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CONSTITUTION.

ARTICLE I.

Section 1. This associatiou shall be called the Indiana Academy of

Science.

Sec. 2. The objects of this Academy shall be scientific reseai'ch 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 investi-

gation and discussions as may further the aims and objects of tlie Academy

as set forth in these articles.

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

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

several departments of the State, through the Governor, act through its

council as an advisory body in the direction and execution of any investiga-

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

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

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

gation.

The regular proceediiags 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 or active members.

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

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

membership. Active members may l)e annual or life members. Annual

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

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

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

fifty dollars to the funds of this Academy may be elected a life member of

the Academy, free of assessment. Non-resident members may be elected
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from those who have been active members but vi^ho have removed from the

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

to membership. Application for membership in any of the foregoing

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

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

election.

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

have recognized standing as scientitic men, and who have been members of

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

election as fellows by three fellows or members personally acquainted with

tlieir worlv and character. Of members so nominated a number not exceed-

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

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

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

fellows, and those now iKinorary mcuibers 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 meml)ei's present shall elect.

ARTICLE III.

Section 3. The officers of this Academy shall be chosen by ballot at

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

I'resident, Vice-President, Secretary, Assistant Secretary, Press Secretiiry

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

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

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

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 this .Vcademy shall be held in the city

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

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

summer meeting at .such time and place as may be decided upon by the

Executive Committee. Other meetings may be called at the discretion of

the Executive Committee. The past I'residents, 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 especially

provided for in this constitution, in the interim between general meetings.



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

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

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

day of its presentation.

BY-LAWS.

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

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

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

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

place as the Academy shall direct. Tliese reports shall include a brief

summary of the progress of the department dui'ing 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 as.sist 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 tlie Secretary.

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

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

shall have their names stricken from the roll.

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

business.

AN ACT TO PROVIDE FOR THE PUBLICATION OF THE REPORTS
AND PAPERS OF THE INDIANA ACADEMY OF SCIENCE.

[Approved March 11, 1895.]

Whereas, The Indiana Academy of Science, a chartered scientific

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

the request of the Governor, or of the several departments of the State
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government, through the Governor, and through its council as an advisory

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

province, without 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 anl

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, scientific

and agricultural improvement; therefore.

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

Indiana, That hei-eafter 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 publication as hereinafter

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

ers 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 etlitors 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 determined by the concurrent

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

ery : Provided, That not to exceed six hundred 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 huiidre<l coi)ies of each volume of said reports

shall be placed in the custody of the State Lilirarian, who shall furnish one

copy thereof to each public library in tlie 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
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Academy through its editors or its couucil. The remainiug three hundred

copies shall be turned over to the Academy to be disix>sed of as it may

determine. In order to provide for the preservation of the same it shall be

the duty of the Custodian of the State House to provide and place at the

disix>sal 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 lie 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 sliall therefore take effect and be in force

from and after its passage.

APPROPRIATION FOR 1913-1914.

The appropriation for the publication of the proceedings of the Acad-

emy during the years 1913 and 1914 was increased Ity the Legislature in the

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

law fixing the amount of the appropriation for the Academy is hei-ewith

given in full

:

For the xVcademy of Science : For the printing of the proceedings of

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

any unexpended balance in 1913 shall be available in 1914, and that any

unexpended lialance in 1914 shall be available in 1915.

AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS
AND EGGS.

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

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

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

upon conviction thereof shall l)e lined not less than ten dollars nor more

than twenty-five dollars: Provided, That the provisions of this section .shall

not apply to the following named game birds : The Anatidte, commonly

called swans, geese, brant, river and sea duck; the Rallidie, commonly

called rails, coots, mud-hens, gallinules : the Limicx>l;e, commonly called

shore birds, surf birds, plover, snipe, woodcock, sandpipers, tattlers and

curlew ; the Gallinaj, commonly called wild turkeys, grouse, prairie chick-

ens, quails and pheasants ; nor to English or European house sparrt»ws.
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crows, hawks or other birds of prey. Nor shall this section apply to

persons taking birds, their nests or eggs, for seientitic purposes, under

permit, as provided in the next session.

Sec. 603. Permits may be granted by the Commissioner of Fisheries

and Game to any properly accredited person, permitting the h<)l(ler thereof

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

order to obtain such i>ermit the applicant for the same must present to

such Commissioner written testimonials from two well-known scientific men

certifying to the good character and fitness of such applicant to be entrusted

with such privilege, and pay to su<h Commissioner one dollar therefor and

file with him a properly executed bond in the sum of two hiuidred dollars,

payable to the State of Indiana, conditioned that he will obey the terms of

such permit, and signed by at least two resiioiislhle citizens of the State as

sureties. The bond may be forfeited, and the permit revoked upon proof to

the satisfaction of such Commissioner that the holder of such permit has

killed any bird or taken the nest oi' eggs of any bird for any other pnrpose

than that named in this section.

PUBLIC OFFKXSKS Hr.N"l'I\(; WILD P.IHDS- I'FNALTY.

[Approved March i:!, l!>i:!.
|

Section 1. lie it enacted bji the (Jeneral AnHemltlji of the >State of

ludUtna, Tliat section six (<I) of the above entitled act be amended to read

as follows: Section (>. That section six hundred two ((MI2) of tlie above

entitled act be amended to read as follows: Section 002. It siiall b,-

nnlawful for any person to kill, trap or possess any wild bird, or to

|)Uii base or otter the sam(> for sale, or to destroy the nest or eggs of any

wild ])ird, except as otherwise provided in this section. P>ut Ibis .section

shall not apply to the following named game birds : Tbe Anatida*. com-

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

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

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

sandpipers, tattlers and curlews: the Gallina?, 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 ()i;i<i.0O) nor more than fifty dollars (.i;r.(Mi(h.
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I'obiman, Angnstns (J., 11(10 E. Second St.. P.looiiiiiigtou, Ind IJlll

Professor of Anatomy, Indiana University.

Embryology, CJomparative Anatomy,

liaui.sey, RoUa R., 615 E. Third St.. P.loomington. Ind 1906

Associate Professed- of PJiysics, Iii(li;in;i I'niversity.

Physics.

Kansoni. James H.. :;j;i University St.. West Lafayette. Ind 1902

Professor of General Chemistry. Pnrdne University.

<Jeneral Chemisti'.v. Organic Clienustry. Teiiching.

Uettger, Lonis J.. :!1 (iilix'rt Ave.. Terre Haute. Ind 1896

Professor of Physiology, Indiana State Normal.

Animnl Piiysiology.

Uothrock, David A.. Pdoomington, Ind 1906

Professor of Mathematics. Indiana University.

Mathematics.

Scott, Will. Tol Atwater St.. Bloomington. Ind 1911

A.ssistant Professor of Zoology. Indijuia Universit\.

Zoolog.v. Lake Problems.

Sliannon, Charles W.. Norman. Okla 1912

With Oklahoma St;it(> (Jeologic.-il Survey.

Soil Survey, liotany.

Smitb. .Vlbert. 1022 Seventh St.. West Laljiyette P.IOS

Professor of Stru<-tnral Engineering.

Physics. Mecbanics.

ttSmith. Alexander, care Columbia Ihiiveisity. New York, .\. V 1X9."!

Head of Department of Chemistiy. Colunibin I'liiversity.

Chemistry.
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Smith, Charles Marquis, 910 S. Ninth St., Lafayette, Ind 1912

Professor of Physics, Purdue University.

Physics.

Stone Winthrop E. Lafayette, Ind 1893

President of Purdue University.

Chemistry.

ti'Swain, Joseph, Swarthmore, Pa 1898

President of Swarthmore College.

Science of Administration.

Van Hook, James M., 6.39 N. College Ave., Bloomiugton, Ind 1911

Assistant Professor of Botany, Indiana University.

Botany.

ttWaldo, Clarence A., care W.-ishington University, St. Louis, Mo. . . . 189.3

Thayer Professor Mathematics and Applied Mechanics, Wasliing-

ton University.

Mathematics, Mechanics, (ieology and Mineral og.\'.

tfWebster. F. M., Kensington, Md 1894

Entomologist, U. S. Department of Agriculture, Washington, I). ('.

I]ntomology.

Westland, Jacob, 4.39 Salisbury St., West Lafayette. Ind 19<I4

Professor of Matliematics, Purdue University.

Mathematics.

Wiley, Harvey W., Cosmos (Jluli. Washington. L). C 1895

Professor of Agricultural Chemistry, George Wasliington Uni-

versity.

Biological and Agricultural Chemistry.

AVoollen, William Watson, Indianapolis, Ind 1908

Lavi^yer.

Birds and Nature Study.

Wright, John S., care Eli Lilly Co., Indianapolis, Ind 1S94

Manager of Advertising Department, Eli Lilly Co.

Botany.
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NON-RESIDENT MEMBERS.

Ashley, George H., Washington, D. C.

Bain, H. Foster, London, England.

Editor Mining Magazine.

Branner, John Casper, Stanford University, California.

Vice-President of Stanford University, and Professor of Geology.

Geology.

Brannon, Melvin A., President University of Idaho, Boise, Ida.

Professor of Botany.

Plant Breeding.

Campbell, D. H., Stantord University, California.

Professor of Botayn. Stanford University.

Botany.

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

Scientific Assistant, U. S. Bureau of Fisheries.

Botany, Zoology.

Dornei*, H. B., Urbana, Illinois.

Assistant Professor of Floriculture.

Botany, Floriculture.

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

Professor of Physics, Worcester Polytechnic Institute.

Physics.

Everinann, Barton Warren, Director Museum.

California Academy of Science. Golden Gate Park. San Francisco, Cal.

Zoologj'.

Fiske, W. A.. Los Angeles. Cal.. MetlKjdist College.

Garrett, Clias. W.. Room Tis Pennsylvania SUition, I'ittsburgli, Pa.

Librarian, I'ennsylvania Lines West of Pittsburgh.

Entomologj', Sanitary Sciences,

(iilbert, Charles H., Stanford University, California.

Professor of Zoology, Stanford University.

Ichthyology.

(Jreene. Charles Wilson. S14 Viiginia Ave. Colunii)ia, Mo.

Professor of Physiology and Phai'macology, University of Missouri.

Physiology, Zoology.
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Hargitt, Clias. W., 909 Walnut Ave., Syracuse, N. Y.

Proressor of Zoology, Syracuse University.

Hygiene, Embryology, Eugenics, Animal Behavior.

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

Research Associate, Carnegie Institution of Washington.

Vetebrate Paleontology, especially that of the Pleistocene Epoch.

Hughes, Edvpard, Stockton, California.

Jenkins, Oliver P., Stanford University, California.

Professor of Physiology, Stanford University.

Physiology, Histology.

Jordan. David Starr, Stanford University, California.

President Emeritus of Stanford University.

Fish, Eugenics, Botany. Evolution.

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

Professor of Zoology.

Zoology.

Knipp, Charles T., 913 W. Nevada St., Urbana, Illinois.

Assistant Professor of Physics, University of Illinois.

Physics, Discharge of Electricity through Gases.

MacDougal, Daniel Trembly, Tucson, Arizona.

Directoi", Department of Botanical Research, Carnegie Institute. Wash-

ington, D. C.

Botany.

McMuUen, Lynn Banks, State Normal School, 'S'alley City. North Dakota.

Head Science Department, State Normal School.

Physics, Chemistry.

Mendenhall, Thomas Corwin, Ravenna, Ohio.

Retired.

Physics. "Engineering." Mathematics, Astronomy.

Moore, George T., St. Louis, Mo.

Director Missouri Botanical Garden.

Newsom, J. F., Palo Alto, California.

Mining Engineer.

I'urdue, Albert Homer. State Geological Survey. Nashville. Tenn.

State Geologist of Tennessee.

Geology.
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Keagan, A. B.

Superiuteudeut Deer Creek Indian Sehuol, Ibapali, Utah.

Geology, Paleontology, Ethnology.

Slonaker, James Rollin, 334 Kingsley Ave., Palo Alto, California.

Assi-stant Professor of Physiology, Stanford University.

Physiology, Zoology.

Springer, Alfred, 312 East 2d St., Cincinnati. Ohio.

Chemist.

Chemistry.

ACTIVE MEMBERS.

Allen, William Kay, Bloomington, Ind.

Allison, Evelyn, Lafayette, Ind.

Care Agricultural Experinu-nt Station.

Botany.

Anderson, Elora Charlotte. WellesU'y College, Wellesley, Mass.

Botany.

Arndt, Charles II., Lafayette, Ind.

Biology.

Atkinson, F. C, Tndianai)<)lis.

Chemistry.

Badertscher, J. A., Bloomington.

Anatomy.

Baker, George A., South Bend.

Archaeology.

I>aker, Walter D., N. Illinois St., Indianap<tlis, Ind.

Care Waldcraft Co.

Chemistry.

Baker, Walter M., Aml)oy.

Superintendent of Schools.

Mathematics and Physics.

Baker. William Franklin, Indianapolis.

Medicine.

Balcom, II. C. Indianapolis.

Botany.
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Banker, Howard J., Cold Spring Harbor, N. Y.

Botany.

ISjirciis, H. H., Indianapolis.

Instructor. Mathematics, Sliortridge High School.

J'.arr. Harry L., Wavehmd.

Student.

Botany and P'ore.stry.

Barrett, Edward, Indianapolis.

State Geologist.

Geology, Soil Survey.

Bates, W. H., 306 Russell St., West Lafayette.

Associate I'rofessor, Mathematics.

Bell, Guido. 431 E. Ohio St., Indianapolis.

Physician.

Bellamy, Ray, Worcester, Mass.

Bennett, Lee F.. Sl'5 Laporte Ave., Valparaiso.

I'rofessor of Geology and Zoology. Valparaiso University.

Geology, Zoology.

Berry, O. C, West Lafayette.

Engineering.

Berteling, John B., South Bend.

Medicine.

Binford, Harry. Earlham.

Zoology.

Bishop, Harry Eldridge, 17Ut» College Ave., Indianapolis.

Food Chemist, Indiana State Board of Health.

Blanchard, William M., KfOS S. College Ave., Greencastle.

Professor of Chemistry. I )ePauw University.

Organic Chemistry.

Blew, Michael James, R. R. 1, W^abash.

Chemistry and Botany.

Bliss, G. S., Ft. Wayne.

Medicine.

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

Physician.

Biology, Bacteriology, I'hysical Diagnosis and Photomicrography.
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Boiirke, A. Adolpluis, 1103 Cottage Ave., Columbus.

lustructor, Physics, Zoology aud Geography.

Botany, Physics.

Bowles, Adam L., Terre Haute.

Zoology.

Bowers, Paul E., Michigan City.

Medicine.

Brecliinridge, James M., Orawfordsville.

Chemistry.

Brossmauu, Charles, 1616 Merchants Bank Bldg.. Indianapolis.

Consulting Engineer.

Water Supply, Sewage Disposal, Sanitary Engineering, etc.

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

Professor of Chemistry, Butler College.

Chemistry.

Brown, Paul H., Richmond.

Physics.

Brown, Hugh E., Bloomington, Ind.

Bruce, Edwin M., ii-lOl North Ninth St., Terre Hante.

Assistant Professor of I'hysics and Chemistry, Indiana State .Xonnal.

Chemistry, Physics.

Bryan, William I^owe, Bloomington.

President, Indiana University.

Psychology.

Byhee, Halbert P., Bloomington.

Graduate Student, Indiana University.

Geology.

Canis, Edward N., 2221 Park Ave., Indiana]iolis.

Offlceman with William B. Burford.

Botany, Psychology.

Caparo, Jo.se Angel, Notre Dame.

Physics and Mathematics.

Carlyle, Paul J., Bloomington.

Chemistry.

Carmichael, K. D., Bloomington.

A.ssistant Professor of Mathematics. Indiana University.

Mathematics.
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Carr, Ralph Howard, Lafayette.

Chemistry.

Caswell, Albert E., Lafayette.

Instructor in Physics, Purdue University.

Physics and Applied Mathematics.

Chansler, Elias J., Biclaiell.

Farmer.

Ornithology and Mammals.

Clark, George Lindenburg, Greencastle, DePauw University.

Chemistry.

Clark, Elbert Howard, West Lafayette.

Mathematics.

Clark, Jediah H., 126 East Fourth St., Connersville.

Physician.

Medicine.

Clarke, Elton Rassell, Indianapolis.

Zoology.

Collins, Jacob Roland, West Lafayette, Purdue University.

Instructor in Physics.

Conner, S. D., West Lafayette.

Coryell, Noble H., Bloomington.

Chemistry.

Cotton, William J., 5363 University Ave., Indianapolis.

Physics and Chemistry.

Cox, William Clifford.

Crowell, Melvin E., (>48 E. Monroe St., Franklin.

Dean of Franklin College.

Chemistry and Physics.

Cutter, George, Broad Branch Road, Washington, D. C
Retired Manufacturer of Electrical Supplies.

Conchology.

Daniels, Lorenzo E., Rolling Prairie.

Retired Farmer.

Conchology.

Davis, D. W., Greencastle.

Biology.
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Davis, Ernest A., Notre Dame.

Chemistry.

Davis, Melvin K., Anderson.

Instructor, Anderson High School.

Physiography, Geologj', Climatology.

Dean. John C, Indianapolis.

Astronomy.

Deppe, C. R., Franklin.

Dewey, Albert H., West Lafayette.

Department of Pharmacy, Purdue University.

Dietz, Harry F., 408 W. Twenty-eighth St., Indianapolis.

Deputy State Entomologist.

Entomology, Eugenics, Parasitology, I'lant I'athologj-.

Dolau, Jos. P., Syracuse.

Donaghy, Fred, Ossian.

Botany.

Dostal, Bernard F., Bloomington.

Physics.

Drew, David Abbott, 817 East Second St., Bloomington.

Instructor in Mechanics and Astronomy.

Astronomy, Mechanics, Mathematics and Applied Mathematics.

DuBois, Henry, Bloomington, Ind.

Duden, Hans A., 5050 E. Washington St.. Indianapolis.

Analytical Chemist.

Chemistry.

Duncan. David Christie, West Lafayette.

Instructor in Physics, Purdue University.

Dutcher, J. B., Bloomington.

Assistant Professor of Physics, Indiana University.

Physics.

Earp, Samuel E.. 24^ Kentucky Ave., Indiauai)olis.

Physician.

Easley, Mary, Bloomington, Ind.

Edmonston, Clarence E., Bloomingt<)n.

Graduate Student, Physiology, Indiana University.

Physiology.
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Edwards, Carlton, Earlham Coll'^ge. Earlham.

FAlifi, Max Mapes, Boulder, Colo.

Instructor in Biology, University of Colorado.

Biologj% Entomology.

Emerson, Charles P., Hume Mansnr Bldg., Indianapolis.

Dean Indiana University Medical College.

Medicine.

Evans. Samuel G.. 14i')2 Upper Second St., Evansville.

Merchant.

Botany, Ornitliology.

Ewers, James E., Terre Haute.

Instructor in High School.

Geology.

Felver, William P., 825^ Market St., Logansport.

Railroad Clerk.

Geology, Chemistry.

Ferry, Oliver I'., West I>afayette.

Physiology.

Fisher, Homer Glenn, Bloomington.

Zoology.

Msher, Martin L., Lafayette.

Professor of Crop Production, Purdue University.

Agriculture, Soils and Crops, Bii-ds, Botany.

Foresman, George Kedgie, Lafayette, Purdue University.

Chemistry.

Frier, Geoi-ge M., Lafayette.

Assistant Superintendent, Agricultural Experiment Station, Purdue

University.

Botany, Zoology, Bntomologj-, Ornithology, Geology.

P"'ulk, Murl E., Decatur.

Auatomj'.

F)iller, Frederick D., 213 Russell St., West Lafayette.

Chief Deputy State Chemist, Purdue Experiment Station.

Chemistry, Microscopy.

Funk, Austin, 404 Spring St., Jeffersonville.

Physician.

Diseases of Eye, Ear, Nose and Throat.
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Galloway, Jesse James, Bloomington.

Instruetion, Indiana University.

Geology, Pateontology.

Garner, J. B., Mellon Institute, Pittsburgh, Pa.

Chemistry.

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

Anatomy.

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

Teacher of Botany.

Botany and Zoology.

Gidley, William, West Lafayette.

Department of Pharmacy, Purdue University.

Gillum, Robert G., Terre Haute, Ind.

Glenn, E. R., Froebel School, Gary, Ind.

Physics.

Goldsmith, William Marion, Oakland City.

Zoology.

Gottlieb, Frederic W., Morristown.

Care Museum of Natural History. Assistant Curator, Moores Hill

College.

Archaeology, Ethnology.

Grantham, Guy E., 437 Vine St., West Lafayette.

Instructor in I'hysics, I'urdue University.

Greene, Frank C, Mi.ssouri Bureau of (Jeolo^y and Mines, Kolla, Mo.

Geologist.

Geology.

Grimes, Earl J., Russellville.

Care U. S. Soil Survey.

Botany, Soil Survey.

Hamill, Samuel Hugh, 119 E. Fourth St., P>luomingtou.

Chemistry.

Hammerschmidt, Louis M., South Bend.

Science of Law.

Happ, William, South Bend.

Botany.
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Hardiug, C. Francis, 111 Fowler Ave West Lafayette.

Professor of Electrical Eiigineeriog, Purdue University.

Mattiematics, Pliysics, Cliemistr.\.

Harruan, Mary T., 611 Laramie St., Manhattan, Kansas.

Instructor in Zoology, Kansas State Agricultural College.

Zoology.

Harman, Paul M., Bloomington.

Geology.

Harvey, R. B., Indianapolis.

Heimburger, Harry V., 701 West Wasliington St., Urbana, Til.

Assistant in Zoology, University of Illinois.

Heimlich, Louis Frederick, 703 North St., Lafayette.

Biology.

Hendricks, Victor K., 855 Benton Ave., Springfield, Mo.

Assistant Chief Ensineer, St. L. & S. F. R. R.

Civil Engineering and Wood I'reservation.

Henn, Arthur Wilbur, Bloomington.

Zoology.

Hennel, Cora, Bloomington, Ind.

Hennel, Edith A., Bloomington, Ind.

Hetherington, John I*., 418 Fourth St., Logansport.

Physician.

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

Hinman, J. J., Jr., University of Iowa, Iowa City, la.

Chemist, Dept. Public Health and Hygiene.

Chemistry.

Hole, Allen D., Richmond.

Professor Earlham College.

Geology.

Hosteller W. F., South Bend.

Geography and Indian History.

Hubbard, Lucius M., South Bend.

Lawyer.

HufCord, Mason E., Bloomington.

Pliysics.
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Hutchins, Chas. P., Buffalo, N. Y.

Athletics.

Hutton, Joseph Ulackleu, Brookings, South Dalvota.

Associate Professor of Agronomy, State College.

Agronomy, Geology.

Hyde, Carl Clayton, Bloomington.

Geology.

Hyde, Roscoe Raymond, Terre Haute.

Assistant Professor, Physiology and Zoology, Indiana State Normal.

Zoology, Physiology, Bacteriology.

Hyslop, George, Bloomington.

Philosophy.

Ihisou, Harry M., Marion.

Instructor in Science, Marion High School.

Iddings, Arthur, Hanover.

Geology.

Imel, Herbert, South I^.end.

Zoology.

Inman, Ondess K, Bloomfield.

Botany.

Irving, Tlios. P., Notre Dame.

Physics.

Jackson, I). E., St. Louis, Mo.

Assistant Professor, I*harm;icoli)gy, Washington University.

Jackson, Thomas F., Bloomington.

Geology.

James, Glenn, West Lafayette.

Mathematics.

Johnson, A. G., Madison, Wisconsin.

Jones, Wm. J., Jr., I>afayette.

State Chemist, Professor of Agriculture nnd ('heinlst ry. IMinhie I'ni-

versity.

Cliemistry, and general subjects relating to agriculture.

Jordan, Charles Bernard, West Lafayette.

Director School of Pharmacy, Purdue University.



Koezmarek, Kegedius M.. Notre Dame.

Biology.

Kenyon. Alfred Monroe, 315 University St., West Lafayette.

Professor of Mattiematics, I'urdue University.

Mathematics.

Keubler, John Ralph, 110 E. Fonrth St., Blooraington.

Chemistry,

von KleiuSmid, K. B., Tutsou, Ariz.

Koch, Edward, Bloomington.

Physiology.

President University of Ariz.

Liehers, Paul J., 1101 Southeastern Ave., Indianapolis.

Ludwig, C. A., 210 Waldron St., AVest Lafayette, Ind.

Assistant in Botany, Purdue University.

Botany, Agriculture.

Ludy, L. v., 229 University St., Lafayette.

Professor, Experimental Engineering, Purdue University.

Experimental Engineering in Steam and Gas.

Malott, Clyde A., Bloomington.

Physiology.

Marshall, E. C, Bloomington.

Chemistry.

Mason, Preston Walter, Lafayette.

Entomology.

Mason, T. E., 226 S. Grant St., Lafayette.

Instructor Mathematics Purdue University.

Mathematics.

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

LiSiwyer.

McCartney, Fred J., Bloomington.

Philosophy.

MeClellan, John H., Gary, Ind.

McGulloch, T. S., Charlestown.

McEwan, Mrs. Eula Davis, Bloomington, Ind.

McGuire, Joseph, Notre Dame.

Chemistry.
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Mance, Grover C, Bloomiiigtou, Ind.

Markle, M. S., Richmond.

Middletown, A. R., West Lafayette.

Professor of Chemistry. Purdue University.

Chemistry.

Miller, Daniel T., Indiana University, Bloomington.

Anatomy.

Miller, Fred A., 3G4] Kenwood Ave., Indianapolis.

Botanist for Eli Lilly Co.

Botany, Plant Breeding.

Molby, Fred A., Bloomington.

Physics.

Montgomery, Ethel, South Bend.

Physics.

Montgomery, Hugh T., South Bend.

Physician.

Geology.

Moon, V. H., Indianapolis.

Pathology.

Moore, George T., St. Louis, Mo.

Director, Missouri Botanical Garden.

Botany.

Morris, Barclay D., Spiceland Academy, Spiceland.

Science.

Morrison, Edwin, 80 S. W. Seventh St.. i{i(hmoud.

Professor of Physics, Earlham College.

Physics and Chemistry.

Morrison, Harold, Indianapolis, Ind.

Mowrer, Frank Karlsten, Interlaken, New York.

Cooperative work with Cornell University.

Biologj', Plant Breeding.

Muncie, F. W.

Murray, Thomas J., West Lafayette.

Bacteriology.

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

Professor of Anatomy, Indiana University.
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Nelson, Ralph Emory. 41!;» Vine St., West Lafayette.

Chemistry.

Xieuwlaiul, J. A.. The University, Notre Dame. Ind.

Professor. Botany, Editor Midland Naturalist.

Systematic Botan.v. Plant Histology. Organic Chemistry.

Nortli, Cecil C, Greencastle.

Northnagel. Mildred, Gary, Ind.

Oberholzer, H. C, U. S. Department .Vgricultiire, Washington. D. C.

Biology.

O'Neal, Claude E., Bloomingtou.

Graduate Student, Botany, Indiana University.

Botany.

Orahood, Harold. Kingman.

Geology.

Orton, Clayton K.. State College. Pennsylvania.

Assistant Professor of Botany, Pennsylvania State College.

Phytopathology. Botan.v. Mycology, Bacteriology.

Osner, G. A., Ithaca, New York.

Care Agricultural College.

Owen, D. A.. 2(M) South State St.. Franklin.

Professor of Biology. (Retired.)

Biology.

Owens, Charles E., Corvallis, Oregon.

Instructor in Botany, Oregou Agrii ultuial College.

Botany.

I'ayne, Dr. F., Bloomington, lud.

I'effer, Harvey Creighton, West Lafayette.

Chemical Engineering.

Petry, Edward Jacob. 267 Wood St.. West Lafayette.

Instructor in Agriculture.

Botany, Plant Breeding. I'lant Pathology. Bio-Chemistry.

Phillips, Cyrus (i., Moores Hill.

Pickett, Fermen L.. Bloomington.

Botany Critic. Indiana Luiversity 'I'l-nining ScIhkiI.

Botany, Forestry. Agriculture.

Pipal, F. J., 11 S. Salisbury St., West Lafayette.

:j— 4966
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I'uwell, Horace, West Terre Haute.

Zoology.

Trice, James A.. Fort Wayue.

Ramsey, Earl E.. Bloijmiii.trton.

I'riiicipal High School.

Ramsey, Glenn Blaine. Ordiio, Me.

Botany,

lihinehart, I). A.. Bloominu'ton.

Anatomy.

Rice, Thurmaii Itrodks. Wiiuma 1 aUe.

Botany.

Schiiltze, E. A., Laurel.

Fruit Grower.

Bacteriology, Fungi.

Schnell, Charles M., South Bend.

Earth Science.

Scliierling. Roy H.. Bloomington.

Shinier, Dr. Will. Indianapolis. Ind.

Director, State Laboratory of Hygiene.

Shockel, Barnard. Professor State Xoruial. Terre Haute. Ind.

Sigler, Richard, Terre Haute.

Physiology.

Silvey, O.scar W., 437 Vine St.. West Lafayette.

Instructor in Physics.

Physics.

Snutli, Chas. Piper, College Park. Md.

Assoc-iate I'rofessor. Botany. Maryland Agricultural College.

Botany.

Smith, P'ssie Alma. R. F. D. (j. Bhwniington.

Smith. E. R.. Indianapolis.

Horticulturist.

Smith. William \N'.. West Lafayette, Genetics.

Biol(>g\'.

Suodgrass, Robert, Crawfordsville, Ind.

Southgate. Helen A.. Michigan City.

I'hysiograpliy and Botany.
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Hpitzer, George, Laf:ij^ette.

Dairy Chemist, Purdue University.

Chemistry.

Stech, Charles, Bloomiiigton.

Geolos^y.

Steele, B. L.. Pullman, Washington.

Associate Professor of Physics, State College, Washington.

Steimley, Leonard, Bloomington.

Mathematics.

Stickles, A. E., Indianaixilis.

Chemistr.y.

Stoltz, Charles, 530 N. Lafayette St., South P.end.

I'hysician.

Stoddard, J. M.

Stone, Ralph Bushnell. West Lafayette.

Mathematics.

Stork, Harvey L^Uner. Ilnntijigliurg.

Botany.

Stuart, M. H.. 3223 X. New Jersey St., Lidiaiiapolis.

I'rincipal, Manual Training High S<-hool.

I'hysical and Biological Science.

Sturmer, J. W., 119 E. Madison Ave., Collingswood. X. J.

Dean, Department of Pharmacy. Medico-Chii-urgical CoUeLre of Pliilo

delphia.

Chemistry, Botany.

Taylor, Joseph C, Logansjiort.

Wholesale merchant.

Tetrault, Philip Armand. West Lafayette.

Biology.

Thompson, Albert W., Owensville.

Merchant.

Geology.

Thompson, (]lem O., Salem.

I'rincipal High School.

Thornbiu'n, A. D., Indiana] Kili^.

Care I*itman-Moore Co.

Chemistry.
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Travelbee. Harry C, 304 Oak St., West Lafayette.

Botany.

TrooiJ, James, Lafayette.

ElltolllDloL'V.

Ti-uel)lotxl. Iro (
'. (.Miss). '2U~j .Spriug Ave., Greeiuastle.

Teacher of Botiiuy, Zoology, High School.

Botany, Zoology. Physiography. Agriculture.

Tucker, Forest Glen, Bloomington.

<ieology.

TiK Uer. W. ?.!.. 841 Third St.. Chico, California.

I'riuciiial Ilii-'li School.

Geology.

Tiirnei-. William I'.. Lafayette.

I'roiessor of i'racti-al .Mc-lianics. I'nrflue University.

\allaiice. ("lias. A.. Indianaiiolis.

!^^tnl.t(l^. .Manual Training High S -iKxii.

( 'licniisti'y.

\'an liiiran, \>v.. i;arlliaiM Cipllcgc Kicliindnd.

( hciuistry.

\"an .Xuys. W. ('. .Xewcastle.

\'<i(irlie('s. Hei-liert S., 2814 lldagljind Axe. I''iii-t Wayne.

Instiucidr in Clieniistry and I'.otany. I'drt Wayne High ScIkmiI.

Clieniisf ry and Botany.

Wade. l-'i-anl< I'.ertiani. Ki:;!* \\'. 'i'wenty-seventli St.. Indianapo is.

Head oi' Chemistry Deitartnieiit. Shoi-ti'idgc High School.

Cliennstry. I'liysics, (Jeology and .Minci aloi^y.

Walters, .^ithnr L.. Indianapolis

Warren. 1 >on ('anieroii. Bloomington, Ind.

Waterman. Lntli ! I >.. Claypool Hotel. I ndiai'apo.is.

I'liysi( ian.

Webster. L. I!.. Terre Haute. Ind.

Weatl'.eiwax. I'anl. Bloomington. Ind.

Vc( ]n . .M. L. Pil! (i.irfic'd .\\c.. Salpaiaiso

I'l off -sol' of Botany.

B(itany and Ilum.in I'hvsioioicv.
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Weir. Daniel T.. Indianapolis.

Snpervising I'rinoipal, care Scliool oftice.

School Worli.

Weyaut, James E., luclianai)olis.

Teacher of Physics, Shortridge High School.

I'hysics.

Wheeler, Virges, Montmorenci.

Wiancko, Alfred T., Lafayette.

Chief in Soils and Crops, Pnrdue University.

Agronomy.

Wicks, Frank Scott Corey, Indianapolis.

Sociology.

Wiley, Ralph Benjamin, West Lafayette.

Hydraulic Engineering, Purdue University.

Williams, Kenneth P., Bloomngton.

Instructor in Mathematics, Indiana University.

-Mathematics, Astronomy.

Williamson, E. B. Blufftou.

Cashier, The Wells County Bank.

Dragonflies.

Wilson, Charles E., Bloomington.

(Graduate Student, Zoology, Indiana University.

Zoology.

Wilson, Guy West, Assistant Professor Mycology and Plant Pathology, State

University, Iowa City, la.

Wissler, W. A., Bloomington.

Chemistry.

Wood, Harry W., 84 North Ritter Ave., Indianapolis.

Teacher, Manual Training High School.

Woodburn, Wm. L., 902 Asbury Ave.. Evanston. 111.

Instructor in Botany, Northwestern University.

Botany and Bacteriology.

Woodhams, John H., care Houghton Mifflin Co.. Chicago, HI.

Traveling Salesman.

Mathematics.
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Wootery. Kntli. Bloouiiii.iiton, Ind.

Yocuui, H. B.. Crawforrtsville.

Young, Gilbert A., T'J.j Highland Ave., Lafayette.

Head of Department of Mechanical Engineering. E'urdne I'uiversity.

Zehring, William Arthur. :'.•»:; Russell St.. West Lafayette.

Assistant Professor of .Mathematirs. Purdue Tniversity.

Mathematics.

Zeleny, Charles. I'niversity of Illinois. T'rhana. 111.

Associate Professor ol Zoology.

Zoology.

Zufall, C. J., Indianapolis. Ind.

Fellows 70

Members, Active -<><>

Members, Non-resident 29

Total Mfil)
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Minutes of the Spring Meeting

OF THE

INDIANA ACADEMY OF SCIENCE.

South Bend, Indiana, Thursday, May 28, 1914.

Public- meeting of the Academy in tlie auditorium of tlie South Bend

High School. The meeting was addressed by Dr. John M. Coulter, of the

University of Chicago, upon the subject "Plant Breeding and How it Will

Help Solve the Problem of Our Food Supply." Attendance : About 250.

The speaker was introduced by Severance Burrage, of the Eli Lilly

Drug Company of Indianapolis, President of the Academy.

BUSINESS SESSION MAY 28, 1914.

At the close of the public meeting addressed by Dr. John M. Coulter

the xVcadeuiy was called into business session by President Burrage.

The following committees reported :

Resolutions:

Upon motion of John S. Wright, seconded by W. S. Blatcbley, and

pas.sed, "That the Secretary be instructed to wire Dr. C. H. Eigenmann our

regrets at his inability to attend this meeting."

In accordance with the motion the following telegram was sent

:

"Dr. Eigenmann—The members of the Indiana Academy of Science in

session at the spring meeting. South Bend, May 28th. wish to express their

regrets that the condition of your health prevented your attendance, and

join in wishing you si>eedy and complete recovery."

"Howard E. Enders, Secy."

Meinhershij):

The Membership Connnittee. F. M. Andrews, chairman, read the names

of forty-four applicants for membership. Upon motion duly seconded and

passed, the secretary cast the ballots for memliership of the persons whose

names were proposed.
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Letters were read in acknowledgment of sympathy from Chas. W.

Fairbanks ; and of regrets from Dr. Harvey W. Wiley.

With the consent of the Academy, Mr. ,T. S. Wright was authorized to

extend a special invitation to Dr. Wiley to attend the next fall and spring

meetings of the Academy.

The choice of a time for the fall meeting was re<iuested.

It was moved (Blatchley) and seconded (Cog.shall) that the meeting

be set for the Thanksgiving period, as heretofore for several years. The

motion was amended, and passed, "to leave the time for the meeting in tlie

hands of the Program Committee, with power to act.'"

(In the discussion prior to the passage of the amendment, the senti-

ment was against the Thanksgiving i)eriod.

)

.inno tinceme'nts

:

President Burrage announced that Professor Edward Lee Green, bot-

anist, of the Smithsonian Institution, will be present tomorrow and will

accomijaiiy the party on its excursion.

Mr. Charles Stoltz, M. D.. chairman of the local committee, announced

the program for tomorrow (Friday. May 20. 11)14). Automobiles for the

whole party leave 7 :(X) a. m. from the front of tlie Hotel Oliver; return to

the same place at 4 :(iO (('clock in the afternoon. Ban^iuet, <;:;!() ji. ni.. at the

Hotel Oliver.

Attention was called to the tact that J. I'.. (Jarncr of Crawfordsville

had not received tiie iiuMications and literatMrc of the Academy. lie de-

sires his name on the mailing list.

lUSINESS SESSION MAY 2!», 1914.

After the noon lunchccm ((n the held tri]) — at the .\dventist College.

north of Berrien Springs, Michigan—the meeting was called to order by

the President, Severance Burrage. for the puri>ose of hearing the report of

the Membersliip C'ommittee.

F. M. Andrews, chairman, presented the names of six persons for

meml>ership.

Upon motion, duly seconded and jiassed. the seci'elary cast the ballot

for their election to menil)ership.

Announcements concerning the further m<nenients of the party were

made by local chairman. Dr. Stoltz.
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BAX(}T'ET AND P.TT8INESS SESSION.

iioTKi, Oi.ivKK. Miiy 12!). ^'.\^4.

An aiuiilc li:iii(|uct was spread in oiic of tlie private dinin.ii-i-oduis of tlu'

Hofel Oliver for foi'f,v-ei.i,'lit pei'soiis. i'l-csideiif Severance Knrra.i;e. as

master of t-eremonies. expressed pleasure with the entertainment provided

b.v the local i(»mmittee. lie made a strong? plea for a large attendance and

an increased membership for the fall meeting.

President Barrage then called upon the following persons for toasts and

for ex])ression of their sentiments.

Rev. John Cavanagh, of Notre Dame University, extended the greet-

ings of the city and of Notre Dame to the members of th;' Academy.

Professor Dennis, of Earlham College: "IIow the Other .Man LooIls

at It."

Pi'ofessor I*]dwar(l Lee Green, of the Smithsoni.-in Institution. Wash-

ington, I). C. "The rnchangeahleness of Nature, or the Staliility of Science

and the future of the Academy of Science."

Amos Butler, chairman of the State Board of ("liai-ities: "Tlie Prob-

lem of Dealing with Mental Defectives."

Judge Hubbard, of South Bend: "Geology of the Regions .Vbout

S(juth Bend."'

Dr. W. S. Blatchley. former State Geologist: "'(Jeological Rambles."

Father Nieuwland, of Notre I>ame rnivei-sity: Invitation l<i mcmli;'rs

of the Academy to visit him in his laboratories.

Professor Mottier of Indiana T'lnversity : "Conservation ofOur Yoiuij:

Members."

Professor Bodine. Waiiash College: "A Personal Appreciation of the

Day."

Dr. J. C. Arthur. "The Tntluence of the Academy of Science."

Eugene ^Manning. City Conii)troller of South Bend, in the absence of

the Mayor, extended the good-will of the city.

Dr. Montgomery of South P.eiid. "Welcome to our Homes, and to our

Town."

Dr. Stoltz, South Bend, exjiressed his ai)preciation in the name of the

local committee.

The Business tScssion was called to order by President Burrage.

The Menrbership Conunittee. F. M. Andrews, chairman, reported the
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names of five applicants for meniliershi]). Upon motion, duly seconded, and

passed, the Secretary cast the ballot for their election to membership.

Attention was called by the President to the fact that nearly sixty

members were added to the Academy durini: the spring meeting.

Anios Rntler read several letters relative to the passage of the con-

gressional bills on the protection of migratory birds. Attention was also

called to the treaty with Canada, aimed to protect migratory birds.

The following motion was passed : "That the President of the Academy

of Science be appointed a committee of one to expi'ess to Senators Shively

and Kern the earnest desire that they support all efforts to make the

migratory bird law effective, and support thi' intcrnatiDual treaty with

Canada for bird protection in every way ]iossi1il('.""

In accordance with this motion the fo'l()\ving tc'egram was s(>nl :

-May 2!». 1!11 1.

"Hon. JicnJ. /•'. Sliiiclji. T'. S. Soialr, Wa.sliiiH/liiii. />. C:

"Tile Indiana Academy of Science in session here heartily eiKhu'ses

your support of the approi)riation to make the bird law effective, and

relies upon yo\i to support legislation for the i)rotection of the ijirds.

incbuliiii; the ti'caty with Canada. We regard ihese as impoi'tant to all

the peoph'.

"Skvkraxck P.rKRA(;i:. Pi'csident.""

Mr. lUitler requested :ill tlie members of the .\cademy to write Senators

Kern and Shively i-elativc to tlic bird legislation. .Many members ]i!edged

to do so.

A resolution, introduced by Professor P.odine. was passed: "'I'iiat a

rising vote of thanks be extended to I >i-. Stolt/. Dr. .Montgomery, and tlie

other memliers of the loc.-ij conimittee foi- tiie line entertainment toilay."

Adjournment.

IIOWAKI) K. K.NDK :s.

Assistant Secj-etary.

'1"1h> following: were elected to membership M:iy ijli. I!tl4 :

Hthel Montgomery. South F.end. Ind. Pliysics.

Helen A. Southgate, Michigan <'ity. Ind. Physio^rajiby and P.otany.

Jose Angel Caparo. Notre Dame. Ind. Physics and .Mathematics.

Dr. D. A. Rhinehart. HOI X. Walnut Sti-(>et. liloondngton. Ind. .Vnatoiny.

Thurman Brooks Rice. AVinona Pake. Ind. liotiinv.
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Charles M. Schnell, Soiitb P.eiul, Ind. Earth Science.

Uoy II. Schierling, P. O. Box 172, Bloominston. Tiul.

Philip Armaud Tetrault, West Lafayette, Ind. Biolofiy.

James Troop, Lafayette, Ind. Entomology.

Charles Stech, Bloomington, Ind. Geology.

Leonard L. Steimley. Bloomingtou, Ind.. Indiana Club. Mathematics.

Forest Glenn Tucker, 430 E. Fourth Street, Bloomington, Ind. Geology.

W. A. Wissler, 415 S. Grant Street, Bloomington, Ind. Chemistry.

Glenn Blaine Ranisey. I'niversity of Maine, Orono, Maine. Botany.

H. C. Oberhol/.er, U. S. Department of Agriculture, Washington, D. C.

Biology.

Thomas J. Murray, West Lafayette. Ind. Fiacteriolo.gj-.

Fred A. ^lolby, .525 S. Park Avenue. I>kM)mington. Ind. Physics.

Preston Walter Mason. Purdue University. Lafayette, Ind. Entomology.

E. C. Marshall, 409 E. Fourth Street, Bloomington. Ind. Chemistry.

Clyde A. Malott. 209 S. Dunn Street. Bloomington, Ind. Geology.

Joseph McGuire, Notre Dame, Ind. Chemistry.

Fred .7. McCartney. Bloomington. Ind. Philosophy.

Edward Koch, 314 N. Washington Street, Bloomington, Ind. Pliysiology.

("barles Bernard Jordan, West Lafajette, Ind. Director of School of

Pharmacy, Purdue University.

Regedius M. Kaezmarek, Notre Dame, Ind. Biology.

Glenn James, West Lafayette, Ind. Mathematics.

Thoma.s F. Jackson, 325 S. Grant Street, Bloomington, Ind. (JeoUjgy.

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

Herbert Imel, South Bend, Ind.. care Studebaker School. Zoology.

George Hy.slop, Bloomington, Ind.. Kappa Sigma House. Philosophy.

Chas. P. Hutchins, Buffalo, New York. Athletics.

W. F. Ho.stetler, South Bend, Ind. Geography and Indian History.

Paul M. Harman, 111 W. Dunn Street, Bloomington, Ind. Geology.

Louis M. Hammerscliujidt. South Bend. Ind. Science of Law.

William Happ, South Bend, Ind. Botany.

Elbert Howard Clark, West Lafayette, Ind. Mathematics.

John B. Berteling, South Bend, Ind. Medicine.

Homer Glenn Fisher, 727 Atwater Street. Bloomington, Ind- Zoology.

David Christie Duncan, West Lafayette, Ind, Instructor in Physics Pur-

due University.
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Albert H. Dewey. West Lafayette. Ind. Dept. of riiarmacy. I'lirdue Uni-

versity.

Ernest A. Davis, Notre Dame, Ind. Clieniistry.

Noble H. Cor.vell. 330 S. Henderson Street, Bloouiin^ton. Ind. Cbeniistry.

Jacob Roland Collins. W. Lafayette, Ind. Instructor in Physics, Purdue

University.

Flora Charlotte Anderson. A^'ellesley College, Weliesley, Mass. Botany.

Paul J. Carlyle, 315 N. Washington Street, Blooniington, Ind. Chemistry.

William Franklin Baker, Indianapolis, Ind., care Eli Lilly & Co. Medicine.

Oeorge A. Baker, South Bend, Ind. Archjeology.

J. A. Badertscher, 509 N. Washington Street. Bloomington, Ind. Anatomy.

William Gidley, W. Lafayette, Ind. Dept. of Pharmacy, Purdue University.

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

Anatomy.

George Keflzie Foresman. 110 S. Ninth Street. Lafayette. Ind. Chemisti\v.

I'urdue University.

Carl Clayton H.vde. Bloomington, Ind., Kappa Sigma House. (Jeology.

Arthur Wilbur Henn. 821 Atwater Avenue, Bloomington. Ind. Zoology.

Italph Ben.iamin Wiley, 1011' Seventh Street, AA'cst Ltifayetic. Ind.. Pur-

due University. Hydraulic Engineering.
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Minutes of the Thirtieth Annual Mep:ting.

INDIANA ACADEMY OF SCIENCE.

('LAVroOL IIOTKI,. INDIANAPOLIS, InD., DeC. 4, 1914.

The Executive Cdiuiuittee of the Indiana Academy of Science met in

the Assembly Koom, and \\as called to order by the President, Severance

Burrage of Indianapolis. Ind.

The following members were present : Severance Rurrage, Andrew J.

Bigney, Howard E. Enders. W. A. Cogshull, Donaldson Bodine. .J. P. Nay-

lor, Glenn Culbertson, .John S. Wright. Stanley Coulter, A. W. Butler, and

Robert Hessler.

The minutes of the P]xecutive Committee of 1".»1."! were read and ap-

proved.

The reports of the standing connnittees were then taken, nji.

The Program Connnittee. .Tohn S. Wright, ciiairman, reported the

work completed as indicated by the printed program, with tln-ce additional

[tapers.

Amos W. Butler, member of the State Library Connnittee. repoi-ted

that progress is being made in the way of liousing books of the Indiana

Academy of Science. Lack of available funds haiu],ers the State Librarian

in binding of exchanges. The State Librarian requests a ruling upon the

matter of sending out proceedings to individuals upon re<piest.

Gn motion, duly passed, the matter of distribution of proceedings is

left to the discretion of the Connnittee on Distribution of Proceedings and

the State Librarian.

Gn motion, duly passed. .Tohn S. Wright is authorized to jirepare

a revised memliership blank and have it in order for use next year.

IlEPORT or Membership Committee. F. ;m. Axdiikw s, Ciiaihma.x.

The following named persons are proposed tor niembershiii in th;*

.\cademy

:

Harry C. Tra\elbee, 304 Oak Street. West Lafayette. Ind. Botany.
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William J. Cotton. .")?,(;.", T'liiversity Aveiino. Iii(li;ni:i])olis. Iiid. IMiysics and

Chemistry.

Cliarles H. Arntlt, Lafayette, Ind. Biology.

William W. Smith. West Lafayette, Ind. Genetics.

Oliver P. Ferry, West Lafayette, Ind. riiysiology.

Louis Frederick Heimlich, 703 North Street. Lafayette. Ind. P.i()lo;j;y.

Harry Creightou Peffer, W>st Lafayette. Ind. Chemical Engineering.

Paul E. Bowers, Michigan City, Ind. Medicine.

Charles P. Emerson. Hume-Mansnr Building. Indianapolis. Ind. Dean

Indiana University Medical College. Medicine.

Kalpli Emory Nelson, 419 Vine Street, West Lafayette, Ind. Chemistry.

Ralph I'.ushnell Stone, AVest Lafayette, Ind., Purdue. Mathematics.

W'. H. Hanna, 82S Atwater Avenue, Bloomington, Ind. Mathematics.

Fred Earl Bobbins, 215 Waldron Street, West Lafayette, Ind. Agriculture.

Ralph B. Stone, 307 Russell Street, West Lafayette, Ind. Mathematics.

Frank Scott Corey Wicks, Indianapolis, Ind. Sociology.

F. C. Atkinson, Indianapolis, Ind., American Hominy Co. Chemistry.

Arthur Iddiugs, Hanover. Ind. Geology.

Harry Binford, Earlham, Ind. Zoology.

Samuel Hugh Hamill, 110 E. Fourth Street. Bloomiiigton. Ind. Chemistry.

Ralph Howard Carr, Lafayette. Ind. Chenustry.

(ieorge Lindcnlmi-g ('lark. (Jreencastle. ind. Del'auw Universit.v. ('hem-

istry.

Dr. D. A\'. Davis, (4reencastle, Ind.. DePauw Iniversity. Biology.

Ondess L. Inman. P.loomlield. Ind. Botany.

Richard Sigler. Terre Haute, Ind. Ph.vsiology.

Adam L. Bowles, Terre Haute, Ind. Zoology.

.Folm Ralph Keulilei'. 110 E. Fourth Street. Pdooiniiigtoii. Ind. ('iicinist ry.

Dr. Darael T. Miller, Indiana University. P.looiiiiiigton. Ind. .\n:i((iiiiy.

Fred Donaghy. Ossian. Ind. Botany.

Horace Powell. West Terre Haute, Ind. Zocildgy.

William Marion Goldsmith, Oakland City. Ind. Zoology.

Murl E. Fulk. Decatur, Ind. Anatomy.

Mil Intel James Blew. R. R. 1. Wabash, Ind. ChcMnisti-y and P.otany.

Harvey Elmer Stork, Huntingburg. Ind. Botany.

Harold Orahood. Kingman, Ind. Geology.

Dr. VanDoran. Earlham College. Richmond, Ind. Prof, of Chemistrv.
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Carlton Edwards, Earlham College, Earlham, Iiid.

W. C. Van Nuys, Newcastle, Ind. Medicine.

Barclay D. Morris, Spiceland, Ind., Spioeland Academy. Science.

Paul H. Brown. Richmond. Ind. Physics and Mannal Training.

Bernard F. Dostiil, Bloomington, Ind. I'hysics.

O. C. Berry, Waldron Street. West Lafayette, Ind. Engineering.

James M. Breckenridge, 514 S. Walnut Street. Crawfordsville. Ind. Chem-

istry.

Dr. V. II. Moon. Indianapolis, Ind. Patholog.v.

II. C. Balcom, 1023 Park Avenue, Indianapolis. Ind. Botany.

Elton K. Clark, Indianapolis. Ind. Zoology.

A. E. Stickels, 7GS Massachusetts Avenue. Indianapolis. Ind. ( "liemisti-y.

John C. Dean, Indianapolis, Ind. Astronomy.

Dr. G. S. Bliss. Fort Wayne, Ind., State School fur Feelile-Minded. Medi-

cine.

On motion they wer*^ recounuended.

The Treasurer. W. A. Cogshall. reported ;is follows:

I'.alance from 1013 .$254 7S

Collected to December 1st , 133 00

Total $387 78

Expi'uses Decemlier 1st 174 79

$212 99

Upon motion, duly passed, the reiiort was received and turned over

to the Auditing Committee.

On pul»li( ation of Proceedings, II. E. Barnard, editor, rejiorted the

publication and distribution of Proceedings for 191:!.

On motion the following memljers were recommended as Fellows :

Fellows, Wm. L. Bryan, Indiana T'niversity. Psychology: E. B. Wil-

liamson, Bluffton, Biology ; A. W. Kenyon. Purdue, Mathematics : J. A.

Nieuwland. Botany; Wm. M. Blanchard. DePauw University. Chemistry.

The matter of avoiding dujilication of rt']ioits was discussed. It is

deemed desirable to ha^e coinniittees report at tlie executive session and

that only the Secretary's summarized report be read at the general

meetings.
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Tlie Secretary reiiortefl the bindini; of the ininntes of preA'ious ses-

sions of the Atadeiiiy, and liie purchase of a new Secretary's liook. The

Secretai-y reported that the State Lil)rjirian has (onsente<l to deposit the

hound copies of the minutes in tlie safe of the State Lil>rary.

I'resident P.nri-a.i,'e re|iorted tliat lie liad apiiointed tlie following I'er-

sons as dele.uates to tlie State Tax Association: .ludiie l\. W. McBride.

AMlliam Lowe Hryan. Alternates. E. K. Willianisoii. Dr. (Veil (". North.

Adjournment.

(iEXEHAL SESSION. Assembly Koom, 2:01) p. m.

Th<; meeting was called to order by President Severance P>urraw.

The minutes of the Executive Committee were read and api)i-ove(l.

On motion, duly passed, the persons who were recommended for nuni-

liership were elected members of the Indiana Academy of Science.

On motion, duly passed, the five persons wiio were reconnnended by

the P]xecuti\e Connnittee were elected fellows in the Academy of Science

The i-ciiular iiro,i,'ram was then taken up. i'lie jiapers nnmbi'reil 1-11

were read in .i,'eneral session: after which the .Vcadcniy separated into two

se( tions as i'olb)Ws: Section A—Bacterioloiry, P.otany and Zoology, pre-

sided over by President Pun-age and 11. E. Enders being Secretary. Sec-

tion P>—Chennstry. Physics, Engineering, (Jeograpliy, (ieology. .M.atliemat-

ics, and Meteorolog.x : \V. .V. Cogsball presiding and .\. J. Higney being

Se<retary.

E\t.\i.N(; Si:ssio.\. S :U(l (>'(I.o(k.

I! II.sill (^s:

The I'eport of the Nominating Conmiittee was as follows: President

—\V. A. (Jogshall. P.ioonnngton : Vice-President—W. A. McBeth, Terre

llauti : Secretary—A. J. liigney. M(K)res Hill: .\ssistant Secretary—How-

ard E. Euders, Lafayette; Press Secretary—Frank P.. Wade, Indianaiiolis ;

Treasurer—^Yilliam M. Pdanchard, (ireencastb' ; lOditor—H. E. Barnard.

Indianai)olis.

On motion the report was accepted, and the persons named wei'c

eh'cted for the ensuing year.

SATiun.w, Deckmi!Kr wTH, '.):()i» a. .\i.

liiisiiicss:

Tbe following I'esohiticms were iiresented by tlie chairman of the Peso-

lution Couuiiittee, Stanley Coulter of Purdue University

:
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Resolution No. 1.

RcsoUcd, Tliiit tho Iii(li;iii;i Aciuleniy of Science, recosnizinj; the im-

portance to tile State and Society of tlie I'reservation of the l'iil)lic Health,

hereby endorses the proposal for a thoronghly traiiie<l county liealth com-

missioner, wlio will give his entire time to this service, and nrjies the

Legislature to pass a law to that end.

Resolution No. 2.

Resolved. That we extend a vote of thanks to Mr. Lawrence, manager

of the Claypool Hotel, for the use of rottms for the meetings of tlie

Academy, and for his continued kindness in aiding us in every way ])ossible.

Resolution No. 3.

(On suggestion of R R. Ramsey.)

Be it Resolved. That as certain i)eriodicals, such as Science Abstracts

A and B, Baiblaita zu der Aimallen der Rhynk (in Physics), and in all

probabilit.v other magazines in other lines are not on the list of exchanges,

that such exchanges be sought and obtained if possible. If not successful,

jieriodieals whose nature is iiriniarily abstracting, should be put on the

mailing list.

On suggestion of Will Scott that oui- journals should i)e open to for-

eign scientists, Stanley Coulter moved, and it was passed, that a connnittee

be appointed to take up the matter with the Smithsonian Institution re-

garding the ojiening of our scientific journals to foreign scientists for pub-

lication of their papers.

On motion the Academy endorsed the plan of the State (Geologist to co-

operate with the United States (Geological Survey, with a view to tlie pre-

vention of floods in Indiana (see resolution of last year), and ordered that

a cop.v of that resolution be sent to the Oovernor, Lieuteiiant-Ciovernor, and

Speaker of the House.

Adjourned to sections.

Afternoon Session, 1 :00 O'cloc k.

Section R met to complete the reading of its paper.>.

Adjournment.

A. .7. RicNEv, Seci-etary.

Severance Burrage, President.

4—40fie
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PROGRAM
OF THE THIRTIETH ANNUAL MEETING OF THE

INDIANA ACADEMY OF SCIENCE,

Claypool Hotel, Indianapolis,

Friday and Saturday, December 4 and 5, 1914.

GENERAL PROGRAM.

Friday, December 4.

Meeting of Executive Committee •. 10:30 a. m.

General Session 2:00 j). m.

Section Meetings 4:00 p. m.

Informal Dinner, Tickets SI.00. For reservation, api)ly to \V. 'SI.

Blanchard, DePauw University, Greencastlc (5:00 p. m.

Business Session 7:45 p. m.

General Session 8:00 p. m.

Address by the Retiring President, Severance Burr.age.

Symposium on Fcoijle-mindcdnoss.

Saturday, December 5.

General Session 9:00 a. m.

Section Meetings 9:45 a. m.

General Session, followed by Section Meetings (provided the time

is required to complete the program) 2:00 p. m.

LIST OF PAPER.S TO BE READ.

Address by the Retiring President, Mr. Severance; Burrage.

General Session .vt Eight O'Clock, Friday Evening.

SuhjccI: "Science in Its Relation to Conservation of Human Life."

Symposium: Some Scientific and Practical Aspects of the Prol)lem of

Feeble-rnindedness.

1. The Feel)le-minded Family Amos \V. Butler, Indianai)olis

2. The Problem of Feeble-mindedness Dr. G. S. Bliss, Ft. Wayne

3. The Feeble-minded and Delinquent Boy. Dr. F. E. Paschal, Jeffersonville

4. The Feeble-minded and Delinquent Girl Dr. E. E. Jones, Evanston, 111.

5. Feeble-mindedness in the Public School. Miss Katrina Myers, Indianai)()lis

Discussion onened hv Mr. F. S. C. Wicks.
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General—Two O'Clock Friday.

'<). The Alcohol Problem in the Light of Coniosis,

20 minutes Robert Hessler

7. Cold Storage, Practical Conservation, 20 minutes 11. E. Barnard

8. Changing Conditions among the Cumberland Plateau Mountain

People, lantern, 20 minutes Bernard H. Schockel

9. The Conservation of Energy, 30 minutes Arthur L. Foley

10. Agriovilture in Southern Indiana, 15 minutes C. G. Phillips

11. The Chief Reason for the Migration of Our Birds, 15 minutes . D. W. Dennis

liACTERIOLOGY.

12. An Aeration Apparatus for Cidture Solutions, with charts,

10 minutes Paul Wcatherwax

13. Antagonism of B. fluorescens and B. typhosus in Culture,

10 minutes P. A. Tetrault

COTA.VY.

11. Notes on the Distribution of the Forest Tre(>s of Indiana,

15 minutes Stanley Coulter

15. A New Enemy of the Black Locust, 5 minutes Glenn Culbertson

16. The Parasitic Fungi Attacking Forest Trees in Indiana,

10 minute.^ Geo. X. Hoffer

17. .\ New Disease of Viola cucullata, lantern, 5 minutes H. W. Anderons

18. Oatsmut i nindiana, 15 minutes F. J. Pipal

18a. Weed Seeds in soil, 10 minutes F. J. Pipal

19. Additions to Indiana Flora, 3 minutes Chas. C. Deam
20. Some Peculiarities in Spirogyra dubia, 5 minutes Paul Weatherwax

21. Stomata of Trillium nivale, 10 minutes F. M. Andrews

22. Final Report on Cross Pollination of Corn, 3 minutes M. L. Fisher

23. The Primrose-Leaved Violet in White County, charts

and specimens, 10 minutes Louis F. Heimlich

24. Continuous Rust Propagation without Sexual Reproduction,

10 minutes C. A. Ludwig

25. Correlation of Certain Long-cycled and Short-cycled Rusts,

10 minutes H. C. Travelbee

26. Some Species of Nummularia Common in Indiana, 10 minutes

C. E. O'Neal..

27. The Genus Rosellinia in Indiana, 2 minutes Glemi B. Ramsey
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28. Cultivating and Breeding Medicinal Plants, lantern,

20 minutes Fred A. Miller

29. Some Large Botanical Problems, 10 minutes J. C. .\rthur

ZOOLOGY.

30. The Alba Gehre Collection of Birds' Kggs in the Museum

of Purdue I^niversity, 10 minutes Howard E. EnJers

31. A Study of the Maturation Period in the .Mole-Cricket. blackl)oard,

10 minutes F. Paj-nc

32. Note on a Peculiar Nesting Site of Chimnej^ Swift,

3 minutes Glenn Culbertson

33. Mosaics in Drosophila Ampelophila, chart, o minutes Horace M. Powell

34. New Mutations in the Genus Drosophila and their Behavior

in Heredity, chart, 10 minutes Iloscoe R. Hyde

35. Notes on Indiana Earthworms, 10 minutes H. V. Heimburger

36. lasects of the Between-Tides Zone, 30 minutes Chas. H. Arndt

37. Regeneration in Sagartia, 5 minutes D. W. Davis

38. The Relation of Birds to Aquatic Life as Exemplified by

Observation and Studies made at Lake Maxinkuckee,

15 minutes Barton W. Evermann

39. The Reptiles and Batrachians of the Lake Maxinkuckee

Region, 20 minutes Barton W. P^vermann

40. A Physical and Biological Survey of Lake Maxinkuckee,

20 minutes Barton W. Llvormann

CHE.MISTRV.

-II. The (Quantitative Determination of Copper, 5 niinutcs \\ . M. Blanchard

42. The .\lundmn Crucible as a Substitute for the Goocli

Crucible, 5 minutes Cieorge L. Clark

43. Some Recent Work in Dairy Chemistry, 20 minutes George Spitzcr

44. .Vnalysis of Zirconium Minerals, 10 minutes .James Brown

45. Correlation of High School and College Chemistry,

20 minutes Jjunes Brown

46. Chemical Composition of Virgin and Cropped Indiana Soils.

10 minutes S. D. Conner

K.\(;i.\F,EKIX(!.

47. Sewage Disposal, lantern, 15 minutes Charles Bros.smaiin

48. Extension of Empirical Curve by the Addition of Estimated Values

to a Series of Observations, charts, 20 minutes Albert Smith
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49. Tar-Form iiijf Temperatures of American Coals, charts, 20 minutes

O. C. Berry.

GKOGRAPHY.

50. Shawnee Mound, Tippecanoe County, A Ghicial Alhivial Cone,

charto and photographs, 10 minutes William A. McBeth

GEOLOGY.

51. Stratigraphic Correlation of the Outcrop at Spades, Indiana,

15 minutes H.N. Coryell

52. Pennsylvania Fossil Plants of the Bloomington Quadrangle.

5 minutes J. F. .Jackson

53. Preliminary Geological History of Dearborn County, 10 minutes

A.J. Bigney

51. Notes on the Cause of Asterism in "Starolite" (Asteriated Quart'^),

charts and specimens, 10 minutes Frank B. Wade

55. The Mississippian Section of Monroe County, charts, 15 minutes

.I.W.Beede

56. The Flatvvoods Region of Owen and Monroe Counties, Indiana,

25 minutes Clyde A. Malott

M.\THKMATICS.

57. Mechanical Device for Testing Mersenne Numbers for Primes,

5 minutes Thomas E. Mason

58. Some Properties of Binominal Coefficients, 20 minutes A. M. Kenj'on

MJCTEOKOLOGV.

5U. The Watertown, S. D., Tornado of June 2.3, 1914, 10 minutes

J. Gladden Hutton

PHVSICS.

GO. A New Lantern and Projector, lantern, 10 uiinut'^s Aithur L. Fi)ley

61. Some, Text Book Inconsistencies, 5 minutes Arthur L. Foley

02. The Mechanism of Light and Heat Radiations, 10 minutes

James E. Weyant

63. A Simple Form for the Carey Foster Bridge, lantern, 5 minutes

J. P. Naylor

64. The Change of the Radio Activity of Certain Springs, lantern,

10 minutes R. R. Ramsey

65. Radio Activity of Spring Water, lantern, 10 minutes R. R. Ramsey

66. A Radio-Active Electroscope, lantern, 5 minutes Edwin Morrison
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Science in Its Relation to The Conservation of

Human Life.

Severance Burkage.

Nearly every branch of science has direct or indirect reUition toward

the conservation of hnnian life. T'nfortnnately the appreciation ot scien-

tittc work has been from the industrial rather than from tlie hinnanitarian

viewpoint, and such researc-hes as have resulted in discoveries tbat have

connnercial importance have been the ones to receive the plaudits of the

] ml (lie.

Chemistry, physics, spology and biology in all of tlieir subdivisions

have undoubtedly contributed in the work of saving human life. For ex-

ample, we have in cliciiiistri/ the studies of the impurities in the air, water,

food and drugs, practical applications on the purification of water and

sewage, and so on. In phyHicH and its various brandies we liave the prac-

tical application of safety devices of all kinds, rescue apparatus foi' mines,

the developments in rapid connnunication, clima.\:ed by the invention of the

wireless telegraph and teleiihone, most useful in the prever.tion of acci-

dents, the various inventions which protect employes from dangerous

machinery, the development of fire-fighting api>aratus, and siiecial i>ro-

tective devices against floods, earthquakes, cyclones and other disasters.

In geoJof/i/. the selection of proper ])uilding stone, the dangers from the

corrosion of building stone in different climates, the selection of proper

building sites, and, indirectly the discoveries of coal, oil, and other things

essential in many phases of human existence. In hioJoijn, iiarticularly in

the subdivisions, bacteriology, medicine and sanitary science, we find some

of the most important discoveries resulting in the prevention of disease

and death. Even in entomology—the life histories of various mosquitoes

and flies have important bearing on the prevention of disease. In bac-

teriology the discovery of the causes of transmissible diseases, through the

research of Pasteur, Koch and others, methods in the rai)id diagnosis of

disease, protective inoculation against disease, resulting from the work of

Jenner Von Behring and others, are familiar to you all. In medicine the

application of asepsis and cleanliness to surgical methods has re\()lution-
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ized this iiiiiiortaiit ln'niicli of nu'diciiie and made it a most iiiiiiortaut fac-

tor in tlic conservation of liuuian life: tlic (lis< ovciy of selective clieniical

suhstaiKcs for the treatment of sjiecitic diseases, sncli as qninine Cor

malaria, salvarsan for sypliilis and most i-ecently iptHac foi' amebic dys-

enter.v and [)yorrhea.

In sanitary science the develo]inient lias lieen most remarkable. This

includes its practical aiiplicatioiis in sewajie and i^arba.ue disjHJsal, street

cleaning and the sanitary constrnetion of pavements, the sanitation of

heating and ventilation of factories, workshops and schiwils. the medical

inspection of schools, the sanitation of i-aihvay cars, and stations, and such

special sanitai'.v devices as individual drinking cups, dental lavatories in

railroad cars, and tlie various applications of sanitation to the farmhouse

and rural dwelling.

Tlie above outline, which is obviously incomplete, suggests some of the

things which s<-ience in its various bi'anclies h;is done that have been and

can be aiiplied in the conservation of liiuiuin life. (Jranting that science

has done all of these things and many more. I woidd I'aise this inipo|-t:iid

<luestion : Is the iiublic at large .getting the I'nll beiietit of all of this

scientitii workV Is the jiublic taking advantage ot these discoveries oT

scienceV In my opiinon it is not.

Notwithstanding intensive efforts on the part of state boards of health,

extension depai'tments in our universities, instruction given before fai-mers"

institutes, educational activities of anti-tnber<idosis societies and insur-

ance comjianies. we find the death i";ite fioni prexcntable diseases decreas-

ing very little if at all. In .some connnunitles the deaths from jtreventable

diseases are on the increase. In our own State we find ver.v little change

in the last ten .vears in the deaths from preventable diseases.

Tlii-; .\cademy is of course jtai'ticularly interested in Indiana. Can

not this Academy suggest or i-ecouniiend w.-i.vs and means to appl.v tlwough-

ont this State the various developments of science iclaling to health and

disease ])revention in sucli a wa.v as to create a healfliier and longer-lived

citizenshijiV A counnission appointed rc'cntl.v in .Massachnsetts to inx'es-

tigate the hi',di cost of living stattnl

—

"The increased vital efficiency of the citizens of this State (.Mas-

sachusetts) wliiih would re^snlt from a conservation ot the |)resent

waste of health would, if expended in labor, increase the earnings

of those whose health is inipaireil and also lessen the burdens of



those who arc at present uimecessarily ill. This increase in earn-

ings would thus tend to reduce the cost of living, increase the total

earnings of the citizens and make the average income larger."

Tims conservation of health means higher wages, whicli enables the

vvorlier to keep ahead of the increasing price of the connnodities of life.

Surely this is worth striving for, and in my opinion Indiana can decrease

the death rate and lengthen life and thus bring about this condition. To

accomi»lish it I would urge the adoption of a law which would provide for

a full-time health commissioner in every county in the State. This com-

missioner must be especially trained in sanitary science and the various

applications of the other sciences in so far as they affect the prevention of

unnecessary deaths. If such a law were passed, and l)acked up by an

intelligent public, we would have the healthiest State in the Union in a

very short time. I state my belief because where such sanitary applica-

tions have been thorofighly carried out, we have as a result healthful con-

ditions. I would cite as an instance of this the Panama Canal district.

While the names ()f (loethals and Gorgas will go down to posterity as con-

structors of the Panama Canal, they sh.ould receive more credit for the

sanitary organization and administration which made the construction of

the canal possible. They converted one of the most unhealthful localities in

the world, where the death rate was over 70 per ],<J()0, to the most health-

ful spot with the death rate of less than (5 per 1,000, a death rate lower

that that of any other civilized connuunity in the world.

Another instance of the practical applications of sanitary science has

l)een in our military camps. Reports show that out of 12,(100 men in these

camps there was not a single case of smallpox or typhoid fever for a period

covering two years. Typhoid fever has long been one of the iiests of camp

life, but through improved sanitation and typhoid vaccination, this dis-

ease has been absoluetly eliminated. Other diseases in these camps over

which there was not such perfect control showed a great reduction.

With such fine examples of successful sanitary administration it seems

to me justifiable to make application to our own communities, with of

course necessary modificaliitns. I therefore would suggest that this Acad-

emy at this session pass resolutions favoring the passage of a law at the

next Legislature which would provide for a competent, full-time health com-

missioner in each comity in this State. I know of no way in which the

Indiana Academy of Science can better further the best interests of the

State with reference to the conservation of human life.
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A Family in One Neighborhood.*

Amos W. Butler,

Secretary Indiana Board of .State Cliarifies.

Indianapolis.

Not long ago I had handed to nie a little oai'd containing these words:

"When shall we apply the same intelligtuce to breeding human

heings that we apply to breeding cattle?"

