiata Ulrich.

fIJraptodiotya dendroidea, new species.

CJraptodictya fruticosa, new species .

Hallopora florencia, new species.

Hallopora spissata, new species.

Hebertella ])ellarngosa (Conrad).

Helopora spiniformis (Ulrich).

Hemiphragina irnisum (T'lrich).

Hotorotrypa patera, new species.

Iletorotrypa sfononsis. new species.

Leperditia fal»uiitis (Conrad).

Liospira americana d'.illings).

Liospira progne (Billings).

Lophospira bicincta • ( Hall )

.

Macliirites magnus Lesueur.

Mesotrypa crustnlata. new species.

Mcsotrypa dubia, new species.

Monticuliix>ra compacta, new species.
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Monticiilipora discula, new species.

Monticulipora intersita, new species.

Nicholsonella frondifera, new species.

Nicliolsonella pulchra Ulricli.

Orbignyella multitabulata, new species.

Orbignyella sublamellosa Ulrich and Bassler.

Ortliis tricenaria Conrad.

Pacliydictya cf. flmbriata.

Pachydictya cf. foliata.

Pacliydictya senilis, n^v species.

Paleocrinus culcatus Safford.

Pianodema stonensis (Safford).

Pianodema subaequata (Conrad).

Protorhyncha ridleyana (Safford).

Pterygometopus troosti (Safford).

Rafinesquina incrassata (Hall).

Khinidictya naslivillensis (Miller).

Rhinidictya tabulata. new species.

Stictoporella cribrilina, new species.

Stromatotrypa incrustans, new species.

Stromatotrypa lamellata, new species.

Stromatotrypa regularis. new species.

Strophomena incurvata (Shepard).

Tetradium syringoporoides Ulrich.

Zygospira saffordi Winchell and Schuchert.

Ridley Limestone.

Anolotichia explanata. new species.

Camarella varians. Billings.

Chasmatorpoi-a snblaxa (Ulrich).

Constellaria lamellosa, new species.

Ctenobolibina subcrassa. Ulrich.

Deliayella ridleyana, new species.

Uianulites cf. petropolitanus.

Dinorthis deflecta (Conrad).

Drepanella ampla, Ulrich.

Eccyliomphalus contiguus Ulrich.

Escharopora snberocta (Ulrich).

Gonioceras anceps Hall.

Hallopora spissata, new species.

Hebertella bellarugosa (Conrad).

Helopora spiniformis (Ulrich).

Hemiphragma irrasum (Ulrich).

Leperditia fabulites (Conrad).

Liospira americana (Billings).
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IJospira roiivexa Ulrich and Scofield.

Liospira iiromie (Billings).

Lophospira hincincta (Hall).

Maclnrites magnus Lesueur.

Monticulipora discula, new species.

Nicholsonella frondifei'a, new species.

Orbignyella suhlamellosa Ulrich and Basslor.

Orthis tricenaria Conrad.

Pacliydictya cf. foliata.

IManodcuia stonensis (Safford).

I'ianodcma sultactiuata (Conrad).

I'rotorliyncha ridleyana (Safford).

Pterygometopus trocsti (Safford).

Rafinps(iuina iucrassata (Hall).

Kliinidictya nashvillensis (Miller).

Khinidictya t.diulata. new species.

Stictdixtrclla (•ril)rilina. new species.

Stroniatdtrypa lanioUata. new species.

Stroma tocerinm rugosuni Hall.

Stroi)lioiuena incurvata (Sliepard).

Tetradinin syringoporoides I'lricli.

Zittella varians (Billings).

LchiiiHHt Limestone.

Arthroclcnia striatnni riricli.

]'.at(»stonia lihaiia (Safford l.

Caniarotocchia oriciitalis (Itillings).

Ceranioporclla grandis. new species.

Ceranrinus scoticldi (Clarke).

Cliasniato]K)ra siildaxa (I'lricli).

Cleiocriinis tessellatns (Troost).

Columnaria alveolata Goldfuss.

Coryn(»trypa delicatula (James).

Corynofrypa tennesscensis Bassler.

l>inortliis deflecta (Conrad).

I >n']»aiicl]a elongata T'lrich.

I >r(>]»an('l!a macra I'lricli.

Kccylloniplialus contignus I'lricli.

Escliaroiiora Itriarens (I'lricli).

Escliarojiora lihaiia (Safford).

Kscliaropora ramosa (I'lricli).

EurycliiJiiia subradiata Ulrich.

Flctclicria incerta (Billings).

II(>lp('rfclla horealis (Billings).

HcluMtcJla hellanigosa (Conrad).

Helopora spiniformis (Ulrich).
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Hemidictya lohanonensis, new species.

Hudsonaster iiarrawayi (Hndsoii).

Leperditia fiilwlites (Conrad) .

Liospira americana (Billings).

Liospira progne (Billings).

Lophospira bicincta (Hall).

Maclurites magnus Lesueur.

Montieulipora discula, new species.

Nicholsonella frondifera, new species.

Nicliolsonella pnlclira Ulrich.

Orbignyella nodosa, new species.

Ortliis tricenaria Conrad.

Pachydictya cf. foliata.

Pliragmolites grandis (Ulrich).

Pianodema subaequata (Conrad).

Primitiella limbata Ulrich.

Pterotheca saffordi (Hall).

Pterygomatopus troosti (Safford).

Rafinesqnina incrassata (Hall).

Rhinidictya l)asalis (Ulrich).

Rhinidictya lel)anonensis, new species.

Rhinidictya tabula ta. new species.

Rhinidictya trentonensis (Ulrich).

Scenidium anthonense Sardeson.

Schmidtella subrotunda Ulrich.

Solenopora compacta (Billings).

Streptelasma (?) parasiticum Ulrich.

Stromatotrypa lamellata. new species.

Strophomena incurvata ( Shepa rd )

.

Tetradium syringoporoides Ulrich.

Tetranota sexcarinata Ulrich and Scofield.

Trigonidictya irregularis, new species.

Trochonema occentricum Ulrich.

Trochonema umbilicatum latum Ulrich.

Zygospira saffordi Winchell and S<'huchert.

STRATIGRAPHY AND PALEONTOLOGY OF THE STONES RIVER
LIMESTONE (OUTSIDE OF CENTRAL TENNESSEE).

Eastern, Tciivcssrc. In the "Revision of the Paleozoic System"' Dr. Ulricli

advocates the idea of compensatory oscillation of the various basins or

troughs in eastern Tennessee during the early Ordovician period and in this

manner accounts for the absence in one and the presence in another area

of the different beds of the Stones River and later formations.

The Mosheim basin covered an area which became a number ot separate

troughs during later stages. The deposit made at this time is referred to

the lowest Stones River and is older than any formation exposed in the
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central basin of Tennessee. Little has been published concerning the fauna

of the Moslieim and apparently its age is determined by its occurrence upon
the upper Knox of Canadian age and below tlie Lenoir limestone of un-

doubted Stones River age.

The Lenoir limestone was identified by SafEord and Killel»rew and re-

ferred to by them in the Elementary Geology of Tennessee (1900) as the

"Maclurea limestone" from the abundance of MacluriicH maynus which it

contains. A fossil list of twenty-two species consisting of Itrachiopods, gas-

tropods, trilobites, ostracods. corals, and sponges is published in Bulletin 92

of the United States National Museum. In comparing this list with the

faunas of the Central Basin it is found that two species, MacUtrifcs maffnus

and Zittela varians, which are characteristic of the middle Stones River,

occur in both areas. Zittela variens is found in the Ridley limestone and
Maclurites magnus in all divisions of the Stones River in the Central

Basin area, which indicates that the Lenoir limestone is probably equiv-

alent in age to more than the Pierce formation as expressed by Dr. Ulrich.

It is possible that the bryozoan fauna concerning which little is published

will further restrict the boundaries.

Virginia. The Stones River group is present in the western part of

Virginia, where it is represented by a thickness of 900 feet of heavily bedded

dolomitic layers interbedded with pui*e, dove-colored limestones. The thick-

ness diminishes southward. The presence of the dove-colored beds and the

growth of cedars in the soil upon the formation are conspicuous characters

that distinguish the Stones River fr<tm other limestones of fliis region, feat-

ures which are identical with the type area of the Stones River in central

Tennessee.

Until the study of the fossils frmii the limestones in West Virginia was
made by Dr. Bas.sler,' all the beds were included within the Chickamauga
limestone, but he has correlateil the Idwcr part of the series with the Stones

River of eastern Tennessee, on the b;isis of the occurrence of LepercUtia

fahulitcs (Conrad), Lophonpira xcrrulala (Salter), L. pcravf/nhita (Hall),

and a .single 'J'ctradiioii. probably Tctradium fii/ringoixiridcs Ulrich and

jilso because of lithol(»gic similarity and stratigraphic position. The group

of fossils undoubtedly deteriuincs the age to be eiiuivalent to that of the

Stoiu's River limestone in the central basin of Tennessee.

Went Mryiiiia. Mnrjiliind iiiid l'citn>iiili<nn<i. At Martinslnirg. West Vir-

ginia, 075 feet of limestone is referred by Ulrich and Stoss to the Stones

River. They measured the following section :'

4. Light to dark drab limestone banded wilb tliiii e;iitliy or
magnesian seams 275 feet

?,. Similar beds, less well exposed 200 feet

2. Dark gray to dove-colored fine even-grained i>nic liMic-

stone ( (piarried i 100 feet
1. Similar tine-grained, dove-colored limestone incrrasing

downward in magnesium ((pnirried i 100 feet

Total 075 feet

»Bu]letin Geol. Soc. of Aiiier. Vol. 22.

"Cement Resources of Virginia. Bull. II—A, 1909.
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The thickness of the Stones River limestone increases as traced nortli-

ward into Maryland and Pennsylvania reaching 1000 feet in the Mercers-

burg-Cliamhersburg quadrangle. In these states it outcrops in elongated

areas due to the great amount of faulting, folding, and erosion. Massive

and thin-bedded limestones interbedded with magnesian layers and (lo\e-

lU. S. Geol. Survey Folio 170, p. 7.

colored purer limestones with considerable chert characterizes the formation

lithologically.

The following fossils identified from collections made at Guilford Springs,

Pennsylvania, ai-e from the dove-colored, cherty limestone members :^

Girvanella cf. chaztjensis.

Tetradium syringoporides.

Hebertella horealis.

Hebcrtella vulgaris.

Dinorthus cf. plafys.

Stropliomenu aff. charlottae.

Maclurites magnu.^.

LopJiospira iicincta.

IsocMlina cf. amiana.

Ampyx halK.

A comparison of this list with those from the Stones River group in cen-

tral Tennessee indicates an equivalent age.

Near Bellefonte. Pennsylvania. J. L. Collie" has referred 25.3 feet of fos-

siliferous limestone to the Stones River. From the lower horizon of these

beds Bathi/rurus crians, Htirjphophema fiUtexta and Protorhgricha ridleyana

were identified which correlates the bed with the Ridley limestone of Cen-

tral Tennessee. The beds above were regarded as of Lebanon age from the

occurrence of LopJiospira nvilleri and the great abundance of Leperdita

fabulitcs. Below the Ridley beds and above the highest fossiliferous horizon

containing Beekmantown species, there are 2335 feet of unfossiliferous dol-

omite the upper part of which may be equivalent in time to the Murfrees-

boro and Pierce limestones of the Central Basin area in Tennessee.

E(iJ<tern Neiv York and Western Vermont. Through the work of Raymond
and others upon the lower Chazy of New York and Vermont (Day Point and
Crown Point limestones), there is made availal)le a considerable faunal

list which is published in Bulletin 92 of the United States National Mu.seum.

A comparison of the 04 species from the Day Point limestone with other

Chazyan faunas shows that it is more closely related to the Appalachian

Stones River than to the limestones of the interior area. Camarella longi-

rostris Billings. Biitnastus glohosus (Billings) Biieania siilealina Emmons,
Eiirychilitta lfitini(ir(/i)iiita Raymond. Holopca scrntator Raymond. Seenella

pretensa Raymond. Stj/ldrid parra (Billings) are characteristic Chazyan
forms of the Appalachian-Champlain endiayment and are found in the Day
Point limestone of New York and the I.,enoir limestone of eastern Tennessee.

The Crown Point limestones apparently lie conformably uiwn the Day

lU. S. Geol. Survey Folio 170, p. 8.

^Geol. Soc. of Amer. (1908).
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Point. One huiulred five species are identified from the collection made
from this formation of which the following appear in the Lenoir limestone

of eastern Tennessee

:

CamarcUa varians Billings.

Dinorthis platjjs Raymond.
DinortliiH stroijh omcnoidcs ( Raymond )

.

Eurychilina hitimarfiinuta (Raymond i.

Hehertella riilf/itris Raymond.

Holopea scruttitor Raymond.
Lepenlitia Ihnatiila Raymond.
Macluritc.s )iki(/hus Lesueur.

Rafiucsqii iiia hirnisxa ta ( Hall )

.

Raphistoma Htamineum (Hall).

HcencUa rohuata Raymond.
Stylaria parva (Billings).

The comparison leads to the conclusion that the Chazy ])asin of New York
and of eastern Tennessee were directly connected and inter-migration took

place freely. Only three of the above species occur in central Tennessee,

these being the oidy icriresentatives of the migrants from the Atlantic

coastal area that reached tlie Culf of Mexico Embayment and the basins of

the eastern Chazyan seas.

Kentucky. Central A'c/r )o//,' <ni<l ('(iiKiila. Tlie iieds deixisited during the

Stones River time in the state of Kentucky are exposed at the base of the

falls at Higlibii<lge. The folhtwing sitecies collected from that locality are

characteristic of the Lebanon :

Drcpanrlla ampla Ulrich.

Drcpanclla clonf/ata Ulrich.

EurychUinu urt/ufiliH T'lrich.

Eurychilina yranona T'lrich.

Liospira pror/ne ( Billings )

.

There is no known deposit of Stones River age ontcropping in the state

of Ohio, but the distinctly Stones River fanna occurring in tlie Tamelia lime-

stone of central New York indicates tliat a piissageway existe<] which con-

nected the latter area with I\entU( ky and Tennessee.

The following is a list of fossils occurring in the Paincli;i limestone as

recorded in Bulletin 9U. T'nited States National .Museum:

/{ntln/iinis (iciiliiK Raymond.

Vyrtodonta hrcvinHCula liillings.

Helicotoma irhitcavcuiantt Raymond.

Isochilina ? claviycra (Jones).

IsochUina claviycrn clarifracia (Jones).

Lcpcrditclla ? hihcUoaa .Tones.

Lepcrditia amyf/dalina Jones.

Lcperditia halthica primueva Jones.

IjCpcrditia fal)ulites (Conrad).
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Liospira americans (Billings).

Liospira docens (Billings).

Liospira proyne (Billings).

Lophospira Mcincfa (Hall).

Maclurites mognus Lesueur.

Nanno Idnysionnms Whiteaves.

Orthis triccnaria Conrad.

Pianodema siihacqiiata (Conrad).

rtenjf/omctopus iroosti (Safford).

Strophomcna inciirva ta ( Shepard )

.

Tetradium syringoporoides Ulricli.

Of these twenty species, ten occur in the divisions of the Stones River

in Tennessee. Ostracods are abundant throughout the formation, and gas-

tropods, cephalopods, corals, and trilobites are common in the lower part.

A pebbly conglomerate and sandstone occurs at the base of the Pamelia
and extends northward beyond the limit of the limestone into Canada,
where it is named Rideau sandstone.

Near L'Original. Canada, the following species have been collected from
limestones that are equivalent in age to the Pamelia of New York

:

Lepcrditia amygalhia Jones.

Leperditia halthica primacra Jones.

Leperditia fahulites Conrad.

Liospira docens (Billings).

Liospira progne (Billings).

Nanno kingstonensis Whiteaves.

STRATIGRAPHIC CORRELATIONS.

The sea in which the Stones River beds of the interior area

of North America were deposited is designated as the Gulf of

Mexico Embayment\ It came in from the south, spreading from

the Gulf of Mexico region to Oklahoma and central Tennessee during the

early Stones River time where the Simpson formation and the Tennessee

limestone of that age were respectively deposited. The embayment spread

northward into Kentucky and covered central New York and southern Can-

ada during the Lebanon time. The basal conglomerate at the bottom of the

Pamelia (the New York deposit), the thinness of that formation, its

increasing near-shore facies as it is traced northward into Canada, its

apparent conformity beneath the lower (;'hambersl)urg beds of Valcour age

in Pennsylvania, and the numerous fossils which it contains that are

similar to the upper Stones River fossils of Tennessee, has led to the cor-

relation of the Pamelia with the Lebanon beds, by Uliuch.

The Appalachian and Champlain troughs had direct connections with

the Atlantic and the faunas of the one mingled freely with the other, but

the marked differences of the faunas of the interior basin suggest the ex-

istence of a barrier separating the eastern and interior Chazyau seas. Cush-

^See Paleographic Maps, pages 305-307.
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ing* states that in New York during the early Stones River time deposi-

tion was confined to the Champlainian trough, and following the retreat

of that sea to the northwest into the St. Lawrence Gulf at the close of the

Crown Point stage, the Gulf of Mexico Embayment came into central New
York from the south, bringing in species and genera similar to the southern

interior faunas. During the upper Pamelia time the gulf connections were

restricted and somewhat later the sea was drained from the New York
region and the Champlain trough became again the area of deposition dur-

ing the upper Chazyan (Valcour stage).

BRYOZOAN FAUNAS OF THE STONES RIVER GROUP'.

The earliest known bryozoan, Hetcroncma prisciim, is a ctenostomatous

form and occurs in the Ungulite sandstone at Jegelecht Falls, Esthonia,

Russia. In Sweden this standstone has been referred to the basal Ordo-

vician by Swedish geologists from the presence of the fossil Oholus apollinis.

The earliest American form is a species of Nicholsonclla from the Beek-

mantown of Arkansas. Following those occurrences in chronological suc-

cession comes the earliest prolific fauna of the Stones River limestone in

central Tennessee. Considerable work has been done on the bryozoan faunas

of the early Mohawkian beds that occur in different places in North

America but up to this time very little has been published. The description

of several species collected from the Stones River of the Central Basin

area in Tennessee and published in the "Final Report of the Geological and

Natural History Survey of Minnesota," Volume' .".. ISO:!, by E. O. Ulrich, is

the most imiK)rtant paleontological contribution, 'riic published work on

the bryozoan fauna in other localities has lieen of a general nature and In

many cases the author only suggested that a coiisidenible fauna of bryozoa

was indicated liy the numerous fragments of this cla.ss of fossils. In other

cases collections containing abundance of bryozoa have been made and laid

aside until more time was available to study them. The present report

is the most extensive publication up to this time based upon new and de-

scribed forms of the Stones River bryozoa. The full value of the work can-

not be I'ealized until the faunas of other areas have been studied in detail

and some of the conclusions reached may be modified when the infornuition

from other areas is available. Considerable work has already been d<»iie

by the writer up(m the bryozf>a from the Cbazy of New York which will

form the basis of a subsequent paper.

Murfrcesharo fuiinu. The bryozoa collected are fi'W and poorly prcst-rved

and it is only the large trepostomatous species that can be identified from
the exterior surface, which are included in the table showing the range

and distribution of all the Sttmes River forms. The interior structui'e of all

of the observed specimens is destroyed by silicilication. No gtenostomata

are reiwrted from the Murfreesboro or later divisions of the Stones River.

Pierce fauna. Bryozoa are very abimdant in the Pierce limestone. The
Order Cyclostomata is represented by five genera and nine species. All

'Geol. Soc. of Amer. (1901).
^'Reference table, page 308.
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forms are members of the family Ceramoporidae. The twelve trepostoma-

tous genera are represented by twenty-four species. The Batostoma. Hallo-

pora and Nicholsonella are most abundant and appear in every locality from

which collections have been made. Seven genera and twelve species belong

to the order Cryptostomata. Graptodictya, Rhinidictya and Escharopora

are the most abundant in number of specimens.

Ridley fauna. Bryozoa in the Ridley limestone are not usually conspicu-

ous. Orbignyella occurs in many of the outcrops of the formation, but

good collecting localities for the other forms are rare.

Lebanon fauna. In many localities bryozoans are abundant. The Cryp-

tostomata are most abundant in genera and species, but the large Treposto-

matous forms ai'e most conspicuous.

ArtJioclema striatum Ulrich. Numerous species that are identical with

the Black River forms are found in the Lebanon formation.

Chasmatopora suhlaxa (Ulrich). This species is a long i-anged simple

cryptostomatous bryozoan. It is very abundant in the Pierce beds and is

common in all other divisions of the Stones River.

Escharopora iriareus (Ulrich), E. Wbana (Safford). E. ramosa (Ulrich),

are common and characteristic of the Lebanon formation. The forms in

the Pierce have been referred to E. angularis Ulrich, and E. confluens, which

are common in the Black River of Minnesota.

Helopora spiniformis (Ulrich) is common in the Pierce, Ridley, and

Lebanon limestones.

Numerous examples of Pachydictya resembling in all important features

the P. foliata of the Black River of Minnesota, are compared with that

species. It is abundant and grows slightly larger than the Minnesota forms.

Corynotrypa dclicatulata (James) is reprsented by numerous ana well

preserved specimens in the Pierce and Lebanon limestone. Corytrypa ten-

nesseensis Bassler is not so abundant as C. (lelicuJata but many small frag-

ments of zoaria occur in the Pierce outcrop at Ward's Mill, Rutherford

County.

Mitoclema cinctosum Ulrich occurs in many places in the Ridley lime-

stone and is abundant at Almaville, Tennessee.

Batostoma lihana (Safford) was described by Safford in 1869 and is re-

described in this paper as a common and characteristic fossil of the Lebanon

limestone. Batostoma suberasum, new species, has not been described from

the Chazy of New York but specimens in the collections made by Dr. E. R.

Cumings are similar to the Tennessee species.

Dianiilitcs cf. pctropolitanus is very abundant in the Ridley limestone and

is usually poorly preserved. It is clo.^ely related to D. pvtropolituum Dy-

bowoski.

Hemiphratnna irrusum (Ulrich) is abundant in the Pierce and Ridley

limestone. It shows slight variations from the Black River species of Min-

nesota but it is not thought advisable to suggest a new name at this

time.

Nicholsonella pulchra Ulrich and 2\'. frondifera new species, are the very

abundant and most conspicuous trepostomatous bryozoa of the Stones River
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beds. Forms apparently identical to these occur in tlie lower Chazy of

New York.

OrhifjnyeUa nodosa, new species, is very abundant in the Lebanon liuie-

stone near Big Spring. Tennessee.

Orhignyella siiNameUosa Ulrich and Bassler, was first described from the

Pierce beds near Murfreesboro. Tennessee, but further stratigraphic study

of the Stones River group has .shown that it is much nion' abundant and

widely distributed in the Ridley limestone than any other species in that

formation.

RANGE AND DISTRIBUTION OF OTHER SPECIES OF THE STONES
RIVER GROUP IN CENTRAL TENNESSEE.

The table (page 310 1 is given to express briefly the I'elation of the

MoUusca. ostracode sponge and coral faunas from the Central Basin region

with the faunas of Stones River age from other localities and those of

younger age found in Tennessee and elsewhere.

descriptons of genera and species
orih:r cyclostomata busk.

The arangemcnt <»f the zooecia. the form of tlie zoarium. and the presence

or absence of interstitijil cells and vesicular tissue are the important char-

acters upon which the families and genera of this order is founded.

The zooecia are simi»le and short, with minutely porous calcareous walls.

Diaphragms are absent. The apertures are rounded, slightly raised, bent

outward, and iiioperculate. Ovicells are i)resent.

Fnmily Crrdinoiioridae Ulrich.

Members of this family may be identified by the more or less oblique

aperture with an elevated lunariimi often developed into a hood. The cell

walls are minutely porous and composed of irregularly laminated and inti-

mately connected tissue. Maculae of mesopores or of zooecia longer than the

average occur at regular intervals. Diaphragms are few: mesopores are

generally present, irregular and free from tabulation.

fjcntiH CcrdmoporiUd IIrich. (Jenotype: Ceramoporella distincta Ulrich.

Ceramoporella Ulrich. Jour. Cincinnati Soc. Nat. Hist.. ."). ]S,S2. p. 150.

Miller. N. A. Pal., iss'.t. \^. liOT. Ulrich. Geol. Surv. Illinois. S. ISOO. pp. 380.

404; Geol. Minnesota. .''.. 1803, p. 328. Procta. Syst. Sil. Centre P.oheme, S.

pt. 1. 1804. p. ir,. T'lrich, Zittel's Textb. Pal. (Engl. cd.). 181KJ. p. 207.

Simpson. 14th Ann. Rep. State Geol. New Yoik for 1804. 1897. p. r)04.

Nickles and Bassler. Bull. U. S. Geol. Surv.. 173. 1!«)0. p. 2.3. Ba.ssler. ibid.,

202. 1000. p. 20. Grabau and Shinier. N. A. Index Fos.sils. 1. 1007. p. 121.

Cunnings. 32d Rep. Dep. Geol. Nat. Res. Indiana. IftOS, p. 742. Bassler. Bull.

U. S. Nat. Mus.. 77. 1011. p. 81 : Zittel-Eastman Textb. Pal.. 1013. p. 327.

Zoarium consists of incriistations often superi)osed. forming masses, zo-

oecial tubes are short and thin-walled, with ai)ertures that are more or less



279

oblique, oval, surroiiiKled by mesopores ; the hniariuui is developed into a

prominent liood-strnctnre.

CeranioporeUa (jrandis n. sp. Plate I, Figs. 4-G. The colony grows into

very irregular small masses, epithecated below and composed of superim-

posed contorted layers. Zooecial apertures are but slightly oblique, gen-

erally appearing somewhat rhomboidal at the surface. The lunarium is

thick but not very prominent in the specimen described. It occupies one-

third of the circumference of the aperture. Maculae are scarcely distin-

guishable. The interior walls are rather thick, including numerous rounded
mesopores; the number of these varying, however, in different parts. The
zooecia are suliovate with irreguhniy laminated walls; diaphragms are
wanting.

This species is distinguished from C. robusta by its inconspicuous maculae,
somewhat smaller and exteriorly less I'ounded cells and more numerous
mesopores. The latter are rarely seen at the surface, being apparently in-

cluded within the subquadrate zooecial wall, for which reason the species is

probably related to C. mcluHU and C. imjcnun. but separated from those

species by its laminae growth, thicker layers, heavier walls and less oblique

apertures. The orifices of C. grandis are not liidenticulate as in C. inclusa

and C. ingemta.

Occurrence : Pierce limestone. Murfreesboro. Tennessee.

Holotype: o45Sl U. S. Xat. Mus.

Ceramoporella ingenna n. sp. Plate I. Figs. 1-3. The zoarium forms thin

laminae, contorted, covered below by a concentrically striated epitheca ; as
far as observed it does not grow in superposed layers. The cell is of the C.

inclusa type, the elliptical zooecial aperture itself together \^ith generally

three mesopores being included within a raised rim somewhat rhomboidal
in outline. Maculae are quite inconspicuous.

C. hu/enua is distinguished from C. inclusa by free habit of growth and
larger zooecial spaces, these being as 3 ;4 or 4 ;5. The walls of C. ingenna
are somewhat thicker tlian C. inclusa.

In C. grandis the cell mouths do not show the mesopores and the ovate
zooecial aperture as in C. ingenna.

Occurrence: Pierce limestone. Stones Kiver group. Murfreesboro, Ten-
nessee.

Holotype : 54579 IT. S. Nat. Mus.
Crcnns Cocloclcma Tlricli. Genotyiie : Diamesopora vaupeli Ulrich.