It came at a time when we were investigating the family histories of

some of the state's wards whose names are recorded in the registration of

the Board of State Cliarities. The application was made more striking by

having liefore me charts of some of these families, some of them running

back five or six generations. The.se tell a story of degeneracy that is ap-

palling. I have thought you would be interested in one of them whose

visible beginning was in a pair of feeble-minded ancestors about a hun-

dred years ago. It includes five generations, represented by fifty-seven

individuals.

There would be some changes in the chart as a result of subsequent

investigations but in the main tlie facts are as given.

The -V Fautihj.
Sex

Male. Female. Unknown. Total.

Individuals recorded 24

Mental condition

:

Feeble-minded 17

Insane

Normal 3

Normality in question 4

Sex offenders 3

Illegitimate 1

*Read at Indiana Academy of Science, Indianapolis 1914.

28

1!)
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Our iiivestisiations brought to light the fact that eighteen nienibers of

this family have been at some time of their lives inmates of public insti-

tutions in Indiana. Our information as to the length of time five of these

were on public support is incomi»lete ; it was before our present registra-

tion of institution inmates was begun, ("onccrning the other thirteen,

however, we have accurate data. To date they liave spent a total of li03

years, 5 montlis in public institutions.

Eleven have been in county poor asylums 44 years. 3 months ; 7 have

been in orphans' homes 40 years, 7 months; S have been in the School for

Feeble-Minded Youth 110 years. 11 months; one has been in the Indiana

(Jirls' School 7 years, S months. If their maintenance has averaged but

$125 a year, tlie total cost lias already amounted to more tlnui .$l2r),000.

This is not all. Tbere are now five young women of this fanuly in the

School for Feeble- .Miiuled Youth at Fort \Vaync. Their ages are 21'. 23.

24, 28 and 32 years, an average of 25.8 years. .Vt tlu> anuual average i)er

capita cost of maintenance in that institution last year (.$140.08) these

five yomig women cost the State .$700.00 a year.

I ask this (piestion : What are we going to do aiiout itV It is one

of oui- itroblems.

A legislative conuuission in New .7<>rsey has rcMciitly made a reiiort

after a thorough investigation of the iiroblem of uiciital defectiveness.

Other conuinssions in New Y'ork. Massachusetts, iind clsewlicre have been,

or are. engaged in this work. Is it not time that Indiaua should wake up

and have a commission to study the problem of mental defectiveness V What

is the conditionV \Vli:it are the needs'? IIow sh-ill they be met'.' What is

the wisest plan to follow'.' What are we going to do to save ourselves tills

continually increasing itopulation of mental defectiveness, that is sliown

by this chart and could be shown by a luui<li-cd otliers. to be growing up

in the State of Indiana without our knowledge, witliout our thougbt. with-

out our effort to prevent it? The question comes to us: W'bal will we

do about it?
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The Problem of Feeble-Mindedness.

G. S. Bliss.

Tlio first recorded attempt to do soiiiethiu.ir foi- feelile-iiiiiidedness

occurred in the year 1800, when Di-. Itard, a Fivnch i)liysi(ian, tried to

educate a so-called "wild hoy" found in the woods. The attempt faih-d

because the boy was feeble-minded, and was followed in France by several

abortive attempts to educate feebleminded persons.

The first successful attempt in this direction was made by the Schoo'

for the Deaf and Dumb at Hartford, Conn , in 1S.3(!. They took several

feeble-minded children and succeeded in trainl'ii,' them a little in school

work and in forming better habits of life.

In 1846 Dr. Seguin, a pupil of Dr. Itard, opened a successful school

for mental defectives in France. This attempt succeeded so well that other

schools were soon founded for this most unfortunate class. In 1N4S Mas-

sachusetts started the first state school in the United States. This was

followed by other States, and in 1879 Indiana established her present

school.

All these schools were started with the idea that mental defect was

curable, and that the idiot or imbecile could be educated to become a self-

sui porting and dependable citizen. This we now know to be an impos-

sibility, and the fact is coming to be more generally recognized that there

is no cure for mental defect. It is a condition, not a disease.

Insanity is a disease attacking a developed brain and is often cured;

loeble-mindedness is never cured, but may be greatly relieved by proper

traininii; and care.

Tliere are between n.dOO and 6,000 feeble-minded persons in Indiana

1 eeding institutional care today, and only about one-fourth of these are

receiving- it. These people are at large, reproducing defectives in an ever-

inci-f^asing amount, like the waves from a pebble thrown into a lake. If

we are to protect the coming generations of our sons and danghtei's, grand-

sons and granddau'2;hters from this growing bui'den, we mu-;t wake up '.o

the ((inditioii and do something about it.



62

What to do. and how to do it, constitutes one of the most serious prob-

lems for our State.

I ])resnme if I were to ask any menil)er of tliis body before me tonight,

what in his estimation was the best measure, he would say sterilization or

asexualizatifm. And to that measure I would give a heart:,- amen, if it

were as practical a proceeding as I wish it were. Theoretically it is good,

but iu practice, owing to ignorance, false sentimentality, honest disbelief

in the measure by honest people, it is not as easily carried out as most of

the iJersons here would think. If applied, it should be used on persons at

large, not on those already segregated and cared for by public institutions

;

but the problem here is first to catch them, and then to decide where to

draw the line.

I believe that for many years to come, segregation will be our best

method of dealing with this problem. Mr. Butler has recommended for

this State a real practical step in the establishment by this Legislature of

a commission to investigate this condition througliout the State and report

to our next Legislature.

I have also recommended a large farm. 2,000 acres or more, somewhere

in the south central part of the State where the adult bo.vs and men can

live as useful and happy as may be: and also another smallci- farm where

the older women could care for chickens, turkeys, and small fruits, living

their lives apart from the world, where they are such complete f;iilnres.

I lielieve that better marriage laws, permitting no one to mai-ry with-

out a clean bill of health, would be a help.

Whenever alcohol and vice are abolished in this world the feeble-

mindedness from those causes will cease, and the puitlic registration of

venereal disease would prove a potent weapon against mental defect. I

believe, that every case of syphilis and gonorrhea should ix' registered with

the health officer as well as smallpox or typhoid fever.

I hope Indiana will realize in the near future the monientousness of

this problem, and by meeting it and better |)reventing the reproduction of

defect, place herself where she belongs, at the pinnacle of those States

who prevent, as well as provide for this bni-deu of feeble-mindedness on her

community.
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The Feeble-Minded and Delinquent Boy.

Franklin C. Paschal.

Ill ail examinatioii of the relation of feeble uiindediiess to deliiiqiieiicy.

we find ourselves in the realm of the higher degrees of mental defect, the

moron and the borderline cases. These, not the imbeciles, are the ones

who present the diflicult problem to the student of delinquency, for when

those of the lower grade come into contact with the law, their antisocial

behavior is recognized as but a manifestation of the deficiency. But the

delinquent whom we classify as a high grade defective is not so easily

disposed of, and it is this class with which this jiaper deals.

Only within the past few years have the courts begun to recognize that

each case is an individual case and that an understanding of the violator

is fully as important as an understanding of the law violated. Tliis has

come about largely through the appreci:illt>n that a great many of these

persons have grave mental defects which were not of a sufficient degree to

be recognized by the comiuunity. As a result, the juvenile courts of the

larger cities and many penal institutions are depending upon the findings

of the clinical laboratories to guide them in the disitosition of the cases

which appear before them. These institutions are finding extremely diffi-

cult, almost hopeless, the task of readjusting in society those who from

congenital or early developmental causes are equipi>ed with inadequate

mental machinery.

A delinquency is an abnormal reaction to stimuli furnished by the en-

vironment. There are many conditions which operate to produce abnormal

reactions, such as mental depressions, a craving for excitement, insta-

bility and, very Ireqnently, a mind not completely unfolded. If judgment,

foresight, and moral appreciation are undeveloped, then inhibitions are de-

ficient and the resulting anomalies of behavior will (piite likely become

criminal acts or delinquencies. The feeble-minded boy is the tool of his

environment. He can not see his way forward in the situations that arise,

nor can he control his environment. The more complex the situation in

which he is placed, the less liable he is to solve his own problems and the

greater the probability that his reactions will be construed as antisocial.
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The types of (leliiuiueiicies of boys of the feeble-miuded class, then,

are many and depend upon the peculiar combinations of circumstauees

which chance may throw about them in their environments.

The feeble-minded boy is usually a member of a family of degenerate

type. This degeneracy may be due to feeble-mindednss Itself, to intemper-

ance, or other causes may be to blame, but at least the family has fallen

into the lowest strata of society. What mental defect the boy may be

given is then of a lower instead of a higher order. The instruments

for the implanting of the higher ideas and ideals, the church and the

school, are either absent or ineffectual. If the family in its descent has

become criminal, the boy is trained in the criminal paths, into which he

falls quite readily. If not actually trained, he is encouraged liy a family

attitude which countenances this sort of thing.

Even though the fanuly is not directly responsible, it has thrown him

among associates of the lowest kind and surroinidcd him liy the at-

mosphere of the slums or. in the small town, of the saloon and tlie gang.

These peoi)le will train him, will assist him and will encourage him in

starting upon a career of antagonism to law .uid order. .V high level of

intelligence is rnjuiied to rise of it.self above surroundings such as this,

but our feehle-niinded boy stays where he is put. He makes an excellent

tool : he does not i-cas(Mi. nor a])iire<iMt(' the full nature of his acts, hut

he can be induced to perform quite ditlicult feats for those whose only

labor is his instruction and who receive the lion's share of the profits.

And, of course, having iicrfoi-nicd tiic act. lie is the one wiio pays the

l)enalty if caught, while the real criminal remains hidden.

The iiuhlic schools, the churches and the charitable organizations have

long fought the various instruments of .suggestion, the dime novel, the

yellow peri(Mlical. the moving picture film of sinnlar nature, ct cctcrd. most

potent factors in the proiluction of .iuveniie delin<|uency : hut how much

more influence do these things have when the mentality is so low that the

counterbalancing elements are not i)res(>nt. When the environment is of

the slum type, how nuich additional material for suggestion is presented

that can not be contr(»ll('il other than by the reniov.-il of the boy from these

.surroundings. He does not possess the widei- and deeper mental interests,

so seeks the activities. whi( h even the feeble-minded demand, in s<ime

lower form.

Only recently have we recogni/.ed that weak-minde«lness is ]»resent

in a great portion of those bo.vs who fail to progress in school and soon
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bt'i^iii to practice truancy, itself a tlelinquency. From tills it is Init a step

to the gau5i with its series of petty thieving. The feeble-nnndecl boy is

often the oldest and largest boy in his room and conseqnently a leader.

Under his guidance the younger normal boys learn to play truant, to

smoke cigarets. to steal and to practice sexual vices. It Is through the

moral deterioration of these unfortunate followers that this defective does

the greatest damage.

Noc being capable of being aroused by the Interests that are presented

to the normal boy, our defective Is looking about for excitement, and this

he finds In stealing or other delinquencies. We often find in a good home

a boy of this kind, who, although his parents do all that seems possible.

Is continually getting into trouble and eventually finds himself In some

serious situation. Such a case Is particularly hard for our juvenile courts,

as It is not easy to take the boy from his home, yet the parents are seldom

able to deal with him. A mother will overlook the faults of this boy

because she feels that he Is not to l)lame, yet -ihe will not acknowledge

even to herself that his Is an incurable deficiency. She makes allowances

and covers ui) his faults Instead of enforcing the discipline that she would

give a normal son. The feeble-minded boy Is even more in need of strong

and ricid discipline, for even this child may learn the effects of fire if it

is hot enough.

Space will not jierniit a discussion of what is called Moral Imbecility,

but a few Wdi'ds are necessary at this point. By moral Imbecility is meanfe,

to (piote Tredgold, "that class of persons who are so constituted that they

ax-e utterly devoid of any real moral sense, and of the consciousness that

any obligation is morally due from them to their fellows. Such defect is

inherent and it ma.v rightly he called moral deficiency Their

moral defect is in fact, latent .... Rut although latent, moral de-

fectives of this kind are not of necessity actual criminals; they may well

be described as potential criminals."

Many psychologists declare that moral imbecility does not apitear in-

dependent of grave mental deficiency, some sa.v that it may appear with

a deficiency which is slight, while others say that It may be present with-

out accomi)anying defect of mentality. That portion who have unques-

ti<inable mental defects fall within the range of this paper. The moral

sense, sympath.v. benevolence or social instincts ma.v he lacking, and If

the boy Is without the intelligence to simulate these Instincts or to de-

5—4966
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termiue what society considers to be tlie correct attitude, deiiqiiencies will

quite likely result. These are the ones who commit the acts of violence,

malicious destruction, assault, rape, sodomy, and other sexual abnormalities

and perversions. No hope can be held out in these cases.

Many there are, even of feeble-minded families, who living in the less

exacting environment of the thinly populated districts, exist unaided by

tilling their small plot or by performance of the tasks of drudgery and

attract not even the notice of the communities in which they live. But

when the unusual occurs, hardships or difficulties arise, they lack the

judgment and foresight necessary to carry them through. Then the easiest

way out is the only way, and they come into conflict with the law.

This is not the class of the delinquent boy, but is the class into which

the delinquent boy often later falls, and this element of his future must be

considered in handling his case. This is the class found in large num-

bers in our reformatories and prisons.

A few cases from our own laboratory will serve to make concrete some

of these types

:

A colored fellow of very low mentality is serving a sentence for petit

larceny. He had once been conmiitte<l to an Illinois prison for cutting a

white foreman who had attempted to take advantage of him by withholding

a portion of his pay. AVIiile traveling to a point in Indiana at which he

expected to find work, he fell in with a white man who took some rail-

road brass and told this fellow to carry it into the next town where they

would sell it and divide the money. Not appreciating the nature of his

act, he walkefl into town with the brass under his arm and when arrested,

his director, who had followed at a distance, disappeared. Under a con-

trolled environment and cared for. this subject is a very hard worker at

the menial tasks and says that the only mar to perfect happiness is that

he can not have tobacco.

One boy of sixteen years is but eight years of age mentally and comes

from a feeble-minded family and a vieioiis environment. His l)rother has

been in our institution and other relations have been incarcerated. When

he was eight years old, his mother refused longer to own bini and at that

age he was thrown upon his own resources. But he soon provided for his

future care by i>erforming certain acts which obtiiined admission for him

into the reform school, and he has been a ward of the State almost con-

tinually since that time. Besides his mental incapacity, he is physically

subnormal and distinctly unstable. He is also a pervert and is a contam-
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mating influence even in a reformatory. With such a background as tliis,

a favorable prognosis is impossible.

One boy of sixteen years comes from a family that we have reason to

believe is mentally sultnormal. Tlie mental examination shows him to be a

moron, and om* information is to the effect that his environment has not

been particularly bad. Though employed, he stole a wheel which he

traded for a billy-goat he had long desired.

Another boy is now with us for the second time. His congenital de-

fect is of syphilitic origin and he presents many physical malformations,

among which is a nose quite small and deformed. He had previously been

in the reform school and was sent to us first for continuing his petty

thievery after returning to his home, a small town in western Indiana. He

was not long absent upon parole before he returned with a new sentence

for horse-stealing, which act was without purpose but probably was due

to the suggestion of associates. He recently appeared at our office with a

smile upon his face and informed us that he had made a discovery. Upon

being supplied with a nail, he passed it in one side of his nose and out the

other. It afforded him great pleasure to exhibit this accomplishment to a

clinic before a medical association.

One boy of about eighteen, whom the psychological examination

showed to be of low level, was convicted upon a charge of petit larceny.

In the institution he was a hard worker both in the shop and in the

school, but he could not accomplish a great deal. He explained in the most

pleading terms to me at the time of his entrance, that he had been without

work and while sleeping in a barn he found a fur overcoat which he took

because he was so cold. Rather a delin<iuency than a crime is it not?

And the cause? Mental incapacity, the inability to compete on equal terms

with his fellows.

From a scientific point of view, one of the most interesting cases we

have had was that of a young man of the borderline class, having suffi-

cient intellect to appear normal and about whose home life and environ-

ment we have not been able to obtain sufficient data. He stabbed and

killed a fellow inmate, almost a total stranger to him. for the sole reason

that he wished to obtain a transfer to the State prison, where he would be

given tobacco. Even a prison is not a complete protection against a men-

tality such as this.

Many more instances could be given from this one institution which
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are of irreat interest l>efause of the liL'lit they throw uiioii the essential

relations of feehle-niindedness to delinqnenoy, and many nicire yet nuist

be rec-orded before the snl).iect will be fully understood.

What shall we dn with these feeble-minded nnd delin(iuent lioys? It

is tlie duty of society to develop their scant caiiacities and prepare them

for things they will be able to do. then to surround them with an environ-

ment in whicli they will be able to do tlu-ir part and thus get the greatest

liappiuess out of their narrow lives, while society is freed from the menace.

There has been for some time a movement on fc>ot in several States

looliiug toward tlie estal)lishment of state institutions for defective

delinquents wliere they may be given permanent custodial care. Mas-

.sachusetts now lias such a hiw. and in New York the (iovernor last

year vetoetl a sinnlai- bill. Our refoi-matorit-s are not feeble-minded in-

.stitutions and can not liold these boys indetinit* ly. Our ieeble-minde<l

institutions liave more than they can do with a lower class and are not

suited to tlie re<juirements of these. In an institution sucii as suggested,

provision could be made for the effective development of the aiiilities of

each one. Ka<h could l)e given duties that could be mad*^ to appeal to

his interests and wliii h are within his capal)iliti«s. Removed fi'om the

competition to which he is not (Mjual. bis i)launing done loi- liini. the cares

and troubles to which he is subjected in the world eliminated, his life

could be guided so as to give him the maximnui ot hapiiiness. I-'urtlier-

iiiore. he would be beyond the power of those who seek such as be to fur-

tlier tlieir own ends. And. again, he would no longer l>e able to bring into

the world otliers of his kind, to endure a ditficnlt life and to furnisli more

cases with which society would have to deal.

But sin<e we do not have such an institution at the present time, it

is our duty now to do all that we can to assist them with our im'sent

machinery. .Many of these delimpients have special abilities which can be

developed, if we will find them. Already there havi- been many instances

in which the finding of an adaptaltility hjis furnished an outlet for tlie

hitherto recalcitrant imlividiiality. We must de\-clop them nientiilly as

far as jiossible, teach them to read and w riti'. if they prove able to learn,

for here some mental interests may be aroused. Closely relatetl to the

mental defect in ni;\ny of the cases, is a physical defect due often t(j mal-

nutrition and improper care during infancy or early childhood. So far

as is iM)ssible, these physical handicaps must be !emoved. Tlie training iu
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;iiiy trade can only lie a matter of learniiiic a certain nmnher of iiiovc-

nients. yet this may be sullieieiit to enable tliem to earn a livhii; on the

outside when we ai'e lorc(>(l to I'elease them. Agricultural i)ursuits ai'e

esi)ecially advanta.i^eous. as here the demands nt' the commmiity are not sd

complex. At such a time as we release them, it is our duty to see that

they are placed in envii-onments to which the.v arc best adapted and where

the elTects of our care and guidance may be such as to insure for then

peaceful lives which for society is tlie .i^reatest protec-tion.

The investiuation of delincpients is now beinj;; carried on thi-(>ui,di

departnients of resear< li in a nunibei' of penal institutions throughout the

country. In the Indiana Reformatory we are gatliering much valuable

material of all phases of this sub.iect. but there is one thing which inter-

feres with our efhcieucy. lOvery psychologist and psychiatrist recognizes

that feeble-mindeduess, as well as insanity, is evidenced iu other ways

than by intelligence alone, and while a psychological analysis will bring

forth tlit defect in the ma.jority of cases, there are a great many of the

borderline type that can be rightly understood only b,v careful investiga-

tion of the heredity, family history, develoimiental history and environ-

mental conditions of the sub.iect. This work presupposes trained field

agents upon whom a great amount of work would necessarily fall. In

most cases our laborator.v now has no information as to those particulars

other than that which we have been able to obtain from the inmate, and

this is inireliable often because of false representation, but more often

from a lack of knowledge of the things desired. Our men know pitifully

little about themselves or their families, csikm ially in those cases in

which we are the most anxious to obtain. ac<-urate information. Many a

man has considered it strange that we should expect him to know the year

of his mother's death, the number of yer.i's he sjient in school, the num-

ber of times he failed there or whether he w;is six or twelve at the time

of an illness. This developmental period, which is verv iniportant to us,

exists for him only as a hazy jKirtion ihf his existence. It is onl.v as

legislatures will provide for such needs of our state clinical laboratories

that we will be able to contribute to the fullest extent to the tliorough

understanding of the relation of feeble-nnndedness to delimpii'ncy.
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The Feeble-Minded and Delinquent Girl.

E. E. Jones.

It is a signal victory for tlie cause of education and so<ial service in

Indiana that the Indiana Academy of Science has seen fit to place on its

program a symposium on "Some of the Scientific and Practical Aspects of

the Problem of Feeble-Mindedness." My part in this symposium is to dis-

cuss the "Feeble-Minded and Delinquent Girl." She presents a separate

and distinct problem in the social and educational development of a State,

simply because she Is a girl. To her sex belongs the important function

of bearing the offspring of the race, and through maternal functionings,

mental and physical qualities of the race are propagated. Thus, the feeble

minded girl occupies a most strategic position in the problem of race im-

provement and development, a matter in which scientists have been pro-

foundly interested since 1869, the date when Fances Gallon published his

wonderful work—Hereditary Genius.

It is fitting that the science of this age devote itself assiduously to the

problems of racial improvement, for by no other means than that of

science can such a program of civilization be accomplished.

My first problem this evening is to define the feeble-minded girl. What

is she? What qualifications, limitations, and possibilties does she possess?

What is her type of mind? What is her physical endowment? How much

does she know? How far can she be educated? In what sense can she

ever become self-sustaining? We must have a comprehension of these facts

before we can fully define the feeble-minded gii'l. At the present time we

have numerous scales such as the Binet-Simon Scale for measuring quan-

titatively and qualitatively general intelligence ; and in defining the feeble-

minded girl, we must bring into play the use of all such instruments of

measurements as will determine her mental and physical endowments.

Such scales have been employed in the feeble-minded institutions and with

feeble-minded children in the public schools with marked success, and

we are looking to a time in the near future when these and other scales

will be perfected and refined until it will be possible for us, early in the
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life (if the individual. t(i determiiu' tlu' mi'iital and physical defects that

produce deliiKiueuey and feeble-nuiuledness.

Feeble-mindedness is a term used to describi' individuals who have

not attained a normal juental status when compared witli individuals of

the community. If their mental status is of such a character that they

are not able to malie tlie necess;.ry adjustments in a complex social life

they are deemed feeble-minded. This does not mean that there are no ad-

justments that they can make, but that they are able to react oidy to the

.simpler situations in life. Some feeble-minded children display remark-

able alertness and acute sensitivity, and superlici.illy one would not expect

that there is any mental defect; but upon closer examination and study

such an individual Is found to be deficient in all matters that re<iuire

complex as.sociations and comparisons. P.y aiiplyinir any one of the

numerous scales for determinin.:,' intelligence t(» such an individual, parts

of the scales are answered with very great ease—namely, those parts that

pertain to fineness of discrimination in sense imin-ession. either visual or

auditory. I'.ut when any jiart of the scale that r(M|uires reasoning, associa-

tions, comparisons, oi- c(Mn])lex mental iirocessrs is a|ipiied to hei". she

fails miseraltly. If a child is six years of a::e .-md only nicasui'es three

years in inteliiiieiice there is some reason to expect feeble-niindedness. If

a child is seven years of ;ige and only nieasnres three years, it becomes

(piite e\ ideiit that develoimient is so far retarded that the individual may
be very well classilied as feeble-minded, r.etween the ages ot seN'en and

sixteen, if the mental age is found to be foui- years or moi'e below the

biological age. there is reason to expect thiit you are dealing with a feeble-

minded jierson. This is an arbitrary standard that is lairiy well adopted

by psycbo-eiinicists in the Tinted States. It is possible, however, to tind

individuals sixteen years of ag<' who oidy measure twelve years of age

psychologically whose mental retardation is due to disease or other causes

than native weakness. Such individuals would form exceptions and should

not be regarded as f(>eble-niinded, foi- ther(> would be a |iossibility of their

vei'y rajdd development :it ;i latei' jieriod : Imt on the whole we ;ire pretty

safe in defining a feeble nnnded individual as one whose nient:il develop-

ment is as nuich as lonr or more years below (he norm.Ml of a child of

his ;ige.

Since having defined the fceble-miiah d giiT ! sh:ill endeavor to tre.at

my tojiic from three different standpoints. i'Mrst, how to discover her:

second, what are her symptomsV and, third, what shall we do with her?
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As to the first (inestioii df hdw we may discover the feelile-niinded

liirl in the eU-ineiitary schools, and indeed in tlie h.onies, I havi- tliis to

offer. It is my lieliet tliat the imlilic scliools will have to provide them-

selves with iisycho-educational clinics I'or the determination early in the

life of (he child of any sort of mental dehcienc.v. Tliere should be avail-

able to every school in the State such a clinic, for no school of a hun-

dred or more children is so fortunate as to be without those whose mental

deficiency may be low enouiih to be designated as feeble-minded. Recent

statistics from the New York ('ity schools. Chicago. N(>w Orleans. Omaha

and elsewhere, show that about two per cent, of all the children in the

public schools are feeble-minded. It is possible that this is too high a per-

centage, but even if only one child in a liundred is feeble-minded it is ex-

tremely imiiortant that that fact be determined very early in its life. The

phycho-educational clinic will perform the important function in a com-

munit.v of determining, not onl.v all stages of mental deficiency, but also

all the stages of mental acceleration ; and it is extremel.v imi)ortant that

those individuals whose rank in intelligence is considerably above the

average should also \w known and the educational needs adarited to them

in a suitable manner. Without such scientific aid in the diagnosis of the

child eai'ly in her life nmch energy is wasted in trying to ti-ain and educate

the child who may be uneducable. Psycho-educational clinics would also

serve as a means for determining all grades of mental development in all

children and W(mld thus serve as a corrective jigency in the proiier de-

velopment of all children. Teachers are generally unslcilled in the matter

of mental diagnosis of their pupils. Tliey teach upon the assumption that

all children have mental capacity about e(|ual. ['i»on tliis assumption many

a feeble-minded child has suffered punishment and humiliation for lazi-

ness, indifference, lack of zeal, inattention, etc.. when as a matter of fact

the child did not possess more than a third or a half of the mental capac-

ity to do the task assigned. It is my belief that the State should support

enough psyclio-educational clinics in different parts of the connnonwealth

as to be available for tlie use of all teachers and pareiffs. By this agency

the feeble-minded girl would be detected early in her life and would be

under close observation for a number of years ind could finally be dis-

posed of to the best advantage of the public schools, the parents, and the

social interests of the State.

My second point is, "What are the symiitouis of feeble-nundednessV"



74

It is safe to say that there are no two cases precisely alike, and it is rare

that we Hntl mental cduditions that are strikini^ly the same in different

indiviiluals ; however, it is possible to name some of the more general

c'lai'act eristics. One of the most prominent characteristics of the feeble-

minded girl is mental stupor. She apparently dreams, sits in the jn-es-

ence of certain powerful stimuli unmoved. She is lethargic, inactive and

ap])arentl.v mentally de])ressed. My own experiments show that the sense

organs of feeble-minded girls are al>out normal, their eyes may be deli-

cient and they may have defecti\e hearing, I)ut this does not seem to be

any more a characteristic of the feeble-nunded girl than the average high

school girl. My data show that the percentage of such defects are about

the same for the two classes of girls. It should be said, too, that many

feeble-minded girls are sui>ersensitive ; their vision is very sharp, their

hearing is extremely acute and other senses seem to l)e abniuinally de-

velope<l. It is oidy in the organization of this .sense material in the

higher br;iiii centei-s that their mental weakness is dij^covered. The feelde-

minded girl normally does n(»t like to play: complex games are difficult

for hei- to comprehend and she tan only be tauglit them with very great

patience and much repetition. liy the use of tlie liergstrom kronoscope, I

have secured tlie reactions of several hundred feeble-minded children.

These reaeticais are botli slow and irregular. There is no reliability in

the response to a stinuilus. Reactions may not be slow in some instances,

but they are invariably inconsistent and show great mean valuations. I

also have the records of several humlred girls as to tlieii- vital index which

is found by dividing the weight by the vital capacity. The median of the

vital index of these feeble-minded girls is several ])oints lower than the

median for high school girls. Feeble-nunded girls ;ire usuall.v below nor-

mal in height and weight. The feeble-minde<l girl is irresjionsible moi-ally.

she is not mentally capable of knowing the nature of crime or its ultimate

results. She sees in her own acts. whi<-h may be immoral, no .social sig-

Juficaiice whatever. She is in no sense responsible for her acts of im-

morality. Feeble-minded girls are subject to tits of anger and lack of

control. This seems to be merely a jihase of retardation in her development

and is the line of least resistance through which she reacts upon an un-

favorable environment. Her acts are nearly all upon the low level of

response to sense stimuli. The feeble-mindwl girl is only educable to a

very small degree; she may learn to read, but she can not comprehend
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very well what is read; she simiily pronounces the words and they are

for her the names of peculiar visual stimuli closely akin to the names of

l>ersons wliom she knows: lint these words as groups of words have really

no meaning for her.

It frequently happens in feeble-minded girls that there is some special

line of action or work in which they can excel : this frecjuently offers

possibilities for education which may be fruitful. These possibilities are

easily discovered by the psycho-clinicist who may liave the girl under ob-

servation for a considerable length of time. Frequently feeble-minded girls

can do simple sewing, cooking, cleaning, occasionally manifest talent in

art or industrial work to a certain extent. Feeble-minded girls are

usually strongly sexed. For this reason they are easily brought under the

influence of lewd men and are led into immorality. It should be said, how-

ever, that in the eases of this kind that have come under my own observa-

tion the girl has not comprehended at all the nature of her crime. For

her the immorality has been a mere species of play, and she is not at

all responsible for her act. Juvenile courts, however, rarely take this into

consideration in disposing of the feeble-minded girl. Such girls are usually

spoken of in the juvenile courts as sexual perverts. This characteriza-

tion, however, is a samjile of the looseness with which many courts

exhibit scientific knowledge in their ministration of .iustice. It is my

belief that many of the girls of this character who are sent to corrective

institutions as sexual criminals possess only the normal sex development

of the race, and are in no sense abnormal. They have been led into

their immorality by men of low character who are ever ready to take

advantage of mental weakness, and such girls are so constituted that

they cannot possibly comprehend the ulterior results of the sexual act.

It is considered no more seriously by them than the gratification of anv

other sensual pleasure. It must be borne in mind, too, that mere response

to sense stimuli is one of the predominant characteristit s of the feeble-

minded girl, which fact places her far down in the scale of human in-

telligence, more nearly in the category of the lower animals than that

of human beings, who respond to complex situations with judgment

and high discriminative powers. The latter she cannot do. because she

has not the cerebral connections for such reactions.

My third question is: "What shall we do with her?" This can be

answered only in the light of her diagnosis. We must know her mental
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uml iihy.sical pussihilitiL'S, lu-i- powi'i-s to rt'Spuiul iiit(.'llii,'t'iitly tci coiuiiU'X

situations, .siith as we find in onr own civilization, and wlietlier or no she

is able to be self-conservative in a social met-banism siicb as our State

affords. We bave already answered tbis question negatively. We know

positively tbat tbe feeble-minded trirl cannot survive intelli^'ently in tlie

State of Indiana. Sbe will fall if left to berself. Sbe will end in prosti-

tution and crime unless sbe is protected. Tbe State cannot afford to turn

lier loi'Se upon society, for obvious reasons. Tben what sliall we do for

ber? My statement of tbe case will lie straisjbtforward and above board.

First of all sbe sbould not be allowed to attend tbe public scbool. As

soon as she is discovered by the psycbo-clinicist. wben all tbe expert evi-

dence is in with reference to ber and it is positively detei-mincil tbat

sbe comes well within tbe class of feeble-ndnded. sbe should be taken

from tbe jmblic school and placed in a scbool which is equipped for the

careful treatment of such cases. Tliis scbool should be centrally located

for a large territory in the connnunity, and every means sboubl be em-

[)loyed to prote<-t such children to and from scbool. Parents should Ik*

warned of tbe danirers to which tbe feeble-minded uirl is subjei te<l on

tile streets, on the playground, in alleys, outhou.ses and Itarns and on

vacations: and in cases where there is any i)()><sibility that parents will

not ade<piately pi-otect tbe feeble-minded irirl from inunorality. she slionld

l>e taken from them and placed in an institution for sncb mental delin-

quents for life. She should never marry, for under no circumstances

sbiMdd she lie allowed to jtropatiate ber kind. In my JucKMnent. as a

perfect safeu'\iard to s(K-iety. she sbonld be sti-rilized at tbe pubescent

period.

Her education sbonld pioi-ccd in such an institution acc<)r(lin.L' to lines

of her interests. She sbould lu- made hai)ipy in the work tbat her likes

demand, and sbonld remain i>rotected throughout her lifetime. 'Die State

of Indiana inobaltly has at tlie present time several hundred feeble-uiindci!

gii'ls at large, attending no school, nnilcr poor jiarental sui)ervision. run-

ning the streets, responding to sense stimuli. ;.'radually going into prosti-

tution, giving birth to illegitimate children, and i)lacing upon society some

of lier heaviest Iturdens. It is the duty of tbe State to bi-ing them nnder

coidrol and save them from the life of social degeneracy which inevitably

awaits tbem if tlicy arc allowed to ndngle freely with licentious men and

are afforded no jirotection from their se.xual suggestions. Her only salva-
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tioii is in protection from the Stiito. and that protection sliouhl continue

throughout her whole lifetime.

The question is frciiuently asked if feeble-minded girhs should ever

he allowed to marry. In my judgment no feeble-minded girl should ever

marry, even though she has been sterilized at pubescence. For the danger

lies in the fact that she has not the intelligence adequately to comprehend

the meaning of the nuptial tie. The obligations of tliis relationship

would mean nothing to her, and she could not be held re^ponsible for

violations of those obligations. If she were free from state control, and

.should be permitted to marry, even thougli she had been sterilized at

puberty, thei-e would still be the tendency to fall into prostitution and

crime which would be unavoidable. It would afford the means of spi-ead-

ing venereal disease and stimulating prostitution, which I feel no State

can afford to permit.

One of the greatest social problems of the day for Indiana and all

other States is the proper control and education of the feeble-minded

delinquent girl. If she is not brought undei- .-outrol. she will jiropagate

her kind, and it is probaltle that the percentage of feeble-mindedness will

increase. "With its increase comes added expenditure for state institu-

tions, juvenile courts, medical aid.- and waste in education, etc, wliich

increases with leaps and bounds. But if the State takes under its pro-

tection and care all feeble-minded girls and boys, there will soon be a

great decline in many of tlie social wastes wliich at present are sapping

the resources of the State. It is ditficult to estimate the whole cost to

the State of the offspring from one degenerate woman. Fortunately we

have a few statistics on this point. The Germans have studied with care

the louLT line of descendants from a few degenerate women, and have

calculated their cost to the state. For example, a Margaret Siler, who

is cliaracterized as a weak-minded prostitute, was the mother of six chil-

dren. After 180 years the history of her progeny is as follows: She had

1,2SB desfendants; of these there were 200 criminals, 280 adult paupers,

."^00 died of congenital diseases, there were 50 tramps, and she cost Ger-

many $!.")( ).(M;iO.OOO in legal priHeedings alone. Another instance is that

of Ada Joirk. a feeble-minded prostitute and drunkard. Seven hundred

nine of her descendants have been accounted for. There were 141 beg-

gars, 04 in the iioorhouse. 287 vagabonds, and 7<i sexual criminals. She

cost Switzerland .f;i,2."iO.O(iii in 120 years, and ihrough the lines of con-
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genital heredity tlie terrible work of this one deficieut and diseased woman

is still going on. It gives us a new phase of the problem of eternal life,

and makes it an edncational and social problem, rather than a the-

ological one.

Compare such statistics with that of the descendants of Jonathan

Edwards, the great New England theologian. One thousand tliree hundred

ninety-four of his descendants were identified in 1900, of whom 205 were

college graduates ; 13 presidents of our greatest colleges ; 65 professors

in colleges, besides many principals of other important educational insti-

tutions ; 60 physicians, many of whom were eminent ; 100 or more clergy-

men, missionaries, or theological professors ; 75 were officers in the army

and navy ; 60 prominent authors and writers ; 100 or more were lawyers

of whom one was our most eminent professor of law ; 80 were judges

;

80 held public office, of whom one was a vice-President of the United

States ; 3 were United States senators ; several were governors, members

of congress, framers of state constitutions, mayors of cities, and jninistors

to foreign courts; one was president of the Pacific Mail Steamship Com-

pany; railroads, banks, insurance companies, and large industrial enter-

prises have bcMMi indebted to their management. Almost if not every

department of social and intelkMtnal progress has felt the inipnlse of this

healthy and long-lived family. It is not known that any of them ever

committed a crime, or died in a poorhouse.

Let us protect for life every feeble-minded i^irl in tlic coiiinKinwealth,

and thus cut off one of the most potent influences for social corruption

whirh now embarrasses the State.
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FeEBLE-MiNDEDNESS liN THE PuBLIC SCHOOLS.

KATRINA MYERS.

'Education," say.s Seguiii, "is the right of every child, the duty of

every parent, tlie bond of the community."

In ideal conditions natural talent is allowed to form the basis for

training for social usefulness; to each child is i,aven the bent of his

natural genius or trade.

For many years our i»ublic schools were organized to till the needs

of the mediocre or average pupils. Educational plans that include chil-

dren at opposite ends of the intelligence scale belong to very recent his-

tory. Elastic grading now jiermits brilliant pu])ils to skip grades; while

an increasing number of sh>w-witted and even defective minds have spe-

cial schools adjusted to their needs.

Imagine one hinidi'ed ordinary first or second grade pupils. Here

investigators find : one stutterer ; two or three who lisi> ; one seriously

anaemic; several badly spoiled children; one immature, a year or two

I'etarded in mental and moral growth ; one morally weak ; two imbecile

or feeble-minded. Then, there is one passive, inactive child ; several over-

sensitive, nervous children ; one superficiall.v precocious child, and several

superior—eager, ardent, imaginative, social. Four suffer from defective

hearing ; twenty-six now. or will very soon, show eye strain or have

defective vision; about a dozen have asymmetries or deformities; about

tliirty have nasal obstruction or diseased throats ; and several others

possess serious peculiarities of temperament. Only twenty-five of the hun-

dred are physically and mentally without l)lemish.

All these children represent an actual, positive asset in human society.

If they are not saved for constructive activity, many of them will become

a destructive force later on.

The question arises: How are the ]>owers of Individual pupils to be

definitely known, so that schools may measure to their greatest efficiency?

Some of these peculiarities are related to the size and shape, observ-

able defects; some are alterations of Internal structure, not aiiparent to
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tlic iiiitr.-iiiicd ()liscr\i'r. .Many jniiiils. who liavc ohscrvalih' peciiliaritit's,

an- vei'v capabk' iiieiitally and .iiive normal response to trainin.j; ; whilt'

many, wlio I)afflo the most conscientious teaching, present no outward

siiTUs of disordered ori:.iin'/ations at all.

To remedy all cases ot mental and pjiysical deviation, there must lie

dehnite localization of th(> defects, which only thorough medical, psycho-

logical and pedagogical exandnatioii will i-eveal.

The earlier suspected abnormalities are discovered, and proper cor-

rective treatment and training are givi'u. the greater chance these cliil-

dreii have to liecouie nu)re nearly lilce normal beings. P.rain energies

are broken 1)y jiliysical irritations and otiier strains. This is why certain

conditions produce retardation and an arrest or jiaralysis of the iidnbitory

or moral sense. ;ind explains why removal of disturb.-mces is often cb^sel.v

relate<l to moral and mental regeneration.

For years i)sy( liologists luive lieen endeavoring to formulate some

intelligence measurinir scale that could be a]ii»lied to the age and grade

of the a\-er;igc pupil. The gi'eat bciielit that wo\dd ;ic( rue to both j>uiiils

and teachers from an accurate intelligence standardi/ation can liardly be

estimated. Then. oul.\-. can training be given eacli child that will insure

full iiidi\i<!ual develoimieiit.

The r.inet-Siinon Measin-ing Scale of Intelli'-rence is a series of ques-

tions •'arranged in groups according t(» their dilhcidty as determined by

age difference in performam e". 'I'he (|uestions relate to general iidelli-

gence. to inlormation that the axcrage normal '-liild should al)sorb from

every day associ;itions and not to what he is tau_'ht at school. The in.suffi-

ciency oi- retai-datioii of baikward cbililreu is later estimated by com-

parison of their resiilts with those of normal s(hildreii. Tlie series is

merely a sorting lest : but. in the hands of exi)erts. it has been amply

demonstrate<l that it is very valuab'e. and gives a surprisingly close esti-

mate of a {-bild's mentality.

.\ child who has for no ade<|uately known reason fallen behind two

years in his scluxd work, slionld l»e carefully tested and watched, lie may

be ill : bis nnnd may be •'slowing down". When cbildrtMi are fovuid three

or four years behind children of their age. the iidelligence tests will

midoubtedly disclose more serious conditions. It is well recognized that

minds of most educjited jiersoiis reach the linut of intellectual develoli-

ment netween the ages of twenty and forty. .Minds of the gi'cat mass of
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mankind roach the limit of development between fourteen and twenty-

one. A mind that never gets I)eyond thirteen is just al)le ro make a living.

Above eight and lielow thirteen comes the moron, a jierson Itetwcen normal

and imbecile. He can be tanght routine tasks, lay Itricks, make jiarts of

shoes, do tailoring, farm work, etc, as well as any one. provided some

one else does the directing and jdanning; he never gets beyond twelve

years old. True imbeciles never develop beyond seven. The mind of an

idiot closes before three.

When the brain stops developing—and it may occur as early as the

third year—the time is practically past when it is iM)ssible to give a

training that will help thi' child to earn a living.

Any one who deals with a large number of persons realizes h(>w in-

telligence varies from those with practically none to the very gifted, and

that responsibility varies according to the intelligence. Some of tliese

persons, under simple environment, seem to function normally ; but when

placed where the environment becomes too complex normal functioning

becomes impossible.

Among a number of misfit ])Upils obsei'vi'd in grade classes and re-

cently tested, were two. thirteen years old. who had made no real progress

for tive years; two, eleven years old who had lost four years: a girl of

thirteen who had made no real progress for six years: but all had been

promoted, though the work accomplished had been, at best, mere rote

work, with no more real intelligence than that of a parrot taught to say

a rhyme. Two girls of seven years were mentally less than three.

To attend a class where iioianal children are receiving instruction

does not help the undeveloped child. "liearning can not penetrate like a

cold storage chill." "Mind building is like house building; there nuist be

a foundation on whicli it rests."

Undoubtedly all intelligent persons agree that, no matter what a

child's lack of mentality, the hopelessly idiotic and imbecile types should

be trained in the schools the States maintain foi' their segregation and

care. These most deticient (hildi-en comprise only a \'ery small per cent,

of the school membership (A of V/r). Often the most troublesome public

school cases are pupils of the borderland types; those just between normal

and subnormal.

Since the compulsory education law exempts children, mentally and

phy.sicallj- disabled from its operation, these pupils, and those of lower

6—4966
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meutality, having become annoying, in tlie past liad been habitually ex-

i-ludetl from school. These excluded, subnormal children, untrained and

undisciplined, have often become the men and women scourges of society.

Many teachers, principals and physicians consider such pupils as merely

slow, and earlier in their school life, fondly expect them to brighten up;

but, the incapacity once recognized, the problem is an altogether different

one; for, when we measure the intelligence, we have measured tlie dgree

of the irresponsibility. Their right to a training is the same as is that of

their better endowed brotlier, and theii- need is greater. To attempt to

lead a feeble-minded child along the school way of the normal child can

result only in failure.

How would you feel if you were fourti>en years old, witli a mental

capacity of a child of seven, obliged to sit in a oA grade class, absolutely

incapable of understanding the work? Can yim blame a child for re-

belling against such an overburdening "education"?

Mistit children are naturally aff(H-ti(>iiate. kind, and tractable. Ma-

liciousness and carelessness are not their inherent traits liut are ac(|uireil

from lack of capacity to understand re(iiiired conditions. Continued mis-

understanding and rejections make them hopeless and rebellions.

A desire for greater school ethciency is demanding that elassilication

nuist be made on a basis of native ability. For hundreds of our public

school pupils, the hope of escape from a life of utter inelhcieney lies in

the ungraded schools of our public schools. For here only can they iioif

be given training and treatment a<lapted to their subnormal, individual

capacities. Destroyed brain tissue can never be renewed. We know our

limitations. It is not possible to make good out of a )ioor thing; Init won-

derful things can be done.

The widespread need of such schools can be estimated when yon con-

sider that reliable investigators C(mipute the nnniber ol feebleminded

pupils to be from two to four per cent, of all childi-en of public school age.

All cities, in our c(mntry. of 10l),0()0 population and over, and many small

towns, now maintain separate schools for feeble-minded and defeitive

children, in care of more or less speciall.v trained teachers. Indianapolis

now has two such schools, in which thirty-one jiupils are enrolle<l. Ac-

cording to the lowest expei't estimate, this is 4|, per cent, of the feeble-

minded and defective children now in the grade classes that need to be

given special ojiijortunities.
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Perhaps it is well nigh impossible for most persons to become as little

children who live under the crushing conviction that they have no brains.

Failures and rejections burn deep gloom into sensitive child minds. Their

errors should be corrected by putting in their place more practical, simple

truths.

Since books spell discouragement to tlie dull, inapt mind, it is gen-

erally wise to excite an interest in things unrelated to failure ; for ex-

pected failure creates a hopeless habit of thought. For these pupils there

should be an abundance of stimulating devices to excite an interest. These

minds have lain dormant for years, or have never been awakened to natural

child curiosity. This varied stimulation should be tliought provoking, not

nervously exciting.

Frequent cliange in manner of presenting old forms, and gradual in-

troduction of of new material arouses confidence. Successes create assur-

ance ; and, even if tlie progress be slow, it surely follows. Success is a

relative term ; but it carries tlie highest valuation in mental and charac-

ter development.

Manual work offers great variety and simplicity in subjects and em-

ploys and trains more faculties than any other school work—observation,

attention, concentration, comparison, coordination, decision, judgment, all

are involved in its simplest problems. So, it is admirably adapted to the

needs of the undeveloped child.

Almost every child's best is good in something ; and it is only by our

honest trying that we shall be able to draw a finer and better efficiency

from the unused and often ill-directed capacities of children who possess

limited possibilities.

Having discovered an underlying trait, something for which the child

has liking and ability, the worst struggle is over. Then, thru the newly

discovered aptitude, it is comparatively easy to bring the pupil into

natural association with other scliool duties, Tasks and lessoais coordinate.

He reads to learn, and even numbers have a new meaning. He enters

with zest into games, songs and all school exercises. In the natural life

of the schoolroom the child is socialized.

The training requires the hand of iron in the glove of velvet—thor-

ouglmess, patience, resourcefulness, open-mindedness, sympathy, hope. The

wisdom of Solomon, perhaps, could not always solve the problems these

children present. That is why failure now so frequently attends our ef-
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forts. But we know that everythin.u that makes these children—who

never can become men and women in intelligence—more capable with their

hands, more reasonable, better self-controlled, more helpful to themselves

and to others, will assure them a more certain degree of success as indi-

viduals and in their relation to society.

I summarize under six headings:

1. The .State should demand and provide careful medical and psycho-

logical examination of all children in the grade schools, who are two or

more years retarded in scliool work.

1'. The State should provide for correction of all ph.xsical defects in

children diagnosed as having remediable defects.

o. School systems should be oljliged to organize and maintain sepa-

rate schools for all feeble-minded and mcntnlly defcv-tive children now in

grade cias.si-s.

4. Schools for feeble-minded and mentally defective children should

be in charge of specially trained teachers ;ind supcrvisdrs.

."». The Compulsor.v Education Law slionld be amended so as to in-

clude in its operation ihildren not in good ment.-il condition.

(). 'I'he State Institution for Feeble-minded should org:nii/,e .-inil niain-

t:iin n depai-tnicnt wliei'e teachers for feel)le-niinilcd and nientally defective

pujiils can receive practical and theoretical tr;iining.

Note. .\-kn()wIe(lj;ment is made, for some valiable statisti.s used, to Dr. H, H. (ioddard,

Dr. \\. J. E. Wallin and Dr. M. Groszmann.
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The Alcohol Problem in the Light of Coniosis.

KOUERT HESSLKR.

'i lie alcohol iirobicin is a very iniiiortaiit one. so iniportant that it has

entered politics. Men vote wet or dry. and women are seeking suffrage.

If women vote and vote "dry", will we liave prohibition? Will the pass-

ing of a prohibiti(»n law tree the State from the alcohol problem'.'

There are all sorts of factors that enter into the (|uestion. and there

are all sorts of problems connected with the alc(diol prol)lem. Here I de-

sire to call attention to one that is nsuilly neglected, the dnst problem

or the bad air factor. (How to develop the subject in a 2(l-minute paper

is in itself a problem. Technical details must be omitted.

)

The study at first was one of individuals and then one of the family,

and Anally of the entire relationship. I shall show a number of charts.

Some represent several hundred individuals and are so full of details

that it would re(piire considerable time to go owv them. Most of these

charts will be referred to very bi'ietly in order to give as nuic-h time as

liossible to the deductions or conclusions.

A word regarding the charts that were shc^wn : ( »ii account ol' Ih •

ditliculty of reproducing them i)roperl.v in colors they are omitted here;

only one is given to illustrate the general idea, how the data were dia-

gramed. Perhaps the few references to charts will be understood in the

light of the diagrams. In the original charts, or genealogies, males were

indicated by blue lines ; females by red lines. Black lines represented mem-

bers whose sex was unknown. Short lines indicated individuals who diel

.voung. The children, sibs. are given in the order of age. beginning at the

left.

Intel mai'riages are .shown by short lines, drawn upwards.

Xo offspring (that is. ra; e suicide.) is indicated, by a circle.

The accompanying diagram represents three generations.

-

'Coniosis. For an explanation of tlio term and of the theory of Coniosis see Proc. Ind. Acad.

Science, 1911.

The original blue lines males) are here re. resented by light lines, and the red (females) by

heav.v black lines.
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1. A father and a mother.

2. The three children: a son married (witli one son living and one

son dead); a daughtei", unmarried; a daughter married but childless.

3. The ,voiu)g generation.

A number of charts were shown, some of live or six generations and

representing several liuiidred individuals. As a rule those living under

simple life conditions, as in tlie Nortliwest, still have old time fertility,

while those living in towns and cities show a gradual decline and even

total extinction.

Among cliarts shown may be mentioned that of a family wliere for

several generations, after coming to America, the sibs of each generation

numbered about twelve. The parents being two, a family of twelve chil-

dren of course means a six-fold increase. The moment the more recent

descendants began to live under town and city conditions, the deatli rate

increased, many did not reach maturity at all, and some of the living

have no offspring, race suicide appeared witli a vengeance; also nar-

comania, i. e., the desire for strong drink and narcotics.

Why do men drinli? There are all sorts of reasons. Tlie three chief

classes of drinkers are

:

Social drinkers, keeping up old-time customs.

Habit drinkers, some think they require an appetizer; otliers. some-

thing to settle their dinner, to aid digestion, etc.

Relief drinking, as where a man feels bad but feels better, or thinks

he does, after a drink or after several in succession. It is with tliis class

tliat this paper is mostly concerned. Sucli men as a rule "pour it down,"

they are not particular about flavor or taste, they drink for the effect ; they

dt) not take strong drink as a ''stimulant,'' just the opposite, as a sedative.

Writers usually speak of this sort of drinking as "Misery drinking."' Re-

lief drinking is a better name in most instances.

We must constantly ask of the man who drinlcs or wlio drinlvs to

excess. Where, when, why?

The man living in isolation, tlie moonshiner, or the farmer, who can

drink alcohol with impunity, may find it a powerful poison when he removes

to the city. Alcohol and infective matter in the air (and of course also

in water and food) make a bad combination. The body may be unable to

overcome their combined influences.

Reliable data concerning people who use narcotics ai*e difficult to oh-



tain. If one asks direi-tly many Iteiome offended. Some hesitate to speak

of tlie 'hlack sheep" in the family: and the lilack sheep themselves may

ma.ii^nify tlie failings of others. Often lilack slieep are not as hlack as

painte(L Witliont knowini.' the facts in the case, we slionld not lie too

severe on tlie man who di-inks or the man who requires the ns(> of loha<-co

for his well-lieing, as he helieves.

A larixe ••hart was shown of six lieiierations since the ori,L,dnal Hn.ulish

immimants. tiie relationship now consisting' of several hundred, lint only

a few hninches are more or less known.

Here we are at once in the midst of thinj.'s. There are all sorts of

deteriorating,' factors, inclndinir narcomaina. The alcoliol i»rolilem crops out

all over (.ne-half of the cliart.

Some rememher the (hiys of "free whiskey"' when everyhndy drank

and when it was no dis.u'rai-e to he drnni<. Today there is a differeid senti-

ment antl one may well ask. Why (hies an apparently sensible man drink

and drink to excess? AVliy (h>es he <lrink to excess occasionally or ii<it

(|uite to exces.s at all timesV To say a man drinks liecnnse he wants to is

Hot a satisfactory reply.

.Many jtatent medicines are full of alcohol and their effect <in the body

is that of alcohol. Some men who are asliamed to ,^o into a saloon, or to

call fur jilaiii whiskey. U'^i' nnstrums that a le (impelled to pay the whiskey

tax. Suili preparations ai'c used because they i^'wv ease: the man or

woman usin^ them "feels better". As in the case of jilain alcohol, the dose

must f^radnaily be incivased. or more fi'eiineiitly repeated, id i,'et the de-

sired effei-t, that of a .sedative.

;\Iany of the subjective comiibiiids of the men and women who use

alcohol are similar to those of neurasthenics and li.vsteri( s. so called.

Man.v complain of '"fear, moods, dejiression. sleeplessness, restlessness,

tremors, ^'eiieral weakness, teai'ini: jiaiiis. anorexia, iialpitatlon. etc." Ac-

cordini; to m.v obser^ations man.\' individuals wlio ai'c rei^arded as neurotics

or neuropiithics are dust victims, and because narcoti<s udve relief, the.v

use them. A study of the chart will sIkiw this.

Red S(piares in the chart indicate a victim of narcomania. At limes

the hal)it of usinji alcohol or morphia or even aspirin was acciuired tlirouj^h

a doctor's iirescription. Thysicians nowadays are careful for wlmm they

lirescribe narcotics: they fear habit-foi-nniii,' drug's. Many jdiysicians

themselves ai'e said to be victims: lonij; and irre.LCular hours, loss of sleep.
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etc., inchidiiii; attendaiice on patients livin.^^ in unsanitary Inmies. even

their own ill-ventilated oftiees. may lead a doctor to seek relief.

A {jreen square indicates country life, or good air life, in contrast to

the yellow, or polluted city air life. The half and half squares at the liot-

tom mem that some members are living in the country, others in villages,

town and cities.

Black lines indicate no definite data regarding individuals.

There are eleven cliildren in the first generation in this country. Today

the des'-endants of one seem to outnuml)er those of all the others; this was

a man who married a strong-minded (ierman catholic. The chart showed

that these lead mainly a simple country life, with large families and a

practical absence of narcomania.

TIME SPKNT IN GOOD AND IN BAD AIR.

Primitive man
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are the eight-hour periods spent? Is the recreation time spent at home in

the suburbs making garden or in outdoor air; or is the time spent in the

heart of a dirty city, in a saloon, pool rooms, or loafing on the dusty street

corners? The five-cent theater habit is only too often accompanied by

the bad habit of "going out to see a man" and chewing a clove after it.

In short, the time spent in recreation under bad air may be the real factor

for inefficiency and premature breakdown and not the work in a clean

and well-ventilated shop.

Eight hours of sleep: In what sort of bedroom? AVith good air. free

ventilation? Or closely housed and with perhaps no daylight coming into

the room at any time?

The slum dweller of course represents the worst conditions in all re-

spects. Naturally the weeding out process is actively at work. To see the

end results at their best one must turn to the overcrowded cities of China

and India—with bodily adaptation at the expense of mentality. Our un-

sanitary cities in time produce a class of people little different from John

Chinaman, with all that that implies, including the use of narcotics and

sedatives, if not opium then tobacco and alcohol, or cheaper co.il tar prep-

arations.

The Where, When, Why of Drinking.

A question, or rather several questions, a student must ( onstantly

ask is, Why do men drink? Why does an ai)parently sensii)l('. decent sort

of man have a craving for strong drink? Why do some demand it more

or less constantly, some periodically? Under what conditions is the crav-

ing most marketl? Tn short, W^here, When, and Why do men drink?

Here are a few representative cases. The figures are of cdurso only

relative; one can not express the complex life of a man iiiatlicni.itically,

there are too many exceptions.

GOOI> AND BAD AIR AND THE DESIRE FOR DRINK.

Mr. W., farmer 0/24 0/7 4/3G5 (4 times a year to town = sick)

Mr. H., farmer 0/24 1/7 7.5/365 (visits to church and town)

Mr. X., professional 8/24 6/7 290/365 (15 days in wildwoods)

Mr. X., businessman 8/24 6/7 300/.365 (300X8= 2400 out of 8760 hours)

Mrs. X., the wife x/24 1/7 75/365 (75X2 = 150 out of 8760 hovu-s)

Mr. B., mechanic 24/24 7/7 365/365 ("Always thirsty")

Explanations of the chart (tabic) must be brief.
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Mr. W. leads a quiet isolated life on the farm ; lias retired from active

work; is well-to-do. He lives in good air twenty-four liours a day. In

the summer when doors and windows are open he attends a country

church ; in winter when doors and windows are closed he remains at home

;

says he can not bear close air. In recent years he comes to town about four

times a year : formerly he got sick on or after every trip, "would get faint

and dizzy and feel like falling," and friends only too often offered him a

drink of whiskey, to which he was opposed. Wlien it was pointed out to

him that he was a marked dust victim he in time learned liow to guard

himself; he no longer comes to town when dust clouds blow about and

spends little time in dusty buildings.

Mr. H., an active farmer, lives in good air twenty-four hours a day,

tliat is as far as infection, found in city dust, is concerned. Sundays he

attends a village church. Occasionally he comes to town, perhaps

fifteen times a year ; his absences from home he thinks amount to about

seventy-five a year, varying from an hour or less to several hours. Former-

ly when he came to town he had an almost irresistible craving for strong

drink, i.e., on dusty days, as I soon found. He felt bad, was miserable;

he learned that one or more drinks made him feel good, and only too often

the one or two drinks increased to a sufficient number to make him drunk

:

and then there was great remorse and he vowed never to drink again.

But until he learned ichy he had such a craving, how it depended on in-

lialiug infected dust, he only too often could not resist the use of alcohol.

In the country when he was tired and would ".spit cotton," water wouUl

quench his thirst, but the phlegm due to spit dust required something

stronger "to cut it."

Mr. X, a professional man, works in the heart of a city eight hours

a day for six days in the week. He wants to smoke all the time and fre-

quently wants a drink; at times he is on the verge of being drunk. The

desire for strong drink is almost irresistible "when there is strong mental

strain", as he supposed, but as a matter of fact it was at times of close

confinement to ill-ventilated offices and public buildings. Now the most in-

teresting phase in this man's history, the where, when and why, is this

:

For two weeks or so every year he goes off to the northern wildwoods

:

then he has no desire for strong drink, scarcely touches it, and there is

little desire for smoking, that is, there is no excessive smoking.

Mr. X, a business man, working, as he believed, "under high pressure."
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Certainly lie was always '•steaming' u]).'" coiistaiitly smokiiiu; ami many

times a day taking a drink. He did not give me an opijortunity to study

him fully but I fimnd he had a blood pressure of over 200 mm., ni'arly

twice the pressure an open air or ])ure aii- man carries. To such men ah o-

hol gives relief; their drinking must be looked upon as "relief drinking."

When he came to understand the danger from a high 1>lood pressure he

wanted to know what to do. The proper thing is to reduce hours indoors,

offset bad air influences as much as po.ssible by good air influences. But

he was the sort of man who took something rather than do something.

Is there any drug that will Iveep down the pressure that can be taken in

place of alcohol? Why yes. a host of them. The question here arises:

To what extent shall a phy.sician recommend the substitution of on(> drug

for another? Is any drug at all harmless? To depress the bodily activ-

ity, to deitress the blo(Ml pressure artificially is not good medical treat-

ment.

In connection with this business man should be mentioned his wife.

She had chronic ill health when slie tirst came to ni(>. She was "low

])ressure," "could not keep u|t steam" in lighting off infection. She now

lives uj) ((» .'/oo(/ air advice and has reduced her ills, her ri^actious. her

symiitoms. to a niinininm. There are jierhaps seventy-hve annual "ex-

posures,"' as by going to chur( h. shopping, theater in summer, etc. If

the averagi' length is two hours, there wcmld be about 150 hours of more

or less polluted air inhalation in a year.

The husband stays at home Sundays in g(Mid air. but his eight hours

of wt'ekday exposure amount to at least 2,400 hours a year, out of a total

of S.TOO hour.s,

.Mr. P>. is a mechanic, almost a "mere laborer." who works with his

hands: little mentality is i-equired. He lives in the heart of the city

over a store where rent is cheap. He works in a dii'ty shoj). He gets bad

air, air contaminated by infection, tweuty-four liours a day for seveu days

a week and for nearly the whole year, the only time he gets good air is

when four times a year he and his family visit "the old folks on Mie

fai-m." This man is "always thirsty:" he "always needs something to cut

the phlegm." .Many patent medicines full of alcohol serve the same jiur-

pose as alcohol in the form of whiskey. i)ran(ly. gin. etc His only ob-

Jecti()n to beer is "It takes too nnicli to get relief." Sudi a man will

scarcely listen to a physician who tries conscientiously to helii him. The
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evolutionist ^yill say iiaturp still weeds ont those who can not resist using

alcohol excessively.

There are all sorts of reasons why men drink. I am here only calling

altention to a neglected factor. Alter the envirt)nment or remove a man

Irom the abnormal environment and. luiless he has deteriorated too far,

he will likely cease to drink or to drink to excess.

Many of you are teachers. Apply the formula to your.selves : Under

what air conditions do you spend your time? How good or how bad is

the air under which you work, and mu.st work, and the air at lu)me and

on your vacations V The teacher has a limited number of hours a day at

school, with two days of rest a week, with holidays no\\' and then and an

annual vacation of several months—time for lymphatics to empty them-

selves, ready for the next season's work.

At what time do you feel "fagged out?"' At what time do you feel

the need or the desire for a sedative (tobacco, alcohol, opiate, coal tar

preparations, etc.)? When is there a call for a stimulant (coffee and tea

especially) ?

Toda.v we hear much of efficiency. Under what conditions is a mun

most efficient? To what extent is the air factor considered in estimating

efficiency? The above formula might perhaps be of ser\'ice in working

out some cases; and similarly in the matter of longevit.v. How many

reacli a possible hundred out of the m:iny born in country, village and

city? Is a relatively .short "higli pressure life" of forty-five or tifty more

desirable than a longer life under less strenuous conditions? Is fifty

years (or often much less) better than "a cycle of Cathay?'' Is the at-

tempt to become adapted to dirty cities worth while—when it is at the

expense of mentality?

In a study of the alcohol problem and its evils one is constantly

reminded of the fact that man is an outdoor animal and that he thrives

poorly in liouses aud cities. Geologically speaking it was only day Itefore

yesterday that he attempted to live in houses ; yesterday in cities : and

today he is undergoing the weeding out process as never before. Man of

course will not die out, there will not be complete race suicide.

Man afflicted by the ills of domestication and urbanization seeks

relief. There are two methods

:

Take something, usually some drug that gives temporary relief.

I»o something, alter an unfavoral)le environment, or if that is not

feasible, remove to a better one.
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Only the physician knows how prone people are to talve sometliins and

how they hesitate to do something.

The history of medicine itself is one long search for panaceas, for

"cures." We are only beginning to realize that the search is futile. We

more and more see that the proper method of securing survival of the best

is to annihilate the pests and parasites that prey on us. Just as weeds and

pests do not thrive under clean culture, in the same way disease germs do

not thrive in a clean city among clean people; qviack remedies are as

useless in tlie city as they are useless on tlie farm.

There are always some who will survive most adverse conditions

;

this can be seen in tlie crowded unsanitary cities of China' and India, and

in our own slums. But such a type is not what the believer in a better

humanity has in mind. People who constantly battle with infection liave

so little mentality left that they are but little above unreasoning l)rutes.

Fittest to live under an unsanitary environment, abnormal in the light oi'

man's past history, does not mean l)est mentally.

Man in his search for (-ures in time has found means for relief. He

has discovered a series of substances that give ease ; they may be grouped

luider the name of narcotics.

Many plants have such properties, from the jiojipy with its opium and

codeiue and morphine, down to mild ones like hops, in time man has

learned to prepare alcohol, varying in strength from mild, as in leiniented

milk and fermented lioney and Irnit .juice, uii to distilled alcohol in its

pure form.

Alcohol is an old remedy. It constantly appears in new disguises.

under the fanciful name of some nostrum or patent medicine. Recently a

number of so-calle<I synthetics have come into use. made from coal tar.

Their number is constantly increasing. An individual in search of ease

soon learns wliich suit best: unfortunately many arc of the habit-forming

kind.

NARCOTICS OF TUK MI^TIIANl-: SERIES.^

Hl/drocurbons: I'entaue, Octane.

Hydrocarbons, unsaturated : Amylene. rental.

Alcohols: Methyl, Ethyl, Rropyl, lUityl, Amyl. .\mylene liydiate.

'Even the supposed adapted or immune Chinese liavo their lis and their means of transient

relief. Now that the opium trade is imperilled they will likely resort to the white man's remedies,

alcohol and tobacco and synthetics.

^This list was compiled from Cushney.
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Ethers: Ethyl, Ethyl acetate, Ethyl nitrite. Amyl nitrite.

Aldehijdes: Paraldehyde, Methylal, Acetal, Sulphonal, Trional, Te-

troual.

Ketones: Hypnone.

Esthers: Urethane.

Acids: Butyric, Bromacetic, Cliloracetic, Formates, Propionates, etc.

Halogen Substitutions: Chloroform, Ethylene chloride, Ethylidine

chloride, GWoral, Buthyl or Orotou Chloral, Chloretone ( Tl-ichlorpseudo-

butylacohol), Chloralamide, Chloralose, Bromoform, Ethyl bromide, etc.

Ethyl alcohol is the alcohol used for drink in the various alcoholic

preparations. Chemically and pharmacologically alcohol is in suspicious

company, among cliloroform, chloral, ethers, and so forth. Some prepara-

tions are solids, as chloretone, whose chemical name ends in alcohol.

There is an almost endless variety of synthetics and new ones are

constantly appearing "Made in Germany"—and we are the best customers.^

One can scarcely speak of any as real "cures," but they are palliatives

;

they give ease from the ills of civilization. The more people are massed

under unsanitary conditions the greater the demand for them, indeed the

sanitary condition of any community can be estimated by the demand for

such remedies.

In connection with this Methane series should be mentioned the Aro-

matic series; among the chief are: Terepene, Menthol, Guaiacol, llesorc-

iu, Pheuacetin, Lactophenin, Sedatin, Phenocoll, Salicylic acid. Salicylates,

Salol, Aspirin, Salophen, Analgen, Antipyrine, Salipyrine, Hypnal, Cocaine,

Eucaine, Novacaine, Holocaine, etc.

These have a reputation for relieving pains and aches variously re-

ferred to as rheumatic or neuralgic, including many forms of lieadache.

Although some are obtained from plants, the great majority are syntheti-

cally prepared from coal tar; new ones are constantly appearing.

As already mentioned, individuals differ greatly. Those who do not

' Twenty years or so ago, when engas;ed in work among the insane, I tried many of these prep-

arations. At times sheriffs who brought in new patients preceded me in experimenting, as where

alcoliol was given to make obstreperous lunatics tractable; more than once patients were "dead drunk"

and of course offered no resistance.

Chloral, paraldehyde and sulphonal, etc., were used when patients were restless and sleepless;

some readily acquired habits and demanded a "nightcap." Chlor form and ether were of course

used in surgical cases.

One of the inost interesting of the series is Amyl nitrite a vasodilator much more effective

than alcohol, acting almost instantaneously. Among the insane it was used in cases of continued

epileptic convulsions, often with doubtful results.
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,i;et the desired relief or ease from alcohol, or who have enough pride not

to resort to its use. or who fail to get relief from opiates, or who fear

taking such on account of hahit-producing effects, may tind a suitahle rem-

edy among this Aromatic series.

That some ac(iuire the aspirin haliit has already I)een mentioned.

Tliere are all kinds of doi)e fiends and new ones appear every now and

then.

I have not looked up the statistical aspects of this matter. In the case

of the most commonly used narcotics or sedatives we all know that the

annual bill for alcohol and tobacco in our country is enormous.

It appears that in 1!»12 the United States used 135,826,000 gallons of

distilled spirits, and l.!)2r).:^(i;7.(l(lO gallons of beer.

There may be some justification for tlie use of beer, a mild alcoholic

drink, but there is little to be said in favor of strong alcohol, of which oidy

a few ounces can be consumed l»y the body in 24 hours. It seems some

European countries have diminislied the consumption of .strong alcohol,

while in our own country the amount ( onsuraed seems to be increasing.

With increasing sanitation in old world cities there is less demand for

strong drink, less need or demand foi- iclicf or misery drinking. Although

there is a greater consumption of alcohol in our own cities, there is less

actual "drunkenness," using the term in its old signilicancc. i. c. being

( ouipletely overpowered.

A chart with hundrcHls of individuals was sliown wiierc race suicide

was strongly operative, and. although there was narcomania, tlicre were

practically no individuals who draid< to the point whcr<' thc.v would fall

into the hands of th(> police.

Although at times a fannly may be redu<cd to one indi\ iiiiKii. that

individual may be worth more to the comnuniity than half a dozen in the

slums. The fable of the fox and lion applies.

In contrast to the last chart was shown a large one of a family which

is in the main still rural, and yet there is graduiil disappearance of the old

colonial stock. Theie are all sorts of factors for race suicide. Tlie bad

air laitor is usually overlooked. domestication and urbanization and

coinosis are usually not considered.

The botanist constantl.\ speaks of •natuializc(l jdants." In the case

of annuals it docs not rc(|uire many yeai's of observation t<i determine

whether a i)lant is really naturalized, that is. whether it can i oiitinue itself

successfully year after year.
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From a study of many family histories, one may question whether the

white man, the European, is truly naturalized in this country.

How the use of alcohol and opiates crops out in biographies, also the

matter of race suicide, is an interesting snb.iect. In the light of my study

of people who drink it is not difficult for me to understand why a man like

Poe drank.

The famil.v chart of Herbert Spencer is interesting (chart shown). He
was a dust victim, and so were his parents ; he was the single survivor out

of nine children. He experimented more or less with narcotics and

sedatives in his search for relief from symptoms of ill health.

THE EVOLUTION OF DRINK AND NARCOMANIA.

Hunting and Fishing Stage:

"Home life" very simple.

Absence of fermented drink.

Use of vegetable narcotics at ceremonials and festivals.

Pastoral Stage:

Nomadic tent life.

Use of leather bottles and fermented milk, a weak alcoholic drink.

No special desire for "stimulants" under simple life conditions or by outdoor people.

Agricultural Stage:

A fixed home implies domestication, the ability to live under indoor conditions for successive
generations.

Domestication means:

Re-breathed air [

Soil pollution I.
. , ,, .,.,, . , . .

„, ^ ,, ^. >Attended by ills of domestication."
Water pollution

Stored food
J

Many "incurable ills" or "diseases" are preventable reactions.

Invention of pottery and fermented drinks from fruit juices and grains, wine, cider, beer.

Use of alcohol for relief from disagreeable symptoms. ("Symptomatic treatment" survives
today).

Additional use of various narcotics: Opium, henbane, hasheesh, etc.

Handicraft Stage:

Town and city life means urbanization.

Great increase in house and town ills.

The "ills of civilization" are reactions, largely preventable.

International commerce and introduction of cosmopolitan diseases, that is, specific diseases of

definite etiology.

The search for remedies or "cures" for ills and diseases incident to house and town life.

Discovery of distilled spirits.

Alcohol regarded as a panacea, first by physicians, then by the people.

Names used: Aqua vitae, Au de vie.

The role of religions, favorable or unfavorable to alcohol.

Severe weeding out and adaptation of humanity to unsanitary city conditions.

Tobacco (introduced into Europe about 1586) a factor of increasing importance in prevalence of

ills and diseases and race suicide.

7—4966
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Industrial Stage:

Cities and manufacturing towns the graveyard of man.

Constant need of fresh country blood.

Overcrowding and lack of sanitation = prevalence of specific diseases

Daily and constant exposure to dusty air = prevalence of coniosis.

Excessive use of strong drink and "dope" = narcomania.

The Alcohol Problem a serious one in dirty cities and complicated by the tobacco liabit = the

"Tobacco Problem."

The tobacco habit produces a "spitting habit" and sets a low standard of cleanliness.

"Spit Dust" is responsible for the prevalence of so-called "American Diseases."

Catarrh, dyspepsia and nervous prostration are mainly reactions to an abnormal en\ironment

to "bad air."

Speeding automobiles an important factor: make clouds of dust.

Blood pressure an important factor in the ultimate fate of the individual.

Alcohol, sedatives and narcotics give relief and lead to "relief drinking," to inebriety and drug

habits.

SticJi •! cliiii-r (-(Hild ])(' I'xtfiKJcd iiidcliiiitcly : hiTi- are souu' additional

(ibservatious

:

I'ure air pcoidc are teiiiijerate people.

People livin.iT in j?ood air do not irave alcohol or dope, not even a

cathartic pill.

The nuniher of saloons, tobacco shops, dru.:,' stores, of i),itent nieilicine

advei-tisenieiits in newspapers and of doctors, shows an mdieilthy state of

affairs, .\notlier siL.'n of n.;tioiial dc<ay anil race snicide is the leversion to

prinntivc licliefs. faith and mind cnres a ini)d(> of treatment resorted to by

peojiie when in des|)air at Hie medical pinfessioii tailin.i: to cnre oi' lienefit.

Many ills are iiK nrabie. the.\- shonid be looked u|ion as reactions, not

diseases.

Narcomania is exceediiifjly prevalent in onr cities and towns, bnt men

who ai-e reeliiif; drnnk are less and less in evidence. The vicions are

rapidly eliminated.

'.\ sound mind in a sound body" fails to consider the iiitlncncc of

enviroinnent. how an abnormal environment weeds out the best mentally,

'i'he robust teacher fails to understand the delicate child that reacts to au

abii<)rmnl enviroinnent. The best barometer or thermometer for a school-

room is a teacher who is not too robust. The best iihysician for prevalent

ills is the one who himself is not too robust, not too immune.

Sui'vival of the fittest does not mean survival of the best when applied

to uns;uiitar\- city conditions. If this were true the peojijc of crowded

("hincse oi' Indian cities would head civilization.

It still holds true that "the jrood die youn^'" on ac<ount ol nnsanit.M-y

life conditions. .Many arc killed off by aicolxd and n;ircotics. .Many a

yoiuig man of promise linds his death in the cnp.
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Several charts were shown to ilhistrate how the tohaceo hahit and the

spitting liabit are related to tlie alcohol problem, and in turn to the race

suicide problem, how unsanitary air conditions lead to prevalent ill health

and to terminal inf(>ctions that kill. Cliarts were shown based on tlie

census reports, from whicli it aiipears that in our State today the rate of

decennial increase is constantly diminisliins;. and likely at tlie next census

there will be a deficiency, in other words, the loss will be greater than the

gain. In Northern Indiana only a tew counties have gained in popuhition.

those with industrial cities.

Industrial cities, like uusnuitary cities, have been compared to huge

parasites that drain the country of its best blood. Such cities have little

use for a man over 45 or 50. Yet such cities may point with pride to their

low deatli rates. The explanation is of course simple: Worn out men go

away to their old homes, to die.

Some cities, really overgrown villages, have a iiad water supply, and

the brewers advertise their clean or pure beer : yet the I'roliibitionists are

making little or no effort to get good water. Is it any wonder that many

cities vote "Wet?"' The first effort of tlie Prohibition advocate should be

to give the people clean water and clean air. Fresh water does not neces-

sarily mean pure water, nor docs fresh air mean clean air. Saloons flourish

in proportion to their unsanitary sun-oundings and the patronage of low

grade laboring men.

The solution of the Alcohol Problem depends upon education and

cleanliness—clean people, clean homes, clean cities, clean streets, clean

water, clean air. In the light of Coniosis the greatest of these is clean air.
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Cold Storage is Practical Conservation.

H. E. Barnard.

Cold storage is essentially the application of scientific temperature

control in the solution of an economic problem, a practice that ret?ulates

prices without increasing them and prevents deterioration wliile eliminat-

ing waste.

But to the average consumer there is no hint of conservation in cold

storage and little reason for the practice except that born of greed. June

butter in January, spring chicken at Christmas, fresh eggs months after

they were taken from the nest, summer fruit in winter weather—do these

reversals of the season's horn of plenty, this carrying the products of tlusli

markets over the time of scant production, increase the cost of food to the

consumer, reduce its value to the prodvicer or in any way injure the masses

of the people who by its consumption and in its production find liealth and

wealth?

The world's development has been along the lines of easy and abund-

ant food production and the most progressive nations have been the best

fed. No people living in a liand-to-mouth fashion have lifted themselves

above the poverty of their surroundings ; no man can be an efficient mem-

ber of society whose life is an alternate feast and famine. That is why the

savage, ignorant of methods for conserving his food supply, is still a

savage.

The food supply is perishable. Fruits and vegetables are seasonable

;

that is, for the most part suitable for use only during the months in which

they reach maturity. Meats cannot be liept after slaughter except by

special treatment ; even the cereals deteriorate with age and the store is

depleted by vermin. And so we have a season of plenty when food fresh

from the fields and orchards gluts the markets and later seasons of scarcity

when natural causes have destroyed the surplus of earlier months. These

seasonal variations in the food supply are also subject to yearly fluctua-

tions, for the abundant crop of one year may be succeeded by the scant crop

of another. The fact that foods are perishable makes it necessary, if they
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are not to be wasted, to supply some a(le(iuate means for holding.' in check

the processes of decay which, if aUowed to operate, would make them unlit

for use.

Cold storage is the modeiii way for arrestin.i; food spoilage. It is the

latest and most successful method of storing' the surplus of one seas<m

against the want of the next, and of preventing the fluctuation of prices

from below the cost ot production at harvest to a point beytmd the re-

s«mrces of the purse the lest of the year.

It is of especial interest to tlie health otHcer, both because of this

phase, which, in so far as it affects the available food supply, toucbes the

great problem of nutrition, and because of the general impression tliat

go(Kls held beyond what may be termed a natural period of usefulness are

not suitable for food. Whether food deteriorates and to what extent

should be understood by him in order that he properly may draft and

enforce cold storage laws. During the last few years extensive investiga-

tions have been made to determine the deterioration of food in cold

storage. The results of tliese investigations are the more intei-estiug

because, in .-^onic instances, at least, they upset generally accepted theories.

Kver since cold storage has been ])racticc(l. cold storage chicken has been

viewed with askance by the public, and cold storage food has been held

accountable for every unex]>lainc(l illness.

The tlo(Ml of ill-designed, crudely drawn bills presented to the law-

makers of the various States diuing the last few years was without doubt

a well-intentioned attempt to meet the demand tor a (areful regulation of

the business of cold storage, both with the idea of protecting the health of

the consumer, and, in some little-understood way. reducing the cost of

living. In effect, however, the passing of many of the bills suggested

would have meant the destruction of a most important industry. Yet the

value of cold storage is clear to e\eryone who has given intelligent study to

the subject. Even where <-old storage facilities are not available, the

necessity for them is recognized, and in Canada, at iesist, the government,

appreciating the need of cold storage plants, has adopted the policy of

subsidizing the construction of refrigerating warehouses. A committee ap-

pointed by the French government to study the recent increase in the

prices of food stuffs has pointed out that this is in no small measure due

to the fact that France has as yet practically no system of holding food

stuffs in cold storage. T'nfortunately. men who should be th(jroughly famii-
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iar with the practice of cold storage still appreciate neither its purpose nor

its effect. The Commission on Cokl Storage appointed hy the Governor of

Massachusetts to investigate tlie subject, addressed a circular of inquiry to

secretaries of Boards of Health in the different States, asking for opinions

or suggestions as to the need of regulation of the industry and the form

which it should take. Twenty-one state boards answered the inquiry and

in every instance recorded a belief that legislation for the regulation of

cold storage of food and food products is necessary. That the information,

however, was not on the whole of great value was shown by the fact that

one official recommended restricting the time limit of storage to ten days,

another to ninety days, several did not think storage for more than three

months desirable. When the information of those we count as sanitary

experts is so limited, need we wonder at the fear of cold storage products

so long held by the average consumer? Before satisfactory legislation is

enacted we must know why we need regulation and what, if any, bounds

of restriction are necessary. The business should be regulated by practical

laws which do not have for their purpose its destruction and which are

intended rather to put a stop to the practice of the storing of food unsuit-

able for refrigeration, and which has, even before its entry into storage,

deteriorated and become luifit for food, and to insure the withdrawal of

all goods before they have been held sufficiently long to undergo such

physical cliange as may render them undesiraljle for human consumption.

The report of the Massachusetts Commission referred to recognizes in

cold storage a fundamental necessity in the distribution of tlie food supply

of the nation. It finds that cold storage enables perishable food products

to be brought to market with the least possible deterioration, and that it

enables the surplus of one season to be carried over to meet the demand

during the season of natural scarcity. In this way, by distributing the

seasonal output of perishalde food stuffs evenly through the market year,

it helps to equalize supply and demand. The price of the food supply to

the consumer is not materially influenced by cold storage. It has been

argued that the possibility of storing food products against a rising market

may lead to speculation on the part of the middleman, and no doubt the

facilities offered by cold storage may be abused to manipulate prices. Tliis

possil)ility, however, is more theoretical than actual, because of the enor-

mous practical difficulties in the way of artificially controlling the suiiply

of food. It is impossible to determine in advance, for instance, whether
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January and February will be relatively warm months as during the

winter of 1911, or bitter cold months as during the winter of 1912. In 1911

the warm months brought about a very large production of eggs, and conse-

quently eggs in storage were taken out at a loss to the owners. The possi-

bility of such conditions obtaining acts as a deterrent to the speculator,

and all data at hand shows that the manipulation of food prices is not

materially increased by the practice of cold storage.

As above suggested, there have been desultory attempts to regulate the

cold storage industry by legislation. The government of the United States,

although it has discussed the enactment of sucli legislation for several

years, has as yet taken no action. Several States, however, have enacted

cold storage laws of varying character. The first cold storage law of

record, in the United States at least, was enacted by the- State of Indiana

in 1911, similar legislation following in the States of New York and New
Jersey in the same year. In 1912 the National Association of Food Officials

gave to a committee the task of drafting a model cold storage bill. After

many months of careful work and investigation and after the revision of

several tentative drafts, the committee recommended as a model bill for

enactment in the several States a draft which during the legislative ses-

sions of 1913 was enacted in approximately its original form as a law in

the states of California, Iowa, Nebraska and North Dakota, and by

authority conferred upon it adopted l)y the Louisiana State Board of Health

as the law for that State. In 1912 the Massachusetts legislature enacted

a cold storage law, drafted after a most comprehensive investigation of the

subject by a committee of the legislature appointed for that purpose. The

latest law at the time of writing is that enacted in the state of Pennsyl-

vania. The Pennsylvania law differs in several points from the model bill

and indeed from the early legislation upon the subject, which will be

referred to in detail later.

At the present time eleven States regulate the cold storage industry by

law. The State of Kansas regulates the storing of certain food products, but

has no general law. The Canadian government, appreciating the necessity

for developing a cold storage industry, in 1907, passed a cold storage act

entitled, "An act to encourage the establishment of cold storage warehouses

for the preservation of food products." This act, while primarily not

intended as a regulative measure, but rather drafted for the purpose of

subsidizing the construction of warehouses, is in effect regulative in that
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the application for subsidy is limitefl to wareliouses which are constructed

under plans subject to the approval of tlie Department of Agriculture.

Gold storage is defined as the holding of food products at or below the

temperature of 40° F. in warehouses refrigerated for that purpose. A cold

storage or refrigerating warehouse is held to be an establishment employ-

ing refrigerating machinery or ice for the purpose of refrigeration in which

articles of food are stored for thirty days or more at a temperature of 40°

F. or below. This provision varies somewhat in the several States. The

State of Nebraska, for instance, requires that goods must be held in storage

for sixty days before being legally cold-stored, while a bill pending in tlie

State of Connecticut holds that eggs must be labeled "Cold Storage" if held

for more than fifteen days. Tlie time limit imposed by most of the laws is

the natural limit of twelve months, that is, from one productive season to

the next. The time limit, however, is not uniform in the several States. Tlie

State of I'ennsylvania fixes a different limit for dilferent articles of food.

It limits the storage of whole carcasses of beef or parts thereof to four

months, whole carcasses of pork or parts thereof, of sheep or parts thereof

and of lamb or parts thereof to six months, the whole carcasses of veal or

parts thereof to three months, of dressed fowl drawn to five months, of

dressed fowl undrawn, ten months, eggs eight months, butter nine months

and fish nine months. As a rule the law recpiires that goods which have

been in cold storage shall be sold under a label advising the purchaser of

their character. The Pennsylvania law even goes so far as to require that

food sold from labeled containers must be wrapped in a package stamped

on the outside with the words, "Wholesome Cold Storage Food." Tlie

Massachusetts, Iowa, I.ouisiaua, Nebraska and North Dakota laws require

the display of a sign marked "Cold Storage Goods Sold Here." The

Indiana law requires only that eggs taken from cold storage be sold from

a receptacle bearing the words, "Cold Storage." All laws are uniform in

requiring that goods be marked with the date of entry into storage and the

date of withdrawal therefrom, except that the laws of New Jersey and

Delaware require only the marking with date of entry and tlie Nebraska

law does not require the date of withdrawal on goods to be shipped outside

the State. In nearly every case the wareliouseman is required to report

the quantity of goods in storage to the proper oflicials at the end of each

three months' period. The Massachusetts law, however, requires the report

Init three times a year. This provision, while not in any way affecting the

character of the goods in storage, is undoubtedly an attempt on the part of
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the legislatures to minimize the possibility of the cornering of the food

supply by giving all information concerning stocks on hand to the public.

As an additional i)rotection under certain conditions the otticials of several

of the states are autliorizetl to 'all for more frequent reports than are

specitically anthorized in the statutes.

In six ol the I'U'veu States enforcing a cold storage law. the State

Board of Health and its executives and inspectors are charged with the

enforcement of the act. In five States the work is done under the suiter-

vision of the food commissioner or dairy and food commissioner, as the

case may be. In every case, except the State of Delaware, it is made the

duty fif the ofhcial or executive board to i.ssue licenses f<ir tlie operation of

cold storage plants. ThcNC licenses are issued after an inspection has

shown tlicni to be sanitary and iirojterly c(|ni]i]K'd and <ip('ratcii. and the

board or otlicials cliarged with the eiifon enient of the act have power to

withdraw the license if the plant Ix-comes unsaintary or is o]terated in

violation of the law. .\n impoi-faiit pi-o\isioii ot iiractically every law is

that autliorizing the otticials to extend the time of storage if inspection at

the end of the storage period shows tile goods .still to be in satisfactory

condition and snitaiile lor use as food.

I'nipiestionably the puiiiic has Ibc impression that prices are artifi-

cially and arbitiarily raised l)y reason of witliholding goods from market

in storage warehouses. 'I'll" special counnittee of the Chicago Association

of Commerce, which made a thorough study of cold storage in its many

phases, .says of this argument against storage:

••Exhaustive examination of the statistics compiled under the

directions of youi- < <»mmittee. and a coniiiarison of these statistics

with the facts obtained liy tlie de|Mi-tnient of agricnlture. after an

exhaustive researcli demonstrates clearly that the i)rices of butter,

eggs, iioidtry ami fish ha\c been inoic uniform during the year since

cold storage has lu-came a factor in tlie care of food itroducts than

before that iierifxl. These statistics also show that taking an aver-

age for a period of years, pi'ices on the whole have been lowei' than

diii'ing the years when cold storage was unknown."

This statement is in substantial agreement with the conclusions reached

i>y the Massachusetts committee and undou])tedly is an accurate gauge of

the effect of cold storage ui»on tlie jirice of food. Xevei^theless. in view of

the persistent criticism of the new imliistry and of the too general ini]ires-
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•sion that high prices are the result of manipuhitiou somewliere between the

farm and the consumer rather than a decreasing suiiply for an increasing

demand, the legishition en k ted may Ite assumed to have definite value botli

to the warehouseman and to the consumer in tliat on tlie one liand tlie

consumer l^nows where and how mucli goods are ))eiug held for future use

and tlie warehouseman is protected from a criticism whicli. if persistently

indulged in, must prove a serious injury to his business. Tliis statement

n)ay, indeed. l)e applied to all the phases of cold storage legislation, and

wliere the laws liave been in force tlie longest. I believe that without (lues-

tion the industry receives most credit from the consumer, and cold storage

food properly handled in storage and sold under an open label out of

storage is n(»t only viewed without su-^piiidii. but indeed purchased and

consumed with greater .satisfaction.

The cold storage industry is not a local business, but is very largely a

feature of interstate commerce. Public warehouses could not be main-

tained for the convenience of local trade. They must depend upon the

large shipments collected in one part of the country to be distributed at

centers of jiopulation. For this reason legislation affecting the industry

.should proi)erly originate at Washington instead of as at present in the

several States. It is perhaps unfortunate that the Federal government did

not point the way to uniform and reasoualde state legislation by itself

enacting a fair and equitable lav*-. The bills propo.^ed for enactment by

Congress have, however, been fra.med without a proper understanding of

the subject, and for that reason hav( not met the favor of those engaged in

the industry, the states' otHcials charged with the regulation of the food

suppl.\-, the retail trade dependent so largely for ;i supply upon the ware-

house, or the consumer, who wishes only to lie protected against unfit fooil.

manipulated prices and deception.

The regulations drafted by othcials charged with the enforcement of

the laws have been generous and ])ertinent. The laws have been construed

liberally and with regard for the warehouseman. In general, goods lield at

low temperature in process of manufacture, such as beer and meats in

cure, have not been held to be in storage. Tlie technical features of the

stamping and tagging have been made as simple as poss.ible and in practice

the dating of the time of entry and withdrawal is easily and economically

done. There is still some dispute as to whether the small dealer, as for

instance the butcher, who may carry small stocks of meats longer than the

usual thirty-day period, and the hotel and restaurant, should be held to be
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operating cold storage or refrigerating warehouses. In so far as storage

may affect the quality of food stuffs there is no difference between the large

public warehouse and the private ice box, except that in all probability

goods cannot be handled as successfully at the smaller plant. However,

the stock of goods held at the hotel or butcher shop for local consumption

is never so great as to influence the market, and for that reason the gen-

erally recognized necessity for the pulilication of storage holdings does not

obtain. Moreover, unless legislation presumes to label cold storage goods

all the way from the warehouse to the consumer's table, there is no neces-

sity in the case of the individual plant for the system of marking followed

by the warehouseman. Goods taken from storage are sent to the hotel

kitchen or to the home of the consumer without delay, and deterioration is

avoided, as might not be the case with the careless h:iiidling of goods

drawn from cold storage for distribution over a larger area.

Recognizing a strong sentiment for cold storage regulation and the

fact that such legislation is already in force, not only in Western States

where no warehouses are in operation, but in the populous Eastern States

of Massachusetts, New York, New Jersey and I'eunsylvania, it behooves

the industry to demand adequate protection by federal legislation, protec-

tion against unwise state legislation, protection against the loudly expressed

yet admittedly erroneous statement that the cold storage industry is em-

ployed to manipulate prices to the detriment of the consumer, protection

against the firmly established impression that goods deteriorate markedly

in storage, protection against the oft-repeated tsUe thiit food-i)oi.soning

follows the ingestion of cold stored goods. T.regislation that accomplishes

these facts will not ojx'rate to curb the dcvelopmeni of the industry. l»ut

rather to stabilize and encourage the u.sf of refrigeration liy the producer

and of cold stored foods by every consumer.

With the passage of adequate cold storage legislation and the develop-

ment of a practice of labelling which declares the character of the goods

to the purchaser, the idea now held that cold storage is an artifice used by

the speculator to force higher prices and a practice which spoils food

instead of preserving it will no longer obtain.

And when cold storage is no longer feared, our markets will be wi-

dened and the food supply enlarged by the thousands and hundreds of thou-

sands of tons of edible products which now rot on the ground for want of

facilities to pre.serve them to .such a time that they can find a profitable

market.
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Changing Conditions in the Kentucky Mountains.

B. H. SCHOCKEL.

(Illustrations by the author.)

This summary of chaugiug conditious iii the plateau of eastern Ken-

tucky is based upon a month's field work, supplemented by previous and

subsequent studies. To refresh the reader's general conception of the

region an introductory review is made of its topography, surroundings, and

settlement.

TOPOGRAPHY AND SURROUNDINGS.

Eastern Kentucky is a part of the Cumberland Platenu and consists of

tliirty-five counties with an area of some 12,943 square miles, that is, about

une-third of Kentucky. It is a part of tlie Southern Appalachian High-

lands. To the east of it are the parallel ridges and valleys of the Greater

Valley of the Appalachians ; to the west is the Blue Grass region. The top

of the plateau is a part of the Cretaceous Peneplain, with monadnocks on

it, and slopes gently westward in Kentucky from an elevation of about

2,000 feet to a height of 1,200 to 1,-500 feet. This peneplain has been dis-

sected by dendritic drainage to a topographic stage of maturity, the valleys

being from 500 to 800 feet deep with narrow bottom lands, and the tops ot

the ridges averaging in many instances from 10 to 50 feet in width. The

ridges, locally known as mountains, in general bear on their shoulders and

crests hardwood forests sprinkled with conifers. Most of the lower slopes

are cleared. From the top of Pine Mountain the Kentucky country

appears to be a billowy wilderness. One cannot see any valleys, nor any

sign of life; but beneath those forested waves are sylvan slopes to

enchant one, and a sinister labyrinth of gashed valleys to enthrall one in

mountain poverty.

Owing to the topography the roads are serpentine ; since the bed roc-k

is of shale and friable sandstone chiefly, good road material is scarce;

furthermore, the people are poor, and what we term shiftless and ignorant

;

therefore, their highways are in a most wretched condition.
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SKTTLEMEMT.

lu tlu' sixteenth century James I introduced Scotch settlers into north-

ern Ireland, who became the Scotch-Irish. Some of them emigrated to

America ; and their descendants, augmented by lOnglish, native Irish,

PennsylA-ania Dutcli, and others, formed tlie van of the ;5(lO,000 frontiers-

men who pas.sed througli Cumberland (Jap. from 1775-1800, to settle iu

Iventuclvv.

I. Cieuk-roafl, "upriglit farm," and forested ridse, near Pine Moiinlain I'ostollice, Ky.

Some of these fduiid a home in Ihc i)lalcau rciiion. wludi offered dear

springs. magiiili<-ent forests, abundant game, and good valley land sulli-

cient for that lirst generation of hnnter-faiincrs. Xo one could have fore-

told then the connng of canal and railroad.
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The first penuaneiit settlements in the Kentucky muuntuins were mach'

in the decade 1790 to 1800. lnila.v"s map of Kentucky (1T!»:>), shows

"settlements" on Rockcastle River, tlic upper Louisa Fork, and a forlc of

Red River. Ry 1S(M> the ixipulation was 7,!I(I4. which was aliont four per

cent, of the population of the State: it is now about (Jiio.ddd. which is

about twenty-five per cent, of Kentucky. Genealogical i-e( ords of this

people are utterly lacking. Their names and survivals in customs and lan-

guage point to English and Scotch-Irish ancestry in general, although a

few German and Huguenot names are found.

Between 1800 and 1840 the mountain region was an integral part of

tile State, for various reasons. FoUr interstate, transmontaine routes trav-

An example of the poorest highway.^ in fU? mountains, near Pine Mountain Postoffice, Ky,

ersed the plateau in leading from the (Hiid and the r.lue (irass countrie.s

ou the west to the Big Sandy and Kanawha I'egion on tlu' e.ast. and thus on

to the tide water settlements. The plainsmen bought lean cattle in the

Blue Grass and sent them in droves of from -^Oii to ."{Oo through the monn-

tains to the Potomac, where they were fattened and sold in Baltimore and

Philadelphia. Large droves of hogs followed the same rcmtes. The hog

and cattle drivers bought corn at the homes of the mountain peoi)le and

brought news from the outside world. The slender state ajipropriations I'c.v

roads were impartial, the mountain counties being favored equally with the

lowJaud.
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But between 1830 aud 1S50 the four iuterstate roads decliued gradually

to a wretched coudltion and state of nou-use ; for the Blue Grass aud Ohio

regions were finding other routes to market, by use of steamboats, etc.

Therefore, the mountain counties lost their market and received little out-

side help for roads. As a result the people have lived isolated by topog-

raphy and social antipathy.

During the Civil War thousauds of the mountaineers, whose ancestors

had fought in the Revolution and the War of 1812, joined the Union army

and received a practical education. Some received similar training as

soldiers of the South. After the war many returned home. But the growth

of formal education and broader outlook thus stimulated has been slow.

In l.sTs. Shaler, of the Kentucky (Jeological Survey, saw in the eastern,

and then most inaccessil)]e portion of tlu' region, men liunting squirrels

and rabbits witli old English ••short-l)ows"' and wrote: "These were not

the contrivances of l)oys of today but were made and strung, and the

arrows hefted, in the ancient manner. The men, some of them old, were

admirably skilled in tlieir u.se : they assured me that, like their fathers

before them, they had ever used the bow and ai row for small game, reserv-

ing the costly ammunition of tlie rifle for the deer and bear.''

Recently outside capital has begun to develop the coal and timlter

resources of the region, a fact which is bringing abmU many cbanges in the

mountain country rajtidiy. As a result, the inhabitants are facing the

crisis brouglit about by the sutlden mingling of a primitive people with the

exploitative phase of modern civilization.

CHANGING CONDITIONS.

Mineral Resources.

Coal is the chief mineral resource of the region. Tlie seams (tcciir in

every county, increasing in number and thickness towards tlie southeiist and

reacliing their climax in the Black Mountain region. The layers are favor-

ably disposed for mining, except in the I'ine and Cumberland mountains,

where complex structure renders mining ditlicult. Tlie coal is bituminous,

the most desirable varieties being as follows: Cannel, found in limited

basins throughout the field: coking, appearing in large amounts only in

the vicinity of Pound Gap ; and liigh class steaming cojils, occurring in

quantity in the southeastern counties aud at a few places along the western

margin.
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Coal was expoi-ted in 1827, probal)ly earlier; but until the railroad

came, the output was insif^nificant. Though production is rather small at

the present time, and limited to a few mines scattered along the railroads,

the region is beginning to become an important coal center.

The first extensive exploitation began in the region about Middlesboro,

in 1892. At present most of this coal is sliipped south. Some two .rears
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town of the west. But the most spectai ular developiueut is taking place at

Jenkins, on the headquarters of the i:ikorn Creek, at the foot of Pound

Gap, Pine Mountain, known in literatiue as "The Trail of the Lonesome

Pine." Eighteen months ago a hrancli of the B. & O. Railroad reached the

site, where a few months prior there luid been but one monntain caljin.

Jenkins now has brick l>nildings three stories high; a great power plant:

palatial residences; a splendid hospital; a concrete dam causing an arti-

ficial lake, upon wliich are pleasure boats: and a town reservoir, into

which spring water is filtered from the mountain. Indeed it is growing as

fast as (Jary, Indiana, in its early (hiys. Must of this (oal is shijiix-d across

Indiana to Gary.

At a shaft mined liv two mountaineers near liooneville. good cannel

coal sells for seven cents per bushel. Cause, poor transportation.

I':ssentially all of the mineral rights have been bought by outside cap-

ital, much for ^l.fiO per acre, and in some cases for fifty cents. Sometimes

the monntain pcojilc made the further mistake of giving' up the farnung

rights al.so.

At an early jieriod iron and salt within the region were the source of

considerable tnillii-. but not now. Oil. gas. and clays, altbougli in progress

of exploitation for the hist two dc<ades. do not promise to become im-

portant.

Foroit l{c-soiii(( .s.

The primitive forests were splendid. P.ut since an early day. lumber

has been shipped to an outside market; therefore, the timber area has been

reduced, and. although it remains the chief source of wealth, the end is

almost in sight. About thirty per cent, of the region was in wood in 1!»1(».

not all of which was i)rimitive.

The mountaineer's way of lumbering is to cut a few clioice trees and

••snake" them down to the ci^eek. where as logs, rafts, or raili-oad ties, they

await the coming of the flood, or "tide', to be floated down stream. Thus

,a man can produce ten ties per day. for whi<h he received thirty-eight cents

apiece, this summer, near lieattyville. I'.ut lumbering corporations are

beginning to attack the two remote corners of the Southern Appalachian

Highlands—the Smoky Mountains and the Kentucky Plateau- and after

the onslaught, in whl<h stumps three .-ukI one-half feet in diametei- are left

to rot. the hills are gaunt with slash, or lilack from resultant forest fires.

Consequently increased erosion is resulting on the slopes, with augmented
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harmful deposition ou the flats below. Furtliermore, within and below the

plateau, the streams inrreasiiijjrly are characterized by short i)eriods of

flood, and lon.^^ intervals of low stage. Also, the supply (if drinking water

and water power is becoming less constant.

Most of tlie timber is owned by outside capital. The United States gov-

ernment is .seeking to buy wooded land for forestry having completed the

first step last September, when it purchased the fiO.OOO-aci-e liiltmore

estate, near Ashevllle, N. ('.

A passing forest iiHlustr\- is the digging of ginseng and other roots.

The normal market price for the first is five (billai's to seven dollars per

4. .Snaking logs in the Southern .Appalachian Highlands.

pomid. hut now, owing to the war. the price has fallen. One old man nnd

his wife, digging "sang" in the woods, wanted to know why it is that the

Chine.se cannot live without the root, and what would happen to that

people when tlie supply shortly w<iul(l give out in America, but th-n con-

soled themselves witli the thought that jirohaiily the Chinese hive enor-

mous amounts of it stored away in anticipation.

A III null h'i>:(iiirccx.

\\\\(] game is becoming surprisingly scarce, due to overhuiiting. and lax-

observation of hunting laws. In general the supply of fish is low, .some

causes being: Dynamiting and seining, lack of restocking, and inconstant
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aiKl turbid streams resulting from deforestation. What little meat is eaten.

is chiefly swine and chicken. .Sheep continue to suffer from exposure and

dogs. Beef is walked to market to obtain cash with which to pay taxes.

The Ayrshire stock is giving way to a fine short-horn type of cattle, owing

to the opening of stock yard cattle markets, as at Mt. Sterling. The moun-

tain mule and pony are being displaced by larger types. Goats suffer from

the rough, wet, winter climate.

The development of pasturage for live stock would prove to be a fund-

amental advantage. Timothy is the chief forage crop ; clover is second.

A diminutive Japanese clover has filtered into the mountains, and takes

possession of deserted fields. It is good for grazing, but it is too small to

be cut.

Ayriciilture.

About So per cent, of the land is in farms, of which 4.") per cent, is

improved, and 2.3.5 per cent. In woodland. The average size of the farm is

85.7 acres, of which about thirty-nine acres are Improved ( Kentucky

:

S5.6; 55.4—Indiana: 08.9; 78.6). The average value of all crops per farm

in 1910 was $310.70. (Kentucky: .$.5.36.20— Indiana : $947.60). The aver-

age value of implements and machinery per farm In 1910 was $32.3. (Ken-

tucky : $80—Indiana: $190). About 6.6 cents worth of fertilizer was

used per improved farm acre in 1909. (Kentucky: 8.7—Indiana: 12.8).

The total value of all crops in 1909 was 24.8 million dollars, of which

cereals amounted to 12.2 million, vegetables 3.8, hay and forage 1.1. and

fruits and nuts 1.1. The total area in cereals was 921,538 acres, of which

corn constituted 841,744 acres ; oats, .39,341 ; wheat, 36,403 ; rye, 1.579

;

and barley, 510. Some 21,397 acres were devotetl to potatoes, 5,673 to sweet

potatoes and yams, and 10,713 to edible beans (a .staple food in the moun-

tains). Sorghum was raised on 21,970 acres, and hay and forage on

162,944 acres. There were 1,825,895 apple trees out of a total of 2,425,047

fruit trees. Peaches ranked second to apples.

Tlie average production of corn per acre in 1909 in the region was 18.7

l)ushels : in Kentucky, 24.2 ; in Indiana, 40. The corresponding figures for

wheat were 9.9; 12.8; and 16.3. Similar data for potatoes were 76.6;

91.8; and 99.4. The respective figures in tons of forage per acre were .8;

.9 ; and 1.2.

The shale soil, which is most common, is fairly fertile, and produces

good crops of corn under good cultivation, on gentle slofK's. The chief
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causes for the low productivity are steep slopes, poor cultivation, and lack

of crop rotation. The shale soil washes less than almost any other soil

under like circumstances. The wonder is that the soil produces as much

as it does.

A few years ago Berea College, with the help of the United States

government, employed a special investigator and demonstrator to work

witli the mountain farmers within reach of Berea. The success was such

that a number have been appointed in other localities. About Berea, heavy

breaking plows are replacing the one-mule plow, and the disk harrow is

pushing back into the mountains. More than twice as many shallow eulti-

Hi^^^fkM'!9
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Naturally, the region is a spleudid fruit country, especially for apples:

but spraying is uuknowu, aud tlie stock has degenerated. Therefore the

trees bear abundant crops of gnarled, sour fruit. Que mountain woman

told us to take as many apples as we wished, since they were of no value

except to sharpen the teeth on. Often apples are sold for ten cents per

bushel, are given away, or rot ; cause, poor transportation.

M(niuf'irture.

Manufacturing within the region always has been meagre, primitive,

and for local use, except in the case of salt in the early days.

In 1901 Bell and Boyd counties contained 172 manufacturing cstaliiish-

ments, with an aggregate capital of $5,201,489, an amount which was more

than one-half of that invested in manufactures in all the thirty-five coun-

ties in 1910. The cause for the emergence of these two counties is the

recent growth of .Vsliland and Catlettsliurg on the Ohio Kiver. and Mid-

dlesboro near ("umlteiiand Gap, a local snpply of coal being the factor in

each case. Hazard and Jenkins soon will rank as mannfactnring cities.

The statu~; of niaiinfacturiiig for IJMio is indicated in tlw following

table

:

Establish-

ments.

Capital

Per

Establish-

ment.

Men, 16

Years

and

Over.

Women,
16 Years

and

Under.

Chil-

dren

Under

16.

Capital.
Value of

Products.

Kentucky Mountains

Kentucky
1,156

9,560i

$7,221

10,886

4,8.53

51,101

44

9,174

85

2,687

18,347,993 $ll,993,lil5

104,070,791 154,166 365

The mills ;ire small and arc driven by water, aiiini.il. and li.ind power.

Machine made goods from the ontside hive suiiplanted the linsey-woolsey

floth, counterpanes, and baskets formerly made in the cabins. But.

recently, the missionary and settlement schools have begun to sell such

goods outside of the mountains for the |ieoiile. to supply cash, and there-

fore the industries ;ire reviving, in part. The W. ('. T. V. Settlement School

at Ilindman. for example, sold .$1,.S<(0 worth of such goods last year.

Distilling always has been a widespread industry in the mountains,

since tliereby corn, the chief crop, is converted into a jtroduct wliith can b;>

marketed with profit, and sine e the custom has been inherited. Illicit dis-

tilling increased greatly aftei- the imposition of the liijuor tax of the Civil
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War. In 1877 the government l)egan to suppress "moonsliining" in the

region. By 1882 the supremacy of the h^w had been estal)lishe(l. P.nt in

1894 the liquor tax was increased from ninety cents to one doll.ir and ten

cents, which resulted in increased "moonshining". The counties have been

voted "dry"', wliich encourages the illicit trathc. About the coal mining

center.s, '"blockading" is increasing greatly, the whiskey tieing lirought to

town under vegetables and in milk cans.

I'ldiisportation.

Transportation is the basic problem of the region. Poor communica-

tion within it has influenced greatly every phase of life always, and bail

connections with tlie outside have isolated the country since isno.

6. A primitive mill, near Cornettsville, Ky.

Of a total of llA'l- miles of road, there were within the entire region,

in 1!»(I4. eighty-three miles surfaced witli stone, and four miles, with gravel.

The present wagon freight is said to be about 44 i-ents per ton-mile. The

average haul for a load of cross-ties is from eight to ten miles, and eight

to twelve ties constitute a load.

Ix)gs delivered at tlie i-ailroad for twenty dollars per load are said to

consume sixteen dollars in transportation. From P>uckhorn to the railroad

is eight miles. A team will make this ti-ip for four dollars in good weather.
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The charges in this case are about 88 cents per ton-mile. The average cost

of transiX)rtation in the United States by wagon is 23 cents per ton-mile.

The old law that every man must work on the roads six days annually

is enforced feebly. By a statute passed in 1894, road taxes can be levied by

the comity and a road commissioner appointed. But this new law is

proving a failure in the mountains and is giving way to the old custom

because the mountain county is too poor to pay the commissioner's salary,

and because the mountain man may pay the tax in work, a fact w^hich

introduces again the old problem of road-work enforcement. In 1904 the

total expenditures upon the highways in a number of rugged mountain

counties amounted to about $24 per mile. The average expenditure for the

.State, much less dis.sected, was $43.57. The history of the mountain roads

empliasizes the inability of the people to provide themselves with efficient

highways, and manifests the great need for outside help, state or federal.

In general, road material would have to be imported at great exiiense.

The costs of roads steadily increase as the forest retreats towards the

headwaters.

In 1907 the United States Department of Public Roads, as an object

lesson, built and macadamized in .lolinson County, 5,780 feet of road, and

constructed through Cumlterland (iap. 12,.300 feet of macadam pike, and

graded 9(M> feet more, at a total <ost of $7,050 per mile. This work demon-

strates again that the construction of gcKxl highways in the mountain

region, while possil)le, cannot be done witliout outside help. r>esi<les the

government routes there is a short stretch of macadam road (1 to 20 miles)

in five marginal counties, of which, however, Boyd County alone lies

strictly within the mountain region. The coal company at Jenkins has

surveyed and built six miles of well-graded dirt road connecting Jenkins

and McRoberts. Owing to the enforcement of the road laws in Knott

County, a fairly gocnl ungraded dirt road extends thirty miles between

Hazard and Hindman. Immediately west of Pine Mountain in Leslie

County, no wagon roads were attempted till 1S90, and few exist now.

Before the advent of railroads, highway improvements were negligible,

but the past twenty years have seen progress. Numerous stretches of road,

eight to ten miles in length, afford somewhat fair tran.sportation for

wagons to the railroads. Where the development of coal and timber has

increased the wealth of the community greatly, substantial bridges have

been built. I'rogress has been slowest in the ruggetl, extreme southeastern
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sectiou of the region, even though railroads have begun to penetrate.

There the primitive saddle and sleds drawn by oxen are still in use.

Except for lumbering, the streams are used but little. The North,

Middle and South forks of the Kentucky River penetrate into the interior.

They join at Three Forks, near Beattyville. Thence to Carrollton are 350

miles of good waterway. In 18.53 some five locks were completed by Ken-

tucky at a cost of $4,000,000, which assured good navigation for 300-ton

steamers for a distance of over 100 miles. The Federal Government made

improvements at the close of the Civil War. Since then tlie waterways

have been declining. In 1887 there were passing Three Forks annually,

50,000,000 feet of lumber, in logs.

Railroad building began in 1856, but made no headway until between

1870-90. The progress has been slow and confined to marginal counties

until recently. Within the past five years it has penetrated the North Fork

Kentucky River to McRoberts, a few miles west of Pine Mountain, and up

the Poor Fork of the Cumberland River, by way of the gap at Pineville.

The railroads have been built for the coal and lumber, and not primarily

for general traffic. Since the advent of railroads, the conditions which

have made possible "the mountaineer" have been passing away.

But in general the region is still landlocked.

Population.

In 1910 the total mountain population was 561,881, representing an

increase of 18 per cent, over that of 1900. (Kentucky: 2,289,905; 6.6 per

cent.) There was an average of 43.4 people per square mile (Kentucky:

56:9; Indiana: 74:9). Tlie density is greatest along the main river

routes and in mining sections. The people continue to be distributed as

clans in valleys, which are surprisingly heavily populated. Of necessity

the people depend upon the lower slopes of the hills to an extent ecjual to

or greater than on the limited bottom lands, their "shoe-string farms"

being found strung along little gullies as well as in broader valleys. A few

farms are on the mountain sides, especially on benches or "coves" of

somewhat gently sloping land, formed above some massive sandstone ledge.

The average size of the mountain family is about 5.2. (Kentucky: 4.6;

Indiana: 4.1.) The rural population increased 17.1 per cent, in the last

decade. There was no urban population (towns of 2,500 or more) in 1870.

In succeeding decades, as Ashland and Middlesboro developed as centers of

coal mining, it numbered 3,280; 7,466; 17,428; and 24,004. These two
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cities are unique in tlie rejiion in laaving a population greater than 5,000;

but they soon will be joine<l by Jenkins and Hazard, about which coal

mining is developing rapidly. In 1910 less than one-half of one per cent,

of the total population was foreign born. Tliese people were chiefly

skilled miners from England, Sweden, Germany, and Switzerland, who

drifted in by way of Pennsylvania. In seven counties tliere were no farm-

ers of foreign birtli ; and in only one county did the foreign born exceed

21. Recently, Southern Europeans have begun to come, particularly Ital-

ians and Hungarians. By 1920 the number of foreign born will liave

increased greatly. In 1900 about two per cent, of the population were

negro, and in 1910 two and one-hiilf per cent. In three counties there were

no negroes; and in sixteen, less than twenty.

The problem presented in the ri'gion by tlie rapid increase in popula-

tion with no corresponding increase in foodstuffs, probably is not greatly

overdrawn in tlie following statements by a mountain gi'aduate of Berea

(/oUege: '"ilie pioueer of 1S50 wlio sat in his front door watching the

deer rove the unliroken forest, today sitting in the same place can see

acres of spoiled farm land. A tew years ago the peoi)le produced enough

on their farms to sui»port themselves. Today one-half of the food con-

sumed is Itrovight in by the merchants. Twenty-live years ago our hill-

sides produced forty bushels of corn per acre. Todny the av(>rage yield of

corn per acre is a littU; less than twenty-live bushels. (In 1!)(I9 it was

18.7.) Tlie independent farmer of yesterday has been transformed in the

last few years to a man dependent upon his staves and ties for support.

Now, his fai'in has grown nj) in bushes, and his timl)er is almost exhausted.

Such is the condition of a vast number of our mountain farmers."

Thei-e is an emigration of the mountain families, or of sons and

(laughlei's, particuliirly from the m.-irginal counties, where a fringe of

mountain terrif(U-y has been put in touch with outside i)rogress and human-

ity, and where mountain peojtles are buying ad.iaci'ut lowlands. Some are

moving to Oklahoma and the Far West. This in part accounts for a

decrease in population of live couuties.

Public health is not as good as might be exix'cted at first thought. The

situation has been summarized by Miss >'erhoeff (in "The Kentucky Moun-

tains") as follows: "Endurance and nuiscular strength are common, liut

a stnmg constitution is exceptional. P.ad housing and sanitation, ill-cooked

and insufficient food, exposure to weather, and .... poverty, have
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had their detrimental effects, which have been augmented by a close inter-

ma ri'iage of famiUes and by an inordinately large use of liquor."

In general the mountain man is (luicker than the Indiana plainsman.

but not as strong. A month's tield work did not bring to note any of the

storied giants of the hills, though there jiroliably are some. Not all of the

people are lank.

About two generations ago trachoma penetrated into the mountains,

and is spreading rapidly, despite the efforts of the state and settlement

schools, and the Federal Government. Of over 4,000 people examined in

five counties, 12.5 per cent, had this disease. A report from the W. C. T. U.

Settlement School at Hindman names twenty-five per cent, for that locality.

Adenoid and turliinate cases are common. Several clinics held at Buck-

horn revealed that !>0 per cent, of tht)se examined were afflicted with book-

worm. Splendid work is being dcMie. but the area to be covere<l is a vast

one, and assistance is needed greatl.\'. Superstitions that diseases are

visitations of the I^ord to be borne with resignation are disappearing

slowly.

The people continue to be poor. In 1900 land was worth $5.00 per acre,

and in 1910 $9.60. (Kentucky: $l:;.24 and $21.8;^, Indiana: $31.76 and

$62.36.) The average value of all farm property per farm in 1900 was

$860; and in 1910 it was $1,359. ( Kentucky : $2,007 ; and $2,986 ; Indiana:

$4,410 and $S,39().) The average value of farm buildings per farm in 1910

was $247. (Indiana: $1,230.)

IiistUKtiuii.'i.

There is great need of education. In 1900, 24.3 per cent, of the voters

were illiterate, and a decade later, 20.7 per cent. (Kentucky: 15.3 and 13;

Indiana: 5.6 and 4.1.) In eight counties in 1900, the illiterate voters con-

stituted from 30.5 per cent, to 35.8 per cent, of the total. In 3910, 61.6 per

cent, of the children, ages 6 years to 20, were in school. (Kentucky: 60.8;

Indiana: 66.) Corresponding figures for children from 6 years to 14 years

were 73. (Kentucky: 76.)

However, improvement is being made. In 1900, there were more than

20 counties without a local publication. Now, there are but few counties

without a press, and several have more than one.

Formerly, the term of school lasted but three months in the year. The

teachers received no training except in the common schools. The buildings

were tiny, two or three teachers in some cases teaching in the same room.
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But now, the term lasts six mouths (closing at Christmas owing to bad

roads.) Also, many of the teachers receive some training in the normal

department of the settlement and missionary schools. Furthermore, there

is but one teacher in each room, though in it is no library, few modern

desks, and little equipment. In one mountain school visited by the writer

in 1914, the pupils were sitting in rough board pews, the boys on one side

of the room and the girls on the other. The walls, floors, and seats were

dirty. Some of the children wore but one garment. Two of them were

suffering from trachoma. The equipment owned by the school consisted of

one wall map and three calendars. The only object on the desk was a

small switch. The girl-teacher, who was a graduate of the institute at

Oneida, had charge of 69 pupils and, besides, without pay, was teaching a

"moon-lighf school of evenings, to which people of all ages were coming.

She did not show any surprise or nervousne.ss when our group of ten men

in nailed boots filed in. Nor did the children pay much attention to the

visitors. The third grade droned out its reading lesson, and then the

second grade carried out its .solemn program in siielling. There was a

sdlemnity altout it all which the outsider does not understand until he

becomes acquainted with the gravity of these people in their gath(>rings.

I'rogress was being made, though it seemed a iiity that the children should

have to learn the deliiiition of some words which probably they never will

have occasion to use. The day of the "'shouting school" (in which tlie

pupils indicate that they are studying by reading aloud) has passed in the

mountains. In a second school, a girl, younger than the teacher above, was

in charge. She had had no training beyond the common school. There

were a few modern desks, but also some rough hewn pews. When I tip-

toed to the door and took a photograph of the interior she showefl less

surprise than an Indiana school mistress would have exhibited, but she

smiled when some of her children awakened to the situation. In some

sections a holiday week is declared during the corn harvesting season.

Mission and W. C. T. U. settlement schools are coming into the country, as

at Buckhorn, Hindman, Pine Mountain Postoffice, and Blackie.

Berea College, on the western margin of the region, serves as a uni-

versity for the mountains, and is sending its extension department with

wagon and camp into the remote sections. The reader is referred to the

December, 1932, number of The American Mayazine, for the story of the

heroic foimdation of Oneida Baptist Institute, and is reminded of Bulletin

Number 530 of the United States Bureau of Education for the story of the
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opening of "moou-light" schools in the Kentucky mountains in 1911 for

children, parents, and grandparents. When the feud brealcs out, moimtain

mothers from the section in which blood is shed, anxious to get their sons

out of danger, are wont to urge them to attend school at Berea College and

elsewhere.

Though in some sections enthusiasm for education is becoming great,

in others there is great apathy, because of lack of interest on the part of

the people, lack of practical teaching, illiterate teachers, poverty, poor

roads, and political interference in school affairs. In some districts it is

still thought by the school trustee that "the lickinest teacher makes the

7. "The telephone whispers through the silent hills," near Booneville, Ky

.

kuowinest younguns". Changing conditions are indicated by an incident

in which two teachers appeared in the same schoolroom, each determined

to become the sole teacher. The following among the pupils was about

equally divided at first, but presently they moved away from the teacher

using the "A. B. C." method and grouped themselves about the more pro-

gressive instructor who was following the sentence method. The broad

effort is being made to teach the people how to work and live according to

modern ideas, and yet to retain the desirable traits of their own civiliza-

tion. This is a delicate task, involving much more than merely academic

training.

Religion is undergoing transition slowly. Formerly if a speaker did
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not shoixt and .uesticulate he might he termed a good spcdkcr l>ut not a good

liicachci: The early attitude towards the setthnnent worlvers was indi-

cated in a mountain seruiou in wliieli the congregation was told to •l)eware

of the fetched on women who come in here wearing gold watches, and

their shirt fronts starehed so slick that a tiy would slip off and bust out his

brains". lUit, a year later, the same mountaineer said that since these

women were administering to tlie needy under conditions so harsh that

even the mountain people would not venture out. "I allow as how they are

welcome to stay in the mountains as long as I live." One mountain

patriarch, who has given his farm and essentially his all in founding a set-

tlement school in the valley of his home, gives scmie of his reasons as fol-

lows: That there was much whiskey and wickedness in the community

where his grandchildren must he reared, was a serious thing for him to

study about. He heard two of his neighliors say that there is neither

heaven nor hell. One of them said that when a man is dead he is just the

same as a dumb beast. Another said that he could not rear his large fam-

ily of children to be as mean as he wislied. The founder's idea was that a

good scliool "would help moralize the country." Formerly the Presbyterian

religion was most prevalent, but it gave way to the "Ilardsliell' Baptist

creed. sin<'e in the mountains the educational (inaiilications for the latter

were less severe than for the former. Tlie disciples of this religion have in

turn given way before the "Missionary P.ajttists." M«>tliodists are also

numerous. The most vivid disi)Utes in tli<' mountains were wont to be

about religion. lUit now thei'e is a signilicant change towai-d tolei-ation in

that preachers frequently exchange pulpits with past<u-s of other denomi-

natious, and that the use of a church is often tendered to auothei- demmii-

nation which temporarily is without a place of worsbi]). The following

can be interpreted as a groan of growth: "The church in coin- bollci-, hits

about dade. I'art ov the folks wants an eddicated preacher, an jiiirts wants

an old-timer, an so they don't get nary one". The funeral preaching had

become the .sole oppoi'tunity for social gathering until the re<cut advent of

"camp meeting week", and the coming of the extension school on wheels.

Changing conditions have not yet affected greatly the political situa-

tion in the mountains. Since the Civil War so many of the inhabitants

have l>een Republicans that party arguments ha\r been one-sided, and

the contests have been within tlie organization. Unity of feeling gives the

representatives considerable power in the State Legislature. Tolitical

discu.ssious are said to be confined in general to stump speeches con-
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cernecl with national issues, and lience are of little lielp concerning local

problems. However, since tlie mountain men are good at politics, some

make of tlie local contests a profitable business. Recently in some sec-

tions such men liave turned their attention to the school, for the sake

of profit in the appointment oi teachers. There the trustee runs for

office upon a platform statement of which teachers he favors. In some

sections the vote runs high in school elections, while it is light on other

matters. An increasing number of women vote on school affairs. Another

favorite field of the politician is the handling of road taxes.

Deep seated prejudice, due to poverty, exists against taxation of

any kind. In 19(l(*. the per capita state and county tax was $4.(12 for

Woodward County, in the Blue Grass, while in the mountains it ranged

from $0.40 in Elliott County to $1.75 in Harlan. Little returns are ob-

tained by taxation of lumber and mineral resources.

The feud was transplanted from Europe into the Blue Grass, the

Kentucky mountains, and elsewhere. It survived among the isolated

valleys of the mountains, where it was fostered by folk-song, the flaring

resentment of the Indian fighter and pioneer, and the habits of thought

natural in isolated communities where for a long time there was neither

sheriff" nor jury and where, even to this day, the government hardly has

been able to inspire confidence or dread. The Civil War greatly increased

and intensified the feud: Prior to 1860 few weapons had been used in

the mountains, and few deaths had resulted. In the region in 1860 there

were 10,098 slaves and 1,280 free colored people. The lines grew sharp

between the Union and Confederate counties, as well as between opposing

families, and between opposing members of a family. Modern arms were

introduced into the region. The pliyslography of the land favored bush-

whacking. During the war the Kentucky mountaineers suffered more

sharply than the mountain people of any other State, except Tennessee.

Also, many of the principals of the post-war feuds were boys during the

Civil War, whose imaginations were filled with all of these horroi's. It

is said by the moimtain people that the actual numbers engaged in the

feuds has ranged from 10 to 60 on a side; that the duration has been

Irom 1 to 40 years; that perhaps not 10 per cent, of the mountain people

have had a personal difticulty sufficient to cause fighting; proI)a))ly not

40 per cent, of them have gone to a court house to prosecute or defend

a case; and that half of the enlisted partisans never have faced the
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music in a show down figtit. the number actually having figured in the

ambuscades being small.

In some parts of the region, as about Oneida, education is causing

the decline of the feud ; but in other sections it flourishes, as near Pound

Gap (Trail of the Lonesome Pine), near where, it is said, some eleven

men were killed in three months during the spring of 1914.

The home, also, is changing. One still can see the windowless log

cabin with its "dog-trot" ; but some roofs are of shingles, and some of

tin, while frame structures are appearing, and brick.

Mountain simplicity and hospitality are illustrated by one man who

said, "I want a good house ; two rooms—one for the family and one for

company, each big enough for a bed in every corner—and a lean-to cook

room."

The following is a description from Professor l'euniman"s unpublished

tales of the mountains : "Three days are ample to build a log-cabin

twenty feet square. The part before the roof is called a 'pole pen'. This

is run up in a few hours. The trees sufficient to build a cabin complete

are often standing on an acre. With the roof up, and stone chimney on

the outside, and the big fireplace opening into the room, the young people

can begin housekeeping. A few saplings will make a bed frame fastened

to the logs in one corner, and a bed without a tick, two feet thick, of

fresh pine needles, gives a sense of luxury to the newly married pair."

Customs and Habits.

It must be remembered that there are all grades of society in the

mountains, and that no general description can be applied to a specific

case.

Woman is inferior to man in l)()th number and position. Not only

is she a household drudge, but a field hand as well (out-of-door work in

itself, of course, does not constitute drudgery). She still follows beliind

him as they trudge over the mountain. A mountain boy, upon being asked

how many brothers he had, answered promptly : "Two." But concerning

the number of sisters, he drawled : "Oh, three or four." The modern

woman movement hardly has penetrated into the hills, and when it does,

it will meet orthodox opposition. However, women increasingly vote in

school affairs in some districts. F^irthermore, here and there a girl re-

turns from Berea, or some other college, with ideas strange to her people.
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Perhaps this explains the wide girdle, or otlier bit of modem adornment,

now seen sometimes on the quaint costumes.

We were pushing through a deep forest in toiling over a ridge. Be-

fore us were two children, walking in single file, a boy of fourteen and a

girl a year younger. Our youthful guide pointed in their direction and

remarked, "They were married last spring. Some of us do get married

that early hereabouts ; but we who have been to the settlement school

don't calculate to get married that soon."

"Store clothes" have displaced the homespmi garments, the result

being unfavorable in the appearance of the men. However, the settle-

ment schools are reviving tlie home-weaving industry to some extent. The

belt is beginning to rival the suspender on "Sunday" garments.

The quaint old English language also is disappearing, though slowly.

It is becoming crystallized and is losing its flexibility whereby it was wont

to be bent this way or that, to suit the fancy or fit the occasion. In a

reminiscence of his boyhood, Professor Dizney tells of a minister in

Dizney's valley, who, in preaching about apostasy, took as his text : "If

they shall fall away", and who concluded in a high key :
" 'If they shall

fall away', means that they cannot fall away, for anybody who knows

anything about the English laguage knows that it is a verb in the im-

possible mood and everlasting tensed Tliere also comes to mind the

following expression : "Law me. Honey, I'm glad to be back from the

plains. Wooded mountains make the restinest place to lay your eyes on."

There is about to pass away a most interesting folk-song based upon

English and Scotch ballads, and preserved verbally in the mountains with

slight modification, from generation to generation. These songs of

romantic love, hate, sacrifice, and revenge are sung in almost all of the

log cabins. Thereby the visitor, who may have thought that the moun-

taineers neither weep nor smile, learns with delight that their natures

are intensely fluid. The songs are sung in slow time, and in minor tones

difficult to express in written music. An effort is being made to collect

the words and write the music before it becomes too late.

The open hospitality, once common, is shrinking. An old man in his

watermelon patch put it thus : "I used to raise melons for the whole

valley, so that the folks would come to sit and talk with me on the porch

while we ate them. But now too many foreigners have come in ; they

9—^966



130

would eat me out of hoine." Sometimes the mountaiueer is disappointed

in his hospitality to strangers.

There is a liindly, affectionate courtesy for one another among the

people, which, it is hoped, will survive.

There is such a great need for improvement in sanitation that what

has taken place is negligible.

The native is accustomed to work in his tields by seasons, with

periods of rest between. During an "oft" period in September but two

men were seen at worli. in the field during eleven days of travel. It has

been his wont to work during the favorable time, or when tlie larder is

empty ; or to rest during the unfavorable season, or while provisions are

at hand. Tlierefore, in general, the population is unsuited to the routine

of work in the mines, the manufacturing plant, and tlie lumbering camps,

now appearing in the region imder the control of outside capital. Fur-

thermore, it is without a disposition to cooperate. Hence such workers

are at once the despair and menace of the employer and tlie labor union.

Consequently, foreign labor is imi)orted, and the mountain man is in the

way, as was the Indian. He will not necessarily become liappy if, to meet

modern industrial conditions, lie throws off liglitly his old attitude toward

life gained tlirougli centuries of adaptatiim in tlie mountains. A few of

the most versatile natives are profiting by the rapid changes; but the

great majority, formerly independent land-owning farmers, are not. Many

are .seeking employment in mill or mine, or are contracting to the head-

waters. It is significant that the leaders in the mountains, native and

mission, deplore the rapid advance of industry into the region, and that

the.v are bending every effort to prepare a civilization over a century in

arrears, to meet the rude slnx-k of the worst of our cullui'e. In the 1J)11

term of court, Perry County, l)eing invaded rapidly by railway construc-

tion, had nearly 600 cases ; Owsley County, without access to railways,

had less than 40 cases. A mountain guide in I'onnd (iaj) lamented, "The

devil is coming into the mountains on wheels." Eight years ago I re-

joiced with a clean cut. delightful, energetic man who was returning home

from the Kentucky mountains buoyant because he had doubled bis for-

tune by .securing some of the primitive fori'st at an absurdly low price.

He was bringing wealth and good cheer to his northern family. Now,

with tho.se slopes in niin<l. deforested, gullied, scorched, and sold ("un-

loaded"), I am glad that I did not smoke then, for I probably should have

acceped some of his tine Havanas. The rapid exploitation of the natural
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resources of a region by outside capital tends to harm tlie native, es-

pecially if his civilization is not modern. In this case the outcome is in

the balance.

The Futuke.

If exploitation pure and simi)le continues, tweiity-tive years will bid

fair t6 bring about the following results: The disappearance of this race

of true Americans as a unit ; the passing of the valuable timber ; numerous

forest fires in the region slashed over ; greatly increased erosion of the

steep hillsides with their soil already thin ; short periods of flood within

and below the region; long intervals of low water within and below the

region ; the reduction of fish and game ; the introduction of a foreign mining

element, also a foreign manufacturing body ; and a region of great natural

beauty changed to a region of squalidness. Presently, with the increase

of population and the value of land in the United States, the region may

be reclaimed at great cost.

Outside aid might do the following things : Regulate the exploitation

of the coal and timber so that it will be gradual ; aid the counties in

building good roads ; assist in educating the mountain people along broad

lines to close the gap between them and us ; help them to develoi) stock

raising, fruit growing, scientific agriculture, and scientific forestry. Some

of the results would be : The saving of the mountain race as a unit ; the

addition of a happy, prosperous, food supplying area to the United States

;

the prevention of the disasters of soil erosion and of flood, and the utiliza-

tion of water power.

It is being pointed out that men break down under tiie tension of

modern industrialism, unless they, somehow, are brought into contact with

the beautiful, and get away for frequent moments of change and recrea-

tion. The government owns our national iiarks; but they are far out

West, beyond the financial reach of the average worker. The government

might also establish numerous small parks in the Southern Appalachian

Highlands, whicli would become the recreation ground of millions of

workers east of the Mississippi River.
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Conservation and Civilization.

Arthur L. Foley, Head of the Department of Physics, Indiana University.

Not until recently lias man begun to think of nature's resources in

the light of the old saying that "one can not eat his cake and have it."

Today the subject of the conservation of these resources is being discussed

by men of science in every civilized country on the globe. Nevertheless

it must be admitted that the full import of the question is not yet appre-

ciated by many science men, while the public generally scarcely knows

what the discussion is about. A few years ago the writer heard an

address in which the .speaker pointed out the importance of conserving

the soil. A fellow citizen in speaking of the address said he did not under-

stand what the spealter meant, that the earth is made of mud and that no

one need be fearful of a shortage. The observation led to the reflection

that people too are made of mud, some of it not very fertile. Perhaps our

citizen did not know tliat the average productivity of the unfertilized soil

of Indiana is but half of what it was when he was a boy. Perhaps he

does not know timt all animal life is dependent on plant life, and that

plant life is dependent on a few soluble constituents of the soil which

form but a small and diminishing per cent, of what he calls mud. Per-

haps he does not know that the removal of timber and the cultivation

of hillsides permit tlie rains to dissolve and carry away the soluble

constituents and so impoverish the soil, and that every year thousands

of acres of land, here in his own State, Indiana, are ruined in this man-

ner. He does not know that every year the Mississippi River robs the

Mississippi Valley of hundreds of millions of tons of that upon which its

fertility depends, and that all other streams are doing relatively the same

thing.

But I am not to discuss the conservation of our soil, nor the con-

servation of our timber or our food supply. I shall not discuss the con-

servation of air or water, although the time lias passed when we can say

"as free as the air we breathe or the water we drink." Good pure air

is not free to everybody, by any means. If it were there would be no
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"white plague." Nor is good pure water free. Sometimes it can iK)t

be obtained at a price, as some of us well kuow. New York City is just

now completing an additional water system, this last system alone costing

one hundred and eighty millions of dollars.

I wish to direct your attention to a phase of conservation that re-

ceives less consideration than is generally accorded the conservation of

timber, food, and soil. I wish to consider our fuel supply, and its relation

to civilization.

I shall begin by defining the word energy as the capacity for doing

work; that is, the capacity for exerting force through space. Anything that

can do work has energy stored in it, the quantity of energy being measured

liy tlie amount of work the thing can do. For instance, a clock spring or

a clock weight has energy whicli it expends as it runs tlie clork; a battery

ha.s chemical energy which it expends wlien it rings a bell or drives a

motor; a head of water has energy which it expends when it drives a tur-

bine; ga.soline has energy wliich it gives out as it heats a kettle or drives

a motor car; a chunk of coal liis energy wliicli it expends when it heats

niir home or pi-oduccs the pressure to drive a steam engine.

If we represent all the heat energy in the universe by the letter

"h", all the chemical energy l)y "c", all the electrical energy by "e",

and so on, using a different symbol for each and every one of the many

forms of energy, then we may express the law of the conservation of

energy in the form of an equation—li-K'+e-H all other kinds of energy=a con-

stant.

This law exi)resses the fact that energy is indestructible. We can

neither create it nor destroy it. Wliat then do we mean when we say that

we should conserve and save our energy? To answer the ([uestion we

shall need to consider two otlier laws or principles of energy, known as

the I'rinciple of Transformation of energy, and the Principle of Dissipa-

tion or Degradation of energy.

By transformation of energy we mean the conversion of energy of

one form into energy of some other form. For instance, the energy of

the coal is transformed in the boiler into the heat and pressure energy of

steam, tlie engine converts this into a mechanical energy of motion ; this

may be used to drive a dynamo which converts it into electric energy,

this may be passed through a lamp and be converted into light energy or it

may be used to drive a motor which converts it again into mechanical

enei'gj', and so on. There is known no kind of energy that man can not
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transform into any other form of energy. He may change almost at will

tlie relative value of the energy terms on the left side of his energy

equation, but lie can not cliange their sum. No energy is lost in any

transformation. The total remains constant.

"In actual practice, however, when we attempt to transform or use

energy, we find that more or less heat energy is generated in the process,

and that this heat energy is dissipated through space. No machine is

frictionless, no wire is witliout its electrical resistance. There is no

motion of matter or electricity that does not result in the generation ol

heat wliich can not be utilized, heat which soon disappears forever in

space. This energy is not destroyed, it is lost. It is easy to transform

energy of any l^ind into lieat energy, but it is impossible to transform

all of any quantity of heat energy into energy of other kinds. Our best

steam engines have an efficiency of some twenty per cent, the efhciency of

the usual engine is not over ten per cent. This means that w waste from 80

to 90 per cent, of the coal and utilize from 10 to 20 per cent. Our best

tungsten lamps give us only about 10 per cent, of the energy of the electric

current required to operate them, and since the engine that drives the dyna-

mo has an efficiency of, say 10 per cent., the tungsten lamp gives us as light

only 1 per cent, of the energy of the coal, 99 per cent, being wasted in

the form of dissipated heat. So we have the principle of the dissipa-

tion of energy ; however we transform energy, a fraction of it—usually a

large fraction of it—is always dissipated as heat and is forever lost.

Thus while the total quantity of energy in the universe remains constant,

the useful or available energy is rapidly diminisniug. All forms of energy

are tending to go into the form of heat, to run down hill as it were, as heat

is regarded as the lowest form of energy. Consequently this Principle

of the Dissipation is sometimes called the Principle of the Degradation of

energy. It malves no difference what the final temperature of the uni-

verse may be; when all other forms of energy have been transformed into

heat the heat energy will be useless. We can not use heat energy except

as it runs down hill, from points of high temperature to points of low tem-

perature. It is doing this all the time. Diffusion is a property of heat,

and must result sooner or later in a state of uniform temperature and con-

sequently in tlie disappearance ot all available energy.

Perhaps you ask why we should worry about the condition of things a

million years hence? The reply is that we need not do so, but that we

may well take thought of what the condition may be before the twentieth
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century shall have ended. No doubt the disappearance of all available

energy is a matter of millions of years, perhaps of billions of years. But

the disappearance of so much of our available euergj- that what remains

may be entirely inadequate to supply the demands of a civilization such

as we now have, is not a matter of millions of years, not even of thousands

of years.

The progress of man has been proportional to his mastery of, and u.se

of. Nature's resources. Thus we have the Stone Age. the Bronze Age,

the Iron Age, and the Steel Age—the age of today. A 1914 model auto-

mobile, if made of bronze or iron, would not run a mile. The invention

of the automoltile could not have preceded the invention of steel. Steel

made possible the light weight engine of high power, without which flying

machines would be impossible. Without steel most of the weapons, and

instruments, and machines of today would be impossible. Without power

they would be useless. So this has been called the Age of Power or the

Age of Energy, or better still, the Age of Coal Energy, for coal supplies

almost all the energies required to do the work of the world. King Coal

reigns with a lavish hand. We feast at the tsible, apparently unmindful

of the fact that we are nearlng the dessert course of his final banquet.

Our boasted triumphs over past generations are due to the fact that

we have learned to use energy freely. W^e are not superior to those of

earlier ages, in art, in architecture, in music, In intellect. We are vastly

superior to them in our ability to make use of Nature's mineral resources.

I might even say in our ability to use coal, for without coal the production

of iron and steel would be practically impossible and the mineral re-

.sources of the world would remain undeveloped.

It is high time that we were awaking to the fact that civilization as

we know it must disappear from the earth when the available energy has

been exhausted. Concern over the social, Intellectual, religious, and po-

litical state of future generations is of secondary moment compared with

the question of the existence of civilization itself.

Each individual knows that he must die. But if he thinks the event

somewhat remote he scarcely gives the matter a thought. He may even in-

dulge in things that he knows will surely hasten the event. So with a race.

We give no thought for the morrow, but continue to use and to waste

Nature's resource.s, knowing full well that the death of the race Is the

inevitable result, and that our prodigality is speeding the day. We make

the mistake of supposing that the day Is Indefinitely removed. We



137

calm ourselves with the thought that the human race has inhabited the

world for thousands, perhaps millions of years, and still Nature is

bountiful. P>ut we should i-emember that not until this eentury lias tliere

been any ((insidcrablc draft n]Miii Nature's store of cneri^y in the fonn of

coal.

Coal was not discovered in the United .States until some two hundred

years after the discovery of America. It was .seventy years after its

discovery before it was commercially mined. For many years the output

of the mines was very small. Lately, tlie disappearance of our forests

and the astonishing increase in the use of machinery have combine<1

to make enoi-mous demands on our mines. The coal used in the United

States during the past nine years is in amoimt equal to the total con-

sumption u]) to the year 1895. The output of the mines for the year 1912

was ooS million tons—about five tons for each man, woman, and child in

the United States. Tlie figures relating to petroleum are just as significant.

The industry began in 1S59, and it was twenty-four years before the entire

output was equal to that of one year now. The output of the last eight

years eiiuals all that produced before.

Natiu-al gas is all but a thing of the past. When scientists foretold the

speedy exhaustion of the supi)ly and cried out against its criminal waste,

their cry was unheeded and the waste went on. If all the gas wells had

been properly cared for, and if all gas had been sold through meters, we

should have had the blessings of natural gas for a century to come. People

scoffed at the idea of natural gas failing. So did the newspapers through-

out the entire gas belt. The introduction of meters was fought l)y papers

and patrons, until the flnisli of natural gas was in sight. Instead of edu-

cating the people to economy and care, the papers incited them to extrava-

gance and indifference.

We are now passing through a somewhat similar experience with

petroleum and coal. Many of our oil fields have been exhausted and

abandoned. No wonder, when we note tbat the production of petroleum

of a single year is a ciuarter of a billion barrels. This enormous pro-

duction has been made possible only because of tlie dist overy of new fields

to replace the exhausted fields. The discovery of new fields can not

continue indefinitely. Most of our territory has been explored. It is only

a question of time, and not a very long time, when oil too will have be-

come a thing of the past. Tliere will remain but one natural fuel, coal,

to stand between us and a return to a primitive type of civilization.
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The life of the coal beds has been variously estimated at from one

Iiundred to five hundred years. The time will be longer or shorter, de-

pending on our frugality or our prodigality. Yet our newspapers, among

them the same ones that fouglit the use of meters for natural gas, fight

the utilization of the power of Niagara Falls, calling upon state and

national governments to preserve this wonder of Nature, the inference

Iteing that the use of the power of the Falls would mean the destruction

of the Falls. Of course Niagara should not be exploited for the profit

of individuals or corporations, nor should tlie Falls be destroyetl. It

might lie arranged to permit, at certain times, all the water to go over

tile Falls for the delight of man. I'ut in the opinion of the writer it is

.short-sighted, it is almost criminal, to i)erniit millions of horse power of

energy to go to waste, continually and continuously, merely for our en-

joyment. Does tile reader think it right to burn millions of tons of coal

each year that might be saved for future generations, all in order that

we—some of us- -may see tlie glory of Niagai'aV Who is sordid".' The

man who is willing to forego a magnificent .spectacle foi' the good of future

generations, or the man who would feast his eyes and let future genera-

tions freeze? How does tlie Niagara waste differ in princiiilc from the

uncapping and lighting of a natural gis well with the gas under a pres-

r ure of hundreds of pounds per square incli. in order that peojjlc miglit

iiear the roar of escaping gas and see the heavens illuminated liy a giant

rtamcV

I remember that when the American Association for the Advancement

of Science met in Indianapolis in 1890, the committee on entertainment

arranged for an excursion through the Indiana gas belt and a natural

gas display. At one city pipes were laid in the river and the gas liberated

under the water. We saw the river, in appearance, converted into a

seething cauldron. The sight was gr;in(l. but not ]ileasing. A man of

science could not avoid the thought that we were being entertained at

a fearful cost to future geiieiations. Recently the writer's attention was

called to the possibility of that display in the end conserving the gas

supply instead of hastening its exhaustion. Tlie display may have served

to arouse sentiment against such wanton waste and con.se»iuently to

hasten legislation prohibiting it. This mny have btcn trne in this jcir-

ticular instance, for those who saw the waste were those to wliom such

a thing would make a strong appeal. But people generally saw reckless

extravagaiK-e on every hand and were a party to it. The writer recjiHs
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a gas well within six miles of bis father's home that was permitted to

burn almost a year before the flow was stopped. The gas wasted from

that well alone would be sufticient to supply a city of moderate size for

a hundred years. Truly we are reaping where we have not sown, and

are leaving but little of the harvest for future generations. To realize

the truth of this statement you liave but to consider the enormous de-

velopment in the use of mechanical energy during this generation, and

the necessarily enormous consumption of oil and coal required to supply

that energj'.