Coeloclema I'lrich. Jour. Cincimiati Soc. Xat. Hist.. 5, 18S2. p. 137; 7,

1884. p. 49 (not defined). Xicklcs and P.assler. Bull. U. S. Geol. Surv.. 173,

1900. pp. 24. 211. Bassler. Bull. C. S. Geol. Surv.. 292. 19(X}. p. 21. Grabau
and Shimer, X. A. Index Fossils, 1. 1907. p. 122. Cunnings. 32d Ann. Rept.,

Dept. Geol. Xat. Res. Indiana, 1908. p. 742. Bassler, Bull. T'. S. Xat. Mu.s.,

77. 1911, p. 83 ; Zittel-Eastman Textb. Pal., 1913. p. 328.

Diamesopora (part) Ulrich. Geol. Surv. Illinois. 8. 1890, pp. .380. 407; Geol.

Minnesota. 3. 1893. p. 330; Zittel's Textb. Pal. (Engl. ed.i. 189G. p. 268.

Zoarium forms hollow branches lined with a striated epitheca ; zooecia
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are short, tubular and thick-walled ; apertures are oval, oblique, with a

liood-like lunarium.

Goeloclcma pierccanum n. sj). Plate II, Figs. 1-2. The zoarium consists

of hollow, cylindrical branches, lined with a wrinkled epitheca. and averag-

ing 1 to 1.5 mm. in diameter. The inner cavity is usually filled with clay

and fragments of foreign organic remains.

The lunaria are well developed, thick, distinct, and form four-fifths to

nine-tenths of a complete circle about .1 mm. in diameter. The apices of the

lunarium cause a decided constriction in the aperture and in a few cases

nearly separate it, making the resemblance of the zooecial openings to the

figure eight quite striking.

The zooecia are irregularly distributed over the surface, in some parts

separated by mesapores, and in others, in contact on one or two sides ; four

to six zooecia occur in 2 mm. The zooecial tubes are short ; the earlier por-

tion is recumbent on the thecal membrane for a short distance and then

turning outward, approach the surface perpendicularly.

Mesopores are irregular in shaix? and size and thick-walled as shown in

tangential sections.

No diaphragms were observed in either the zooecia or mesopores.

Occurrence: Pierce limestone Walter Hill, Rutherford County. Tennessee.

Holotype : 238-14. Indiana University.

Cocloclcma inflatum n. xp. Plat*' II. Figs. .'i-H. The zoarium consists of

hollow, (•ylin<lrical, branching stems. 1.5 to 2.5 mm. in diameter. The inner

surface is lined with wriid<led cintheca and the cavity usually filled with

fragments of foreign material. Tlic zodccial layer is from .5 to .8 mm. in

thickness.

Mesopores are few, small ;ind uiie(|u:illy distributed among the zooecia,

being more numerous in the iiicoiisiiicuous maculae where they fre(|uently

separate the zooecial walls.

The apertures are oval and in-egnl;irly distorted forms surrounded b.v

thick walls.

The lunarium is thin, broadly curved, often as wide as the short diam-

eter of the aperture. The ends of the crescent are inflated, turn outward,

and lie imbedded in the wall of tiie zooecia.

The prinntive zooecia have tliin wiills. and lie along the thecal lining

for a slight distance (.1 to ..'! iniii.l, then tiiiii oiitwiird and approiicli (lie

surface nearly jM'riH'iidicularly.

Diaphragms are absent in botli zooecia ;in(l iiu'sopores.

Occurrence : Pierce limestone, one iind one-fonrlh miles south of Florence,

Rutherford County. Tennessee.

Holotype: 240-20. Indiana Fniversity.

Cocloclcma coHHunilc n. up. IMate II, Figs. (!-7. The zoarium consists of

cylindrical, ramose, hollow stems from 1.5 to 2.5 mm. in diameter. The
zooecial layer varies from .5 to 1 nun. in thickness and rises from a wrinkled

epitheca.

The zooecial apertures are disloited ovals in cross-sections, with thick
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walls and almost completely separated by the numerous small mesopores

and Interstitial tissue.

The lunaria are thick, of slightly greater curvature than the walls of

the apertiu'e, and forms a semicircle. The attenuated ends of the crescent

are bluntly rounded. Within the lunarial curve the aperture is narrowed

siitficiently to accommodate the thickness of the lunarium, but is not dis-

tinctly constricted as in Cocloclema pierceanum n. sp.

The zooecial tulies in C. consimile bend outward in a more uniform and

broader curve fi'om the thecal membrane than in the associated forms.

Mesopores are more numerous in this species than in C. alternatum of the

Eden of Cincinnati.

Occurrence : .Pierce limestone, 1 mile southwest of Lascassas, Ruther-

ford County, Tennessee.

Holotype : 241-17. Indiana University.

Oenns Anolotichia Ulrich. Genotype : Anolotichia ponderosa Ulrich.

Anolotichia Ulrich, Geol. Surv., Illinois, S, 1890, pp. aSl, 474 ; Geol. Minne-

sota, 3, 1893, p. 326; Zittel's Textb. Pal. (Engl, ed.), 1896, p. 268. Nickles

and Bassler, Bull. U. S. Geol. Surv., 173, 1900, p. 24. Brabau and Shimer.

N. A. Index Fossils, 1, 1907, p. 123. Bassler Bull. U. S. Nat. Mus., 77, 1911.

p. 91 ; Zittel-Eastman Textb. Pal., 1913, p. 328.

Zoarium ramose, digitate, laminate or incrusting ; zooecial tubes are com-

paratively large, subpolygonal. long and intersected by more or less remote

diaphragms ; lunarium slightly elevated at the surface and traversed in-

ternally by two to six minute vertical, closely tabulated tubes ; mural pores

present.

Anolotichia explanata n. sp. Plate III, Figs. 1-4. Zoarium is explanate,

and lamellose, forming dome-like masses by the superposition of laminar

expansions which vary from one to three mm. in thickness. The largest

specimen observed is 70 mm. In diameter and from 10 to 30 mm. in depth.

The surface is smooth with about 5 inconspicuous maculae of large zoo-

ecia in one sq. mm.
The tangential section shows the zooecia to have large, direct, polygonal,

relatively thin-walled apertures ; four to five in 2 mm. Mesopores are few,

occurring more frequently in the maculae than elsewhere. Lunaria are dis-

tinct crescents with ends projecting slightly into the zoecial cavity. Three

to six vertical tubuli traverse internally each lunarium.

In the longitudinal section the zoecial tubes rise at an acute angle from
a thin epithelium and bend almost immediately directly towards the sur-

face. Thin complete diaphragms one to three tube diameters apart cross

the zoecial tubes. The wall structure as shown in the figure, is character-

istic of the genus.

Anolltichia explanata is distinguished from .4. ponderosa and A. im-

polite Ity the form of the zoarium. and from the expansive species of the

European types ])y its more robust growth, greater length of the zoecial

tubes and more diaphragms.

Occurrence : Pierce limestone, Murfreesboro, Tennessee. 1^/4 m. N. W.
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of Salem, and 1*4 m. S. E. of Blackmail. Rutherford County, Tennessee.

Ridley limestone : Hulpluir Springs. 4 m. X. W. of ^Murfreosboro, Tennessee.

Holotype : U. S. Nat. Mus.

Paratypes: 239-2, 3, 4, 5; 240-1. 2:j. Indiana University.

TREPOSTOMATA.

Futnily MwiticuUiJOridac Xicholsoii (ciiiciKhd I Iricln.

The mo.st important character of this family as defiue<l by riricli is the

occurrence of the cystiphragms in the zooecial tubes. In Mesotrypa and

Orbignyella these structures appear as curved diaphragms. The zoarium

has a lamellate, massive, ramose, bifoliate incrusting or frond method of

gi'owth.

Genus Monticulipora D'Orhigny. GenotyiK' : Monticulipora D'Orbigny,

Prodr. Pal.. 1, 1850. p. 2~>. Edwards and Hainie. Mon. British Foss. Corals,

Pal. Soc, lSr)4. p. 204. footnote. Pictet. Traiti de Pal.. 2d ed.. 4. 1857. p. 443.

Milne-Edwards. Hist. at. des Corall. 3. 1800. p. 272. Eichwald. I.cth. Rossica,

1. 1800. p. 402. Salter, Cat. Camb. Sil. Foss.. 1873. p. 1<»8. Dekoiunck. Xouv.

Rech. Anim. Foss. Terr. Carb. Belgique, 1872. i>. 141. Eiiidstrom. Ann. Mag.

Nat. Hist.. 4th ser., 18. 1S76, p. 5. Nicholson. Pal. Tabulate Corals, 1879, p.

209. Zittel Handb. Pal., 1. 1800. p. 014. Nicholson, genus Monticulipora,

1881, p. 99. I'lrich. Jour. Cincinnati Soc. Nat. Hist.. ",. 1882. pp. 153, 232.

Roemer. Ecth. geog.. jit. 1. Leth. Pal.. 1883. p. 408. Fnord. Contr. Micro-

Pal. Cambro-Sil.. 1883. ]». 7. Freeh, zeits. d. d. geol. ge.sell.. .!7. 1885. p. 951.

Waagen and Wentzel. Pa. Indica. 13th ser.. 18S0. p. 874. James. Amer.

(ieol.. 1, 1888, p. 380. James and James. Jour. ("in. Soc. Nat. Hist., 10. 1888,

p. 158. Miller, N. A. Geol. Pal.. 1889. p. 197. Reminger. Amer. Geol., 0. 1890,

pp. 102-121. TTlrich. Geol. Surv. Illinois. 8. 1890. pp. 370. 407: Amer. Geol.,

10, 1892, p. 57; Ulrich, Geol. Minnesota. 3, 1893. p. 217. James. Jour. Cin-

cinnati Soc. Nat. Hist.. 15. 1893. p. 155; Zittel's Textb. Pal. (Engl, ed.),

1896, p. 103, 272. Lindstrom. Kongl. Sven. Vet. Aka<l. Handb.. 32. No. 1,

1899. p. 52. Sardesfm. Neues Jahrb. Min.. Geol. Pal.. I'.eilage-Band. 10.

1890. p. 347. Simiison. 14th Ann. Rep. State Geol. New York for 1894.

1897. p. 577. Nickles ami Bassler. Bull. U. S. Geol. Surv.. 173. 1900. p. 28.

Procta, Syst. Sil. du Centre Bohenie. 8. pt. 2. 19f)2. p. 312. I^lrich and Bass-

ler, Smiths. Mi.sc. Coll.. Quart.. 47. 1W4. p. 15. Grabaii and Shimer, N. A.

Index Fossils, 1, 1907. p. 127. Cumings, 32d Ann. Rep. Dep. Geol. Nat. Res.

Indiana, 1908. p. 750. Bassler, Bull. V. S. Nat. Mus.. 77. 1911. p. 179; Zittel-

Eastman Textb. Pal., 1913, p. 331.

Peronopora (in part) Nicholson, genus Monticuliiiora. issi, j). 215.

The early reference given refer to MonticuliiKira in its broader sense at

the time it contained ;i heterogeneous collection of species. Its present lim-

itation is due to the work of T'lrich. which jibices the genus on a definite

basis with the following i»rinciiial differenti.it iiig ( li.iiacti is : Cystipliragms

occur both in the peripheral and axial region; the walls of the zooecia and

mesopores have a granulose structure; acaiithopores are usually numerous



283

but may he wanting:, havinc; a granulose characror. an indefinite outline,

and no central perfor.-'.tion ; niesopores are variable in number: diaphragms
occur in both sets of tubes. The zoaria consist of frond, ramose, massive,

laminate and Incrusting types.

Monticulipora intersita, Ulrich and Bassler. Plate IV. Figs. 1-2. Tne
zoariiim consists of parasitic expansions, 1 to 3 mm. thick, with faintly dis-

tinguished clusters of larger zooecia on the surface.

The zooecia are thin walled and angular with the usual granular wall

structure.

The diaphragms and cystiphragms are crowded much as in M. disciila

except that the opening left liy the cystiphragms is nearly always open on

one side and subtriangular in shape. Mesopores are abundant and closely

tabulated, having generally three diaphragms in the same distance in which
two cystiphragms occur in the zooecial tubes. Acauthopores are wanting.

Occurrence : Pierce limestone, Murfreesboro. Tennessee.

Holotype : 43878, U. S. Nat. Mus.

Monticulipora discula, Ulrich and Bassler. Plate IV, Figs. 3-4. The
zoarium forms small discs that are attached to foreign bodies. They are

less than 12 mm. in diameter and about .5 mm. in thickness. The zooecia

are thin walled, angular, and nine of the average size occur in 2 mm. A
cross-section of the cystiphragms tangeutially forms large oval openings.

The zooecial tubes are crowded with diaphragms (3 to 4 in a tube diameter).

Acauthopores are apparently wanting. Mesopores are very few and occur

in clusters only.

Occurrence : Pierce limestone, Morfreesboro, Tennessee.

Holotype: (103) U. S. Nat. Mus.

MoHticaldpora compacta. Ulrich and Bassler. Plate IV, Figs. 5-6. The
colony grows into an upright ramose zoarium with compressed solid

branches. The surface is even with maculae of the larger zooecia rather

indistinct.

There are eight to nine apertures in 2 mm. The wall and acanthopore

structure is similar to the M. incompfa. The acauthopores are strong, oc-

curring at most angles of the zooecia and in various horizons within the

axial region of the zooarium.

Mesopores are few and scattered.

Diaphragms and cystiphragms are closely crowded, 2 to 3 in a tube di-

ameter in the axial region and becoming more numerous towai'ds the sur-

face where there are from 25 to 30 in 2 mm.
Occurrence : Pierce limestone. Murfreesboro, Tennessee.

Holotype; (21) U. S. Nat. Mus.

Genus OrhiynyeUa, Ulrich and Bassler. Genotype: Orbignyella subla-

mellosa Ulrich and Bassler. Orbignyella Ulrich and Bassler, Smiths. Misc.

roll, (quart, issue), 47, 1904. p. IS. Bassler, Bull. U. S. Geol. Surv.. 292,

190(;. p. 20: Bull. U. S. Nat. Mus.. 77. 1911. pp. 181, 182.

Monticulipora (part) Ulrich. Jour. Cincinnati Soc. Nat. Hist.. 5, 1822,

W). 153, 232 ; Geol. Surv. Illinois, 8, 1890, pp. 370, 407.
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Zoarixim consists of parasitic and laminate expansion which in some spe-

cies rises into domed or globular masses. The wall structure resembles the

Heterotrypidae more than the Monticuliporidae. The aeanthopores are well

developed and sharply defined. The cystiphragms, which appear as curved

diaphragms, form the basis for the assignment of the genus to the family

Monticuliporidae.

OrUgncUa nodosa, n. sp. Plate V, Figs. 1-2. The zoarium forms small

and large incrusting expansions, that rise into nodular masses of irregular

forms and sizes, by superiwsition of layers ; nodules are unequally distrib-

uted. Slabs have been collected on which there are numerous colonies that

are contiguous and overlap one another, forming an incrustal covering

of many square inches. The nodules vary in height from .5 mm. to 10 mm.,

with a corresponding variati(m in width.

The surface is even; twenty-four mac-ulae of large zooecia occur in one

sq. cm.

The zooecia are polygonal, and have relatively thick wall ; 8 to 9 occur

in 2 mm. Mesopores are absent. Aeanthopores are about as numerous as

the zooecia, located at the tube angles, and f)f large size, causing slight

inflection of the zooecial walls in most cases.

The zooecial tubes of each laminar expansion are about .7 mm. long, with

3 to 4 horizontal or from 1 to ."! cystoid diMiiliragiiis in the si>ace of one tube

diameter.

The nodular zoarium. lack of monticules, and more numerous cystoid dia-

phragms distinguish the species from Obif/iij/clhi ircathcrbi/i. Orhi(jnyeUa

lamellosa has large zooecia. less curved diaphragms, and much longer

zooecial tubes than O. nodona. The large aeanthopores and zoarial forms

of 0. nodosa are distinct differences which separate it from O. sublamcllosa.

Occurrence: Lelianon liiiicstoiic I'.ig Siniiigs. Kutlicrford Tounty. Ten-

nessee.

Holotype, 24S-in. liidiiiiia I'liiversity.

Orbif/nycUa muUitabuUtia. n. sp. Plate V, Figs. .{-4. Zoarium, lanmi-

ated, depressed, conical domes, rising from a wide base. The lower surface

of the mass is covered with a wrinkled epitheca. The type specimen is 9.5

cm. in diameter and 2X> cm. hlgli. The surface is smooth, with inconspicu-

ous clusters of large zoecia.

Mesopores are very few, occurring in the m.icnhie only. The zoecia are

angular, thin-walled; 8 to Siy{> in 2 mm. Large well d<'veloiied aeanthopores

with distinct lumen are present at most every tube angle.

The zooecial tubes of a single lamina are 1 to 3 mm. long, crossed by 4

to 5 horizontal diaphragms in the space of one tube diameter. Cystoid,

curved or infundibular diaphragms occur in every tube.

The crowded horizontal diaiihragms, thickness of laminae, large aean-

thopores, and manner of zooecial growth, are a conil)ination of characters

not found in any other species of the genus yet described.

Occurrence: Pierce limestone; in sink hole at Almaville, Rutherford

County, Tennessee.
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Holotype : 244-17. Indiana University.

Genus Mesotrypa Ulrich. Genotype ; Diplotrypa infida Ulricli. Diplo-

trypa (in part Nicholson, Paleozoic Tabulate corals, 1870, p. 312; genus

Monticulipora, 1881, pp. 101, 155. Ulrich, Jour. Cincinnati Soc. Nat. Hist.,

5, 1882, p. 153. Foord, Contr. Micro-Pal. Cambro-Sil., 1883, p. 13. Ulrich

Geol. Surv. Illinois, 8, 1890, p. 378.

Mesoti'ypa Ulrich, Geol. Minnesota, 3, 1893, p. 257. Nickles and Bassler,

Bull. U. S. Geol. Surv., 173, p. 30. Bassler, Bull. U. S. Geol. Surv., 292, 1906,

p. 27. Grabau and Shimer, N. A. Index Fossils, 1, 1907, p. 130. Hennig,

Archiv. fur Zool., 4, No. 21, 1908, p. 29. Bassler, Bull. U. S. Nat. Mus., 77,

1911, p. 196.

Zoarium hemispheric, conical, discoidal or incrusting. It is generally

free with an epithica covering the base ; zooecia are polygonal or circular

with curved, and sometimes funnel-shaped diaphragms, which are probably

modified cystiphragms ; zooecia more or less separated by angular meso-

pores, which become smaller with age. and are intersected by numerous
diaphragms ; acanthopores generally present.

MeHOtrypa crustuluta n. sp. Plate V, Figs. 5-6. The zoarium of this spe-

cies forms incrusting expansions about 2 mm. in thickness. In the type

specimen the zoarial mass consists in part of superimposed layers and at-

tains a height of 8 to 10 mm. On the surface small low monicules of large

zoecia and numerous me.sopores are irregularly distributed, varying from 1

to 3 mm. apart. In places the surface rises into conical-like tubercles .5 to

1 mm. high, and from 8 to 12 mm. apart.

The zoecia are thick-walled at the surface, circular, regularly arranged,

and in contact on 3 or 4 sides ; 7^^ to 8 intermonticular and 5^2 monticular

zooecia occur in 2 mm.
The acanthopores are small, inconspicuous, and unequally distributed, 6

to 7 about a zooecia in some areas and in others no acanthoiwres are pres-

ent.

Mesopora are abundant ; more niimerous at the base than in the mature
zone. Diaphragms are closely set ; 13 to 15 in the distance of one mm.
The diaphragms in the zooecia are in rather definite parallel transverse

horizons, separated by a distance equal to li/^ to 2i/^ tube diameters. Two
to six diaphragms i/4 to % tube-diameters apart are present in each zooecia

at the elevation of the common horizons. Curved and cystoid diaphragms
occur in the mature part of the zooecial tube only.

The segregation of the small and inconspicuous acanthopores into areas

closely associated with the monticular zooecia. the zonal arrangement of the

diaphragm and the localization of the curved and cystoid diaphragms in the

peripheral portion of the zoarium are the conspicuous differentiating char-

acters of the species.

Occurrence : Pierce limestone, Murfreesboro. Tennessee.

Holotype: (92) U. S. Nat. Mus.

Mesotrypa dubia. n. sp. Plate VI, Figs. 1-2. Zoarium consists of thin

expansions 2 mm. in thickness. Small inconspicuous maculae, consisting
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of zooocia slightly larger than the average and less number of mesopores

than are present in the intermacular area, occnr on the snrface at intervals

of 2 mm.
Mesopores are ahnndant, slightly headed, irregular in shape, size and

distribution : about ir» diaphragms cross the tubes in the distance of one mm.
The zooecia are relatively thin-walled, subcircular or polygonal, in con-

tact on 2 or .3 sides mostly, less fiequently on foiir ; 7 or 8 occur in 2 mm.
The acanthopores are few and of medium size. There are rarely more

than one or two in two .square mm. The central lucid spot is distinct; the

outer boundary is definite.

Curved and horizontal diaphragms are present throughout the zooecial

tube, separated from i/; to 1 tube-diameter apart.

The irregular distrllmted zooecia and mesopores. the few acanthopores of

medium size, and form of zoiirium are distinguishing c(>nd)ination of char-

acters for this species.

Occurrence : Pierce limestone. Murfreesboro. Teiuiessee.

Holotype: (93) U. S. Nat. Mus.

Famihi ITclcrottupidac Ulrich.

This family includes those trepostomatous bryozoans having zooecia with

straight diaphragms, clearly defined acanthopores, and walls of a dual char-

acter ; the outer wall is amalgamated with tlie outer one of the adjacent

zooecia and shown as a light coloied l)and lying between the iinier and dis-

tinctly zooecial walls of darker and finely laminated tissue.

Dekayella Ulfich. (}cnotype : Dekayella obscura Ulricii. Dekayella

Ulrich, Jour. Cincinnati Soc. Nat. Hi.st., 5, 1882, p. 155; ildd.. C. ISS:!. p. !X).

Miller, N. A. Geol. Pal.. 1889, p. 184. Ulrich, Geol. Surv. Illinois. 8, 1890.

p. 372; Geol. Minnesota, 3, 1893, p. 209; Zittel's Textb. I'm!. (Engl. ed.).

1896, p. 273. Simpson. 14th Ami. Rep. State Geol. New York for 1894, 1897,

p. 589. Nickles and I'.assler. Bull. U. S. Geol. Surv., 173. liXK), p. 31. (tim-

ings. Amer. Geol., 29. 19(»2. p. 200. Ulrich ;ind I'.assler. Smiths. Misc. Coll..

47, 1904. p. 24-27. (Jrabau and Shinier. N. A. Index Fossils. 1. 1!KI7. ii. 132.

Bassler, Bull. U. S. N:it. .Mus.. 77, 1911. p. 20.".: Zittcl-IOastniiin Textb. Pal.,

1913, p. 333.

This genus has been briefly and ade(|u;it('ly described by TTlrich and

Bassler in 1904 as follows

:

"Zoarium erect, ramose or CrdiKlesceiit : two sets of acMMtli(>i)ores. liirgc

and snuiU ; mesopores \;iriiible. geuciMlly iimrc or less numerous; dia-

phragms numerous."

DcJcaijcUd ridlciiana. v. sp. I'late VI, Fig.s. 3-4. The zoarium consists of

large, thick, irregular fronds. The type specimen varies from S to 12 mm.
in thickness. The greatest oliserved height is 80 mm.
The surface is even and mncuhie of Inrge mesojM.res are sniiill and iiicon-

spiciious.

The zooecia are oolygonal, thick walled ; 9 to 9Vi! apertures in 2 mm.
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Mesopores are few and seldom observed in sliallow tangential sections

of old specimens.

Acanthopores are numerous, 2 to about a zooecium, and of two sizes.

In the tangential sections the walls appear amalgamated and a distinct

crenulation is observed from the longitudinal section in the axial region.

Diahpragms are few and unequally distributed in the immature zone

and close set in the mature where 2 to 4 cross the tube in the space of one

tube diameter.

The method of growth of this species distinguishes it from the associated

forms.

Occurrence : Ridley limestone. 2i/2 miles northwest of Salem, Rutherford

County, Tennessee.

Holotype : 245-G, 10. Indiana University.

Genus Hcterotrypa Nicholson. Genotype : Monticulipora frondosa

D'Orbigny. Heterotrypa (in part) Nicholson, Pal. Tabulate Corals, 1879.

p. 291 ; genus Monticulipora, 1881, pp. 101, 103. Zittel. Handb. Pal.. 1. p. 015.

Ulrich. Jour. Cincinnati Soc. Nat. Hist., 5, 1882, p. 155 : ibid., 6, 1883. p. 83.

Foord, Contr. Micro-Pal. Cambro-Sil., 1883, p. 20. TTlrich. Jour. Cincinnati

Soc. Nat. Hist., 0, 1883, pp. 83-85. Roemer. Leth. geog.. pt. 1, Leth. Pal.,

1883, p. 471. Rominger. Amer. Geol.. G. 1890. pp. 114. 119. Ulrich, GeoL.

Surv. 111.. 8, 1890. pp. 371. 413; Geol. Minnesota, 3. 1893, p. 267. Zittel's

Textb. Pal. (Engl, ed.), 1896. p. 104. Ulrich. Zittel's Textb. Pal. (Engl, ed.),

1896. p. 273. Simpson, 14th Ann. Rept. State Geol. New York for 1894, 1897,

p. 579. Nickles and Bassler, Bull. U. S. Geol. Surv., 173, 1900, p. 31. Cum-
ings, Amer. Geol., 29. 1902, p. 199. Ulrich and Bassler. Smith. Misc. Coll.,

Quart.. 47, 1904, pp. 24, 25. Bassler. Zittel-Eastman Textb. Pal., 1913, p. 333.

Zoarium erect (ramose or) frondescent : acanthopores of one kind ; small

;

mesopores varying in number, generally abundant, sometimes wanting

almost entirely. With the addition of the words enclosed in parenthesis the

description of the genus is taken from the "Revision of the Paleozoic Bry-

ozoa" by Ulrich and Bassler.

Heterotrypa patera n. sp. Plate VI. Figs. 5-6. Zoarium ramose, about 5

to 10 mm. in diameter. Surface is smooth, with small maculae composed

of mesopores, surrounded by zooecia slightly larger than the average ; about

4 in 1/4 SQ- cm.

Tangential sections show the zooecia to lie subcircular and thick-walled.

A vei'y thick cingulum consisting of laminated secondary tissue, surrounds

each aperture. A thin dark line separates the cingulum from the true zooe-

cial wall which forms an angular boundary between the zooecia and appears

finely granular, light colored and amalgamated. The acanthopores are

small, with a distinct, minute central lucid spot and an indefinite outer

boundary ; 5 to 10 among 10 zooecia.

The zooecia in the axial region are crossed by diaphragms from 1 to 3

tube-diameters apart. From the immature region the zooecial tubes proceed

outward in a gradual ciu've, increasing sufficiently in the peripheral zone to

cause the zooecia to open perpendicularly at the surface. The walls and

cingulum increase in thickness from the early mature region to the peri-
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phery, closing the mesopoitis a ^d rounding the apertures of the zooecia.

Two to three diaphragms occur iu tlie zooecia of tlie mature zoue in the dis-

tance of one-tube diameter.

Many of the characters of II. patera are very similar to H. microstigma

from the Richmond, but the much less number of acanthopores and the

absence of inflections of the zooccial walls by the acanthopores in H. patera

serve to differentiate them.