The one-horse buggy has been superseded by the thirty horsepower

runabout, tlie two-horse carriage by the forty-horse touring car. the two-

horse wagon by the sixty-horse auto truck, tlie two-liorse stage coach by

the five-hundred horsepower locomotive. The horse car has given place

to the electric car, the sail ship to the steamship or dreadnought, the

canoe to the motor boat, the bicycle to the motorcycle, the foot or hand

press to the power press, the typesetter to the linotype, the tallow caudle

to the electric lamp.

Once man ate wliat his own fields produced ; now much of his food

comes to him from the ends of the earth. Once man was content to worship

in the little church at the cross-roads ; now he must attend conventions

in Boston or Los Angeles. Once he thought twenty miles a journey ; now

he travels a thousand miles to see a ball game.

Now the house wife must have her electric irons and cookers, power

washing machines, and vacuum cleaners. The farmer must have his feed

clioppers. shredders, threshers, and pumps, all operated by power, lately by

gas engine power. The thousands uf windmills that dotted the country

twenty years ago have disappeared—replaced by gas motors. The grocer

grinds the coffee by electricity and delivers it with an automobile. The ab-

surd extremity to which we liave gone in the application of power is illus-

trated when an auto delivery wagon calls for and delivers a ten cent

package of laundry. These things are little things, but they illustrate

the spirit of the age. We do nothing ourselves that we can get Nature

to do for us. We give no consideration to the fact that we are burning

the condensed sunshine of bygone ages. Our only question is, "What does

it cost?" What does it cost us'i Not what it has cost Nature, or what it

will cost future generations.

The value of coal is fallaciously reckoned on what it costs to mine

and transport it. The fact that coal represents energy stored by Nature
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through countless ages of time is not given a moment's tliought. Figuring

this way, if we can manufacture ice a penny a ton cheaper than we can

harvest the natural ice, we proceed to burn coal to make it. Think of

the waste. Burning coal to make ice, when all the ice we need could be

had for the harvesting. You say that natural ice is not produced in the

tropics. Neither is artificial ice, in any quantities.

We flood our streets with oil, because we think it a cheap way of

keeping down the dust ; cheap only because we fail to consider tlie energy

content of the oil and what it has cost Nature to produce it. The time

will come when such extravagance will be prohibited by statute.

The fact is that we fail to realize that oil and coal are a legacy

that has come to us from bygone ages, deposited in Nature's bank. "We

are spending our substance in riotous living, but unlike the prodigal have

no place to go when it is all spent. Doubtless something will fall on

our neck, but there will be no fatted calf.

The writei- has painted a gloomy picture, such a picture as would have

been painted twenty years ago, with dark clouds hanging everywhere

about the horizon. However, the picture needs Imt one change to represent

tlic ((iiiditioiis today. There is a rift, a small rift, in the clouds; a rift

that may close and leave us again with leaden and ever darkening skies;

a rift that may open wider and wider and leave us tinally with the glorious

sunshine of a cloudless sky. Whence the riftV

The eiiei-gy content of matter deixMids on position and motion, not

only on tlie position and motion of the mass as a whole. Init u])on the i)o-

sition and motion of the constituent i)ai-ts. Experienci' tells us that the

energy liberated during any change is relatively greater the smaller the

ptirts taking i)art in the change. For instance: the energy required to

change a gram of water into steam, a change of ]iosition of tli<' moleiules,

is twenty times as great as the energy of a speeding rifle bullet of the

same mass. To effect an atomic change, that is, to separate the hydrogen

and oxygen atoms which form the water molecules, requii'os five times

the energy involved in the molecular change. When the atom itself

breaks up, disintegrates, relatively enormous ciuantities of energy are

liberated.

Radium is a substance in whith this electronic or sul)-atomic cliange is

going on continuously and spontaneously. It is continually thi'owing off

or radiating minute paiticles, and so we say that radium is radioactive.

A mass of riulium gives off enough energy every hour to melt more than
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its owu weight of ice ; and it does tliis day after day, year after year, and

it will continue to liberate energy until the last trace of the radium has

disappeared, a process that we have every reason to believe will require

ages of time.

Many other substances beside radium are linown to be radioactive.

All substances may be more or less radioactive, the difference being one

of degree rather than of kind. However this may be, we now know that

there is stored within the atoms of matter quantities of energy, intra-

atomic energy, beyond the powers of man to estimate. This is the rift in

the clouds. It was produced by the discoveries of Becquerel and the

Curies.

The rift in the clouds is not quite as wide as it was a few years ago,

for so far man has failed absolutely to influence these radioactive processes

in the slightest degree. Whether at the temperature of liquid air or the

electric furnace, in boiling acids or alkalies, whetlier in a vacuum or at

a pressure of a thousand atmospheres, whether inside or outside the

strongest electric and magnetic fields man can produce, the rate of dis-

integration and consequently the rate of liberation of energy appears to

be absolutely constant. Perhaps we may not hope to be able to control a

change in the atoms themselves, for have not the atoms existed through

countless ages and successfully withstood pressures and temperatures in

Nature's laboratory exceeding any that man can bring to his service in

the chemistry or physics laboratory?

That this intra-atomic energy exists is not theory. It is a fact that

is as well established as any fact in science. Man hopes some day, some-

how, somewhere, to unlock this infinite storehouse of energy. Today

Nature stubbornly holds the key. The probability of man being able to

wrest it from her is anything but bright. But we should not be, we must

not be, discouraged, for it is our only hope. If the secret is ever dis-

covered and we succeed in tapping this supply of energy no mind can

imagine the bights to which civilization will mount by leaps and bounds.

If the secret eludes us civilization is doomed to return to a primitive state

from which it can never emerge.

Perhaps you urge that our estimate of the life of the coal beds is

too short. If it were In error by one hundred per cent., and no authority

claims as much, the depletion of our coal supply is simply moved forward

a few generations. The ultimate outcome is unchanged.

Perhaps you say that the writer has failed to consider the possil>ility
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of usiug the energy of the sun's rays. You should remember that some-

times we do not have enough sunshine in Indiana in a week to supply

heat for a cup of coffee. It is a fact that where heat is most needed,

and when it is most needed, to heat our homes and run our factories,

there and then is the least sunshine. Imagine London depending on sun-

shine for heat and power. In winter when we need the most heat the

sun shines the fewest hours per day, the fewest days per week, and the

sun's rays are most oblique. Taking into consideration the necessarily

low etliciency of any engine working between the temperature limits of

an engine for using the sun's radiation, and the very large surface from

which the enei'gy would liave to be gathered, men of science are agreed that

the prospect of a practical sun.sliiue engine are exceedingly remote.

Finally it may be argued that the writer has failed to see a rift in

the clouds arising from the possibilities of water power. The answer is,

there is no rift there. No doubt the use of water power will postpone

the gathering of the clouds, but it will not disperse them. Leaving out

of considerjition the fact that water power is usually most abundant where

least needed. th;it the available power varies greatly with the seasons, that

the available water i>ower is diminishing from year to year with the removal

of forests and the driuning of swaniji lands, let us renienilier the f;ict that

the total water jiower of flic wm-lil is almost notliiiig coiniiarcMl with man's

demands.

A single ocean linci' burns fifty car loads of coal per day. To supply

the i)ower for such a liner would rciinire ten such water power i)lants

as the one on Wliiti' River at Williams, near r.edford, which cost several

hundred tbousand dollars. Then. too. it would retpiire all the ten plants

to operate at full capa<ity. which tlic Williams plant can not do a con-

siderable i)ortion of the year, the supply of water lieing iiisuthcient. The

writer is infoiined that it is not using water power at all as this is being

written.

Every fifteen days the new automobiles marketed by a single manu-

facturer of cars of low horsepower eipials the entire water power de-

velopment of the Mis.si.s.sippi River, at Keokuk. Every tliirty days the new

engines turned out ))y this one firm etiual in power the total water power

developed at Niagara. The total horsepower of the automobiles now reg-

istered in the United States is greater than the estimated total available

water power of the country.

It would appear that one need not go further to show the utter
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inade(iuae.v of water power as a substitute for oil and coal. Those wlio

think otlierwise usually consider the (juestion from the standpoint of

factory power only, leaving out of consideration the enormous (luantities of

energy required to heat oiir homes, and to supply lieat for such processes

as ore smelting, cement manufacture, Iirick. tile and glass making, and

thousands t)f others. To ecjual one ton of coal per mouth for heating

l)urposes one would reijuire the entire output of a fourteen horse-power

plant, running twenty-four liours per day thirty days per month. If there

are five hundred thousand families in Indiana and if eacli family con-

sumes an average of two tons of coal per mouth during tlie winter season,

the consumption is the heat eciuivalent of fourteen million horsepower.

Kememl)er, too, that Indiana is not a very populous State and that its

climate is not severe.

Profes.sor Soddy states tlie facts in his little volume on "Matter and

Energy" when he .says tliat "the age in wliicli we live, tlie age of coal,

draws its vivifying stream from a dwindling puddle left between the com-

ings and goings of the cosniical tide.".

We are to "witness a race, a race between science ou the one hand and

the depletion of our natural resources on the otlier hand." This race will

be run chiefly by pure science, not by applied science. Engineers and in-

ventors make their reputations and tli?ir fortunes by devising new and im-

proved methods of using our natural resources ; tliey are not concerni-d with

the atom, the latest and the greatest energy re.servoir discovered by man.

We must look to such scientists as Beequerel, Curie, Rutherford, Ramsay.

We must look to the humble, overworked, underpaid scliolar toilin.g away in

liis laboratory. If lie fails us, darkness comes.
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Why Do Our Birds Migrate.

D. W. Dennis.

It i.s insettivorous and "therefore" a migrant, is a common phrase in

literature about migrants ; it is the purpose of this brief paper to take

the therefore out of of this sentence ; to maintain that what a bird eats has

nothing to do with the great bird movement from the south to tlie nortli

in the spring and ))aclj again in the fall after breeding.

The Pennsylvania reed bird, the bobolink, doubtless stops at the reed

swamps in Pennsylvania for refreshments on its way south ; the Soutli

Carolina rice bird, another name for the bobolink, takes toll of the rice

swamps ; but no one tliinks that tlie reeds or the rice are tlie cause

of the migrations. Surely if they had not wings, they could liardly fly

from the equator to Manitoba, but this does not make their wings the

cause of the journey : nor is their food the cause.

It is stoutly maintained that climate is the cause. This, like wings

and food, renders the journey possible; but it cannot in all cases cause

it, for many water birds, like tlie gannet and the petrel, go to their breed-

ing grounds from colder to warmer water and many from warmer to

colder. They go to inhospitable, inaccessible rocks that they may nest in

a place of safety, as I believe.

I was impressed at Wood's Hole in the summer of 1901 to see tern

flying by in great numbers every morning. Later I visited their breeding

grounds at Penikese ; they were flying by Wood's Hole to get food for the

day ; they had not come to I'enikese for food, for they came in such num-

bers that they overtaxed the fishing grounds for more than twenty miles

to the eastward. They had not come for climate, for they had come from

all available areas, colder as well as warmer. Perhaps it is admitted that

they came to lay their eggs and rear their young safe from destructive

mammals, including boys.

10—4966



146

The facts about the blackpoll warbler sustain this theory almost as

well as those about the ter tern, tlie gannet or any other water species.

The Blackpoll. It winters south of the equator and nests north of the

Arctic Circle; its journey to its breeding grounds is a 10,0(JO miles round

trip. It passes through Richmond about May 15 and returns September

15 ; its movements as it passes by us are delibex*ate. It cannot spend

more than two montlis in its northern habitat; these must be very busy

months. Nest making and family rearing are its chief business <luring

these two months.

In a few minutes, oi- at least liours. the salmon prepares his nest an<l

lays liis eggs l.(Ml(> miles up the ("dluniliia from the I'acitic. and we con-

clude he came for tliis.

In two montlis the blackpoll prepares its nest, lays its eggs, hatches

its young, and rears them beyond the most critical periods of their exist-

ence, and starts back. Did it come to eat insects on the way. or to dis-

charge this race dnty? It is a ground iiester ; on or near the grotmd in

that high latitu(h' its c^rgs and laniily are safe from nest-robbing reptiles

which abound in tiic warmer disti-icts where it makes its winter home.

Does it not make it wisdom's child, if it makes this long journey to nest

in safety".' If. as .Vristotle said li.HOO years ago, the study of z<M)logy is a

study of litness. it is real zoology to study the migrations of such birds

as the blackpoll.

This argument applies to the water birds, which in countless num-

bers and numerous .species fly over Indiana in early spring. The great

majority of these nest on the ground near lakes and streams ; some of

them on floating islands in lakes, just the places where the eggs and young

would be unsafe in their winter honies on account of reptiles.

The young of these birds swim almost from the shell, and would l)e

reasonably sure to be eaten in southern waters.

The arginnent applies with alm<>st the .siune force to all indefensible

ground and low bush nesters. among which are the field sparrows, the

vesper sparrow, dick-cissel. grassho])per siiari-ow. Savannah sparrow,

bobolink, meadow lark, ground robin, brown thrasher, etc.

Nearly all our migratory birds show protective coloration, or sexual

dimorphism ; these are a confession of inability to take care of themselves

or their homes, in fight. Those that exhibit sexual dimorphism are

—
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Bluebird,

Robiu,

Redstart,

Canadian warbler,

Wilson's warbler,

Hooded warbler.

Yellow-breasted chat,

Maryland yellow-throat,

Mourning warbler,

Connecticut warbler,

Kentucky warbler,

Prairie warbler.

Pine warbler,

Kirtland warbler.

Black-throated green warbler,

Bhickburnian warbler,

Blackpoll warbler,

Bay-breasted warbler,

Chestnut-sided warbler,

Ceru'.eau warbler,

Magnolia warbler,

Myi'tle warbler,

l>la( k-throated blue warbler,

Yellow warbler,

Cape May warbler.

Northern parula warbler,

Parula,

Tennessee warbler.

Orange crowned warbler,

Nashville warbler,

(j| olden-winged warbler,

Blue-winged warbler,

I'rothonotary warbler.

Black and white warbler,

Summer tauager,

Scarlet tanager,

Dickcissel,

Indigo hunting.

Blue grosbeak,

Cardinal.

Towhee,

Junco,

American goldtineh,

Redpoll.

I'urple finch,

Pine grosbeak,

Evening grosbeak,

Baltimore oriole,

Orchard oriole.

Redwing,

Yellowheaded blackbird.

Cow bird,

Bobolink,

Humming bird,

fifty-four in all. The proof which all of them furnish is the same which

the blackpoll warbler furnishes. The have, perhaps, come a less distance

in all cases, and stayed a somewhat longer time.

All the balance of our migrating birds exhibit protective coloration,

or are very inconspicuously colored—a confession of inability to protect

the nest and an argument that birds migrate to protect it. A few con-

spicuous examples are

:

Meadow lark. Night hawk.

Vesper sparrow, Wlii])poorwill,

Little brown creeper. Rails,

Field sparrow. Quail.
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Our birds which build protected nests, or which are able to protect

their nests are not migratory birds as a rule. I know of but one clear

exception, the sapsucker. Our birds which build unsafe nests or which can-

not protec-t them are migratory birds as a rule. I know of no exception that

is clear. The Phoebe arrives when its food is scarce, and it leaves a land of

plenty, a land of insects ; food cannot be the attraction. That climate is

not the compelling cause is shown by the fact that many birds arrive when

the climate is very severe ; it even kills thousands of them sometimes.

That birds are indigenous in the north ; that they are migrating in

the fall instead of the spring; that in the spring they are just going to

their preglacial home; and that nostalgia is the real cause requires us to

believe thiit birds have a way of preserving a record of their lost Atlantis

that we do not possess, and may be dismissed as wholly psychological.

The salmon goes a thousand miles up the Columbia to spawn ; the eel

<luestion has at last been solved : it goes to the deep sea to spawn. Sea-

birds go to isolated rocks for the same purpose. It is the conclusion of

this paper—there l)eing no shred of evidence against it, and many weighty

reasons for it—that our migratory birds go north for safety in nesting.
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Flood Protection in Indiana.

W. K. Hatt.

Organized effort to study the causes and to lessen the effect of floods

in Indiana begins with tlie appointment of tlie Indiana Hood Commis-

sion by Governor Ralston on April 20, 1914.

This commission is composed of one member from each congressional

district and the personnel is as follows

:

Mr. E. W. Shirlv, I'eru, Chairman.

I'rofessor W. K. Hatt. Purdue University. Lafayette, Chief Engineer.

Mr. Frank C. Ball. Muncie.

Mayor Benjamin Bosse, Evansville. .

Mr. William Cronin, Terre Haute.

Mr. .Stephen B. Fleming, Ft. Wayne.

Mr. J. H. Fredericlv, Kokomo.

Mr. S. J. Gardner, New Albany.

Mr. Victor M. O'Sliaughnessy, Lawrenceburg.

Mr. Joseph C. Schaf, Indianapolis.

Mr. W. N. Sliowers, Bloomington.

Dr. Chas. K. Stoltz, South Bend.

Mr. Herman Trichler, Brookville.

The commission met first in Indianapolis, on April 30, 1914.

The purpose of this commission is to consider the extent of damages

due to floods in the State of Indiana, and to report to the Governor what

measures should be taken to provide relief in the future.

The commission expects to issue its final report in 1915. This report

will contain a full presentation of the history of floods in Indiana, a sum-

mary of tlie causes of floods, a collection of available data or rainfall,

river discharge and topography, a discussion of flood protection works and

a discussion of the principles of legislation to provide for flood relief.

This pre.sent pamphlet is an abstract of the forthcoming report of the

commission, prepared in non-technical style for general information.
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Fi.ooi) OF March, 3913.

The appoiutmeut of this commission was the direct result of the flood

of March, 1913, iu which 467 lives were lost and over $160,000,000.00 of

property destroyed in the United States. The memory of this catastrophe

is still fresh in the minds of the people of Indiana, in which State thirty-

nine lives were lost, and over $18,000,000 of property destroyed.

The total loss in the flood of March, 1913. can never be known. The

interruption of transportation and of business, tlio destruction to farm

lands by cutting of banks of rivers and covering of bottom lands with

gravel, the loss of productive capacity of manufiicturing plants, and the

sickness following exposure, are not susceptible of exact computation.

I'rofessor Beetle of Indiana University reports a total damage of ap-

proximately one-half million dollars in seven counties in the lower Wliite

Kiver basin, in which also nearly eight tliousand acres of agricultural

land were denuded of soil and some sixteen thousand acres of river bot-

toms were covered with soil and silt. He estimates the loss to agricultural

land in this region as nearly $250,000.00.

The loss reported by county auditors to county roads and bridges

alone, was over $3,000,000.00. Otlu-r tangibl<> loss(>s that have been deter-

mined are shown in Tal)le 1. It is ])robable that the loss during the flood

of March. 1913. in Indiana, may lie estimated at over $2r».000,(Mi(i.(Ni.

Indeed the ( atasti-oiilie was so general over the ( )liio \alley that it

excited the sympathy and support of the entire natitm. Tlie (lovernor

of the State of Indiana received $ in subscriptions for the relief

of Mood sulTcrcrs in this State.

Part op- Damaoks Sisi alnkd in rni<; Fi.oou of Mahcii. li)!."!.

1. County highways and bridges .$2,825,240 00

2. Railroads—steam 5,299,810 00

3. Electric railways 788,000 (X)

4. Buildings and personal projterty 8,104,250 00

5 Telephone and telegraph 17,510 00

6. Crops 735,700 Oo

7. r.ivestock 149,380 00

8. Farm lands 2(i4,7(i0 00

9. Suspension of imsiness 582,000 00
»

Total $18,7(;6,590 00
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Counties not included in (l)~Cass, Clinton, Fayette, Floyd, Miami,

Sullivan.

Railroads not included in (2)—C-entral Indiana K. K., Chicago and

Wabash R. R, Cincinnati, Hamilton & Dayton R. R., Toledo, Peoria & W.

R. R., Toledo, St. L. & W. R. R.

Electric lines not included in (3)—Marion and Blufftou Traction Co.,

Bluft'ton. Geneva & Celina Traction ('o., Central Indiana Lighting Co.,

Indianapolis Street Railway Co., Ix)uisville and Southern Traction Co.,

Louisville and Northern Railway and Light Co., Vincennes Traction Co.,

Washington Street Railway Co.

(5) Includes Indianapoiis Telephone Company only.

Counties in flood districts not included in (4). (0), (7), and (9)—
Adams. Blackford. Cass, Clark, Clay, Clinton, Fayette, Floyd, Fountain.

Franklin. Gibson. Grant, Greene. Harrison. Howard, Huntington. Jay.

Jefferson. Ohio, I'arke. Perry. Putnam, Randolph. Ripley. Scott. Sullivan.

Switzerland, Tippecanoe. Vanderburg, A'ermillion, Mgo. AVabash, Warrick,

Wells, White, Whitley.

(8) Includes loss only in 280 miles of East and W(>st Forks of the

White River through Morgan, Owen, (ireene. I>aviess, Knox, Jackson,

Lawrence, and Martin counties.

First there are six main problems to be solved before our Indiana

communities can protect themselves against floods.

First Problem.

Flood Flotv.

First there must be proper information as to the amount of water

carried safely in a channel. To determine this amount we must first

know the rainfall that may reasonably be expected at a time not too

remote, and the rapidity with which this rainfall runs down the watershed.

In considering flood protection in Indiana we are barred at the out-

set from a sure solution at present, first, on account of a lack of rainfall

records over a sufliciently long time: second, by a lack of stream gagings

to determine the amount of water which does run down our streams dur-

ing heavy rains ; and third, by a lack of surveys of watersheds.

In other words, a heavier storm than any that has been recorded in

tbe last thirty years of our rainfall records, may come in the future,

but our records do not serve to determine the probal)le extent of this

storm.
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Again, we haA'e not gaged our streams to know the relation between

tlie runoff and the rainfall. Such records as are gathered in other com-

munities will not apply to our peculiar conditions, that is, two water-

slieds of equal area, one long, narrow and V-shaped, and the other broad

and fiat, will yield very different flows in the streams. Again, the char-

acter of the surface, whether of rocky formation or swamps or farmland,

will change the conditions.

Therefore, to obtain an exact solution of our flood problems we must

first of all get accurate surveys and determine the flow of our streams.

Tliis cannot begin too soon. For this reason, the Indiana FU>o(l Commis-

sion recommends an early beginning of this work of surveys and sti'eam

gaging.

Tliese surveys are most im]K)rtant for another purpose, naniely, to

dt'tcrniine if the water of the upper reaches of the rivers lan be held

back for a time in reservoirs. Fcm- instance in the ca.se of the Wabash

liiver at I>ogansport. which carries tlie floods from the ujjper Wabasli,

the MississinewM. the Salaniwiiie, .-iikI the Kel Itiver, we would like to

know if it is po.ssible to And reservoir sites in the valleys of these tribu-

taries, so that the flood flows may be controlled. Each tributary flood

might be held back to the proper amount, and for the proper time, so as

to let these flood flows by Logansport one b.\- one.

For example, in Ohio, it was found that by reservoir control, flootl

protection could be obtained for the cities of the Great Miami Valley at

a cost of $17,000,000.00, whereas the total sum of the cost of the indi-

vidual prote<tion .schemes gotten up by each city acting separately was

over .$l(»<t.(Mi<>,(j<J().(j<). The study of reservoir protection for the Miami

\ alley was made by the use of the topographic maps of the State of Ohio

from which re.servoir sites were planned and preliminary estimates worked

up. Later on, detailed surveys sliowed that the preliminary work was

accurate to within one per cent. The topographic survey of Ohio is 87

per cent, complete, whereas the Indiana survey i.s only 9 per cent, com-

plete. If wo were fortunate enough to possess topographic maps of the

State of Indiana, we could go ahead immefliately to .study flo(Kl protection

in a more complete manner.

The topographic map of the State is not only necessary for comi)lele

flood protection studies, but it is of u.se in the following:
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(1) As a preliminai'y map for planning extensive drainage projects,

showing areas of catchment for water supply, sites for reservoirs, routes

of canals, etc.

(2) For laying out highways, electric roads, railroads, aqueducts and

sewerage systems, thus saving the cost of preliminary surveys.

(3) In improving rivers and smaller waterways.

(4) In determining and classifying water resources, both surface

and underground.

(5) In determining routes, mileage, location of road-building material,

and topography in country traversed by public highways.

(6) In classifying lands and in plotting the distribution and nature

of the soils.

(7) As base maps for the plotting of information relating to the

geology and mineral resources of the country.

Our first problem is therefore to gather reliable information as to

stream flow and topography.

The Indiana Flood Commission, however, realizes that critical con-

ditions exist in several cities which can not wait the ten or twelve or

fifteen years required for the completion of such surveys. The commis-

sion has therefore made the best solution it can, and has studied all

available records, has computed rainfall and runoff, and determined to

the best of its ability, the amount of water which an Indiana city may

expect to take care of during future flood time.

Briefly, the records of the heaviest storms in the Ohio Valley region

have been studied and the relation between the drainage area and the inches

of rainfall worked out for these storms. Several of these storms have been

studied, notably those of October, 1910 ; January, 1913, and February, 1884.

For instance, it was found that the center of the storm in January, 1914,

was over Southewestern Kentucky ; the center of the storm of March, 1913,

was over a line from Mt. Carmel, 111., to Richmond, Ind. It is reasonable

to expect as a matter of chance, that similar storms in the future will be

centered fifty to one hundred miles from its former center. Cities must

therefore reasonably expect to take care of such storms.

The result of the study is equivalent to fixing a future exjiected rain-

fall as equal to that of the storm of March, 1913, plus one-third additional

in the White River Valley, and one-fourth additional in the Wabash

watershed. Small drainage areas are yet to be studied. The river dis-
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charge re.sultiug from the specified rainfall is determined from river

gagiugs at selected points during the flood stages of March. 19l:>. Ad-

justments are made for various rainfall and channel slopes directly as

the rainfall and as the one-fourth power of the slope.

To determine the area of channel or bridge opening to carry this

flow, the commission suggests tentatively six feet per second as a flood

velocity through aii improved channel, and not over eight feet per second

as a velocity through bridge openings. In any particular case, special

study of channel conditions must be made. The Indiana Flood Commis-

sion has thus proceeded with the compilation of recommended bridge

openings throughout the various parts of the State, as an approximate

solution of our present difficulties. A survey of actual bridge openings

through the State accompanies this study.

Second Problem.

Design of Works.

The second jirohfi'm is to design flood i»r<i(('ction works to take care of

the water which is recommended to be carried. This is not a ditficult

l)roblenis, involving only good engineering knowledge and judgment.

'I'hese flood improvements will consist in improvement of the chan-

uels of the rivei's invnlviiig cleaning and straightening the river bed and

lengthening the bridges, and removing obstructions, and secondly the

building of levees to retain the flood heights. If proper surveys exist,

reservoir control may l)e studied.

The Indiana Flood Coramissicm lias gathered together a number of

plans th;it Inne been drawn for the Indiana 'ities. and it is in a posfiion

to assist comnuuiities that desire ailvice on the nature ol flood i)rotecti(in

works.

TlllKI) I'KOIil.KM.

<'()iis1iii<ti(/ii W'di!..

After complete information l-as been gathered, and the best engineer-

ing skill has been operating, a third and most important stej) must be

taken. There must be some organization to finance and build Hood pro-

tection works. In other words some legislative action unist be taken,

some so-called enabling legislation. In any community some agency must

be created to determine the necessity of imjjrovements, to direct their

construction, and to establish an assessment roll for benefits and damages
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within a district detiiieu in advance. And this agency must he appointed

and directed by the courts or by a State board.

This is the crucial problem. It involves the coordination of several, at

present unrelated agencies, as for instance the city government, the county

commissioners, and the railways.

Of what benefit is it to a city lilve Peru, to spend .?o50,(J00.00 on a

levee, if this scheme demands for its proper action the lengthening of a

county or railway bridge, wlaen the county commissioners or railway

officials refuse to coopoi-ate.

It must also be remembered that we all have gone ahead creating new

obstructions in the flood plain and in the channel which interfere with

the flow of our flood waters. Railways, cities and county commissioners

are responsible for the conditions. Channel obstructions must be removed,

and either tlie State or tlie Federal Government must take action. Some

control must be exercised over present as well as future constructions in

the channels.

Fourth Problem.

Valley Protection.

When we take a wider view than that of the specific problem of a

.single city, we must consider a flood protection scheme from the stand-

point of the watershed as a whole. One city in Indiana has made flood

protection plans which deflect the water around the city, and throw it

around in increased volume on its neighboring down stream. Cities often

content themselves with sluicing the water through the cities and pile them

up on communities below. Here is again the problem of state action to

protect the whole people. Fortunately this is not merely an action of

control, but means a wider viewpoint that may disclose a cheaper and

better method of protecting the whole valley.

Fifth Problem.

Maintenance.

After these works have been constructed, we have a fifth problem in

their maintenance. It nuist be recollected that these works are built to

protect against floods which happen only once or twice in a generation.

Naturally such works as leeves and reservoirs will tend to be neglected

during this unused interval. If people construct dwellings and operate

industries in a space supposedly protected by improperly maintained reser-
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voirs, or levees, they are in jeoardy. In this case the State must exer-

cise some power to protect the people and see that these works are main-

tained.

Sixth Problem.

Federal Action.

In considering the question of floods the view is successively of city,

of county, of watershed, of State ; and finally the rights and duties of

the Federal Government come into view. Our present problem is to delimit

and properly apportion the action and responsibility as between the States

and the Federal Government. At present the Federal Government controls

all openings and obstructions in navigable streams. The logic of the situa-

tion would extend this to the upper reaches, because what happens there

will affect navigation below.

For instance, if, due to obstructions, bars pile up on bridges and .soil

is washed down and creates burs below, there is a nal connection between

the upper reaches and the lower parts of the river.

Again, the Weather Bureau is in the best position to take observations

of rainfall, and the Geological Survey can best and does make the topo-

graphic surveys, and the stream gagings.

Thus in this problem, the complex question of the division of water

control, as between the States and tiie Federal Government, is to l)e de-

termined in the future. A watershed is a natural unit, and not a political

unit. There should be some coordination between the States in the Ohio

Valley, whose problems are very similar.
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An Apparatus for Aerating Culture Solutions.

Paul Weathebwax.

A number of experiments ou various pliases of plant physiology, in each

of which it was necessary to secure a constant stream of tiir continuing for

several days, has led to the construction of a very efficient piece of ap-

paratus for that purpose. The apparatus used by Prof. D. M. Mottier sev-

eral years ago for aerating artificial cultures of algie was modified by F. L.

Pickett and ased in a series of experiments on desiccation ; and the writer

has made some further changes in the construction of the apparatus shown

in the figure and described below. This is now being used very success-

fully in the aeration of culture solutions.

The princple employed is that of the Sprengel mercury pump (water

being used as a liquid in this case) by which bubbles of air are entangled

in a stream of liquid which flows into a closed vessel. The only thing that

remains to be done is to separate the air and the liquid, which are under

slight pressure, and convey them from the reservoir by separate tubes.

The first problem is that of getting a stream of water that will flow

uniformly. An attachment to a w-atei- pipe is usually sufficient for this.

If this is not satisfactory, however, a siphon may be arranged to give a

uniform flow. D, in the flgure, is an ordinary battery jar provided with

a siphon, B, which has an adjustable stopcock. A, which taps a water

pipe and has an adjustable stopcock, supplies the jar with water a little

faster than it is taken out by the siphon, B. Another siphon, C, removes

the excess and keeps the water always at the same level, determined by

its outer end, thus assuring an even flow, which .should be just fast enough

to cause the water to fall as a succession of drops.

The funnel, E, made by fitting a stopper into the end of a short piece

of glass tubing about 1 cm. in diameter, has tlie end of the slender tube, F,

extending 2 or 3 mm. above the cork. By means of this arrangement the

water dropping into the funnel is cau.sed to descend through the tube as

a series of drops separated by spaces filled with air. Thus, if no escape

is allowed, the reservoir, K, is filled with water and air under a pressure
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equal to that of the aggregate length of all the water droits in E at any

one time. But the air escapes through H. under control of a pinchcock,

and the water is forced out through G. The waste water escapes through J.

The flow of air through H must be so regulated that water is forced

out through G just a little faster than it enters from F. This provides for

au occasional release of surplus pressure by the escape of air through G

and prevents the filling of K with water, as will be the case if the air is

allowed to escape too fast through H. The only irregularity of tlow is at

tlie time of the release of pressure through G ; but the air stream is seldom

interrupted for more than a few seconds, and by careful adjustment the

frecjuency of these interruptions may be reduced to a minimum. Perfect

adjustment would entirely eliminate these irregularities I>y allowing the

water to escape through G just as fast as it enters through F ; but, per-

fection being impossible, it is better to have the intei-ruption occur as an

escape of air through G than of water through H.

Theoretically the pressure of the air issuing from H, and consequently

the depth to which a solution can be aerated, is determined by the vertical

distance from the level of the water in K to the outlet of G. In practice,

however, the apparatus fills somewhat short of this, due to friction of

the air through H and the capillarity of the liquid to be aerated. The

density of the culture solution is, of course, a determining factor also.

The efticiency of the apparatus depends largely upon the nature of the

tube F. If it is of too small l)ore. the friction is too great; and if it is

too large, the water has ;i tcndeney merely to luu down the inside surface

and fails to carry any air with it. A very satisfactory size of tube is

one having an internal diameter of 2 to 4 nun. If a larger cpiantity of air

is needed at H, tiie pressure to remain the same, it is ])ett(r to use two

tubes for F than to try to increase the capacity by substituting one larger

tube. If the pressure is to be increased and the amount of air to be de-

livered in a given time is to remain the same, (i must be lengthened, and

this may nece.ssitate the lengthening of F also, for F will carry air only

so long as the aggregate length of its water column is greater than that

in G. In adjusting the apparatus, glass or metal stopcocks have been

found more satisfactory where the flow of water is to be regulated, while

pinchcocks on pieces of rubber tubing have been found best for regulating

the stream of air.

When well adjusted and in good working condition the apparatus is

economical. Tests on the one now in use have shown that it can be made
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to deliver 50. e. c. of air per minute at a cleptli of 15 cm. in a i per ceut.

Kuops solution at the expense of 50 c. c. of water. At this rate less than 20

gallons of water per day would be used with the apparatus running con-

tinually.

The apparatus as now in use is designed for the aeration of water cul-

tures, but its wide range of adjustment and its economy will permit its

being used for many other purposes. Various devices may be attached at H
for changes of temperature, humidity, or chemical nature of the air, pro-

vided that allowance be made for the increased pressure tliat may be

necessary.

Where it is desired that the stream of air be carefully guarded from

outside contamination, this apparatus is clearly the superior of any by

means of which the air is drawn through tubes by an aspirator at the end,

for it is a decided advantage in such cases to have the pressure, which

determines the direction of any possible leakage, outward rather than

inward.

India/na University,

Bloomington, Indiana. ¥
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Antagonism on B. Fluorescens and B. Typhosus
IN Culture.

p. A. Tktrault.

It is a fact loiiK cstahlisluHl that when two organisms live together

in close relationship, tlie association will be one of tolerance, of mutnal

benefit or of one-sided injury. The term antagonism as used in this paper

has more the meaning of one-sided injury. The phenomenon, for the bac-

teria, was recognized as far back as 1888 when I^eudenreich and Garre.

working independentl.v. demonstrated specific antagonisms l)etween given

bacterial forms. The last named worked especially with li. typhosus. It

was found that the typhoid organism did not tlirive in a medium wliere

certain other bacteria had previously grown ; in other words, the cell

secretions were toxic for B. ti/ijhosus.

W. D. Frost,* working on this same problem, discusses a number of

theories advanced to account for this phenomenon.

One theory is that of the exhaustion of the food suitply. All the

available food has been extracted from the medium by the first organism

growing on it. This was controverted by Olitzky by demonstrating that

Micrococcus aureus would grow on a medium which had nourished a

previous crop of bacteria but which did not permit the growth of B.

typhosus.

Another theory was that of enzyme action. This, Frost says, could

not hold in this case because enzymes are colloidal in nature and could

not pass through a collodion membrane.

A history and comparison of the different cultures used in my work

is given below.

All the cultures came fnmi The Museum of Natural History, New
York. No. 29 was obtained originally from the University of Chicago

and was isolated from the swimming pool. No. -100 came from the Krai

laboratories, Germany. No. 31 also came from the University of Chicago,

*The Antagonism Exhibited by Certain Saprophytic Bacteria against the /i. typhosus Gaffky.
Jour, of Inf. Diseases. Nov. 5, 1914.

11—4966
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was isolated from the Mississippi River and was labeled B. fiuorcsceux

liqiiefaeiens* No. 502 came from the University of Vermont and was

labeled B. flnorescens tenuis.

When grown on various media these cultures gave the following re-

actions :

Table I.

Media.
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taining the same kind of medium. After sterilization in the autoelav,

the .sac and flask are inoculated with the different cultures to be studied.

The sac prevents the bacteria from minj^linj; but, being permeable, permits

the diffusible products of metabolism to distribute themselves uniformly

throughout the liipiid nunlium. l>,v taking samples from both tube and

flask and plating, it becomes a rather simple matter to determine whether

the life or the growth of either organism is affected by the manufactured

products or wastes of the other.

The experiments were run in series. Each series consisted of Ave

flasks. Four of these contained B, tuphosKs in the sac and one of the

cultures of B. puorescvnn in the flask. The fifth was used as a control and

contained only B. ti/phosu-s. Four of these series were run simultaneously.

The temperature was :il degrees Centigrade. The experiments ran through

a period of twelve weeks.

Of the strains of B. fliinrc.sccii.s used, cultures No. 29 and No. 469 im-

parted a very deep color to the medium after growing for twenty-four

hours ; No. 31 and No. 502 impartetl very little color.

The next table shows a certain correlation between the elimination

of B. typhosus by B. fluorcscens cultures secreting a deep colored pigment

as compared with those cultures secreting very little pigment.

Table II.

After twenty-four hours incubation.

Flask-containing B. fimjrcHvviiH. Sac containing B. typhosus.

No. 29 Growth.

No. 469 Growth.

No. 502 Growth.

No. 31 (Jrowth.

After forty-eight hours incubation.

No. 29 No growth.

No. 469 ' No growth.

No. 502 Growth.

No. 31 (irowth.

After seventy-two hours incubation.

No. 29 No growth.

No. 469 No growth.

No. 502 Growth.

No. 31 Growth.
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The above table shows that the secretions of li. flunrcHcrns in the flaslc

penetrate the collodion sac containinji the typhoid ciiltnre. There takes

place, then, not merely an inhibitory jiction. Imt an a'tnal bactericidal one.

The secretions have to be of a certain concentration before tliis action

takes place. It is found that the above is not true for the cultures show-

ing slight chromogenesis.

In the next experiment. H. flKorcsccn.^ was planted and allowed to grow

l)efore B. tiiijho.sii.s was introduced into the sac. The following table shows

the results obtained.

Table III.

After growing Ji fliiorcxcoix for twenty-four hours, inoculating the sac

with B. iiiphosuH, and again incubating for twenty-four hours:

li. fliiorcHcciis. li. tiiitlio-sus f/roirtJi.

No. 21> Absent.

No. 469 Absent.

No. 502 Present.

No. ?,1 r resent.

After growing li. fluorr.sccH.s for fiirty-eiglit Imurs. inoculating the

sac with li. t niihoxiis. and again hiculialiiig for twcnly-lonr hours:

li. fiiionxcciis. li. t iijihosus firoirlh.

No. 2i) Abs(>nt.

No. 469 .\bsent.

No. 502 Tresent.

No. 31 Present.

This table shows that once the toxic substances are i)roduced in suf-

ficient (juantities and time enough is given for them to penetriite the sac,

the typhoid organisms will not grow.

In the next experiments th(> tluoresceiis j>rganisms were grown for

ten days, then filtered and the filtrate sterilized for ten minutes at a

pres.sure of fifteen iiounds in the autoclav. The sterilized tiifrate was then

inoculated with li. tuitlm.sii.s and at the end of t went.\-roui- Invurs samples

were plated with plain agar and incubated.

The results are shown in the following table:
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Table IV.

li. puorescciiH. H. ti/pJio.sii.s f/roirtJi.

No. 29 .Vbseiit,

No. 469 Absent.

No. 502 Present.

No. 31 I 'resent.

The aetive suhst.-ince is not destroyed at tlie tmipei-atnre <if live

steam under fifteen jtonnds jiressnre for liftei'ii iniiuites.

Conclusions.

The specific anta.nonisni of ti. fliiorrxccii.s for li. fiii)lmNiis is (hie to a

siiltstance secreted liy tlie tirst named oriianisuL

This anta.!j;onism is not characteristic of all />'. piioicxcciis cultures.

Tliere seems to he a correlation between the intensity of tlie color and this

property.

The action is bacterici(hjl.

li. pu<>rci<ccMS cultures with sli^lit piijment jiroduction do not pi-event

tlie j^rowth of B. ti/phoxihs.

The metabolic substances must I'eadi ;\ cei'tain concentration before

they become effective.

Tlie toxic substances seci-eted by li. fliion'.sccn.s have tlie followin.u;

pi-operties

:

1. They are thermo-stabile.

2. They are ditfusible through a collodion sac.

Although the growth of li. fiiiorr.sccii.s In milk would sir^gest a digestive

process, the typhoid bacilli are not agglutinated wlien grown in a sterilized

filtrate of the first named organism.
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Notes Upon the Distribution of Forest Trees in

Indiana.

Stanley Coulter.

It is recognized at the outset, tliat even in a restricted area, such as

that under consideration, much of uncertainty is given to any conclusions

drawn because of lack of exact data covering every part. The richness of

the tree flora in a given county as contrasted with that of adjoining coun-

ties, is usually to be explained I)y the presence of a skilled and persistent

worker. It is very certain that no county in the State is entirely destitute

of trees, in spite of the fact that not a single species may l)e reported as

occurring within its bounds in any pul dished report.

It frequently happens, also, that reports covering certain counties have

been based upon the w<^>rk of untrained observers wlio have failed to dis-

criminate closely related species or who liave made incorrect determina-

tions, in either case confusing the situation and necessitating a careful

revision of the data. While effort lias been made to eliminate errors

arising from such causes it is more than probable that some have escaped

detection, but in the main as regards the species discussed the data seem

accurate and complete.

Of the one hundred twenty-six indigenous species mapped in connection

with this study, the larger part by far are probably of general distribution

throughout the State. Variation in the density of the stand and in the size

and form of individual trees are of course found, but the non-occurrence of

any one of the species of this group in any county, under favorable condi-

tions, would be more notable than its presence.

A relatively small group is contined to the extreme northeastern

counties of Lake, Porter and I^aporte.

Quite a large group is restricted to the southern counties or those

lying in the first three tiers north of the Ohio River. A peculiar tree flora

within this group is that of Posey, Gibson and Knox counties, lying along

the lower stretches of the Wabash River. Some of the trees reported from

this subdivision no doubt are of wider range than indicated, since few
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counties in tlie State liave been worlvecl with such persistence and witli such

painstaking accuracy. Others of tlie species are doubtless restricted to the

ricli alluvial soils of the lower Wabash Valley.

To these might be added a small group sJKtwing a disti-ibution so

unconnected as to be extremely ditficult of explanation. An instance is

found in Piiius Strohiis L., which is found in Lake. Porter and Laporte,

extreme northwestern counties: Warren and Montgomery, western-central

counties; and in Clark in the southeastern part (»f the State. Its occur-

rence in the northwestern counties affords no ditiiculty : the western-

central location might be explained as a continuation of the former area ;

but the recurrence of the species in Clark County on the Ohio River in the

eastern part of the State furnishes a difficult problem. In the case, also, of

Crat(i'(/us coccinea L.. we find e(|ually unrelated areas, this .species being

reported only from Noble and Steuben, extreme noitheastern couutie.s, and

Floyd, a southern county on the Ohio River. The genus Crata'gus. how-

ever, presents such difficulties in the di.scrimination of species that the case

just cited may possibly be due to lack of accuracy in determination.

The species limited to Knox, (libson and I'oscv lounties or to some

part of the area are as follows

:

Td.rodium dixtuhinn ( L. ) L. C. Riclijirds.

Ificoria lUcdn (Marshall) I'.ritton.

Qiiercus li/ruta Walter.

Quercun Mi<}uut.rU Xuttall.

QuenuH ftil<<itii Midiaux.

C'eltis iiihffiis.'iiiiiticiixiH Bosc.

Cratwgtis viriilin Linn.L'Us.

CmtceguH »it'i(ht (Engelmann i Sargent.

(ilcditHia (uiiKiticii Marsliiill.

Il^x deciiltid Walter.

Forestieni (iciiiniiKitd (.Midiaux i I'liinet.

In afldition t<) these species, wbicli seem strictly limited to the region

named, two others b;ive lieen reported fi-(»iii n siimle mlditional c<iunty :

CaliiliKi xiicriitsii Warder. (Jibson. Knox, I'osey and N'igo.

Fra.ii)ius Mhlmuiil Rritton. (Jibson, I'ose.v and Marion.

Till' F>ald cyitress ( Taxodimii i is a soiitbeni swam]) form, which finds

in the Indiana loc.itioiis its extreme iiortheasierii limits. In Indiana it is
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found only alonp- tlir wet (dftcu siilimerired ) l)iinks of streams or in ii\cr

swamps (n- slon.L'lis. The local distrilintion has Ixmmi carofnily worked out

by Deam.' While not as larue a tree as in tiie Sonth Atlanti<- and (inlT

States the sj)eeies as found in Indiana often reaches a heit^ht of 14."> feet

and a diameter of six feet. The species may l»e regarded as liavin;,' entered

the State in the pei-iod of tloo<led streams, maintaining: its footlioM in situ-

ations unfavoralile for the ordinary species of this latitude. 'I'iie ar<'as in

whi( h the species occuis in the State are lieiufr rapidly redm ed by au'ric-ul-

t\u-al operations and its disaiipearance fr<im the tree Hora of the State

seems inevitable.

The Pecan (Ifirorid /'ccinn nowhei-e wanders far from the lowlands

adjoining ri\'er courses. The s]»ecies has been so largely cultixated in the

State both for ornament and fruit that its orijjjinal locations in tlie State

are ditticnlt to make out. rn(iriestionably its mass (x cui'rence was in Knox.

(Jibson and I'osey counties. Its occurrence in X'ii^o ("ounl.\". rei)oi'te<l by

W. S. Blatthley. is un<iuestionable. but nniy be re.L'arded as i-xcejitional. A

record of its occiu-i'ence in Fountain County recorded in Indiana Ceolo^'ical

Report, issi'. \'ol. 11. p. VS2. is of doubtful validity and may safely lie

disregarded. The remaining citation from Jefferson County (A. II. Young i

is based upon a single tree located in the river bottoms near Hanover. It

stood alone in a large bottom land, othei-wise destitute of trees. It was

near a dwelling and foi- this reason and because of its small size, it is a

fair inference that it was a ( ultivated form. It is to m.\- mind cei-fain that

the pecan as a member of the Indiana tree tiora is mainly (dntined to the

three southwestern counties, hut extending in greatly reduced numbers

northward as far as \'igo County. In any event, the northeastern limit of

the species is reached in these locations. The trees are snnilier than thos(>

of more southern and western loi'alities and according to Deam. "only

about one-fourth of the native trees ever liear fruit and oidy about one out

of every ten trees is a profitable nut-beai'ing tree."- This southern and

western form probably entered oui- area at about the same time and under

the same jihysical conditions as the I'.ald cypress.

The Over Cu]i <>ak i<,)ii<r(ii.s liiratd Walt.) according to Sargent occurs

in "I'iver swamiis and small dee]) deiu'essions on rich liottom lands, usually

wet throughout the year." This would explain tile <lose restriction of thi'

'Eleventh Annual Report. Inlinna Stiite Board of Forestry, UHl. p. lOS.

'Deam:—Op. cit. p. 1.38.

'.Sargent. Manual of the Tree-; of Xorth .\merica. p. 260.
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species to Gibson, Knox and Posey counties. The species is mainly coastal,

occuiTin.i; along tlie Atlantic and Gulf coasts, finding its way into tlie

interior along tlie valley of the Mississippi and its tributaries. Tlie occur-

rence of this coastal species, and of others which miglit be cited, in regions

so markedly interior, suggests tlie tliouglit that tliey entered our flora at

tlie time when the great northward arm of the Gulf of Mexico practically

divided the area of the United States into distinct eastern and western

regions. A comparison of the boundaries of this arm of the Gulf of Mexico

with the distribution of many species of plants gives striking support to

such an explanation. In Indiana, the species is not ordinarily separated

from the Burr oak (Qiicn-Ks )iuicr<)ciniKt Midix.. which it closely resembles.

The Cow or Basket Oak {Qucniis Mirhati.rii, Xuttall) so far as our

records go occurs only in Knox and Gibson counties, where it is found in

low, rich bottom lands. This restriction of area may be due in part to the

close resemblance in size and haltit of this sju'cies to the Swamp White

Oak (Qucrciis hicolor Willdenow) and a conseciuent failure to distinguish it

fnmi that .species. This (lak. also, is more or less coastal in its m.iss dis-

triI)Ution, finding its way into the intei'ior along the valley of the Missis-

sij)pi : while the Indiana localities repres«'nt its northeastern limit the

species maintains its normal size and habit. Its ability to maintain a foot-

hold in localities often coveri'd with water serves to explain its iiersistence

in the counties named.

The Spanish Oak {Qticrcus folcata Michaux) is reported definitely from

Knox, Gibson and Posey counties, with an additional i itation from Foun-

tain County (Brown) which the writci- has not had o]iiioituiiity to verify.

Some ditticnlty arises in this case because of the question of the validity of

the species. According to Sargent Qucicits fnlcdld is seiiarabie into two

species, Quercus dij/itdta Sudworth, and (^ucniis ixnioddfolin Ashe. Ac-

cording to (iray's Manual' (J. falcdlu is foundon dry or sandy soil; u))on

the authority of Sargent Q. difiitdta grows in similar soils on dry bills;

while Q. pd(/(>(Urfolia o<-curs on lich Ijottom lands and alluvijil banks of

streams. In Indiana the form in question "'is nsnally found in low ground,

assochited with Qiicrciix hicnh/r. Q. itoliistris, if. ScIkik chii. {). .sfilhitd iind

Q. vehiiind. The whole of the townshi]) is low."' The habitat as well as

considerations of dist ributi(tn would seem to indicate the siiecies to be

Q. payndwfolid Ashe lnstea<l of (J. fdlcdtii :\Iichaux. In the Proceedings of

^Gray's New Manual of Botany. Seventh Edition, p. 343.

'Deam. Op. cit. 207.
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the Indiana Academy of Science, Vol. 11, page 142, and Vol. 12, page 2'J9, I

have previously expressed the opinion that the species in question is

IKigodafoUa. If this is true, this southern form came into our area along

the ^alley of the Mississippi, and a species which is a large and valuahle

"timber tree in the river-swamps of the Yazoo basin, Mississippi, and of

Eastern Arkansas"'' miglU reasonably be expected in the low, wet bottom

lands of the lower Wabasli Valley. The Indiana station represents the

northeastern limit of the species, a fact reflected in its sparing occurrence

iind reduced size. Deam"s collection of l!)la show the occurrence of tliis

species in Jefferson County.

The Yellow Hackleberry {CeUln Mi.s.^issiiipiciisis Bosc.) is frequent or

common along streams and in the lowlands of Gibson, Knox and Pose>'

counties. It is a southern and western form, rencliiug a height of from 60

to SO feet and a diameter of from 2 to •> feet in the basin of the lower Ohio

Kiver. In Indiana whicli represents its northern limit the tree "is inclined

to grow scrubby and crooked." (Deam.) It is medium sized, rarely

exceeding a diameter of 18 inclies. Its cwcurrencc within our area is

easily explained, since tlie counties named are not especially far removed

from tlie center of its maximum develoi)ment both as to size and numbers.

It is a little ditiicult, liowever, to explain w'liy it lias not spread more widely

in the State.

The Southern Tliorn (Cnittegii.s riridix Linmeus) is distinctly southern

and somewhat western in its mass distribution, reacliing its greatest abun-

dance and largest size in western Louisiana and eastern Texas. It is f(tund

along stream borders and the margins of swamps in moist soils, doubtless

rinding it way into our area when su<li conditions were practically con-

tinuous.

The Shining Thorn {Cratwyus iiifida (Eng. ) Sargent) is said in Sar-

gent's "Trees of North America" to occur on the '"bottoms of tlie Mississippi

Kiver in Illinois t>pposite tlie city of St. Louis." Tlie species occurs in rich

bottom lands in both Gibson and Posey counties in fair abundance as a

small tree, from 2i) to 30 feet high and with a broad and handsome crown.

As a result of the recent work in the segregation of siiecies in the genus

Crat;egus it is practically impossilde to form an.\ definite notion as to the

range of any particular form. Much tield work will be necessary before

we can determine just what species of this puzzling genus are members of

our flora. No opinion is expressed, therefore, regarding the source from

eSargent. Op. Cit. 245.
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which C. iiitidti came into the Stale. Tliere is as much reason for regard-

ing tlie Illinois station as the westward extension of the Indiana station as

the reverse.

The Water Ldciist <ir Thorn Tree ((rlcditsin tniiKitica Marshall) is

found in a few localities in (Jilison. Knox and I'osey counties in shiuglis and

eypre.ss swamps. Tins is a iiortliern and eastern extension of a definitely

southern species wliich must have entered oiii' tlnn, il a time when the

swamp areas of the river bottoms were practically continuous and which

has been able to ni.-iintain itself only in <tccasional (U'ep river swamps

within our l»oundaries. lu Indiana the .species is both rare and local an<l

one which will, in all ]u-obabiIity. soon disappear.

One of the Hollies illi.r tl((i(li(ti Walter I occurs occasionally in the

three southwestern counties, being invariably restricted t<i the borders of

ponds and sloughs neiir water courses. Altliough at times it forms fairly

dense thicliets, it rarely, in our region, reaches tree size. The distril»ution

as given in Saigenfs "Trees of North America." it. (ils, is significant in

tliis connection: "Horders of .streams and swamps in low moist soil;

southern \'irginia t<t western Florida in the region between the eastern base

of the Ap]iala<hian .Mountains and the neighborhood of I lie co:ist. and

through the <;ulf States to the valli'y of tlie Colorado Kiver, 'I'exas. and

through Arkansas and Missouri to southern Illinois: usually shrubby east

of the Mississijtpi Kiver and only ai-borescent in Missoina. southern Arkan-

sas and eastern Texas." It is merely anotiier instance in which an essen-

tially coastal form has found its way deep into the interior. When con-

sidered in coiuiection with otlier caNcs. sonic of wlii<h have been cited, the

conclusion i.s almost inevitable—that the only adeipiate explanation is to

be found in relating it to the northward stretching arm of the (iulf of

Mexico.

I'ond-liush ( Forest irra ucum'utata (Miciiauxi I'oiret I is am)ther spe-

cies strictly limited to (iibson. Knox an<l I'osey couidies where '"it is found

in swamps, on the borders of ponds and on low river br.nks. I' is very

tolerant of sliade and is freipiently found growing in a thiik stand of tall

trees."' The Indiana stations re]»resent tlie extreme northeastern linnt of

this species, wldch extends westward to .Missouri an<l soulli to Texas. In

Indiana it is onlinarily a shrub, at times forming almost impenetra-

ble thickets. It is impossible to (h»terniine from the ilata at hand as

to whether this is ;i western or soiUliern form. In eithei- case its habitat.

'Deam. Op. Cit. 342.
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"low, wet river Imnks and swamps" suggest the same reasons for its occur-

rence in the Indiana flora as has lieen suggested for the preceding species.

Hardy Catalpa {C(it<il/)(i xijcciosa Warder) is a tree of the borders of

streams and ponds and of fertile often flooded bottom lauds. According to

Sargent it is prol)abl.v found in its greatest abundance and of the largest

size in southern Illinois and Indiana, extending to western Kentucky and

Tennessee, southeastern Missouri and northeastern Arkansas. In Indiana

it is confined to Knox. (Jibson. I'osey and Vigo counties as a member of the

original forests. Its occurrence in other counties is due to its widespread

cultivation for post material or for ornamental purposes. Deam says,* "In

Indiana it was found along the valley of the Ohio Kiver as far east as

Kockport and in the valley of the Wabash as far nortli as Vigo County.

The mass of its distrilnition was west of a line connecting Terre Haute and

Kockport." Tlie citations given are. however, all that can be considered as

verified. In the catalpa we evidently have another case in which the dis-

trilnition is easily explained if it is related to a nortliward extension of the

(Julf or to a condition of flooded rivers.

The Swell-butt Ash (Frii.riiiii.s Michau.rii Britton) usually grows in

low grounds which are inundated for several months during the year. , As

its common name indicates the swollen base is characteristic of this species.

It has been collected in (iibson. Posey and Marion counties by C. C. Deam.

The Gibson and I'osey County stations represent normal conditions for the

species: the Marion County collection is in different case. The tree, which

was of medium size, was growing in moist soil by the roadside. The known

care and accuracy of Mr. Deam preclude any doubt as to the determina-

tion, so that the occurrence of the species in this station must be referred

to some accidental means of transportation or to what is perhaps more

probable, the incorrect labelling of material furnished by some nursery for

roadside planting. As a component member of our native forests the

.species is undoubtedly conHned to Cib.son and I'osey counties. As this is

a species Init recently segregated its distribution is not yet thoroughly

known. It, however, is known to range from New York to North Carolina

and Louisiana and west to Missouri.

This is very evidently another case of a species of coastal distribution

with a seeming extension well into the interior.

If we summarize the.se thirteen species, peculiar to our southwestern

couuties we find them all to be swamp forms or those growing in bottom

'Deam. Op. Cit. pg. 347.
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lauds frequently inundated during the year, oi' in low moist localities. We
find that the larger part of them, in their mass distribution follow the

swamps of the Atlantic or Gulf coast, or of both. It is very evident also

that the extension of range northward must have occurred when similar

physical conditions existed; that is, eitlier at the time the Gulf of Mexico

stretched an arm far into the north, or if a later date is preferred in the

time of the flooded rivers and lakes of the Champlain period. Occasional

means of transportation may serve to explain occasional cases, but where

species become component parts of a forest in a region apparently remote

from their mass distribution a different explanation must be sought.

Six species, so far as the I'ecords go. are confined to Lake, I'orter and

Laporte counties or to some onp ()f them. In this region, also, extremely

skillful and persistent work has been done by Kev. E. J. Hill, a fact which

should be taken into account. The species peculiar to this region are the

following:

J'iniix lidiikxianii liambert.

Thin/d occidcnfdUs Linnaeus.

lictiila iinitiilifolid Marshall.

licUild ixipi/rifvid Marshall.

Ahiiix incdiid (Linuiieus) Mncnchhausi'ii.

Cclti.s jtiniiild ( Mnhlcnlicrg ) i'ui'sli.

The .lack or Scrub I'iiic ( I'hnix lidiil.xidiid Lambert i tx-c iirs in Lake

and I'orter counties, where il is fairly edniiiuMi on the sand dunes ixtrder-

ing Lake Miihigaii. The general range of this species is decidedly north-

ern, the Indiana stations re]ireseiiting in :ill iirobaliility its extreme south-

ern limit. Ill our ;ii-ea it is an umlersi/.ed. ratliei' shrubliy form, maintain-

ing itself with diliiculty. The continiiity of waterways is the evident

explanation of tiie occurrence of this sjiecies in tbe Indiana tree flora.

The Arbor-N'ita- or White Cednr {'Diii/id oiddi nidlix Linna'us) ai)par-

ently occurs native only in Lake County. This characteristic .species of

northern swaniji regions is found only in cold swjinips of our area. There

s(>ems no good reaso'i wliy it should not he found in similar situations in

other counties bordering L.ike Michig.in. The lonii Ims been so e.xfensively

plante<l for windbreaks ;ind for oinanient that in.niy incoire( t citations arc-

on record. Its presence ;is a meniher of our floni is evidently ret'err.-ilile to

continuous waterways fui-nislied by tbe < J real Lakes.

The Gray o|- Wjiite I'.irch {licluld i)Oi,iilifi>lid .Marshall) is found in
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•scant uumbers ami of small size in Lake, I'orter and l.ai)()rte counties.

This typical northern species may also be regarded as one that luis

retained a foothold in isolated localities after the recessit)n of the shores

of Lake Michigan and the disappearance of the bordering swamps. The

reported occurrence of the species in Tippecanoe Comity ((iolden) "in

.sparing numbers along the AVabash Kiver" demands further study. The

well-known difficulty of discriminating the species of Retula, due to sea-

sonal and age chai)g«>s in appearance and habits, suggests that a closer

study may prove the reference an error.

The I'aper or Canoe liirch {HctuUi papjirifeni Marshall) is found in

Lake and I'orter counties, .ilways being reported as rare and of small size.

This is another species dettnitely northern in its mass distribution, the

Indiana stations standing as its extreme southern limit. It is prol)ably

another of the species which entered our area in the time of flcuMled rivers

and lakes of the ('hamplnin l)nt one which has been able to maintain a

precarious foothold up to the ]»resent time. Its early disappearance from

the tree flora seems inevitable.

The Tag or Speckled Alder {Mnux iiicoiKi (Limia'us) Mueiichhausen

)

is found in Lake and I'orter counties between dunes near to the lakes.

This is the ctmnnon alder found in swamps and on the borders of streams

further north. It has been able to maintain itself in our area in greater

numbers and with U'ss reduction of size than any other one <pf these

extreme northern species.

A dwarf shrul)by form of Hackberry (CeUi.s pioiiUd (Muhlenberg)

I'lU'sh) is included. In both Gray and Sargent the form is regarded as a

variety of ('. occklvntuliH Linna-us. Its general range is in the South

.Vtlantic States ranging westward to Mis.souri, Colorado, I'tah and Neviida.

It has been reported only from Lake County near the Calumet Kiver at

Millers. Its occurrence in such a restricted locality is rather puzzling and

as yet no satisfactory explanation has been reached. The form in the

greater part of its range occurs on rocky l)anks of streams—a condition not

even approximated at its Indiana station. The temptation to regard it as

an ecologic variant of the very common Geltis occUhnhiUx is almost irre-

sistible.

Of the six species .Just discussed, Ave are definitely n<»rtheru in their

mass distribution. Their presence as members of our flora is very evi-

dentlv referrable to the continuity of waterways existing during the
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Cliamplain period. Tlii' mi)rt" dillicvilt iinibleni is the explaiuitiuii of tlu'ir

l)ersi.steiife.

A consideration of a few other species will serve to emphasize the

point in mind.

The Larch or Tamarack {Luri.i- hirUhni (l>nRoi) Kocli) is fovuid in

I'oi-ter. Marshall. Kosciusko. X(>hle. Stculien. DeKalb and Blackford. An

examination of the older shore lines of Lake Michigan gives a sufficient

explanation. Even the P.lackford Ccmnty citation, which seems well to the

south, is made clear when the ancient liay of Lake Michigan extending

southward tlii-ough Allen County in the neighborhood of Fort Wayne is

recalled.

Thus also the eastern Peach-leaved Willow iSiili.r (intmidtththlv.s An-

derson) found in I>ake and Kosciusko finds ready interpretation, as does

also the case of the Wild Red Cherry {I'ruiiKx I'cinixulrdnica Linn.-eus tils)

occiirring in Lake. I'orter and Kosciusko counties.

.\ii\- one who majis some of tile moic wi<lely ranging species of the

State will he immediately imi)res.sed liy the clo.se relations existing be-

tween tlie distribution of the species and the course of waterways. In

some instances the disti-ibution lollows a single waterway, in others it

seems to follow not merely the nniin stream but also all of the tributaries.

Indeed, by far the most striking feature in the series of one hundred

twenty-six maps is the <letinitc way in wITk b this relationship stands out.

The most cursory inspection ol tlic maps reve.-ils it and serves t() suggest at

least a possilile causal relation.

hi the opinion of the writei- the occurriMKc of given si»ecies in widely

sei)arated localiti«'s withimt intei'vening stations will Ik- found to be due to

the existence at sonu' time in the jiast of practically continuous waterways

coiuiecting these now separated loialilies. I''urllier. that such coiuiections,

in so far as the region under consideration is (oncerned, are mainly to be

found in the C-hamplain ]teriod. although jierhaps in some cases this con-

nection was furidsbed by the northward stretching arm of the (Julf of

Mexico. If till' shore lines of streams and bikes of the Champlain period

could be drawn upon our luvseiit maps many of our proltlems in I'hytogeog-

raphy would solve themselves. In conlirmation of this view is tlie dominat-

ing influence of continuous waterways or of streams in the distribution of

species clearly shown by any careful study of jiresent range extensions.

In the main, witlely I'anging sjiecies. at least aimaig ti'ees. (b> not have
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this wide range because of any perfection of seed dissemination, nor

liecause of occasional means of transixirtation. It lias more iirohahly lieen

brought about by a foruu-r connection of these separate regions, making

them practically continn<ms. Such i)ractical continuity may have been

secured b.v means of the flooded rivers and swollen lakes of tlie ("hamplain

]ieriod. This is not offered as a solution of all of tlie problems of plant

distribution, but in the lirm belief that in miny of these problems tlie

solution is to be songlit in former ph,\'si( al conditions.

It was the original intention that the present paper should also include

a discussion of the spei-ies restricted to the southern tiers of ccmnties. Init

the time reipiired to work our formei' shore lines and water-levels for that

region was too great. Tlie preliminary W(a-k. however, seemed to indicate

conhrmation of the conclusions indicated in this paper.

12—4966
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Corrections to the Lists of Mosses of Monroe
County, Indiana, I and II.

MiLUKED NOTHNACiEL AND F. L. PiCKETT.

At the winter meetings of the Indiana Aoademy of Science in 1912 and

1913, the authors presented lists of the Mosses of Monroe County. Indiana.

Since the publications of these lists, several corrections in identification

have been made and these will be listed below. The correct names will

appear first, the former name in parentheses after the accession number.

Corrections to the 1912 list of Monroe County Mosses, I.

Fissidens minutulus Sull. (44.) (F. hryiodcs.)

Determined by G. B. Kaiser.

Orthotrichum lescurii Aust. (3). {(). portion.)

Determined by G. B. Kaiser.

Brachythecium campestre B. & S. (16). {B. idiniio.sum.)

Determined by G. B. Kaiser.

Eurynchium hians (L.) B. & S. (17). (Braehythecium rutahu-

lum.)

Determined by G. B. Kaiser.

Plagiothecium geophilum Aust. (22). {!'. deiJlanutum.)

Determined by G. B. Kaiser.

Corrections to the 1913 list of Monroe County Mosses

:

Barbula unguiculata (Huds.) Hedw. (71). {Didiiiiiondon ni-

heillus.)

Determined by G. B. Kaiser.

Funaria hygrometrica (L.) Sibth. (79). {F. fiavicwns.)

Determined by G. B. Kaiser.

Aphanorhegma serratnni Sull. (122). {I'hj/.vnmitriKiii iiiiiiicr-

sum.)

Determined by (i. I^». Kaiser.

Aniblystegium ortliodadon (IM). ) Lindb. (98). (-1. piirintile.)

Determined by G. B. Kaiser.
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Amblystegiiim varium (Ilertw.) Lindb. (93). (.1. .^erijcjis.)

Determiuetl by G. B. Kaiser.

Hypuum curvifolium Hedw. (So). (//. fertile.)

Determined by (t. B. Kaiser.

H. curvifolium Hedw. (SS). (//. pniteiise.)

Determined by G. B. Kaiser.

Indiamt Unlrcrsiti/ Bohoiicdl Lahoratorii.
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The Mosses of Monroe Coxtnty, Indiana, III.

F. L. I'U KETT AND MiLUKEO XOTHXAGEL.

The collection and clnssiti<ation of the mosses of Monroe ("onnty, as has

been reported liy the authm-s at the winter iueetin.ij:s of the Indiana Acad-

emy of Science for llIlL' ;ind V.)V',. was a.^ain i-esunied in the sprin.i,' of 1914.

The present list will include a few forms from Hamilton and r^alve counties

of Indiana, and ISerrien ("ounty of Micliiii:an.

The 1!)1-1: list of mosses includes twenty-nine new sp(>cies. fi-din eleven

families and twenty-six genera, of which aic rein-eseiitatives of one famiy

and thirteen jjenera not rejiorted in formei- reports. Material has been

prepared, as described in former lists and left in the hcrbaiiuni of tlic

Botany Department at Indiana University with notes as to time, jila: c. and

habitat of the collection as well as condition of sp(>iiniens. The entire

collection in the lierl)arium now contains specimens, many of them in

duplicate from different collections of ninet.v-live species and live varieties,

representin.i; tifty-three genera and seventeen families of the I'.ryales. In

this report, as in former ones, the numbers within tlu' parentheses after the

name of tlie specimen is tlie accession number.

A great nund)er of tlie specimens collected this year have been sent to

A. J. Grout of Brooklyn. N. Y.. or to <i. H. Kaisei' of Germantown, I'a.. for

veriflcation or identihcation and the credit of such will be given in tlie list.

Order SI'HAGXAI.KS.

Family SiiJuu/iidccd'.

Si)liaguum aentifolium I'^hrh. (IsiM. Determined by (;. 15. Kaiser.

In swamps south of (iary. Lake County. Ind. Sterile.

Order BKYALES.

Snboider Ni-:matoi;()Nte.'e.

Family Hn.rh(iiimia<c(r.

Bu.xbaumia aphylla L. (134 I.

Matures spores from December to April. On sandy soil in moist ravine.

I. U. pond. Fruiting.

Webera sessilis (Schmid.) Lindb. {\4~>).
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Matures spores in spring and early summer. On clay in moist ravine,

I. U. pond. Fruiting.

Suborder Arthrodoxte.e.

Family Dlcninucew.

Ceratodon purpureus (L.) Brid. (163, 199). Verified by G. B. Kai.ser.

Matures in spring and early summer. On sandy soil about Gary, Lake

County, Ind. Common. Fruiting.

Dicranella heteromalla var. orthocarpa. (Hedw.) E. G. B. (13G). Ver-

ified by A. J. Grout.

Capsules mature in November and December. On clay on hillside

northeast of Bloomington, Ind. Fr\iiting.

Dicranum fulvuni Hook. (151). Determined by G. B. Kaiser.

Yellowish green mats on beech tree on south side of Griffy Creek,

north of Bloomington, Ind. Sterile.

Family (Jlimmiacew.

Hedvvigia albicans (Web.) Lindl>. (142, 1(J4>). Verified by G. B.

Kaiser.

Matures .spores in spring. All material collected was sterile. In dark

i)rowni.sli green mats on decaying w<iod near I. U. pond,

(irimmia doniaua Smith. (130). Determined by G. B. Kai.ser.

In thin hoary patches on limestone, I. U. Campus.

Family Toriidacccc.

Tortella ca'spitosa (Schwaegr.) i-imp. (L'91). N'eriJied by G. B. Kaiser.

Matures spores in spring. Specimen roltust and fruiting. Found on

moist rocks above spring. Clear ("reck. Ind.. Monrcx' County.

Family Orthotrichacca'.

1 (runimondia clavellata. Hook. (12(1. i:!.">).

Matures spores in spring and summer. Found iruitiu;: ou bark of tree.

Hamilton County and Monroe County. Ind.

Oi'thotrichum i>orteri Aust. (123). Determined by Mrs. K. (J. r.rittcHi.

Matures spores in the spring. In black-gi'ccn mats upon limestone.

Fruiting. Rare.

Orthotrichum schimperi Hanini. (17.!i. Determined liv <;. I',. Kaiser.

Matures spores in spring. In (biik green cushions upon trci-s and

stumps in dry places.

Family Jiaitrfuniaccfc.

riiilonotis fontana (L.) Brid. (180). Determined by G. B. Kaiser.
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Matures spores in May and June. Found on moist roclis above sprins.

Clear Creek, Monroe County, hid.

Family Bryacew.

Mniobryum albicans (Wahl.) Limp. (ITS). Determined by O. B.

Kaiser.

In thick green mats or tufts on rocks near water, northwest of Har-

rodsburg, Monroe Count.v. Ind. Sterile. l\uits infrequently.

Bryum cae.spiticium. L. (172). Determined 1)y G. B. Kaiser.

Spores mature in sprinj;. On a decayed hfj; in tufts. Bloomingtou.

Ind. Common.

Family Lcukeacrir.

Anomodon minor (P. B. ) Fiirn. (loo). Veritled by (i. B. Kaiser.

Sterile specimen. Found on retaining wall along north pike, Bloom-

ington, Ind.

Family Hminaccw.

Rhytidium rugosum (L.) Kindb. (141). Vei'ified by G. B. Kaiser.

Sterile form. In dense light green masses on stone, Harrodsburg.

Monroe County. Ind.

Brachythecium rivulare B. S. (lo2, 185). Verified by G. B. Kaiser.

Sterile, never found fruiting here. In very moist places or in water.

Bryhnia grannnicolor (Brid. ) Grout. (154). Determined i>y A. J.

Grout. Sterile form, rarely found friiiting. Gn moist clay and

stones just aliove water line in Griffy Creek, northeast of Blooni-

ington, Ind.

B. Novae-angliae (S. & L.) Grout. (197). Determined by G. B. Kaiser.

On Hlge of swamp, north of Gary, Ind.. in loose light green mats.

Sterile.

Cirrophyllum boscii (Schwaegr.) Grout. (138, 181, 182). Veritied by

G. B. Kaiser.

Spores mature in autumn. Foiuid on soil in moist ravine in bright

green mats. Sterile form.

Cratoneuron filieinum (D.) Rotli. (179). Determined l)y G. B. Kaiser.

Sterile specimen found in bluish green tufts just above water line in

shaded spring.

Amblystegium irriguum (Wils.) B. HS. (180). Verified by (J. B.

Kaiser.

Sterile specimen. Found just above water line in shaded spi-ing in

deep olive to blackish green mats on rocks and clay.
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Ilypiuiiii iiiollnsfum Hedw. ( lG(i ) . Detenuiiicd li.v (I. I*.. Kjiiscr.

St(>i-ilc tunii. Oil soil on wooded hillside. I. 1". dam.

H. paticiitiac Lliidb. (170). Verified by «i. I'.. Kaiser.

Matures spores in sprin.iir. Fruitinj;. Yellowish ureen mats on decayed

lo^. near Ruchaiiaii. Kerrien t'ount.v. Mi( h.

ria.L'iotliecium deiilanatnm (Sell.) (Jroiit. (IHM. I letermiiied by (i. 1*..

Kaiser.

Sterile. On limestone in i>])v]\ ravine nortn of IMooininiiton. Ind.

Aniltlysteiiiella adnata. (Ileclw. i Xicbols. (17(1. ls4l. Iietermiiied by

(J. P>. Kaiser.

Matures in summer. Specimen slerile. Found on limestone and on

iiase ot tree in dark irreeii mats, about lUoomiimton. Ind.

Family Lciicodniitdfcd

.

l.eucodoii bracliyiius Hrid. (l."il.M.

.Matures spores in winter. Siiecimen sterile. In blackisii i^reeii mats

resemblim,' lledwi.uda albicans. iMiund on \i>-^ noi-tli of r.loominu-

ton. Ind.

Forsstroemia tiii hoiiiitrinm \ar. immersnm ( Sulliv. i Lindb. ( "Jf^ )

.

\'erified l)y <;. I'.. Kaiser.

.Matures sjjores in summer. Fruiting'. On tree in ravine southeast of

I. F. dam.

liididiKi I iiircrsit!/ lUiftiiiirtil fjdltdrdforii.
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A New Enemy of the Black Locust.

(Jlkxn Culbertson.

Dui-in.i,' the latter part (if .luiu' and (Inriii;; July of 1914, the leaves of

tlie greater number of the locust trees in Switzerland, Jefferson, Clark,

and Flo.vd counties, of southern Indiana, were observe<l to be losing their

greenisli appearance, and upon closer examination the chlorophyll of the

leaflets was found to have been largely consumed. Tlie foliage appeared

as though dried up as a result of a severe drouth. Here and there indi-

vidual trees, at a distance from groves, were unaffected, but the trees of

practically every grove, at least among the hills of the Ohio and tributaries

were seriously affected. So evident was this that the I)rown and sere

appearance of the groves was noticeable as far as they could be seen.

The infected trees were found to be alive with a small beetle, which

I'rofessor Enders of Purdue classified as ChdJcpus dorsalis of Blatchley's

"Coleoptera of Indiana" : '"This beetle is from (! to 6.5 mm. long, wedge

sliaped and rather liroad. bluish black, thorax red, with black sutural

stripe. Found throughout the State, but much more ai)undant in the south-

ern counties. Occurs on flower.s of black locust, in the leaves of which the

larvjp mine. Hibernates beneath the locust bark."

On striking tlie trees the beetles could be heard falling to the ground

l)y the scores. They could be seen in large numliers on the foliage, as

many as five were counted on a single leaflet.

The eggs of this beetle are deposited late in April or early in May. and

by the 20th of May the young larvae are at work between the coverings of

the leaflets, destroying all the inside portion. In some cases several larvae

may be seen at work within a leaflet. When mature the larvae stop eating

and remain enclosed within the leaf coverings until metamorphosis is com-

pleted, when they emerge, usually aboi;t the 2()th or 2.5th of June, and for

several days feed upon the upper leaf surface of :iny green foliage that

may remain.

The writer is of the opinion that many of the locust groves in the

northeastern part of Jefferson Countj- were badly infected with this beetle
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during the summer of 1913, and possibly previous to that, as several groves

of that region were observed with foliage that seemed to be drying up, as

though injured by a serious drouth. The infected area seems to be rapidly

increasing, and the annual defoliation of the trees must in time prove a

serious injury, since the foliage on the majority of the infected trees was

practically vtseless by the first of July and in many cases even earlier.

What the favoring circumstances have been that have caused this remark-

able increase in the numbers of this insect is at present a mere conjecture.

It may be that the unusual heat and drouth of May, 1914, and of the sum-

mer of 1913, may have caused their rapid multiplication, or that the rela-

tively rapid increase of locust trees, their favorite food supply and breed-

ing place, has augmented their numbers.

What the future may bring no one kuows. liut if this beetle continues

in as great numbers in succeeding years, they will prove a very serious

uienace to locust groves, and the fence and telephone post industry of

southern Indiana. Judging from the undoul)ted rapid increase in the past,

the future is not promising.

As a remedy Professor Endei-s and others recommend spraying with

arsenate of lead or other arsenical compounds. Tliis no doulit would be in

a measure effective, if applied within a few days .ifter the cniergence of the

mature beetle June 2r>th to July Hth. and could be done on level or moder-

ately level ground, but since the tens of thousands of volunteer locusts are

on slopes so steep that they are almost inaccessible, it would i»i'ove a difficult

task indeed to get at them with a spraying outfit. It is not prob.iblc that

the pest, if it proves to be a serious one, will be eradicated in that way. It

is very difficult to get farmers to spray orchards, much less locust trees scat-

tered far .111(1 wide over rough, hilly liuid. It is to be hoped that an efficient

remedy may l»e provided, for, if not. this defoliator, in addition to the

borer, will probal)ly end the locust industry.
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A New Leaf Spot of Viola Cucullata.

H. W. Anderson.

A leaf spot on Moht cariillutd has beeu prevalent in Indian;i and

neighboring States for a number of years. It is especially noticeable dur-

ing the early spring months. Collections of leaf spots on this host in

different parts of the country have l)eeu made from time to time and have

been filed away in the herbarium without being classified or wrongly labeled

as the Phyllosticta leaf spot. A careful examination during the past year

has revealed the fact that this particular leaf spot is caused by a CoUeto-

trichum which has never been described as occurring on this species. Since

this disease is widespread it was thought worth while to make a careful

study of the causative organism.

Of the violets which occur in this region only ]'ii>l<t cucullata has been

found to be attacked by this particular fungus. It is interesting to note

that while this species is attacked V. palmata is apparently immune.

V. cucullata was formerly considered a variety of V. palmata and the im-

munity of the latter emphasizes the specific difference. However, only a

limited number of plants of V. palmata have been observed and these in a

region where the disease was not common on the other species.

Cultivated violets have been examined only in the local greenhouses.

It is probable, however, that all cultivated species are immune, otherwise

the disease would have been observed and reported by those especially

interested in violet diseases.

Macroscojyical Appearance.—The fungus produces a typical leaf spot.

The earliest indication of infection is a pale area with a definite dark

green border. Later the area in the center of the spot dies, turns white,

grey or light brown, a dark brown ring appears about the edge, forming a

definite, regular spot. At an early stage the acervuli appear as dark brown

dots on the lighter central area. They are irregularly arranged and occur

on both sides of the leaf. The dark color of the acervuli is due, in part, to

the numerous setae. Later the center of the spot becomes very thin and

papery and may fall out, thus giving a shot hole effect. When badly in-
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fected the sputs are occasionally confluent. Usually there are only a few

spots on a leaf.

Etiology.—The fungus gives rise to numerous acervuli, which are dark

brown or black, iri-egularly scattered, varying greatly in size (50-200

microns). They are beset with dark brown setje. The setse are numerous,

arising from any i)art of the acervulus, 1-4 septate, dark In-own. sharp-

pointed, straight or slightly curved above the base. The base is usually

bent or curved in various ways.

The spores are hyaline, non-seiitate. slightly curved averaging 4.5x25

microns. They are borne on short, hyaline couidiophores. In some cases

at germination a delicate septum was ol»served in the middle of the spore.

This is by no means always present.

Xomcnclaturc.—There has been, in the past, some confusion in regard

to the limits of the genera rolletotrichum. Vermicularia, Volutella and

Cha?tostroma. Tliis has been due. largely, td the lack of care exercised by

investigators wlien si)e(ies of these geueia have been studied. Sections

carefully made clear up generic confusion veiy easily. The fungus de-

scribed above is undoubtedly a ( 'olletot richinii sinre tbeic is no pycnidinm,

tile si)ores being iMtrne on short conidiophorcs in .i setose acervulus.

In iSlUt. I>r. Raliili Smith' described :i lc:if spot of jtansy caused by a

("olletotrichnni. 'I'lie tyjic niatei-ial ol this fungus biis been examined and

found to differ from the (Jolletotricbuni under discussion in the size and

shape of the spores, the shape of the seta* and tlie character of the spot

produced.

Dr. Peck- in 1878 de.scril^ed a leaf spot of \ iahi ml uudifolia as follows:

"\'('riniri(l(iria concent ricti I'eck and Clinton ii. sji. I'erithecia small,

biMck, beset wltli straight, rigid bristles, concent I'icjilly ]>laced on arid,

orbicular spots; simucs oblong, sligbtly curved, itointcd at each end. color-

less, MOH'-Xm' l(»ng.

'"Living leaves of 'I'rilliiiiii iijillinxnrintni. I'ine N'alle.v. Clinton. July:

"Tbe tissues at length lull out f i oni the alt'cclcd sjiot. leaving apertures

through the leaf. The iierithccia ;irc less reguljirly disj)osed near the cen-

ter of the si)ots. .Judge Clinton also sends :i variety on the leaves of \ iula

rotuiKlifolid in which the concentric arrangement of the jierithecia is not at

all preceptible, but I detect no other difference."

(') Botanical Gazette. 27: 203-204, Mar. 1899.

(») Report of the N. Y. State Botanist 1878. 29th Annual Report of the N. Y. State Museum
of Natural History, pps. 47-48.
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lu liis "Sylloge", .Saccardd' chaiiiiod the speoitic name of the fun.iius to

Pevkii. His nomenclature is as follows :

"Vermicularia PecMi Sace.

V. Concentrica Pec-k. 29tla Ann. Kep. N. Y. State Mus. Nat. Hist. 47-48,

1878. (Not Lev.. Ann. Soc. Nat. (i6. 1845.)

"r. Peckii var. 1 /o/« rat luiilifoliir ISacc."

Tlirough tile kindness of Dr. H. 1». House, State Botanist of New York.

I was able to secure authentic specimens, collected and determined b.v Dr.

Peek subsequent to his description of the fungus. These specimens were

from Trilliu'm erijt1u-<icuri)ti)ii Mich.x. (V. Miifli(liitui)i Willd.) and from

Viola rotundifoJki. A careful examination of these specimens, togeth-

er with some recently colU'( ted matt^rial from Dr. House, was made. Some

of the spots were eml>edded in parattin. sectioned and stained. From these

examinations it was concluded that the fungus occurring on Viola rotinidi-

folia was not a yermicular'ut but was identical with the Volhtof rich urn

occurring on V. ruculhitd. The spore measurements and general charac-

ters of the aeervulus. seta' and conidiophores of the fungus on Ti'illium

were also identical liut. as stated by Dr. I'eck, the acervuli of the former

occur in definite concentric circles in the spot, while in the latter no such

arrangement is noticeable. AMiether or not the species on I'/o/w cucuUata

is identical with the one on Trillium can only be determined b.v cross-

inoculation. Up to the present time the author has not had an oppor-

tunity to complete his investigations along this line. It would be unusual,

how^ever, to have a fungus of this type parasitic on hosts so widely sepa-

rated as Trillium and Viola. The identity of the fungi on the two violet

species can hardly be questioned. 'J'he nomenclature of the fungus on

Mold rotuiidifoUa is so awkward and incorrect that a change should be

made. However, this is not advisable until the relationship to the fungus

occurring on Trillium is definitely settled.

Life Histori/ of the FunguH.—^Tlie tield observations of this fungus

have been limited to a single year. The disease appears at a very early

period in the spring on leaves that have evidently lived over winter. The

earliest collections were made in the first week in April before the plants

had time to develop leaves. It is proliable therefore that the fungus lives

over winter on the old leaves of the plant, although it has not l»een ol)-

served during the winter mouths.

('1 Saccardo, P., Sylloge Fungorure. 3: 2.32. 1884.
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The spread of the disease in the early spriug is evident from an obser-

^•ation of an infected plant. A single plant often has at first only one or

two infected spots. As the new leaves develop they are seen to be free

from the disease, but a few days after a damp period these leaves are

liadly infected. This disease is, in many respects, an early spring one, for

the most luxurious growth of this siiecies of violet is during April and

May and the fungus seems to thrive best during cold, damp weather. At

no time do the number of spots become so great as to kill the leaf. The

damage done by this fungus is evidently negligible so far as this species is

concerned.

The fungus spores are probably distrilnitcd tlirough the usual agents.

Tliey are produced in great numbers on both sides of the leaf and they

germinate readily in tap or rain water.

AiiifiHitl InocuhtiionH.—A detailed report of the experiments oi\ inoc-

ulations made would be out of place at this time. Summarizing these, it

was found that infection l)y sprayed spores on the leaves was readily

l»rought about if the plants were kept very moist for several days. The

uumber of infections were small on each plant. Cross-inoculations on

V. puhescens and 1'. strUita gave negative results.

Cultural Charactcifs.—The fungus is easily isolated by poured plates

of the spores. Cultures were made on various media, but a description of

the development on dextrose-potato agar will be suflicient to show the gen-

eral character of the growth, llie mycelium is at first hyaline, mostly

confined to a thick growth on the surface of the agar, with scanty aerial

mycelium. At the edge of the advancing mycelium the agar takes on a

pink and then a red color which is very striking. Later the mycelium dark-

ens and in some cases within four days coni<lia are to ))e found. The darlc-

ening of the mycelium continues and witliin two weeks a heavy, black,

stroma-like crust is formed over the surface of the agar. On this stroma

hyaline, gelatinous areas of conidia are develojied.

Conclusion.—This preliminary report on a leaf spot of Viola rucullata

is given in order to stimulate others to examine tlie i)lants of this species

<luring the coming spring, thus establishing nu.re definitely its range and

determining whether or not it is confined to this one host. An effort will be

made by the writer to determine the relationship of this species to the one

occurring on Trillium and on T'. rotundifolia.
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Oat Smut in Indiana.

F. J. PiPAL.

lu the winter of 1914, the writer, representing the Botanical Depart-

ment of the Indiana Agricnltural Experiment Station, conducted, in co-

operation with the Extension Department of Purdue University and the

county agricultural agents, a series of meetings at whicli demonstrations

were given of the formaldehyde treatment of seed oats and potatoes. The

meetings were held in Benton, Lake, Porter, Jasper, Pulaski, Laporte, Elk-

hart, Grant, Madi.son, Randolph, Clinton and Montgomery counties, which

are among the largest oat-growing counties in the State. According to

the report of the last census these twelve counties raised over thirty-two

per cent., in acreage, of the entire oat crop of the State. It may be of

interest, therefore, to report some facts resulting from these meetings,

since they furnish fairly reliable data as to the oat smut situation through-

out the State.

A most striking thing has come to light in connection with this cam-

paign. It has been learned that out of 3,1()8 persons reached through the

meetings less than a dozen farmers previous to that time had ever used

the formaldehyde treatment for their seed oats. The use of formaldehyde

as a general disinfectant and a specific fungicide for potato scab was

originated, about eighteen years ago. in the Botanical Department of the

Indiana Agricultural Experiment Station, by Dr. J. C. Arthur. It was

then applied as a disinfectant for oat smut and the stinking smut of wheat

by Professor H. L. Bolley, formerly assistant to Dr. Arthur. It remains to

the present date the simplest, cheapest and most effective seed grain dis-

infectant in use. A large majority of the farmers of the State, however,

evidently have not, for some reason, taken advantage of this discovery, and

still allow the smut disease to reduce the oat yield by several million

bushels every year.

One of the reasons for this neglect evidently is the fact that most

farmers do not fully realize the extent to which the oat smut occurs in

their crops. About thirty years ago. Dr. Arthur, then a botanist for the
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New York Agrienltni'al Experiment Station, at Geneva, demonstrated tliat

oat smut is not readily visible to the unpractieed eye unless ten or

more per cent, of tlie crop is affected. Tlie smutted stalks are, to a lar,i;e

extent, considerably shorter than the sound stalks, and can not usually be

seen except upon close examination of the field. And again, most of the

smutted masses are blown away by harvest time and only bare stalks

remain, leaving nothing conspicuous to indicate the amount of damage

done.

Dr. Artliur found nine and one-half per cent, of smutted plants in

fields at the Geneva Station in whicli the presence of smut could scarcely

be detected without close examination. In the third annual report of

the New York Experiment Station he remarks in this connection : "The

appearance of snuit as one passed tlirough the fields was no greater than

is usually to be seen in any part of tlie country, * * * and the result

(^tf the count * * * is as mudi a surpiMse to the writer as it will doubt-

less be to others."

E. S. Goflt". of the AVisconsin Expt'rinient Station, estimated the loss

from oat smut in tliat State, in ISOO, at about nine per cent,

I'>owman and liurnett, of the Iowa Experiment Station, found, in liJUT,

an avenige of seven and nine-thcnths i)er cent, of smutted beads in twenty

Melds examined.

Kellerman and Swingle estimated, in isss aiid 1S,S!>, that Kansas lost

annually owv eleven per cent, of the oat <rop from snnit.

In bulletin No. o7, of the Ohio Experiment Station. .1. I". Hickman

says: "In passing through one t>f our oat fields last sumniei- I observt-d

what seemed to be a smutted head liere and there, but upon caictul ex-

amination 1 found more than seven per cent, of this v:iiiet.\ smutted."

In order to demonstrate the importance and tlie \alue of the foinial-

(ieli.\(le treatment as effectively as possible the county agents in a nunibei-

of counties made arrangements with some of the farmers to treat all their

seed oats except a small portion to serve as a clieck on tlie treatment. It

may be well to state here tliat most of the farmers who agreed to make the

tests were under the impression that their oiit crops of the i>revious seasons

were comparatively free from smut. Tlu' test fields were distriliuted over

Madison, (irant, Laporte, Pulaski and Benton c<»unties.

When the oats headed out tlie county agents connted the snintted

beads and figured out the percentage of smut on the ti'eated nnd untre.-ited

plots. In Madison County, wliere the writer assisted Hie county agent,
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Mr. W. R. Butler, in this work, comits of smut were also made in several

fields where no treatment had been tried.

The following table shows the results of the tests as reported by the

county agents.

TABLE 1.

RESULTS OF THE FORMALDEHYDE TREATMENT FOR OAT SMUT ON TEST FIELDS

IN FOUR COUNTIES.

County.
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111 addition to the data obtained from the test tields further reports

on the prevalence of oat smut were received from seven counties as sliowii

in the next table. The figures submitted in these reports were secured by

the county agricultural agents and other men who made, in most cases,

careful observations and counts of oat smut in tlieir respective counties.

TABLE 2.

AVERAGE PEKCENTAHE OF SMUT FOUND IN THE OAT CROP OF 1914 IN SEVEN

COUNTIES.

County. Reported by. Average Per Cent, of Smut.

Randolph . .

Whitley

Montgomery
Starke

Lake
Gibson.

Jefferson

Average

C. A. Mahan. .

W.C. Dilts ..

R. A. Chitty.

H. R. Smalley

S.J.Craig

H.F. Buk..

G. Culbecrtson

13.5

As shown in the table the average per cent, of smut rejiorted from

Hie seven counties corresponds closely with the average figures Iroiii the

(ounties mentioned in Tabh' f. Leaving out the rel'ort from Lnjiorte

County, wiiich can not i)e considered representative owing to the high per

cent, of smut olttained in the single test, the grand average for the count ii-s

under i-oiisiderat ion is ])ractically l.'l per cent. This no doiiiit is a fairly

accurate tigiir<' representing the loss from oat smut in t]i(> State. It

corresponds closely with the estimate of I>r. .Arthur wlio placed the loss

in the State, ligured from gener;il observations, from eight to twelve iicr

cent.

According to the crop statistics, compiled by the United States I >e-

jtartment of Agriculture. Indi;ina devotes ;iiniiially .about LT."'>r),()()0 acres

(average of liJdO to lid;; st'asoiisi to the production of oats. The average

yield for the State has been about thirty bushels ])er acre. It may be

considered, therefore, that the average amiiial inodiictioii of oats in In-

diana is, in round figures, about 52,< M lO,(lO< ) bushels. (Vmsidering that smut

destroys about thirteen per cent, of the crop the above yield reiirestjiits
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only eiglity-seven per cent, of the full crop. Figuriug on this basis the an-

nual loss from oat smut amounts to 7,770,113 bushels. This is more than

the total yield of Benton, Allen and Tippecanoe, three of the largest oat-

growing counties in the State. At the average price of oats of thirty-five

cents per bushel the loss in cash value equals $2,719,539. The cost of

treating seed oats with the formaldehyde solution would be about two

cents per acre, or $34.00 for all seed sown in the State. The net profit

resulting from the treatment would be, therefore, considerably over two

and one-half million dollars. To gain this amount every year by practic-

ing the treatment is certainly worth the effort, and practical instructions

and demonstrations along this line in all oat growing sections of the State

are highly desirable.

The formaldehyde treatment of seeds oats, as recommended by the

Indiana Agricultural Experiment Station, is briefly as follows:

Spread out the seed on a floor and sprinkle with a solution of one pint

of 40 per cent, formaldehyde to 50 gallons of water until thoroughly

moist. Shovel over repeatedly to distribute the moisture evenly, then

shovel into a pile and cover with sacks or canvas for at least two hoiu-s.

The seed may be sown as soon as dry enough to run without clogging the

drill. If to be kept longer than one day, grain should be dried as rapidly

as possible by spreading in a thin layer and stirring occasionally with a

rake. Avoid reinoculating with smut from smutting sacks or l)ins after

treatment. One gallon of the solution will treat a little more than one

bushel of oats.

In order to facilitate the work of treating the grain, machines have

been invented which much simplify the labor and enable one to treat

large quantities of grain in a comparatively short time. Several types of

these machines are now on the market selling for twenty dollars or more

each.

If total destruction of the oat crop in three counties occurred, it would

arouse the farmers of the State to action. Why should not the loss of

more than two and one-half million dollars distributed over the State do

so? If all farmers in Benton County treated their seeds oats they would

save enough in one season to build at least eight township schoolhonses.

each costing not less than twelve thousand dollars. And then they could

save enough every year to pay the salaries of all their school teachers.

Many other counties in the oat-growing sections could do e(]ually well.
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In some townships the formaldehyde treatment would save the farmers

enough money to pay for the building of miles of stone roads. Should

not these facts stir the farmers to some concerted action by which tliey

would banish the smut disease from the State? The grain treatment is

simple, cheap and easy of application. It is up to the oat growers in the

State to make up their minds and do the right thing. A man in Madison

County, on whose farm a test of the formaldehyde treatment was made

this spring, was very much pleased with the results, and he said in sub-

stance : "Why it's a very simple thing. There's very little work con-

nected with the treatment and the cost can almost be disregarded. I

treated my seed for less than twenty cents. I wonder why I haven't

been practicing it long before."
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Plants New or Rare to Indiana. No. V

CiiAS. C. Deam.

Specimens oi' the species reported are deposited in luy herbarinin under

tlie numbers indicated. Tlie Gramineiie were determined by A. S. Hitchcock;

the Carices by K. K. Mackenzie ; the Juucus by H. H. Bartlett ; and the

Antennariee by M. L. Fernald.

I'anicum Werneri Scribn.

Floyd County, June S, 1913. No. 13,256. In a sterile white and black

oak woods on the "knobs" about one mile west of New Albany.

Muhlenbergia foliosa Trin.

(xtant County, September 4, 1914. No. 15,279. Low border of the

lake located about five miles northeast of Fairmount.

Whitley County, August 23, 1914. No. 14,562. Low border on the

west side of Round Lake.

The only reference to this species occurring in the State is in Rhodora.

Vol. 9 .19 :1907, in an article by Lamson-Scribner on "Notes on Muhlen-

bergia", in which he refers to "No. 68, by H. B. Dorner from Indiana."

Apera spicaventi (L.) Beau v.

Orange County, August 1, 1914. No. 15,561. Frequent over an area

of five or six acres about one mile west of Leipsic. Reported by Prof. M.

L. Fisher of Purdue University.

Bromus arvensis L.

Jefferson County, May 28, 1911. No. 8,486. In a woods along the road-

side about one-half mile south of North Madison.

Bromus hordeaceus L.

Laporte County, May 28, 1913. No. 13,031. Frequent along the road-

side east of the water works at Michigan City.

Carex Leuvewvorthii Dewey.

Shelby County, June 8, 1913. No. 13,193. Collected by Mrs. Chas. C.

Deam in a dry woods one and a half miles west of Morristown.
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Vermillion County. May 8. 1131 0. No. 5.810. In dr.v soil in ;i wooded

ravine about one mile northwest of Hillsdale.

Vare.r lonisiamt Baile.v.

Gibsou County, June 10. 1!»1."!. No. I."!,2!t7. In a low tl it woods on (he

east side of Foote's pond.

Carer projecta Mack.

Hendricks County. July 1."!. liti::. \o. i:>,<jT7. Collecti'd Ity Mrs. Clias.

C. Denm in a swamp about live miles northwest of Danville.

Ctirc.r auhcrecta (Oluey ) r>ritt.

Noble County. June liG. 1!»14. No. 14.;;.1(). Low border of Enjile Lake.

Shelby County, June 8. 19i;!. No. i:!,2(>4. Collected by Mrs. Chas. C.

Deam in the Milburn Swamp about on.' nnle west of Morristown.

Tipton County, May 24, 1913. No. 12,U(ilt. Collected by Mrs. Chas. C.

Deam in a low place along the Lake Erie Railroad about two ndles west

of (Joldsnnth.

Vurcv pictd Steud.

r.rown County. May 21, IKlo. No. (i, llil. Somewhat lre(inent on tiic

oak i-idges between llclmsburu and .Nashville. This sedjie has tlie habit

of growing in bunches. Wlien establishi'd for some time it advances in the

form of a circle, the center of which is bare. Areas two feet in diameter

liave been noted with a ten-imh bare center.

M(.rgan County. August 12. lltl.'J. No. i:!,!)r.S. Collected by Mrs. Chas.

C. Deam on a wooded hillside .alxait one and a half miles nortlieast of

.Martinsville.

(Jray's text-book of botany gives this species as occurring in a ravine

near lUoomington upon the authority of Dudley.

Carex impresfia (S. H. Wright) Mack.

.\lleii CouMtv. June II. ItM I. No. n.2.".s;. ("i-,.,"k bottom about seven

nules south of Ft. Wayne.

(Jil)son County, June !>. l!»i:!. .\'o. i:!,.'5;]!). In a low flat woods al)out

t'o\ii- ndles west of I'atoka.

(Jrant County, June l(i. IHOT. No. 2.057. .\long ;i creek altout two

miles northeast of Van Buren.

Hamilton County. M ly l!l. I!n2. No. 10..-i4!). Collected by Mrs. Chas.

C. Deam in a swamp near Carmel.

Hancock County. June 2. 1912. No. 10,892. (Vdlected l»y Mrs. Chas.

C. Deam in a ditch along the (".. II. Ac D. Raili-oad near Iteedsville.
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Huntiiij^tuu County. July 4, 11JU7. No. 2,141. In a wet woods about two

miles north of Buckeye.

Johnson County, June 8, 1912. No. 11,088. Collected by Mrs. Chas. C.

Deam along Young's Creek south of Franklin.

Marion County. May 30, 1911. No. 8,522. Collected by Mrs. Chas. C.

Deam in a ditch near Trvington.

I'osey County. May 24, 1911. No. 8,350. In a wet woods near Goose

Pond.

Wells County, May 22, 1908. No. 3,040. Abundant in a wet woods just

south of Bluffton.

Carcx uthcrodes Si)reng.

Tipton County. July 9, 1913. No. 13,632. Collected by Mrs. Chas. C
Deam in a prairie habitat along the Lake Erie Railroad about two miles

west of Goldsmith.

Jimciix hrdcJiiiearpiis Engelm.

Crawford County, July 13, 1899. In a valley near Wyandotte Cave.

Marshall County, July 2, 1911. No. 9.021. In a ditch along the railroad

about one mile south of Culver.

AlsUie (jraininea (L. ) Britt.

Ivaporte Count.\', May 22, 1910. No. 6,44(). On the bank of an open

ditch through the prairie just west of the State Prison.

Raiiiniciiliis ci/mbaliste>i Greene.

Floyd County. April 20, 1913. No. 12,5(J5. Type locality about one-

balf mile south of the Southern Railroad on the top of the first wooded

ridge west of New Albany. Associated with Pinus virginiana Mill, and

Qnercwft Prinus L.

Phiisocarpus opuJlfolliis var. intermedium (Rydb.) Rob.

Starke County, September 1, 1914. No. 15,152. A large colony on the

south side of Bass Lake.

Saiigiiisorhia minor Scop.

Lawrence County. Introduced in grass seed in a held about 80 rods

from the boundaries of Oi'ange and Wasliington coun.ties. Repoi-ted by

Prof. M. L. Fisher of I'urdue University.

Meibomla ilUnoensi.s (Gray) Kuntze.

Benton County, July 31, 1912. No. 11,839. Roadside about four miles

north of Fowler.
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Jasper County, July 30, 1912. No. 11,789. Roadside about four miles

west of Remington.

Lagrange County, August 29, 1914. No. 14,939. Roadside about three

miles northeast of Howe. Associated with Kuhnia cupatoroides, and

Drymocallis affrimonioide^.

Lake County, July 29, 1912. No. 11,750. Roadside about four miles

southeast of Cedar Lake.

Marshall County, July 2, 1911. No. 8,995. Opeu wooded hillside

about a half mile south of Culver,

Steuben County, August 11, 1903. In woods near Gage Lake. In

the same county on a gravelly wooded hill on the east side of Hog-back

Lake in 1906. No. 1,265.

Hartmannia speciosa (Nutt.) Small.

Floyd County, June 8, 1913. No. 13,260. Abundant in an alfalfa field

and on both sides of an adjoining road on the "knobs" west of New Al-

bany, just beyond the terminal of the traction line to Silver Hills.

Solidago hispida Muhl.

Steuben County, September 2(>, 1914. No. 15,504. In white oak woods

and along a wooded roadside on the t'list side of James Lake.

Antcnnaria neodioica Greene.

Wells County, May 2S. 1914. No. 14,190. (irowing with white oak and

Antennaria faUar on the high r\:\y l)aiik of the Wabash River aboiit one

mile below Vera Cruz.

Antcnnaria Parliuii Fernald.

Brown County, May 21, 1910. No. 5,985. Frciiuciit on sterih' wooded

hills betw'een Hehuslmrg and Nashville.

Clark County. May 8, 1912. No. 10.496. In sterile white and black

oak woods on the Forest Reserve.

Decatur County, May 5, 1912. No. 10,479. Abundant on the top of thi-

sterile wooded bank of Fiat Rock River about half a mile above .St. I'aul.

Jennings County, April 28, 1912. No. 10,429. Top of the high l)ank of

the Muscatatuck River between N'ernon and North Vernon.

Martin County, May 20, 1913. No. 12,872. On top of a wooded bluff

along White River about two miles above Shoals.

Montgomery County, May 16, 1913. No. 12,750. In a white oak woods

along Sugar Creek near the "Shades".
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Ripley County, May 19, 1912. No. 10,570. On dry clay bank of

Baupst Creek about one mile west of Morris.

St. Joseph County, May 29, 1914. No. 14,204. Dry woods about five

miles southwest of South Bend.

Antennaria Parlinii var. arnoglossa (Greene) Fernald.

Vei-million County. May 8, 1910. No. 5,837. Top of the bank of a

wooded ravine about a mile and a half northwest of Hillsdale.

Antennaria soUtaria Rydb.

Floyd County, April 20, 1913. No. 12,552. Growing under a beech

tree in the "knobs" about a mile west of New Albany, also on the top of

one of the ''knobs" with Quercus I'riims.
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Some Peculiarities in Spirogyra Dubia.

Paul Wkatherwax.

a form of Spirogyra fouiul on the caiiiiius (if Indiana rnhcrsily early

ill tlu' spring of Ittl.*! lias sliown. in ils natural haliitat. as well as when

suhjt'ctcd to new i»liysin!ogiral (•(iiiditions. sonir plicninncna of growth that

arc not only irregular lor Spirogyra Imt also seem to lie eoiitiiied rather

closely to the one speiies.

The plant does not agree exactly with the description of any species

given in the literature availalile. Imt it conforms fairly well with the ue-

si'ription given liy Wolle (1 i and also the one given by ("ollins (2) for »s'.

<1uhia Kg. This sjiecies. according to these descriptions, has two spirals,

or ''more rarely three", and the fruiting cell is described as being slightly

inflated. The plant observed here had regularly three chloroplasts, and

the fruiting cells were not at all SAVoUen. Wood (.'!) notes tliis same

difference in the sporangial cell and suggests other variations Init con-

cludes that tliese characteristics are not sulliciently ditferent to .iustify

the description of a new species. A form showing a physiological peculi-

arity similar to one shown by this plant, and probably from the same

general location, is identitied by Pi( kett (4) as N. rloin/dtii ( P.erk. i Kg.

Wlien first found tlie plant formed ;i thin, green coating on a piece of

rusty sheet iron lying in running water. Most of the hlauienrs were only

one to three cells in length and were probabl.v developing from zygotes,

but the striking thing noted was the liighly differentiated basal cells (Fig.

."!
) b.\- which the hlameiits were attached to tlic mud on the iron. and.

in many cases apparently to the rough surface of the iron itself.

Conditions were favorable for rapid growth, and ten da.vs later the

li'anu'iits were three or Idiii- inches in length and ((imposed of many cells,

but still as firml.v atta( hed as would have been tilaments of Cladoiihora

of tlie same size. The rctot-like basal cells had grown very nuicli longer

and had assumed a variety of p('( uliar shapes. Their walls had thickened,

and their contents were just beginning to sliow signs of decomposition

(Fig. 5).
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A quantity of the material was put into a shallow dish of distilled

water and placed in a north window in an attempt to cause it to con-

jugate, but indications of an unhealthy condition soon became apparent.

As a first indication of this condition tlie chlorophyll bands became more

slender and the pyrenoids very prominent. Soon after tlais tlie filaments

began to break up by the decay of some of the cells, so that but few seg-

ments could be found tliat were more than seven or eight cells in length,

and the majority of them were made up of but one or two cells. In tlie

meantime these cells that seemed to have greater vitality began to develop

a number of branches as shown in Figs. 1 and 2. The cytoplasm usually

followed out into these branches, often taking a loop or an end of a

chloroplast with it. In many filaments that showed the peculiarity the

branches all arose from the same end of the cells, suggesting a continua-

tion of the condition of base and apex that was made so evident by the

highly specialized basal cells of the younger plants. So far as was ob-

served, the branches always remained continuous with the cells from

which they arose, no new cells being cut off on brandies. Filaments of

other species of Spirogyra often broke ui) into segments on being put into

similar conditions, but no branching was observed.

The decay of the plant was probably started, in some instances at least,

and very evidently greatly aided, as soon as the vitality of the alga had

been slightly impaired, by the growth of a fungus. Aplutnomiivca ijhi/co-

philus De Bary, one of the few parasitic forms of the Sajjrolci/niacecr,

which has already been described (5). Other species of Spirogyra seemed

immune to the attack of this fungus.

In some conjugating material of this .same species of Spirogyra similar

physiological peculiarities wei'e noted. This latter material had been

preserved for class use, and the exact locality of its collection is not

known, but it was probably found in the same general locality as was that

first mentioned. Tlie filaments of this material showed also, but in a

less marked degree, the same unhealthy condition. Some typical branches

found are shown in Fig. 4. These branches seemed to serve as "hold-

fasts" for attaching the filament to other filaments of Spirogyra or prob-

ably to other things in the water.

Any attempt to get at the meaning of the branches found in either

instance must maintain a degree of consistency with two or three pi'omi-

neiit points observed. The branching described is associated with a

pathological condition and is characteristic of this to a more marked
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degree than of any utlier .species of Spirogyra that was tested. Since

the phenomenon was observed once in a physiological condition that had

been made favorable for conjugation and again where conjugation was

actually taking place, it was at first thought that the branches were exag-

gerated attempts at conjugation, and. in some instances, this may have

been the ease. But the filaments were usually close enough together that

such long tubes would not have l)een necessary, and no actual union of

gametes as a result of any such activity was at any time observed.

Moreover, the filaments shown in Fig. 4 illustrate a condition noted in two

or three cases, where filaments having mature zygotes in some of their cells

were attached by these branches to others also containing zygotes. The

filament shown in tliis figure as holding to another by means of the foot-

like branch was a long one and had at another jihu-c mature zygotes that

had been formed as .-i result of conjuuntion with some other filament. If

these branches were nioililicd conjugating tubes, a relation of tins sort

would be out of harmony with the tendency toward bisexuality that is

usually exhibited by the plant.

/ II (I id II a Un ivcrsitii.

BIfirinriiii/ldii. I ikHuiki.
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Report on Corn Pollination TV. ("Final;,

M. L. Fisher.

The work under this head has l)een reported in the liios. 1!ll(i, and 1!)11

proreedings. The reports have dealt mostly with cross-pollinating with

pollen from a variety of a different color or race. One of these crosses

—

sweet, male, and Ueid's Yellow Dent, female—wis selected to lie carrie<l

out to the end to see if a new \ariety could be produced.

In the third year two types of sweet corn were distinguishable, one

a large ear with whitish kernels and white cobs like the original StowelTs

Evergreen, and the other, a .smaller ear with yelbiwish kernels and red

cobs. These two types were planted the season of 1!»11. but through poor

management no seed was saved. Enough ears were obtained to see that

the types were fairly well Hxed. (Hd seed was used in l!»r_' and bund

poUinatious were made on ea< h type. A few good ears of each kind were

obtained. The kernel and cob charaeters came true to the original selec-

tions. LTpon beii'g cooked as roasting ears, both t.vpes were found to lie

of excellent quality—the yellow kernel and red cob type being slightly

sweeter. The mature ears showed some dent kernels, but not many. A

good quantity of seed was obtained. It may be said further that tin-

yellow-kernel red-cob type was somewhat earlier tlian the white-kernel

white-cob type, the latter inclining to be late.

In the season of 191.") three plantings were made, one in the writer's

garden, another in the garden of the foreman of the Station Experimental

plats, and the third in the trial gardens of D. M. Ferry & Co., Detroit,

Mich. In the two garden trials, the white-kernel white-cob type was used

on account of its promising greater prolificacy. The corn in the writer's

garden was almost ruined by a hnil storm, and that in the foreman's gar-

den was somewhat injured. Sucli ears as were obtained for use as roasting

ears were declared to be of superior qualit.v. The writer saved no seed,

the foreman was able to save a good quantity and planted again in 191-1.

Tbe corn planted on the plats of Ferry & Co., was reported on as fol-

lows :
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"The salient features of our reports are to the effect that neither

of your selections seems as yet well enough fixed in type to be ready for

presentation. Both show a large percentage of reversion to plain parent

stock. They are both late and half of the ears in our trial were irreg-

ularly and poorly filled. Quality seems excellent, but the color of the red

cob shows badly in cooking.

From a seedsman's standpoint we do not believe the strains to be as

yet of any value."

The foreman mentioned above planted a small patch the past season

(1914), but drouth and hot winds ruined the entire planting. However,

enough seed remains foi- Jinother jilanting and a replenishment is hoped for.

Although results have been somewhat discouraging, it is believed that a

successful and fixed variety may yet be developed.
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Stomata of Trillium Nivale.

F. M. Andrews.

GiimbeP was the first to make known the presence of twin stomata.

Since that time Pfitzer- and others have shown the presence of stomata in

groups of two or more on the leaves of various plants. In »S'«.r/-//«</« sar-

mcntosa stomata are aranrged "in circular groups"^ in considerable num-

ber. In various species of Begonias, as De Bary states^ in Begonin inani-

eata, B. spathulata, B. Dregei and B. heraoleifolia two or more stomata

are arranged over one respiratory cavity.

This occasional grouping of the stomata in certain plants is even more

strikingly sliown in Trillium nivale. The stomata are often found on the

leaves in pairs over a common respiratory cavity, but frequently in num-

bers up to ten or more. In opening and closing they act just as a single

stoma does.

The presence of more than one stoma over a common respiratory

cavity is also shown on the sepals and petals. Figure 1 shows part of a

sepal of Trillium nivale in which the stomata are in pairs in one case and

in threes in another case over a common respiratory cavity. These arise

from the successive division of a common mother cell. The stomata on

the sepals and petals are frequently lateral or diagonal as regards one

another, but in every case their origin from one mother cell is the same.

The arrangement in groups of as many as ten or more over one respiratory

cavity on the sepals or petals is also met -with.

Figure 2 sliows a case, taken from the outside of a sepal, where only

one guard cell, A, is fully formed. There is only a remnant of a second

guard cell, B. The same thing has also been observed on the inside of the

petal.

'Gumbel. Jahr. ftir wiss. Bot. Btl. 7, p. 551.

'Pfitzer, E. Jahr fur wiss. Bot. Bd. 7, pp. 532-560.

'Treviranus. Verm. Schriften, IV .30. Quoted from DeBary, A. Comparative .\natomy of

Phanerogams and Ferns. 1884 p. 47.

'Vivani. Quoted from DeBary as above.

14—4966
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In Figure 3 a pair of stomata is shown in whicii only thrt'c guard ct'lls

were formed. In tliis ease the apertures are chtsed liy the movement of

tlie two outer guard cells only.

Tliese deviations from th(» general order, position and number of

stomata in TrUHuin iiiralr also olitains, hut to a less extent, in other spe-

cie.s of the genus TriHiimi. It is also in keeping with other deviations, for

which the genus Trilliiini is noted, suih as monstrosities in the leaves

themselves and in the parts of the flower. Interesting questions are con-

nected with the twin, triple and grouped stomata of Trilliiuii iiiralc and

other plants as to their complett* development, the real causes of their

arrangement and their pliysiological reactions.

Ktg. 1. Trillium Nivalo. Stomal a from outside of sepal showing doublr and trip'e

liroups over one respiratory ca\-ity. x ca. 100.
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Fig. 2. Trillium Xivale. .Stoma with only one iully devt'loped guard-tell x 46

Fia. '.'i. Trillium Xivale. .Stomata from i<epal. x 45;).
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The Primrose-leaved Violet in White County.

Louis F. Heimlich.

On the afternoon of June 12(1 last, I started out from Keynold-i, Indiana,

to add a few .specimens to my lierliaruim. Followiiij? tlie I'ennsylvania

lines east, I noticed many familiar plants, among tliem being Viola lancc-

nlata L., the lance-leaved violet, growing in great abundance in the wild

grass along the right of way. A goodly number of Viola aafjittata Ait.

were often close neighbors to lanceolata.

After digging up a few very fine specimens of these two violets I

climbed over the fence and went up on one of the sand ridges so charac-

tristic of the country about Reynolds. I had crossed this area very often

and knew that Viola pcdata L., the bird-foot violet, grew here. Only a

few of their flowers remained, the seedpods on some being already of

good size.

Passing over the edge of this oak-forested sand ridge, I descended into

what was once a swamp area. The soil suddenly becomes nnicky, mixed

with sand and late decayed leaves. Here, to my surprise, I discovered a

violet which I had never seen before. I knew it was a violet. I felt sure

of that, and so remarked to my two companions. We looked and found

more of them nearby. They spread from the lower limit of the sand ridge

out to a little beyond a fence-row, covering an area of about 40 by 125 feet.

These violets, which I later found to be Viola primulifolia L., the

primrose-leaved violet, seemed to seek the shade. Most of them grew

along the fence-row in wild grass, together with some weeds and small

brush. Those which grew out in the open shoi't grass were low spreading

and less succulent plants. The season for flowering was about over and

the cleistogamous capsules were making their appearance.

Viola primulifolia Jj., varies from about o cm. to 20 cm. in height,

bearing from a few to a dozen or more primrose-like leaves. The plant is

stemless, the leaves rising from a medium sized rootstock or runner. The

lower leaves are oval to almost round. The upper, larger leaves are ovate.
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some ol)loiig-ovate, with acute apexes aud long tapering bases. Some of tlie

leaves may b;' some\\liat suli-cordate. Botli lower and higher leaves are

more or less crenate, mostly gla))rons. with slight pnlieseence along the

niidrili and the edges of the petiole.

The flowers are small, the largest being hardly a centimeter in width

when full blown. The petals are white with several purple stripes on their

inner surfaces. The pedicels may be 15 cm. or 18 cm. long or as long as

the leaves. One or two small bract-like leaves appear about half way up

the pedicels. If two are present they may be opposite each other or a little

ajinrt. The various botanies do not mention tlieso sti'\ictures nor does tlic

illustration in Britton and I'.rown show them on this particular violet,

although they are shown on a number of the other accaulesceut species.

Stolens are common and give off vigorous new plants. The small

reddish-brown seeds are scarcely more than a millimeter in length.

Viola priinuUfolia L., occurs in the eastern United States. Its range is

.sriven in the various botanies as in moist or almost dry soil from New

Brunswick to Florida along the coast. In so far as I know it has not been

reported in any other place in this botanical region. How it happened in

^Yhite County, Indiana, or how general its distribution here is, 1 do not

know. Mr. Deam. who later visited the place with me. thought it might

occur also farther north in tlie State. I have looked for it, siiecilicallv,
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several times since in different localities where I thought it might occur,

but so far have not found it. It was rather abundant in the very limited

area during the early summer, but the drouth which followed killed every

one of them. At present I have several potted specimens growing nicely

along with several other species of violets.

This paper does not aim to give a complete study of the plant. It is

intended to give merely a brief account and description of the plant as I

know it, and to announce definitely that Viola primulifolia L., does occur

in Indiana.
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Continuous Rust Propagation Without Sexual
Reproduction.

C. A. LUDWIG.

With the (lenidiistrntidU of hetenecisiii in the rusts, the teliospdre came

to lie Iddked niidii as iiriiiiarily a lestiii;^' siiore. for lietenecism was lirst

l)rcive(l fur the lilaek rust of .grasses, in whieh the teliospore is a true rest-

Ir'.t;- spore. It was therefore believed by implication, indeed often stated,

that the teliospchre is tlie means of carrying rust fungi over unfavorable

weather ( onditit)ns and is especially equipiied struetui'ally for that func-

tion. The other spore forms and the mycelium, except in the comparatively

rare eases of a mycelium diffused througli and perennial in the ti.ssues of

the host, were not sui)])osed to be able to survive such adverse conditions.

L.ater when modern < ytological methods were applied to the rusts, it was

lound, as some leading uredinulogists had already suspected in a rather

vague way, that the essential feature of the teliospore is that it is the

structure in which is begun the series of nuclear phenomena wliich close

the sporophytie stage and precede the gametopliytic stage with its resulting

sexual fusions. With this latter idea goes the rather common belief that

no type of life, plant or animal, except perhaps the very lowest, can long

maintain a high degree of vigor without at least occasional sexual fusions.

It is this idea that has given rise to the belief held in many places that if

all the liarberry l)ushes could be destroyed, the black rust of cereals would

not be able to maintain itsell more than a few years. Thus Ave have super-

imposed one upon the other in the minds of many men the.se two ideas

:

(1) that the teliospore is necessary to the continued existence of tlie rust

because it is the means of passing the winter or other unfavoralde season.

and (2) that it is necessary to the vigor of the fungus because it is the

structure in which are initiated those changes which culminate in sexual

fusions and without wliicli such fusions would not take place. The con-

tinued prevalence early in the season of the grain rusts at great distances

from any possible fecia of tlie species, however, led some investigators to

doubt the validity of the beliefs just recorded. In consequence, a number
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of investigations were made wliicli sliowed, as suspected, that the rusts in

question do have other means than the teliospore of surviving the winter

and that in all likelihood they are able to propagate themselves indefinitely

in an asexual manner, and that without serious Impairment of vigor. In

this paper it is proposed to give the results of this work and to present

some field data, chiefly from Indiana, which was made available to the

writer by his access to the Arthur herbarium. This data goes to indicate

that what is true of the grain rusts is equally true of some others which

because of their laclf of economic importance have thus far escaped this

sort of investigation.

DURATION OF VIABILITY OF UREDINIOSPORES.

Before entering on the discussion proper, however, it seems best to

treat here two ix)ints which have a bearing on what is to follow ; namely,

the duration of the viability of urediniospores and the distance to which

they may be blown and produce infection. As to the duration of germina-

bility in the urediuiospore, more worli has been done with the grain rusts

l>erhaps than with any other. In the case of Puccinia gramiuis Hunger-

ford reports' finding germinable urediniospores at Madison, Wis., on timothy

in October, November, December, January, and March ; but it does not

seem to be at all certain that the spores used on the last named date were

wintered spores. On the contrary, it is altogether possible that they were

liut recently produced. Mercer," however, was not able to find germinable

urediniospores of the same rust on the same host during the winter in

North Dakota ; and Eriksson and Henniug,' as the result of several experi-

ments with the rust on different hosts, came to the conclusion that the

fungus does not pass the winter in the uredinial stage in Sweden. They

also came to the same conclusion in regard to P. glumaruni* BoUey
reported the germination of 8-15% of urediniospores of P. graminis after

twenty-one days in dry air in August. The same investigator has shown"

that the urediniospores of the leaf rust of wheat can be used for successful

infection material after thirty days' exposure to the outside air in July,

while Freeman and Johnson consider it possible for urediniospores of P.

graminis and P. rul)igo-vera to survive the winter in Minnesota, North

'Phytopathology 4:337-338. 1914.

'1. c. 20-22.

>Die Getreideroste 38-47. 1896.

«1. c. 153-1.59.

'Centralblatt fiir Bakt. Par. und Infekt. 4»: 893. 1898.

•Agricultural Science 5:263. 1891.
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Dakota, and Wisconsin." Fromme has shown^ that the period of viability

iu the leaf rust of oats, P. coronaia, may be as extended as eighty-four days.

The spores iu this case were stored dry in a gelatin capsule. Marshall

Ward^ succeeded iu securing germination of uurediniospores of P. dispersa

which had been for sixty-one days in dry air in the diffused light from a

north window. Thus, while urediniospores are capable of germinating as

soon as mature, they are capable under proper conditions of maintaining

their viability for a period of two to three months and probably more.

One of these conditions seems to be dryness. Probably the most common

limiting factor to long life of urediniospores in nature is a combination of

warmth and moisture. In such a case germination probably talces place,

thus of course forestalling any long duration of life in the spore. There

seems to be no good reason, however, if germination can be avoided, why

urediniospores miglit not survive the winter. That coldness of weather

does not destroy ability to germinate is attested by the fact tliat a number

of investigators—Hungerford,'", Ward," Carleton,'- and others—have col-

lected viable urediniospores of various grass rusts during the winter

mouths.

DISTANCE WHICH WIND BLOWN SPORES TRAVEL AND PRODUCE INFECTION.

It seems to be a fact, although from the nature of the case not fully

proved, that urediniospores of the rusts may travel long distances by the

\\ind and produce infection. This, of course, is to be expected of a struc-

ture which can stand drying for so long a time and is so light in weight.

Klebahn^-' calls attention to a sand storm which arose in northern Africa

and progressed northward over Europe, transporting various mineral

particles to various places in Europe. He adds that without doubt the rust

spores, which are much lighter than the mineral particles, are much easier

transported by air currents. Under the circumstances they would remain

suspended much longer and could be carried at least as far and perhaps

farther than the mineral particles. The same investigator" proved the

presence of spores in the air high off the ground by constructing traps for

the spores and exposing them in trees and on buildings. He was able in

'Bur. Plant Ind. Bull. 216:52. 1911.

'Bull. Torrey Club 40:518. 1913.

»Ann. Mycol. 1:138. 1903.

"Phytopathology 4:337-338. 1914.

"Ann. Myc. 1:132. 1903.

'^Div. Veg. Phys. and Path. Bull. 16:44. 1899.

"Die wirtswechselnden Rostpilze 68. 1904

»1. c. 68.
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this way to capture a large number of spores, many of which were iiredini-

ospores of the rusts. It is clear, therefore, that urediuiospores may be

carried many miles in the air; and there is apparently no reason for

thinliing that they may not then start infection. Doubtless they do start

infection and in tliis way produce a number of isolated areas of ru.sted

plants.

As for epidemics, however, there is evidence tliat tliey are not caused by

spores brought from a great distance. One item of this evidence is fur-

nished by Pritchard,'' who was unable to capture any urediuiospores of

P. (jrumiiiis at Fargo. North Dakota, in a series of trials extending over a

period of nearly a month, luitil the rust was ct)mmon on wheal in the

neighborhood. Pritchard's trap was a disli set on a five-foot post and

containing a little water. Another item is the fact that in the spring, as

described b.v Christman,'" the earliest outbreak of leaf rust on wheat is a

rather heavy one on the old, wintered leaves. The old leaves then die and a

period of approximately four weeks follows in which little or no rust can

be found, followed by anotlier free iiifeitioii. if the epidemic were ini-

tiated b.v sjjores blown from far away, we would not expect a heav.y infec-

tion e:irly in tJie spring. Instead we sliould expect ;\ very light early infec-

tion increasing gradually to the full epidemic later on. Further evidence

of the limited distance to which si)ores blow in anything like sutticient

quantity to produce an epidemic is found in recorded ob.servations where it

was i»<»ssible t<> know the soui-ce of the sixires itnKlucing the infection.

Perhaps the .species which are most limited in this respect .so far as obser

vations recorded uji ti) the ]>resent time go are Ui'Diii/ccx audrofKxjomK,

I'Hcciniii (iii(lroii(t(/(>nis. und J'. < llisidmi, ;ill ol whicli, a<'cording to observa-

tions made by Long'' are limited to an area within six feet distant from tlie

u'cia. These observations are in harmony with oiu' own general experience?

in collecting rusts near Lafayette and elsewliere. The .eciospores cause

free infection to a distance from their source ile]ten(ling \\\)\n\ the height of

tile source from the ground, but the distance is almost always sniiill. As

to tile distance to which ;eciosp(jres of /'. i/nnniiiis blow in considerable

Muautit.v there ai'c published observ.-it ions by .\rtliur.'~ I'l-itcli.ird," .Mercer,-"

"Bot. Gaz. 52:183. 1911.

'=Trans. Wis. Acad. Sci. 15:10ti. 190.5.

"Jour. Agr. Res. 2:303-304. 1914. Phytopathology .5:170. 1912.

"The aecidiuiii as a device to restore vigor to the fungus. Proc. 23rd meeting Soc. Prom.

Agr. Sci. p. 3. 1903.

"Bot. Gaz. 52:178. 1911.

'"Phytopathology 4:22. 1914.



223

niul others. The greatest of these values is that reported liy I'ritchard,

whose statement is liere (luoted: "The rust was al)uudaiit within 2.'t yards

of the barberry bnslies. l)ut practically disappeared at a distance of 60

yards. The most persistent searching was required to discover a single

pustule beyond 80 yards." Another observation b.\ rritehard" indicated

that urediniospores of P. graiinnifi are carried only short distances in suffi-

cient number to cause an epidemic. We have the published record, how-

ever, of rust spores having been blown as much as a mile and producing

infection ; and, strange as it may seem, the spores in question are the

smallest, most delicate ones in the life cycle of the rusts if we omit the

non-functional pyeuiospores, namely, the basidiospores. E. T. Bartholo-

mew" gives a table which shows that 59.1% of the leaves on apple trees

near cedars were infected with rust. A quarter of a mile away it was

5o.4% and !i mile away it was 6.5%. All this does not show, of course, that

rust spores are not carried by the wind for long distances in a vigorous

condition, but it does show that the distance for abundant infection from

any spore producing center is not great.

With this as a basis it should be possible to obtain an idea of the

maximum distance a rust might be expected to progress in a season. The

greatest distance recorded above is one mile, but tliose spores would doubt-

less travel a mile and a half farther (or two and a half miles) and pro-

duce infection. As a factor of safety, let us double this value ; and as a

further factor of safety, let us double this latter value. This gives us ten

miles. A rust generation, according to Freeman and Johnson,-' takes eight

to twelve days, and more in cold, bad weather ; and inir own results at the

I'ni'due Experiment Station agree very well witli those figures. Assuming,

tlien, ten days for a rust generation, ten miles of migration per generation,

a growing season from the middle of April to the middle of October, ap-

proximately 180 days, and good weather with no interruption to the growth

of the fungus, we should expect it to migrate for a distance of 180 miles.

Tliis value will be used presently in comparing the telial distribution of

some of the rusts with their possible jiecial distribution.

TKOPACiATION OF INIHVIDITAL SPECIKS.

The black rust of grasses was among the first to be ob.served living,

and apparently thriving, at long distances from any of its ;ecia. There

^'Bot. Gaz. 52:184 1911.

"Phytopathology 2:25.5-0. 1912.

"Bur. Plant Tnd. Bull. 216:45. 1911.



224

seems uow not to be the least doubt but that it cau pass the winter in the

uredinial stage; in fact, McAlpine-^ claims that in Australia the fecia of

the rust do not exist and that the rust will not infect the barberry. As to

the exact method of wintering there is some difference of opinion. The

contention by Pritchard^' that teliospores or mycelium in the seed grain

have something to do with its propagation in wheat is different from all

the others in the suggestiveuess that a sexual process may be involved even

in the absence of the secium. All other theories which have been advanced

assume a strictly asexual propagation, and probably Pritchard's theory

does not really assume otherwise either. Perhaps the most famous theory

is Hennings now discredited mycoplasm theory. The real means by which

the rust passes the winter is probably mycelium in the leaves of the host

plant. The presence of this mycelium during the winter months has been

shown by Hungerford^" and by Johnson^' in the leaves of timothy.

That the leaf rust of wheat is carried through the winter inlhe same

way is shown by the findings of Bolley,^ Carleton,'" and Christman."" This

method of carrying the fungus over accounts satisfactorily for the heavy

early infection, followed by a period of little or no infection, which is in

turn followed by the epidemic proper. The old leaves, which are infected

from the autumn, carry the first epidemic and then die, the mycelium, of

course, dying witli them. In the moantimo the new leaves have been in-

fected ; and in about four weeks, which as has been shown by Freeman

and Johnson,^' and by Christman,^- is the approximate incubation period for

that time of year, the uredinial stage breaks out freely on them.

Aside from the work with the grain rusts, not much has been done in

the way of determining the method of passing the winter by rusts in

regions remote from their secia. Oarleton,^ however, states that Puccinia

inontanciiHix on ElinmiH winters in the uredinial stage, and calls attention

to the situation with regard to the bluograss rust. This rust, Puccinia

Poiiruin, is found over most of North America. Only in tlie far west,

liowever, does it produce teliospores, and so only in this i*egion can it have

"Rusts of Australia 66-67. 1906.

»Bot. Gaz. 52:169-192. 1911. Phytopathology 1:150-154. 1911.

"Phytopathology 4:337-338. 1914.

:'Bur. Plant Industry Bull. 224:12-13. 1911.

"Microscopical Journal Mch., 1890: 59-60.

"Div.Veg.Phys. and Path. BuU. 16:21. 1899.

"Trans. Wis. Acad. Sci. 15:98-107. 1905.

»'Bur. Plant Ind. Bull. 216:56. 1911.

"Trans. Wis. Acad. Sci. 15':106-107. 1905.

"Bur. Plant Ind. Bull. 63:20. 1904.
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«cia. It is so commou throughout central and eastern regions early in

the season, as well as later, that the idea of any seasonal migration from

its region of possible fecia is clearly absurd. It must pass the winter in the

uredinial stage, and it probably does so as mycelium in the leaves of the

host. We have here a case of a rust which certainly maintains itself in a

fair state of vigor for some years without the intervention of tecia and

probably maintains itself indefinitely. Of course it is possible that it is

constantly being renewed in vigor in the west by the presence of the secia,

and that the fungus thus renewed in vigor is slowly but continuously

migrating eastward; but such a hypothesis strikes one as being fanciful

rather than likely to be true.

Puccinia Sorghi, the corn rust, is another species with a wide distri-

bution. It is usually not difficult to collect in any field of corn after tassel-

ing time. The infection is usually not heavy, however. The JBcia occur on

Oxalis, but they occur so seldom that they seem to have little to do with the

actual propagation of the rust. It is probably carried over from one year

to the next by urediniospores which survive the winter or by the uredinial

stage in living plants in southern regions. The latter source of infection

seems more likely for this rust than for wheat rust because of its later

appearance and less severity.

Puccinia AsperifolU, the leaf rust of rye, is a rust which has no known

.•ecia in this country. Its case in America is therefore comparable with that

of the bluegrass rust in this region or of P. gratninis in Australia. It has to

maintain itself by the sporophytic stage only.

Uromyces caryophyllimis on carnation is another rust which has no

iecia in this country. There is no direct evidence that it can maintain

itself over winter, for it usually appears in greenhouses ; but it must have

passed through thousands of \iredinial generations since it was introduced,

yet it seems to show no particular loss of vigor.

Puccinia Chrysanthemi is a Japanese species which has been introduced

into America and Europe. It attacks cultivated chrysanthemums, chiefly

in greenhouses. It has now been known in this country for about a decade

and a half, and during this time it has never, so far as is known, produced

a teliospore, although in northern Japan and in the mountains of Japan

they are common. During this time no great impairment of vigor seems to

have taken place, although chysantbemum growers are able to keep it in

cheek by the use of I'esistant varieties and by the exercise of care in

watering.

15—4966
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The rusts so far cousidered are some of the more ordinary species,

belonging to the Aecidiaceie. There are species in both the Urediuaceie

and the Coleosporiaceie. however, which seem to have the same ability to

maintain themselves indefinitely in the uredinial stage.

Among the Uredinacea' two of the most common rusts are Melanipsora

iledusw on PoijuIks and -1/. BUjelouii on HaJLr, both of which have ;ecia on

Larix. The Sficia are so much alike that it is impossible with our present

knowledge to tell them apart. It seems well here, therefore, to consider

the two species together, although there are definite morphological charac-

ters in the urediniospores which mark them as clearly distinct from each

other. The collections of .1/. Bif/eloirii in the Arthur ht'rl)arium show its

presence in nine counties of the State, the first collection being made in

1887 and ^he last one in 1914. both in Tippecanoe County. The rust is

common and the epidemic is usually severe. The only explanation which

seems reasonable for not having colle<-tions from all counties in the State

is in tlie lack of collectors being at work in those not I'epresented. ,1/.

Midit-sd is reiiresentcd by collections from five counties in Indiana, and the

same remarks as to prevalence and severity that were applied to M. liigc-

Uncii apply to this species also. Both of these rusts have a range also far

to the southward and westward of this region. Their aicia, to the present

time, have not I)ccn cnllccted nearer this region than New York and Wis-

consin. However, it is likely that they do occur nearer because the larch

has a range extending as far south as northern Illinois and northern

Pennsylvania. It also occurs occasionally as an ornamental tree at various

places in the State. Tiie ;ecia probably occur within the hundred eighty

mile distance from the northern half of the State and perhaps from all

parts of the State. It does not .seem reasonable to think, however, that

a'(ia (K-cur within several hundred miles of the southern i-ange of the fungi.

The natm-iil asstunption is, therefore, that they are able to pass the winter

in the uredinial stage.

liuhakia Crotouis, on Crototi mono nthoyunits, has been taken four

times in Indiana, from at least three counties, and over a period of time

extending from 1896 to 1912. It also extends as far north and west as

Nebraska. No jecium is known for the rust, but the nature of the fungus

suggests a Pinaceous host and a cieomoid secium. Cwoma strohiliiium on

Pinus paliistris and Pinus tceda has been suggested by Arthur.** Neither of

"Bull. Torrey Club 33:519. 1906.
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these species of pine, acfordinjj; to Siidworth,'' lias a nuv^v exteiuliiig far-

ther iiortli than the southern Ixinler of Tennessee. This distribution is

well outside the ISH mile limit estalilislied earlier in this paper. Two other

species of pine, /'. cchindtn and /'. rirginiaiia, litive a distribution wbicli

might possil)ly meet the reciuirements, but there seems to l)e no evidence

other than their distribution that they carry the a^-ia of this rust. Since

Crouton monanthom/uux is an annual, the evidence seems to favor the idea

that the urediniospores are able to survive the winter.

Two species of I'urcinidxtntm occur in Indiiina, /'. Aijriinonitt', on

Af/rimoiiid, and /'. Hiidraiif/cd . on Hydrangea. The former has been taken

iu five counties in the State at various times since 1896, and usually the

infection is severe. P. Hydrangcie has been taken tliree times in Tippe-

canoe county only. No lecia are known as yet for either of these species,

but tlie a'cia of the different species of Pucciniastritm, so far as known, are

species of Peridermium on leaves of Abies and Tmga. Judging by the dis-

tribution for tliese trees given by the manuals, Indiana is probably just

outside of a ISO-mile zone south of their distribuion. These trees are

often planted for orn.iment, however, and the possiliility exists that the

iBcia are to be found in the State. The rust occurs, however, as far south

and west as the state of Mexico in the country of Mexico, and it is not to be

expected that a species can travel so far in a season.

Among the Coleosporiacejie, there are at -least four species which have

been collected in the State under conditions whidi lend color to tlie idea

that they were carried over the winter in the uredinial generation. Tlie

rusts of the genus, ColeoHporiuin, have their uredinia and telia on various

broad leaved plants. Their a^cia are leaf inhabiting species uf J'rridrriiii-

inn on pines. ColcoxiJorium TcrrbintJiiiiacea' was collected in the autumn

of 1912 and 1914 on »S'j7/>/u'h»i tercbinthiiiaceiim in a restricted area near

Lafayette. In the latter season, tlie species was limited to a patch a

few rods in extent: other Silphiuiii plants in the same patch were unaf-

fected; and no affected Siiphiinn plants could be found across a small

ravine, although unaH'ccted ones occui-red in abundance. ( (tlrer plants a

mile or so away in two directions were examined but were found unin-

fected. The aecial stage of this rust is not known, and so it is impossible to

say positively how near to this locality the tecia may approach. The near-

est collection of Periderm ium on pine leaves to be found in the Arthur her-

barium is an undetermined collection on Pinuf< vlrgiuiaua from Mammoth

"Forest Atlas. Geographic distribution of North American Pines. Part 1, Maps 25 and 3.5. 1913.
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Cave, Ky. Mammoth Cave, as well as can be told by scaling on the map, is

approximately 215 miles from Lafayette. It is conceivable, of course, that

a wind-borne spore from such a PerUlcrniiuni could have started the in-

fection of t<ilphiuiii plants each year; but when we consider the likelihood

that the two species do not lielon.i; together, and the fact that the rust was

found in practically the same place both times, together with the fact that

the host is a perennial plant, it seems more reasonable to think that the

original infection was started 1).\- a stray spore, and that its further propaga-

tion and carrying over the winters was accomplished in the uredinia! stage,

either by surviving spores, or by mycelium in tlie living host.

A somewhat similar case is tliat of Colco.sporiiiin Iimmocfr. which has

been collected repeatedly in Tippecanoe County since 1895 on Ipomoea

pandvratu. It occurs in great abundance and is doubtless to be found in

practically JiH parts of the State where this host is found. The snme thing

is true for this species as for the preceding regarding the alternate stage

and the possibility of the epidemics being started by seciospores, with this

addition, that because of tlie more general distril)Ution nnd greater common-

ness of the fungus, it is much less likely to Ite started each year by

reciospores.

Coleoxpariiiin ] ernonke, on different species of ^'enloni(l, has for its

aK'ial stage I'crido iniiitn c<ini( iiiii on I'iinis EUioitii and /'. jxihistris. It has

a very wide distribution in the State, being represented in the Arthur

herbariinn from eight counties. The hosts of the ;ecia according to Sud-

wortli^" and Smnll are l)oth confined to an area south and east of central

North Carolina and the north third of Alabama. This distance from

Lafayette, as .scaled on the map, is approximately 4."iO miles, a distance

about 2.5 times as large as our maximum distance wliich we might expect a

rust to migrate in a season. Moreover, it has been collected at Lafayette

in different years as early as July IS and July 24, whi<h dates are early

enough in the season to render it even more unlikely tliiit the infections

were developed, even indirectly, from aiciospores of the same season.

Coleosporium Campanulw is a species occurring in Indiana on Campa-

nula amcrieana. The tecium is known as Peridermitini Rostrupi and occurs

on Pinus rigida in eastern Ohio. The closest approach of the range of the

liost to Lafayette, ac-cording to Sudworth's map"-^ is in eastern Ohio, which is

H. c. Map 35.

''Flora of the Southeastern United States 33. 1913.

"Forest Atlas. Geographic distribution of North American Pines. Parti. Map 26. 1913.
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approximately 250 miles distant. That the fungus at least sometimes win-

ters over is evidenced by the fact that it lias been collected in the vicinity

of I.afayette on rosettes of the host as early in the season as May (J. There

is little or no doul)t that it had wintered in the uuredinial stage, probably

as mycelium in the living leaves of the host.