Occurrence : Pierce limestone : 2 miles northwest of Murfreesboro, Ten-

nessee, at Stokes Gannon's ford.

Holotype : 242-4. Indiana University.

Hetcrotrijpa stonensis n. sp. Plate VIII, Figs. 1-2. Zoarium ramose ; 7 to

15 mm. in diameter. The surface is smooth ; monticules are absent ; small

inconspicuous maculae of clusters of large zooecia are numerous, .2 to .5

mm. across and 2 to 2.5 mm. apart, measured from center to center.

The zooecia are thick-walled, and subcircular. A completely developed

cingulum is present in each zooecia. The true zooecial wall is angular,

finely granular, amalgamated and sepai-ated from the cingulum by a distinct

dark line of contact ; 8 to zooecia occur in 2 mm.
The acanthopores are of medium size, with indefinite bcunidary ; 2 to 3

about each zooecia. The central lumen is very small and mostly indistinct.

Mesoixtres are very few. being absent in most of the tangential sections.

The zooecial tubes in the immature region are thin-walled and crossed

by very few diaphragms. They turn outward in a slight curve to the initial

mature region where the bending is sul)angular and short. Thruout the

deep matiu'e zone the tubes proceed directly to the surface.

Diaphragms in the mature region are spaced aliout one-fourth to cme-half

tube diameter apart. Toalesced and infundiliular diajihragms are present.

The scarcity of diaphragms in the axial region, the tliinner cinguhuu and
inconspicuousness and zooecial composition of the macuhu! of Hctcrotrypa

stonensis separates it from H. patera.

The greater abundance of acanthopores, pre.sence of numerous dia-

phragms in the axial region and the well developed maculae of II. micros-

tigma distinguish it from H stanensis.

Occurrence : Pierce limestone ; two miles northwest of Murfreesboro,

Tenn., at Stokes Gannon's ford.

Holotype : 242-5. Indiana University.

Family Constellaridae. Ulrich.

The zooarium is ramose, frondescent, laminar or incrusting. The stellate

maculae is probably the most obvious character of this family l)ut greater

importance is assigned to the granular wall structure in the mature region,

and the presence of hollow spines or granules which occur in the place of

true acanthopores. Mesopores are angular and usually abundant.

Oenus (JonMellaria Dana. Genotype: Ceriopora constellata (Van Cleve,

M. S.), Dana. C:k)nstellaria Dana. Zoophyta, 1840, p. 537. Edward and
Haime, Mon. d. Polyp. Foss. d. Terr. Pal. (Arch. Mus. d'Hist. Nat, 5),
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ISni, pp. ir>4, 27S. Pictet, Traite de Pal., 2(1 ed., 4, 1857, p. 154. Nicholson,

Pal. Ohio. 2, 1875. p. 214; Pal. Tab. Corals. 187!), p. 292. Zittel. Ilandb. Pal..

I, 1880, p. G15 ; Genus Monticulipora, 1881, p. 97. Ulrich. Jour. Cinciunati

Sec. Nat. Hist. 5. 1882, p. 156 ; 6. 1883, p. 265. Roemer, Leth. geog., pt. 1,

Leth. Pal., 1883, p. 485. James and James, Jour. Cincinnati Soc. Nat. Hist.,

II, 1888, p. 29. Ulrich, Geo!. Surv. Illinois, 8, 1890, pp. 374, 423. Rominger,

Amer. Geol.. 6, 1S90. p. 113. Ulrich, Geol. Minnesota, 3, 1893. p. 311 ; Zittel's

Textb. Pal. (Engl, ed.), 1896, p. 276. J. F. James, Jour. Cincinnati Soc. Nat.

Hist.. 18. 1896. p. 117. Nickles and Bassler, Bull. U. S. Geol. Surv., 173,

1900. p. 34. Grabau and Shimer, N. A. Index Fossils, 1. 1907, p. 135. Cum-
ings, .32d Ann. Rept., Dept. Geol. Nat. Res. Indiana, 1908, p. 742. Bassler,

Bull. U. S. Nat. Mus., 77. 1911, pp. 218, 219 ; Zittel-Eastman Textb. Pal., 2d

ed., 1913, p. 334. Stellipora Milne-Edwards Hist. Nat. des Corall, 3, 1860,

p. 281 (in part). Dybouski, Du Chaetetiden d. Ostbalt, Silur.-Form., 1877,

p. 42.

The following definition is from tlie Zittel-Eastman textbook as given by

Bassler

:

"Zoaria growing erect (into solid branches) from attaclied local expan-

sion. Surface with depressed stellate maculae, the spaces between the rays

elevated and occupied by two or tliree short rows or clusters of closely

approximated zooecial apertures. Mesopores aggregate in tlie maculae,

internally with gradually crowding diaphragms."

The words in parentheses were added by the author.

ConsteUaria lamellosa n. sp. Plate VII, Figs. 3-5. The zoarium consists

of thin laminar expansions. .3 to 1.5 mm. in thickness. The base is covered

with a wrinkled epitheca that assumes the general form of the object upon

which the colony grows. Cylindrical, tubular stems grow upward from the

expanded portion.

The maculae are irregular stellate, aggregations of mesopores that are

raised slightly above the surface ; about 9 in Y^ sq. mm. The macular rays

are of variable size and shape and extend between clusters of contiguous

subangular zooecia. The intermacular zooecia are circular and completely

separated by mesopores ; al)out S in 2 mm.
Diaphragms in the zooecial tubes are few. more numerous in the peri-

pheral region than in the earlier portion. The mesopores are crowded with

diaphragms throughout, about 7 in .5 mm. The mesopores originate in the

early primitive zone and extend to the surface.

The internal structure of this species ag'rees completely with the generic

description, and for that reason is assigned to ConsteUaria. The manner of

growth of the zoarium is quite different from any other described species

of the genus.

Occurrence : Pierce limestone. Murfreesboro. Tennessee ; 1 mile south-

west of Laseasses, at Stones River Bridge. Rutherford County, Tennessee.

Holotype : 53993 U. S. Nat. Mus.

Paratypes : 241,—10, 24, 25 ; 245-15. Indiana University.

Genus Nicholsonella Ulrich. Genotype : Nicholsonella pouderosa Ulrich.
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Nicholsonella Ulrich, Geol. Surv. Illinois, S. 1890, pp. 374. 421. Miller, N. A.

Geol. Pal., 1889, p. 313. Ulrich, Geol. Minnesota, 3, 1893, p. 313; Zittel's

Textb. Pal. (Engl, ed.), 1896, p. 276. Simpson. 14th Ann. Kept. State Geol.

New York for 1894. 1897, p. 590. Xickles and Bassler, Bull. U. S. Geol.

Surv., 173, 1900. p. 34. Bassler, Bull. U. S. Geol. Surv., 292, p. 37. Grabau
and Shimer, X. A. Index Fossils. 1, 1907, p. 136. Cumings, 32d Ann. Kept.

Dept. Geol. Nat. Res. Indiana. 1908, p. 751. Bassler, Bull. U. S. Nat. Mus.,

77, 1911. p. 224 ; Zittel-Eastman Textb. Pal., 1913, p. 334.

Zoaria consist of flattened branches, fronds or laminations. Mesopores

are usually numerous. The walls of both zooecia and mesopores are tra-

versed longitudinally by minute tubuli, which appear at the surface as gran-

ular acanthopore-like structures. A calcareous deposit in the outer zone

obscures the walls of the mesopores. Because of the granular structure

which is present in the outer zone of siiecimens of this genus it has been

referred to the family Constellaridae.

Xicholsonrlla froudifcra. n. .s/>. Plate VII, Figs. G-7. The zoariiun consists

of wide flattened frond-like growths. 30 to 50 mm. wide, from the margin of

which rise branches 15 to 20 mm. wide that frequently divide and anasto-

mose. The thickness of the branches varies from 5 to 11 mm. The highest

specimen seen measured 10 cm.

The surface is even and granuloso. The zooecia of the mature zone are

circular, completely .separated by mesopores. f^ive to seven large, distinct,

granular masses (cross-.'^ection of longitudinal tulnili in tangential sections)

surround each zooecium.

The internal structure as seen from the longitudinal section is similar to

Nicholsonella pulchra with the exception that diaphragms are metre num-
erous in the mesopores of the mature region and the longitudinal tubuli

are larger, fewer, and more clearly defined in V. frondifcra.

The habit of growth in addition to the different internal characters .sei>

arates A', fromlifrra from A', pulchra. its associated species.

Occurrence: Pierce limestone. MnrfreeslMtro, Tennessee.

Ridley limestone: Almaville; 2 m. W. of Lascasses ; South side of

Marshall Knob; 2i/l> m. NW. of Salem; Rutherford County, Tennes.see.

Lebanon limestone : Big Springs, Rutherford County, Tennessee.

Holotype : 54043 U. S. Nat. Mus.

Paratypes : 244-3, 4, 5. Indiana University.

Fainili/ Ifallnitorifhir Jiaxuler.

(Ca]loi)itrida(' llrich)

This family includes treixtstomatous bryozoans with ramose, subfron-

de.scent, massive or discoidal zoaria. having zooecial tubes that are thin-

walled, attaining full size slowly, tabulated in the attenuated proximal

end, and separated more or less completely by angular mesopores. Acan-

thopores are wanting.

Genus Eallopora Bassler. Genotype : Callopora elegantula Hall. Cal-

lopora Hall, Amer. Jour. Sci., ser. 2, vol. ii, 1851. p. 400 ; Pal. New York, 2,

1852, p. 144. Nicholson, Pal. Province. Ontario. 1S74. p. (il ; Geol. Mag., N.
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S., 1, 1874, p. 13. Hall, 2Sfh Ann. Kept. New York State Mns., 1879, p. 114.

Ulrich, Jour. Cincinnati Soc. Nat. Hist., 5, 1882, pp. 154, 251. Foerste, Bull.

Sci. Lab. Denison Univ., 2, 1887, p. 172. Hall and Simpson, Pal. New York,

6, 1887, p. 15. Miller, N. A. Geol. Pal.. 1889, p. 295. Ulrich, Geol. Surv.

Illinois, 8, 1890. pp. 372, 416; Geol. Minnesota, 1893. 3. p. 275; Zittel's

Textb. Pal. (Engl, ed.), 1896, p. 275. Simpson, 14th Ann. Rept. State Geol.

New York for 1894, 1897. p. 5.88. Nickles and Bassler, Bull. U. S. Geol.

Surv., 173, 1900, pp. 36, 186. Grabau, Bull. Buffalo Nat. Sci., 7, 1901, p.

167 ; Bull. New York State Mus., 9, 1901, p. 167. Cumings, 32d Ann. Rept.

Dept. Geol. Nat. Res. Indiana, 1908, p. 741. Bassler, Bull. U. S. Geol. Surv.,

292, 1900. pp. 40. Grabau and Shimer. N.' A. Index Fossils, 1. 1907, p. 139.

Henning. Archiv. fiir ZofU.. 4, 1908, p. 48. Hallopora Bassler, Bull. U. S.

Nat. Mus., 77, 1911, pp. .325-.320 : Zittel-Eastman Textb. Pal., 1913, p. 337.

Zoaria ramose and bushy and often anastomosing. The zooecia are tliin-

«-alled in tlie immature region, and attain full development slowly. Dia-

phragms are closely arranged in the tapering proximal portion of the zooe-

eial tube, few or absent in the middle part, and few to numerous in the

mature periplieral region. The apertures of the zooecia in the perfect state

are closed by perforated ornamental covers which form diaphragms as the

gi'owth of the zooecial proceed. Acanthopores are absent.

Hallopora spinnaia n. sp. Plate YIII, Figs. 1-2. Zoarium consists of irreg-

ularly ramose, subcylindrical branches 5 to 10 mm. in diameter and from 1

to 2 cm. in length. The surface is smooth ; maculae are absent. Zooecia

are dii-ect, angular, and tliick-walled : 4 or 5 in 2 mm. MesoiX)res are en-

tirely absent at the surface in completely matured specimens.

In the tangential sections the zooecia are polygonal and in contact with

each other on all sides. In sections of the surface of the submatuve zone or

in tangential sections of immature specimens the zooecia are subcircular,

separated at some of the angles by intercellular spaces (mesopores). ^Vhere

the walls of adjacent zooecia ai"e in contact the botuidary between them is

marked by a well defined dark line.

The vertical sections show that few mesopores in which diaphragms are

closely arranged are present at the bend from the immature to the mature

region. They seldom reach the surface except in young specimens. In the

axial region the narrow tapering zooecia which are scarcely wider than

the mesopores are crowded with diaphragms. They are absent in the com-

pletely developed zooecial tubes of the submature portion and in some of

the zooecia of the mature zone. From one to three diaphragms usually are

present near the bend of the immature and mature portions. The peripheral

zone is narrow, varying from % to 1 mm. The walls thicken rapidly from

the bend toward the surface, closing the mesoix)res and making the aper-

tures subcircular.

Hallopora spissata differs from H. splendens in having a narrower mature

zone, less number of diaphragms in tlie submature and mature portions of

the zooecial tubes and much thicker walls at the periphery of mature speci-

mens. The less number of diaphragms, thicker walls and more direct

apertures distinguish this species from H. ampla.
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Ocourronco : Pierce limestone : Murfreesbnro. Tennessee ; Ward's Mill

ami Almaville. Rutherford County. Tennessee.

"Holotyi)e : Cat. 44519 U. S. Xat. Mus.

Paratypes : 238-22, 23, 24, 2o ; 244-8, 9, 18 ; 245-18. Indiana University.

Hallopora florcucia u. sp. Plate YIII, Figs. 3-4. Zoarium forms subcylin-

drical branches, 1.5 to .3 mm. in diameter. The surface is smooth and with-

out maculae.

The zooecia are oval, thin-walled. 7 to S in 2 mm. and usually in contact

on two sides only.

Mesopores are numerous and crossed by close-set diaphragms.

In the axial region diaphragms are present in the zooecial tubes from the

proximal ends to the beginning of the decided curvature in the early sub-

mature region, and average one tube diameter apart. In the remaining

portion diaphragms are vei\v few or absent and when present they occur

near the periphery. This character is known to be persistent from the

study of the numerous secti<ms of separate localities and is considered

worthy of the recognition accor<le(l it here.

The zoarium of this species is similar in size to H. dHmalis, but the dia-

phragms in //. (IihikiUh occur throughout the zooecial tube.

Occurrence: Pierce limestone. IVj miles southwest of Florence. Ruth-

erford County, Tennessee.

Holotype : 240: 13. Indiana I'lii versify.

Finn ill/ 'rniniitoporiddr Tlrich.

Zoaria ramose. in( rusting or massive. The zooecial tubes in the axial

region are thin-wall('(l. and usually constricted where the diaphragms oc-

cur; wall thickened in the mature region; tlie divisional line of contact

zooecia is conspicuous. Acanthopores are more or less abundant. Meso-

pores are usually numerous, of large size, and with apertures closed.

The beaded form of the zooecial tubes and mesopores formed by the con-

strictions of the walls when iliapbragms occur, the crinulation of the walls

in the axial regi<m. and tlic gciMT.-il looseness and obscurily of the structure

are characters (|nitr unlike tliat of any other family of the integrated

Trepostomata.

Clrnun Jiiitdsliini'd I Inch. (ienotype: Monficulipora (Heterotryi>a)

implication Xicbolson. liastosma T'lrich. Jour. Cincinnati Hoc. Xat. Hist.,

5, 1882, p. 154. Foord, Contr. Micro-Pal. Cambro-Sil., 1883. p. 17. Miller,

N. A. Geol. Pal., 1889, p. 294. inrich. Geol. Sin-v. Illinois. 8, 1890, pp. 379,

459; Geol. Minnesota. 3, 1893, p. 288; Zittel's Textb. I'al. (Engl, ed.), 1897,

p. 275. Simpson, 14th Ann. Rept. State Geol. Xew York for 1894, 1897, p.

588. Xickles and Bassler, Bull. U. S. Geol. Surv., 173. 1900, p. 35. Grabau

and Shinier, N. A. Index Fossils. 1. VMM. p. 1,30. Cumings, 32d Ann. Rept.

Dept. (Jeol. Xat. Res. Indiana. lfK>8. p. 740. Bassler, Bull. U. S. Xat. Mus.,

77, 1911, p. 272: Zittel-Eastman Textb. Pal.. 1913, p. .338.

The zoarium is ramose, branching irregularly from an expanded base.

The zooecial walls in tlie inniiature I'egioii are tliln and irregularly flexuous.
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In the mature region they are much thiokenecl. rins-like, and seldom in

contact. Diaphraf^ms are few or wanting in the axial portion, but more
abundant in the peripheral zone. Mesopores are numerous or few, of irreg-

ular shape.s and sizes, and closed at the surface. Acanthopores are mostly-

large and abundant with a conspicuous lumen.

Batostoma libaua {^arfford). Plate VIII. Figs. 5-7. Stcnopnra libana

Safford, Geol. Tenn. 1SG9, p. 285. This species was described by Safford as
"like (S.) fibrosa, but with cell-tubes much larger." The following notes are
l)ased on specimens and photographs furnished by the U. S. Nat Mus. and
sections of several specimens personally collected in liutherfoi'd County,
Tennessee.

The zoarium consists of smooth, strong, irregularly arranged branches,

8 to 12 mm. in diameter. Maculae are present. 7 to 8 in one sq. mm., dis-

tinguished by the larger size of the zooecia.

In tangential sections the zooecia appear angular, thin-walled, nearly

everywhere in contact and 4 to 5 in 2 mm. A definite dark line separates

the walls of adjacent zooecia. Mesopores are few, and those present have
the appearance of young zooecia. Acanthopores are small, located at the

junction angles, and less numerous than the zooecia.

In the longitudinal section the most striking features are the scarcity of

diaphragms in the immature region, the narrow mature zone, and the

acute angle of approach of the zooecia to the surface following a decided

and short bend of the tubes from the immature to the mature region. Dia-

phragms are few in the peripheral zone, separated from one another by one-

half to one tube diameter, and located near the abrupt bend of the zooecial

tubes. They are rare or absent in the axial region.

The less number of mesopores, the smooth zoarium, and the acute angle

of approach of the zooecial tubes to the surface following the short bend
from the immature to the mature region distinguish this species from B.

magnopora in which the tubes proceed towards the surface in a very gentle

curve until they enter the peripheral region.

Occurrence : Lebanon limestone of Central Tennessee.

Holotype : 44693 U. S. Nat. Mus.

Paratypes : 247-2, 3. 4 ; 242-1. Indiana University.

Butostonia siibcrassum ». xp. Plate IX. Figs. 1-3. Zoarium is ramose,

subcylindrical or a little compressed. 5 to 10 mm. in the greater diameter.

The surface is smooth with maculae (10 to 12 in one sq. mm.) distinguished

by clusters of large zoecia about an apparently solid area which consists

of mesopores, as shown in tangential sections.

The zoecia in the surface sections are subangular, thick-waliefl, in con-

tact at nearly all sides and 4 to 5 in 2 mm. Mesopores are small, few, .sit-

uated m(»stly at the angles of contact of the macular zoecia. Acanthoix)res

are few, inconspicuous, and at the junction angles. The walls of contigu-

ous zoecia are separated by a distinct dark line in i)erfectly preserved sur-

faces.

In the axial region at the proximal tapering ends of the young zoecia the
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walls ai'e wavy. constrictGd at tho diaphrasms. In the completely developed

zoecia of the axial region the diaphi'agms are from 2 to 5 tube-diameters

apart with no constriction of the walls. The zoecia proceed forward in a

broad curve and approach the surface at an acute angle. Diaphragms are

more numerous in the mature zone than elsewhere, 2 to 3 in one tube-diam-

eter with occasionally 1 or 2 incomplete ones in some of the zoecial tubes

;

the free portion is supix)rted by the next diaphragm below. Mesopoi'es are

few, beaded, of irregular shapes and sizes, present in the submature and

mature region.

Batostoma subcra-ssum is distinguished from B. magnopora in the singu-

lar approach of the zooecia to the surface, the thicker w^alls, more numerous

diaphragms in the axial regif)n and the absence of monticules.

Occurrence: This species is abundant in the Pierce limestone, one and

three-fourths miles north of Eaglevillc. Kutliorfdrd County, Tenn.

Holotype: U. S. Xat. Mus.

Paratype : 242-7. Indiana T'nivorsity.

Batostoma drndroUlca n. sp. Plate IX, Figs. 4-5. Zoarium has an even

surface (spinulose in well preserved si)ecimens), short branches, irregularly

arranged, varying from 3 to 10 mm. in diameter, but in most specimens 5

to 8 mm. The numerous short branches give a knotty appearance to the

zoarial mass.

The zoecia are angular, (hick-wallcil. nearly cvcrywiiere in contact, and

7 to 8 in 2 mm. The apertures are sultangular to circular. Mesopores ai'e

few, 1 to 2 among 10 zoecia. Acanthopores are numerous, 4 to about each

aperture, located at nearly all junction angles and occasionally between

contiguous zoecia, inflecting the walls.

In the axial region the diaphragms arc iimiicroiis in the attenuated end

of the zoecial tubes and very few or absent in the zoecia that have attained

full size. The tubes pass into the mature zone with a symmetrical curve

and proceed to the surface nearly i)erpendicularly.

The mature zone is narrow, with 2 to .". rlijipliragnis crossing the zoecia

in the distance of a single tube diameter. A few of the diaphragms are

incomplete and coalesced with one another. Tlie walls are greatly thick-

ened, separated by a conspicuous median dark line. Acanthopores in the

vertical section are distinct, many originating in the early mature region

and do not reach the surface In the mesopores. some of which develop

into zoecia. five diaphragms occur in the distance of the diameter of a

zoecial tube.

This species r>ossesses several characters similar to B. irinchclli, from

which it can be distinguished by scarcity or lack of diaphragms in the

full sized zoecia of the axial region.

Occuri'ence : Common in the Pierce limestone : Murfreesboro, Walter

Hill, Wards Mill, Lascasses, Rutherford County, Tennessee.

Holotype: 44731 U. S. Nat. Mus.

Paratypes: 241—14, 15; 240—1. Indiana T'niversity.

Bdtostotna ramoxa n. up. Plate IX, Figs. (i-7. Z<iariuni is smooth, ramose,
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dividing every 10 mm. into subcylindrical solid brandies, 4 to C mm. In

diameter. Maculae of clusters of large zoecia are rather numerous, 6 in

one-fourtli of 1 sq. mm.
Zoecia are subangular, 8 to S'/^ in 2 mm., contiguous on tlie sides onl.y and

separated at most angles by intercellular spaces (mesopores) of irregular

shapes and sizes, in surficial sections of mati;re specimens. In tangential

sections of the submature region or of young specimens the zoecia are

angular and thin -walled ; mesopores are few.

Acanthopores are distinct, located at the junction angles and between

contact zoecia. occasionally inflecting the walls ; 4 to 5 among 10 zoecia.

In the longitudinal section the zoecia of the axial region are thin-walled,

crossed by diaphragms, few in number, and arranged in zones, convex up-

ward, which probably bears a relation to periods of less rapid growth. The
zoecial tulies turn outward in a slight curve to the initial portion of the

thin mature region where the bending is short, angular and sufficient to per-

mit the zoecia to approach the surface perpendicularly. The walls of the

zoecia on the mature zone thicken slightly and are separated by a distinct

median dark line. A single diaphragm (absent in some zoecia) is present

near the turn of the zoecia from the submature to the mature zone.

Occurrence : Pierce limestone. Murfreesl)oro, Tennessee.

Holotype : 44707 U. S. Nat. Mus.

Batostotna confcrta n. sp. Plate X, Figs. 1-li. Zoarium consists of ramose

subcylindrical solid stems 5 to 6 mm. in diameter. Maculae and monticules

are absent. Acanthopores are large, sharply defined and irregularly dis-

tributed about the zoecia. Four to eight usually surround a single zoecium

and inflect one or all of the walls of contiguous tubes.

In the tangential section the zoecia are thick-walled, polygonal, six to

six and one-half in 2 mm., with an occasional mesopore. There is a distinct

median dark line separating the walls. In the axial region the zoacial tubes

are thin-walled. Diaphragms are rare or absent in immature region, but

numerous in the late submature region and in the mature zone; 3 to 5

occur in the space of one tube diameter. Incomplete and coalesced dia-

phragms are rather abundant in each zoecial tube.

Occurrence : Pierce limestone, Murfreesboro, Tennessee.

Holotype : 4473G U. S. Nat. Mus.

Paratype : 249-9. Indiana Universit.y.

Butostoma iniitilis n. sp. Plate X, Figs. 4-5. Zoarium is smooth ramose

dividing dichotomously every 6 to 8 mm. into compressed branches 4 to 5

mm. in greatest diameter.

Zoercia are polygonal to circular, 7% to 8 in 2 mm. Mesopores are abun-

dant in some parts of the mature zone, separating the zoecia completely, and

in other area, they occup.y the angular spaces only. The acanthopores are

of medium size, distinct and few, one among ten zoecia. They occasionally

inflect the zoecial walls.

In the axial region, the walls of the zoecia are thin and wavy. Meso-

pores are absent and diaphragms are very rare. The tubes proceed to the

mature region in an undulating curve. A decided increase of curvatui'e, the
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slight thickening of tlie walls, and the origination of an abnndance of beaded

mesopores mark the Initial periphery zone. A few thin diaphragms occur

in some of the zoecial tubes in the mature region and in others they are

absent. A distinct median lamina ^oparates the zoecial walls.

Occurrence : Pierce limestone, Murfreosboro, Tennessee.

Holotype: 44708, U. S. Nat. Mus.

Genus Diploirupa Nicholson, (ienotype : Fiivosites petropolitanus Pan-

der. Diplotrypa Nicholson, Pal. Tab. Corals, 1S79, pp. 101, 155. Ulrich,

Jour, Cincinnati Soc. Nat. Hist, 5, 1882, p. 153. Foord, Contr. Micro-Pal.

Cambro-Sil., 1SS3, p. 13. Roemer, Leth. geog., 1, Leth, Pal., 1883, p. 472.

Miller, N. A.. Geol. Pal., 1889. p. 187. Ulrich, Geol. Surv. Illinois. 8. 1890,

pp. 378, 457. Rominger, Amer. Geol.. r>. 1890, pp. 110-119. Ulrich, Geol. Min-

nesota, .3, 1893. p. 285; Zittel's Textb. Pal. (Engl, ed.), 1896, p. 275; also

(not Ulric-h) p. 104 (in part). Xickles and Bassler, Bull. U. S. Geol. Surv.,

173, p. 3(j. Bassler, Bull. U. S. (Jcdl. Surv., 292, 1906, p. 47; Zittel-East-

man Textb. Pal.. 1913, p. 338; I'.nli. W S. Nat. Mus.. 77. 1911. pp. 312, 313.

Callopora (not Hall) Dybouski. Du Chaetetiden d. Ostb. Silur.-Form., 1877,

p. 106.

The zoarium of Diplotrypa is massive, or discoid and generally free, con-

sisting of large prismatic zoecial tubes with thin walls. IMcsopores are al-

ways present, but variable in nunilier and size. Complete, horizontal dia-

phragms are pre>ent in both the znccia and mesopores. Acanthopores are

wanting.

Diplotrypa catantJatu ii. s/i. Plate X. Figs. (!-7. Zoarium mas.sive, dis-

coid, 2% to 4 cm. in dianiclcr ami V^ to 2'/, cm. in thickness. The base is

circular, covered with tliin concentrically wrinkled epithelium. The zoecial

apertures are large and jxilygonal ; 4 to 4i/. in 2 mm. ;Mesopores are few

and of various sliMi)es and sizes.