Perhaps the clearest indication of the survival of the winter by uredi-

uiospores or mycelium outside of the Aecidiace;e occurs in Colcosporium

Solidagiuis, on Solidayo, Axtcr, and a few other Carduaceous hosts. This

species is very widespread throughout the United States and is exceedingly

common. Its exceeding "commonness is attested by the fact that its Indiana

distribution is represented in the Arthur herbarium by 44 mounted collec-

tions and a few unmounted ones, from 10 counties, and extending over a

period of time from 1S!M» to the present. The jecial stage, J'rridei-miuni

aiicoluiii. occurs on l'iiiu>i ijkiii/chs and /'. liguhi. with a distribution from

Massachusetts and central New York to central North Carolina. According

to Sudworth's maps" Finns rigida is the one of these two fecial hosts which

is nearer this section. Its nearest approach, as already shown, is eastern

Ohio, which is approximately 250 miles distant from Lafayette. This is a

greater distance than we would expect the fungus to migrate in one grow-

ing season; but the fungus extends also much farther to the west and

northwest, so far, in fact, that it seems almo.st absurd to think it could

have spread so far from its jpcial base in a season. Furthermore, the

writer on the first and second of July in 1912 made collections in enstern

Indiana which show that the species was already well established for the

season in a region a mile or more in extent. For such an infection, spores

must be present In some quantity or must be present very early. But this

is not the most convincing evidence at hand. There is a <(>llection from

Lafayette on SoUdago ulinifolia, made June 25, 1896, and one on <S'. serotina

made May 15, 1901. There is also one on Aster cordifolius made May 30,

1896, and one on Aster sp. indet. made May 12, 1902. This last collection is

on the rosette leaves of the plant which were practically in ( ontact with

the ground, and the rust is well developed. The collection was actually

made earlier in the season than any secial collection of the rust at hand

except one, which was made at Durham, N. C, May 3, 1910. The range for

the secial collections is May 3 to July 6; and it was clearly impossible for

this specimen to have resulted from infection tracing back to seciospores

of the same spring. The circumstance seems to l)c much mori' easily ex-

"1. c. Maps 26, 30.
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plainable by assuming that some iirediniospores or mycelium survived tlie

winter.

It seems fair, then, to judge from the foregoing that a good many rusts

<-an pass the winter and propagate themselves for a long time, and probably

indefinitely, without the intervention of sexual reproduction. This is in

line with the experience of Freeman and Johnson,^" who carried I'uccmia

(/nDitinis, I', ruhigo-rera. and P. simi)1cx through 52 urediuial generations

without apparent degeneration, and of Fromme." who similarly carried P.

<vn(»tij'era on oats through thirty-seven uredinial generations, and of car-

nation raisers generally, who still find the carnation rust an enemy to be

fought although it has in all probability never produced an iecium on this

continent.

Tlie evidence, thereft)re, which is to be gained from the l)ehavior of the

rusts concerning the (piestion as to wlietlier or not a plant species can long

maintain a high degree of vigor without sexual reproduction is quite

definitely in favor of the idea that it can. True it is that in the long cycled

rusts an effect of stinnihitiou follows the stage in which the sexual fusions

talie place, but this effect l)ecomes dispelled l)y one or two urediniiil genera-

tions, so that the rust is then liack at the old level of vigor; and it remains

there throu,']i an indefinite number of uredinial generations.

/'indiH' Unir(i>iit!/,

Lafdiiette, In (liana.

"Bur. Plant Ind. Bull. 21fi:34. 1911.

"Bull. Torrey Club 4n:.510-511. inis.
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Correlation of Certain TjOng-Cycled and Short-

Cycled Rusts.

H. C. Travelbee.

When in 1897 Dietel, in his worli "The Uredinales" for "Die natiirliehen

Pflanzeufamilien"' of Englei- and Prantl, pointed out tlie reuiarliable simi-

larity between the teliospores of Puccinia Mesneriana Thiim., on RhamnuH

and those of Puccinia coronutu Cdn. and Puccinia coronifera Kleb. on

grasses, which have tlieir iieeia on L'hannius. he established tlie first obser-

vation on correlations between rusts of widely different species. He also

called attention to the fact that a similar condition obtains between the

teliospores of Puccinia ornuta Arth. & Hohv. on Rumr.r and the teliospores

of the grass rust. Puccinia I'hragniitis (Schum.) Korn. which has Rumc.r

for its necial host. In Itoth of these cases we note the teliospores of a short-

cycled rust appearing on the a^cial host of a long-cyi'led hetercecious rust.

The teliospor&s of the two species are morphologically alike although

appearing on host plants of (juite different families.

About this same time (1898) Fischer stated* that quite independently

of Dietel, he found by his researches a list of similar relationships. He

reported five heterwcious species of Puccinia, two of Cliriisoniyxa, one of

Melampsora and one of Colcosporiutn, all having short-cycled forms ap-

pearing on their jecial hosts, agreeing with their teliospores. He also listed

three Uromyces and one Puccinia which show this sort of a relationship

with certain micro- or hemi-forms.

It is worthy of note here that the complete life liistory of all tlu'

forms correlated in this manner were known at the time the observations

were made.

When in 190:^ and 1904 Tranzschel conuectetl into a hetercecious life

history two rust forms which until that time had never been suspected of

bearing any relationship to each other, he made a wonderful advance along

the line of this sort of investigation. His method was as unique as it was

important, and on account of the interesting field it opens for investigators

is worthy of detailed mention.

He had an unconnected Aecidium, A. punctatum Pers., on Aneniunc

ranunculoides, and was endeavoring to find its alternate host. He observed

that on Anemone nemoroi^a there appeared a short-cycled Puccinia, I'.

*Beitrage zur [vryptogamenflora der Sch\veii5. 1;109. 1S08.
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fiisca (I'ers. ) Wiut.. whose morpbologieal aspects were strikinj;l.v similar to

those of the Aecidium, i. e., the sori of the two rusts were arranged in the

same manner; the effects on the host plant were the same, and the macro-

sfopic characters of the two were alike. He concluded that the two forms

were closely related phylogenetically. Then his problem was : How find

the altex-nate stage of the Aecidium form?

On examining the teliospores of the short-cycled form microscopically

he found them to possess very striking features. haAing a roughly warty

wall, and being strongly constricted at the septum. A careful examination

of his unconnected Puccinias revealed one having spores similar to those of

the short-cycled form on Anemone, Puccinia l'runi-si)in<is<r I'ers.. the plum

rust. He ':'ultured the a-ciospores from Anemone on the leaxcs of plum and

peach trees and grew the viredinia and telia of the pltim rust. In his inves-

tigations at this time he combined, in this way. tive hetenecious species.

Three of the.se .species he proved l)y cultures; namely.

1. Puccinia Priini-spinosw Pors. with Aceidiinn imnctatuni I'ers.

2. I romijccfi Yeratri (DC.) Schroet. with Aecidium Adenostylis

Sydow.

3. L'ronniri s HuDiids (Sch'im.) Wint. with Accidiiini Ficaiitr I'ers.

The correlation, then, of two rusts of distinct species depends upon

several things: lirst the laniily relationship of the host plants. The rusts

are u.sually on the same or closi'ly .-lUied species of liosi ])lants. The nnuro-

scopic characters of the two rusts ai'c also of dei-ided iniixii'tMiicc. They

can usually be expected to have similar effects on the common host plant;

and the location and disposition (i. e., whether they are amphigenoas,

epiphyllons. liypoi>hyllous. caulicolous ; numerous or few. scattered or

crowded: circulai-. oblong or irregnlar, et<'.) of the sori arc iinport.uit

factors.

'I'lie most important thing, however, is the agreement (jf tlu' microscopic

characters of the analagous spore forms. The teliospores of the short-

cycled and long-cycled forms are compared for thickness, color and mark-

ings of the walls; the condition of the apex (tliickened or not) : mea.sure-

nients of the spores; length, color and type of pedicels: and the general

conformation of the spores.

Owing to the fact that the knowledge of the rust fungi of very many

regions is mA comiilete, the geographic distribution can not be considered

as extremely imixirtant. Nevertheless many interesting comiiarisons are

shown by a study of the distribution of the correlated forms.
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For some time past the writer lias had access to the Artluir herbarium,

and at the suggestion of Dr. J. C. Arthur, made a list of the heteroecious

species of Pucciiiia having tlieir teliospores on grasses, whose complete life

liistories are known. Tlie teliospores of the short-cycled forms appearing

on the fecial hosts of these rusts were compared with the teliospores of the

long-cycled forms with the intention of compiling such a list as Fischer

published. The following combinations were found to appear as good cor-

relations :

LIST OF CORRELATIONS.

Rust. Telial Host. Akcial Host.

^
i^Pucctmn Crandalln Pammcl c\. Hume

|p^^^ Sympharirarpos

[Puccinia Sijmphoricdrpi Hark. Symphoricnrjws

[Puccinia siinilliina Arth Phragmilis Anemone

[Puccinia Aneniones-virginiann Schw. . . Anemone

{Koeleria

( Puccinia Stipoe Arth lOryzopsis

.

I

[Stipa

Puccinia Grindelire Peck

.

Bigelovia

Chrysopsis
Chrysothamnus
Grindelia
Ciutierrezia

Puccinia Andropogonis Schw. . .

Puccinia Seymeriie Burrill Dasystoma

iPuccinia pustulata (Curt.) Arth Andropogon.
[Puccinia Comandrce Peck Comandra

Aster
Bigelovia
Chrysopsis
Chrysothamnus
Erigeron
Grindelia
Gutierrezia

Lygodesmia
Nothocalais
Senecio
Solidago

{CastiUeja

{Puccinia monoica (Peck) Arth. . . .

[Puccinia Holboellii (Horn.) Rostr.

Andropogon ' Daxyxtoma
[Pen^lemon

Comandra

{Arabis

J
Parrya

)
Schoenocrambe
[Smelowskya

j Koeleria

[Trisetmn

. Arabis

J
(Puccinia Agropyri Ell. & Ev Agropyron Anemone
[Puccinia DeBarynna Thuem Anemone

IPuccinia rubella Arth Phragmilis .

[Puccinia ornata A. & H Rumex

{Rheum
\ Rumex

Puccinia rhamni Wettst Avena Rhamnus
Puccinia Mesneriana Thuem Rhamnus

Tlie last two combinations in this list are the ones noted by Dietel.
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Orton' dealt with quite a dittereut type of correlation when lie reported

iu detail the similarities between six species of hetercecious VromyccH and

.six species of hetercecious Puccinia. He also extended this study to include

autoecious species of Uromyces and Puccinia. In every instance the host

plants of the two rusts are of the same species, or of species closely related

morphologically and phylogenetically. Because of the cellular difference in

the teliospores {Vromiicrn. one-celled; I'mciniit. two-celled) Orton laid

special emphasis on the agreement of the microscopic characters of the

:ecios])ores and urediniospores of the two rusts, rem.'irking only iu a gen-

eral way similarities between the teliosiiores.

When we consider the differences in the number of spore forms in tlr-

life cycles of the various species of rusts, and take into consideration the

morphological variaciou of the analogous si)ores. it is apparent that the

possibilities of correlation are numerous. There are many problems pre-

sented in connection with such correlations. The choiie of host plants, the

similarity of analogou.^ spore forms, and the like effects on the ho.st all

IKiiut to a common .incestor. What then is the primitive form? What is

the evolutionary history of the derivative species? How great a range

may lie exitected in the variations of correlated species? These and similai-

(piestions arise wlieu a theoretical consideration of the condition is under-

taken.

The iii-actica! appiiiation of knowledge gained by coiM-elatlon studies

will be aloiii the lines of culture work, especially in forecasting the alter-

nilc liost iilaiits of \nn<piinectc(l ;ci:il or telial forms.

Mycologia, IV: No. 4, .luly, 1912.

I'tirdiir rHircr.sit!/.

Ldfiii/cttc, liid.
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Some Species of Nummularia Common in Indiana.

Claude E. O'Neal.

The difficulty of distiiiguisliiiiy the various species of NuminiiUirid.

and even the s^eiius itself from tlie genus Hypoxyloii, is quite evident to

anyone who has made any attempt at their elassifloation. In a paper en-

titled "A Monograpli of the Common Indiana Species of Hypoxylon".* C.

E. Owens, by the aid of plates and an artificial key, sets forth the cliai'ac-

teristics of tlie common species of the latter genus. Tlie purpose of tliis

paper is to do a similar work witli the availal)le species of the genus

Nuiiimularm.

In the study of Xiotninilaria. attention is first directed toward the

strt)mata, which appear as hlackish or brownish incrustations on the dead

trunks and limits of our common deciduous trees. In form, the stromata

vary greatly, but in general, they belong to two types, one of which may be

described as cup-shaped, and the other as convex. The former type is

usually orbicular or elliptical in shape, while the latter may be either orbi-

cular, elliptical, or broadly effused with an irregular outline.

The stromata arise beneath the epidermis of the substratum where

they may remain concealed for some time, but sooner or later, the epidermis

is broken through and the spore-bearing surface is exposed. Sometimes in

old specimens the entire epidermis may lie removed and the erumpent

characteristic overlooked. In some cases the entire cortex may decay and

fall away, leaving the stromata standing out on tlie decorticated surface.

Again, some of the more resistant ones mny be found in good condition on a

log that is ready to drop to pieces from decay.

In width the various Indiana species range from a few millimeters in

rlu" cup-shaped forms to several centimeters in the broadlx' elfused types.

The thinnest ones that the author has found have been about one-half milli-

meter thick while some of the cup-shaped forms may have a thickness of

^Proceed. Ind. Acad. Sci. 1911, p. 291.
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half a reiitimett'i- or more. In the early stances of development in the spe-

cies descrihed the stromata may be lii,'htly eolortnl, hut when the sporidia

are mature the color of the fertile layer is black. Sometimes the substrat-

um is stained by the fungus. One species is readily recognized by the

characteristic orange color imparted to the \v<mm1 beneath the stromata.

Another species gives a peculiar ring-like marking to both wood and bark.

If a stroma l)e cut through, the flask-like perithecia are found deeply

embedded in it. They are arranged in a single row and open by minute

pores (ostiola) on the upper side of the stroma. The ostiola in some spe-

cies may be rather prominently raised giving the fertile surface a pimpled

appearance, or they may be sunken; while in some forms they may l)e so

obscure as to be passed over unnoti<ed. The edges of the stromata are

usually sterile.

The perithecia contain many eight-spored asci. These asci are cylin-

drical in shape and bear the spores in a single row. They are readily dis-

tinguished from the paraphyses with which they are found by their shorter

length and the spores whi( h they contain.

The sjiores of the Xmnmularias vary greatly in size, color, and shape.

The largest ones that the author has observed were about 1(5 microns long

and one-half as broad, while the smallest were about 5 microns long

and about iM microns wide.

The shape varies from ellii(ti(al to (trliicula r. When the spoi'es are

young (lu-y are usually hyaline, but as they become older, tliey turn bi'own

and in .s<mie species they finall.v become opacpie.

In general, the Indiana species of Xununularia are saprojihytic in

habit and conscMjuently have but little economic importance. Under cer-

tain conditions, liowever. .V. (lixcrctu* becomes ])arasitic and causes consid-

erable damage to poorly kept api)le trees. Tn many fruit growers it is

known merely as apple canker; others distinguish it as the blister canker.

The fungus gains a footing in a wound or in a decayed jiortion of the tree

and s])reads to the li\ ing parts. The stromata arise upon the mycelia be-

neath the epidennis of the host. The overlying ei)idermis shortly becomes

dry and papery and sooner or later it is torn and drojis away leaving tliL'

*Canker of .\pplc— Ha-selbrins, 111. Kxp. Stsi. I5ull. ;o.

Fungous Diseases of Plants— Diiggar, pp. 2.S2-284.

.Apple Blister Canker and Methods of Treatment—W. (). (iloyer. Otiio i;.\p. Sla. C'ir. 12.').

The New York .\pple Tree Canker. Bulls. N. Y. A?. Ex. Sta. Nos. Ifi3 and 185. I'addoek.

The Control of Canker in the Orchard—J. K. Cooper, Neb. Hort., Vol. 3, 1913.
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cankerous stromata exposed. Since a great deal of damage is done before

the strt)mata are formed, it is necessary to identify the disease from other

cliaracteristics. The remedy for this parasite is obviously the proper

treatment of wounds and the removal and destruction of affected parts.

Cai-e in pruning would in many cases prove a sufficient preventive.

This fungus has been reported on several other hosts including Ame-

lanchier but in these cases the economic importance is insignificant.

KEY TO THE COMMON INDIANA SPECIES.

I. Stroma cup-shaped with i>erithecia opening on the concave side. (A).

II. Stroma convex or plane. (B).

A. Stroma prominent. orl)i<ular. with a thick, raised margin ; stroma

4 to 7 mm. across; spores globose or subglobose. 10-16 mi-

crons 1. A. diffcrcta.

A. Stroma erumpent-superficial. either orbicular or elliptical: margin

not so thick nor so regularly bulging as in the preceding species;

concave part i to 1 cm. acro.ss. Spores subinequilateral. 10-ir>x5-(i

microns 2. A. repuiidit.

15. Stroma dull lihuk, orbicular, elliptical, or broadly effused; ostiola

rather prominently raised, o-5 per linear mm. Spores 12-16x<>-,S

microns 3. A. huJliardi.

B. Stroma shiny black, more or less furrowed, staining the wood of the

substratum orange color. Spores 12-16x5-7 microns. .1. A. tinctor.

B. Stroma thin, orbicular, suborbicular or linear; ostiola depressed;

ranging from I to 1 cm. across. Spores 43-5x2-2^ microns

5. A. w; icroijldcK.

Desckiptions.

1. XiiiiDiiiilaria discreta, (Schw.) Tul. Plates I and II.

Sphaeria discinola, Schw. Syu. Car. No. 63.

Sphaeria discreta. Schw. Syn. N. Am. 1249.

Sphaeria excavata, Schw. 1. c. 1250 (Sec. spec, in herb. S;l)w.

)

Nummulai'ia discreta, Tul. Sel. Carp. II. p. 45.

Stroma erumpent, circular or subcirculai", sometimes uniting to form

elongated patches, cup-shaped when mature, with a thick raised margin

;

ashen or grayish yellow, becoming black ; the concave surface at first white
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punctate from the minute ostiola which are hardly visible when mature.

The bark and wootl beneath the stromata are marked with a black circum-

scribing line. Perithecia arranged in a single row. oval or ovate-cylindrical,

about one millimeter long, usually rather abruptly contracted above into a

short neck and extending to the base of the stroma. Asci cylindrical. 140-

170x10-15 microns (E. & E., 110-120x10-12) ; spore bearing part. 110-1 2r)x

10-15 microns. I'araphyses. long and filiform. Sporidia subglobose, almost

hyaline at first, finally becoming opaque, 10-16 microns in diameter. (11-1:3

(Jloyer. 10-12 E. & E.)

On dead trunks and branches of I'yrus mains: (|uite common on the

living trees as well. Practically every orcliurd visited in Hendricks. Put-

nam iind Monroe counties. Indiana, as well as l>clawart' County. Ohio,

showed traces of this fungus. Gloyer reports it especially abundant in

southern Ohio. Reported on Amelanchier canaden.sis. Newfield. X. J . and

on Gleditschi:) triacanthos. Ohio. (Morgan): .ilso (Sec Saccardo in Syll. i

on Sorl)US, llmus. Cercis and Magnolia.

On a|)p:e trees this fungus usually attacks the trunks .md linger

limbs, making somewhat sunken, cankerous areas several inches in len','tb.

The dead bark is separated from the sound by a distinct line and cracks

occur along this boundary. At the beginning, living spots within the cank-

erous area give the affected jiarts a mottled appearance. This distinguishes

it at this stage from otliei- cankers.

2. X iinniiiildrid rcinnuld, (Fv.) Xke.

Sphaeria repinda. Fr. S. M. II. p. :'Ai\. Obs. Mycol. I. i». 108.

Hypoxylon repanduni. I'v. Sumnia Veg. Sc. ji. ."is:;.

Numnudaiia jtezizoides. E. »& E. Hull. Torr. Club. XI, j). ~A.

Xununulaiia icjianda, Xitsch. Pyr. (Jeini. p. 57.

Exsic. Fckl. F. Kb. 217s. TInini. M. \'
. 14(1(1.

Stroma eruniiient-superficial. orbicular or subelliiitical. \ to 1 cm. in di-

ameter, concave and often with a thin. ere:-t. rather broad margin, reddish-

gray at first, finally black: <lisk nianimillose from the ])rojecting ostiola.

Peritlnia nioiiosticbons. ininieised. ovate-oblong. A to ',' nun. long, crowded,

causing the sides to ]t•^ somewhat compressed. Asci cylinilrical, subsessile.

eiglit-si)ored. ll(»-120xX microns, with long filiform iiarajibyses. Sporidia

obliquel.N' iniiseriate. narrow ovate, obtuse, suliine(|uilateral. dark brown.

SA-14x4-7A microns. ( E. tSc E. 11-14x4-5 microns; Sacc. in Syll., 15-ltix(i-7

microns.) Keailily distinguished from X. di.screta by its differently shaiu'd

.spores and its maniinillose disk.
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On Hicoi-ia. Clark (Vmiity. Indiaua, (Van Hook) ; on wood and bark,

Topeka. Kans. (Craigin). and on bark. Ottawa. Canada (Macoiin): on

bark of Ulmns americana Missouri, (Demetrio). On Sorlius aucuparia in

Europe.

::. \ iinnHidiiriii hiiUianli. Tul. Plate III, Figs. 1. 2 and :!.

H.vpox.vhin ruuimuiaiiuiu. Bull. Cliamp. tab. 408, tig. 4.

Spliaeria numnuilaria, I). C. Flore Fr. II, p. 290.

Sphaei'ia anthracina, Sclim. & Kze. M.vcol. Hette 1. 55.

Spliaeria elypeus, Svliw. Syn. N. Am. 1210.

Niunniularia dypeus, Cke. IX, 507.

Exsic. Ell. N. A. F. S5. Rab. F. E. 2!>5(;. Kelim, Asc. DTT.

Illustrations. (See Sacc XX. i). 202. for list of.)

Stroma at first covered by the epidermis, .soon erumpent, almost super-

ficial and free, convex, orbicular or (>val, sometimes irregular iu sliape or

broadly effused, black inside and out. i)un(tulate from tlie .slightly promi-

nent ostiola, clothed at tirst with a reddish or rusty layer of conidia.

Perithecia rather lai'ge. ovate, black, loo.sely ii'cluded in the packed cells of

the stroma. Asci cylindri(al with very short stalks, spore-bearing part

115-14<lx7-10 microns (E. & E. 1(10-1.15x1(1 microns), with long, stout para-

physes. SiK>res eight, uniseriate, elliptiial. hyaline becoming opaque, 10-

2.3x5-10 microns, mostly aliout 15-2(ix(>-S (E. ^: E. 12-15x7-9. Sacc. 12-14x9-

10 microns.

In the field this species is liable to be confused with certain species of

Diatrype (Fig. 2, Plate III) but may be readily distinguished from them

by the color of its spores. Collected in abundance in Brown. Clark, Hen-

dricks, Monroe and Putnam counties, where it usually attacks the beech

and more rarely the mai>le. Reported common on the dead trunks and

limbs of various deciduous trees in Europe and Xoilh Anu>rica. Accoi'ding

to Ellis and Everhart. it occurs for the most part on o:ik in the vicinity of

Newfleld, N. J.

4. X mil )n 1(1(1 rid iidccoplaca, (B. & C.) Cke. IMate IV, Fig. 4.

Diatrype microplaca, R. & C. Journ. Limi. Soc. X, p. 586.

Anthosttmia microplacum, Sacc. Syll. I, p. 298.

Xummularia microplaca, Cke. Syn. 837.

Exsicc, Rav. Fungi Car. IV, 89. Rav. Fung. Am. 355. E. & E.

X. A. F. Second Ser. 1556.

lUus., Revue Myc. VII. (1885) tab. 52, fig. 3.
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stroma orbicular to subelliptical, ^ to 1 cm. across, or elongated l-4x*-

1 cm. or by confluence extending for long distances in grooves of the bark.

It forms a thin carbonaceous crust, black, arising beneath the epidermis

but soon becoming bare, surface even, faintly punctulate from the minute

ostiola, which are not prominent but slightly depressed, the opening at first

filled with a white farinaceous matter. Perithecia ovate-globose, small

(less than one-half mm. across), arranged in a single row. Spore-bearing

part of the ascus 40-50x4 microns (E. & E. 25x3 microns), or with the base

about 60-80 microns long (Saec. 37-50x4-5. E. & E. 45-50 long). Spores

uniseriate, ends mostly slightly overlapping, elliptical, inequilateral, pale

brown, 5-74x2^-3 microns (E. & E. 4i-5x2-2i. Sacc. 5-6x3i-4).

Should not lie confused with Hypoxylon Sassafras which has very

prominent perithecia while N. microplaca appears smooth and has stroma

depressed.

Abundant near Bloomington. Indiana, on Sassafras officinale; "3-

ported on the same host in South Carolina (Ravenel i and in Ohio (Mor-

gan and Kellerman) ; on I'ersea, Georgia (Kavenel).

5. XinnniuUirid tinctor, (Herk.i K. & K. I'late IV. Figs. 1-:;.

Sphaeria tinctor. lierk. Loud. Jour. I'.ot. IW p. ."Ml.

Hypoxylon tinctor. Cke. Syn. 990.

Diatrype?? tinctor. (Berk.) Sacc. Syll. 1. 2(mi.

Exsic, E. & E. N. A. I'ungi. Second Scr. 17.s!(.

Stroma very hard and brittle, much effused, showing the irregularities

(tf the surface on which it grows, 1mm. thick, black, with surface almost

smooth, but distinctly papillose from the projecting ostiola as seen under

the hand-lens, wood beneath the stroma stained a beautiful reddish-orange

color, and rendered very hard. Perithecia monostichous, crowdetl, elon-

gated (j mm. in length), covered above with the stromatic layer. Asci

100-140x6-10 microns (E. & E. 112x7-8). Spore-bearing part of ascus 75-

120 long (E. & E. 90-100). Filiform paraphyses in abundance. Spores

uniseriate, pale brown, conspicuously uniguttulate. oblong navicular. 13-

20X.VS microns (E. & E. 1.5x6).

On I'latanus, Fagus. Acer, Ulmus and Cercis in the vicinity of Bloom-

ington. Indiana (Van Hook). Occurs throughout the Mississippi valley

.ind in the south as far east as Florida.
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In this paper, free use has been made of North American I'yrenomy-

cetes l)y Ellis and Everhardt. The descriptions have been re-written to

suit the material at hand. Especially has it been found necessary to

revise the measurements of parts as seen under the microscope. The

author wishes also to make due acknowledgment to Prof. J. M. Van

Hook, of Indiana University for material and valuable assistance in the

preparation of this paper.

Indiana University,

Bloomington, Indiana.

16—4966
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Plate I.

Figures 1 and 2. Wliovo Nuniimilaria discreta thrives. Much of tliis

is due to N. discreta. (From photos by tlie author in Hendricks County,

Indiana.)
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I'l.ATK II.

Fi;;nrt' 1. Numiiiulnriii discrcta on (U'corticntcd ajipU' limbs. ( Re-

diiwd.

)

Figure 2. Same iifitural size.

Figure .".. Same before the bark lias fallen away. (Natural size)

Figure 4. Under side of a piece of bark showing white stains of tbe

fungus. (Natural size..
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riATE III.

Figure 1. Nuiunuihiria r.ulliardi on beech, showing a comiiion form

of stroma. (Natni'al size.)

Figure 2. A stroma of a fungus (I)iatryiK>) very similar to N.

Bulliai'di. (Natural size.)

Figures .'! and 4. (>il(icular stmniata ol Xiunmularia Ilulliardi on

beech. (Natural size.)

Figure 5. Stroma taken from a log which was falling to pieces.

( Natural size.)
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Plate IV.

Figure 1. Nuinmularia tinctor. (Natural size.)

Figure 2. Same .showing section of the \voo«l l)ene:itli strouiM. 'J'hc dark

colored parts are a heautiful orange.

Figure 3. Same showing furrowed stroma. (.Xatvual size.)

Figure 4. Xuniniiilaria microplaca on Sassafras. Closely resembles

Hyixixylon Sassafras. (Natural size.)
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The Genus Rosellinia in Indiana.

Glen B. Ramsey.

Ill this paper it is the author's purpose to present the genus Koselliiiia

as found in Indiana. Limited means for collecting and the unfavorable

weather conditions during the past year for the growth of this class of

fungi render an exhaustive treatise on the genus liosellinia impossible.

Only those species that have been found in Indiana, together with their

descriptions and an account of their habits and habitat have been in-

cluded. A description of some of the more common parasitic species has

also been appended.

There are now over one hundred seventy species described, the most of

them being saprophytic. As in other genera of the Pyrenomycetes, Rosel-

linia has a vegetative phase which is found in the substratum or host. The

white thread-like mycelium may readily be found in decaying logs and

stumps. There are, however, some species that seem to flourish in wood

that is quite firm. In most cases the actively parasitic stage is found on

the roots and consists of a great abundance of white mycelium which does

the greatest harm to the plant. This mycelium growing Into the root sys-

tem stops up the xylem cells, prevents the roots and rootlets from perform-

ing their functions, thus finally starving the plant to death.

The fruiting parts of Rosellinia do not develop until late in the season,

the conidial stage being found in late summer or early autumn, with the

perfect or ascigerous stage following and maturing in late fall or early

winter. The perithecia with their abundant asci and filiform paraphyses

are found in good condition for collecting from October to P^ebruary. The

spring rains and warm weather, together with the frost action during the

winter, cause the perithecia to disintegrate rapidly when spring comes.

Most of the specimens at hand were collected during the early winter

months.

In Rosellinia the perithecia are more or less crowded or gregarious

and superficial, but often having the base sunken in the matrix.

Perithecia ovate to sub-globose, papilliate, sub-carbonaceous, black, bare
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or bristly, with a distinct ostiolum. The asoi are cyliudrical. eight spored.

Spores continuous, broadly ovate, elliptical, oblong or fusiform, brown or

black, with or without hyaline appendages. Paraphyses filif(>nu. Stroma

tomentose, often wearing off with age and exposing the perithecia as

round, brownish l)la(k heads with their papilla-like ostiola in the center.

In studying the species of Rosellinia we are confused at times when we

find forms which closely resemble certain forms of the genus Hypoxylon.

In such cases a clear distinction seems impossible, yet these two genera

are clear cut in their separation by botanists, being separated on the

ground of the presence of a stroma in Hypoxylon, and the absence of a

di.stinct stroma in Rosellinia. To anyone that has made a study of either

of these two genera, the superficiality of this I)asis of separation is quite

evident. Students of the genus Hypoxylon know that the perithecia of

certain forms become scattered, and especially with age, the stroma is

wanting.

The genas Rosellinia is placed under the Sphccriacew by both Lin-

dan and Ellis and Everhart. This separates it widely from H.ypoxylon.

Saccardo puts it under the brown spored one-celled forms of Xi/lariacew

along with Hypoxylon. The author likes this position on account of the

great similarity of spores, asci and perithecia. as well as the above men-

tioned similarity of forms where the absence of stromata is noticeable.

A'ariation within a given species often makes it almost impossible to

formulate a key that will hold in all cases. In order to eliminate this dif-

ficulty the .species are made to run in two ways. The species 7^. Kuhkulnta

for example has in the earlier stage a decided waxy snlphnr-yellow

subiculum and the perithecia are .scattered, but as it grows older the

subiculum finally disappears so that one might readily confuse it with

other species that never have a subiculum. The ascis and spore nicnsurf-

ments are probably the most constant and reliable in forming a basis

for a key. The second key, it is hoped, will prove lielpful in determining

any doubtful species that do not run satisfacorily in the key of external

characteristics.

The accompanying figures from photographs will assist in deterimining

the species. In order to get the greatest contrast possible, time ex-

posures were made in a subdued light and a special contrast developer

was used.

The description of .species have been adapted for the most jiart from
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the original descriptions as given by Ellis and Everliart in "North Ameri-

can Pyrenomycetes", and Saccardo's "Sylloge Fnngorum." Practically all

of the descriptions have been rewritten and additional data added from

specimens at hand. All measurements are original. Where asci and

spore measurements by Ellis and Everhart difiEer, their figures are also

given.

KEY TO SPECIES.

(Based on external characteristics.)

I. Peritheoia large i'i-li mm.), seated on a subiculum.

A. Subiculum usually prominent.

1. Brown or purplish brown, persistent 1. R. aquila

2. Sulphur-yellow, evanescent 6. R. suMculata

B. Subiculum scanty.

1. Dark brown, perithecia crowded 2. R. medullaris

2. Black, perithecia confluent 3. R. mamniiformis

C. Subiculum wanting, perithecia more or less scattered.

1. Base glandular-roughened 4. R. glandiformis

2. Not glandular-roughened 5. R. nmtans

II. Perithecia small (J-* mm).

A. Perithecia gregarious, often crustaceous, not bristly. 7 iJ. pulveracece

B. Perithecia usually scattered, bristly, dark brown 8. R. Ugniaria

(Based largely on microscopic characteristics.)

A. Perithecia large (J-lj mm).

B. Spores more than 18 microns long.

C. Asci more than 150 microns long 1. R. aquila

OC. Asci less than 150 microns.

D. Asci 7-8 microns wide 2 R. medullaris

DD. Asci 8-10 microns wide 3. R. mamniiformis

BB. Spores less than 18 microns long.

C. Asci more than 95 microns long 4. R. glandiformis

CC. Asci less than 95 microns.

D. Perithecia i-| mm 5. R. mutaiis

DD. Perithecia ?-l mm 6. R. suMculata

AA. Perithecia small (J-i mm).

B. Asci more than 70 microns long 7. R. jnilveracew

BB. Asci less than 70 microns long 8. R. ligmaria
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1. /.'. (Kpiila (Fr.) De Not.

Sphicria aiiuila Fr.

SphaTia byssiseda Meekl.

Koselliiiia a(iuila De Not.

Perithecia largi", j^lobose. 1-1.25 mm. in diameter, gregariou.s, crowded

or .sometime.^ confluent, with a distinct black, couic-papilliform ostiolum

;

darlc brown at first witli a tliin tomentose coating, finally becoming bare.

Subiculum rather thick and prominent, dark to piirplisli Itrown, nearly en-

\el(»ping the perithecia at first but finally disappearing to a greater or less

extent. Outer walls of the perithecia thick, brittle and carbonaceous.

Inner wall coriaceous. Asci long, cylindrical (p sp. ) 10-12.5 x 1(35-190 mi-

crons. Spores uniserrate, oiilong, brown, Kl-11 x 22.5-27.5 microns. (E & E)

gives asci (p sp. ) S-l(^ x lOO-l.'iO microns. Sporidla (i-!) x lG-27 microns,

with or witbdut a shni't, obtuse, liy;iliiie ai)iculns, 2-2.5 microns long at

eacli end.

Coninion on decaying and f.-illen limbs, near I'.Ioomington. hid. Sjx'ci-

nieiis at hand are i)n Fagns, Acer, Quercus and .luglans.

2. /.'. nicdiilldris (Walls) Ces. & I >e Not.

Splia-ria nieduUaris Walls.

Hosi'llinia medulla ris ('es. A; 1 >e Not.

Kosellinia niacouniana 10. <.Vc F.

I'eritliecia more or less erumiKMit, large 1-1.5 nun. in diameter, ovate

to sub-globose, covered at first with a pruinose-pubcs( cut coat of a dull

I'ed or brick color, beioming black with age: loosely ailnate, ajx-x con-

vex to conic-papillit'orni, surface dirty-roughened with a finely powdered

sooty covering: very fragile. Wall doulde and intermediate in tluckness

iietween It. a(|uila and I{. tlielcna. Subiculuni slight.

Spores 7.5-12x2(1-25 microns. ]•;. \ Iv give asci (p sp.) 7-S \ 100-120

microns. Sporidia ((-7 x 10-20 nuci'dns: ovoid, somewhat acute, brown,

broader but not pointed as in K. mannuifornns.

On Cercis canadensis and Juglans, INloni'oe (Jounty. Ind.

On examining a great number of perithecia the most of them were

found to contain a wliite, granular mass such as described in K. medul-

laris liy Saccardi), but clo.se observation showed this material to be a fine

powder of wood that had been brought into the perithecia from the bottom

by a small larva that probably feeds upon the contents of the perithecia.
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3. R. mammiforviis (Pers.) Ces. & De Not.

Sphipna mammiformis Pers.

Hypoxylon mamniiBformfe Berk.

Hypoxylon globnlare (Bull.) Fekl.

Rosellinia mammiformis Sace.

I'eritliecia gregarious, crowded or eoiiflueiit, globose, large, 1-1.5 mm.

in diameter, fragile, black and bare but not shining. Ostiolum abrupt,

paliliiform.

Asci (p sp.) 8-10' X 100-115 microns (E. & E).

Spores 10-12x20-25 microns, oblong, elliptical, sometimes slightly

curved. E. & E. give sporidia 7-9 x 19-25 microns, without any

distinct apiculus. It can be easily dsitinguished from R. aqnila by the

blacker, thinner walled and more fragile perithecia and the laclc of a

decided subiculnm.

On bark of Acer, near Bloomington, Ind.

4. R. glandiformis E. & E.

Perithecia scattered, the base sunk in the wo<)<l about one-fourtli,

ovate-globose, roughened with glands, with a reinforcement around the

lower half similar to the cup of an acorn. This thickening is, however,

sometimes reduced to a mere granular coat. Ostiolum papiiliforni, small,

sometimes obsolete, tlie apex being evenly rounded.

Asci not present in specimens at hand. E. & E. give (p sp.) S-lO x

100-114 microns ;
paraphyses abundant. Spores 7-10 x 13.75-17.5 microns.

E. & E. give 7-8 x 14-15 microns. Common on Loriodendron Juglans and

Fraxinus, Monroe County, Indiana.

5. R. mutans (C. & P.) Sace.

Sphferia mutans C. & P.

Rosellinia mutans vSacc.

Perithecia more or less crowded or gregarious, rather small, about

.5-.75mm. in diameter, at first clothed with a thin, tawny, evanescent

tomentum, finally becoming .smooth, black and shining; mostly globose

with a papillate ostiolum. In the specimen at hand the region about the

ostiola showed a distinct tendency to depress.

Asci subcylindrical (p sp.) 6.5-7.5 x 80-92.5 microns.

Spores uniserrate, elliptical, brown, 4.25-5.5 x 9-12.5.

Common on decaying Juglans, near Bloomington, Indiana.
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U. R. subiculata (Schw.) Sacc.

Sphseria subiculata Schw.

Hypoxylon subiculosum Berk.

Rosellinia subiculata Sacc.

Perithecia thin, usually gregarious or crowded but often more or less

scattered in the early stages ;
globose, brownish-black and shining, mostly

superficial, about .75-1 mm. in diameter. Ostiolum small and papilliform.

Perithecia seated on a sulphur-yellow, waxy-pruinose subiculum which

disappears with age leaving the black, shining perithecia closely resembling

R. mutans.

Asci cylindrical (p sp.) 6.25 x 9() microns.

Spores inequilateral, elliptical, brown, 5-6.25 x 10-12.5.

Ellis and Everhart give asci 6-7 x 80-90. Spores 5-5.5 x 10-12 microns.

Common on Quercus. T.oriodendron. and other rotten deciduous wood

near Bl<K)miiigton, Ind., and Jolietville, Ind.

7. A', inilrerat-ea (Ehr.) Fekl.

Sphseria pulveraeea Ehr.

Sordaria Friesii Niessl.

Rosellinia pulveraeea Fekl.

Rosellinia Friesii Niessl.

Sithicria millegraria Schw.

Spha'riii transvcrsalis Schw.

Perithecia very small and uiimUely roughened, about \ mm. in diameter,

densely gregarious, often forming a continuous erustaceous layer or scat-

tered and tending to follow the chock marks in the wood. Ostiohim papil-

liform, soon perforated.

Asci cylindrical (p sp.) 9-10x70-75 micron.s.

Spores ollli)tical, brown, 7.5-8.75 x ll-lo.25 microns. E. & E. give asci

10-12 X 60-70 microns. Sporidia 6-9 x 8-15 microns, mostly 7-8 x 10-12.

Common on water bee<h and sycamore near Joiletville, Ind. Normally

found on decorticated wood while it is yet more or less firm.

8. R. ligniana (Crev.) Nke.

Sphreria ligniaria (J rev.

Rosellinia ligniarl;i Sacc.

Perithecia gregarious or crowded, sometimes forming a crust similar

to R. pulveraeea" and in some cases tending to follow the check marks in
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the wood. Perithecia ovate-conical, very lilack and superticinl. about 1 mm.

in diameter, clothed with very minute black bristles al)()ut '2()-'.\i) microns

in length.

Asci (p sp.) 8-10x65-70 microns.

Spores 7-8.75 x 10-14 microns.

Common on Fraxinus and Ostrya near Bloomingtun, Ind. Found on

decorticated wood and underneath loosened bark.

ROSELLINIA AS A PARASITE.

Unlike Hypoxyllon and Nummularia, Ko.sellini;i is of great economic

importance on account of several of its species being active parasites.

Of the one hundred seventy species now described, at least eight are known

to be injurious and destructive to living plants. No doubt many other

species will be found to be parasitic when a more thorough study is made

of them. The following is a brief account of some of the most destructive

species

:

Rosellinia quercina Hart. Perithecia scattered, seated on a l)lack

mycelium, black globose, about 1 mm. in diameter. Asci sub-cylindrical,

eight spored, 8-10 x 160-17<l micrcms. Spores brown, acute at both ends.

6-7 X 28 microns.

This species is called the <»ak root fungus, and attacks the roots of

seedling oaks that are from one to three years old. The mycelium spreads

rapidly through the ground from one plant to another and is especially

destructive during warm, damp weather. This mycelial form was formerly

referred to a special genus, Rhizoctonia. The effects of the fungus are

first shown by the wilting and drying of the leaves near the top, the lower

ones following in order until the whole plant is killed. If a seedling so

affected is pulled up and the roots examined, a fine, thread-like mass of

white mycelium will be found completely enveloping the roots. The tap

root will have dark ovoid bodies about the size of a pin head where the

lateral roots join. The tap root is often (luite rotten where the mycelium

has enveloped it. and especially in the neighborhood of the black tubers.

Numeroits black sclerotia are found on the surface of the dead roots. The

strands of mycelium readily penetrate the young rootlets not yet protected

by a layer of periderm and may kill the plant in from ten to fifteen days.

Slender hyaline conidiospores are usually found near the base of the stem

and on the adjoining soil. Later the perithecia are formed on the dense

mass of mycelium covering the superficial roots.

17—4n0(i
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RoavU'iiiiit nqiiila (Fr.) Dc Not. This specifs attat-ks many kinds of

trees but is probably best known for ifs activity on umlberry roots. As

a rule the trees are killed by the dense mycelium enveloping the roots.

The mycelium penetrates every part of the root and is especially abundant

in the medullary rays. When the host is quite dead the dark brown

perithecia are found crowded together on the brownish velvety patches

that previously bore the conidia. The couidial form of this species is

known as Ti"ichosi>orium fuscum. This is one of our most common species,

and a description is found elsewhere in this paper.

RoHvUiuki necutrij- (Hart.) Berl. This fungus produces a disease

known as the 'white root rot." This species is. however, rather rare in

this countr.\\ One of the peculiar characteristics of the disease is its

power of attacking practically every plant with which it comes in contact.

It is especially disastntus in vineyards, orchards, etc. Some of its more

(•(tnimon victims are vines, fruit trees, oaks. niai»les. beeches, pines, beans,

potatoes and beets.

The mycelium of this fungus travels underground and attacks the

rootlets, killing them and gradually working its way up to the larger roots

and from them to the bo<ly of the plant propel-. Here in some instances

it lu'caks through the cortex as a white fluff.v mass of mycelium. Sclerotia

are formed on the exposed })arts of the infected r<K)ts. whicli give rise to

dark, bristle-like conidiophores which bear numerous conidia at their

tips. <Jloi)ose swellings on the exposed ]M)rtions of the ni.vcelium are

sometimes formed, which, according to ^iala, are capable of emitting

mycelium which forms a new plant. The ascigerous stage has been dis-

i-overed by \ial;i. appearing only on trees th;it aic well decayed.

h'o.iclliiiia railicifurdii Mass. This is tiie canse of the disease known

as the "Xew Zealand write nntt rot" and is very closel.v allied to the

I'ungns causing the •white root rot" of P^urope, R. iucatri.r. It attacks the

roots of the aiiple. i)each, pear, etc., and also such plants as docks, ferns,

sorrel, cabbage and iiotat<K's. Sometimes the trees are killed here and

there, but often whole .ireas ;ire swei)t awa.v.

The white lilanientous mycelium attacks the i<K)ts and the bark just

und«'r the ground. This eventually gives rise to sclerotia which later

prodiice the (onidi.il stage. .Next the mycelium becomes dark c(tlored and

gives origin to the black globose pycnidia containing stylo](hores. The

ascigerous stage is found on dead tree ti'uidcs and stumps that liave been

dead for considerable lengtli of time.
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RosclUniu lii/iiidiia ( Nitsclike) lias hocii found to attnck living asli

trees by Mr. W. Carrutliers.

RosvUiiiiu inussiiikii (Sace. ) is reported by Halstead on liyacinth

bulbs.

RosGllinia hothriiid (B. «& Br. I Saec. is the cause of the tea root rot.

Roscllinia echhmtn (Mass.) is reported on almost all kinds of trees

and shrubs.

The works most freely drawn upon rei;ardiiig parasitic species are the

following:

Hartig—Unters. Forsbot. Inst. Miinschen.

Hartig—Diseases of trees.

Massee—Kew Bulletin (1816).

Massee—Diseases of Cultivated I'lants and Trees.

Viala—Mon. du Pourridie des Vignes et des Arbres Fruitiers.

Prillieux—Malad. des Plantes.

Wright—Journal Mycol. 5, p. 1!>0.

All species figured and described in this paper have been verified by

Dr. Charles H. I'eck, or compared with specimens in the New York State

Museum by H. D. House, acting State Botanist of New York. 1 take tliis

opportunity to express my thanks for their assistance.

For valuable material and aid in formulating this papci'. I am greatly

indebted to Prof. J. M. \-a\i Hook of Indiana I'niversity.

Indiana Uniccisiti/,

Bloomingtoii, Ind.
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EXPLANATION.

A Bau.sch and Loiub Microtessar 72 mm. leus was used in making all

photograijbs. All tigures are twice natural size.

Plate I.

Figure 1. R. aquila.

Figure 2. 11. nuHluUaris.

Figure H. K. mammiformis.
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Platk II.

Figure 4. It. ^laiMlit'oiinis.

Figure 5. I{. iiiiitiiiis.

Figure (>a. R. .suhiculata. old stage sliowing crowded condition of the

perithecia and the absence of the .^ubiculum.
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Plate III.

Fijiuic (jl(. H. sulilculiitM. yoiin.u stage showing scattered perithecia

seated in a siilithur yelldw subiculum.

Figure 7. K. pulveraeea.

Figure 8. K. ligiiini-in. showing ci iistaceous foi-ni ivscnibling R. pul-

veraeea.
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Some Large Botanical Problems.

J. C. Arthur.

Every farmer, without doubt, desires to produee bumper erops. As

agriculture is one of the hirge factors in uatioual jtrosperitj', it is to tlie

iuterest of every person in wliatever walli of life that bumper crops should

be produced. The Experiment Station in ea< h St.ite has been establislied

to assist the cultivator, whether farmer, orchardist. gardener, or any other

grower, to solve the problems that hinder maximum luoduction. Some of

the problems fall naturally to the botanist. It is well to review^ them, and

not only recognize where ihe problems lie. but have some idea of their

importance. As there are plenty of urgent botanical problems in the home

State, it will not be necessary to go outside of Indiana to tind illustrative

material.

rrobabl.\' the associated problems that give greatest concern to the

(ultivator, but which are obscure and little understootl. and therefore

much in need of study, are the pl.int diseases which most botanists be-

lieve to be connected with soil sanitation. Often they occasion great loss

in a crop without the cause being apparent. The soil seems to be all right

and proper cultivation has been given, but the plants fail to make tlieir

best growth or even dwindle and die. Reference is made to a variety

of diseases caused by minute fungi or bacteria, and which attack various

garden, truck and tieUl crops. Some instances may be cited without pre-

tending to give them in tlie order of their importance.

»S'oi7 Fuui/i Attaclhu/ \'C(jctahJes.—A conspicuous set of diseases, given

the name of wilt, is due to certain fungi or bacteria, in which the plants

develop normally and may even be bearing, wlien within a few d:iys they

wilt and die as completely as if tlie roots had been severed. The wilt

of watermelons, usually due to a species of Fiisariiiin. and of cantaloupes,

more often due to bacteria, has often carried otf a large part or even all

of these crops, so extensively grown in the southern half of the State.

Tile same or similar diseases extend to cucumbers, squashes and otln^r

cucurbits. Tlie partial remedies so far used are rotation of crops ard

disease-resistant varieties. The germs in certain cases are known to have
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remained in tlie soil in viable condition for eiglit years without a suitable

host in the meantime, and the extent to which rotation of crops senses

to check the disease is yet uncertain. The disease-resistant varieties of

melon so far provided do not ecpial the others in flavor, so say our In-

diana growers, and are consequently not much used. It is, therefore, still

a large problem for the plant pathologist to find means for protecting

the melon crop and otliers of like nature from the attack of such destruc-

tive germs.

A similar disease of the tomato has been very injurious at times in

Indiaiia. :Mr. W. H. Dyer of Vincennes reports a loss during tlie one

season of l!)!?. of (),0OO bushels of frnit. some thirty acres of his field being

entirely desti'oyed by the Fiisariiini wilt. Otlier soil diseases, like leaf

sjtdt. fruit rot. etc, also prove destructive at times.

Some of tlie le:if diseases of potato may be checked by spraying with

Bordeaux mixture, while for scab on the tubers a serviceable and practical

remedy is kuowii in r<aiualdcliydc. sliowiu;: that some good wiu'k has been

accomplislied along this line. lUit theic are a number of otlier diseases,

often causing heavy loss, that are little >niderstood. and whose method ot

control is yet to be discovei-ed. .Mr. \V. A. Oiton n\' tlic I'liited States

l)e])artment of Agriculture stated recent l.\ licforc the Wisconsin Totato

(Jrowers' Association that six million dollais wei'e lost to the c(mntry

during the present year of 1!H4 from potato diseases.

There arc ;i innnbcr of damping-olf diseases to be clas.sed here. They

attack the young plants and cause them to die Ix'fore Itecoming established.

In the field the disease will spread from iilant to plant over large areas.

One .season a field of beets was reitorted as largely desti'oyed in this way.

Hut it is in cutting be<ls and seed beds under glass where such ravages

are most marked.

The growing of vegetables undci' glass bas l)ecome a large industry

in Indiana. It is a kind of intensive culture where every individual iilant

bears an important relation to the linal profits. Complaints are fre(iuently

received of lasses in tbe ( ucumbcr and lettuce croi>s, which prove to be

due to the inroads of the fungus, Sclerotinia Ubertiana, sometimes called

lettuce-drop.

These diseases, and many similar ones arc believed to be harbored in

tbe soil from year to year, and in some ciises to be carried from crop to

crop by the seetl, and possibly by other yet undetected means. I low

m.-my kinds of germs are concerned in such diseases is not yet known.



269

Tliey are certainly bewilderingly numerous. The study of any one of

them requires mueli researcli. and in no case has sucli a study been fully

carried out. Two remedial methods are especially advocated, rotation of

crops, and the In'eeding of disease-resistant varieties. Neither of these

methods is yet much or substantially developed. The disinfection of seed

and direct destruction of the genus in the soil have yet scarcely been tried

out. Spraying of the crop may be found in some cases to serve a good

purpose, but so far not much help has been secured in this direction.

Soil Fungi Attacking Forage Crops.—A soil disease, which ma.y become

a serious enemy of the alfalfa crop, has been reported from a number of

places during the past season. In Clark County, in the southeastern

part of the State, eighteen fields were examined during an alfalfa tour,

and every one, as reported by Mr. Hutchins, the county agent, was found

infested with Sclerotinia trifoliorum, a fungus much to be dreaded, that

sometimes attacks clover as well. As alfalfa culture is just in its be-

ginning in this State the disease presents tin imp^^jrtant problem. A

banker from another part of the State in writing to the Experiment Sta-

tion regarding his experience with this disease said in substance: I al-

ways thought that the three sure things in tliis world were death, taxes

and alfalfa, but I am afraid that I must leave out alfalfa, possibly quit

growing it, on account of the disease.

Other root diseases caused by Fiisarium, Rhizoctoniu and Ozonlinii,

as well as less severe leaf diseases, are known to damage the alfalfa

crop, and may be expected to increase, unless measures are taken to hold

them in check. Outside a rotation of crops little has yet been suggested

by way of control for any of these pests.

Soil Fungi Attacking (Jrain.—In seeking the cause why grain, es-

pecially wheat, does not yield as well as it once did, and as everyone be-

lieves it should continue to do, there is no longer any doubt that mucli

stress should be laid upon soil fungi, especially species of Fusartum,

Macrosporium, Alternaria, Helminthosporium and Colletotrichum. These

fungi, sometimes one of them at a time, sometimes more than one, attack

the roots of the grain, and work their way into the upper parts of the

plant, the stem, leaves and heads. If the attack is light the grain is some-

wliat less vigorous than it otherwise would be, and the harvest correspond-

ingly lighter, but there is no appearance of disease. Fusarium sometimes

becomes so active that it causes what is called scab, or pink mold, and
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the head of wheat is a total loss. Init the soil is iisuilly not suspected as

tlie source of tlie trouble.

When i^'raiii is iirown continuously on the same Helus the soil tends

to aeeuninlate germs of this charaeter. Such an infested soil may he

liliened to a house long used by sick people without cleaning. What is

needed is a thorough disinfection. T'nfortunately, at present we linow

no satisfactory way of disinfecting soils, and we do not even know tlie

Ivinds and virulence of tlie diseases to any e.vtent. Our chief reliance so far

has been in croji rotation. I'ossilily something might be <lone by disin-

fecting the seed, which is linown to harbor the germs. Mr. Hoffer found,

as reported in last year's I'roceedings of this .Vcademy, that out of thirty-

fou]' varieties of wheat ( xamined 1>\ biiii twent.x .-howed germs of this

sort, most of tliem l)eing I'lt-viriiiin.

The subject is a large one of the highest economic importance, and in

very givat need of study.

/Hxcdsex Xot Asxi/ciafcd With the Soil.—There is no need of specify-

ing where work is needed in this class of troubles, the sub.i'ect has been

before the public too Imig. .Many such disc.-ises are now well miderstoid

and etficient I'emedies already put into use, as in the case of oat and wheat

smut, corn snnit. and some fruit lots. I'.ut there are mjiny rusts, mildews

and blights \ct to be worked o\U. and tlieii' economic importance rated.

W'lid.s- As a rule weeds have nut been regai'ded with sutticient seri-

ousness. I'.ut many larniers aiipicciatc the advaidages of clean culture,

and would like to evtei'ininate the more pcrnicidus kinds. Thei'e is a grouj)

of weeds, including especially tlie bindweeds, wild sweet Jiotato. horse

nettle and tinmitet creeper, tbat need cjireful investigation as to the best

methods for their c<inTrol. I*"iel(l experiments along this line are needed.

Horse nettle is now infesting thousands of acres of land in the southern

and centi-al ]iaits of the State and is gradually gaining ground northward.

Trumpet ci'eeiier is becoming so i»estiferous on acconnt of its h.-.-ivy.

woody roots, as to make the work of cultivating the infesteil lai d a <lif-

li nil :in(l tedious task. I'.indweeds and wild sweet jiotato .-ire proving to

be a bane to corn culture, especially on bottom lands. I.arge fields can

le found wiiere nearly every corn plant is entwined by some one of thcs;'

kinds of weeds. It is safe to say that in such ca.ses the crop yield is re-

duced by at least one-third, .\side from reducing the yield such weeds

al.so increa.se the cost of field operations and harvesting and in other ways

depreciate the value of Land.
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It is quite possible tliat suitable investigation would produ: e as

marked and practical results in tli«> case of most of tbese weeds, as lias

been readied in tbe recent study of tlie wild ,i,'ar]ic situation in Sdutbern

In<liana. An intensive study of tbis weed lias resulted in a s])eci;il luetbod

of eradication tliat i)roinises to be a boon to owners of land wbere .irarlic

lias been estal)lislieil. and to render its comiilete extei'niination entirely

feasible.

Poi.soiioiiH I'JiUits inid MoUls.—Tlie suli.iect of plants and molds, whicb

are ()r may be ])oisonous to stock needs careful Investigation. Many ])lants

and various molds bave been suspected of poisonous action of wbieli tbere

is little detinite knowledge available. In the majority of cases the evi-

dence is based on reports obtained from farmers, with no scientific investi-

gation or actual tests to support them.

The botanical department of the Experiment .Station often receives

letters, with specimens of plants, stating that those iiarti<ular kirds of

plants are believed to have been responsible for the death of seveial ln'.;d

of stock, usually cattle. It is known that some of tbe wild lai-ksjnrs of

the State are poisonous, and that loss of stock has been due to them, but

no very exact information is at hainl.

Certain sila'ge molds have been under suspicion, and moldy corn is

quite detinitely known to act in a poisonous way.

The Importance of careful study of authenticated cases of poisoning

fi'oni the liotanical standpoint will not be gainsaid.

Coiichtsioii.—Probably eiuuigh has been said by way of citing examples,

and pointing out lines of work to show that there is much valuable in-

vestigation for the benefit (f tbe cultivator that falls naturally to the

tra.ined botanist. Most such work must be done i).v the technical man

who is supplied with suitable equipment. That the State should properly

i;i-o\i(!e the means for carrying forward work of this character seems to

re(iuire no argument.

I' II nine University,

Lafayette, Indiana.
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The Alba B. Ghere Collection of Birds' Eggs Pre-

sented TO THE Museum of Purdue University.

Howard E. Enders.

Alba B. Clhere of Frankfort, Indiana, was born in 1870 and died March

25, 1904, at the age of thirty-four years.

It is said of him that he was a born naturalist, an enthusiastic student

of birds, their eggs and their nests. To this line of endeavor he gave all of

the spare time of his life from the fourteenth j^ear to the end. A careful list

of the spring and fall migrations was recorded for a period of years, and at

the end of each season was forwarded to the U. S. Department of Agriculture

for record. The incompletes list of the spring migration of 1904, in which he

entered notes to a day or two Ix'fore his death, accompanies the collection

of eggs.

That Mr. Ghere was a careful observer is attested to by the fact that

his notes, among those of many other persons, are cpioted at five or more

points by Dr. C. H. Merriam in the Bulletin No. 1, on The English Sparrow

in North America (1889), Division of Economic Ornithology and Mammalogy,

Washington, D. C.

Through the kindness of his mother, Mrs. India S. Cottingham, of

Frankfort, Indiana, the complete collection of eggs, the oological instruments,

and his oological books were presented to Purdue University in October,

1914.' The collection numbers somewhat more than four hundred specimens

of eggs from aVjout one hundred and thirty species of birds, some of which

are western or marine species that were acquired by exchange or by purchase.

It may be of special interest to know that (jne egg is said to be from the once

abiuidant passenger pigeon.

-

'Among the books are govemnaent publications on birds; Davis and Baker's Oologist's Directory,

1885; Davies' Nests and Eggs of North American Birds, 1886; Capen's Oology of New England, 1886.

The latter is an elaborate quarto in natural colors, and is one of a limited small edition.

=Its measurements and diagnostic characteristics seem to correspond with the descriptions

given for this species.

18—4966
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Order I. PYGOPODES.

A. O. U. Family PodicipiiUi'.

3. Horned Grebe Colymbus auritus.

Family Gaviidcp.

7. Loon Gavia imher.

Family AlcidfF.

27. Black Guillemot Cepphus grylle.

30. Murre Uria troile.

30a. California Murre I'ria troile oaliforiiica.

Order II. L0NGIPENNE8.

Family Larid<p.

41. Red-legged Kittiwake Ri.ssa hrevirostris.

47. Great Black-backed Gull Larus marinus.

49. Western Gull Larus occidentalis.

51. Herring Gull Larus argentatus.

ola. American Herring (iuU Larus argentatus amnricanus.

54. Ring-l)illed Gull Larus delawaren.'-is.

58. Laughing Gull Larus atricilla.

50. Franklin Gull Larus franklini.

60. Little Gull Larus ininutus.

70. Common Tern Sterna hirundo.

74. Least Tern Sterna antillarinu.

75. Sooty Tern Sterna fuliginosa.

77. Black Tern Hydrochelidon nigra surinamensis.

1 'a mil y RhynrhopidtF.

80. Black Skimmer Rhynchops nigra.

Ord'^r IV. STEGANOPODES.

Family FhaldnoromridfP.

122. Brani Cormorant Phalacrocorax penicillatus.

Order VII. HERODIOXES.

Family Ardeidcv.

191. Least Bittern Ardetta exilis.

VMS. American Egret Herodias egretta.

197. Sno.vy Heron Kgretta candidissinia.
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199. Louisiana Heron Hydranassa tricolor nificoUis.

200. Little Blue Heron Florida coerulea.

201. Green Heron Butorides viresoens.

202. Black-crowned Night Heron Nycticorax nycticora.x naevius.

Order VIII. PALUDICOLAE.

Family Rallidce.

212. Virginia Rail Rallus virginianus.

214. Carolina Rail; Sora Porzana Carolina.

218. Purple Gallinule lonornis martinica.

221. American Coot Fulica amerioana.

Order IX. LIMICOL^.

Family Phalaropodidce.

224. Wilson Phalarope Steganopus tricolor.

Family Scolopacidcp.

261. Bartramian Sandpiper Bartramia longicauda.

263. Spotted Sandpiper Actitis macularia.

Family Charadriidce.

269. Lapwing Vanellus vanellus.

274. Semipalmated Plover Aegialitis semipalmata.

280. Wilson Plover Octhodromus wilsonius.

Order X. GALLING.

Family TetraonidoB.

289. Bob-white Colinus virginianus.

Order XI. COLUMB^.

Family Columbidce.

315. fPassenger Pigeon; Wild Pigeon... .Ectopistes migratorius.

319. White-winged Dove Melopelia leucoptera.

Order XII. RAPTORES.

Family Cathartidce.

325. Turkey Vulture; Turkey Buzzard. Cathartes aura.

tits mea.surementi; and (lia!'nosti;- characteristics seem ti) correspond with the descriptions

given lor this s.jecies.
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Family Falconidce.

337. Red Tailed Hawk Buteo borealis.

339. Red-shouldered Hawk Buteo lineatus.

357. Pigeon Hawk Falco columbarius.

360. Sparrow Hawk Falco sparverius.

364. American Osprey; Fish Hawk Pandion haliaetus carolinensis.

Family Strigidce.

365. Barn Owl Strix patrincola.

Family Bubonidie.

366. American Long-eared Owl Asio wilsonianus.

367. Short-eared Owl Asio accipitrinus.

375. Great Hornefl Owl Bul)o virgiiiianus.

Order XIV. COCCYGES.

Family Cuculidce.

387. Yellow-hilled Cuckoo Coccyzus americanus.

Fam i 1 y A Icedin id(P.

390. Belted Kingfisher Ceryle alcyon.

Order XV. PICI.

Family Picida.

?? Undetermined species.

412. Southern Flicker. Colaptes auratus.

412a. Northern P'lickcr Colaptes autatus luteus.

Or.lci XVI. .MACROCHIRES.

Family Caprimulgidce.

420. Nighthawk Chordeiles virginianus.

425. White-throated Swift Aeronautes melanoleucus.

Family TrochilidcE.

428. Ruby-throated Hummingbird Trochilus colubris.

429. Black-chinned Hummingbird /Frochilus alexandn

431. Anna Hummingbird Calypte anna.
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Order XVII. PASSERES.

Family Tyrannidoe.

?? Flycatcher.

461. Wood Pewec Contopus virens.

466a. Alder Flycatcher Empidonax traillii alnorum.

467. Least Flycatcher Empidonax minimus.

Family Alaudidce.

?? Larks, undetermined.

Family Corvidw.

488. American Crow Corvus americanus.

Family Icteridae.

497. Yellow-headed Blackbird Xanthocephalus xanthocephalus.

??? Oriole Undetermined.

506. Orchard Oriole Icterus spurius.

507. Baltimore Oriole Icterus galbula.

Family Fringillid(e.

519a. Crimson House Finch Carpodacus mexicanus frontalis.

546. Grasshopper Sparrow Coturniculus savannarum passerinus.

552a. Western Lark Sparrow Chondestes grammacus strigatus.

584. Swamp Sparrow Melospiza georgiana.

585. Fox Sparrow Passerella iliaca.

598. Indigo Bunting Cyanospiza cyanea.

601. Painted Bunting; Nonpareil Cyanospiza ciris.

Family Hirundinida;.

612. Cliff Swallow Petrochelidon limifrons.

613. Barn Swallow Hirundo erythrogastra.

Family Ampelidoe.

619. Cedar Waxwing Ampelis cedrorum.

Family Vireonidoe.

631. White-eyed Vireo Vireo noveboracensis.

?? LInidentified species.

Family Mniotillida'.

683. Yellow-breasted Chat Icteria virens.
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Family Troglodytidce.

703. Mockingbird Mimus polyglottos.

705. Brown Thrasher Toxostoma rufum.

713. Cactus Wren Heleodytes brunneicapilhis.

718. Carolina Wren Thryothorus ludovicianus.

721. House Wren Troglodytes aedon.

722. Winter Wren Olbiorchilus hiemalis.

724. Short-billed Marsh Wren Cistothorus stellaris.

725. Long-billed Marsh Wren Telmatodytes palustris.

Family Turdidw.

758. Jlusset-backcd Thrush Hylocichla ustulata.

761. American Robin Morula migratoria.

761a. Western Robin Morula migratoria propincjua.

766. Bluebird Sialia sialis.

767. Western Bluebird Sialia mexicana.

768. Mountain Bluebird Sialia arctica.

rnidentificd, about thirt,y species, chiefly of the common native birds.

Purdue Vniversily.

Wrtil fjifni/ilU' hid.
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A Note on a Pecitltar Nesting Site of the Chimney
Swift.

Gr.FNN (Jl l.liKKTSOX.

As an illustration nf the ability of birds to adapt themselves to new

conditions, the chimney swift is a striking example. Driven from tlie

hollow tree as a nestin;; site by the woodman's axe and fires, the swift

adapted itself to the broad oiien cliinnieys of the settlers" cabins, and

later to the narrow flues of a later day. The iirojectin^ s[)ines of the tail

feathers fortunately answeretl the same purpose in a soot-lined chinuiey

that they had done in the soft decayed wodd of a hollow tree.

During the past summer the writer's attention was called to a still

greater change in the nesting site of a pair of swifts. Near the residence

of Mr. James Storie, one and one-half miles north of Moorefield, Switzerland

County, a iiair of swifts, being excluded from the chimneys by wire net-

ting, have nested for two seasons in an old-fasliioiied dug well walled with

stone.

The well is some twenty feet deep and three feet in diameter, and lias

over it a S(|uare curb about tliree feet liigh, one-half of which was per-

manently left open. The nests were built in each case at a distance of

some seven or eight feet below the level of the ground, and at approxi-

mately the same distance above the water. The young were matured

and brought forth in safety both seasons.
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Notes on Indiana Earthworms.

H. V. Heimburger.

The great group of animals known fommonly as earthworms, com-

prises four families of the order Oligoehaeta : the Moniligastridte, the

MegascolecidiB, the Glossoscolecidte and the Lumbrieida'. Three of these

families are represented in our fauna.

At the present time there are more than a thousand well recognized

species of earthworms known. By far the larger number of these species

have been described during the last twenty years. Most of the work on

this group has been done by Europeans, chief among whom is Michaelsen of

Hamburg, whose publications make up the bulk of the recent literature on

the group. Professor Frank Smith of the University of Illinois has worked

on the group in this country and Eisen, a Swede who lived for several

years in San Francisco, has worked on West and Central American species.'

Very little is known of the earthworm fauna of the Central States. Only

about fifty species are known to occur in the United States, this scarcity

of forms being due in part to lack of study and partly to the actual scarcity

of species.-

It has been pointed out by Beddard-" and Michaelsou' that the earth-

worms are in important group for the Zoogeographer. Arldt,^ in a recent

paper, shows the value of the group for the paleo-geographer and gives

many of the facts of distribution now known as well as indicating the

value of the group in theoretical considerations within the fields of

geography and geology.

The Moniligastridse is a small family limited to Borneo. Ceylon,

Southern India and neighboring islands. This family is regarded as the

most ancient of the group.

'Eisen; American Oligochates with special reference to those of the Pacific Coast and Adjacent

Islands. Proceedings Calif. Acad. Science Vol. II, No. 2, 1900.

'Frank Smith; Earthworms From Illinois. Trans. Ills. Acad. Science. 1912.

'Beddard; A Textbook of Zoogeography. Cambridge, 1895.

Michaelsen; Die geographische Verbreitung der Oligochaeten. Berlin, 1903.

*.\rldt; Die Ausbreitung der terricolen Oligochaeten in Laufe der erdgeschichtlichen Entwicklung

des Erdreliefs. Zool. Jahrb. Abt. f Syst. Geog. u Biol. Bd. 26, pp. 285-318. 1908.
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The MegascolecidtTe are sui)))()sed to have arisen from tlie same root

as the Moniligastridie Imt at a later period, and dates back at least to

the Tritissio. This is the largest of the earthworm families and eon-

tains more than half the known species. The family is widely distrilnited,

chiefly in tropical regions and the soutliern liemisphere. Bnt one genus,

Diplocardia, is represented iu our fauna. According to Michaelsen, this

genus proltably appeared in Mexico or Central America during the Juras-

sic. Derivatives from tliis genus have spread into Africa, hut the genus it-

self sjiread northward and is known from Mexico, Lower California. Texas,

Florida, Xebraslui and Illinois.

The Glossoscolecidie seem to have developed as early as the .Inrassic

in the uorthei'u continental area. Tlie genus HiianjunopliiJuH of this fam-

ily is found in Mexico and various parts of tlie United States. lU'lated

forms are known from Central and South America, wliere many species

are recognized.

The I>uml»ricid:e is recognized as tlie most recent family of the group

and is derived from the GlossoscoleeidiP, probably in sovithwest Asia. The

family is thought to have invaded Europe iu the Eocene and North

America iu the Oligocene. But few endemic species are known from the

United States.

In the glaciated regions oC tiie world, it is probable that the endemic

species have been destroyed during the Ice Age. These regions have been

repopulatefl by species wliicli liaM- ndgrated from the south and the earth-

worm fauna in suih ]tlaces is largely composed of forms carried iu by

man. In the southern i)art (»f Euroi>e are fcmiul many endemic sjiecies

while northern Euro]ie is ((((iiiiied :ilni()st wholly by forms also found

further south. The line separating tlic northern territory with Jieregrine

forms from the southern territory with cndendc fonus, corresponds very

closely to the line of the most sotitlicni extension of the glacial ice sheet.

It wonld be interesting to know if a siniilai- condition exists in America.

Last year, under the direction of I'rofessor Frank Smith of the Uni-

verstiy of Illinois, I began a study of the earthworms of Illinois and

Indiana. 1 received. Last fall, some matcilai from Mr. C. E. Allen, of

Wabash College, and some from my bi'other at Kewann.a. During the

l»ast siuumer I made some coll«'<tions in several comities of tlu' State but

was luiable to make as extensive collections as are desirabb'. The ma-

terials I have contain some forms that may have to be described as new

species and I believe that careful collecting in the State will disclose
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several siiecies new to science. It is my intention to nial^e several col-

lecting trips throu,L;li tlie State dnrinu June and July. 19ir>. hut tlie tasl<

of nialiing a complete collection for tlie State is not to be comi)leted in a

few weeks by one man.

Earthworms are easy to collect and no great dlrticulty is experienced

in caring for the collections. The most interesting forms are to be ex-

pected in uncultivated areas such as woodlands, stream banks, and the

margins of swamps and lakes. Many interesting forms may be taken

under logs and under the bark of old logs. The worms are especially easy

to (ollect in the spring when driven from tlieir burrows by the heavy

rains. At su; li times they may he picked up in large numbers from roads

and sidewalks. I wish to gain a more extended knowledge of the distri-

bution of DipJocardia in the State and to know what forms are found in

the nnglaciated areas of the State. If any members of the Academy will

aid in securing materials, I shall be very glad to have the material and to

retuin named specimens in exchange. I shall be glad to correspond with

any one wlio may be interested in such work.

Following is a list of species I have taken in Indiana together with

some notes as to the habitats in which the worms were found. The space

of this paper is not sufRcient for descriptions of the species. The monograph

by Michaelsen is the most authentic single work on the group.' The

nomenclature used in this list is that of Michaelsen's monograjih, exceiit

where the nomenclature has been modified in his later papers.-

Family Megascolecid.e.

Genus Diplocardia (Garman).

1. Diplocardia rominimis var. iypica Garman.

This form is <iuite common about Urbana and in other piirts

of Illinois. I have not found it in Indiana.

D. communis var. singularis Ude.

Collected under logs in recently cleared land near ('ulver.

Marshall County. I have other specimens collected in

Putnam and Vigo counties, which are very similar to

singHhiris but very much larger and differing in minor

points.

'Michaelsen; Oligochaeta. Vol. 10 in Schulze's Thierreich. Berlin, 1900.

*See particularly.

Michaelsen;-Zur Kenntnis der Lumbriciden und ihrer Verbreitung. Ann. Zool. Mus.

Imp. Acad Sciences, St. Petersburg. 1910.
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2. Dii)1ocai(Uu riparia F. Sniitli.

Collected at Terre Haute in a wooded pasture land.

3. Diplocurdia iidei Eisen.

Collected at Terre Haute together with riparid. The speci-

mens are somewhat larger than Eisen's species and differ

in details of setal modifications. If not iidci this form

is pix)bably to be regarded as a variety of itdci. The

species was described from North Carolina and has not

been reporte<l outside tliat State.

I have other specimens of Diplociinlid from Indiana, of

which the classification is still uncertain.

Family Glossoscolecid^.

4. Hpariianophilus eisrni F. Smith.

This species is amphibious, and is foinid in very wet mud

or among the roots of aquatic plants. Collected at

Culver, on roots of Eel grass and in mud at margin of

Lake Maxinkuckee. Very abundant in mud <tf small

stream near Kewjinna. F(dton County.

Family Lumbricidk.

5. Helodrilus tetiucdrux var. inpicHH Sav.

Collected at Culver, in vegetable drift at edge of lake. An

amphibious species found usually in wet soil along mar-

gins of streams or among vegetaltle detritus in very moist

places.

6. Helodrilus ro>^eiis Sav.

Collected at Culver, Greeucastle, Terre Haute. This si)e-

cies is probably to lie found in all parts of the State. It

is very conniKnily found in lawns and cultiv.-itcMl (iclds.

My si»eciniens were collected in woods and along strc;ini

baid\S.

7. HelodriluH (i)nstri<-liis Rosa.

Collecled at Kewanna. under logs at handle factory: Culver

under logs in wo(k1s.

8. Helodrilus xuhnihiciniduK Eisen.

Collected at Culver and Kewanna, luider logs. The identi-

fication of this species is not absolutely certain as no
'

sections have bet'ii made. However, this form is f.iiriy

well deternnned from external characters.
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!). Ilclodrilus chloroticiis Sav.

Collected at Culver, Lake Maxinkutkee, iu moist .soil at

edge of lake. Greencastle, iu moist clay soil in abandoned

(luarry hole. Crawfordsville, in moist clay soil, banks

of small stream.

10. Hclodrilns foetidus^ Sav.

Collected at Kewanna and Culver. This is the common evi!

smelling, barnyard or manure worm. Collected at Cul-

ver in decaying straw near ice houses. At Kewanna this

worm was found in large numbers, in moist soil along a

stream just below the outlet of a sewer. The whole

locality was quite offensive because of the sewage.

11. Nelodriliis calirjinosus Sav.

Collected in Fulton, Marshall, Putnam, Madison and ^'igo

counties. This is perhaps our most cosmopolitan species.

It is a European species that has spread wherever Euro-

peans have settled. Perhaps 90'/, of any random col-

lection in the State would cimsist of this species.

12. Hclodrilns longus Ude.

Collected at Greencastle, in wootls.

1.3. Helodrilus seteki Smith and Gittins. (Mss.)

Collected at Kewanna, Culver, Sumniitville. AH of my

specimens were collected in loose sandy loam under logs,

and under the bark of logs. In June I took about thirty-

five specimens of adult worms in a woods near Kewanna.

At this time I obtained many cocoons of the species, the

worms being in the height of sexual maturity. This species

was described by one of I'rofessor Smith's students from

specimens collected in a woods near Urbana. 111. The

description of the species is not yet in press.

14. Octolasimn lacieum Oerley.

Collected at Crawfordsville, Culver, Greencastle. Sumniit-

ville, Kewanna. My Crawfordsville specimens were sent

me by C. E. Allen, and were collected in the banks of

Sugar Creek. This species is very common under logs

and in moist soil everywhere I have collected. It is very

widely distributed throughout the world. I have never

found it in cultivated fields.
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Notes on Orthoptera and Orthopteran Habitats in

THE Vicinity of Lafayette, Indiana.

Henky Fox.

(Assistant, ("ereal and Foi-a^e Insect Investigations,

U. S. Bureau of Entomology.)

Between Seiiteuiher .'I. I'.Ml!. and November od of tlie following yeni' I

was stationed in pursuance of otticial duties at Lafayette, Tippecanoe

County, Indiana. At intervals during my stay there I made a series of

observations on the Orthoiitcra and Orthopteran habitats of the surround-

ing country which, incomplete as they are, neverthelcNS eoiistitute a distinct

positive contribution toward an accurate knowledge of the faunal fea-

tures of the region. My earlier studies on the distribution of Orthoptrra

in Pennsylvania and New Jersey' had impressed me with the importance

of detailed local lists of species in a scientific stud.v of distribution. The

usual distribution as given in most worlis of reference is entirely too gen-

eral for accurate study, no regard being paid to local peculiarities of

distribution or to the relative abundance of the spec-ies in different parts of

its range. Take, for example, such a form as Psinidia fenestralis. Its

range, as usually given, extends from Massachusetts to Florida. Texas,

northern Indiana and southern Minnesota. Such a statement would incline

one to think that the entire region smith of say a line drawn fnmi Cape

Cod to the southeiTi extremities of the Great I>akes and thence to the

southern border of Minnesota would be characterized by the presence of

this species. As a matter of fact such is very far from being the case.

In the East, for instance, Psinidia fenrstiolifi is regularly found only

in the low sandy belt fringing the coast, while in the interior it is of

extremely local occurrence, being met with only on widely scattered,

isolated deposits of loose sand. All positive data on this .species indicates

that its distribution is conditioiuMl by the presence of areas of loose sand.

'Data on the Orthopteran Faunistics of Eastern Pennsylvania and Southern New Jersey. Proe.

Acad. Nat. Sci., Phila., 1914, pp. 441-534.
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Wherever these are hickinj? the species is absent. In southern New Jersey

where sandy deposits are of practically universal occurrence Psinidia is

common, while on the opposite side of the Delaware River in Pennsylvania

it is unknown. A case like this shows us how essential it is that we should

have accurate local data before we can be certain of the exact range of a

species.

The studies of Morse, Hancock, Rehn, Hebard, Vestal and others have

clearly shown the intimate relation between the distribution of numerou.s

Orthopteru and certain features of the environment. As Shelford has so

well pointed out the success or failure of a species in any place will de-

pend on how closely the environmental complex approximates to that con-

dition at which the nonual i)hysiologi(al activities of the species can be

carried on to the best advantiige. Where this state of affairs obtains the

species will attain its maximum abundance; if one or more of the factors

of the environmental complex are less favorable it will be present in

diminished numbers, while if any essential factor is prohibitive the species

will be absent. It is the aim of biogeography to explain the facts of or-

giinic distril)ution in terms of physiology, as an expression of the re-

actions of organisms t(» the varying conditions of their surroundings. In

the case of the Orthopteru this ean be done only when we know much more

than we do now about the intrinsic qualities of the species and their

ability to accommodate their activities to varying intensities of environ-

mental factors. To acijuire such knowledge will recpiire much experi-

mental investigation. In the absence of such knowledge we must mean-

while be content to record the facts of distribution as actually observed

and to point out any correlation which may exist between the range of

species and the different ty|»es of environments. P.y tlie accnnnilation of

data along these lines a good foundation will l>c laid for the ultimate

causal interpretation of distribution and kindred biological problems.

In the i)resent article I have endeavored not only to give a full list

of the species oiiscrved about Lafayette, but in addition to [Kiint out the

more evident physical and botanical features of the region with which the

local distribution of the Orlhoptcra is correlated. Most of the facts here

given were gathered Ity myself, but I am also indebted for some valuable

additional data to Mr. I'. W. Mason, Instructoi- in lOntomology at Purdue

University, whose kindness in placing his notes at my disposal I here take

pleasure in acknowledging.
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General Description of the Region.

Most of my observatious were made oil the west side of the Wabash

River extending from Battle Ground on the north to the mouth of Indian

Creek on the south. (For these and other localities a good map to con-

sult is the map accompanying tlie report of the soil survey of Tippecanoe

County in the field operations of the U. S. Bureau of Soils for 1905.) On

the east side of the river a few observations were made from the mouth

of Wild Cat Creek, about two miles north of the city, to a spot east of

Battle Ground, about a half mile south of the mouth of Buck Creek. Only

one trip was taken on the east side south of Lafayette. It was limited to

the line of the Wabash Railroad and extended al)out three miles below

the city.

According to tlie Bureau of Soils" report on the soils of Tippecanoe

County tlie general altitude of the country is about 750 feet above sea

level. Back from tlie Wabash River and its tributaries the country forms

a nearly level, or at most slightly undulating, plain. Near the river it

is much more rugged, a relatively steep line of bluffs leading down to the

valley of the Wabash which is about 100 feet below the general level of

the upland. Similar conditions prevail along the main tributaries, such

as Burnett, Wild Cat and Indian Creeks.

The valley of the Wabash forms a nearly level tract varying accord-

ing to location from a lialf to two miles In width. It is formed of what

are known as bottom lands, or more specifically "first bottoms" to dis-

tinguish them from tlie older bottoms which are no longer coveretl by the

overflow from the river. The surface of these first bottom lands is accord-

ing to the report already mentioned between 10 and 20 feet above low

water mark. They are "subject to overflow during periods of high

water." During the destructive floods of March, 1913, these bottom lands

were completely submerged.

The margin of these bottom lands is formed by the line of steep

bluft's already mentioned as forming the edge of the upland. Locally,

as is the case in the vicinity of West Lafayette and of Battle Ground,

these bluft's recede a mile or two back from the river and in the embay-

ments tlius formed "second bottoms'" are developed, that is, "fossil"' flood-

plains or terraces representing an earlier, preliistoric stage of deposition.

The surface of these '"second bottoms" is level or slightly rolling and on

the side facing the river is marked by a gentle slope rising from forty to

19—4966
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fifty feet aljove the present l)utt()Uis. They are never covered by overflow

from tlie river at the present time.

The whole region about Lafayette is deeply buried under glacial de-

posits, the depth of these deposits being usually very great (at least 150

feet), though in limited areas they may be quite thin or lacking. Only

rarely, however, do the underlying Palreozoic limestones reach the surface.

One such outcrop I have seen on the upland near Montmorenci where

the Lake Erie and Western Railroad crosses Indian Greek. Outside of

these rare and insignificant cases, the whole country is underlaid liy a

vei'y coarse glacial gravel. Overlying this is usually a layer of loess

varying in thickness from an inch to several feet. From this loess are

derived the representative soil types of the region.

The drainage of the region is in general good. The streams are few

and in periods of protracted drought fre<iuently dry up entirely in their

upper courses. Most of the rainfall, however, is carried off by under-

ground drainage, the underlying gravel allowing the ready percolation of

water. Locally, as in upland swales and dciiressions and at the base of

the river bluffs, where the seepage of underground water takes place, the

ground is, except in seasons of dionglit. niorc or less completely saturated

with water resulting in the formation of swamps. .Vt the present time

most of these naturally wet areas, especially on the upland, have been

ai'tificially drained and the hind utilized for growing crops. The bottom

lands are at present well diained. the cultivation of the soil breaking it

up into a loose ((nKlitioii wliicli all()ws the water to flow off readily beneath

the surface.

On the uplan<l the douiinanf soil is a tine-grained, silty loam, varying

in color from light brown to almost black, the color (lepeinling upon the

amount of organic matter present, which is usually considerable. Of this

soil the Hueau of Soils recognizes two categories which are termed re-

specively Marshall silt loam and .Mianu silt loam. Both are nearly

alike in mineral content, being cliara( lerized by relatively high per cent-

age of silt and clay and extremely low per centage of sandy constituents,

but differ in their organic content, the Miami being as a rule much

poorer in this respect than the Marshall. The table shows the mechanical

composition of the soils, the data being taken from the Bureau of Soils

report.
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Soil.
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by the mulerlyinj; Ixmldev drift, the capacity of tlio soil to retain moisture

is quite high. For this reason all the soils are very productivi- and are

in consequence in a high state of cultivation. About Lafayette, with in-

significant exceptions, practically all the land is \nider cultivation. On the

upland the principal crops are corn, oats, clover and wlieat, while the

bottom lauds form one unbroken stretch of corn. The only waste places

—

oases for tlie naturalist—are on the upland an occasional grove or more

rarel.v a swampy depression, on the bottoms frcipient, though small, bogs

marking the places where the undei\ground waters ooze out from the mar-

ginal bluffs. In such places the rarer and more interesting Ortlioptcra

tire to be found.

Ortiiopterax Hahitats.

No attempt at an exhaustive study of the various Orthopteran habi-

tats was made owing to the limited time that could be spared for that pur-

pose. Conse(|nently in the following jiages only the grossei' features of the

hal)itats are mentioned. About Lafayette, owing to the intense cultiva-

tion of the region, nearly all the country is ojien. in conse((uence ol' which

the dominant Ortlniiih ra are cani|iestral types. Wliei-e the ground is un-

tiiled it is usually covci-ed with a close growth of i)lue grass (I'txt

pratrnxis) , which in dampei' sjiots is i-eiilace<l by foxtail (Chitlochlod

riridis and fiUiucd). In such situations the grasshopiiers usually encoun-

tered include the following species :

tijii'hula admirabilix, Aiphia .raiithoptcia, Vhorloiihuiic ririin/iixcitdn.

Hncnptolophus sordidiix. IHssoxtrira cniolhiu, McliiiioplK-s nlhinti.s. Mchiii-

ojtliis fiiiiiir-nihiKiii. Onliiliiinnn iiilt/drc. (UmoccplKihiN sIriclK-s .-md

Xctiifihius /(isciiitiiN.

In ciUtivated lands this .-issemlilage is l.-irgely cbaractciist ic of the

.grassy borders of I'oads. jiatlis and fence-rows. .Most of the species named

continue al)undnnt in sucli places with the i)ossible excei)tion of Arphin

.TantJiroptna and CliortditlunKi lUulifnaciotiX. l)oth of which appeared to

be rather scarce in the p.irticul;ir cultivated tracts examined by me.

\ second grouji of ( »rtliopteiM is characteristic of dry njiland woods.

On the level uplands w Hand is represented onl.\- by widel.v scattered

groves, in most of which the trees have been thinned out. This allows

a rich growth of blue grass which is largely utilized as jiastnrage for

cattle. Such pastur»'d wcKxllands are almost invariably very barren in

Orthoptera, thase that do occui- being similar tt> those found in the open
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foimtry. The most nearly coiitimioiis and nii(listurlie(l areas of woodland

are those which clothe the tops aud sides of the bluffs which, as already

mentioned, form the onter margins of the river-bottoms. These are ex-

clusively hardwood formations, the dominant tree at hiiiher levels beinii

the white oak {Quorcux oIIhi). with wliich are commonly associated tlie

sugar maple (Acer sacclidniin). pig-nut hickory (Hichoria iiJaJna). red

oak (Quercus riihra). shell-bark hickory (Hichoria ovata). bass-wood

(Tilia (uitcricuiia ). elm {I hiiiis sp. not det.), beech (Fagus fcrrugiiica),

dogwood (Cornii.s florida ) and aspen (Populu.s IrcnDiJoidcs) . Where-

ever these woodlands are sufficiently open to admit sunlight blue

grass usually springs up and forms a continuous cover to the ground or.

If the soil is exceptionally dry, an aggregation of more or less scattered

tufts with interspaces of bare earth. Where the grass is thick one

usually finds Mcldiidphix sciKlderi, while in places where it is sliort and

scattered l^pharafjcnioii hoili aud McJanupJuH liiridux are usually en-

countered. Along the edges (if the wo(h1s in undisturbed ground these more

strictly sylvau types were observed to meet and to intermingle with a

campestral assemblage which usually included Si/rhula (ulininihilis. Ar/thia

.ranthojjicra, Chortopliat/a rii idif<i'«iiit(i aiid I'JiicoptolopJi iis .sordid iis. In

scrubby areas and in tall hei-liaceous growths AfhiiilicKs tcstiircit-s was

fairly common.

In strtmg contrast to the foregoing group is an assemblage character-

istics of moist areas. Such areas most frequently occur at the outer

margin of the river bottoms wliere the seepage from the neighboring bluffs

keeps the ground perpetually moist and soggy. The soil in such places is

a typical muck, frecjuently intermixed with gravel and silt. In nearly all

the swamps I have visited the vegetable content of the soil appeared

to be thoroughly decompose<I. At one place (1) in a wet depression in

the midst of a faii-ly large woods on the upland about one and a half

miles northwest of West Lafayette the substratum was a true peat. In

the bottomland swamps, however, the soil appears in all cases where I

have examined it to be a nuick. Such a swamp harbtirs a rich vegetation

of wliicli the dominant member in wetter spots is rice cutgrass (Honidio-

ccnclirii.s Dri/zoidcx) with which are often associated cat-tails (Tiiitlia hiii-

folia) and jewel-weeds [ / iiiiidficii.s bipont). Surrounding the cutgrass

areas in slightly dryer ground is usually a dense thicket composed of tall

herbaceous plants, especially composites, among which I noted tlie taller

ragweed (Amhrosio tripd(t). ironweed (Vcnionia fasciciihitti), joep.ve-
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weed {hJupatoiiidii piirpiiii lain. Ixtiieset ( Eiipatoriiim pcrfolinfiini) and a

hewilderiiiu: variety of members of the suiitlower trilie ( IIclidiiihKs. liUJcitH,

etc.). AVlure this thiclvet is sutticieiitly open there fre(iuently o<-cnr patches

of wild rye {I'Jtnnus rirfjiiiiriin, E. <-<iini<l<iisiK:) .

The central jiortion of tliese swamps dominated by Honuiloccnchni-s ap-

peared to be characti'rized by a ratlier different assemblage of Ortlioptera

than that typical of the surroundimr thi(kets, thougli. owing to the usually

restricted sizi' of the swamjis. it was not possible in all instances to cU'arly

distinguished the two groups. In general, liowever, the Homalocenchr\iK

areas appeared to be characterized by sudi Ortlioptera as Orrhcliiiiiiiii

ni<iriitcii, \eoc()ii(t(< iihahis ptiJn.slri.s. Staiirodcnis cHftipcuni'i. ConocciilHilits

altciiiKiiii.s and I'dio.ritu hoo.sivri. The surrounding thidvets were esjjecially

characterized by the short-winged Mrhnntitli. such iis Mchmoplux olxtrali-

pennis, M. scinhUii. M. <ini(iU.s and .1/. ririilipcs, together with numerous

examples of McUinopliiH (liffcrciitinlis, Coiioccphaliis niiiroph iiimn and

Voiiorcphuhis I'lcnioralis. Two forms that appeared to occur indifferently

in both zones were Onhrliiiiiiiii riiliinrc and ('oiiotrphfilKx lircnp'i'i'is (incl.

ciisifar litis )

.

liKI.ATlVK FkKQI'KNCY OV THK SPKCIKS.

As regards numi)ers the most abundant grasshopper in this region is

Mclanophia fan iir-iii brum which appears to swarm everywhere on both

upland arcl lowland, though it appeared lo i>e less frecfuent in woodi

d

areas than in more open sitiiations. Next to it in point of numbers I

would jilace McJniiopUin utlunis which is common, but more local than

fciinii-nilii inn. Other species whidi apjieared to be present in wliat

may be regarded as abundance were JJiKtjiJtolopliiis Hordidns, JUs-toxtciia

Carolina. Mclaiiopliis diffcrcntialiti. Orvhiliiinim vuhjarc, ('<jno<(pliali(,s

stiictus and Xcniohiu-s fa.sinhis. Much les> frequent, but on the whole

rather common were su<h species as Sprliula atluiirohHia. Arphia .ranflnip-

tera, ViiortoplKn/a riridifaxciatn. and Mrhmophis fcnioratus. Some s])ecies

appeared to be of tre((uent or icgular occui reiice lorally whei'ever tlie spe-

cial conditions making up their normal environment prevailed. Thus

Spharaycmo)! iioUi and Mthnioplux .siiiddcri and luridux occiured. usually in

considerable munbers. wherever there were dry open woodlands, while in

the swamps, or their borders, three spe<ies, Mclanoidun differentialifi, Or-

i-hrlimuiii i.if/ripcs and Voiioccphaliis Jncmpcinii.s were in all but one or

two instances aliundant. Associated with the last three were frequently
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cousiderable uumbers of I)ichrom-orj>/hi iiridis, Hturodenis (Stenohotlirus)

curtipennis, Melanoplus sctidderi, Mehinoplus ohovutipenni^, Melanoplns

femoratns, Gonocephalus faseiatus, and Conocephaliis nu/ropleurum. Cer-

tain species were scarce in most places, but were found to be common or

even abundant in one or two restricted areas. Thus Hippiscus rugosus

was found in only one place, but was there quite common. Paroxya

hoosieri was taken in numbers in a swamp (16) in the Wabash l)ottoms

opposite Battle Ground but was not observed elsewhere. A peculiar variety

of OrcheUmum nigripis and Conocephalus nttcnuatus literally swarmed in

a boggy depression (14) on the upland about 2 miles northwest of West

Lafayette. The former variety I did not And in any other place, while of

the latter I noted elsewhere only a single individual which I captured in a

bog in the Wabash bottoms (<;) about half a mile south of Lafayette.

Certain species were observed to be of rather infrequent occurrence

but could hardly be called rare. Among these were Schistocerca americana,

Mclanopliis riridipes, MeJanopliis gracilis, Scudderia texensis, Scudderia

fnrcuta, NeoconocephaJiis pahistris, Conocephalus nemoralis and AtlantiCKS

testaceus. The following species appeared to be quite scarce: Tnualis

brevicoruis, OrphuleUa speciosa, ChlwaJtis conspcrsa, Schistocerca alutacea.

Melanoplns walshii, Neoconoccphahis rohiisfits crepitans and ConoccpJialiis

sultans.

DESCRIPTION OF LOCALITIES WHERE COLLECTIONS WERE MADE.

1. A fairly extensive bit of woodland on the edge of the upland about

a mile northwest of West Lafayette. The timber was in part rather dense,

but there were a number of open spots well fitted for sylvan Orthoptera.

There had been no grazing in the portion of the woods where the collecting

was cliiefly done, so there was considerable undergrowth. Most of the

land which these woods covered was dry or only moderately humid, but it

included one or two depressions where the ground was either soggy or

covered witli standing water. One of these, a very limited tract, was

included in the northwestern edge of the wood and was occupied by an

almost pure growth of button-ball bush {Cephalautliiis occidciit(ilit^) ; tlie

other was slightly larger and occupied by a mixed growth of s;ii>ling silver

maples (Acer saccharitiiiiii) and red-berried elder bushes ( l^diiiJniriis

niceinosa) togetlier with a variety of other plants. I'otli of these swampy

areas proved to be quite barren in Orthoptera. The best collecting was

done along a path entering the woods at its northwest corner and in the
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nesleeted cleiirliiirs udjoiuing it. This path was nearly overgrown with

grassy and sedgy thickets in which were numerous tall composites.

Among the grasses I recognized liruchijrli/trum erectnm, Paniculari(i ncrv-

nta. Bioiiiii-s iJiinien.s and Hi/strir Inixtri.r: tlie sedges were species of

Carer, one of which appeared to be V. liijiiiIiiKi. In these grassy areas and

the rank laerhage liordering it I found on July 127 a considerable number of

nymphs of McJauoiAuH scuchUrl. also smaller numbers of adults of Mehinop-

lus graeilpi, Diclnoinorijho viridis and Clilo'altis coHspersa. Near the edge

of the wood, in a grassy opening not far from the button-bush bog. I found

a single female nymph of Tru.rn1is Jnvi-k-oi)iiH. At various points along

the edges of the woods and in cut-over areas DixHo-^tvint (iiroUiw. Melaiio-

f)lHS (itlaiiis and Sphurugernon liolli were of fre<juent occurrence.

2. This was on the west iiaiU< of Burnett Creek in the stream bot-

toms ;diout two and onc^half miU-s southwest of Battle <iround. The sur-

face is elevated only a lew feet above the level of the stream and forms a

nearly flat tract between the stream and the neighboring terrace. It is

well wooded, the larger trees being chiefly cottonwood {Popiilnx drltoidcfi)

and buttonwood ( I'UitiiiniH oirithntuJis t . The larger trees were nnich

scattered and beneath them the marshy i;round supported a rich inider-

growth (»f small trees, shrulis and tall herbage. The principal sluubs were

hazel [('orj/liix (iii'cr'niUKi \ and I'nssy-willows (SaliT (liscolor). In the

more oiien iiogs the vegetation consisted of a reedy herbaceous growth in

which I noted such plants as 'J'l/pha latifolia. HotnalocowliniH onjzovUn,

CiniKi (innidiiKicca. I'diiiciilari'i iicrralit. Siirpii.s afrorirrits. XuihroKia

trifidu, Safiittaria latifolia, \ CnitDiia fa.vi<-itlata, Eitpatoriuin piirpiircutit,

IJhpa tori Kill pcrfolitituni iind the usual host of sunflower-like composites

(species of Heliantlnin. liidoix and allies i. 'ilie soil at this ]>lace is mapped

by the Bureau of Soils as Wai)asli line sandy loam, but in these bogs it

was almost a true ])eat. This i)lace was vi.sited twice, on August 9th and

^iptembcr V.',. < Mi the former date thirteen speiies were taken. Of tliese

the most connnon in or about the bogs were C'oiioccphahi.s Jir<rip(inii.'< and

\hlaiiop]ii.s (liffrrriilitili.s. Witii them were small(>r. but not inconsiderable

numbers of M clinnipi iis nhnriit I/k iiiii.s and Ciinoif phulii.s iiif/roiilciinnii.

while only a lew examples of each of the following sjiecies were liken in

siudlar haunts: Mclmioplits xi\((h1<ri. .\h Idiidiiliix iinicilix. Mchinniilux

f( nnndl IIS. Sciidiliiiit fiircdhi and On-licliin ii iii riiiijiiii . ()ne indixiihial of

TniniliN hrcvicornis was observed and captured along the edge of a rather

extensive growth of cat-tail {Typhu latifoliu). MeUinoplux fciiiid -ruhrum.
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wliicli ul)()UiKled in tlu' surrdundiiii;- country, appeared to l)e scarce in this

place as only a single individual was observed. In a relatively dry part of

the woods, where the ground wns slightly damp, Init i>y no means wet. were

observed in a few s]iei-imens of IH( hroinorphu rir'nlix and a single male

Si)Jt(ir(i(jciii()ii Imlli. the latter doubtless a stray individual from the dryer

groves of the adjoirdng upland. ( hi September 1."! the fauna had much the

same character, but was evidently poorer in both individuals and species,

of the latter only nine were recorded and of these only two. OrchrJiiuiiin

iiil/riiicx and ChUfaltis ((iiisiictsd had not been taken on the earlier date.

The former sjiecies is usually Ihc most abundant of the bog "long-horned"

grasshoppers. Init at this place it was e.xceptionally scare. Of VhJduJth

coiiupcrsa only a single male was taken along the edge of the cat-tail bog

close to the spot where the Tni-idlis was taken on the earlier date. I'.esides

these other species taken or obser\ed on September !) were liiclnoiiioriiha

riridis (KM, Mehinoiihis nhardtiixiniis. .][. (Uffcrrihtialis, ><(U(J(lcrut ptr-

cafa (10). Orchcliiiniiii nih/arc, Couoccithaliis hrevipcnnis and C. nii/io-

plcunim.

:;. The I'ui-due Kxperimental Farm in West I.alayette is located oil

"second bottom"' land. The soil is the Sioux loam. Nearly all tlu' land is

under cultivation, the principal crops being corn, wheat, rye, oats, clover,

cow-peas, alfalfa and soy beans. Where the land is unfilled, as along

fences and the borders of i)aths, there is a hrm blue-grass sod in which

scattered patches of clovei- ( 7'. iniitriiae) are frequent; also the usual

weeds, such as witch-grass {I'duicimi coiiiJlarc), spreading panic-grass (7^.

(lichototuiffonnii) . ci-ab-grass ( HcliiitorJilod <riis-(/uJJi) . foxtail {('hdcto-

chloa viridls. ('. tiUuKU). Orchard grass { Ifdcti/li-s gloitirratux) and Knifirox-

Us iiidjor and imrxhii. In tlie more fully cultivated portion tlu' 'home"

of the Orthoptera was in this relatively undisturbed grassy sod. altlnaigh

they spread from this in large numbers into the neighboring plats. Th >

most abundant species here was naturall.v Mcldiiopltis fciiiiir-nihnnii :

other common forms were h'licoptohtph iis saididiis. Dissastcird <<iroJi}id.

Melanoplus atldiiix. < >i-<licliiiniiii rnhjinc (specially in the taller grasses,

such as fox-tail, etc.) and CoiKH-rithaliix strictii.s. the latter very connnon in

the denser areas of blue grass. Other species of fre<iuent occurrence, but

not so abundant as those just mentioned, were t^i/rbula fidniirabilis. cho.-

tophaya riridifasciafd. and .\Icldnoplii.-i diffcroitidlix. Occaslonall.v a spec-

imen of t^chixtorcrca dmcriiuntd would be taken or observed in the rank

weedy growth bordering the experimental plats and in the more thickly
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planted plats themselves. Oiir-e two iiulivifliials of Neoiiofrijhfilii.'< rolniKtus

rrci>ita)i-s were taken an(\ another heard in the corn Helds ; both of those

captui'cd were t iken (Ui (oni in flic early evciiiiiu.

The most interestin:,' collecting on the IMirdne grounds, however, was

done ill a small waste lot not far from th<* Lake Erie and Western Rail-

road. Aliuut half (if this lot was occuiiied by a nearly iiiiie growth of

timothy {I'hlcimi i)iiitiiis( \ , while the remaining half had at s<mie time or

other been used as a dumping phice fur manure or other refuse and was

now occupied by a rich growth of i'lmniix riifjiiiicii-s. with which were in-

termixed .some areas of Bromnx i<il in t !('<.') and a tew clumps of a taller

species of Eli/niux. ]irobably i-mnnhiiKix. ()ii one side near a fence row w'as

a rank growth of sumac (species not determired i . In another i)nit of the

field at one end of tlie Elymus ftirniatioii in a shallow gnlly was a rank

growth of green loxtail {('luiclochlon riridint. ("oilectioiis we:c m .d '

here at Intervals throughout the snimiier. The s]ie<ies were niuch Ihe

.same as tliose occurring in the cultivated areas, but in inlditioii a number

of species were taken which were absent or \cry raic in the litter. I::

this waste land most of the collecting was done in the timotli.\. which had

receiitl.v been cut. a ciri umstaiK e which made it relatively easy to capture

he grasshoppers. Mrhnxtplits fciiiiir-nihnini, Mfhnioiilii.s (itlunia, Ew<yi)-

i)Ioi)hu.s >fO 1(1 id lis and Coik occiihnliix xtrictiix were here abundant, while

Joth Siiiijiild (iiliiiiidhili.s and Arjiliia .rdiiUKiptcKi wt-re of fie(|iient occur-

ren( e. Earl.v in July M< Itninithis k tnurdtiis was fairly coinmoii in this

tract, but it s(m»ii ceased to be an evident component of the fauna. Two

55 of (h itlndctlla sprcinxit were taken on .Inly liL' : repeated .search failed to

leveal any additional specimens of this aiijiaicnti.v very rare sju'cies. A
single male SciKhhrin tcrcnxin was also (atureil lu're the same date. In

the EUiiiiiin jiatch a solitary male ('finocciihaJus fasciatiis was taken also on

the same date: while nu'.cli later in the season—September l."I a sma 1

colony of CoiifMcphdIiis iicinoidlis w:is found in a place where the IJiimun

was encroached upon by the sumac thickets. Mi laiio/ihis diffin iitiiilix was

also fre<iuent here. (nitside of these thiw species, the forms in the

Elymuis area were the same as those in the timothy with the exception of

Aiphid .rdiitfif)i>frrd which ai»iieared to be linnted to the latter. The fix-

tail growth formed the favorite habitat <>{' Oi (Iirliiiniid rulydri: The sam,-

grass also .\i('lded a female of ><t<iioh'/tliru.s iiirtiijciniix.

A short distance west oi this lot in the adjoining tiehl, which had been
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planted in clover, I captured a female specimen of f^chistoccrvd (ihitdccn.

The capture was made close to tlie railroad, along whicli there was a

mixed .growth of elder {SdHihucus} and white nielilot (Mclihifiix iiUki).

The latter formed a very rank growth in some abandoned gravel pits on

the opposite side of the railroad. The color of this specimen was much

duller than that ot exanijiles from the New Jersey sphagnum bogs, being

an oli^'e brown or pale leather color with liardly a trace of green, and

with the dorsal stripe, although easily recoguizai)le, by no means con-

spicuous.

4. At this point some roadside collecting was done. The place is on

the slope leading from the "second bottom" at West Lafayette to the

upland immediately noi-th of the town. The roadside vegetation consisted

in the dryer parts of a mixture of blue grass and timothy and in tlie

gullies of a rank growth of MUlolus alha. The Orthoptera were all of

comniun t.vpes. Melaiioijlii-'^ fciiiiir^iuhniiH swarmed everywhere, while its

(ongener, .1/. (Uffercntkili><, was almost entirely limited to the thickets. In

the blue-grass-timothy areas Conocv])h(iJux sti-ictus was common, while N///-

biilti adniirdhilin was of frequent occurrence.

5. This i)lace. locally known as "the tank" from tlie preseiice oF the

storage tank of tlie West Lafayette water company, is on the edge of the

upland at the head of a deep ravine known as Happy Hollow, It over-

looks the Wabasli bottoms, "second bottoms" being absent from this point

north. The soil is Miami silt loam. The land was unfilled the past

season and liad evideutl.v not been in cultivation for a long periiul. It was

open, but at its southern edge where it meets the steep slopes leading

down into Happy Hollow was bordered b.v the relativel.v dense woods

which clothe these slopes. The open areas were closel.v covered with bliu^

grass with which were locally intermixed small areas or scattered clumiis

of wiregrass, Poa comprcssd, and foxtail, Chrrtorhloa glaucd. There were

also considerable clover and some low trailing briers. Close to the woods

tlie blue grass became rather sparse and grew only in short scattered

clumps with open places I)etween where the bare soil was exposed or where

certain hardy herlis, mostly composites, grew. In one or two places on the

higher laud where the blue grass was ver.v thin, were formations of Aiidio-

pogon scopariuft with .1. fiircdfns as a minor constituent. At one place

immediately adjoining the woods was an extensive pati h of TriUciis flard.

Within the outer edge of the woods on some level stretches wliere the less

eroded parts of the bluff project out into the ravine, were a few scrubby
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areas contiiining ouly scattered ijrasses, but with many low saplings and

some herbaceous undergrowth. The woods on the upper portions of the

ravine slopes adjoining the upland were of the mixed Inirdwood type. The

dominant tree was the white oak. Iiut with it were many hickories, elms,

sugar maples, lindens, red oaks, beeches and dogwoods.

Collections were made in the open fields above the wckmIs. along the

Ixirders of the woods and in the woodland scruli areas. In tlu' more oixn

areas, farthest from the woods, wherever the blue grass or its congener,

I'ou ((niii>rvHSi(t, was thick and luxuriant, common species were McJaiiopIus

fciinir-nibnitii. I\iic<)i)tnl<iitfi ks .sordid us and CoikkciiIkiIn-s xfricfK.s: Hifrhiila

(idiiiiidhilix was of fre(|ucnt occurrence. Where the grass was shorter and

coarser with some intersi)aci's a nnmliei- of a(l<litional speiies wcn^ com-

mon such as Mcloiioplus (illiOii.s. Arph'nt .raiitlidiitcni. IHssoslcini ((irolhiit

a.nd mi)i»ix(ux rui/osiis. Ot Ar/iJiid .nintJioittvrd and HiiqylHcUK rxj/osiis both

the yellow-winged and the red-winged types appeared to be alumt e(|ually

treipient. I'.oth of these secies were conunoii in the more l)arrcn areas

along the very edge of the woods, where tliey were associated with

!<l)har(i(/ciH<iii holli anil \l( luimithi.-i litridus. each of which was of frecpient

(ccurreiice. but did not apjiear to spread an\' apprccla!)lc dist.mce fi'om the

immediate vicinity of the trees. Within the woods in the scrub areas jire-

viously referred to the two last-mentioned siiecies were the onl\ ones

found. Other si)ecies occuri'ing at this locality were I'hortoiilniun riridifas-

ciata and Onhcliiiiuiii ruhniic. long-winged phase. \ymi)hs of the fornu'r

were freiiuent in scane areas of dwarfed blue grass in sjiring and again in

the fall, while a smaller nunibei- of the latter were louml in .1 scrtib area

along the borders of the woods.

(i. This includes the outer edge of the W'libash bottoms ;i short <lis-

tance soutii of West Lafa.\ette. The outer edge of the bottoms at this

jioint is mai-ked b.v a gentl.v sloping bluff which leads uji to Ihe .seecaid

bottoms of West Lafayette. Near the base of the bluff is a road and below

the i-oad. between it and tile le\cl surface of the iii-cseid bottom, is a short

slo])e whicli was i»artially wooded, the common trees b(>ing cottonwoods,

hone.v-locust, hackberry, elm and shingle oak. The woodland hei'e formed

a narrow fringe and beyoial it, o<<aipying all tlie lc\-el ai'eas. were the

usual corn fields of the bottoms. lieneath the trees was a fairly <lense

undergrowth of shrubs and tall gras.ses of which species of hUinnii-s were

most freciuent, especiall.v E. viryinicuH. 'flic soil was a niixtiu-e of the

gravel derived from the material of the bluff itself and .alhnitun deiios-
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ited by the river duriiij; periods of overflow. Owin« to its position, tlie

presence of tlie ranli vegetation and of tlie resnltinj; liumus tlie soil was in

most places moileratel.v damp. Imt not actually wet. This, however, was

not the case in one spot where the j^round was perpetually moist on

account of the constant seepage from the bluff. The substratum at this

spot was a black or dark grey muck with much gravel in its deeper levels.

Trees were absent from these wetter areas and tliey were accordingly

occupied liy a rank grt>wth of the usual lierbaceous swamp plants the more

conspicuous of which in this swamp were Ti/pha Uififolid. Honidlocenchrus

ori/zoidcs and Ambrosia trifida. South of the swamp was a small bit of

open woodland in which there was a rich undergrowtli of grasses. Of tliese

the species of Eliimii.s. chiefly /v. lirj/inicii-s with some canadentiiH, occupied

the better lighted areas wliile in the more shaded spots sucli forms as

Honialoccnchrtis virginicuH, Muhlcnhcrgia apparently ^1/. tcnuipora, Konj-

((iiinix (iruiidiiiacciis and Hi/.stri.f h!istri.r were common. Ad.ioining this

woodland on the south was an open pasture in which there was a good

stand of Tridcns flava.

Quite a numl)er of interesting Orthoptera were taken in this localit.\'.

In the drier situations the patclies of Elinnus runadoisis yielded sucli spe-

cies as Dichromorpha r/r/rf/.s', MchniophiH viridipcs. Mrlmiophis otldiiii.s—
an unusually humid environment for this form

—

McJ^inopliis fcniur-ni-

hrnm. MclaiiopliiH fcmoratust, Amhliiconjpha mtundifoUa and Coiutvcphalus

iicniordliK. With the exception of Mclduoplus femur-iuhriDii none of these

were common oi' widespread, being in most cases represented only by

scattered individuals or an occasional colony. Other grasses besides the

I'jliimu.s were searched for Orthoptera, but, excepting Tridcns, proved to be

barren. In tbe dense thickets of ragweed, Amhrosid trifidd, surrounding the

more boggy spots MelanopJus fcmur-ntbrum and Mclanoplus diffcrcntialis

were abundant, while in tlie same tracts a few examples of MelanopJus

scnddcri were also taken. In the swamp the ()rtlioi)tera were most numer-

ous in the Hoindlocvnvhrus oryzoidcs and the imme<liately adjoining thick-

ets; they were apparently quite infrequent in the cat-tails. The most

abundant swamp species were in order of relative numbers McUinopltis

frninr-nihnini. Conoccphdlus hrripcihnis. Mcldnoplus diffcrcntidlis, Or-

clicliniinn niyripcK, Orchclintiini ruUidrv and Conoccphdlus niyroplcurum;

in much smaller numbers were found such species as Occanfhus fasciatus,

(hcanthus <iiiadripunctdius. Hcuddcria fareata Ncoconoccplialus ptilusfrix,

Orchcliniuni yhidiator, Conoccphdlus fasciatus, Conoccpholu.s ncinoraJis
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and Co)iocei)h((lii>i attcnuiitns. In the pasture in which Tridcns fldvu was a

coimnoii plant Siirhula adniirabiliy and Coii/icephaliis t^trictns were of fre-

<|iient occurrence along with larger numbers of the ul)i(iuitous M(l(iii<>i)lus

fcDiiir-nihrum. Close to the border of the same field, where there were

some extensive patches of EJiimus rirginkus, several examples of Dichro-

inorpJia viridis were observed.

7. This was a level tract of very open woodland located on top of

the biuft' overl(X)kin,c the bottom lands included in locality 0. The ground

here had I)een used for pasturing cattle and tlie herbaceous vegetation was

accordingly (piite short and scanty, orthoptera were .scarce. Each Mchni-

oitJux (itldiii.s and MeUinoplnx fonur-iuhriini were frequent, while in one

place wliere there was «-onsidMrablt' slope and a fair amount of scrub

growth a few examples of typharaf/ciiion holli were seen. Late in June

Atliniticiix tcsttirciifi occurred in small numbi-rs, sevei-al lieing captured one

night on low shi'ults and tall weeds.

s. This locality was a small <i]n'i\ grove at tlic toji of the highest line

of bluffs at tile north end of a i;i\inc situated nearl\- halt way between

West I>5ifayette and the month of Indian ("i-ecU. The soil was the Miami

silt loam which in this exiiosed situation was ([uite dry and bai-ren and had

a decided sandy iijipearance. Along a recently cnt roadside I found at this

l)oint a young si»ecimen of tlie Itlack-jack oak. the jncscMKc of which n itur-

ally indicates the baricn charactei- ot the location. The soil here at the

time of my visit—August J4th—was formed ot idue-grass sod with occa-

sional patclies where tlie ground was bare or but sparsely <ovcre(l with

vegetation. In such places the common woodland I'anicnm. /'. Innichitni

.

was frecpient. In two or three ])laces erosion had worn slight gnlleys from

which most of the liner soil ]»articles had been washed away leaving a very

bard and stony soil on w hii h very little vegetation bad as yet oiitaincd a

foothold. These gulleys were the favorite Iiabitats of the more geophilous

Ortboptera sncli as Aiitliia iduthoplcia, Sphartif/onon holli and hixsosfcira

curolhid.

Only about a lialf hour was si>ent in (-ollecting at this sjtot. during

whidi examjiles of the following s]»ecies wei-e t iken or identified : ,s'///-

hiild (idniiraliilix. Ar/thin .rinitlioiitird. both yellow winged and orange-

winged tyi)es, /Jnc(}iit()}()i)liii.s sordidiiH. Si)hrd!/( niaii hulli. IH.s.so-s/i ira curi)-

lltui. }l('hiii<)ijli(x frinur-ruhnini and M<l<niO]diiH lididii.s.

J). This locality is about halt a mile southeast of Italtle (ironnd in a

region covered by Miami line sand, rracilically the whole country is tuiiU'r
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'•ultivatioii. Tln' only collt'ctiii.^ w.-is done in ;i liniiti^d liit of roadside

wluM-c tile l)anks wfic occu])icd by a mixed .urowlli of two tall huiicli-

i^rasses, Tfidcn.s fi<i ra and Aii(tio]><>(/(>n fiirciitiis. My visit to tins spot was

made August ."!(>. At that time the folk)wiii,i; species were taken or ob-

served, all beins fairly frecjiient : MclonopJus fvinur-ritbniin, Mchinoplux

<itl<iHfi.s. VintoccitliahiK sfrictitK. IHssasfcird ciirolind. Siirhiild (Khninthifis

and [ii>h\a xaiitlioptcra.

1(1. This locality is on the east side of the AVabasli about three

miles north of Lafayette and a mile southwest of Wild Cat Creek. At this

point tliere is a well-marked bluff markiiii; the dividing line between the

upland, here formed by Sioux sandy loam, and the Wabash bottoms. At

the base of the bluff is an extensive marsh, shown on the Bureau of Soils

ma]) as a crescent-shaped patch of muck. The upland immediately bor-

dering the bluff is occupied by a ct>metery in which there are many large

I'ces, the whole forming an open grove with no undergrowth except the

oidinary blue-grass sod. In this cemetery, freiiuenting the relatively dry

blue grass were numerous exam])les of MchDiojiJiis Kcuddcr'i and Mchino-

l)]u.s luiuliis along with the usual McUuiopIus fcniKi-riihntni and JJncopto-

laphns sordid U.S. On the steei)er slopes, where there was a considerable

amount (»f herbaceous midergrowth and some patches of AndroiXKjon fur-

catus, a few examples of >Si)h(ir(ificmo)i holJi were seen and, near the base of

the slope, in a shallow depi'ession. where there was a thick growth of a

bright green, sni cnlent ^rass. a small number of StdiirodcniN ciirtiitciuiis

were found. Dissostcira earoJiiin was as usual common on paths and drive-

ways both on the upland and in the bottom. The swamp at the base of the

bluff was (juite open and was of the type usual to the bottoms with rice cut-

grass. Homaloccnchrus oryzoides, forming the dominant vegetation of the

wetter areas. On the side toward the bluff this growth was bordered by a

thicket formed mostly by tall herbaceous plants among which suutlowers

and goldeurods were c<«ispicuous ; while on the opposite side toward the

open bottom lands it was bordered by a wewl vegetation in which a

tangled growth of smart-weed (I'olygonum) iiredominated. In the rice

cut-grass the common Orthoptera were Melaiioplus fciiiur-riihnDii. Coiio-

vvphalKx hrevipeimis, Orchcllmum niffviprs. Orchelinniiii ciiUjaiv and M<l<i-

noplus differentialis. Both of the last-named species and also Vonocvplni-

hts nigiopleunon were frecpient in the surrounding thickets, while Or-

rJirlimuin vulf/drc and Mcl'nioplii.s feiniir-nihnuti swarmed in the Poli/go-

luiiii areas. In addition to the two forms last mentioned other species tak-
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ell in the liorderiii.i,' thicket in tair uiiiiil)ers were Mcldiioplii-s (jhoi-dtiiirinn's

iiiid <'oii()(< pJidlii-s III iii'iKili-s. Witli tlieiii were fnniHl ocrasioiial e.\aiiii)U-s

(it Dichromoi phti (•///VZ/.v. and M( luiiniiliix fcmui ul iis In tlie nuiiialorcii-

chriix oiiiznidcs two s])eciiueiis of Xcocoiicciihuhis iKihixtris and one each if

SciKhlcrin tc.rcii-sis (a J a|ii;areiitly tliis s])»>cies) and OnluJhninii ruhjurc

loni,'-wiii,i:ed ty])c were talceii. ( "ollectinu was done at tliis place on Seji-

tember (ith.

11. At this ])la(f collections were niaile on July lit and ( >ctoher ."!. Tlie

hx'ulity was the low alluvial trait along the Waliasli at tli<' mouth of Wild

Cat Creek. .Most of the land is nn<ler enltivatiou, hut there is some open

woodland ou tlie adjoining; hlnffs. Along the roadside were the usual

weedy tracts inhabited liy Mdaiiopliis ntUmis and Mchiiinplii.s finiiii-ruh-

runi, the hitter l)eing Ity tar the most ahundant. In the ranker herhage

and weedy tracts M< luiioiihts diffcrcnthilis was of I'reciuent occui-reiice. On

the hart' jiaths and in the jilowcd fields IH.s.sosli ini ciiiitlinii was common.

The remaining species were few in numhei- and wei'e found only in gi-assy

depressions close to tlu' river. In one of these which contained an almost

pure stand of lUjiiiiux rii'iiiiirK.s a few examples of Sliiiii(nl( rus rurtiitcii-

iiis were observed on July 1".l: in the sann' place a single spei-iiueii of each

of the following was taken: Mihiiiniiliis nalxliii. Oichtlinnmi f/lfididtor,

<'()ii(i<( iiIkiIiix fiisridi lis and ('(iikki i/linliis iiii/rniihiinnii. In anotlier d(^-

pre.ssion. examineil on <»ctobei' .'I. the dominant growth was a species of

Miihhiilx If/id : in this Orclicliiniini riihidn and ('<ui<ii<i>hdlux hicriiKiniix

were common, a single sjiecimen ol ('mi'Kriilidlii.s iii(/ri>i)l< in inii was also

taken here.

]-. While on an inspection trip on the upland hetween West Lafayette

and .Montnioicu" i on .\ugust 1"_'
I made a rapid examination of se\-eral small

areas in which the ground was more oi- less damp and covered either with

thick succulent blue grass or species of Carex. Orthoptera did not apjiear

to be very common in su' h places, except such ubiiiuitous forms as .]fcld-

; (il>liix f< iirn-nihi nut an<l Orcliiliiiiuni ruh/dir. In one rather wet dejtres-

sion. where there was a nearly imre growth of ('aicx. ('(iiioccithdliis fdx-

(idtii.s was rathei' idinmoii: it also occuri-ed. though in small numbers, in

blue-gra.ss dejiressions. In one of the latter bordering a small grove ji

small number of Stduifxlcrus citrtiixninx were observed. A male Siiid-

iliiid fiircdtd was taken near hei'e in some thi<k grass at the side of a

small stream.

115. 'J'his was a very linuted tract on the edge of the bluff overlook-
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ill;;- till' Waliash valley al)()iit three miles SdUthwest of Ijafayette. Col-

le( tiny was done only aioiiL' the riiiht of wa\ of the Wahash Kailroad.

This locality was visited only once, and that on (tctoher 12, when many

species had died out or beeomt> very scarce. Oiilx live species were note(l,

four of whicli were common in the waste lots ad.joinini,' the railroad. Tliev

were Mclanoitlii.s fciniir-nihniiii. IJiicoitfoIoijhiis sonliilHs, Pixsoxfciid cur-

(iliiKi and M<Itni()i)lii.s atUiiiis, the hist-named being tlie least fre(iueut.

The only otlier species observed on this trip was a mali' Sclii.stoccrca (iincr-

i<(iit(i whicli was found in a local growth of Audroixxjoii fiucattis.

14. This was a very interesting undrained depression of coiisiderahh^

size situated in an open field (ai the ujilaiid al)out two miles northwest of

West Lafayette. The substratum in the depression was a dark muck. At

the time of my visit, f)ctober i:>-14, it was quite ilry and ci-isi> at the sur-

face, but witliiu a fraction of an inch below was still ((uife moist and

sticli.v. The centre of the swamp was nearly devoid of vegetation: doubt-

less ill times of normal rainfall it is submerged. Surroiuiding this is a

wide fringe of reedy vegetation formed of cat-tails, 'I'lijiha lutifolia and a

tall .species of rush, which was similar in general asix'ct to ./iiikih^ cffiisus.

though owing to tile lateness of the season I was unable to certainly iden-

tify it. Intermixed witli botli of these was a luxuriant growth of rice cut-

grass, HoHKilovciichniH (iriizoiiJcK. Surrounding these again was an outer

thicket of tall herbaceous plants, such as asteis. goldenrods. iron-weeds,

sunflowers and their associates.

The Ortlioptera of this swam]) were unlike aii.v found elsewliere ill til.'

extreme abundance of two Tettigoiiiids, a peculiar color-phase of Oi'chcli-

miiin iilfiripcft and Coiiovrphahis (ilfciiuiitii.s. both of which siinjily swarmed

tlir(mgliout the Tuphd-HoiiKiUiccuchrtts areas although they largely avoided

the rush and were entirel.v lacking in tlie lierbaceous marginal thicket. The

large numbers of Vo)i(K-cpli(t}}(x <i1triiii(itinii in this place was surprising, for,

although it has been known for a long time to be native to the state, I had,

[irevious to my discovery of this marsh, been able to procure only a single

example in the region about Lafa.vette and was accordingly inclined to

look upon it as a very rare sjiecies in this jiarticular part of the State.

Other species associated with the two si)ecies just mentioned in the cut-

grass-cat-tail formation were CoHocephaliix iiiyrditlcKiuin. Couoccphalus

xdlfdii.s and a small Ojclicliiiiinii which Mr. Keliii has assigned to O. (h/Uc.

All of these were (piite scarce at the time I examined the place, only a

UO—J906
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single example of each of the last two species being seen and only a single

pail" of CoiWcciiliiilKs iiifiropUuriim. Noteworthy was the entire absence in

this marsh of the twd most frequent marsh •long-horned" grasshoppers of

tins region. Coiioccplnihta hremijcnnis and the typical phnse of Orrlicliniinii

ni<iri{)cs.

In the lierbacetms thickets loriiiiiiL' the UKirginal \ egct.ition of th-

marsh Ortlioptera were not very conmion. the only species taken there lu'lng

Mchnioitlua diffrroitialis and McUukiiiIii.s iilKxitliHiiHlx, lioth of which were

only moderately common. In the open clover Helil surrounding the marsh

tile only species observed was Mchtnuiilns f(tiiiii--ri(hnnii.

ir.. This was a small lateral raviiie which opened into the v.illey of

Indian ("reek close to where it empties into the Wabash. It was visited

June 2S. ( )rtlioptera were very scarce at this time, but on a steep wooded

sloi)e wliere there was much bai-e gi'ound with scattered growth of the

woodland /'(inirinii. I', hud'hin <i . 1 caiMured a mah- \l( UiikijiI ii.s (iixiiil ux.

'1 he woods here were densei' llinn \isual .-ind were cool and shady witli only

few scjittered oiienings where tlie direct rays of the sun reached the

ground. The soil at this spot is mapjx'd as Miami silt loam.

K;. 'i'his incindes the east bank of the Wabash and the a<l.joining bot-

toms aliout '1-2 miles southeast of I'.attle (Jroiuid examined August ."'.Oth.

'Ihe river b.ink here slopes very gently and at the time of my visit was c(;V-

ered next the river with a growth of sedge, apparently Si-irim.s niiKiicdiius.

and landward of tliis by Ifoninlocciirfinis (ujizdiilrx. Above this on higher

ground was a fringe of woodland with a dense undergrowth of Mvhhi-

hcii/iii. I'.eyond this were the flat cultivated lands of the bottoms. At tills

point the lu>ttoms are about a (piarter of a mile wide. At their outer

edge—tlie edge away from the rivei"—they are cliaracterized by tlie usual

line of high bluffs forming the edue of the neighboring uiiland. At the base

of the binhs was the usuiil seei)age zone, whidi at this plact- was repre-

sented by an extensive marsh in which UnniiilorciKhrux oriizoiflcs formed

Ihe bn,k of the vegetation. I'.orderiiig it wei-e the accompanying thickets

of tall comiiosites.

'llie Ortlioptera of the river l>aid< at this jilace wi're dis ijipointingly

scarce. The only species at all common was Onlxl'nniiin nitjiijxs whicli

was observed only in the cut-gi'ass. A single specimen of Xcocouocci'Italux

pdhixtiix was taken in the sedge, but it had apparently strayed there from

the cut-grass areas. No other sjiecies were n()ted on tlie river margins

( )n the cultivateil parts of Ihe tiood plain there wei-e in several places rank
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growths of comruoii weeds ami in tliesc Miiunoiiliis fiiiiur-rnhrum and

Molanopliis dltferentiaUx were almndaiit. The licst collecting from the

standpoint of A'ariety was afforded by the marsh at the base of the bluffs.

Here in the cut-j^rass I found considerable numbers of J'aroxya hoosicri. the

only place where I obtained this interesting species. With it were large

numbers of Orehelimum nigripes, Conocephalus hrevipenni^ and Cono-

ccphaliis iiigroplciirum. In the marginal thickets were observed such

forms as Melanoplus diffcrcntialis. Conocephalus fa-sciatus, Melaiioplus

licudderl and Melanoplus ohovatipennis.

17. This was a small open groove on rather dry barren soil. It is

located on a gentle slope just above the Wabash bottoms on the west side

of the river about three miles southwest of West Lafayette. The soil is

Sioux sandy loam. In the groove at this point it supports a rather weak

growth of blue grass. In the driest parts the blue grass is sparse and in

such places Pamcum hmtrhiica becomes a noticeable constituent of the

herbaeous floi-a. The Orthoptera taken here were the usual species of dry

open wootUand. In July and early August Hphuiagemon bolli was quite

frequent while later in the season Melanpkis scuddeii and Melanoplus

luridus were common.

Annotateu IvIst of Speciks.'

Hiapheromcra femorata Say. A single .specimen, a male, taken in low

woods on Burnett Creek near Battle Ground (2), August 9.

Acnjdium (Tcttix) oruatus Say. Moderately frequent in spring on

dry hillsides and in stubble fields on the upland near West Lafayette.

Tru.rails hrevicornls (Linnaeus). Two specimens: a female nymph

taken July 27 in ui)land deciduous woodland aliout one mile northwest of

West Lafayete (1) in a grassy tract a short distance from a bog domi-

nated by buttonbush, (Jephdlanthus occidentalis; a mature male taken

August 9 in low woo<ls along I'nniett Creek (2) near Battle Ground at the

edge of a bog containing cat-tail {'I'lipha lotifolia) , sedges (species of

Carex, Scirpus atrovirens), Sagitlaria, I'anicularia nervata, Heliantlius

spp. Species apparently quite scarce as no other examples were seen.

Syrhula admirahilis (Uhler). Of frequent occurrence in all relatively

dry grassy areas at higher levels and locally at least, where conditions are

suitable, not uncommon in bottom lands. The species is prevailingly cam-

pestral in its habitat, being especially fond of open grass lands; less fre-

'The nomenclature used here i.s that given in an unpublished list of unsynonyinized terms com-

piled by Mr Morgan Hebard.
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fluently it may occ-ur alou.!; the ixrassy borders of open woodland. 1 have

taken it in areas occupied by blue ,u;ras!s {Poa pratensc) , timotliy (I'Jileum

l>r<itciixc). red-top (Triilcn.s fiani) and buncli-grass {Aiidropoyoii scopa-

riii.s and furcatus). I have the following records: July 28, 2 nymphs in

dense patcli of Br<i)niis on I'nrdue I'>xperimental Grounds (."J): July 2(i,

nymphs fairly fre(iueut in timothy stubble on Purdue Experimental

grounds (o); August 1. adults, especially males, frequent and nymphs

common in grassy roadside patch (timothy-blue grass) on upland slope

(4) north of Lafayette; also in dry blue grass and Poa compresm in field

at "the tank"' (5) ; August 2<>. several males in open field dominated by

Triilcnn fiara along outer margin of the Wabash bottoms liclow West

Lafayette (6) ; August 24. frctpieiitly within the borders of dry open

woodland on the top of the bluffs at the head of a ravine (S) alumt half-

\\;\y between West Lafayette and the month of Indian Creek, chiefiy in

dry l»lue-gi'ass. and associatefl with Arphio .idiifliopU'id. Xphdnit/cttion

hoUi, FjHcoptolophUH xonlidux and Mchin(>i>}Hs hi rid us; August 30, fre-

quent in I'oadside and fence-row grasses, esiiecinlly in a patch of Tridciis

fliint and Andropofidii fiui-atiis about a half mile southeast of I^attle

(Jround (!>); Septenibei' 1. of couinioii occurrence in grassy uplands at

hea<l of ""Hapiiy Hollow"' (.">| (m cuniiig in blue grass, wire-grass (I'od

((iinprcssd) and Andropixjon fiii<iUii.s and s(i)p<iriiis ; October 4. appears to

be getting scarce now on the Station grounds (:>i : October 2(5. a single

female seen in dense patch ttl' /'on loinpit ss<i in localit.v .">
; October 31, a

(lead female found on cement sidewalk on lOxixM'imental Station grounds

<h phiilclld xjifcitixd (Scudderi. Aiipaicnt ly \-ery rare, only four si)eci-

mens liaving been .seen or taken tbronghont the entire season. The.se

occurred in di'.v. open, grassy tracts on untilled lanil.

July 22. two females taken in timothy stubble in waste lot on Turdne

Experimental (Ji-ounds (."!)
: in both of these the tegnnna are longt-r than

tlie abdomen ami their tips reach the tips of the hind femora. One female

has the discoid;il jirea of the tegmina oc( vipied in part by a double row of

cells. ;i character of its congener iididiid : the si)ecimen, however, is un-

ipiest iomdtly sjx-cioxd. .Vugust 1. a male taken in I'ad coniprcssd in a field

at "the tank" (.I). Seiiteujber L a male taken in |)Mt( h of Andropof/nii on

upland at the head of Happy Hollow (."»).

nichroHiorphd riridis (Scudder). Aiipeai's to be only nioderatel.v fre-

(|nent and is largely restricted to damj) situ.-itions within or along the
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edges of open woodlands. It is more frequent in bottom lands than in

more elevated tracts.

July 27, freijuent in ^^ass.v and sedgey sin>ts in humid upland woods

(1) : August 9. in small mimbers in low woods and thiekets along Bur-

nett Creek (2) ; August 2(i, occasional in a low held along the outer edge

of the Wabash l)ottom near West Lafayette (0) occurring in Thdcns flora

and MliiiiiKS virf/ijiicux : September 6, occasional in the undergrowth on a

wooded slope near a HomuJocenchnis oriizoidcs marsh (lo) : September

i;], a female taken in low woods along Burnett Creek (2).

ChhraJtiH coiispcr.sa Harris. Occasional in grassy spots in damp wood-

lands ; very local.

July 27, several males and one female observed in hunu<l upland

woods northwest of West Lafayette (ll. in a grassy clearing where the

prevailing herbaceous vegetation consisted of Carer, KIidhuh and Hiisiri.r

;

September lo, a single male taken in low woods along Burnett Creek (2),

at the edge of a cat-tail bog.

Stanroclcriis {k^tciwhotlirus) carfipcimis (Harris). Apparently only

moderately fre(iuent and rather local, occurring in humid tracts well cov-

ered with succulent grasses.

July v.). in small numbers in the bottoms near the mouth of Wild Cat

Creek (11). in dense growth of EJiimus riryiiiicns: August 12, a female

taken in patch of fox-tail {(Unrtdchloa rirldis) in a waste lot on the Pur-

due Experimental Grounds (;!l : July 12. a small colony in a moist grassy

depression along the edges of woodland on the upland between liafayette

and Moutmorenci (12) ; September G, quite scarce in grassy areas on a

wooded slope south of Wild Cat Creek (10).

Arphia .sulphurca (Fabricius). Found only once in late April in a

.sparse growth of blue grass (J'fxt pratcusc) at the top of a high bluff at

Happy Hollow (5). It was at this time in the nymph stage. No others

were observed during the season, but it is doubtless more frecpient in the

spring months than my very meagre field observations nmde at that sea-

son would indicate.

ArpJiia .ranthoiitcia (Burmeister) . Frequent in untilled arens in nu-

merous dry situations, chiefly in upland localities. Both yellow-winged

and orange-winged examples occur in nearly e(iual numbers. The species

appears to occur only occasionally on fully cultivated land.

August 1, freiinent on the bluffs at the head of Happy Hollow (5),

occui-ring in drv grassv areas and on bare ground on the gentle inclines
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adjoiuiug the wooded raA'ine slopes. Both sexes were represented, also

yellow-wiuged and orange-winged examples in approximately eijual num-

bers ; August 24, several examples of both color types observed in open

woodland at the head of the ravine between West i^afayette and the mouth

of Indian Creek (8). occurring in blue grass areas and in a dry gulley;

August 28, several of the orange-winged type observed in timothy stubble

on a waste lot of the Purdue Experimental Grounds (3) ; August 30, sev-

eral observed in an open clover field on dry sandy ground about a half mile

east of Battle (iround (9) : September 1. both yellow-winged and urange-

winged individuals nearly ecinally coniuKMi (Hi the bluffs at the head of

Happy Hollow (5) ; October 4. scarce in cultivated LTdund on I'urdue

Experimental Grounds (3).

('hortoiihof/d viridifdf^cidtd (I»e<ieer). Only moderately freiiuent.

thiefly in dry upland grass bunls. Xyniphs were observed in late Apri ,

adults from early May to late June and nymi)hs from early October to th,'

end of November. The si)ecies iippeared to be most frecpient in sparse

blue grass areas on the barren sIoi)es at the top of the bluffs.

Encoptolopltiix xontidu.s (Burmeister ). Abundant in all open dry

areas or in (piite oi»en woodland.

July 111!. ii.\inplis connnoii in tiiiiotiiy stulililc in a waste lot on the I'lH'-

due Experimental Farm (.'I) : August 1. nymphs common in dry blue grass

and I'dii itrdtriinin areas on the bluffs at the bead of Happy Hollow (5) ;

.\ugust r.t. ailult males observed today for the Hrst time on the I'urdue

I'niversity Farm (3) in blue grass areas; August 24, occasional in open

wood'and on the bluffs at the head of a ravine between West Eafayette

and the month of Indian Creek ( s ) in blue grass; September 1. both sexes

(ommon in open grassy fields on tlie bluffs at the head of Happy Hollow

(51; Septeml)er (». o<-casional in an open grove on bluffs (10) neir Wild

Cat Creek; September 1.'!. coniiuon in blue grass borders of iialhs and

fences on I'urdue ExperinuMital Farm (3); Octobei- 4. common on I'urdue

Experimental Farm (3); October 12. common in waste ground along

Wabash Railroad south of Lafayette (13l ; October 2."). occasional on road-

side vegetation at the outer edge of the Wabash Itottoms near West Lafay-

ette (0) ; October 20, Xovend)er 2, small numbers in gra.ssy fields at head

of Happy Hollow ("»)•

ffiltl)ix(i(x ruf/omix (Scudder). Common in one locality, but not ob-

.served el.sewben". It was found .Vugust 1 and again on SeptemJK'r 1 on the

tall bluffs at the head of Happy Hollow (;"») where it oc urrel on untilled
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.iiroiiiid in short l)Uie jjrass iiiid I'oa comitrr^na areas in dry tiekls and

aloi'i,' tlu" edirt's (if woodhiiids. It was rc^preseuted I).v Iiotli yel low-winded

.uid Ncrniilinii-wiimcd iiidixidnals. the two forms ln-inir present in aiiiiai'-

ently e(|nal frefiiiency.

Si)]Kira!inioii holli (Scudderl. Frequent in dry open woodland in scrnlt-

liv and lirassy clearin.us : also alonj; woodland borders, Imt never in open

country.

July 12, a few observed on a hillside covered with open scrub near the

bordeis of woods south of West Lafayette (7) ; July 23, miMlerately fr;'-

(juent in :in oi)en oak woods south of West Lafayette (17) : Aufiust 1.

fre(iuent aloui; the borders of woods on the bluffs at tlie head of Happy

Hollow (">) in sparse grass and scrub areas; August !>. a male talven in

low. humid woods on Burnett Creek (2). probably a stray example from

the neighboring upland; August 24, several, in open woodland on the

bluffs at the head of the ravine between West Lafayette and tlie mouth of

Indian Creek (S)
; September 1, several observed in clearings in tlu'

woods on top the bluffs at the head of Happy Hollow (")) ; September (',

few' seen in a dry grassy area, hirgely occupied l>y Andropogon furcntu-'i, on

a wooded slope (Id) near Wild Cat Creek.

Dinsosteira Carolina (Limueus). Common everywhere on bare ground

and in dry grassy areas, wliere tlie grass is short, with patches of bare

eartli intervening. Appeared as adults about July 7 and persisted until the

end of October.

Schisfoccrca americaiia (Drury). Of .sporadic occurrence from late

March until at least the middle of October, apparently most frequent in

early fall.

March (late), a male taken on a building lot at West Fafayette. in

blue grass (3) ; July 22, a female taken in a field of soybeans on I'urdue

Experimental Farm (3) ; September 10, observed a female on Purdue

Experimental Farm (3) in blue grass: September 30, a male observed on

Piu'due Experimental Farm (3) ; October 4, a male observed on roadside

in West Lafayette (3) ; October 12, a male observed in bunch grass, An-

dropogon furcatus, on bluff along Wabash bottoms south of Lafayette (13).

t>chistoccrca aliitacea (Harris). Evidently very rare and sporadic. I

captured a female on August 5 in a field on the Purdue Experimental

Farm (3) near the Lake Erie and Western R. R., at a point where there

was a fence border growth of elder {Samhucm) and melUotus (J/, aiha).
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Subsequently, Sei)temljer -4. juiotlici- siiccimen. also female, was taken near

the .same .spot l).v Mr. P. W. M;is(iii.

The sjieeimens were of a niui-li ilullcr tint than those which 1 have

taken in the New Jersey eedar ho.i,'s. The hitter are ty|iie;illy ;i hri.iiht

greenisli-olive with a vei-y con.spicuous hiiiilit yelhtw inid-ddrsal strijie and

purplish teixmina. The Lafayette speeimeus were of a dull olive-hniwn or

leather eolor with a distinct, hut not espeeially eousiiicunus. mid-dorsal

stripe of pale yellow. The place where the si)eeimens were taken was rela-

tively quite dry.

Mclnii'ijilii.s .sciidihii (Thler). .Moderately (•oniinoii. .it least, loi-.illy.

in grassy tangles and herhaeeous uiidei-growth in or near woodland.

July 27. nym]ihs common in grassy clearings in upl.ind wdods (1),

nortliwest of West Lafayette; August !t. .in adult male taken in low

wrnjds in a thicket at tiie edge <)f a hog on llurnett Creek i li i : August 20,

a male taken in tall herbaceous thicket la-ar a bog at the outer margin of

the Wabash bottoms neai- West Lafayette (til : August •'Hi. a male taken in

open thicket at the edge of a bog at the liiise of a bluff on the outer mar-

gin of the AVabash bottoms opposite I'.attle (Iround (IC) : September (i.

fre(|Uent in blue grass in .-in ojieii gid\c on the bluff near Wild Cat Crei'k

(10), associated with .1/. Inriiliix : October 4. several observed in the

gra.ssy tliickets of roadside adjoining an open patch of woodland (17).

south of West Lat.iyette: October 2d. two females observed in grassy

fields on the bluff at the head of II.ipi)y Hollow (.">).

M<Uiiii)l>liix riridiijcs S<udder. A]>])areiitly very local, only a single

si)e( imen. a male. Ii;iving been taken on June 24 in a jiatch of I'Jjitinix

ririjhiicK.s in the fringe of trees ni.arking the outer Hunts of the W.ibash

bottoms neai- West Lafayette (Ci.

M<liini>i)liis (ilinidli/iciuiis ( I'datchley 1. l"i-ei|Uent bx.ally in the herba-

ceous thickets surrounding marshes or dani]) sjtots generally.

August b. .Ill adult male and lemale and four nynqihs taken in the

thickets suia-ounding a small bog in low woods on Uurnett Creek (2i:

August •*><•. a male taken at the edge of a marsh ch iracterized by llninn'o-

fenclirua 'triizdiilcs. / tnixiticiis and A inhrosia tri/ida at the base of a bluff

at the outer edge of the Wabash bottoms opiiosite I'.attle (Jround (Kii;

September d. fairly common in herbaceous thickets (goldenrod, sunflow-

ers, etc.) along tin- e<lge of a l](iinii1<K<)i(liniK oiiizoidcK marsh at the base

of a wiMxIeii bluff near Wild Cat Ci'eek (KM : Septendier 1.'!. a iiair taken

in swamp border thicket. { i'.iiiKitoriiiin luiriiurciiin. SoUddfto spp.. etc.) in
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thickets (asters, golclenrod, ragweed, etc.) surrounding a cat-tail marsh ou

the upland northwest of West Lafayette (14).