In the longitudinal section the tulic-walls are tliiii an<l beautifully creiui-

lated. The mesopores originate as catenated chambers, enlarging and de-

veloping into tui)es similar to zoccia as they approach the periphery. The

diaphragms of the zoecia are spaced from 2 to 4 tube diameters apart in

the immature region and about one tube (liainclcr ajtart iji tb(> matiu-e zone.

In the mesopores diai>hragms are itrcscnt at I lie const rictioiis.

The form of the zoarium. (be large zoecia. crenulated walls and irregu-

larly beade<l me-opores are a group of characters that distinguish this

si>ecies from any other sju'cies of the genus.

Holotype: 44058 T'. S. Nat. Mns.

Occurrence: I'iercc linicstone. .Murfreosboro. Tennes.see.

(jcniis Stromittotrmxi i Irich. (ienotype: Stromatotrypa orata Ulrich.

gtromatotrypa TTlrich. Geol. Minnesota. 3, 1893, p. .301. Miller. N. A. (Jeol.

Pal., 2d App.. 1S07. p. 758. Nickles and P.resler. P.uU. \\ S. Geol. Sniv.. 17."..

p. 35. Graliau and Shinier. N. A. Index Fossils. 1. ]). i:;7.

Zoaria consist of laminated expansions growing upon foreign bodies, and

of globnler masses in which the zoecial tubes radiate from a small base

covered with epitheca. The zoccia have thin walls and are crossed by few
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diaphragms. Mesoposes are abimclaut in tlie basal portion, decreasing in

size and numbers in tlie periplieral region of mature specimens. Tliey are

closely tabulated and bead-like. Aeanthoiwres are present, having a dis-

tinct lucid center (lumen).

Stromatotrijpa JamcUata n. sp. Plate XI, Figs. 1-2. The zoarium consist

of superimposed layers varying from 1 to 2 mm. in thickness. The base is

covered with a wrinkled epitheca. The surface is even and without dis-

tinct maculae.

The zoecia are large, 4 to 5 in 2 mm., irregular in size and shape. When
the mesopores separate the zoecia completely, they are oval or subcircular,

and where the mesoiwres are few or absent the zoecial tubes are elongate

polygons as seen in the tangential section.

From 3 to 7 acanthopores surround each zoecia and inflect the walls.

They arise in the early mature zone, increase in size rapidly, and then taper

gradually to their extremity which projects above the zouidal cavity in

perfectly preserved specimens.

The zooecial tubes are short and slightly inclined in the proximal region.

The diaphragms are few, varying from .5 to 1 tube diameter apart. The
mesopores are more numerous in the basal zone than in the mature portion

and are crossed by relatively few and irregularly spaced diaphragms.

This species differs from the laminated form in the Black River of Min-

nesota in having less number of mesopores with fewer diaphragms ; more
angular zoecia and pronounced inflection of the zoecial walls by tlie well

developed and relatively thick-walled acanthopores.

Occurrence : Pierce limestone, Murfreesboro, Tennessee.

Holotype : 44718, U. S. Nat. Mus.

Stromatotrypa incrustans n. sp. Plate XI, Figs. 3-4. Zarium forms thin

incrustations (from .5 to 1 mm. in thickness) iipon foreign bodies. The
surface is smooth and without maculae.

The zoecia are subangular, relatively thick-walled for the genus; 6 to 7 in

2 mm. Mesopores are few, occurring mostly at_the junction angles of the

zoecial tubes.

The acanthopores are about as numerous as the zoecia ; of large size

;

thin dark wall, and a large central lucid area. They originate near the

base of the zoarium and extend to the surface as well developed structures.

In the zoecia there are three to four diaphragms, in the space of one tube

diameter, and about twice that many in the mesopores.

The smaller size and thicker walls of the zoecia, the less numbers of

mesopores and larger and fewer acanthoi)ores separate this species from
Stromatotrypa lamcllata n. sp.

Occurrence: Pierce limestone, at ford IVi mile southeast of Pdackman,
Rutherford County, Tennessee.

Holotype : 245—14. Indiana University.

Stromatotrypa rcgularis ii. sp. Plate XI, Figs. 5-G. The zoarium con-

sists of thin layers upon foreign bodies, varying in thickness from .8 to 2

mm. The surface is even, and without monticules or maculae.



298

The zoecia are svibpentajconal. thin-\yallefl and completely separated by

mescpores ; 4 to 5 occur in 2 mm.
The mesopores are only slightly smaller than the zooecia, of more irreg-

ular sliape, thinner walled and usually six-sided as seen in the tangential

section. In the younger stages they are zooecial-like, with few or no dia^

phragms, becoming smaller in the mature region and crossed by 2 to 3 dia-

phragms in the distance of their own diameter. The smaller mesopores are

distinctly beaded. The zooecia increase in size with age, and have few

and irregularly spaced diaphragms : one to two in the primitive iwrtion,

and rare or absent in the peripheral zone. The acanthopores are large,

thin-walled and have a well developed central lucid area. They occur at

the angles of the zoecia and mesopores and are a little more numerous than

the zoecia.

The characters of the tangential section separate this species from any

described Stroma totrypa.

Occurrence: Pierce limestone, at the ford 1 1/. mile southeast of Black-

man, Rutherford County. Tennessee.

Holotoype : 245-10. Indiana University.

ORDER CRYPTOSTOMATA vine.

The definition of the order, as given by I'lrich in the English edition of

Zittel's Textbook of Paleontology, and again repeated by liassler in the

Zittel-Eastraan edition, published in 1013, is as follows

:

"Primitive zooecium short, pyriform to oblong, quadrate or hexagonal,

sometimes tubular, the aperture anterior. In the nniture colony the aper-

ture is concealed, occurring at the bottom of a tul)ular shaft ("vestibule"),

which may be intersected by straight diaphragms or hemisepta, owing to

the direct super-imposition of layers of poly])ides ; vestibular shaft sur-

rounded by vesicular tissue, or by a solid calcareous deposit; tlie external

orifice rdundcd. Mjirsniiiii and ii\i<'Ulai'ia wanting."

Ffiiiiih/ I'liltidiclnoiii'ldC Ulrich.

Zoarium bifoli.'ilc. (•(•inpnscfl of two l.iycrs of zooecia, grown together

back to back, foiiuing Iciif-Iii^c cxiiiinsidns. oi- comi)ressed branching or in-

osculating stems, that are nsn.illy juintcd. ;it least at the base; mesotheea

without mediiin tnbuli : /ikiccI;! nsniilly have liemisepta and semielliptieal

(MMfices; iipertni'cs nsuiilly (iv.-itc. smrdundcil liy a slojiing arc;! or a distinct

peristome: vestibidcs M'paralcd by tliick walls.

(Icnus (lr(ii>f<)(li(t!i(i I Iridi. (Jcnotyiic : rtilddictyn pci'degans FIrich.

(Jraptodictya rii'icli. .Four. ( 'iiicinnali Sdc. .\at. Mist., ."i. ISXi'. i>p. l.^d, l(ir».

Miller. N. A. (Jeol. I'ai.. ISS!). p. :!(IT. I'lricii. (Jcdi. Surv. Illinois, S, 18D0,

p. 30:;. Proctii, Syst. Hil. Centre I'.dhcnie. s. iit. 1, 1SU4, p. 14. Simpson, 14th

Ann. Rept. New York State Ccol. for IS'.M. ls<.>7. ]i. ."')41. Xickles and Bass-

ler. Bull. IT. S. Geol. Surv.. 17.'!. lOdO. i>. 4(;. Cnniings. .",2(1 Aim. Rept. Dept.

(Jeol. Nat. Res. Indiana, lOaS. p. 747. Bassler, I'.nll. U. S. Nat. Mus., 77,

1911, p. 121.
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The zoarium consists of a narrow, bifoliate, branching frond or cribrose

forms, with a pointed base, articulating with a small basal expansion

;

apertures subcircular, surrounded by a peristome subpolygonal in out-

line ; interspaces depressed, usually with one or two fine tortuous elevated

lines.

Ch-aptodictya fniticosa n. sp. Plate XII, Figs. 1-2. Zoarium consists of

bifoliate branching frond, 1 to 1.5 mm. wide. The branches rise perpendic-

ularly from the margins and are irregularly spaced from one another. On
the type specimen the distance between the branches varies from .1 mm.
to 1.5 mm. and portions of the zoarium can be selected in which 4 stipes-

spring from one margin and one from the opposite margin in the space of

5 mm. Some of the branches develop and bifurcate similar to the principal

stipe and others form short lateral extensions 1 to 3 mm. in length. The
bushy effect resulting from the irregular branching was observed in a

number of specimens, with similar internal characters, and is here consid-

ered of specific value.

Sections show that the apertures are oval, arranged in longitudinal series

and separated by two fine tortuous lines. Fine zooecia occur in 2 mm. within

the series. At the bifurcation, the striated api>earance is increased by

the presence of narrower apertures ; the serial arrangement is less definite,

and the fine tortuous lines occasionally wind diagonally among the zooecia.

The primitive tubes are thin-walled and lie upon the median laminae

from the proximal end to the hemiseptum, where the outward turn is short

and sufficient to permit the tube to approach the surface perpendicularly.

Diaphragms, mesopores and median tubuli are wanting.

The hemisepta is short, blunt, and projects directly towards the meso-

theca.

The form of the zoarium distinguishes this species from others of the

genus.

Occurrence : Pierce limestone. Walter Hill, Rutherford County, Tenne.-fsee.

Holotype : 237-12. Indiana University.

Graptodictya dendroidca n. sp. Plate XII. Figs. 3-4. The zoarium forms

a narrow bifoliate frond, 1.5 to 2 mm. wide. The first, 10 to 15 mm. above

the articulated base, is an unbranched stipe above which dichotomous

branching occurs every 2.5 to 3 mm.
The zooecia are oval, arranged in longitudinal rows, 8 to 9 in 2 mm.

Two fine lines separate tlie rows in the middle of the lateral surface, but

near the border where the long axes of the apertures are obliquely directed

the tortuous lines pass between the apertures in the series. The walls of

the zooecia in G. frut'icosa ai-e thinner, the apertures larger and the longi-

tudinal rows (14 to 14.5 in 2 mm.) more closely crowded than in G.

(bendroidea ( 13 to 13.5 in 2 mm. )

.

The form of the zoarium of G dendroidea is characteristically different

from all other described species.

Occurrence : Pierce limestone ; Walter Hill, Rutherford County, Ten-

nessee.

Holotype : 237—13, 14. Indiana University.
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Family, Rhinidicti/onidac Ulrich.

Genotype: Rliinidict.va niclinlsoni Ulrich. Stictopora (part) Hall, Pal.

New York. 1. 1847. p. TS. T'lricli. Geol. Surv. Illinois. 8, 1800. p. 388.

Kliinidictya I'lrich. Jour. Cincinnati Soc. Nat. Hist, ij, 1882, p. 152. Hall

and Simpson. Pal. New York, G. 1887. p. 20. Miller, X. A. Geol. Pal.. 1889, p.

.'{20. Ulrich, Geol. Minnesota. 3, 1893, p. 124. Procta. Syst. Sil. Centre

Boheme. 8 pt. 1. 1894. p. 15. Ulrich, Zittel's Textb. Pal. (Engl, ed.), 1896, p.

279. Simpson. 14th Ann. Kept. State Geol. New York for 1894, 1897, p.

(;05. Nickles and Bassler. Bnll. U. S. Geol. Surv.. 173. 1900, p. 48. Grabau

and Shimer. X. A. Index Fossils. 1. 1907. p. 158. Cumiugs. 32d Ann. Kept.

Dept. Geol. Xat. Res. Indiana. 1908. p. 755. Bassler. Bull. U. S. Xat. Mus.,

77. 1911, pp. 131. 132; Zittcl-i:astman Textb. Pal.. 191.3. p. 345.

Zoarium bifoliate, continuous or jointed, consisting of compressed

branches or leaf-like expansions : occasionally trifoliate ; zooecia subgradu-

ate. arranged longitudinally: orifices and apertures elliptical or subcircular,

sometimes a little truncated ix)steriorly ; median tulnili l)et\veen the median

laminae and between the longitu<linal rows of zooecia : mesopores wanting,

but vesicular tissue often developed : inferior and superior hemiseptum

sometimes i)resent. The family has been redefined to include the new genus

llemidictya which has both inferior and superior hemiseptum.

Genus Rhinidicti/o I huh. (ienotype: Hhinidictya nichol.soni Ulrich.

Stictoiwra (part) Hall. Pal. Xew York. 1. 1847. p. 73. T'lrich, Geol. Surv.

Illinois, 8, 1890. p. 388.

Hhinidictya Ulrich, Jour. Cincinnati Soc. Xat. Hist., 5, 1882, p. 152. Hall

and Simpson. Pal. Xew York. 0. 1S87. p. 20. Miller. X. A. Geol. Pal., 1889,

p. 320. Ulrich. Geol. Minnesota. 3. 1893. p. 124. I'rocta. Syst. Sil. Centre'

Boheme. 8. pt. T. 1894. p. 15. Ulrich. Zittel's Textb. Pal. (Engl. ed.). 1890,

p. 279. Simpson. 14th Ann. Hept. State (Jeol. Xew Y<trk for 1S94. 1897, p.

005. Xickles and Bassler. Bull. U. S. Geol. Surv., 173. 1900, p. 48. Grabau
and Shimer. X. A. Index Fossils. 1. 1907. p. 158. Cumings, 32d Ann. Rept.

Dept. Geol. Xat. Res. Indiana, 1908. p. 755. Bassler. Bull. U. S. Xat. Mus.,

77. 1911. pp. 131. 1.32 : Zittel-Eastman Textb. Pal.. 1913. p. 34.5.

•'Zoaria comi»oKed of narrow. comi>ressed. dichotomously divided branches,

with the margins sharp, straight and essentially parallel : attacluvl to for-

eign bodies liy a (•(•ntiniinus expanded liase. Zooecial apertures subcircular

or elliptical, arranged alternately in longitudinal series between slightly

elevated, straight or fiexuous lidges. carrying a crowded row of small, blunt

spines. Space immediately surrounding apertures sloping up to summits

of ridges." (Ulrich.)

I'lii)iidirti/<i tabulata u. up. Plate XII, Figs. 5-G. Zoarium consists of

bifoiiated branching f«)rm. the branches rising from the margins; the type

specimen is 3 mm. wide. .8 to 1.7 mm. in thickness midway iietween the

margins. The surface is even with an occasidiial subsoiid area, formed by

the thickening of the Zdoecial intersperspaces of mature siiecimens. The
margins are thin, celluliferous, approximately parallel, except near the

bifurcations.
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The zooecia are elliptical. In the central portion of the lateral surface

they are arranged in longitudinal and diagonal rows (7 to 11 in the type

specimen), with the longer diameters of the apertures parallel to the mar-

gins. Between the longitudinal series and the edges of the hranch occur

short, less definite .series, each consisting of 4 or 5 zooecia that extend ui>

ward and outward. The longer diameters of these zooecia are parallel to

the longitudinal series of apertures in the proximate branches rising from
the corresponding margin.

Close set. wavy rows of tubuli ai'e present upon the crest of the ridge

separating the series of zooecia, and in a few cases a single one is found

between the zooecia within the series. In the subsolid areas their distribu-

tion shows much less systematic arrangement.

The longitudinal section shows clearly the bifoliate character of the

zoarium and the presence of median tubuli. The primitive zooecial tube is

.3 mm. long, lies inclined uiwn the median lamina, extends upward, in-

creases in size with age and ends abruptly by a short turn into the long

(.7 to .8 mm.) vestibule. No superior septum is developed. From one to

four diaphragms cross some of the vestibular tubes. The intercellular space

in the vestibule zone consists of solid tissue except in a few cases near the

junction of the vestibule and the primitive zooecia, where diaphragm-like

structures occur.

This species resembles Rhinidicti/a mutfthUis in many of its characters,

but differs in the presence of diaphragms in the vestibular tubes.

• Occurrence : Pierce limestone. Murfreesboro, Tennessee.

Holotype: (98) U. S. Nat. Mus.

Rhinidictya salemensis n. sp. Plate XIII, Figs. 4-5. The zoarium consists

of bifoliate branches 2 mm. thick and from 5 to 10 mm. wide. The surface

is even with small, solid, unequally distributed maculae, composed of com-

pact sclerenchyma and radiating rows of vertical tubuli.

The zoocial apertures are small, oval, and separated from one another

by walls that are greater than twice the short diameter of the opening in

thickness and traversed by a single row or an irregular band of vertical

tubuli. The zooecia are not arranged in definite longitudinal series as in

many Rhinidictya : 7 to 8 occur in 2 mm.
Median tubuli are shown in the longitudinal section. The zooecial tubes

lie along the median laminae for only .1 to .2 mm. and then turn outward

with a short bend and proceed nearly direct to the periphery. The inter-

spaces in the vestibular zone are filled with solid tissue traversed with num-
erous tubuli. No dia])hragms occur in the zoocial tubes.

Occurrence: Ridley limestone. 2^/^ miles northwest of Salem. Ruther-

ford ( 'ounty. Tennessee.

Holotype: 245-7. Indiana University.

RJiimdictya Ichanoncnsis n. sp. Plate XIII, Figs. G-7. The zoarium

branches dichotomously. The branches are small, 2 to 2.2 mm. wide and
.5 mm. thick. The margins are celluliferous ; the zooecia in the rows near-

est the margin are more widely spaced than in the other series. Nine to

ten rows of zooecia are present on tlie lateral surfaces.
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The zooecia are oval ; 7 in 2 mm. measured along the rows. Each long-

itudinal series is separated by a wavy line of close-set tubuli.

In the longitudinal section the median laminae are distinct, and in a ix)r-

tion of the section the median tabuli are shown. The primitive zooecia lie

along the median laminae, terminating at the entrance of the vestibule

where the posterior wall extends forward and constricts the aperture by

forming a superior hemiseptum. Beyond the septum the tube lies along

the posterior wall of the upper primitive zooecia for a distance of about

.2 mm. It then turns sufficiently to permit the zooecia to open perpendicu-

larly at the surface. The tube in the vestibular zone is constricted notably

by the thickening of the walls.

This species resembles R. fidelis and 7?. minimal in having a well devel-

oped superior hemiseptum. It can be distinguished from R. fiflelis by the

smaller zoarium. the decided construction of the zooecial tubes in the vesti-

bule and the direct apertures.

The zoarium of R. minima is smaller and has less number of rows of

zooecia than R. IcbcDionensis.

Occurrence : Lebanon limestone, % mile south of Milesford. Rutherford

County, Tennessee.

Holotype : 247-9. Indiana University.

Genus Pachndictyn T'lrich. Genotype: Pachydictya robusta Ulrich.

Pachydictya Ulricli. Jour.. Cincinnati Soc. Xat. Hist.. 5, 1882. p. 152. Foerste.

Bull. Sci. Lab. Denison T'niv., 2. 1SS7. p. Ia2. Miller, N. A. Geol. Pal.. 1889, p.

313. Ulrich, Geol. Surv. Illinois, 8, 1890, pp. 390, 522; Geol. Minnesota, X
1893, p. 145. Procta, Syst. Sil. Centre Boheme, 8. pt. 1, 1894, p. 15. Simp-

son, 14th Ann. Kept. State Geol. New York for 18M. 1897, p. 530. Nickles

and Bassler, Bull. U. S. Geol. Surv.. 173, 1900, p. 48. Hennig, Archiv. fur

Zool., K Sven. Vet.-ckad. Stockhalra. 2, No. 10. 1905. p. 25. Bassler, Bull.

U. S. Geol. Surv., 292. 190G, p. 57. Grabau and Shimer. X. A. Index Fossils,

1, 1907. p. 159. Cumings, 32d Ann. Kept. Dept. Geol. Nat. Res. Indiana,

1908, p. 751. Bassler, Bull. U. S. Nat. Mus.. 77. 1911. pp. 137. 138.

The zooecial apertures of Pachydictya are oval and have well developed,

ring-like walls ; no hemisepta. The character distinguishes the genus from

any other of the family Rhinidictyonidae.

I'dchj/dicfija soiilis ». sp. Plate XIII, Figs. 1-3. Zoarium is ramose,

branches vary from 1 to 1.2 mm. in thickness and to 10 mm. in width. The

margin is non-iK)riferous and variable in width, ranging from .2 to .0 nun.

Maculae of mesop<!res and raised clusters of zr)oocia occur irregularly dis-

tributed over the surface.

The zooecia are oval or circular, with well developed i»eristome, arranged

in indefinite longitudinal series ; and separated by irregular rows of minute

vertical tubuli in the peripheral zone. Deeper tangential .sections show an

increased number and larger mesopores which in some places separate

the zooecia.

The vertical section shows median tui)nli traversing the median laminae

longitudinally. The zooecial tubes are recumbent only a very short dis-
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tance, then turn outward and approach the surface almost direct. Two to

six diaphragms cross the tubes in tlie vestibiilar zone.

The mesopores are crowded with diaphragms in their earlier part, but
closed at the surface by the thickened walls of the zooecial tubes.

Pachijdictya rohusta is closely allied to this species, but the larger zoar-

ium, and large zooecia of P. rol)usta serves to differentiate it.

Occurrence : Pierce limestone, Murfreesboro. Tennessee.

Holotype : 55140 U. S. Nat. Mus.

Genus Trigonodictya Ulrich. Genotype : Pachydictya conciliatrix Ul-

rich. Tigonodictya Ulrieh, Geol. Minnesota. .3. 1893, p. 160. Nickles and
Bassler,* Bull. U. S. Geol. Surv., 173, 1900, p. 49.

"Zoarium of triangular branches, constructed upon the plan of Prismo-
pora, but with zooecia and all minute details of structure as in Pachy-
dictya."

Trigonodictya irregularis n. sp. Plate XIII, Figs. The zoarium con-

sists of irregular, triangular branches with unequal poriferous faces. The
edges are noncelluliferous.

The zooecial apertures are oval, 7 to 8 in 2 mm. counted diagonally. The
peristome, the structure of the interzooecial spaces, and the arrangement
of the zooecia, show gi'eat similarity to Pachydictya foliata Ulrich.

Straight and coalesced diaphragms occiu- in the zooecial tubes, varying in

number from one to eight.

The small tubuli. present in the interspaces of Trigonodictya conciliatrix

and the longitudinal arrangement of the zooecia, serve to distinguish it from
this species.

Occurrence : Lebanon limestone ; 2 miles southwest of Christiana, Ruth-
erford County, Tennessee.

Holotype : 245-11. Indiana University.

New Genus Hemidict'ya. Zoarium l)ifoliate fronds or irregularly ramose
forms with nonporiferous margins ; surface with maculae ; zooecia with
thin walls, elliptical or subcircular ; vestibule nearly direct, walls thicken

and form peristomes ; diaphragms appear in some of the vestibular tubes

;

inferior and superior hemiseptum present : spaces between the vestibule

traversed by one or more series of minute tuliuli. The presence of a peri-

stome shows the close relation of this genus to Pachydictya, from which it

is distinguished by the occurrence of hemisepta.

Genotype : Homidictya lebanonensis, n. sp.

Hemidictya lehanonensis n. sy. Plate XIV, Figs. 1-3. Zoarium consists

of thin fronds, 5 to 10 mm. across and one mm. thick, from the edge of

which rise several compressed short branches 2.5 to 3 mm. wide and .3 to .5

mm. thick. The margin is conspicuously non-poriferous in the angle of

bifurcation, wliere it is .5 mm. wide in the type specimen, and becomes

nari'ower rapidly farther along the branch.

The surface is even, uiwn which is distril)uted small subsolid macules,

"Nickles and Bassler, Bull. U. S. Geol. Surv., 173, 1900, p. 49.
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2 to 3 mm. apart in which the vestibular are greatly thickened and the

zooecia less numerous than in the intermacular area.

The zooecia are arranged into more or less definite longitudinal rows

(13 to 14 in 2 mm.) separated by one or more rows of minute tubuli. The
apertures at tlie surface are mostly elliptical (G to 7 in 2 mm. measured

longitudinally) with the longer diameter parallel to the direction of the

series. In the maculae and near the non-poriferous margin the apertures

are rounded.

The cross-section shows a single row of median tultuli traversing the

median laminae lengthwise.

The zooecia in the primitive area lie inclined upward along the median

laminae to the inferior homiseptinn. After passing the septa the zooecial

tube turns abruptly outward, enters the vestibular area and pi'oceeds

almost directly to the surface. An occasional dia])hragm. either straight or

curved, occurs in some of the zooecia.

Occurrence: Lebanon limestone; Big Springs, liutherford County, Ten-

nessee.

Holotype : 248—25. Indiana T'niversity.

Family Stictoporellidac, Xirklrs and Baaslcr.

This family differs from Ptylodictyonidae mainly in that the zoarium is

not articulated. I>ut grows upward from, and is continuous witli. a sjircad-

ing base.

(lenus HtictoiJ'irclld I Iridi. (IcnotyiK- : StictoporclJa intcrstincta I'lrich.

Stictoporella TIricli. .lour. Cincinnati Soc. Nat. Hist.. H. 1882, pp. 152,

1G9. Miller, X. A. (ieol. Pal.. isMl. p. 32n. T'lricli. (icol. Surv. Illinois, 8,

1890, p. 394; Geol. Minnesota. 3. 1893. )». 17!t. I'octa. Syst. Sil. Centre

P.oheme, 8. pt. 1. 1894. p. 14. Ulrich, Zittel's Textb. Pal. (Engl, ed.), 1896,

p. 279. Simpson. 14th Ann. Kciit. State Geol. New York for 1894. 1997,

p. ;j.3r». Nickles and P.assler. liull. V. S. Cool. Surv.. 173. 1900, p. 40. Gra-

bau and Shinier. X. A. Index Fossils. 1. 1907. ]). I'u. Cumings, 32d Ann.

Kept. Dept. Geol. Xat. Ut-s. Iiidi.ina. lOOS. ].. 7.">0. P.assler, Hull. U. S.

Xat. Mus., 77. 1911. p. 127: Zitlcl-Kastman Textb. Pal.. 1913. ].. ;!4."..

MicroiH)ra Eichnald (not Gray. 1848). Pull. S<ic. .\at. Moscow. Xo. 4.

18.")r», p. 4r)7 : Lothaea Hossica, 1. 1800. i».
:!9.'!.

Zoarium, branching, cribose, or leafiikc. from an cxitaiiilcd base. Zooecia

with primitive iiortinn tubular, iisuaily lung, generally witiiout heniise]»ta.

the inferior one onl.v occasionally present. Ain-rtures a) the bottom of a

wide. slo])ing vestibule. Thick-walleil inesoixires. with true diaphragms

wanting occiu* between the apertures and line the margin of the zoarium.

Stictoporella crihriHiw v. xp. Plate XIV, Figs. 4-7. Zoarium consists of

a cribrose, bifloliate expansion fnnn an extended base. The anastomosing

branches average .7 mm. in thickness and ..") to 1 mm. in width. The fenest-

rules are small oval o])enings .75 to 1.5 mm. in greatest diameter and irregu-

larly distributed.
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Zoecial apertures are small, separated completely by mesopores, and
occur in diagonal and longituTlinal rows ; 10 zoecia in 2 mm. diagonally and
7 in 2 mm. longitudinally. The vestibular walls of the zooecia and meso-
pores are distinctly granular along the contact, forming an encircling dark
band. The orifices of the zooecia lie at the base of sloping vestibules which
are composed of homogenous tissue forming a ring about the opening.

As shown in the longitudinal section the zooecial tubes are thin-walled

in the primitive region and lie prostrate upward on the median lamina,

then turning outward, opening into the vestibules acutely. The walls of

the vestibules terminate almost perpendicularly at the periphery. A single

diaphragm crosses many of the zooecial tubes usually shortly preceding the

turn from the reclining position towards the vestibule.

The mesopores are short, rising in the late primitive zone. True dia-

phragms are absent, but in some thick irregularly arranged tabulae occur.

This species differs from ^tictoporeUa crihrosa, in having smaller fen-

estrules, a granular band surrounding the apertui-es of the mesopores and
zooecia, more numerous me.sopores and diaphragms crossing the zooecia.

The zoaria of the other species is so different from .S'. cribilina that no other

differentiating characters are necessary.

Occurrence : Pierce limestone. Murfreesboro. Tennessee, and 1 mile

north of McFadden Ford, Rutherford County, Tennessee.

Holotype : 5C162 U. S. Nat. Mus.

Paratype : 238, 20, 21 ; 242-13. Indiana University.

FIG. 1.

Fig. 1.—A portion of the eastern part of the United States showing the probable
boundary of the Early Stones River (Mosheim) Sea.
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PMG. 2.

FijJT. 2.—Map shinviiiic: tho oxtcnt i>f tin- Ciilf of Mexico Emhaymont (horizontal-
liiit'd area) (lnriii>r Miildlt- Stniics Kivcr linn- atiil Ilic A|>palar-hiaii-('liaiiii>lii>>> sea
( VLTtical-lined area). ,
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FIG'. 3.

Fig. 3.—Map of eastern North America showing the greatest extent of the G'ulf
of Mexican einhayment ( I.,etianon-Pamelia time) and the probable restricted condi-
tions of the Appalachian and Chaniplain troughs.
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PLATE I

Ceramoporella iiitronus Ulrich and Bassler.
1. Vertical section x 20.
2. A poi't ion of the surface x 10.
3. Tangential section x 20.

Pierce limestone, Murfreesboro, Tenn.

Ceramoporella grandis lliicli and Bassler.
4 and 5. Taii^'ciit ial sections x 20, showing the proiminent lunaria'
6. A portion of t he surface x 10.

Pierce limestone. Murfreesboro, Tenn.
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PLATE II

Coeloclema pierceanum n. sp.

1. Tangential section x IX. showing llic circular sliapcd luiiaria.

2. Longitudinal section x 18, showing the irregular opening witliin the stem
Pierce limestone, Walter Hill, Rutlierford Co., Tenn.

Coeloclema inflatum n. sp.

3. Cross-section x 18. showing the hollow stem.
4. Longitudinal section x 18.

5. Tangential section x 18, showing tlu^ lunaria with inflated, outward
curved ends.

Pierce limestone, Florence, Rutlierford Co., Tenn.

Coeloclema consimile n. sp.

6. Longitudinal section x 18. showing the long zooeocial tubes.
7. Tangential section x 18. showing crescent shape lunarium.

Pierce limestone. Lascassas, Rutherford Co., Tenn.
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PLATE III

Anolotichia explanat a n. sp .

1. L(>nM;itu(litiat section x 20, showing superposed layers.
2, :i. and 4. Tangcintial sections x 20.

Pierce and Ridley limestones, Murfrecsboro and Suliihur Springs,
Rutherford Co., Tenn.

Trigonidictya irregularis, n. sp.

.5. Cross-section x IS, showing the tliree divisions of tlie himinae.
6. Longitudinal section x IH.

Lebanon Limestone, Christiana, Tenn.
(See Plate XIII)
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PLATE III.

S
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PLATE IV

Montlrulipora ititoislta lliich and Bassler.

1. Tang(^ntial sect'on x 20.

2. Longitiulinal section x 20.

Pierce limestone. Miu-freesboro, T(>nn.

Monticulipora discula Ulrich and Bassler.

3. Tangential section x 20.
4. Longitudinal .section x 20.

Pierce limestone. Mm-freesboro, Teiin.

Monticulioora compacta Ulrich and Bassler.

5. Tangential section x 20.
(>. Longitudinal section x 20.

Pierce limestone. Murfreesboro, Tenn.
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PLATE V

Orbignyella nodosa n. sp.

1. Tangpntial section x 18.

2. Lonfiitudinal section x 18.
Lebanon limestone. Big Springs, Rutherford Co., Tonn.

Orbignyella multitabulata n. sp.

3. Longitudinal section x 18.

4. Tangential section x 18.
Pierce limestone. Almaville, Tenn.

Mesotrypa crustulata n. sp.

;'). Tangential section x 20.
6. Longitudinal section x 20.

Pierce limestone. Murfreesboro, Tenn.
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PLATE V.
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PLATK VI

Mesotrypa dxibia n. sp.

1. Tangential section x 20.
2. Longitudinal section x 20.

Pierce limestone. Miirfreeslioro. Tcnn. '

Dekayella ridleyana n. sp.

3. Longitudinal section x is.

4. Tangential section x is.

Ridley limestone. Salem, Tcnn.

Heterotrypa patera n. sp.

5. Longitudinal section x IS.
(5. Tangential section x IS.

Pierce limestone. Stokes fiannon Ford. 2 miles northwest of ATur-
freesboro, Tenn.
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PLATE VII

Hctt-rotrypa slonensis n. sp

.

1. Longitudinal section x IS.

2. Tangential section x 18.
Pierce limestone. Stokes Gannon l-'ord, 2 miles northwest of Mur-

freesboro, Tenn.

Const ellaiia lamelosa n. sp.

:i and 4. Tangential sections x 20.
."). Longitudinal sect-'on x 2().

Tierce limestone. M nrfreeshoro, Tenn.; Lascassas. Tenn.

Xicliolsonella fron(lifiM"i n. sp.

(). Longitudinal section x 20.
7. Tangential section x 20.

Pierce, Kidle.v and Lebanon limestone. Murfreesboro, Atmanville.
Marshall Knob. Salem. Kiitherford Co.. Tetm.
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PLATE VII.
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PLATE VIII

Hallopora spissata n. sp.

1. Longitudinal section x 20.
2. Tangential section x 20.

Pierce limestone. JNIurfrecsboro, Ward'.s Mill. Almaville, Tenn.

Hallopora florencia n. sp.

3. Longitudinal section x 18.
4. Tangential section x 18.

Pierce limestone. Florence, Tenn.

Batostoma libana (Safford).

5. Portion of zoarium, natiu'al size.
6. Longitudinal section x 20.
7. Tangential section x 20.

Lebanon limestone, of Central Tennessee.
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PLATE IX

Batostoma subcrassum n. sp.

1. Lotifjitudinal section x 20.
2. Tangential section x 20.
3. A portion of zoarium. natural size.

Pierce limestone. Murfreesboro and Eaglevilie. Tenn.

Batost«Dma dendroidca n. sp.

4. Tangential section x 18.
5. Longitudinal section x IS.

Pierce limestone. Murfreesboro, Walter Hill, AVards Mills, and
Lascassas, Tenn.

Batostoma ramosa n. sp .

6. Longitudinal section x 20.
7. Tangential section x 20.

Pierce limestone. Murfreesboro. Tenn.
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PLATE IX.
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PLATE X
Batostoma conferta n. sp .

1 and 3. Longitudinal section x 18.

2. Tangential section x 18.
Pierce limestone. Murfreesboro, Tenn.

Batostoma inutilis n. sp.

4. Longitudinal section x IS.

5. Tangential section x IS.

Pierce limestone. Murfreesboro. Tenn.

Diplotrypa catenulata n. sp.

6. Longitudinal section x 20.

7. Tangent i;il section x 20.
Piei'ce limestone. Murfreesboro. Tenn.
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PLATE X.

5
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PLATE XI

Stromatotrypa lamoUata a. sj)

1. Vertical section x 20, sliowiiig supposed layers.

2. Tangential section x 20.
Pierce limevstone. IMurfreesboro, Tenn.

Stromatotrypa incrustans n. sp .

3. Vortical section x 18.

4. Tangential section x 18.

Pierce limestone. Black man. Tenn.

Stromatotrypa rcKularis n. sp.

5. Tangential section x 18, .showing pentagonal-like zooecia.

C. Longitudinal section x 18.

Pierce limestone. Blackman. Tenn.
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PLATE XII

Graptodictya fruiticosa n. sp.

1. Longitudinal section x 18.

2. Tangential section x 18.

Pierce limestone. Walter Hill. Tenn.

Graptodictya dendroidea n. sp.

3. Tangential section x 18.

4. Longitudinal section x 18.

Pierce limestone. Walter Hill, Tenn.

Hhinidictya tabulata n. sp .

.5. Longitudinal section x 20.

0. Tangential section x 18.

Pierce limestone. Murfreesboro, Tenn.
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PLATE XII.
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PLATE XIII

Pachydirtya senilis n. sp.

1

.

Tansontial section x 20.
2. Tant;ential section x 20, near the surface, sliowing tubull.
3. Lon^'it lulinal section x 20.

Pierce limestone. .Miirfreesboro, Tenn.

Kliinidictya salemensis n. sp.

4. I.,ongitiidinaI section x 18.

5. Tangential section x 18.

Ridley limestone. Salem, Tenn.

Rhinidictya lebanonensis n. si).

6. Longitudinal section x 18, showing superior septum.
7. Tangential section x 18.

Lebanon limestone. Miles Ford, Rutherford Co.. Tenn.

Trigonidictya irregularis n. sp.

8. Longitudinal section x 18.
9. Tangential section x 18.

Lebanon limestone. Christiana, Tenn.
(See Plato III)
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PLATE XIII.
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PLATE XIY

Hemidictya lebanonensis n. sp.

1. Cross -soft ion x IS, showing modiaii tubuIJ.
2. Tanirciitial scrtion x 18.
3. Loiifjit iKliiial si-ction x 18.

Lebanon limestone. Big Springs. Rutherford Co., Tenn.

Stictoporella cribilina n. sp.

4. Tangential section x 20.
5. Longit iiflinal section x 20.
6. I'onion of tlie surface x IC)

7. i'hotograph of a slab from the I'ierce limestone showing a jiortii^n or a
zoarium.

Pierce limestone. Murfrceshoro and McPaddin Ford. Hutherford
Co., Tenn.
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PLATE XIV.
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A SYNOPSIS OF THE SUBSPECIES OF ELECTRON
PLATYKHYNCHUM (LEADBEATER).

BY

Harry C. Oberholser.

An incidental investigation of the typical form of Electron^ phiti/rhynchum

led to the discovery of an apparently new subsi^ecies of this gronp. For

better elucidation of its relationships the following synopsis of all the sub-

species of Electron platyrlninchum may be useful. The names of colors

used in this paper are from Mr. Ridgway's "Color Standards and Color

Nomenclature." For the privilege of consulting material pertinent to the

present study, the writer is indebted to the authorities of the T'nited

States National Museum.

ELECTRON PLATYRHYNCHUM PLATYRHYNCHUM (Leadbeater )

.

[Momotus} Phiti/rhi/Hchus LEADBEATER. Trans. Linn. Soc. Lond.. NVI.

pt. 1. 1829, p. 92 ("Brazil"; errore pro western Ecuador).

Chars, subsp.—Size large; subterminal portion of middle tail-feathers

without barbs ; upper parts rather dark ; lower parts tinged with bluish.

Descriptian.—Pileum and cervix between chestnut and Sanford's bi'own

;

back between parrot green and grass green, shading into meadow green on

the upper tail-coverts ; tail prussian green, the edges of the feathers less

bluish, their tips black : wings deep chaetura drab, the outer part of the

upper surface of the quills meadow green, their edges less bluish, the out-

ermost quills more bluish (near wall green) ; upijer wing-coverts rather

yellowish grass green ; sides of head and of neck of the same color as the

crown ; chin between meadow green and grass green ; throat and jugidum

of the same shade as the crown, but paler ; remaining lower parts meadow
green, in places inclining to grass green ; crissum darker ; under wing-

coverts drab, much washed outwardly with the green of tlie upjier wing-

coverts.

Measurements.—Wing, 121.;j—130 mm.; tail, iss—223; exposed culmen,

.30 ; tarsus, 20 ; middle toe without claw. 14.;!.

Tj/pr Jocfiliti/.—Western Ecuador.-

Qcographic distrihufion.—Western Ecuador and western Coloniliin.

Remarks:—Dr. E. Hartert has already shown' that the type of Momotus

plutyrhynchus Leadbeater, though suppo,sedly from Brazil, us really from

J]cuador, as is plain from its large size and uncut central rectrices. As a

matter of fact, the Brazilian bird is much nearer Electron platyrhynehum

pyrrholaenium. as hereinafter shown.

^^For the use of this eeneric name in pliice of Prioiiornis, cf. Ridffway, Bull. U. S.

Xat. Mus., Xo. .50. VI, 1914. p. 470.
-Here definitelv designated.
sNovit. Zool., v., 1898, pp. 497-498.
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ELECTRON PLATYRHYXCHUM SUBOLES Nelson.

Electron platyrhynchus xuholes NELSON, Smithson. Misc. Coll., Vol. 60,

No. 3, September 27, 1912. p. 5 ("Cana (at 2.000 feet altitude), eastern

Panama").

Chars, subsp.—Similar to Electron platiirhynchum platyrhynchum, but

much smaller ; pileum paler and duller ; and chin more distinctly gi'eenish.

Measurements.—Male (type) : wing, 117 mm.: tail, 1771; exposed culmen,

42 ; tarsus, 18 ; middle toe without claw, 13.5.

Type locality.—Cana (altitude 2.000 feet) Darien. eastern Panama.

Geographic distribution.—'Eastern Panama.

Remarks.—This form has a rather limited disti-ibution in eastern Panama,
and extends possibly to at least the lower Atrato Valley in northwestern

Colombia, although birds fi-om tlic upper part of this valley are Electron

platyi'hynchnm platyrliyncJiiim.

ELECTRON PLATYRHYNCHl'M MINOR (Hartert).

Prionirhynchus platyrhynchus minor HARTERT. Novit. Zool., V. No. 4,

December 31, 1S9S, p. 498 ("Panama").

Chars, suhsp.—Similar to Elcctrrm phi tyrlnjuchum suholcs. but bill rel-

atively shorter and broader: green of upper parts duller, more olivaceous;

and under parts less bluish.

Measurements. —Male: wing. 110—118 (average, 112.8) mm.; tail, 155

—

192 (171) ; exposed culmen, 35—40 (38.1) ; tarsus, 17—18.5 (17.8) ; middle

toe without claw, 13—15.5 (15.1).

Female: wing, lOG—IIG (average, 110.9) mm.: tail. 151.5—180.5 (168.6) ;

expo.sed culmen, 34—39 (36.5) ; tarsus, 16.5—18 (17.2) : middle toe without

claw, 13—15 (13.9).

Type locality.—Panama.

Geof/raphic disfrihutiou.—Central America, east to Canal Zone in Panama,
and west through Costa Riea to eastern Nicaragua.

ELECTRON PLATYRHYNCHTM ()RIENTICOl>A. subsp. nov.

Chars, subsp.—Similar to Electron platfirhyuchum phityrhynchum from

western Ecuador, but smaller; subterminal portions Of middle rectrices en-

tire ; upper parts paler ; the back and wings more yellowish ; lower surface

lighter, and posteriorly much less bluish (more yellowish or greenish).

Descriptimi.—Type, adult female. No. 177.039. United States National

Museum ; Hyutaniha, just below the falls of the Purus River. Brazil, March
16, 1901 ; J. B. Steere. Pileum and cervix amber brown, verging toward

Sanford's brown ; back deep yellowish oil green, its lower part cerro green ;

upper tail-coverts between grass gi-een and meadow green ; tail Prussian

iBy mistake given as 188 mm. by Ridgway, Bull. U. S. Nat. Mus., No. 50, VI,
1914. p. 474.

2From Ridgway, Bull. U. S. Nat. Mus., No. 50, VI, 1914, pp. 472-473.
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green, the edges of the feathers less ))luish. their tips black ; wings deep
chaetura drali, the edges of the upper surface of the feathers hay green,

those of the primaries more Iduish. the lesser coverts wholly cerro green

;

chin between biscay green an<l light bice green : sides of the neck like the

crown; throat, .iugulum. and upper l)reast of the same color, but lighter;

remainder of the lower parts biscay gi-een. anteriorly varying to bluish

light bice green ; crissum .similar, but darker and duller ; lining of wing light

cinnamon, the edges of the wing mixed with bluish green ; "eyes black."

Measiircmoifs.—Type: wing. lOO.H mm.; tail. 170; exposed culmen. 31.5;

tar.sus, 1G.2 ; middle toe without claw. 1P>.

Type JocdJitji.—Hyutaniha. just below the falls of the Purus Kiver. north-

western Brazil.

Geographic dintrihuilon.—Northwestern Brazil, east to the Madeira
Itiver; west probably to eastern Ecuador; and north probably to central

southern Colombia.

Remarks.-—This new race is most closely allied to Electron platiirliynclmm

pyrrlwlaemum. with which it agrees in the condition of its middle tail-

feathers, but from which it differs in its paler head, more yellowish back

and upper surfaces of wings, and lighter, as well as posteriorly more yel-

lowish or greenish (less bluish), lower siu-face. The bird recorded by Dr.

C. E. Hellmayr from Humaytha (m the Madeira River' belongs, of course, to

this form. No specimens from eastern Ecuador have been examined, but the

bird from this region is. without much doubt, referable here. The example

from Florencia. central southern Columlna. which Dr. F. M. Chapman indi-

cated as belonging to Electron platyrhynehum pyrrholaenium'^, is apparently

very close to this new subspecies, if, indeed not identical.

ELECTRON PLATYRHYNCHUM PYRRHOLAEMUM (Berlepsch and

Stolzmann).

P[rionirhynchus]. pUafU>'hynchus]. pyrrholaemus BERLEPSCH and

STOLZMANN, Proc. Zool. Soc. Tx)nd., 1902, II, pt. 1, October. 1902, p.

35, in text ("La Merced. Borgoiia", [central Peru]).

Electron platyrhynchnrn medianum TODD, Proc. Biol. Soc. Wash.. XXVI,
August 8, 1913, p. 174 ("Rio Turutu, Provence del Sara, Bolivia").

Chars, subsp.—Similar to Electron platyrhynehum orienticola, but pileum

darker, back and upper surface of wing less yellowish, and inferior sur-

face darker, more bluish.

MeaHurements.—\\mi^, 114—117 mm. ; tail, 188—190 ; exposed culmen,

34—37 ; tarsus, 14—IS ; middle toe without claw, 10.

Type locality.—La Merced, central Peru.^

Geographic distribution.—Peru and Bolivia.

iNovit. Zool., XIV, No. 2. November 1, 1907, p. 40.3.

=Bull. Amer. Mus. Nat. Hist., XXXVII, 1!>17. p. 269.
ago given bv Dr. C. E. Hellmayr, Novit. Zool.. XIV, 1907, p. 403.
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Remarks.—This race is apparently confined to IVrn and Bolivia, since

birds of this si^ecies from Brazil, Colombia, and probably eastern Ecuador,
belong to other forms. The absence of racquets on the middle rectrices is

evidently only a subspecitic character, as this occurs sometimes in other

races which normally have well-defined racquets.

The Bolivian l»ird has been described as a new race. EJvvtron plati/-

rhiinchum mcdianum:, wliich is similar to Electron platijrhinichum pijrrho-

hienium, but is supposed to have the chin siMit more l)luish. the posterior

under parts and exposed surfaces of remiges soniewliat I(>ss bluish, and the

rufescent areas of chest slightly darker and duller. Those differences are

apparently individual, an opinion in which Mr. Todd himself now concurs.

^Electron platijrhijuchum mciliaiiiim TODD, Vvov. Biol. Soo. Wash., XXVI,
August S, 1913, p. 174 C'Rio Turutu, Provence del Sara, Bolivia").
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OBSERVATIONS OX THE FOOD OF CLADOCEHA.

by the late

. Hosier G. Fishek.

During the winter of ir)i:!-l!)14 I liei-ame interested in the feeding of two
species of cladoeeni (Daphnia pnlex and Simocephalus vetnlns) whicli were
being reared in the hiboratory of Dr. A. M. Manta at tlie Station for

Experimental revolution of the Carnegie Institution of Washington. It was
a part of my duty to collect food for them and hence the food was often

examined microscopically, but by this method I was unable to determine just

what elements of the mixture were being used as food by the daphnids.

At the suggestion of Dr. Banta, I then tried to examine the contents of

the alimentary tracts of some of tlie daphnids, but I was still unable at

that time to arrive at any definite conclu.sion as to what constituted their

food. The only organized material that I was able to make out was a very

m.inute organism that I supposed to be a bacterium. These observations

were extended during the following year at the Zoological Laboratory of

Indiana University and during the following summer at the Indiana Uni-

versity Biological Station. At the Biological Station a third form. Daphnia

hyalina, was studied.

The method has been to examine the alimentary tracts as soon after feed-

ing as possible to determine what had been ingested. At the University

Ijaboratory the daphnid was alwa.vs rinsed in tap water, placed on a clean

slide, and crushed with a clean cover slip. In this manner most of the

material of the alimentary canal was expelled and made available for

observation. At the Biological Station the .same method was used except

that the animal was allowed to swim in distilled water a few minutes before

it was put on the slide. Additional studies were made by making smears

of the alimentary tract and staining. The stain used was in every case

Flemming's triple stain. The following species and numbers were ex-

amined: at the Station for Experimental Evolution about 15 individuals, at

the University Laboratory 18 Daphnia pulex and 14 Simocephalus vetulus.

and at the Biological Staticn <;4 Daphnia pulex. IT Simocephalus vetulus.

and .3 Daphnia hyalina. They were all parthenogenetic females.

At the Station for Experimental Evolution the daphnids were all olitained

from laboratory jars. At the University they were, obtained from Hill

Pond, and at the Biological Station they were collected from Eagle

(Winona) lake and from Cherry creek near its mouth. At the lake all of

the Daphnia were obtained with a plankton pump from near the center of

the lake at a depth of 4-8 meters. The Simocephalus were collected with

a silk sampling net from the creek and from the edge of the lake among

the aquatic plants. The material was examined as soon after collecticm

as was practicable.

The only organized material found in the intestine of any of the species

was a minute pear shai^ed flagellate, the systematic position of which has

not been determined. There may be two or more species of the flagellates

but they are so minute that it is not possible at present for me to determine
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this. That they are flagellates can only be made out with an oil immersion

lens. In many of the specimens the intestine was gorged witli tlie flagel-

lates and in no case have I ever found them absent. In living material tlie

typical flagellate movement can be discerned.

Tlie possibility lias been suggested that the observed phenomena was only

a Brownian movement, but upon staining enough organization can be made
out to show clearly that the animal is a flagellate. Some individuals can

be seen dividing. The unformity of the shape of the individuals also shows

them to be living organisms, as it is not likely that powdered particles in

suspension would be of a uniform pear shape. As a further evidence that

the bodies were alive I ran some Flemming's fixing solution under the cover

glass and as soon as it reached the animal they immediately ceased all

movement.

It was also suggested that these might only be parasitic in the intestine of

the daplinid, but it was observed tliat they were found almost exclusively in

the anterior end of the intestine. However, the material from the anal

end of the intestine showed a few, but it seems that even these might have

been forced to their position by the movement of the water around the body

of the daphnid at the time it was crushed.

I also strained a large quantity of lake water through a silk net and then

filtei'ed it through filter paix^r. Upon examination this filtrae was found to

contain the same flagellates. This demonstrated Ih.if flicy were living in the

same water with the daphnids.

Since no other organiz«'d material was found in tlie intestine of the three

species of cladocera and since their occurrence is cctnstant. it seems reason-

able to conclude that they form the food of the animal. While the number
of individuals is not large, I believe that the times and conditions of col-

lection of material are diverse enough to mean more than a much larger

number of individuals collected at the same itlace during a single season.

^Mr. Ildiner Clcnii Fisher died in Oct., 1!H7. He had hopod to ho able to extend
those studios hefdi-e puhlishinjr. lie had submitted this prelinunary summary which
is published with im siibstiiiitial ehini},'o. Will Seott.



347

THE FLOOD MYTH OF THE CHIPPEWAS.

BY

Albkrt B. Reagan.

Manahnsh is the crator god of the Chippewa Indians. Soon after his

birtli his parents were botli killed by a clan (»f sea lions. After tlieir death
he lived with his .grandmother till he became of age. He then decided to

go ont and avenge the death of his parents. The sea monsters who had
killed his parents lived on an island. This was first surrounded by water
for a short distance. Then for a space of about a mile and a half there

was a circular band-area of floating pitch-like ice across which a canoe

could not venture without certainly getting stuck in the pitcli and con-

sequently being captured. But notwithstanding this apparently unsur-

mountable difficulty, Manabush was determined.

He told his grandmother his plans. She listened attentively to their nar-

ration, then sadly advised him not to undertake the hazardous task, though

she wished to see the annihilation of the destructive sea beasts. In con-

cluding she said. "It is no use for you to fight with tlie sealions of that

island. Your canoe will get stuck in the pitch. Then the beasts will come
out and devour you." But he was the more determined. He made a large

canoe and covered it with tallow so it would float and go through the pitch.

After it was completed, he made a strong bow and prepared plenty of

arrows. He then launched his canoe and told his gi-andmother to go ahead

of him with another canoe in a zigzag way up the channel a little distance

at the start. (This custom of having the women proceed a war party for a

little way when starting on a war expedition was long afterwards followed

by the Chippewas in starting on the war path against the Sioux.) Then
when everything was ready, he started out on his war enterprise.

After considerable labor in paddling and pushing his canoe through and

over the pitch-like ice, he landed safely on the island in the night where

he stayed till the break of day. Then at dawn he gave the warwhoop and

ran for the house of the king, or chief sea monster. Upon hearing the

warwhoop, the king .lumped from his bed and got his bows and arrows

;

and the two powerful beings started to fight according as they were gifted

by their superior givers. The battle was terrible. They fought continu-

ously for two days without killing each other. Then they rested on their

arms with the contest a draw.

But Manabush had advisers at hand. On the evening following the second

day's battle, Batter, a bird of the blue jay family, accosted him and said:

"You can not kill King Sealion by shooting him in the body, as his heart

and vital parts are not there as in most beings." Then after a short pause,

he continued : "I will tell you where they are if you will promise to give

me some of the meat from his dead carcass."

With open mouth and wide eyes, Manabush listened to Batter's state-

ment and advice till he had closed, then replied : "My brother, if you will

tell me where King Sealion's heart is I will give you the meat you ask and

make you king of the Blue Jays and all meat birds."
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"lu truth." spoke up Batter as he flew to a limb over Manabush so as to

be heard more easily without talking loud enough to be heard by any one

else, "this monster's heart is in his little toe. Aim for that next time you go

to battle with him and you will succeed."'

The morning of the third day Manaliusli again gave the warwhoop. Im-

mediately King Sealion came out with his full equipment for battle. The
fight was on. Manabush aimed for the little toe of his adversary. The ar-

row struck squarely and penetrated the vital regions. King Sealion keeled

over and died there and then, seeing him fall. Manabush ran to him. took

out his big knife and scalped him. He then sailed across the surf to where
he had left his grandmother, singing his song of victory as he went, as

the Indians have since sung when returning from a battle field.

When his grandmother lieard him coming singing the victory song, she

started out to meet him in lier canoe. Meeting him, she took the scalp

and went on ahead of him to sliore. Landing, she called the village neigh-

bors and all commenced to liave tlie war dance around the scalp in the

middle of the dance hall, as it has since been the custom of the Indians to

dance the war dance down through the ages. Thus they danced till they had

completed the orgie. after which tliey sm<iked the i)ipe of jjoacc.

This dance lasted four days. Then Manabush bade his grandmother good-

bye and started west over the earth in quest of other '•hurtful" ])easts.

After foiu' days of journeying he met four wolves, one of which was a

chief. The.se accompanied him for foiu* days in his passing westward. As
he thus journeyed with them, he noticetl every evening when they camped
for the night tliat they would pile sticks in a lica]) and King Wolf would

jump over the pile four times, after whicli tiie wood would catch fire with-

oiit the aid of a fire-starter. By watcliing them, he also learned the art.

On they traveled. As they thus journeyed, young wolves followed along

behind and chased flown the moose and deer and killed them as needed.

Then they would dress and cook some and .ill wnubl eat to their satisfaction.

So all had a pleasurable time.

After journeying four days with the wolf piuk. be chose for his compan-

ion one of the young wolves whom he calle(i bis iicidicw. Leaving the rest

behind, he then traveled on in his western tr.ivcls. The evening of the first

day after they had parted company with the other wolves they came

upon the track of a moose which it was d(>cided his nephew should chase

on the following morning. That lught MaiiMhusli bad ;in unfavorable dream.

The next morning as a conseciuence of the forhoding evil foreshadowed in it.

he cautioned his comrade to lie careful, "riie ilrcjini w.is .ibout chasing this

moose." lie said. '"It was a bad dream about you in this chase." He con-

tinued: "In (basing this moose \ou arc to trM<-k. wbciic\'er you come to

a little sti'eam always cut a tice down ami wall< aci'oss it. Don't Jump
over the stream. Be careful."

.\s per arrangement, the nephew started out on the chase. .Manabush fol-

lowing his tracks. Soon he came to a little stream over which he fell a tree

as he had been instructed. He then crossed it safely. After a while he

came to another very small stream which he thought he would jump, as it
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seemed too small to take time to cut a tree down on which to cross. Fur-

thermore, lie could see the moose oidy just a little further on, staggering

with fatigue, and, by crossing immediately, he coidd soon overtake it. He
could even taste fresh meat, he imagined, the moose being so sure his. As
he jumped, the stream instantly swelled its dimensions to a raging torrent

aud swept him away with it. It had been caused to become a large river

by the great Suake God who lived near a sand point that projected into the

lake a little way off from the outlet of the river. This snake god's home was
on an island just beyond the sand point. Here he lived in company with

many other snakes and other animals that live in the water. Here they

had their lodges, as did the bear family. These snakes and beasts were the

great evil enemies of our race. Here to this island the wolf was taken

prisoner. There he \'\'as killed and skiinied and his hide was used to cover

the door-way of the principal lodge of the place where the greater i)art of

the snakes went in and out in their strollings about.

Following along behind, Manabush tracked his nephew to this .second

stream, now a big river, and found that his tracks ended there. At once he

knew he had disobeyed his orders of the morning when he had told him to

cut a tree across every stream he came to. He luid cut one tree down and

had crossed the stream there safely. Now he had disobeyed orders ancT

had tried to jump the stream, but was taken by the current. And the

stream getting larger and swifter as it passed out toward the lake, took him

out with it to the residence of King Snake. There this snake and his

companions had killed him and took his hide for a door-cover for the

snakes' passage-way. Finding that the tracks ended at the stream-crossing

and that he had undoubtedly been swept out into the lake. Manabush started

down its winding course, hoping against hope that he might find him

stranded and yet ali\-e. or miglit be lucky enough to tind his body, if dead.

He had luck in obtaining de.sired information, but not his comrade's body.

As he neared the stream's mouth, he saw a bird looking down into the

water. He slipped slowly up to it and made a gralt for its head. Unluckily,

however, he just missed his hold and ruffed up the feathers on the back

of its head and neck. The bird was Kingfisher. The top Inuich of feathers

on his head Manabush made by this stroke, by grabbing him by the head

and slipping his hold. Escaping, the bird flew away a short distance and

lit. Then looking back and seeing Manabush. he said : "I would have

told you where your nephew has gone had you not grabbed me as you did."

Manabush. however, was equal to the occasion, for he knew the weak

points in the make-up of the lives of all living things. Se he said to him:

"Come over and tell me and I will make you a pretty bird." In consequence

of this promise, he flew near and told him that his nephew had been killed

by King Snake who lived near the sand point. He told him further that

the snakes and bears and other water beasts come out on the sand point to

sun themselves about noon each nice day and the King Snake would be

the last one to come on shore. Manabush thanked him for the information

and then "fixed him up" and made him a pretty bird by rubbing his breast

with white clay and painting his body Idack-blue.
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Having completed his tallving witli Kingfisher, he started for tlie sand

point mentioned, after lie had made a strong how and had prepared hull-

rush tops for arrows. AVhen he got near the sand heach he said to him-

self: "I will he a tree-stub". And on reaching the place he turned into

a stub of a poplar tree. Then after while as the sun ascended the heavens,

the snakes came out to sun themselves on the sand as they were wont to

do. The white bears came last, followed by King Snake. The others had

noticed nothing; but King Snake at once noticed the tree-stub. "What
is itV" he asked. On scanning it further, he exclaimed: "I believe that is

Manabush standing there I" He then turned to one of the chief snakes and

said: "Go to yonder stub. Climb it. Then coil around it and squeeze it

hard." This snake chief did as he was bidden. He coiled himself around

it and squeezed; but Manabush never moved. After this snake had tried

his crushing powers for a considerable time, he gave it up and went back

to where King Snake was. saying: "That can't be Manabush." King

Snake, however, was not satisfied. He turned fo a white bear and com-

manded him. also, to examine the supposed stub, saying: "You go and climb

on that stub to its very top. Then climb down so a>< to scr.-itch it as you

descend." The bear did as he was told. Manabusli nearly yeileil, but never

moved. Going back to his master, the bear s.iid : "Tliat can( be .Mana-

bush." Being satisfied. King Snake immedialely (•.uiic asliorc and stretched

himself on the sand in the sun.

After all the reptiles were fast asleep, Manabush turned to lie a man
again. He then took out his bow and arrows and went near King Snake

and shot him in the body. l>ut without injuring him in the least. He then

remendiered what Kingfish(>r had told him. that to injure King Snake he

must shoot Ills shadow. So \\itli the second shot he ainied ai the beast's

shadow, and instaidly the reptile stretched out and gas|(e;l in awful pain.

Seeing this, Manabusli starteil back to gel a few logs togi-ther to make a

raft, for Kingfisher had told him that if he wounded King Snake, he would

flood the world to the top of the trees in revenge. Then the water would

go down again. Rut if he killed him, he would destroy the wliol(> world in a

ndghty flo((d. The waters had already begun to rise. So he got on the

raft he had succeeded in making and floated about as he watched the wat(>r

rise until the trees all disappeared. Then the water went down again.

After it had got dry on the earth again, he went back to tell Chief Wolf

what had happened. After narrating this to the wolf tribe, lie went back

to the lake where he had had the encounter with King Snaki'i he knew by

the world's not being destroyed utterly that this snake had only been

wounded. Conse(iuently, he had it in his mind to msike sure of his killing

him, be the consetpiences what they woidd.

As he was walking along the shore of the lake on his retiini. he heaiil

something rattling. Looking aheatl. he saw a large frog-like, old lady of

the l»ad-witcli type jumping along. Siie had a laltle which she used in

doctoring the sick. She also liad a p.ack of basswood on her back.

"Helloo. grandma," be shouti'd to her. •"Where are you going?''
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"I am going to King Snake's liouse to doctor liim," answered tiie frog-

lady.

"Wliy, wliat is tlie matter witli King Snake, grandma?"
"One great god, Manabusli, sliot King Snake for revenge."

"Grandma, teaoli me your medicine," broke in Manabnsli. "I will pay

you."

Tempted with the promised pay, the old medicine-frog-lady told him all

about her doctoring and medicine songs. Then after he had learned all

she could impart, he killed her and, skinning her, put the skin on himself.

He then took the rattle and the pack of basswood bark and started for the

village where King Snake lived. On the way he stopped where the old frog-

lady had lived. There he made himself much at home and waited an invita-

tion to doctor. The evening following his arrival, a messenger came to him
saying: "Grandma, you are again requested to come and doctor King

Snake."

"All right," answered Manabush.

Then imitating the old frog-lady, he started to finish his killing of King

Snake. Moreover, realizing the dire results that would follow, he got a

lot of trees together for a raft, as he journeyed toward that snake's house.

Getting everything in readiness, he entered that reptile's yard. As he

entered the door he noticed his nephew's skin hanging as a curtain to the

doorway. The sight of it made him feel so badly that he almost cried. He
entered the house, they, of course, supposing him to be the old-medicine-

frog-lady. They had him enter the room where King Snake lay very weak
and sick. On entering, he took his rattles and started to sing the medicine

songs he had learned from the aged frog-lady. As he sung, he crawled

nearer and nearer to King Snake's side. As he did so, he saw that the arrow

he had shot at the previous time was still imbeded in the flesh with the

broken end still sticking out. He waited. At the opportune moment he

pushed the arrow completely in and instantly killed King Snake. He then

immediately fled from the house, singing to cover his tracks and to pre-

vent suspicion.

He knew the consequence of his act and made with all speed for his raft,

and none too soon, for while he was still running the water reached knee

deep in depth. The raft also began to float away just as he got on it. Soon

then the whole world was submerged. In this catastrophe the animals com-

menced to swim around trying to get somewhere where they would be

safe from the raging waters. Some succeeded in getting onto the raft

;

others hung to it. For four days they were floating as if it were in the

middle of a great ocean ; there was no land to be seen anywhere. The

whole land surface of the earth had been swallowed up.

Manabush had forgotten to get a handful of dirt from mother earth

before getting aboard his raft. So on this fourth day of tempestuous

waters he called a council, saying: "We must do something. We can not

stay here on this raft for all time. We must get some dirt."

In accordance with the decision of the council, Manabush chose Beaver,

Otter, Loon, and Muskrat as divers to try their hands in getting some earth
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from tlio liotfdiii of flif (loop to start land again. P.oavor wont down firsf,

but (lied liofoi-o he rcaclicd the liottnin of the waters. ( »ttor dovt' Hko-

wise. but died and floated lifeless over tln' water. Then Loon went down
but returned without anything. He liad seen the bottom of tlie surging

waters, but had lost his life just as ho was noaring the green. carr)eted

land and trees. When he floated near the raft doitd on his return, Mana-
bush seized him. He then brought him back to life by blowing his

breath in his face. Mnskrat then started in his diving. F'or four days

nothing was .seen of him. Then he floated again on the water near the

raft, dead and all doubled up. Manabnsh pulled him on board the raft and
blowed breath into iiim again. Tiien lie went to examining him to see what
he had found. In his hamls (front ]iawsi he found a little dirt and sand,

also some in his feet and niontli. A leaf and some seed were also found.

Having obtained the coveted gifts of e;irth. he dried them in his hands and
caused them to increase till ho had a handful. The act of recreation rtf

the world was then at hand.

Keiug all ready for the work before liim. .Manaimsh held his Hlled hand
of dirt, saiul. and seed up on a level with his face with palm up. At once

he began t<» blow his breath strongly over the lump and bh'w particles off

it around the raft. In this way he formed an i<Iaii(l. Immediately, then,

the animals left the raft and itegan to roam on tlie land surface; but he

kept on blowing the particles frtmi his hand out fiirther and farther, thus

extending the land area. Ho kept up this blowing till the "land could be

seen out of sight.'" He then sent a raven to fiy arotnnl the land and see

how big it was. This bird was gone four days, then returned. So Mana-
bush said : "Tliafs to<» small." Ho then blowoil more and more. He
then sent a dove to see liow largi' tlie laml surface had grown. This bird

foinid it so largo that it nevei- came back. So .Manabusli was satisfled that

the world was big enough. lie then throw down the chnid<s of substance

he still had in his hiinds iind these are Iho mountains of the world. He
then roi)lanfod the earth with moses. trees, herbs, and grasses, after which

ho dei»arted for his home.

He now lives in the home of the I>a\vn and is the groat king of all spirits.
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GLA('IA]> DEPOSITS IX PINE RIVER VALLEY. COLORADO.

BY

Ai.iiEKT B. Rkacax.

The table-flats at P^Iorida. east of Durango. Colorado, on the Denver &
Rio (irande Railway and eastward across Pine river to beyond Spring creek

at Laboca on that railroad—in fact, the whole area from the bluff-mesas

west of Durango to the bluff-mesas beyond Spring creek to the eastward in

a curve running to the northeast of Durango and bending far to the south-

ward and southeastward, is covered heavily with glacial drift, except

where the country rocks project above it in points, ridges, and buttes in

many places. The mesas southwest of Iguacio are also covered with

glacial boulders and other glacial material. How much farther the glacier

extended is not known to the writer.

A little northeast of Durango in the Animus valle.v there are heavy
morainic deposits, associated with extensive outwash deposits. The .same

phenomenon appears on the Florida, above and in the vicinity of the station

of the same name. At Oxford the outwash material, loess, etc. is ten feet

deep, superimposed on a bed of boulders often from ten to twenty feet in

depth. West of Ignacio the outwash material butts up against the mesas,

being often twenty feet thick in the valleys. At Ignacio and at the South-

ern Ute Boarding School a mile to the northward, the outwash and
upper till loess and adobe clay is from five to ten feet deep back from the

mesa's edge of the first bench. Immediately underneath this are from five

to twenty-five feet of boulders underlain in places by lower till. At Laboca

only outwash material was seen, there often forty feet thick, as is shown
in the valley cuts of the present washes.

Three miles north of the present Indian school on Pine river, the stream

has cut completely through the debris, which here shows no lower till,

but twenty-five feet of boulders on which are superimposed outwash till and

loess. The bench west of the boarding school, to which a part of the school

land extends, is one hundred feet above Pine river in elevation, but at no

place in the slopes from the river to its crest is the original rock shown.

On top of the bench are five feet of adobe, beneath which are twenty-five

feet of boulders, and under this till to an unknown thickness. At Bayfield,

ten miles north of Ignacio, the outwash material is of immense thickness,

overlying boulders ; while to the southeast of that city over a small ridge of

jutting, original country rock buttes, is a pocket of glacial deposits of a

similar nature. Also from Bayfield northward on Pine river for many miles,

outwash material is very conspicuous. The valley fillings seem to be

composed wholly of it.

The glaciers that made these deposits .seem to have had two or more
centers. The glacier in the vicinity of Durango appears to have come down
the Animus river channel. The rest of the glaciers seem to have had their

origin in the lake country above the junction of Vallecieto creek and Pine

river in the high peaks of the San .Juan range. Pushing downward from
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the heights, they appear to have collected in a basin in the Vallecieto dis-

trict of the upper Pine, now a magnificent valley from a mile to several

miles wide and several miles in length, blocked in by mountains and ridges

which rise one thousand feet above the valley floor. Here the glacier

pushed southward, spreading out l)oth eastward and westward into a huge

fan as it reached the valley flats, even crawling over the lower ridges of

the foothills and beginning to spread extensively before reaching the lati-

tude of Bayfield. The writer can not say whether the Spring Creek gla-

cier was a branch of the Pine River glacier, or came from another glacier

center in the same mountains. This much is siu-e. at Laboca they formed a

continuous ice sheet and the outwash materials coalesced. Extensive gla-

cial debris was also noticed about Pagosa Springs fifty miles east of Bay-

field.

As the boulders ovei'lie the mesas south of Ignacio, it would seem that

they were carried there when the glacier was higher and more extensive

than when it deposited the gi'eat boulder deposits in the lower benches at

Oxford, northeast of Durango. at Ignacio. and in the lower valley of the

river near the latter place. Whether two glacial stages are here repre-

sented could not be determined with the data (il)tained.

Since glacial times the river and its confluents have cut entirely through

the drift at most places all the wa.v to bed rock and have also widened out

a very considerable inner-valley flood plain.
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PROBABLE EOCENE GLACIAL DEPOSITS IN THE FORT APACHE
REGION, ARIZONA.*

BY

Albert B. Reagan.

When the writer wrote his article on the Fort Apaclie Region, Arizona,

much nncemented gravel and houlders was found capping the mesas and
underlying the lava flows. These deposits he placed in the Tertiary and
Quaternary. In his section on Canyon creek, Arizona, from the source of

that stream to its confluence with Salt river, he gives 125 feet of coarse,

uncemented gravel, of gneiss and quartzite boulders, capping the clastic

rocks. Gilbert's section at the crossing of Canyon creek also gives 20 feet,

coarse uncemented gravel of quartzite and gneiss boulders.** Some of the

writer's other sections in that region are here copied in whole or in part

to show the existence of this material in various parts of the reservations,

as follows***

:

Section in Seven Mile Hill canyon, five miles southeast of Fort Apache,

Arizona. Feet

1. Basalt 200

2. Volcanic ashes 10

3. Strata of mostly imlithified sand and clays 40

4. Shale, light colored, sandy 4

5. Conglomerate rock, the cement being volcanic ash. The pebbles

and cobble stones of this series being quartzite, granite, an-

desyte, rhyplyte, limestone of the Palaeozoic era, etc., (no

cobblestones or pebbles of the basaltic type were found in this

conglomerate ) GO

6. Strata of partly lithified coarse grained, reddish to light brown

sandstone, composed of angular and rounded grains of granite,

rhyolyte, etc. In this series the rhyolyte-trachyte particles

predominate 200

7. Red gypsiferous shales with sandstone and limestone of the

Carboniferous age 600 to 1100

1614

Section along East wall of Cherry Creek Canyon. Arizona, seven miles north

of Salt River, near Mr. James Hinton's house. Feet

1. Light to dark brown rhyolyte 30

2. Conglomerate rock 80

3. Tufa conglomerate and agglomerate 20

*For references on this region the reader is referred to the following :
Gilbert,

G K. and Marvin, A. R.. U. S. Geogr. Sur. west of the 100th Meredian, Vol. iii,

and special references as follows: Gilliert, pp- 16.'^, 104, lf,5, .^>1>G-52S ;
Marvine, pp.

221-228.
Loew, Oscar, ihid., pp. 587, 042.
Reagan, Albert B., Geology of the Fort Apaclie Region in Arizona, Am. Geologist,

Nov.. 1903, pp. 205-308, 2 maps, 1 plate.
**Gilbert, ihUl. p. 104 ; Reagan, loc. cit.. p. 270.
***Reagan, ibid. pp. 270-275.
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4. J>ii<lit gray sandstone 10

r>. Khyolyte 30

<1. (Jray sandstone and conglomerate 100

7. Fine grained, gray to brown sandstone, composed of ground up
Archean and Palaeozoic rocks, granite, rhyolites. diabases.

etc 40

Total—apparently all Tertiary 210

Section .South of White river, three miles west of Fort Apaclie.

Feet

1. Basalt 200

2. T'nlithified volcanic ashes 10

3. Loose .strata of slightly lithitied clays and sands 40

4. Carboniferous, red gypsiferous shales with sand stone ;ind lime-

stone <i<Ht to iqtM)

1:^50

Generalized Section on the Government trail from Kllisoirs to Canyon creek.

Feet

1. Adolie 8

2. Loose cohhle stones and pelihles 1

3. Yellow clay interstnjtitied with loose sand 4

4. Cobble stone stratum 1

r». Light yellow to pink, lithitied. stratitied rock. comiKiscd of tine

grains of Archean and Tonto rocks 10

('». Dark l»rown. i^artly lithitied sandstone 1

7. Yellow to brown and pink. cr(tss-beded sandstone 10

5. Conglomerate serii's 20

!>. I'orphyry. gneiss and granite rocks (intrusive I 100

10. Tonto sandstone and shales (Cambrian » 500

11. Archean (?) hornblende biotile graidte. olivine diabase and

hornl»]eiide diorite 500

Total 1155

Section on Carrixo Creek (after (Jilbert).*

Feet

1. Coarse gravel compo.sed of vitreous sandst(»ne. quartzite. an<1

gneiss boulders 50

2-7. Clastic rocks 1370

Total 1420

•Gilbert, loc. cit ; Reagan, ihid., p. 274.
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Section North from near Camp Apaolie (Fort Apache) (after Gilbert)).**

Feet

1. Basalt and basalt gravel 70

2. Pale pink slightly colierent, massive sand and gravel resting

unconformably on No. 3 520

3-6. Clastic rocks 1070

Total 22G0

It is quite possible from the data at hand that the deposits have

accumulated in Seven-mile Hill section and in the Salt River and Hinton

regions and in many other places in the area, covered by this paper thi-ough-

out the Tertiary and may have begun even earlier. A part of the seiies

which tlie writer had originally designated "Tertiary", principally in the

sections mentioned above, begins with a consolidated, coarse conglomerate

stratum, beneath which are strata of partly lithified sands, clays and

gravels reaching a thickness of nearly a thousand feet in thickness in some
places. The formation is found, for the most part, in the ancient canyons

of the region. Conformably on the formation above designated "Tertiary",

in this paper and in my original report on the region, are hundreds of feet

of unconsolidated gravels and clays and occasionally volcanic ashes. This

series covered the entire region, excepting possibly the Ellison dome, so

that the lava flows which closed the Quaternary, flowed over a plain. Since

then much has been removed so that now it is patchy, except where it is

protected by superimposed lava. It now fills the valleys of the Pinal and

Apache mountain districts ; the volcanic and plutonic rocks projecting above

it as peaks and mountains. The middle Cherry creek valley and the Tonto

basin, as well as the Ellison flat, are covered with it. It covers the Mogollon

mesa together with its southern prolongations, including the Cibicu divide,

to a thickness of from five hundred to a thousand feet in many places. It

is the surface rock of much of the Kelley butte country, and extends beneath

the lava of the Nantau Plateau as far as visited.

At the time the writer studied tlie region, he believed that these deposits

were due to a stage of ponding, as a result of differential uplift and lava

flows, since he found no glacial striae ; but since his study of the glaciation

in the San Juan mountains in Colorado and the Deep Creek region. Utah,

he has been compelled to change his views and conclude that the deposits in

question ax'e of glacial origin and probably in part due to laking, as a

result of glaciation and volcanic disturbances. This view is also born out

by the fact that the Cibicu divide and the Mogollon mesa, which are both

heavily covered with this drift, are higher than the surroimding country

and show no evidence of a laking stage.

The deposits, clays, sands, gravels, and boulders of schist, quartzite,

gneiss, carboniferous rocks, vitreous Tonto sandstone, diorite, trachyte,

rhyolite, and Archean rocks, indicate different development centers for the

Gilbert, ma., p. 165.
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glaciers that swept over the region. The materials of the Seven-Mile Hill

deposits and those beneath the lava flows of the Xantan plateau indicate

that the glaciers came from the White Mountains to the eastward. This is

also indicated by the dip of the clays and sands. But the deiwsits of the

Cibicu divide indicate by their composition that they came from the west
and northwest (and possibly from the southwest), as do also the Hinton
and Salt river deposits the latter being composed of quartzites, gneiss, vitre-

ous Tonto sandstone, Archean and Palaeozoic rocks, and biotite granite, all

of which are exposed in the upper Canyon creek region, the Ellison dome
and the Tonto basin, and south of Salt river along the western face of

the Plateau. It is also quite probable that some of the debris came from
the mountains to the northward.

From the inadequate data at hand it would seem that at least the deposits

below the partly consolidated conglomerate series are Tertiary, extending

to the early Tertiary, as Gilbert. Marvin, and the writer concluded when
examining the region, and that the remainder are Quaternary, as was also

then concluded. This being the case, as the facts at hand seem to indicate,

we would, theref(tre, have bad glaciation here in the early Tertiary, prob-

ably in the Eocene period, repeated again in the Quaternary. Laking in

consequence of blocking lava flows and faulting probably played their

parts as did also the subseinient develo])ment of drainage, wliicli is. in

part, inverted and. in part, diverted.

The finding of glacial material forming tiu' opening scries of the Eocene

in many parts of the world brings again to the fore with emphasis the fact

that glacial epochs have occurred at the beginning (or the close) of each

great era of geologic time. This raises the cpiestion again, Wh.v do geologic

eras clo.'-eV Is there not a cosmic cause"/ And as the writer has sug-

gested in previous i»ubiications.* may not these changes both in climate and
in the readjusting and rebuilding of the earth's crust be due fo results

brought about by our solar system having reached one or the other terminus

of the great elipse around which it is whirling with its company of planets,

meteors, planetoids, secondary planets, and comets, much as our extreme

yearly seasons are caused by similar positions of the earth with reference

to the path it travels around the sun and to the inclination of its axis.

•Rpgan, Albert B.. The Glacial Epoch. Trans. Aead. Sci. of Kansas, Vol. XXVI,
l»i:5, pp. 70-S3 ; Sunspot, Vol. 1, No. 1], January. 191G. pp. i:^-:'.(>.
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SOME NOTES OX THE ESTIMATION OF CHROMIUM AS CHROMIC
OXIDE.

BY

Wm. M. Blaxoiiari) axi) Paulixe Norris.

Schirm (Chem.-Ztg.. 3.?. 877) statos that chromium can be determined

gravimetrically by precipitation from a chromic salt hy ammonium nitrite

solution and igniting the precipitate with the filter in a Rose crucible.

Sclioeller and Schrauth (Chem.-Ztg.. 33, 1237) state that accurate gravi-

metric determinations of chromium may be made by precipitation from a

boiling, dilute solution of the chromic salt by the addition of one cc. of

aniline and boiling for five minutes. The jirecipitate is filteretl. washed, and
ignited.

Hanus and Lukas (8th. Intern. Congr. Appl. Chem.. I, 209-12) state that

chromic hydroxide can be precipitated quantitatively from neutral or alka-

line solutions containing chromates by hydrazine hydrate and some of its

derivatives.

Rothaug (Z. anorg. Chem., 8}. 1C5-S9) states that a long series of estima-

tions made by precipitating chromium hydroxide by means of ammonium
hydroxide, ammonium sulphide, the iodide-iodate method, and hy hydroxyl-

amine, gave results running high from 0.17% to l.(>09r. the error being due

to the formation of chromic chromate during the ignition.

These statements are interesting compared with the assertions of Fres-

enius (Quant. Chem. Analysis, 6th. Ger. Edition, Cohn's Eng. Translation,

page 281) that when chromium is precipitated in glass vessels, the results

are high owing to contamination with silica ; if the precipitation is carried

out in porcelain vessels, the results are much more satisfactory, and if

platinum vessels are used, the results are quite accurate.

AVith a view to verifying tlie statements of Fresenius or those of Roth-

aug. the following exijeriments were made : Tlie purest obtainable potas-

sium dichromate was carefully recrystallized and the chromium estimated

by evaporating to dryness solutions to which were added ethyl alcohol and

hydrochloric acid, redissolving, and precipitating the chromium from boiling

dilute solutions with ammonium hydroxide. After washing, the precipitate

was ignited with the filter, heated over a Meeker burner and afterwards

with blast lamp, cooled and weighed. 0.1500 gram of the dichromate was
taken each time : this quantity should give 0.0775 gram chromic oxide.

Five determinations in tieakers of the l»est American glass gave

0.0791. 0.0797. 0.0791, 0.07?^. 0.0795.

Five determinations witii precipitation in a large porcelain casserole gave

0.0794, 0.0790, 0.0790. 0.0798. 0.0794.

Five determinations with precipitation in a largo phitinum dish gave

0.0798, 0.0797, 0.0791, 0.0792. 0.0794.

Three determinations witli glass beakers, the precipitate being dissolved

and reprecipitate. ga^-e 0.0790. 0.0790. 0.0789.



One determination witli precipitate ignited in a Rose crucible gave 0.0709.

Two blank determinations gave no precipitates.

^From these results it would api^ear that the estimation of chromium by

precipitation as chromium hydroxide and ignition in the ordinary way is

not reliable and that the error is independent of the composition of the

ves.sel in which the precipitation is effected.



361
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SOME SPECIAL PHYSIOGRAPHIC FEATURES OF THE KNOBSTONE
CUESTA REGION OF SOUTHERN INDIANA: AN EXAMPLE

OF EXPLANATORY PHYSIOGRAPHY.

BY

Ol^'de A. Mai.ott,

(Indiana University.)

INTRODUCTION AND STATEMENT OF PROBLEM.

Physiography is a study which deals largely with the development of land

forms. It attempts to explain the landscape by the action of certain pro-

cesses on earth materials under particular conditions, and is perhaps less

descriptive than it is explanatory. Probably no other phase of physiography

pi'esents so many problems as the results of the action of running water on

the many kinds of rock material under various geologic and topographic

conditions. The intricacies of drainage development and adjustment, traced

by means of topographic forms, often present a histoi\v ])y no means simple.
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The more intrirato and complox an individnal liisrory. tlio more fascinating

it is to the student of pliysiograpliy.

Problems pertaining to drainage are by no means few in southern Indi-

ana. The division of tlie Illinois glacial lobe, or rather the projection of

two lobes into southern Indiana, left a large triangular area of about

5.000 square miles in extent, untouched by the ice. Where the pre-glacial

streams came against the eastern margin of the western lobe there was
much derangement of the pre-existing drainage, especially the smaller

streams. But it is in the unglaciated area that stream development and

adjustment have gone on unham]K'red. It is here that we find some of the

finest examples of adaptation of the drainage direction to the geologic struc-

ture and the topographic conditions. The details of drainage development

involve intricate cases of underground drainage with diversion of the

waters from original surface streams to other streams by subterranean

piracy. Such a condition w(»uld result oidy in a sjiecial limestone region

where both geologic and topographic conditions are favorable. P.ut the .sub-

je«-t matter of this jiaper is a presentation of the broader features which

permit certain stream adjustments to take place rather than a considera-

tion of the full details of drainage ]>lu*nomena and topograjihic form. A
part of the subject matter, however, is concerned with the general consid-

erations of a rather odd case of stream gradient and also with ti)e details

of a notable case of stream piracy, but the c;ises are i)reseiited as illustrative

of stream adjustments to the geologic tnid topngrfiipiiic conditions which

characterize the i>articular region here chosen.

The area from the Muscatatook liiver along the soutlicni hoiiiidary of

Jackson County to tlie Ohio Itiver on the south i)resents a number of rather

striking idiysiographic features. The chief one of these is the southern

and best developed pftrtion of the Knobstone e.><carpment. the most prominent

relief feature in Indiana. The area embraces western Scott, western Clark,

Washington, Floyd, and Harrison counties. This i.s the area sliown by the

general map accompanying this i>aper. It is essentially the Knobstone

cuesta and contiguous territory near the eastern nnirgin of the unglaciated

I)ortion of southern Indiana. The topographic mai» is a bit of detail within

the larger area shown by the general mai). The area is chosen here to

illustrate the importance of geologic structure in the development of topo-

giapliic forms, and also to present one or two illustrations of adaptation

of drainage to geologic strmture and toi)ographic condition. The special

factors concerned in these i)hases of pliyslogra]iliy will lie ]iresented in some

detail.

I)i:fimti<>s of ckoijkiic stiii en i:e .i.y/> roi'oah'M'jfic

COXDIT/OX.

Fretpient mention is made in this paper of geologic structure and topo-

graphic condition. There is no intention of using these terms in any other

than the <»rdinary sense, yet it is well to give an exact statement of the

meanings of the terms as used in the present discus.sion. The definition



here fdven of geolofiic srniciiire as a physiographie term is intended to lio

applied to a plains region. Under the term geologic structure are included

the types of regional rock and the lithologic succession, as well as the in-

clination of the strata. Essentially this is the descriptive stratigraphy and
the regional dip of the rocli. It is lithology and structure. A pliysiographic

paper need laave no more of this phase of geology given than is necessary

to show the responsihility of the inclination of the strata, the type of rock,

and the relationship of the rock layers as conditioning factors in the devel-

OUTLINE MAP OF SOUTHERN INDIANA
SHOWING LOCATION OF AREA
TREATED AS AN EXAMPLE OF
EXPLANATORY PHYSIOGRAPHY

opmeut of topo.iiraphic forms. It is the intention of the writer in this

paper, however, to show specitically that the topographic forms present in

the stages of youth and maturity are dependent very largely upon lithology

and structure.

Topographic condition is the state of a region with re.spect to the form,

size, and relationship of the relief features. The simplest topographic con-

dition is that of a level plain. The coastal plain is an example. The topo-

graphic condition becomes more complex as relief or difference in elevation

from place to i>lace is produced l>y the physiographic i>rocesses. chief of

which is ruiniing water. Essentially, topographic condition is expressed

generally by stating the stage of topographic development in tenns of the
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erosion cycle. But to say that a region is in youth, maturity, or old age is

usually insufficient, since most regions with any but the softest rocks liave

more than one erosion cycle represented. If the region is limited in area,

its topographic condition may be signified by the statement of the particu-

lar stage represented in the erosion cycle. But the terms youth, maturity,

and old age are really only first glance terms when applied to any region

of considerable a real extent. It will be seen that the form, size and rela-

tionships of the relief features are largely dei>endent iipon rock structure

and the denudational agency wliich actively produced them. The broader

details included inider the term topographic condition (details embraced

in the statement of the stage of the erosion cycle, but never specifically

stated) are such as the local base level, the elevation of areas above base

level, the size of the streams, proximity to major streams, presence of major

and minor divides or watersheds, and the regional topographic forms pres-

ent which are dependent upon the type of rock and which may involve spe-

cial physiographic pi'ocesses. The meaning of the last mentioned detail

of topographic condition may be clarified by an illustration. A region of

limestone rock whose surface is well above the potential base level and in

which subterranean drainage is well develoi>ed, is characterized by specific

topographic forms. The outcrop of the Mitchell limestone, the so-called

Mitchell plain with its disappearing streams and its sink-hole topography,

illustrates the condition. Solution Jty descending meteoric waters concen-

trated along the joints and Ijoddiug planes of the limestone rock largely

gave rise to the particular topographic forms present, and these forms are

dependent uiK)n the type of rock.

GEOLOGIC HTRVVTVUK OF TlIK KXOIO^TO^E VUESTA REGION:

General Stratif/rapht/.

The general geologic structure and t()pograi)hic condition of the area

here under discussion are shown on the general map. The map shows the

Knobstone cuesta south of the Muscatatuck Kiver. The general lithologic

succession of rocks is shown l)y the geologic cross-section inserted in the

map in proper jHisition. This section extends from just north of .Tefferson-

ville west to Marengo. Something like 100 feet of New Albany shale

overlie the Devonian limestones which outcrop mainly east of the mapped

area, and are present in the region mainly below drainage level. Succeed-

ing the Devonian New Albany shale comes the Knobstone gi'oup of sandy

blue-gray shales and muddy sandstones, the latter coming into prominence

towards the top. The Knobstone group has a thickness of approximately

500 feet. The Knobstone and suceeding formations discussed in this paper

belong to the Mississipi)ian period. The Ilarrodsburg, Salem and Mitchell

limestones follow in order. The Ilarrodsburg limestone is rather silicious,

and is usually more crystalline than the other limestones. It consists

of thin to massive layers characteristically unevenly bedded, having a total

thickness of aljout IX) feet. The Salem limestone is quite massive, and is

typically a calcareous freestone. In the region under discussion it has
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GENERAL MAP OF THE KNOBSTONE CUESTA REGION SHOWING THE
GEOLOGIC STRUCTURE AND TOPOGRAPHIC CONDITION
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an average thickness of perhaps less than 40 feet. The Mitchell limestone

is a group of limestones totaling some 350 feet in thickness in the region.

It consists of about 220 feet of St. Louis limestone at the bottom, about 90
feet of Fredonia Oolite (representing the St. Genievieve). and about 4U
feet of Gasper Oolite (distinctl.v of Chester age) at the top. The Mitchell

limestone, though composed of several geologic units, is really a great

lithologic unit of compact, thin-bedded, highly jointed limestone layers with
occasional thin bands of shale and impure limestone horizons. The lime-

stone in places contains considerable chert. Near the top of the St. Louis
chert is quite conspicuous and bears numerous colonies of the coral Litho-

strotion canadcnse. The uppermost strata outcropping in the region are the

clastic members of the Chester series above the Mitchell limestone. The
sandstones and shales, however, contain one or more members of limestone.

The total thickness in the region is approximately 200 feet.

Regional Dip.

The above lithologic series dip to the west or probably a little south of

west at the north of the area, at the rate of about 30 feet to the mile. Local

dips may be much more or less than this amount, due to anticlinal or terrace

flexures, such as the geologic cross-section shows. This regional dip causes

each llthologlcal unit to outcrop along its strike extending almost north

and south. The lowest unit outcrops farthest east and the others follow

in order to the west. No particidar unit has an areal outcrop proportional

in width to Its thickness with respect to any other luiit. This is because of

the difference In resistance of the units and the topographic condition. The
topographic condition of the area occasionally allows a thinner unit to

occupy a wide area while a thicker unit may have a relatively narrow
outcrop.

Ai^eal Outcrop of Lithologic Units.

For the details of the areal outcrop of the above geologic or lithologic

units, reference must be made to a geologic map. It may be stated here

parenthetically that the writer Is firmly convinced that no detailed phy-

siographic study of the driftless area of southern Indiana can be adequately

made without the aid of detailed lithologic knowledge of the region. This Is

essentially a geologic study, and its expression Is found In the geologic map
and the stratigraphlc column. A general Idea of the representative outcrop

may be gained by reference to the geologic and topographic cross-section

on the genei'al map. This map also shows the position of Knobstone escarp-

ment by means of hachure lines, following Newsom's map.' This escarpment
is composed of the Knobstone strata. The lowland area to the east consists

of both the lower softer portion of the Knobstone sti'ata and the unresistant

New Albany shale. At the south the Mississippian limestone belt begins

at the very top of the escarpment and extends westward. In the middle por-

tion of the area only the Harrodsburg limestone extends as far east as the

ij. F. Newsom, A G'eologic and Topographic Section Across Southern Indiana.
26th Annual Report. Ind. Dept. of Geol. and Natural Res. 1901.
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top of the escarpment. Farther north we have a true cuesta formed of

the Knobstone, as the Aale or hack-slope is comiwsed of the upper part of

the Knobstone rock and this back-slope has a dip comparable to that of the

strata of which it is composed. At the extreme north this cuesta is mucli

dissected and destroyed by the sliort streams flowing north into the Musca-

tatnck River. Probably more than half of the mapped area has the Mitchell

limestone as the surface rock. The great thickness of this limestone and

the development of subterranean drainage have allowed a plain of consid-

erable width to extend along the strike of the outcrop. This plain in places

attains a width of 2") miles. To the west of the Mitchell limestone area

and mainly at the south, the Mitchell limestone is partially covered by the

clastic Chester members. The Chester in the area overlying the Mitchell

limestone is mainly in the form of ridges and outliers..

The lower geologic units extend farther west along the east and west

streams than their general upland outcrop, and often extend along the

streams into the general outcrop region of the succeeding units. Thus,

along Muddy Fork of Blue River the Knobstone strata extend several miles

west of Pekin. whereas in the upland area adjacent the succeeding lime-

stones form the surface rocks.

TOrOdh'A !']//(' COMHTIOS OF THE NXOIiSTOXE CT'ESTA REGION.

Factors Involved in the Ihrrlopmcnt of Toixifini jiliic Condition.

The explanation of tlu^ toiuigraithic condition of a region brings in an

inventory of the rcspoiisiiplc active and coMilitioiiing factors. The active

factors ar<> sini]>ly the jijiysiograpbic imicesses. viz.. weathering and erosicm.

The conditl(»ning factors consist of both material and time elements. The

material i'ienients are the various lithologic units exposed to the physi-

ographic processes. The exju-ession "time elements" as used here needs

brief explanation. The physiographic development of any region involves

cirtain changes in the lay of the land with respec t to the sea. These

changes may be due to regional elevation or depression, or warping and tilt-

ing. These things may. take place in the region its(>lf or in an adjacent

region which is intimately related to it. Thus, a slight regional depression

or a tilting in the lower Mississippi valley would allow the sea to come

much nearer the southern Indiana region, and certain important changes

in stream regimen would result. In addition to land movements, glacia-

tion has been an imiM)rtant factor in the piiysiographic (leveloi)ment of

many regions. Climatic changes may give lise to imiioitant changes in

stream regimen, and should be included here. Kegional elexation. regional

depression, warping and tilting, glaciation. and cliniatic changes are in-

fluential conditioiung facttn-s. and are here called time factors, since they

are occurrences which may belong to any period of time without regard to

any other factors concerned in toitograjibic develoitment.

A full explanation of the toi)ographic condition of a region may involve

all of the above factors. A detailed physiograi)hic analysis of the area

here under discussion would certainly involve all of them. A full discus-
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sioii of them is not iiitciidcd liert'. Such wonhl call for a detailed topo-

Sraphie map of the entire region. The topographic condition is very inade-

quately presented on the general map. The elevations given here and
there, the presence and position of the Knobstone escarpment, the drainage
lines, and the inserted geologic and topographic cross-section show the main
elements. Where some considerable detail is given, a topographic map
has been prepared. This small bit of the larger area is presented in detail

to reveal a particular condition. The explanation of the present topo-

graphic condition of the area emphasizes lithology, since the lithologic

units largely control the topography. The time factors or elements will

be little more than mentioned, except where the explanation offered is

one which has never been brought to the attention of physiographers pre-

vious to this presentation.

Influcticc of LitJwIof/!/.

The New Albany black shale and the sandy shale and muddy sandstones

of the Knobstone group belong to the class of non-resistant rocks. They
weather very rapidly by alternate freezing and thawing. The fragments
given up by the freezing and thawing method of weathering are readily

carried away by the streams of running water. These rocks also are

easily corroded by running water. Streams even of small size in these

rocks have reached grade clos-e up to their sources. As a result

of this, streams heading in a region where these rocks are relatively

high above local base level have a very precipitous descent at their very

headwaters, but soon take on a relatively flattened gradient within a

short distance from their over-steepened heads. The upper part of the

knobstone, however, consists of a relatively large amount of massive im-

pure sandstone. It is much more resistant than the lower Knobstone

I'ocks. Only very locally, however, does this upper portion resist weather-

ing sufficiently to stand as vertical cliffs. It may be said that the great

thickness of Knobstone rocks with the corresponding rather wide areal

outcrop does not result in the formation of cliffs. But the outcrop con-

sists of quite steep slopes, often attaining 30 degrees or more from the

horizontal.^

The Hari-odsburg limestone immediately over-lying the Knobstone is

much more resistant to mechanical denudation, and the interstream spaces

are often gently rolling tracts. Where the streams have cut through the

Harrodsburg capping of the Knob:-tone, tongue-like upland tracts are

bordered by the steep sloiies leading abruptly to the Knobstone valleys.

The limestone is soluble in meteoric waters and since it is Itedded and

jointed, .sink-holes are (piite common. The Knobstone-Harrodsburg contact

is consequently a spring horizon of some importance. The Harrodsburg is

-For weathering and erosion of Knobstone roeks. see the following references :

J. F. Newsom, A Geologic and Topographic Section Across Southern Indiana, 26th
Annual Report. Ind. Dept. of Geol and Natural Res. 1901, pp. 265-273. G. H. Ash-
ley, Geology of the Lower Carboniferous Area of Southern Indiana. Ind. Dept. of
Geol. and Natural Res. 1902, pp. 54-38. E. R. Cummings, The Geological Conditions
of Municipal Water Supply in the Driftless Area of Southern Indiana, Proceedings
of the Ind, Acad, of Science, 1911, p. 114-124.
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f!'c(|iu'ntly the I'o.ijioiial rock liack frftiii tlic Knohstnnp escarpment for

miles, ami funiis an excellent example of a structural plain. Xewsom''

makes it clear that the Harrodshurs? has l)een stripped by erosion from the

underlyinji: Knohstone to the iiortli of the <irea under discussion, and that

this removal has jiei-mitted in later times tlie UKU'e rapid dissection of this

portion of the area.

The Salem limestone where typically developed is a calcareous freestone.

It is very massive and unbedded, and is not a well-jointed limestone.

These structural characteristics prevent it from having many sink-holes

formed in it dii'cctly. Topographically it is characterized by long gentle

slojies and fairly broad valleys. It is somewhat less resistant to denuda-

tional agents than the underlying Uarrodsburg. l)ut fre(iuently the topog-

rai»hy of one merges into that of the other rather indistinctly.

The Mitchell limestone is fairly resistant to mechanical denudational

agents. It is structurally characterized Ity its great number of thin ])eds

of very close and compact natuic and its highly jointed condition. These

structural characteristics comltined with its position above the base level

of the region of its outcrop have been responsible for a wide area of subter-

rani'an drainage whoso perfection of development is probably not excelled

anywhere. It is pitted with numerous sink-holes of all sizes and combina-

tions. Only the larger streams in this limestone belt are surface streams.

The ontcrop of this limestone belt almost everywhere possesses a typical

karst topograjthy. Its presence as ;i fairly resiv:tant stone mechaincally

ami its disposition to drink up the waters which fall upon it by subter-

ranean drainage have caused to come into existence a wide structural

plain which has a westward dip somewhat less than the dip of the strata

which make up the lithologic unit. A structural jilain of this kind is

expected to have an inclination less than the dip of the rocks where their

thickness is consi<lerable and their resistance not extraordinary. The

removal of the overlying material took i)lace rather progressively from

the east to the west. The eastern portion was exposed tirst and is therefore

older. AVhile the western part was still protected liy overlying strata, the

eastern portion was being reduced. The presence of outliers of the over-

lying clastic Chester several miles to the east of the general Chester scarp

is indicative of the methoil of the formation f)f tlie Mitchell plain.''

The clastic Chestei- members o\er lying the .Mitchell limestone are made

up of unresistant shales and rather resistant sandstones with one or more

intercalated limestones. Sandstones iire<lonnnate in the region here mai^ped.

The limestones are inconstant. The Chester of the region is found rather
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as outliers on the Mitcliell. As indicated above, tlie Mitchell has been

revealed by the stripping away of the over-lying clastic Chester materials

by mechanical denudation. Outliers occur as much as ten miles east of

the much dissected Chester scarp. The cross-section on the general map
shows the topographic iwsition and nature of the outliers. They are often

ridge-like on the intorstream tracts.

Influence of Phi/,si(>(/r(ii)hic DereJoiJineiif.

Further explanation of the present topogra])hic condition of the area

may l)e gained from the interpretation of the topographic forms present in

the region itself and in the adjacent regions. It appears that sometime

about the middle of the Tertiary the entire region was reduced to a pene-

plain, all parts having been reduced to their respective base-levels.^ The
region was then rejuvenated by uplift. Dissection of the uplifted peneplain

followed. Dissection was fairly complete near the major streams, and in

the regions of soft rocks local areas were reduced to base-level. These

locally reduced plains indicate that the uplift amounted to something like

175 feet. The region was again rejuvenated and dissection was renewed

or continued. The Tertiary uplifted peneplain is now represented by rem-

nants which are as much as 30() to 500 feet above the present base-level.

The New Albany shale and the lower part of the Knobstone areas were

reduced to a lowland in contrast to the region to the west of the Knobstone

escarpment. The lowland plain consists of an undulating strip of country

varying from slightly above 400 feet in the lowlands adjacent the Ohio

River to something like GOO feet in the low divide between Silver Creek

and the tributaries of the Muscatatuck River. Since there are a large

number of hills and rather tlat interstream tracts at an elevation of 500

feet or more at the south and coming up to 600 feet near the above men-

tioned divide farther to the north, it has been stated that a base-level

plain or local peneplain was formed at that level." The writer concurs in

the belief in a base-leveled plain of local area, and believes that its further

development at the south was terminated by rejuvenation. The rejuvena-

tion, however, was not necessarily brought about by uplift, as stated by

Butts. The dissection of the plain was just as likely brought about by

drainage changes made near the Imginning of the Pleistocene. The present

Ohio River is a large stream made up of a number of former drainage

basins which were more or less individually destroyed or deranged by com-

bination into a large niajoi- stream approximately skirting the outer limits

of glacial advance. This dr;iinage derangement took place largely near the

beginning and during the eiirlici' part of tlie Pleistocene. A very much

^For the physiographic (li'vclopTiii'iit of southorii Iiirliaiia and associated regions
see tbp following: C. A. Jlaldtt, tlio Anicricaii Bottoms Region of Eastern ft'reene

County, Indiana—A Type Unit in Soiitliern Indiana Physiography, Ind. Univ. Studies
No. 40. 1919. pp. H-4, 21-36. Chas. Butts. Geology of .Teflferson County, Kentueliy,
Kentucisy Geological Survey, 191.5, pp. 201-20.'i. It may be stated here that valley
filling is not a problem of the region considered in this paper. Such valley filling as
occurs may be definitely referred to outwash and valley-train material from the
Illinoian and Wisconsin glacial borders.

"Chas. Butts, Geology of Jefferson County, Ky., Ky. Geological Survey, 1915, pp.
201-20.3.
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smaller stream than the present Ohio occupied this territory near Louis-

A-ille. It was able to reduce the area of the soft rocks nearly to base-level,

but it had a much steeper gradient in its graded condition than the much
larger present Ohio. When the present Ohio invaded the basin of the much
smaller pre-glacial stream the local iKMiephiin was STATICALLY REJU-
VENATED, due to the sinking of the larger stream into the plain on ac-

count of its ability to reach a much lower gradient in its graded condition.

It may be further noted that the region of rhe Muscatatuck Kiver to the

north still possesses such a local base-leveled plain as exi.steu in the New
Albany locality. It is inferred that the stream wliicli the present Ohio

dispossessed was somewhat near the size of the .Muscatatuck or the

White river. These streams possess a gradient in their graded condition

of .slightly less than one foot to tlie mile, while the Ohio lielow New Albany

has a gradient sliglitly less than three inclies ])er mih'. It would appear

that such a change in gradient initiated by the invading (Hiio would allow

a trenching of something like fK) feet.' This corresponds to the amount of

the trenching of the local peneplain in the vicinity of New All)any.

Thus the region of soft rocks, the region occupied by the New Albany

shale and the lower part of the Knobstcne group, has been greatly reduced

as a whole. In this regiftn no remnant of the uplifted Tertiary peneplain

is preserved. It is low compared to the region on the west where consid-

erable tracts of the uplifteil Tertiary i»eneplain remain at an elevation of

900 to 1000 feet above sea level. The br<iad valley of the Mu.«<catatuck on

the north is at an elevation of ~>27> to ."(0 feet. The Ohio on the south has

a narrow alluvial plain of about 4;iO feet in elevation. Low water is 60

feet lower. Silver creek flowing directly to the Ohio along the strike of

the outcrop of the non-resistant lower Knobstone shales and the New
Albany shale has reduced much of its dniinage area to a low plain. The

Mu-scatatuck and its tributaries in the same soft rocks have develoiied a

notably wide plain. The continuous lowland devebijKMl in these soft rocks

has been designated the Eastern Lowlan<l liy Newsoni.'" It will here be

referred to as the Scottsburg I.,owland. from its typiial development in the

vicinity of Scottsburg in Scott County.

Immediately to the west of this lowland (•(•mes the Knobstone e.scarpment,

which from a distant view lo.ses its ragged, dissected aspect, and appears

wall-like to the observer. It rises al»ruptly .'WO to .",00 feet above the low-

land. The short streams which descend the e.scarpment against the dip of

the rock have cut down to a fairly low gradient, almost back to their very

sources. Back of the escarpment the streams fiften beatl at the very crest

and flow west and south down the long liack-slope of the <uesta. These

streams have a relatively long liistance to go before reacliiiig tlie Ohio,

'This fitriire is flf-rivpfl l).v tal<iii>: the rliflfcrfiicf bftwocii the Kradioiits of the
Ohio aiul its a.ssumf(I prpflecessor from New Alhaiiy to Cinnelton. a distance of ap
proximatel.v 120 miles. In the latitude of Ciinnelton valley fillinff begins to be rather
conspicuous, and nullifies any difference in the gradients of the former and the pres-

ent stream, assuming that the valley filling of southwestern Indiana and associated
regions belongs to the Pleistocene. (.See C. A. Malott, The "American Bottoms
Region". Ind. Univ. Studies. No. 40. 1919, pp. 26-34.)

M. P. Newsoni. A Geological Section Across Southern Indiana from Hanover to
Vincennes, I'roceedinjjs of the Indiana Academy of Science, 1897, p. 251.
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and consequently must have a much lower average gradient. These latter

streams flow over fairly resistant roclj. They are rather peculiar in that

they possess gradients about equal in all portions of their courses. The

gradient of Blue River will be discussed in some detail below.

The general topography of the l)ack-slope portion of the cuesta is largely

dependent upon the rock in which it is developed. These regional features

dependent upon the rock have already been briefly described. For some

miles back from the escarpment crest, the interstream tracts reach up to

the preserved portions of the uplifted Tertiary peneplain. The main

streams have broadly trenched this uplifted plain, and are from lOO to 250

feet lower. The interstream areas are somewhat beveled toward the main

streams, and fairly gentle slopes are the rule. Even in the Knobstone rocks

(these are the rocks on which the slopes are developed for several miles

back from the scarp), the valley .slopes are fairly gentle. The exception is

along the line of Muddy Fork of Silver Creek, which is a special exception,

and will he discussed below. Where the regional rock is composed of the

Harrodsburg and Salem limestones, the slopes are long and gentle, and a

late maturity type of topography is generally prevalent. This sort of to-

pography is excellently shown on the detailed topographic map in the

vicinity of Martinsbiu'g.

Farther west, in the region of the outcrop of the Mitchell limestone, the

topography has the appearance of an uplifted sinkhole plain, which it

probably is in part. This plain has a westward slope of about 20 feet to

the mile. The uplift following the development of the Tertiary i)eneplain

permitted removal of waste material down to about the top of the St. Louis

limestone horizon. Drainage upon this rock is-typically subterranean. But

it is probable that a portion of this plain is of base-level origin, as it in

part corresponds to locally developed plains elsewhere about 175 to 200

feet below the older and higher peneplain. Further uplift of the region

permitted the trenching of the plain by the main streams. Blue River and

Indian Creek receive few surface tributaries in their intrenched condition

in the sinkhole plain, or Mitchell plain. Lost River in its headwater area

flows over this broad fairly level plain in a valley scarcely below the plain

itself. Farther west this stream sinks into the limestone and is lost to view

for some 10 miles. From the place where it sinks to where it appears again

at the surface it makes a descent of about 125 feet. The old surface channel

is present. There is little doubt V)ut that uplift was a factor in bringing

about this subterranean condition. Distinct evidence is at hand showing

that this subterranean space of Lost River has been progressively made
longer and longer, and it is probable that sinks will continue to develop in

the stream farther up than the present sink with a resultant abandonment

of the present one.

Approximately one-half of the Mitchell limestone area above the general

ground-water table is partly covered by clastic Chester strata. The

Chester occurs as ridges and isolated hills which rise high above the flat

spaces of the Mitchell limestone areas. These hills reach approximately

to the elevation of the uplifted Tertiary peneplain, attaining heights of
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1)00 feet or more. The reyion of their occurrence is quite rugged. Blue

River from the vicinity of Fredericksburg to the Oliio River is intrenclfed

deeply iu the Mitchell limestone group, and the adjacent hills are developed

in the clastic Chester Series. The tributary streams upon approaching Blue

River become subterranean. The intrenched condition of the main stream

is responsible for this condition of the tributaries. The streams are sur-

face streams in the clastic rocks of the Chester Series, but on coming down
to the limestone below, the water disappears in the enlarged joints. The
development of these streamless tributary valleys has been progressive.

As the tributaries have grown and cut downward, they have progressively

reached the limestone. The water then has developed a sink near the

margin of the inicovered limestone. Later, when more of the limestone

became expo.sed by the removal of the clastic material, a new sink would

appear farther upstream, and the old one would be abandoned. In this

way, too, the flat valleys in the Mitchell limestone have been developed.

Probably much of the Mitchell plain itself has been developed in this

manner.

THE PECULIAR GRADIENT OF BLUE RIVER.

Blue River with its several head streams each beginning ai the crest

of the escarpment, offers an excellent example of the southwestwardly

flowing streams. The several sources of Blue River are well above 900

feet above sea level on the remnantal portion of the Tertiary i>eneplain

at the crest of the escarpment. The three main branches are down to 71ij

feet at Salem, 730 feet at Farabee. and 700 feet at Pekin, respectively.

From these places to the Ohio River the fall is a little better than five feet

to the mile. This gradient is continued practically to the very Ohio itself.

This condition is rather unusual. Normally a stream is well graded in its

lower course, and possesses a much lower gradient in this portion of its

course. Blue River is not in a graded condition in its lower reaches, nor

does it have a lower gradient in its lower reaches than it has much farther

up stream. It is in a graded condition, however, in its middle portion, as

for instance, Muddy Fork in the vicinity of Pekin. Here, in one of the three

branches of Blue River, the gradient is as low as in the many times larger

lower i>ortion of the stream. Ashley noted this peculiarity of P.lue Uiver,

and offered rejuvenation by uplift or tilting as an explanation."

There are three different explanations which may be offered in interpre-

tation of this rather luiusual gradient of Blue River and other similar

streams of the region. First, tlic (•(inditinn may be the result of the differ-

ence in the hardness of the rock in different reaches of the stream. In the

region of I'ekin. Muddy P'ork of Blue River is at grade in a wide valley

which it has developed in Knobstone strata. The Salem and Farabee forks

are in a similar condition where they are developed in the Knobstone.

Farther down in the coui-se the stream is intrenched in the mechanically

"G. II. Ashley, Geoloj?y of tht,' Lower Carljoniferous Area of Southern Indiana,
27th Annual Report, Indiana Department of Geology and Natural llesources, 1902,

pp. 58-61.



373

resistant Mitchell limestone with its capping of Chester sandstones. The
hard rock below has acted as a barrier permitting the stream to reach a
graded condition where it passes over the non-resistant strata, while in

the hard rocks time enough has not yet elapsed to permit a graded condi-

tion to come into existence. Second, the condition may be the result of

rejuvenation by uplift, as explained by Ashley. Under this explanation the

effects of the rejuvenation have not yet been transferred to the middle
and upper reaches of the stream, and these upper reaches still iwssess the

old graded condition while the lower reaches are steepened as a result of

rejuvenation. The third explanation offered is the same as that given

above as an explanation of the partial or local peneplain stretching north
from New Albany. Under this explanation rejuvenation took place on ac-

count of a major drainage line, the present Ohio River, taking the place

of a small pre-glacial stream.

It is likely that the peculiar gradient of Blue River is a combination of

the three conditions offered in explanation. The effect of rejuvenation by
uplift would ordinarily be transferred gradually up stream. The hardness
of the rock of the lower reaches of the stream has much delayed the trans-

ference of the rejuvenated condition of the stream gradient, permitting

the retention of the graded condition in the mechanically unresistant rocks

above. The later rejuvenation caused by the replacing of the minor local

stream by an important major stream since the beginning of the Pleistocene

has given an additional steepness of gradient to the lowest reaches of the

stream. The transference of this steepened gradient beyond the lowest

part of the stream has not yet taken place, because of insufficient time since

the last change in stream regimen. It is not thought that subterranean

drainage of much of the tributary space should influence the gradient of

Blue River, unless it can be shown that much water which formerly went
into it is now diverted to another stream by an underground channel. Blue
River probably receives as much of this sort of drainage as it loses. Should
considerable tributary space, however, have its waters diverted much
farther down stream than these waters formerly entered, there would be

some change in the gradient locally. It may be mentioned further that

the graded condition of Muddy Fork of Blue River may have been partly

brought about by the loss of a large tributary in the vicinity of Pekin by
surface piracy.

A NOTABLE CA8E OF SUCCESSIVE STREAM PIRACY.

The Development of Miiddi/ Fork of Sili-er Creek.

The factors as above outlined in the topographic development of the

Knobstone cuesta region have permitted considerable areas of the old

uplifted Tertiary peneplain to exist near the crest of the escarpment. But
such a topographic condition as exists in the region of the escarpment

with the present drainage systems is rather unstable. There is such

an imequal amount of work being done by the set of streams that flow

from the scarp eastward and northward and the set of streams which
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flow westward ami southward, that the divide is being shifted down the

dip of the rock westward and southward. This condition of instability

of the position of the crest of tlie escarpment has been continued from the

past. From early toixtgraphic maturity until the beginning of old age

is a period of drainage adjustment. When adjustment has been completed,

old age of the stream system has already begun. In the i-egion in question

stream adjustment began a long time ago, but the adjustment is far from

complete.

Since the short, steep-headed streams coming down from the Knobstone

escarpment have a decided advantage over the back-slope streams, they

have a tendency to develop their drainage area l)y headward erosion into

the territory drained by the back-slope streams. The headwaters of the

backslope streams may be expected to be captured by the eastward and

northward flowing streams. Search along the escarpment shows that this

drainage adjustment as a whole has not taken place, but in a number of

places appears imminent. There is one place, however, where such piracy

ha.s notably taken place. This is along the line of Muddy Fork of Silver

Creek, from near Pekin in southeastern Wasliington County to near

Broom Hill in Clark County. Here, much reversal of drainage has alrea«ly

taken place, and a great break occurs in the escarpment along the line of

tills stream. Xewsom'" repeatedly calls attention to this rather unusual

opening in the Knobstone escarpment. His maps show a beautiful example

of barbed drainage pattern and the broad col at Tckin where the formerly

westwardly flowing stream entered Mu<ldy Fork of Hlue River But it does

not apjtear tliat Newsom realized the significance of these tell-tale features.

Asldey" calls attention to the area and the causes of tlie ccmdition in the

following words :
"—the soft and easily eroded nature of the Knobstone

has iillowed the erosion to proceed mr»re rapidly so that the gorge has in

many cases sunk its bottom down to draiiiaue level, and the i>oint of rapid

descent has advanced from the mouth to the headwaters on account of

the shortness of the stream. Indeed, in many cases it is evident that, due

to their shortness, these northward and eastward flowing streams are cut-

ting down the divides at the exitense of the rtreams flowing the other way.

A good illustratictn of this 'river stealing", as it is called, is seen about

Borden. The valley in which Borden lies originally drained to the north-

west, the divide being nearly as far east as I'.rooni Hill. But the Tvluddy

Fork of Silver Creek, having cut down its side of the divi<le faster than

the stream draining to the northwest, has captured all the drainage about

Borden and it is only a (juestion of time when it will extend up so far as

to tap the Mutton (Muddy) Fork of lilue Uiver at I'ekin and divert all

the drainage above that fx^nnt to Silver Creek ".

The topographic map accomiianying this jtaper shows the toi)ographic

conditions of a small area in the region (if I'ekin and Borden. This .some-

what restricted regirm offers details of much interest in tlie aralnage

"M. F. Ncws<»in. (.I'ologSc and Topojrrfiiihic Section Across Southern Indiana, 26th

Ann. Kept- I'"'- r>ept. Geid. & Natiira'i Resources, 1901.
"(JeoIoiLTV of the I^ower Carboniferoiis Area of Southern Indiana. 27th Annual

Report of tile Dept. of Geology and Natural Resources, 1002, p. Gl.
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adjustment of the region. It lies between five and ten miles hack from tlie

general scarp. Muddy Fork of Blue Kiver flows west-southwest past

Pekin, and as a graded stream is entirely in the Kuobstone rocks. Muddy
Fork of Silver Creek flows southeast, and is characterized by a barbed

drainage pattern. This drainage is almost wholly in the Knobstone rocks.

Only the long, tongue-like, inter-stream tracts 80() feet or more in eleva-

tion are capped by the Harrodsburg. The slopes are steep and wooded, and

are quite characteristic of Knobstone topography where it is in a much
dissected condition due to minor stream development. The uplands be-

tween Pekin and Martinsburg have a typical surface expression of the

overlying Harrodsburg. The inter-stream tract east of Martinsburg reaches

an elevation of about 950 feet, and is expi^essive of a remnant of the uplifted

Tertiary peneplain, being capped by Tertiary gravels and sand.

The valley of Muddy Fork of Blue River at Pekin has an elevation of 700

feet, and seems to be in a graded condition. In the next fifteen miles the

valley descends 100 feet, being approximately at an elevation of 600 feet at

Fredericksburg. Drainage from approximately forty square miles flows

past Pekin. Muddy Fork of Silver Creek heads in a number of steep ravines

a sliort distance southeast of Pekin. These ravines are sharply trenched

below the general level of the upland. Starting from an elevation of 7oO

feet in a broad, valley-like sag, a mere gravel and silt terrace above Blue

Ri\'er valley at Old Pekin, marking the lowest part of the divide be-

tween, the two stream systems, one may make a rapid descent into Muddy
Fork of 'Silver Creet. A descent of 100 feet is attained in the first mile, and

within one and one-half miles the elevation is down to 600

feet. This is the elevation of Blue River fifteen miles below Pekin. At

Borden the valley of Muddy Fork of Silver Creek is down to an elevation

of 560 feet. The stream here has developed a fairly wide, flat valley and

is in a graded condition.

The barbed drainage pattern of Muddy Fork of Silver Creek is a result of

stream piracy. The parent stream of the present Muddy Fork of Silver

Creek w'as a small stream flowing down the eastern face of the Knobstone

scarp very similar to numerous others of the present time. Back-slope

streams of the cuesta flowed westward from the crest of the escarpment.

The position of the parent stream of Muddy Fork of Silver Creek does

not appear to have been more favorably located for its development of head-

ward erosion than many streams of the present along the escarpment. But

for some reason it has succeeded in capturing practically the entire stream

system of a large tributary that formerly flowed northwest and emptied

into Blue River at Pekin. It would appear that after having once broken

through the divide near the crest of the escarpment further caijture of the

lower tributaries followed in relatively quick succession.

The drainage direction of the tributaries of Muddy P'ork of Silver Creek

coming in from the south between Borden and Broom Hill suggest that a

single stream flowed to the northwest one time through sections 13. 12 and

into section 1, and that this unit of drainage has been broken up by the
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successive capture of parts of it by different branches of the invading

Muddy Forlc. Fairly distinct sags in the ridges between tlie small sepa-

rate systems strengthen this suggestion. If such a drainage adjustment

ever took place, it has been so long ago that only these slight evidences of

it remain. Such an adjustment would be possible, and if it did actually

take place, it is probable the only case of its kind described.

The first stream which still retains direct evidence of having once

ilrained into the Blue Kiver system is Dry Fork Branch. This stream now
empties into Muddy Fork of Silver Creek, about a mile below Borden. It is

the first of the series of barbed tributaries. In succession the tributaries

of the old northwest drainage line were annexed to the Silver Creek sys-

tem. A number of these, especially those coming in from the north, are

decidedly barbed. The latest ones to be taken in were those in sections

20 and 32, between Pekin and Borden. Evidence of this successive capture

of the tributaries of the northwest extending sti'eam is not found alone

in th.e barbed drainage pattern. The gradation plain formed by the north-

westerly flowing stream has not been entirely destroyed. To the northwest

of Borden, just above the town, is preserved the oldest recognized portion

of the old gradation plain. Quite a large remnant is preserved here, and it

still retains the silts and gravels of the old stream bed. This remnant is

shown beautifully on the topographic map. Fig. 1 shows its even line as

quite a distinct feature where it has been cut into by the reversed drainage.

The elevation of this jincient valley renniant is al>ont Tori feet, whereas the

present reversed valley floor is .")"> feet in elevation. This means that the

drainage change permitted the old gradation i>liiin lo lie trenched at this

l)lace something like 180 feet. W tbc iiioutli of I>ry Fork Branch the en-

Fig. 1.—View of the even surface (sk.v line) of a remnant of tlie old ^rradation
plain of the former northwestwardly flowing stream just west of Borden. View tal<en
from the south side of the present revers<-d valley. Th<- present reversed stream is
entrenched at this place 180 feet below the old gradation plain. The gradation
plain remnant here has preserved upon it old gravels and silts similar to those shown
in Pig. 5.
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trenchment is not loss than 200 feet. Remnants of the gradation plain are

perfectly preserved on both sides of the present intrenched A^alley to tlie

nortliwest of Borden. The remnants are more extensive fartlier np the

stream where tlie piracy occnrred at successively later periods. Finally the

whole of the old valley is seen for a stretoli of abont three-fonrtlis mile in

section 30 stretching southeast from old Pelcin. Old Pekin is built on the

Blue River irikrgin of it. (See Figure .2, 3, and 4.) This portion of the

old valley is more than one-half mile wide, as wide as the present valley of

the Muddy Fork of Blue River. It was made by a stream comi»arable in

size to tliis Fork of Blue River. It drained an area of approximately 35

square miles while that of Muddy P'ork of Blue River drains approximately

40 square miles.

The few tributaries of the old drainage course yet remaining are shallow

streams. The largest one comes' in from the south. It is not discernably

below the old valley flat in the northeast one-quarter of .section 31. ( See Fig.

4). On approaching Blue River it is trenched broadly into the old alluvial

deposits, and enters Blue River accordantly. The small tributaries from
the north have scarcely been able to transport their load across the old

valley flat, and have the appearance of having slightly aggraded the old

valley flat where they debouch iipon it.

Fiff. 2.—View of the old valley where it joins the valley of the Muddy Fork of
Blue Kiver near Pekin. View taken from the road on the hill in the northern half of
Sec. 31. Old Pekin in the distance.

The divi<le between the present streams on the old valley flat southeast

(if Old Pekin is only 30 feet above the valley of Blue River. 'The old valley-

flat projects above the valley or Blue River as a terrace. It appears that

Blue River has cut its valley down something like 30 feet since the stream

adjustment has taken place, but such is probably not the case. It is evident
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Kif;-. :;.— A'ii'w laUiMi lioiii I In- saun' [ilarr as iji 1 i^. -, i.iil lowkiii^ iiiurc dii-ectly

across tho old col \vhi(li t'oi-niiTly was (iccupied by a stream draining mi area of
35 square miles in extent. This old abandoned valley is filled 30 feet or more
with aneient alluviiini. and stanils 'AO feet or more above Blue Kiver valley.

Fi«. 4.—View lal;en rinMi llie bill in N. K. (piarlcr ..( See. Ill, lookin}; east up tho
old f^raded valley. The trees in the distance mark a deeply intrenched ilrainajre line

helonj;in>r to (he Muddy Fork of Silver Creek. The newly diverted drainaj^e is rap-
iilly destroying the old graded valley plain.

that tho old valley-flat is coiupo!-ed of alluvium to a coii.siderahle depth,

in'obably as mucli or more than the entire P>0 feet of its projection a!^ove

Blue Kiver valley. (See Fig. 5). This alluvium composed of gravels and
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silts over the old bed rock floor is much deeper than a normal stream of

its size should have ix»ssessed. With the beheading of this ancient drain-

age in the earlier stages of successive piracy the drainage remaining

would not be able to retain as low a gradient as the previous larger more
vigorous drainage. The result would be aggradation of the valley. If this

is a correct interpretation, the fact that the present valley of Blue River

is 30 feet below the old valley flat is not altogether a result of erosion down-
ward of its bed since the stream adjustments have been made. Again this

aggradation of the lower part of the valley will aid in explaining the ex-

ceptionally low gradient of the old northwestwardly flowing stream as de-

termined by the relative elevations of the remnants of the gradation plain.

At Borden it is 755 feet and in the preserved lower portions it is 730 feet

where it is lowest. This would be a gradient of less than five feet to the

mile.

The Potential Future of Muddy Fork of Silver Creek.

When one realizes that the larger part of Muddy Fork of Silver Creek
has been made at the expense of the Blue River drainage system, and that

^f-W^

Piff. 5.—Viow showiiii;- uravcl and silt ovcrhiii;; rlic Iwd i

ahandoiUMl valley SDiUhcast of I't'kiii. .Monoii H.' 11. cut in tlu
Sec. 29, about 2 miles southeast of ]'el<iii.

k tl(.or of. the okl
lUthwest coriKT of

the last annexjition was rcljitivcly recent, one nuist inquire whether the
drainage adjustments are yet comijlete. It needs little more than casual
observation to note that the piracy is tar from complete in the Pekin-
Borden region. The tiny stream shown on the topographic map in the
southeast corner of section 30 was really the latest accession. This was
a mere wash leading to the northwest before the Monon Railroad was built

through the old col. The cut necessary for a more gradual descent into

the Silver Creek system allowed the wash to send its waters into the
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Silver Creek system. The small wash from the north now sends its water

into both systems. The rapid headward erosion of the new system will

soon cause all of it to be deflected to the southeast. Likewise, the remain-

ing tributaries of the old .system must be taken over into the new i^ystem.

Muddy Fork of Blue River would normally remain at its present elevation

for a long period. In the meantime, the new system will invade farther and

farther to the northwest, and in a short time, geologically speaking. Muddy
Fork of Blue River itself will be taken over into the Silver Creek system.

The headward erosion of the invading system will be relatively rapid, since

it has mainly alluvium to work upon in order to capture Blue River. One

might go still further in anticipation of this succes.sive piracy. The invad-

ing .system will extend itself in the direction of the present flow of Muddy

Fork of Blue River and capture tributary after tributary of the present

stream, just as it has done in the past after capturing I>ry Fork Branch of

the old system. By following the line of a graded stream in this manner,

the successive stream piracy must be relatively rapid. Such successive

stream piracy will continue as long as the stream gradient in the reversed

direction is more favorable for headward erosion than the normal present

direction. Whenever these stream gradients reach a balanced condition

the adjustment is complete and the drainage systems have arrived at the

beginning of the old age condition.

Development of Speeial Bed-Rock Terraces.

Another result of the above described stream adjustments must 1)0 men-

ti(med in this paper. The barlied tribjitaries of Muddy Fork of Silver

Creek have been adjusting themselves to a direction of flow in accord with

that of the main stream where they enter it. Tliey have a tendency to

adjust themselves in such a manner that the junction of the main stream

and the tributary form an acute angle pointing in the down stream direc-

ti(m. Bractically all of the barl)ed tributaries have lu-en and are making

this adjustment. Those on the north f)f the. main stream have much more

perceptibly oriented themselves in the down stream direction than those on

the south. This is liecause the dip of the rock favors a migration of the

main stream against the south l»luff, especially in the non-graded ixu-tion of

the valley. This has resulted in a .shortening of the tributaries from the

mouth and the consequent nullification of their orientation in the down-

stream direction of the mainstream. While this direction adjustment of the

barbed tributaries has been taking place, the valleys have also been deep-

ened by down cutting. The combination of this direction adjustment at the

mouth of the tributaries and the down cutting has permitted bed-rock

benches or terraces to come into existence on the upstream side near the

mouths of the tributaries. (See Fig. fi.) Some of the tributaries have

more than the one set of terraces. They range in height from 10 to 25 feet

above the present valley flat or above one another. It is probable that new

accession of drainage due to capture above has had something to do with

the development of these bed-rock terraces, since the resulting more vigor-
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ous stream would permit a lowering of tlie gradient wliere previous to

drainage accession tlie valley had become somewhat broadened in a com-

paratively graded condition. But in any case the adjustment of the l)arbed

tributaries in the down stream direction of the main stream is tlie resiwn-

sible factor determining the position of the terraces. These terraces have

an origin unlike any others that have come under the observation of the

writer. So far as he is aware such terraces have never been described

before.

It may be mentioned here that the case of piracy here described is one

of the same type as that of the famous Kaaterskill Creek of the eastern face

of the Catskill mountains, New York.^ The topographic conditions are

essentially the same except for magnitude. Kaaterskill Creek has taken

over about 12 square miles of the head-water drainage of Schoharie Creek,

the back-slope stream of the Catskill mountains cuesta. On the same

cuesta an adjacent scarp-stream, Plaaterskill Creek, has added some 5

Fig. 6.—Bed-rock terrace northwest of the mouth of the barbed stream one-
half mile northwest of Borden. This terrace is an example of those being formed
where the barbed streams come into the main stream. They are due to an adjust-
ment of the barbed tributaries to the present reversed drainage line as downward
erosion is taking place. These terraces have an origin unlike any others known to
the writer. ^ :

square miles to its drainage by successive piracy. Farther south, Sawkill

Creek has stolen some 10 square miles from a westward flowing stream, but

this case is not a case of successive piracy. It was perhaps largely brought

about by glacial action. It will be re-called that Muddy Fork of Silver

Creek has added something like 35 square miles to its drainage by succes-

sive piracy.

i-For a brief description of this piracy see : N. H. Darton, Bull. O'eol. Soc. Amer.,
Vol. VII. 1896. pp. 505-507. Also. R. D. Salisbury and W. W. Atwood, U. S. Geol.
Surv., Prof. Paper, 60, 1908, pp. 49-50.
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Ki .\fM\in AM) ((>\<-fj sioy.

This paper confornis to the priiici]ih' tliat physid.m-aphy is cxphiiiatory

rather than a mass of descriptive matter. The map. especially the topo-

graphic map. takes the place largely of the descriptive matter. The purpose

of the paper is to show si)ecitically the responsibility of the geological

structure in the development of topographic form, especially in a regional

way. and also to show the importance of the combined geologic structui'e

and topographic condition in drainage adjustment. It deals with the knob-

stone cuesta region lying between the Muscatatuck and Ohio Kivers near

the eastern margin of the driftless area of southern Indiana. The details

defining, describing, and explaining the geologic structure and topographic

condition take up a relatively large proportion of the paper. Details are

given showing how the particular lihtologic units with their regional wesr-

wai'd dip are important conditioning factors in giving rise to topographic

forms, and that the toiK)graphic conditicm in the stages of youth an<l ma-

turity are lagely dependent upon lithology and structure. Other condition-

ing factors scarcely less important are the so-called time factors, such as

regional elevation and depression, warping and tilting, glaciation. and cli-

matic changes. ActiA-e factors, weathering and erosion, are given no detail,

but their activity is tacitly assumed and occasionally referred to directly.

The development of the 8cottsburg Lowland, or the Eastern Lowland <^>f

Xewsom. is given an explanation somewhat diflerent from any heretofore

advanced. A local peneplain after having been normally developed is sub-

jected to further erosion by a peculiar sort of rejuvenation brought about

by glaciation. The < >hio River has been formed from a inuiiber of smaller

streams wliich were near the margin of the glacial ice at its farthest ad-

vance. This stream disposses.sed a minor stream in the vicinity of Now
Albany, and on account of its ability to reach a niucii lower gradient than

the smaller stream, intrenched itself in the local i)eneplaiii develoiied in the

area of soft rocks. Tributary streams have since partially destrctyed

the local rieneplain rejuvenated in this manner. Such a rejuvenation is

here called .static rejuvenation.

I'he peculiarity of the streams llowing east and north from the Knobstone

escarpment is described. Blue River is discussed in some detail, since it

is representative of all the streams on the back -slope of the cuesta. Its

peculiar, fairly uniform gradient demands explanation. It is shown tliat

such a gradient is the result of a complex .set of c(Miilitii)ns. in wiiich lith-

ology, uplift, and static rejuvenation play their ]»art.

I'^nally the details of the piracy of Muddy Fork of Silver ("reek are

given. It is shown that this piracy is a direct result of the geologic and
topographic condition along the Knobstone e.scaiinnent. This piracy is

not an instance of a single case, but consists of successive i^iracy

wherein a large niunber of tributaries belonging to a single stieani system

are annexed to the drainage system <»f an invading stream. It is noted that

the conditions are highly favorable for the i»iracy to <oiitiinie. antl that

eventually the lai'ger ])art of .Muddy Kork of I'>hie Uivcr will he taUen over
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by Muddy Fork (if Silver ("reck. Sucli piracy will roiitiiine until a balanced

condition of the gra<lients of tlie two stream systems is readied. Such a

condition will mark tlie lieisrinnings of old age of the stream systems, when
stream adjustments are practically complete. It is further noted that in

the adjustment of the barbed ti'ibutaries to the revorsoil drainage, an

unusual set of bed-rock tei'races is being made where the barbed tribu-

taries join the main stream. These terraces are due to conditicms unlike

anj' which have elsewhere come under the observation of the writer.

The special features in this paper to which the attention of physiogra-

phers is directed are as follows : detinition of the terms "geologic struc-

ture" and "topographic condition" as physiographic terms ; a grouping of

the physiographic factors under two heads, active factors and conditioning

factors ; a division of the conditioning factors into the so-called "material"'

and "time elements", with definitions and illustrations of the new terms

used: a declaration of the importance of geologic structure (lithology and
structure) in the development of regional topographic forms in the stages

of youth and maturity :^' an extension of the use of the term "rejuvenation"

in which the term "static rejuvenation" is proposed, and along with the

term a regional example of it offered. These are phases of physiography

which the writer attempts to make pertinent or which he wishes to present

initially. Finally contributions to regional physiography are made in the

treatment of a particular region as a whole and parts of it in detail.

The viewpoint of this p;>per is pre-eminently that of explanatiim of phy-

siographic phenomena. A region is selected and discussed purpost'ly for the

presentation of this sort of physiograpliic treatment. The common physi-

ographic forms and processes are given little space. It is held that the

topographic map contriliutes such data as size, shape, and relationship of

topographic forms, and that the text neetl not be filled with a mass of

rather imnecessary and burdensome detail. The text should be con-

cerned primarily with the general conditions which permit of the develop-

ment of the particular array of topographic forms, and should be foc^used

especially on the imusual forms and ininsnal relationships. When the.se

latter things are considered the text may have in it then such additional

descriptive matter as may be necessary in the explanation of the forms or

i-elationships. Such a program is attempted in the presentation of the

material in this paper. Attention is first centered upon the factors which

have controlled the topographic development. Then follows a in-esentation

of the unusual features with sutticient detail to show what the features

are and why they exist.

i-'Tliis idea is by no means now. Init it appears to the writer that too little

emphasis has been placed npoi; it in physiographic papers. English physiographers
are more appreciative in this respect than their American neighbors. "These forms
(land forms) never occur scattered haphazard over a region, l)Ut always in an orderly
subordination depending on their mode of origin The geological structure
and the mineral conipdj^ition of the rocks are often the chief causes determining
the character of the land forms of a region. Thus the scenery of a limestone country
depends on the solul)ility and pei'meal)ility of the rocks, leading to the typical Karst-
formations of caverns, swallow-holes and underground stream courses, with the
contingent phenomena of (h\v valleys and natural bridges. A sandy beach or desert
owes its character to the mobility of its constituent sand grains, which are readily
drifted and piled up in the form of dunes. A region where volcanic activity has
lead to the embedding of dikes or bosses of hard rock amongst softer strata pro-
duces a plain broken bv abrupt and isolated eminences." Hugh Robert Mill, Encyclo-
paedia Britannica. Vol. XI. Eleventh Edition, P. 63.3.
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