MclaiioplKs (jraciUs (Bruner). Aiiparently moderately frequent locally

in moist or slightly humid woodland locations, frequenting grassy and

sedgey tangles and herl»aceous thickets in the vicinity of l)Ogs.

July 27, males moderately frequent in grassy and sedgey areas and

surrounding thickets in humid upland woods northwest of West Lafayette

(1): August 9, adults of both sexes found in small numbers in a bog

occupied by Homaloccnchrus onjzoidcs, Ciirex spp., tSciiiJus atrovirens,

tSayittaria sp., Siili.r thickets, etc., in low wootls on Burnett Creek (2) ;

September 13, a female taken in a Ijog border thicket in the same locality

(2), associated with .17. ohovatipcniiis.

Melauoplus fa.sciatii.s (Walker). Probably quite rare. A single male

specimen was taken June 2S in an exceptionally dense bit of woodland

near the base of a steep bluff not far from the mouth of Indian Creek

(15). The ground where it was taken was quite bare, except for a few

scattered plants of Panicuni huachuca' and a few other forms not deter-

mined. My determination of this specimen was kindly verified by Prof.

Blatchley.

Mehniopliis wuJahii Scudder (.1/. Blatchlci/i Scud.). Only a single

specimen, a female, was taken July 19 in a dense growth of Elymiis vir-

ghiicus ou the liood plain of the Wabash near the mouth of Wild Cat

Creek (11).

MeUuhfjplHS (itlanis (Hileyi. Aliundant. though somewhat local, in

open grassland in relatively dry situations. Most freiinent in upland

localities, but it also occurs in small numbers in the bottoms wherever the

conditions allow the formation of dry grassland. The species reaches

maturity the latter part of June and persists through the summer and well

into the fall. The adults appeared to be most abundant about July 20;

they apparently decreased in nnmbers in late summer and early Septem-

l)er, but in some places tlipy seemed to increase again in early October. At

the latter period a number of copulating pairs were taken and the individ-

uals were found in localized groups, facts which wouhl perluqis indicate

the recent maturing of the specimens and the possibility of a second or

fall brood of adults. It is conceivable at least that some of the earlier laid

eggs might under favorable conditions hatch out in the fall and thus pro-
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(luce the apparent increase of adults at this time. Mature examples of

this species were seen as early as June 16 and as late as October 25.

Melanoplus fouur-nihnim (DeGeer). The most abundant grasshop-

per, swarming everywliere. except in woodland locations and on very dry

and barren ground. Its predilections are for relatively humid areas, aud it

is in consequence especially abundant in the bottom lauds, aud about ditches

and other moist spots. It avoids dense herbaceous thickets and favors

open grasslands and clover fields. It reached maturity by the last of July

aud was found continuously from then until frost. The last record I have

is November 2.

Mclanoijhi.s luridux (Dodge). Of regular occurri'iice. though luit al-

ways common on gr.issy .spots in dry woods or in their immediate vicinity.

Usually associated with S^plmraycmoii hoUi.

August 1, a male takeu in blue grass close to the edge of tlu' woods on

the bluffs at the head of Happy Hollow (5), nymphs also found here;

August 24, .several of i)oth sexes found in mixed blue grass and raii'niim

huachuc(r in open woods on a bluff at the liead of the ravine (8) be-

tween West Lafayette and tiic mouth aud Indian Creek: September 1, a

small number in a clearing in the woods on the lilutT at the heaf? of JIappy

Hollow (5) : September (5. freipient in lilue grass in .i di\v open g/ove on

the bluffs near Wild ("at Oeek (10), associated here with Mi'hnioiilnn

scHfldcri.

Melanoplus biiittatus (Say). All specimens seen were of Hi(= red-

legged or femoratus type. The s]iecies is only moderately (reciucnt and

more or less local. It was found in fair luunbei-s alM)ut the middle of

July on the grounds of the Purdue Ex])eriment Station, but it soon became

qnite scarce and after the early part of August only occasional individuals

wei'e note(l and that only in the more or less nink vegetation that flour-

ishes in neglected spots along the sti-eani bottoms.

July 22. moderately frequent in timotliy in a waste lot and in the

nearby corn and soyl)ean patches on the I'tu-<lue lOxpcrinicntal farm (."!):

August 9. fairly common in thickets in or near low woods on I'.urnett ("reek

(2): Au'.;ust 20. occasional in marshes and surrouinling thickets at outer

margin of Wabnsh bottoms below West Lafayette ( (> I : Scptcmlici' (!. ;i

female observed in tall herbaceous tliickcis at the base of ,i blnlT iic.ir

Wild (^'it Creek (10).

\li hiiiDplus different infix ('I'homas). Abundant in sheltered situa-

tions in all humid situations; less frequent, but not uncommon in u])ian(l
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lofiilities. The species is csix-iiiilly eliiiracteristic of the dense thiel^ets

(if tall ragweeds, Anihi'isia Iri/ida. which abcmnd in all moist areas and

are especially frequent alnmt tlie boggy .spots at the foot (»f the bluffs along

the outer edge of the stream bottoms. The earliest nymph stages appear to

be limited entirely to bogs and the surrounding thickets, but as the grass-

lioppers increase in size they wander from these haunts into the adjoin-

ing fields and uplands. The adults appeared early in August and per-

sisted to about the middle of October.

August 9, adults noted in thicliets bordering a bog along the outer

edge of the Wabash l>ottoms near West Lafayette (6) ; also in tliickets of

Mclilofiis alba on the upland (3) ; August 9, common in bog border vege-

tation in or near low woods on Burnett Creek (2) ; August 20, common in

Iloinalocenchrus ori/zoides bog and adjoining thickets of Ambrosia trifiila

and associated plants at the base of the bluff at outer margin of tlie

Wabasli bottoms near West Lafayette (6) ; August 30, abundant in similar

situations and corn lields on the Wabash bottoms near Battle (irouud (16) :

.September 6, abundant in tlie same kind of environment at the base of

the bhiffs near Wild Cat Creek (10) ; September 13, common in thickets

and grassy tangles along Burnett Creek (2) ; (October 13, common in

herbaceous thickets surrounding a cat-tail swamp on the upland nortb-

vvest of West Lafayette (14).

Paroxya hoosieri (Blatchley). Found August 30 in considerable nuni-

bers in a bog dominated by HomaJocenchrus oryzoides and Impatiens at the

base of a bluff along the outer margin of the Wabash bottoms opposite

Battle Ground (16) ; not found elsewhere.

Sciiddernt texensis Saussure-l'ictet. Apiiarently scarce as only a few

sjiecimens were secured.

July 22, a male taken in timothy patch on waste lot on Purdue Ex-

perimental Farm (3); July 26, a female taken, location not recorded;

September 6. a female, apparently this species, taken in high thicket at

the base of wooded bluff near Wild Cat Creek (10).

Sciidderia fareata Brunner. Only a few examples found. August 9,

two males taken in tall herbaceous thickets about the edge of a small l)og

in low woods along Burnett Creek (2) ; August 12, a male taken in a

grassy roadside ditch near a small stream between Lafa.vette and Mout-

morenci (12) ; August 2<i. two males and an equal number of females

taken in a Homahivenchrtis oiijzoidcs bog at outer edge of AVabash hot-
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tom.s near West Lafayelte (6) : September i::. a male taken in a swamp

border thicket in low woods on Huniett ('reelc (2).

Amhlycoriji>ha ohloiiyifoWi (DeUeer). Only a single specimen, a male,

was taken on the night of July -o in a grove of young silver maples at a

nursery two miles southeast of Lafayette. The species is. however, much

more frequent than the .single capture would indicate since its notes were

frequently heard at night throughout midsummer.

Amhli/carpha rotnndifoJin (Scudden. A female specimen was takei\

July 12 in a patch of Ehnnux riif/iiiicii.s in a narrow fringe of woodland at

the base of the bluff on the outer edge of the Wabash bottoms below West

Lafayette (t!).

Mu-roccntntni laiirifoliion (Linnanis). This, or the related species,

rctinerve, appears to l)e common in trees at Lafayette since its notes were

heard continuously throughout late July and August. Only one specimen

was actually taken and identified as lielonging t() hnirifoliiDii.* It flew

into tlie ottice at the lOxiK-riment Station.

Xcocoiiorriihtilii.s rohinitiiH crcintiin.s (Scudder). Late in August three

males were heard stridulating in the coin plats on the I'urdue University

Farm ('•*>) and on tin- evening of August -(> two of these were captured,

one being taken in some cralt grass (SiinllicrixiiKi mntiuhmlix). the other

on a corn tassel. According to Itlatdilcy this species has hitherto been

noted in Indiana only in Laport(> ("ouiity along the shore of Lake Michigan.

NeocoiioceiilKilux ixiliixlri.^ (lilatchley). Of regular (x.'currence in

open IIouKilorniclirux (>njz<ii<l<x bogs, but not especially fretjuent.

August 20, one male, two females, in IIoiiKtlorcnchriDf oriizoidca bog

at base of Itluft" on Wabash bottoms near West Lafayette ((51 : August ."50.

a female taken in mixed Scirims (inn riaiHus :ind llontdlocriirhni.s oiiizoitlci

on low banks of the Wabasli River opixisite I'.attle Ground (1<>) ; Sep-

tember 6, one specimen of each se.v taken in IhrmnlocenchrHH oiyzoidrx

bog at base of bluff near Wild Cat Creek (10 1.

OrchcUmtnn ruJtinrr Harris. .Mnuidant everywhere in tender succu-

lent grasses; uncommon in woodland situations.

July 22, males and nymphs abundant in growth of Chatochloa viridis

on a waste lot of the Purdue Experiment Farm CI) : August 9, one male

and a female taken in woodland bog in low woods on Burnett Creek (2|,

far from common here: August 20, connnon in Homaloceiuhi ux (iiiizoiilcn

at base of bluffs along margin of the Wabash bottoms near West Lafayette

•Based on description in Blatctdey, Orthoptera of Indiana.
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(()): August 28. connunii in tnll ncidside vegetation. al)Out ditches, etc.,

at West Lafayette: Sei)teinl)er 4. al)iiiidaiit in mixed growth of Muhhn-

boryid sp. and (JlKiioihJnn viridi.s in a neglected field at West Lafayette;

September 6, common in Honiulorrnchrus oryzoides bog and in adjoining

weed areas at Imse of the lilufls near Wild Cat Creek (10) ; September 13,

small numljers observed in swamp l)order thickets in low woods on Bur-

nett Greek (2l : October l.'i. rather scarce at West Lafayette (3).

OrcheliiiniiH rulf/an . long-winged phase. This is the form which has

commonly been called (/hilx^ninnoH by Blatchley and the majority of re-

cent writers. liehn and Ilcliaid. however, have recently reached the ccm-

clusion that this term correctly ajiplies to the entirely different red-faced

Orchelimtim of the Middle and .South Atlantic States which Davis has

called eri/fhrocephaiuni and which I have so designated in my paper on

New Jersey Orthoptera. In the last-mentioned work the form termed

(/Uiberrimum has since been rec-ognized to be a distinct species which Itehn

and Hebard are about to deseril>e. Occurs in the same situations as tlie

preceding species, but is nnich less frequent though liy no means un-

common.

July 22, a male taki'ii in patch of Chiitochloa viridin in :i waste lot

on the I'nrdue Experimental Fai'm ('',)
: Augu.st 20. a male and female

taken in a IJomaloccuchru-s oriizoideH bog at tlie base of the bluffs on the

edge of the Wabash bottoms near West Lafayette (6) ; August 24, a male

taken in corn plat at I'urdue Exi^erimental Farm (3) ; August 28, several

males observed at night while stridulating on young trees and tall herbs

on the bluff at the head of Happy Hollow (5) ; September 4, one female

taken in thick grass on a neglected lot at West Lafayette; September 6,

a male taken in Hotnalorenchrua on.izoidcs at base of bluff" near Wild Cat

Creek (10) ; October 4. several seen on Purdue University Farm (3).

OrchrJiDtiiiH (jladidtor (I'.i'uneri. ( »Hly two specimens, both males,

taken during the season. Both were found in Itottom lands in thick

grass.

July 12, a male taken in a TI'iiiKihtcciicJinix oiiizoidcH bog at the base

of the bluff' on the outer edge of the Wabash liottoms below W'est Lafay-

ette (6) ; July 19, a male taken in a thi<-k growth of Eli/mus virf/iiiicus

on the east bank of the Wabash at the mouth of Wild Cat (11). I'rofes-

sor Blatchley kindly verified my determination of these specimens.

Orclu'linutin Ofjilc (DeGeer). A single individual (female) was taken

October 14 in the cat-tail marsh on the upland nortliwest of West Lafay-
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I'ttc. It was ill tlu' coiiipiuiy of lar.Ljc lUunlKn's of (). nif/ripcs. I'rot'i'ssor

IWatcliloy. to whom the siiecinieii wos submitted, assigned it to his ().

campestre. Mr. Rehii. to whom the same .specimen was also sent and who

with Mr. Hebard has recently revised the entire genus, informs me it is

O. agile.

Orchelimuin niyripcs Scudder. An abundant and characteristic species

of open grassy bogs and damp situations generally, being especially abun-

dant in rice cut-grass, Homalocencliius orifzoides.

August 20, moderately frequent in a Homalocenchrus on/zoidcx bog

at the base of a bluff along the Wabash bottcnns near West Lafayette (6) ;

August 30, abundant in wet places covered with Hoiiiulocciichrus onjzoides

on river bank and bottoms on the east side of the Wabash opposite Battle

(iround ; September 6, common in Homalocenchrus onjzoides in a marsh

at the foot of the bluff near Wild Cat Creek (10) ; September 13, a few

.specimens observed in a sedgey bog in low woods along Burnett Creek (2) ;

October 3, a few observed in a humid depression covered with Muhlen-

beiffm near mouth of Wild Cat Creek (11).

Orelullmum nif/ripes Scudder (variety). On October 13 and 14 1

found a form of this geniis in the cat-tail marsh on the upland northwest

of Lafayette which I was luiable to determine, but which Mr. Rehn to

whom 1 submitted specimens informs me is a race of 0. nigripcs from the

typical form of which it differs in the absence of bladv from the tibiae and,

so far as my Lafayette material is concerned, in its somewhat greater size.

On the dates mciit ioiicd it literally swarmed in the mixed cat-tail and rice

cut-grass areas of the marsh, imt was entirely lacking in the marginal

thickets.

Conocephalus {Xiphidiuin) fasciutUH (I)e(Jeer). Local and. as a

rule, not very common: found typically in open wet or damp locations

thickly covered with succulent grasses and sedges.

July 11>, a male taken in a thick growth of KljimuH riniiiiiciis on the

east bank of the Wabash near mouth of Wild Cat ('reek (H) ; .July 22. a

male taken in a patch of Ehjmus rirf/iiiicKs on a waste lot on the I'urduc

Experimental Farm (3): August 12. both sexes moderately comiiioii in

roadside gulleys and in wet depressions covered with low sedges (Vaicr

sp]i. ) on tin- (iplaiid between I^afayette and Montniorenci (12); August 20.

a female taken on lldiiDiloci iichni.s oiir.oulcs \\\ a bog at the foot of the

bluffs along the margin of the Wabash bottoms below West Lafayette (0) ;

August 30, several examples observed along the margin of a Uomaloecii-
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chnis ori/zoidex Ix)^; at the base uf the bluU.s on the Wabash opposite

Battle Grouud (16).

Conocephalus (XiphiOium) Jtrevdpennis (Scudder) (incl. ensiferum

Scudder). Abundant in the bottom land marshes, in both open and wooded

situations.

August 9. adult males and nymphs frequent in grassy and sedgey

swamps in low woods along Burnett Creek (2) ; August 20, abundant in

open HomalocencliruH oryzoidcs bog at foot of the bluffs along edge of

Wabiish bottoms near West Lafayette (6) ; August 24, common in a similar

type of bog in a ravine near the mouth of Indian Creek (15) ; August oO,

common along the margin of a Honialocenchni.s oriizoUtrs bog at the basa

of bluffs on the eilge of the Wabash bottoms opposite Battle Ground

;

September 6. common in a llomaJocem-hrus (trijzoides l)og at the foot of the

bluffs near Wild Cat Creek (10) : September 13, frequent in bogs and bog

border thickets in low woods along Burnett Creek (2) : October 3, com-

mon in swamps and humid situations generally on the bottoms near the

mouth of the Wild Cat (11), occurring in thick growths of Muhlciibcigia

and Elymus.

Conocephalus (Xiphidiiim) nciiioniJis (Scudder). Locally present in

moderate frequency, occurring in grassy and herbaceous tangles usually

ill the vicinity of woodlands.

Aug. 20, a male taken in dense growth of Hunialovcnclirii.s oryzoides in

a bog at the foot of the blufl's along the margin of the Wabasli l)ottoms

near West Lafayette (6) ; also nine otlier individuals composed of both

sexes taken in a small patcli of Elymus virginicus along the border of an

adjoining woods ; September 0, moderately frequent in thicket under-

growth at the foot of a wooded bluff near Wild Cat Creek (10) ; September

13, several observed in a tliick growth of sumac and hUymus viryinieiis

on a waste lot on Purdue University Farm (3).

Conocehalus {Xiphidium) nigioplcunim (Bruner). Frequent in

herbaceous thickets, especially those forming tlie margins of bogs domi-

nated by Homalocenchrus oryzoides, in botli open and woodland situations

and usually a.ssociated with Orchelinium niyripes.

July 19, an immature male taken in a thick growth of Elymus vlrylni-

cus on the east bank of the Wabash at moutli of Wild Cat Creek (11) :

also an adult male at the edge of a Homalocenchrus oryzoides bog at the

foot of the bluffs along the east side of the Wabash about half way between

localities 11 and 10 ; August 9, both sexes moderately frequent in the herb-
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aceous thickets bordering a small bog in low woods along Burnett Creek

(2) ; August 20, in small numl)ers in a Homuloccnchrua ori/zoides bog along

the outer edge of the Wabash bottoms below West Lafayette (6) ; Au-

gust 30, frequent in a HomaloceiH-hrn.s ori/zoideft marsh at the base of the

bluffs on the east side of the Wabash opposite Battle (Jround (16) ; Sep-

tember (j, several observed in border thickets surrounding a Homaloccn-

chrus oryzoides bog at base of the bluff near Wild Cat Ci-eek (10) ; Sep-

tember 13, frequent in border thickets (joe-pye weed, boneset, etc.) sur-

rounding a grassy bog in low womls on Burnett Creek (2) ; October 2, a

male taken in Muhlenhcnjiu i)atch on east bank of Wabash near mouth

of Wild Cat (11) ; October 14, a male and a female taken along the edge of

a mixed Typha httifolia and Hnmalorenchrns oryzoidcs marsh on the up-

land northwest of West Lafayette (14).

Conocephulus (Xiphidium) strictus (Scudder). Abundant in dry,

open grass land: most frequent at higher elevations, but occasionally in

suitable locations in the l)(>ttonis. A common associate of Syrbula

admirahilis.

July 22, nymphs abund.int in timothy and lUymus riryiniciis in waste

lot on the Purdue Experimental Farm (3) : July 31. adults and nymphs

common in tangles of blue grass and l)indweed along a fence on the Purdue

Farm (3) ; August 1. nymphs and adults common in blue grass on roadside

noi'th of West Lafayette (4) ; August 5, common in tlii'k blue grass and

foxtail areas on Purdue Farm (3) ; August 20, frequent in an ojx'u pasture,

dominated by Trid( ns flara, on the outer edge of the Wabash bottoms near

West Lafayette (6) ; August 30, common in a roadside growth of Tridnix

flava and Andropoyoii furcntux near Battle Ground (0); Septeml)er 1,

frequent in grassy tields on bluffs at the head of Happy Hollow (5) ; Oc-

tober 3, now scarce on Purdue liii versify Farm.

Coiiocriihaliix ( Xiyliidiinii ) xaltoiis (Scndder). Only a single speci-

men, a male, taken October 14 in a cat-tail cut-grass marsh on the ujtland

(14) northwest of West Lafayette. It was associated with .\ iiiliidiiim <tt-

tciiuatum.

ConorryhiiUis i .\ i/iJiidiunn nttfiiini I kx Scuddci'. Almndant October

1."! and 14 in the uplaiKl iiiarsli (14) just referred to. where it swarmed

in the mixed cat-tail and Ifoiiialocou-firus oryzaitlcs formation, but ap-

peared to be entirely lacking in the surroiuiding herbaceous thickets of

asters, goldenrods and a.ssociated jilants. Only a single spi'cinien was seen

elsewhere, a female taken August 20 in a rice cut-grass bog at the foot
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of the bluffs oil the outer edge of the Wjibash bottoms below West Lafay-

ette (6).

Atlanticus testaceus (8cufMer) [pachi/menis Burm.]. Moderately

frequent locally iu open undergrowth of dry upland woods.

June 17, a male taken by J. J. Davis in a scrub area on the bluff at

the head of Happy Hollow (5) ; June 26, three males taken on tall weeds

in open woods on "second bottom" south of West Lafayette (7).

Oecanthus fasciatus Fitch. August 20, several taken in grassy bog

at base of the liluffs bordering the Wabash bottoms near West Lafay-

ette (6).

OeranthiiK qtiddripunctatus Beutenniiiller. Several taken in same lo-

cality and on the same date as the preceding.

Nemobiiis fasciatus DeGeer. Abundant in grassy places in both dry and

moist areas.

NemoMns carolinus Scudder. A female collected October 9 by Mr.

P. W. Mason on a road near West Lafayette was identified as this species

by Mr. Morgan Hebard.

21—4966
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Some Insects of the Between Tides Zone.

Charles H. Arndt.

All insects, except a few species wliich live entirely in the water and

have functional gills, are air breathing animals, breathing by means of

trachete. Thus we may desire to Icnow how air breathing insects living

in a zone which is submerged twice a day. prevent themselves from being

drowned ; or, if breathing by means of gills, they protect themselves from

superoxygenation during the low^ tide. We may further be interested in

any adaptations, or unicpie instincts, which make the inhabitants of such a

locality especially adapted to their environment.

The following observations on the habits of the insects of the between

tides zone, were made in the region directly north of Jones" bath house

at the head of Cold Spring Harbor Bay; which is included in the lines

drawn from GUO E., 20() S., to 200 N., 400 E; and 200 N., 800 E., on map

of Inner Harbor made by Johnson and York. Many observations were

made on the extreme outer limit of the Spartiita ciiiioxKroidcs 275 N.,

400 E. The slope of the shore to the west of the boat landing from

the outer limit of the Spartina to witliin two feet of the inner limits

of the Spartina is about 6%- Erom the latter point to the inner limit of the

Spartina the slope is more abrupt. The Spartina is here replaced by a short

(about six inches high), densely m:itted grass, J uncus (Icravdi. This covers

the entire region around the bath house with the exception of a few pebble-

covered areas on which there is a sparse growth of t<i)i'njuhnl(t Muriiia.

(Map 2.)

The highest tides of the summer. July S, 9.2 feet ; August 3. S.S feet

;

submerged tlie region as tar as the bath house. From July 11 to July

2!) the Si)artina area was never entirely submerged, due to the low tides

and the absence of any strong eiisterly winds. The observations extended

from July 1, to August 5, 1913.
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INSEQTS OF THE Sl'AR'l INA KE(;iON.

Megamelus Makginatus.

This yellowish browu, 2.5 cm. long, leaf-hopper is a commou iuhabitaiit

of the salt marshes from Coiineeticut to Florida (Van Duzee). This

insect I found only in the Spartiua area, never more than a few feet from

the inner limit. Due to the alertness of this leaf-hopper on sunny days

and its inconspicuousness. many hours of observation failed to reveal its

whereabouts during high tide, until one lainy morning, while watching

their actions from a l)oat, I found them resting head downwards on the

inner part of the shallow "U's" formed by the grass blades. They remained

in this position as they were slowly covered by the incoming tide. Their

position on the blade is especially advantageous as it encloses large

bubbles of air under their wings which serve the double purpose of sup-

plying them with air and of making them inconspicuous by giving them

a silvery appearance which makes them re.semble closely the stem of the

Spartina on wiiich they rest, which also has a silvery appearance due to

bubbles of air on its surface. On a cloudy day tiicy cling so tenaciously to

the blades of the Spartina that the l)lad('s may be cut off and placed in

a jar of water. On July IS, !) a. m., 1 put eight of them under sea water

by this method. I kept them submerged for twenty-seven hours. On

lowering the water in the jar they were still able to fly. I kept them sub-

merged tor two days uu several occasions, with apiiarently no ill effect.

Besides this reaction to the tides. wlii<ii ])revents them fi'om being

washed away, and tlieir inconsi)i(uousness, wlnb makes them invisible to

their natural enemies, the inbiibit;mts of the .sea. tlu>y have a s])ur on the

third pair of legs which is ix'culiarly modified to .secure their survival in

a region at times covered with wat<'r. To secure a larger contact area

with water to allow them to remain at n-st on its surface as well as to

hop upon it, this spur has been developed nntil it is as long as the ])roximaI

tarsal segment. Tlie prominent hoods at tlie distal end of the tibia and

also on each tarsal segment, are other modifications for the same pur-

pose. They never walk on the surface of the water, but can hop on it with

great ease. The two hooks on the terminal segment of the leg enable it to

secure a firm hold on the Spartina blade at the time of submergence.

This leaf-hop])er was never found further inward than the inner limit

of the Spartina area. It can be readily distinguished from the leaf-

hoppers inhabiting the higher regions of the salt marsh by the prominent
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hoods on its legs, by the greatly developed spur, and by the great length

of the proximal tarsal segment in comparison to the tibia. In the other

species the tibia is at least four times the length of the proximal tarsal

segment, while in this species it is only twice as long.

See I'late I, figures 1, 2, and 3. 1. MegameUis; 2, Leaf-hopper from

the Juncus area; o. Leaf-hopper from the area never covered by ordinai\v

tides. The species whose hind leg is figured in 2 retreated before the

tide, but on no occasion during the summer was the region it inhabited

completely submerged. These ttgures show a peculiar development of

structures of advantage in each particular environment. No. 3 has no

hoods, No. 2 has them somewliat developed, in No. 1 we find the greatest

development. If. as I have suggested, these hoods liave been developed

to aid in hopping on the surface of water. No. 3 would have no use for

them and they would necessarily be useless structures.

The chief enemy of the Megamelus marginatus, is the only other perma-

nent resident of the Spartina area, a small spider, Grammonata trivittata.

Its principal source of food is this leaf-hopper.

The hoods on its feet, the greatly developed proximal tarsal segment,

and the spur, are the peculiar moditicatic>ns which determined that this

leaf-hopjier should inhabit this particular region. But why it is only

found in the Spartina region, is not as easily answered. It may have been

the severer competition in the other regions of the marsh, or perhaps the

Spartina grass is its favorite food, the one on which it is especially

adapted to live; or. again, the habits necessary for its continued existence

in the tidal zone may make it the easy prey of its natural enemies living in

the other areas.

I could not compare the resistivity of this leaf-hopper to drowning

with that of those farther bacli on the marsh, because I could not get

any of them to remain under water without placing them in vials covered

with cheesecloth. Two to four hours submergence usually killed them.

Even the leaf-hopper of the Spartina could only survive for several hours

when submerged in this manner. This may suggest that the leaf-hopper

may secure its air supply from the Spartina by piercing the blade to the

air channels. I have no experimental evidence to prove this.

Gram moxata Trivittata.

This spider inhabits the salt marshes from Long Island to Maine

(Emerton). The females are about 3.5 mm. long. Their color is a dark
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reddish brown. These spiders are very abundant in the Spartina region.

A short search will reveal a number of them running up and down the

Spartina blades or resting head downward on them.

As the tide comes in. they retreat up the Spartina grass. When

the tide has once chased them out on the isolated blades of Spartnia (6 to

8 Inches from the tip), they retreat to within about two inches of the tip

where they remain head downward until the water almost touches them.

Then they begin to run wildly up and down the blade, from tip to water,

from water to tip, as if they were very much afraid of the water. After

doing this a number of times they will calmly walk down the blade under

the surface of the water until they come to the i)it formed by the union

of the stem and the blade. Here tliey remain until the tide retreats.

The pit furnishes them protection from aquatic enemies and supplies them

with air, for there is always a considerable amount of air left in the pit.

That this reaction is due to an effort to secure protection and air, was

shown in several e.xperiments. When they were placed on blades of grass

weighted to the bottom of the jar which was slowly filled with water, they

went down the blades and attempted to crawl under objects at the bottom

of the jar. However, to get under some object did not satisfy them, they

kept on moving until they came to a bubble of air. Their actions were

especially interesting wlien safety pins were u.sed to weight down the

blades. They would walk entirely around the wire part of the pin until

they came to the sheatli where there was a quantity of air. Into this they

crawled. They always cling tightly to tlie wire, never attempting to leave

it. It is howevi'r not essential for tliem to find a bubble of air. I kept

;i number of them snbmerged tor three days without any noticeable bubbles

being present. When they go beb)W the surface, they always entangle

numerous small air bubi)l('s in their short, dense hairs, which are curved

backward seemingly for tiiis .special purpose. I performed many experi-

ments to company the resistance of this spider to drowning with that of

other species by submerging them in water. In my experiments I used

practically all species found farther back on the marsh; Tetragnatha,

Lycosa, Epeira. Attida>, Themsid;e. This was the only species, with the

exception of the young Clubonia. whicli cmild Ik- submerged in water when

resting on a grass lilade : i. e., the other species did not hold fast, but tried

to escape on the surface of the watei-. The most striking difference between

these spiders when they were placed in small vials whose mouths were

covered with cheesecloth and then submerged in a large glass jar of sea
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water, was the difference in the size of the air bubbles clinging to the

different species. No prominent bubbles were noticed on the Grammonata,

while the other species entangled large bubbles in their comparatively long

hair which made them almost entirely helpless. Regardless of the dis-

parity in the size of the air bubbles, the Grammonata could withstand

a much longer submergence without causing death. The limit for the

hardiest of the other species was twelve hours. When placed in vials in a

similar manner and the air bubbles withdrawn by means of a pipette, the

Lycosa communis, the hardiest of all other species, did not survive

more than three hours submergence, while the Grammonata could remain

for twenty-four hours in the same jar with no ill effect. This would

seem to indicate that this species must have some special modification, as

perhaps greatly developed air sacs, '-lungs", to enable them to resist

drowning so successfully. None of the other marsh spiders, with the ex-

ception of the crab spiders, are as free from long flimsy hair, which greatly

impedes an animal's movements in water, as the Grammonata. Even the

Lycosa Communis, whose habitat borders on the between tides zone, has

comparatively few long hairs, and these are comparatively stiff.

The food of this spider, Grammonata, consists chiefly of leaf-

hoppers, but it also captures the small flies which frequent its habitat

during the low tide. It is always attached to the tip of the grass blade

by a thread which enables it to run on the surface of the water after

food without being washed away.

This spider, as the leaf-hopper, Megamelus marginatus, is found only

in the Spartina area. Its great resistance to drowning, its unique covering

of hair, and the instinct which causes it to seek safety by clinging to the

object on which it rests, instead of seeking safety in flight as other

species, all have determined that it could survive in the Spartina area

;

but as to the reason it is only found there, I cannot explain.

Clueonia Sp.

This was an immature spider, light tan in color, largest specimen 7

mm. The first specimen was found August 1 after a period of very low

tides, at which time I found them in practically the entire Spartina area

(rare in other areas). The frequent use of a sweep net as well as search-

ing on the ground, failed to reveal an adult spider of this species. The

probable solution is that they had hatched, during the low tide period,

from eggs laid the previous year. I was very unfortunate in that they



328

first appeared during my last week at the laboratory, so that my observa-

tions did not extend over a period long enough to determine if they were

permanent inhabitants of the area, or whether they had just migrated

there as several species of Tetragnatha had. This last supposition I con-

sider very improbable, as I found no Chibonias in any other part of the

marsh.

Their reactions to the tides were such as would prevent them from

drowning or being washed away, but they afforded little protection from

their aquatic enemies save that secured from their inconspicuousness.

When the tide came in, they crawled to the under side of the Spartina

blades. When resting in this position with their long legs stretched out

along the edges of the blade, they are difficult to see. That they are not

destroyed by the tide was shown by the fact that on August 5, after the

Spartina area had been submerged by the tides of three successive days,

I still foiuul them in abundance. I placed several of them, in the position

I found tliem on the grass when covered l)y the tide, in a jar of sea water

and kept them submerged for thirty hours. They were appnrently un-

affected, showing that this spider, as well as the (irammonata trivittata,

must have some unique modification to prevent drowning. This spider,

however, entangled more air bubbles in its longer, tlinisier liair. Its feet

are provided with toothed claws, perhaps develoi)ed to secure a firm liold

on the grass blade.

I am anxious to secure more data concerning this spider. Is it a per-

manent resident of the Si»artina areaV AVhal accounts for its sudden ap-

peai'ance? Where were llic .idults. or wlicnV Its resistance to drowning

is great enough to allow it to be a iiernianeiit inhabitant, but I douitt if

it is sufficii^-ntly well protected from the iidiabitants of the se:i. However,

the pads on its feet, which resenil)le those of a water slridcr and tlie

one large toothed daw as well as several smnllcr ones on each foot may be

structures of ]>articular value to a resident of a between tides zone.

The piids would enal)le it to move on the surface of the water, while the

claws would enable it to secure such a firm hold on the grass bla(l<' that

it could not be washed away.

INSECTS OF THE OUTER JUNCUS AREA.

BEMmDH'M CONSTRUCTUM.

Of all the insects whose habits I observed, this lirownish-black, 5 mm.

long, beetle had the widest range. It was the only one to live in both
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places that are daily covfred by the tides and in phices that are not. Its

outer limit is 14 N.. 4 K. (niap I'l. Tliey are very ahundaiit in tlie gravel

wliieli covers tlie wooden platform and also in tlie region of tlie tidal drift,

especially under the newly washed up sea-lettuce (Ulva). In regions daily

covered by tlie tide it is rarely found except in gravel covered areas. By

crawling under the gravel it prevents itself from being washed away

and protects itself from acpiatic enemies. Its actions may be readily ob-

served by hunting for tliem as the tide rises and the digging a channel

arciund the place where they are found. As the water rises, tliey will

run from ijlace to place, darting under one stone only to leave it for

another. They may ajiproach the channel, but will rarely attempt to

cross it. Before the tide has completely submerged the place, the bembida

will crawl under the gravel to remain there until the tide retreats. When

the place is covered by the tide, they may be found at a depth of from

three or four inches. The water, when it covers them, encloses a large

bubble of air under their wings.

Their action may be easily determined under artificial conditions by

placing them in jars containing moist sand and gravel and slowly filling

them with water. Several times, when filling the jars, I poured the water

in so rapidly that some wei'e swept to the surface. They would then swim

wildly on the surface ; but when a grass stem was thrust into the sand so

as to extend above the surface of the water, they would swim to it and

crawl down into the sand. The bubble of air under their wings is so large

that should they lose their footing, they will immediately rise to the

surface. Their ability to withstand submergence is wonderful. At the

end of one day the bubble of air will have almost disappeared and they

will have become stupid. By the above gravel jar I kept eight out of .ten

specimens alive for three days in sea water. Several recovered after five

days' submergence, showing a great resistivity to drowning.

This beetle, as well as the Heterocerous undatus and Salda sp(?)

lives on the carrion of the small animals so abundant in the between tides

zone.

Heterocerus Undatts.

This beetle is very rare in this area. Several were found betw^een

4 and N., to 12 and 16 E. (Map 2.) They live in burrows in the ground,

only venturing out for food at low tide. Their resistance to drowning

is e(iual to that of the Bembidium.
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Salda Sp(?).

This shore bug is very active and very difficult to catch aud Jiard to

find except on sunny days, when their shiny blacli wings make them

rather conspicuous. They are found chiefly in the area covered hy the

Spergularia Marina. Tliey live in burrows in the ground, and only venture

forth in search of food on sunny days at low tide.

Their resistance to drowning is not nearly as great as that of the

beetles ; twenty-four hours submergence usually being suflicient to kill

them. Twelve hours had very little effect. Ivike the Iieetles, they enclose

large l)ubbles of air under their wings. On several occasions I placed

several of them on the surface of the water when the area was covered

by the tide. They swam on the surface until they came to floating fucus

thallus (other floating materials being rejected). They wnuld then crawl

to one of the deepest submerged lirandies, where they would remain.

They were almost invisible mi the thallus. due to the resemblance of the

fucus to their wings with tbe enclosed air bubble. This. undDUbtcdly. is

a j»r()tective instin<t.

P.DELnj.i; Sii( V).

This reddish-brown p!;int louse d' to ."! mm. lougi is widely distributed

throughout the salt marsh. Thcii- outer liniii borders on the inner limit

of the prevailing tides. They are never found beyond the inner Spartina

limit, 62-foot level. Their mouth parts an- esiiecially adiijited to sucking

plant .juices and they live on decaying plants. 'I'bey .-tc especially abun-

dant on fresh drift weed.

As stated, they are .seldom fonnil in the areas covered by the ]irevail-

ing tides, yet on occasions of a sudden rise in tide levels, they may be

found walking on the ground when it is covered by the ti<le. They do not

seem to have any objections to such unusual conditions as they apparently

make no effort to escape. They are easily washed away by the tide when

once lifted from their feet, as their long slender legs are to their dis-

advantage. After the retreat of such an unusually high tide, they are not

as numerous as they were previous to it. due ]ierbai)s to the fact that they

have no protection from aquatic enemies, and also because many of them

are washed away. There is little danger of drowning. One morning,

at 0:4."), I placed six of them in vials and submerged them in sea water.

At 5 p. m. they were all lying on their backs, apparently dead, but on

exposure to the air they all revived. I also placed .several in an un-
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covered glass cylinder and placed it where it would be coveretl by tJie

tide. As the tide filled the jar they made no effort to change their posi-

tions. Those on tlie grass blades remained in tlie same position, as did

also those on the gronnd. The Bdellida? were still alive in the cylinder

after it had been submerged by two tides ; i. e.. two periods of submergence

of five hours each, one ])eri<id of terrestrial conditions of four hours.

Lycosa Communis.

Although the inner limit of the tidal drift, with its myriads of flies

should furnish abundant food for spiders, this is the only species prevalent

in the drift covered areas. This is a greyish spider from 4 mm. to 5 mm.

in length. They venture out Iieyond the high tide limit, but will always

retreat bi>f(ire the incuming tide. Their long, strong legs, which enable

them to run rapidly, make them especially adapted to a region where

safety lies in i-etreat. I often found them running inward on the Juncus

when the grourd was already covered by the tide. On several I found

them isolated on the blades of Spartina grass. When this position Avas

no longer conducive to dryness, they would luii rajiidly inward over the

surface of the water. This is the onlj^ insect without wings. fre<iueuting

the I)etween ti<les zone, which retreats before the tide. The Lycosa\ are not

only the most rapid runn(M's among the spiders, but can also withstand

several hours more submergence than the other spiders of the salt marsh,

Grammonata and Clubonia, of course, excepted.

Many winged insects, beetles, flies, etc., are found on the Spartina

during the low tide; but. although I made no especial study of them, they

seem to be only temporary residents. They are never alniutiant, or even

present, immediately upon the retreat of the tide. I never found any sub-

merged on the grass when covered by the tide. They are all good fliers

and most undoul)tedly retreat before the tide.

On the morning of August 5, when we had the first high tide which

covered the outer Spartina area entirely for several weeks. I noticed many

Tetraguatha spiders retreating up the Spartina blades because of the rising

tide. As the water chased them to the tip of the blade they spun out a long

thread which the north wind carried to the higher areas. They ran inward

on the thread. When they accidentally became wetted by the water they

Itecame heli>less. Should the wind have come from the south, they would

have been destroj-ed. No Tetragnatha were found in areas that had once
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been submerged by the tide. They had migrated to the outer Spartina

areas during the low tide j)eiiod. They are very abundant in the higher

marsh ureas.

It would be exti'emely interesting to know something of the life liis-

tories of the insects of the I)etween tides zone, especially as to where

they spend the winter, as to the methods of egg laying, and as to the

types of larvje.

Conclusion.

In almost evei\v insect of the between tides zone there appears to

be some peculiar protective feature; as. unicjue instincts, especially

adapted external parts, or a greater resistivity to drowning.

Unique instincts, to prevent themselves from being waslied away by

the tides, are well shown in the tenacious clinging to the blades of Spar-

tina by the Grammonata trivittata, Megamelus marginatus. and Clul)onia

sp (?). Another feature of the same tyi)e is the crawling of the Bembidium

constructiim under tlie gravel. That the environment has undoubtedly led

to the formation of these instincts is illustrated l)y tlie comparison of the

habits, when submerged, of the spiders of the Spartina area with those

found higher on the marsii. Another instinct which serves the same pur-

pose is the venturing forth for food by the Salda only on sunny days at

low tide. The GramnnHiata trivittata and Megamelus maiginatiis un-

doulttediy rest head downward on the Si)artina grass to prevent themselve-;

from being caught unawai-es l»y the rising tide.

Inconspicuousness a.s a means of protection from aipiatic enemies is

shown by the swinnning of the Salda to the Fucus tliallns when disturbed

during high tide. Otiier reactions serving tlie same jiurpose. are illus-

trated by the resemblance of Megamelus to the Spartina blade, the crjiwl-

ing the Grannnonata into tlie pits at the junction of blade and stem, and

the living of the beetles in burrows.

That one of the factors which determines the surviving species in a

between tides zone is an ability to resist drowning, is shown l)y a com-

parison of the resistivity of (JrainnionMta and Clnboiiia with that of other

spiders.

A modiliciitioii of the external features as an adaiitation. is shown in

the greatly modified legs of the Megamelus marginatus and in the short,

stiff hair of the Grammonata trivittata. The legs of Lycosa communis

are not essentially different from those of other Lycosa' : yet (heir long,
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strong legs, which are conducive to swift movements and which ^ive them

the designation of running spiders, make them especially fitted to inhabit

a zone in whicli safety may lie in retreat.

The terrestrial conditions which prevail for one-half of the time in

the between the tides zone, make it necessary that the permanent inhabi-

tants of such a zone be insects which breathe not by means of gills, but

that they be air breathing insects. Terrestrial conditions are the normal

ones for their activities. They are inactive during the high tide, or the

period of submergence. The most striking phenomena is the strictly zonal

distribution of the insects of the i)etween the tides zone. P^ach species

is undoubtedly specialized in some way to fit it to inhabit this area, and

this specialization has rendered it incapable of surviving in other zones.

Even the Megamelus marginatus, which travels with comparative rapidity,

never migrates to the Juncus areas. To determine the exact reasons why
the insects of this zone cannot survive in the higlier areas of the salt

marsh, more extensive studies of their life histories and habits must be

made. Further f>bservations concerning these features, I believe, will

add much to the already extensive and fascinating data relating to

ada])tation among insects.

Purdue University,

Lafai/ette, Ind.
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M.ip 11. Region between 650-750 E, and 2 J S-12:! X. Scab 1:173.
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The Snakes of the Lake Maxinkuckee Region.

Barton Warren Evermann and Howard Walton Clark.

The total mimber of species of snakes known from the vicinity of

Lake Maxinkuckee is ten. This ninuher is not large; donbtless more

thorough field work W(»uld increase the luimber slightly. While the species

are not numerous, several of them are fairly abundant in individuals.

This is particularly true of the eonunon garter snake and the water

snake. The former of these may be seen in suitable situations on almost

any warm day from early spring until late in the fall, while the latter is

almost equally frequent from the middle of summer to early fall about the

borders of Lost Lake and along the Outlet.

Nearly all, perhaps all, of the species bear some relation to the life

of the lake, some of them feeding on fishes when opportunity offers, and

all feeding upon frogs. Only one of the species of snakes known from

the Lake Maxinkuckee regi«>n is poisonous; that is the little prairie

rattlesnake which, fortunately, is not abundant.

SPECIES OF SNAKES.

1. Storcria dekuiji (Holbrook).

DE kay's snake.

This pretty little snake ocmrs sparingly throughout the eastern

United States and westward to Colorado and Wyoming. At Lake Maxin-

kuckee it is one of the rarest species. Our collection from about the lake

contains only three examples, viz.. one. No. 33529, U. S. National Museum,

ol)tained October S, 1900, and two others taken on October 17, 1907, one

near the Outlet, the other on the east side of the lake.

This species is known also as Brown Snake and Ground Snake, the

former because of the color, the latter because it is so frequently found

burrowed in the ground.

It is not only a harmless little snake, bnt it is useful, its diet con-

*Published by permission of Hon. Hugh M. Smith, U. S. Commissioner of Fish and Fisheries.

22—496C
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si.stiug chiefly of crickets, grasslioppei's, and other noxiovis insects. It is

also fond of earthworms and slugs.

It reaches a length of only a foot or less. Its color is a grayish

brown, with a lighter band or line along tlie back, on each side of which

is a dotted line; there is also a dark patch on each side of the occiput,

and the under parts are grayish. Scales in 17 rows; ventral plates 120-138.

2. I'hannioijhis proxima (Say).

RIBBOX SXAKE.

This species is found from Wisconsin to Mexico. At Maxiukuckee it is

one of the rarer snakes. The only example (No. 0277'.), or .T!r>4r>, U. S.

Nat. Mus. I in our collection was secured Sei)tenil)er 21. I'.lOO. near Lost

Lake, southwest of Mr. Green's house. .Vnothcr was seen nine days later

south of the lake.

It is a very slender, graceful snake. It is i)r(iliahly \u\{ rare in the

weedly patches west of Culver, iiarticularly about old. drained lake-beds

where the ground is still wet and where there are occasidiial i tools. In

the spring of 1901. four were seen, two on .\pril !) at the drained lake

west of Culver, one Apiil :!(» at Culver Creek, and one May 2i> in Hawk's

marsh.

In habits this species does not differ greatly from other garter snakes.

It delights in marshy situations and is not averse to an occasional short

stay in tlu- water. Its food consist^; chiefly of small frogs, toads and

insects, with an occasional small fi.sh.

This snake may jje known by the following characters:

Lateral stripe on third and fourtli i-ows of scales ; scales in 19 rows,

little or not at all spotted; color chwolate brown, with three yellow stripes;

light brown below lateral stripes; ventral plates inn to KIn: t.-iil about oue-

thii'd the total length which rarely exceetls thirty-six inches.

'A. ThinnnophiH HirlaliH (Linnjeus).

CO.MMON <;artkr snakk.

Tills is oni- of the most variable as well as one of the most widely

distributed of all snakes. It or its subspecies may be found in nearly all

parts of the United States, and it is by far the most abundant snake about

Lake Maxinkuckee; it is i)robahly more numerous than all other si)e<'ies

combined.

It mav be found in all sorts of situations; in cultivated (ields and
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gardens, about yards and liarn lt>ts. in grassy meadows and in open wood-

land, in marshy ground along streams and about lalves, and particularly

along paths and public highways. It perhaps most delights in reedy,

boggy places and lake margins. It is the first snake to be abroad in the

spring and one of the last to go into hibernation in the fall. The first

warm days of spring will rouse them from their winter's sleep and bring

them forth to bask in the sun. Then they may be found usually lying at

full length on a mass of dead grass along a fence-row or in some such situa-

tion, well exposed so as to get the full effect of the sun's warmest rays.

Here they will lie quietly through the middle of the day soaking out the

accumulated chill of the long winter. Thus they will pass several days

before they begin to move about or to seek food.

In the fill! they appear to be active to the last, continuing to eat

until they go into winter (piarters. At this season they seem to move

aliout more than usual, perhaps bei ause searching for suitable hybernacula.

It is at this season that one so freciuently observes their tracks across

the dusty highway and when so many are run ovei- and crushed on the

public roads and by railroad trains.

Numerous examples were noted about the lake and in the surround-

ing country, and many s])ecimens were collected. Examples were noted

in Ajn-il, .Tuly, August, September, October and November, the earliest

(late being April D and the latest November 22.

A female 3 feet long was killed July 20 and 40 young, each 6 to 7

inches long, were taken from her l)ody. This and all other species of

the garter snakes are viviparous, bringing forth their young alive. Dr.

J. Schenck, of Mt. Carmel, 111., reports that 78 young, 3 to 7 inches long,

were taken from a female 35 inches long.

The garter snake has qviite a varied menu. They are known to feed

upon insects, insect larvie, small rodents, young birds and bird eggs, toads,

frogs, angleworms, small mollusks, tadpoles, salamanders, and small fish.

P'rogs, toads, fish, shrews and field mice doubtless constitute the major

portion of their diet. One found dead on the railroad tracks near the

elevator in the late autumn of 1006 was examined. It was quite fat, as

snakes are likely to be at that time of year. The stomach was empty of

food, but contained a few ascaris-like parasites.

One the wiiole. however, this snake is Iieneflcial to the farm and should

be protected. The disposition which most people have to kill every snake

on sight is entirely irrational and wholly unjustifiable.
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This creature, like many otlier snakes, is protected by an abominably

sickening odor, not noticeable at a distance, but as disagreeable a smell

as one is apt to encounter. Tliis odor, however, is noticeable only wlien

the snake has been annoyed and has become angered. When angry it

sometimes flattens out after the fashion of the blowing adder.

There is a great variation among the individuals of this species found

about the lake, and two or more subspecies should probably be recognized.

We, however, have grouped them all under the species.

From all other .snakes found about the lake, particularly the ribbon

snake wliich it most resembles, this species may be readily known by its

having the lateral stripe on the .second and third instead of the third and

fourth rows of scales. This species is also stouter, the tail being one-

fourth the entire length. Color olivaceous, dorsal stripe narrow, obscure

;

three .series of small dark .spots on each side, about 70 l>etw^'en head and

vent; side and belly greenish: lateral stripe rather broad, but not c(m-

spicuous : colors generally duller than in other species; ventral plates

130 to 160. Length 2 to 4 feet.

4. Thaiiiiiophifi hutlcri Coi)e.

butler's garter snakk.

This is the rarest (if the species of garter snakes wiii<'h occur at tlie

lake. The only example we have seen was found freshly killed just south

of the Indiana lioathouse on the east side of the lake July 23, 1900. It is

No. 33544 (02716), National Museum.

It may be known from other garter snakes of tlie region by the location

of the side stripes whicli are on the second, third and fourth rows of

scales, which is not the case with either of the other species.

5. Natri.r xi/}(iloii Hiinna'us).

WATEU-SNAKE.

The water-snake is a common and well-known snake throughout the

whole eastern United States as far westward as Kan.sas. and is tolerably

aliundant throughout its range in wet places, such as streams, ponds and

lakes. About Lake Maxinkuckee it is to be found along h^w bits of shore

such as tliat about Norris Inlet and the various other inlets of the lake,

and near the Outlet. One of its favorite haunts is that portion of the

Outlet between the two lakes. Ne.\t to the conunon garter snake this water

snake or "moccasin" is the snake most fretjuently seen about the lake.
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Wo have records of numerous examples seen, the earliest date being May

3 and the latest August 29. It is probably most abundant in June. Defi-

nite dates are as follows: In 1899, one seen July 11 and another August

29. In 1900, one seen July 13, 17 and 20, all on the west side ; one seen

on east side of Lost Lake August 1. one at Fish Commissiion Station

August 7. and one near the Inlet August 16. In 1901, one in Culver Bay

May 3 ; a large one on west side May 0. one near Farrar's May 23 ; a

large one on T^ong Point June 2; another on Long Point June 10; one at

Outlet June 19 ; one 3 feet 9 inches long on west side June 22 ; and a small

one on Long Point June 24. In IdOCt a largo one found dead ou Long

Point August 15. a small one in (ireen's maish. one at the Outlet and one on

Yellow River August 16. During the summer of 1900, after the dam was

thrown across the Outlet at the railroad bridge the water in the Outlet

below the dam became very low, and water snakes could be foiind along

the edge of the water almost any time a visit was made to that place.

This is the species more often seen in the water than any other. It

delights to lie coiled on some old log or root in or at the edge of the

stream, or on the timbers at the dam or the logs of drift material. It

inhabits rather open wcHxIland jiunds in great abundance, and in such

places they often collect several together on projecting logs. In such

situations it lies in wait. l)aslving in the sun, making short excursions now

and then into the water after fish or frog, or droitping (piietly into the

stream when disturbed by the near approach of any one. Then it hides

under the bank, only its head being out of the water, or else swims swiftly

away and out of reach. While swimming it usually keeps its head above

water, liut when closely pressed or annoyed it will go entirely under and

swim along on or near the bottom.

The water-snake is frequently called "moccasin" or "redbelly" and is

l)y many believed to be deadly poisonous. Its bite is, however, entirely

harmless, and it i.s very different from the venomous "water-moccasin"

or cotton-mouth of the south.

Although the water-snake is non-venfim^us. it has very little to com-

mend it. It is repulsive in appearance and spiteful in temper. It is more

destru( five to ttshes than any other of our snakes : indeed, it seems to

subsist chiefly on fish. It will eat any kind of ttsh it can catch, though

it doubtless prefers the soft-rayed species, such as the minnows, suckers

and the like; it surely finds them easier to handle than the spiny-rayed

species such as the bass and perch. We have found nniny ditferent fishes
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in the stomach of tlie water-siiake ; aiiioii-jc them we may meution suckers

of various species, various miuuows, bass, rock-buss, sunfish, eel, carp

and catfish. One large water-snake was found that had attempted to

swallow a large catfish but the catfish straiglitened out and set its pectoral

spines, and the snake, being unable to get the fish either up or down,

perished, a victim of liis own greed.

Besides fish the water-snake feeds also on frogs, crawfish and young

birds.

The water-snakes mate early in spring, soon after coming out of their

winter quarters, and then sometimes congregate in numbers of four or five

together. The species is vivapai>)us. In August, 1899, an old snake was

found on the railroad track near the ice-houses. It had Iteen nui over by

a train and ten young, which it contained, were prematurely liberated.

The water-snake proltal)ly comes out and basks on Itright days in

aiitunni jit'tci- it has censnl tiiking food. Ono found dead iieiir Farrar's

in the aiitunin <>f I'.iiii;. Octolier lin. \v,is cut open and the stomach found

to be empl.v. except fdi- sduic Mscarid-liUe i»anisites. The mesenteries were

well loaded with a siijiply of fat. jjioliably for the subsistence of the snake

during its winter hibernation. It contained 80 ova, 15 on ea( b side.

Color, brownish: back iiiid sides eiicb with a series of large, S(iuare,

dark liiot(b!'s alteniMting with cacii other, aiioiil si) in each .scries; belly

with brown blotdu's; rows of scales L'."! ; ventral plates i:!(l to l"(t. Length

2 to 4 feet.

(i. ViilloixlH.s riili)inii.s (liaird & Girard).

FOX SNAKE.

This large and beatitiful snake ranges from .\ev" Ihigland wcstwaid

to Kansas and nortliward. It does not appear to be common about Lake

Maxinkuckee, as oiu- notes record but eight examples, as follows: A fine

e.\ami)le on the west shore of i.ost lyake early in .Jnly. IIMMI, and another

large one near the .same place July S: one seen near J-ost I/ak(>, September

?>, and a large one gotten on Long Point September 25; one in Walley's

woods August 25; another on Long I'oint September 25; one about ('• feet

long August 14, 190(5. west of Culver near the beaver-dam prairie on the

road to Bass Lake; and a large one near tlie Gravel Pit early in June,

1907. Individuals sei'ni most freipient in late summer or eai-ly fall.

The fox snake, often called tlie pine snake, fretpients the dry, ojien

woods and the neighborhood of briar patches and copses. We have never
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observed it in the water or oil the immediate lalce shore. It is often called

the pilot snake and is supposed to liave some mysterious coniiectioii with

the rattlesnake. Thougli entirely harmless, it is one of the most viciously

disposed snakes. Wlien provolved, as Dr. Hay observes, it .sliows its irri

tatioii by viliratiug tlie tip of its slender tail, wliich, when striking a

crumpled leaf or any other small object, may produce a rattling noise very

much like that made by a rattlesnake under similar circumstances. A

lai'ge example caught near Bass Lake August 14, bit Professor Wilson on

the Jiand, causing blood to flow freely but producing no serious effect.

While entirely harmless, its liabits are not unlike those of the l)lack-

snake and it doubtless destroys many eggs and young of ground-nesting

birds. Besides tliese, its food consists of mice and other small rtidents,

the larger insects and tlieir larva\ It probably feeds to some extent on

frogs and toads, but we liave no evidence that it ever catches fish.

This is a large, liglit brown snake, with squarish, chocolate-colored

blotches about (id in number; scales in 25 rows; ventral plates 200 to 210;

vei-tical plate broader than long.

7. Jiasc<ini(jii v(uixtiict(>r fiuvir<'iitris; { 1 Auir,v\M>)

.

15LUE RACER.

This common and familiar reptile, also known as the blade snake or

black racer, is found pretty generally distributed throughout the eastern

Tnitcd States and southward. It frequents open woodland, old fence rows

and all places where dead leaves are common. It is the largest of the

snakes of this region. It is an active, vigorous snake, moving over the

ground witli great rapidity. It is not a coward, as are most snakes, but

will, on occasion, attack a person when disturbed, coming toward one

rapidly and with head raised one or two feet. Cope says "the constricting

power of the black snake is not sutticient to cause inconvenience to a man,

but might seriously oppress a child. The pressure exercised by a strong

individual wound round the arm is sufiicient to compress and close the

superlicial veins, and cause tlie muscles to aclie, but it is easy to unwind

tlie snake with the free hand and arm." Tlie black snake is harmless,

and its bite, which it rarely inflicts, only amounts to a serious scratch.

The black snake is, in some respects, a useful spcies. Its food con-

sists chiefly of field mice, white-footed mice, and other noxious animals.

It also feeds upon frogs, toads, birds' eggs and young birds, and probabl.v

does more harm than good. The greatest objection to it is its disposi-
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tioii to rolt birds" iie.st.s of their eggs aud young. Ground-nesting birds

are purticularly apt to suffer from tlie depredations of tlie l)laclv snalce

;

and tliose species sucli as tlie song sijarnnv. catbird, tliresber, robin, dove

and redwing, wliicb place their nests not far above the ground, and the

bluebird, chickadee, and downy woodpecker, which deposit their eggs in

holes in trees or snags not m;iny feet up, are often despoiled of their

eggs or young by this snake.

We have often seen black snakes coiled up on limbs of trees or crawl-

ing al'out anmng limbs several feet above the ground evidently searching

for birds' nests. One of us remembers seeing a bluel)ird greatly disturbed

by a large black snake which was ai)i)arently about to climb to the blue-

bird's nest which was in a hole only ."! or 4 feet up in an old elm snag.

Coiled up at the foot of the snag, its head elevated perhajfs a foot or IS

inches, the snake watched the bird intently, its head moving this way and

that and following closely the movements of the bird which tluttei'ed

incessantl.v about the snake and was probably as completel.v "charmed" or

under the power of the snake as birds ever get. When approached the

snake became frightened and crnwled away among the bushes: and then

the bird flew to a limb near by.

A friend who is a close observer of animals tells us that he once saw a

ruffed grouse fighting a black snake which was endeavoring to rob the

grouse's nest. He sliot the snake. ;iiiil the grouse, after showing some

astonishment, feigiU'd lameness to lead liim awa.v from the nest.

Another friend says that he om e saw a cliipiiiunk "cbarnKM]'" by a large

black snaki'. The cbiiimnnk w;is on :i loi,' about 111 feet long, the snake

at one side near the middle of the log and with head elev.-iteil somewhat

more tlian the height of the top of tlie log. The chiiinnuik wlieii first seen

was uttering the well-known ebirping note so expressive of solicitude ;ind

running back and foitb on tbe log. at lirst the full length of the log. then

less and less until it ran but a few inches each wa.v from the snake whose

head all the time moved to the i-igbt and to the left, following closely the

movements of the little r<Mlent. At the same time the snake's tail, elevated

and rigid, was rapidly vibrating and making a noise not indike that made

by a rattlesnake, rnfortunately the observer shot the sn.-ike without wait-

ing to learn if the chipnuudv were i-e.-illy in any mannei' under the coidrol

of tlie reptile.

The black snake is not r.aic about Lake M.axinkuckee. Our notes

record seven or eight indivi<luals seen at dilfei'eid times. The earliest roc-
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oi'd is the last week in May and the latest October 14. A large example

seen east of Lost Ijake on the latter date was (luite stupid and declined to

move. A 4-foot individual seen in Walley's woods was evidently blind, due

to shedding its skin which was so Ux)se that it slipped off when the snake

was handled. The eyes were white, and the snake instead of seeing, appar-

ently listened. Another was seen in Walley's woods September 21, 1900.

On August 13, 1906, a very large one was seen lialf-concealed in the briars

near the ice-houses. When approached it made its tail rattle among the

dry leaves precisely lilve a rattlesnake. On August 14, 1906, a large one

was caught near Bass Lake. Another, 5 to (i feet long, was seen in Walley's

cornfield September 20, 1907. It was coiled loosely at the base of a corn-

stalk and seemed disinclined to move, though it stuck out its tongue

repeatedly.

This snake is usually lustrous blue-black or pitch-black above and

greenish below; chin and throat white. Young olive, with rhomboid black

blotches. Body very slender; eye large, scales in 17 or 19 rows; ventral

plates 170 to 190. Length 4 to 5 feet.

8. Lampropcltis doHatus (Linnseus).

House Snake.

This is the common house snake or milk snake so abundant in most of

the upper Mississippi ^'aliey States. It does not appear to be very com-

mon, however, about Maxinkuckee. The only example seen by us was

obtained July 28, 1899, at our station near the Arlington Hotel. It is one

of the mildest and most useful of snakes and feeds largely upon the various

species of small noxious mammals. Its habits, however, are not entirely

beneficial, as it will, on occasion, eat such hens' eggs and birds' eggs as it

may find.

We have never seen it swimming in the water and do not know wheth-

er it ever feeds on fishes or other aquatic animals.

Color, grayish, with 3 series of brown, rounded blotches bordered with

black, about 50 in the dorsal row ; an arrow-shaped occiptal spot ; belly

yellowish-white, with square black blotches ; dorsal scales in 21 rows. In

the young the dorsal blotches are bright chestnut-red inside of the black

margins, and the spaces between are sometimes white or clear ash.
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9. Hcterofldii phifi/rhhuis Latreille.

Hog-nosed Snake.

This interesting reptile, also known as spreading adder and blowing

viper, is found througliout the eastern United States. It is a common and

well-known species in most parts of Indaina.

It frequents dry situations such as cultivated fields, old fence-rows,

open pastures and roadsides ; also dry hillsides and the banks of streams.

At times it may be seen along water-courses and the shores of ponds and

lakes. We have rarely observed it in meadows or on wet or marshy ground
;

nor have we noted it often about human habitations.

Although not often seen in the immediate vicinity of this lake, it is

probably not uncommon in suitable situations, especially in dry sandy

regions. It appears to be very well known among the inhabitants of the

region, and is held in great dread by most of them; even its breath is sup-

posed to be fatal. From its method of defending itself by appearing very

terrible, a habit which has perhaps given its evil repute, it is one of the

most interesting snakes in the region.

One was taken in Walley's woods on a bright day in the spring of

1901. When first approachtnl it assumed a threatening attitude and gave

vent to loud hisses; it then broadly flattened out the neck, and the bright

colors and color-pattern, which had been more or loss concealed by the

scales, now stood out vividly, the color markings on the back (if tlie neck

standing out with especial clearness. When the snake found th;it none of

those tactics availed, it stiffened out and appeared to be dead, and was

easily picked up and placed in the collecting can.

During tlie summer of 1906 a large example of this species was seen

on the shore of Lost Lake, but it escaped into a hole in the bank. In the

autumn of the same year a young example about 5 inches long was ca]>

tured near the ice office ; and frequent reports of the species having been

seen, were heard.

llie bite of this snake is entirely harmless—even if it could be induced

to bite. From the nature of its food, it is one of our beneficial snakes ; it

eats very few fishes, but subsists on frogs, mice, and insects, and their

larvae, or grubs. Instead, therefore, of meriting the persecution which it

meets almost everywhere, it is well worthy of protection.

From all other snakes of this part of the State, this species may be

known by its habit of flattening out both its head and body marvelously.
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lu color, it is brownish or reddish, with about 28 dnrii; dorsal blotches,

besides lateral ones and half-rings on the tail ; sometimes the color is

nearly uniform blade. Vertical plate longer than broad, about equal to th"

occipitals ; ventral plates 120 to 150; scales in 23 or 25 rows. Maximum
length about 2 feet.

10. Sistrurus catciiafu.-! (Raflnesque).

Pkairik Kattlesxake.

This species, known also as the Massasauga, is likely to occur in all

prairie regions from Ohio to Minnesota and southward. In Indiana it is

known only from the northern portions of the State. It is the only poison-

ous snake occurring about Lake Maxinkuckee. All the other species found

in that region or elsewhere in northern Indiana are entirely harmless.

Formerly the Massasauga was abundant throughout this part of the State,

but with the settling up of the country and the draining of the prairio

grass-laud and the marshes, it has become wholly exterminated in many

places and practically so in many others. About Maxinkuckee, however,

and elsewhere in Marshall County, it is far from extinct. It is apt to be

found in any and all suitable places such as prairie meadows, about the

borders of vanishing lakes, and in prairie marsh-groiuul anywhere.

In May, 1891, when the spring meeting of the Indiana Academy of

Science was being held at Lake Maxinkuckee. several specimens were

caught by members in attendance, chiefly in marshy ground about the lake.

About 1896 a young man on the eastern side of the lake was bitten on the

leg by one. The leg remained swollen for some time and complete recovery

was very slow. On August 6, 1899, one was caught on Long Point between

the Scovell and Walter Kuapp cottages. It was 23 inches long and had five

rattles. On August 3, 19<J0, one was killed two and one-fourth miles south

of Arlington station. It was 18 inches long and had two rattles and a but-

ton. Several weeks earlier, near the same place, a dog was bitten by one,

without fatal results. On August 26 a small one was killed on the east

side of the lake near the T. W. Wilson cottage. On the same day one was

killed in a field on the Haw4v farm south of Culver. It was about 2 feet

long and had nine rattles. Another young individual was killed Septem-

ber 3 on the east side, two and one-half miles southeast of the Maxwell

cottage, and one with nine rattles was killed September 26, 1907, in a

meadow on the Newman farm, four miles southeast of Culver.

These are all the records we have of the occurrence of the prairie
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rattlei^nake in the immediate A'icinity of Lake Maxinkiieliee. We liave

heard, however, of numerous examples bein^ killed in marshy meadows

northwest, west and south of the lake. In those regions there are numer-

ous and considerable meadows of the wild grass or sedge, Carex stricta,

which are cut in the early fall by farmers and others for hay or for use in

the ice-houses, and other purposes. It is then that this Aenomous snake is

met with most fre<iuently.

Though habitually dwelling in marshy situations it is sometimes seen

on higher, open groiuid. It is rarely seen in open woods or dry thickets.

We know hut little about the habits or food of this snake. It appar-

ently does not wander far but remains close about the particular marsh in

which it makes its home. They ai-e quiet and not easily disturbed or

augered. When observed they will be still or (juietly glide awtiy unless

interfered with. Then they will usually coil, assume a threatening atti-

tude and rattle more or less. The rattling, however, soon ceases, to be

renewed only when again provoked.

The Massasauga is known to feed on frogs, crawfish, meadow mice

aud shrews. We do not know that it ever feeds on lishes, but it is more

than proltahlc that it would not disdain to cat mud minnows or any other

small fishes it might lind in its swampy hal)itation.

The one fact that this is a venomous snake is suHiiient reason for its

extf-rmination.

The .species is viviparous, the young being Isrought forth alive. There

are u.sually about six in a brood, each 4 to (J inches in length when born.

The l)irth of the young generally takos place ahont the lirst of September.

The prairie rattlesnake may lie known fi-om others of this region by

the large, flat, triangular head on a slender neck, the presence of a deep pit

between the e.ve and the nostril, the long, erectile, perforated poison-fang

on each side of the uiiix'r jaw. ami. usually, the ijrcscucc of a rattle on the

tail.

Color, In-own oi- blackish, with about 7 series each of about '.'A deep

chestnut blotclies, blackish exteriorly and edged with yellowish: a yellow-

ish streak from jiit to neck: body sometimes all black; scales in 28 or 1'5

rows; ventral plates 1."!;") to ino. Length '2h to .'5 feet.
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Stirring as a Time Saver in Gravimetric Analysis.

W. M. Blanohard.

While making experiments recently on tlie deposition of metals witli a

rotating anode, it occurred to me that various gravimetric analyses miglit

be greatly facilitated by rapid stirring of the precipitate. Tliat stirring

greatly facilitates precipitation is linown to every one, but I do not know

that any data have been recorded to show just liow efficient the stirrer may

be, hence these experiments. These results are very surprising.

A stirrer was made from a small glass rod about two millimeters in

diameter. It had tlie sliape of tlie letter T, tlie arms, each about eighteen

millimeters long, being flattened at the ends and turned so as to resemble

an ordinary propeller. The stem was about ten centimeters long and was

attached to a wheel run by a small electric motor, which in turn was con-

nected with an ordinary 11(» volt lighting circuit. Tliere was thrown in

the circuit a small lamp bank so that the speed of the motor might be

varied. The following analyses were carried out with tlie stirrer making an

average of 900 revolutions per minute.

1. Estimation of barium in cnjstallizccl buriiim chloride. The sample

of the pure salt, 0.2330 gram, was weiglied out in a 150 c. c. beaker, diluted

to about 50 c. c, acidified with hydrochloric acid, heated to the boiling

point, treated with slight excess of dilute sulphuric acid, stirred four min-

utes, immeiliately filtered, washed, ignited, cooled, and weighed. Found

for barium 56.25% ; calculated, 56.23.

2. Estimation of calciwn in pure calcium carbonate. A small sample

of the purest calcium carbonate, 0.2225 gram, was transferred to a 150 c. c.

beaker, converted into the chloride, diluted to about 50 c. c, heated to boil-

ing, treated with slight excess of ammonium oxalate, made alkaline with

ammonia, stirred four minutes, tlien filtered, washed, ignited, lieated over

the blast lamp, cooled and weighed. Found for calcium oxide 56.04%

;

calculated 56.03.

3. Estimation of copj)er in cupric sulphate. A small sample of re-

crystallized pure sulphate, 0.2000 gram, was weighed in a 150 c. c. beaker.
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diluted to about 50 c. c, heated to boiling, treated with a few drops of

sodium bisulfite solution and then with sliglit excess of ammonium sulpho-

cynate, stirred three minutes, filtered (Gooch). washed, dried at 130°,

cooled and weighed. Found for copper, 25.42% ; calculated, 25.46.

4. Estimutioii of chlorine in sodium chloride. A small sample of

Kahlbaum's purest sodium chloride, 0.2102 gram, was dissolved in about

50 e. c. of water in a 150 c. c. beaker, acidified t\ath a lew drops of nitric

acid, treated with slight excess of silver nitrate solution, stirred tivo min-

utes, filtered (Gooch), washed, dried at 130°, cooled and weighed. Found

for chlorine 60.64; calculated 60.63.

DePauiv University.
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The Alundum Crucible as a Substitute for the

GoocH Crucible.

George L. Clark.

In order to test the efficiency of the recently introduced unglazed

Akindum crucible, when used for the purposes in quantitative analytical

chemistry generally assigned to the ordinary Gooch crucible, four different

series of analyses were undertaken. These involved the determination of

silver by precipitation as silver chloride, copper as cuprous sulpho-cyanate,

aluminium as aluminium oxide from ignited aluminium hydroxide, and barium

as barium sulphate. Such a selection was made in order to obtain as widely

different precipitates as possible, as regards size of particles, ease of filtra-

tion and media in which produced, and at the same time be in general usage.

Both the Alundu^n and Gooch crucibles permit filtration, drying and

weighing without disturbing the precipitate, but the porous nature of the

former of course does away with the preparation of an asbestos mat. To

discover whether or not such an advantage as well as others claimed for the

Alundum crucible by its manufacturers, such as capability of withstanding

very high temperatures, is sufficient to warrant its wide adoption for use in

accurate quantitative analysis, was therefore the object in view in this study.

One crucible only was used for the determinations in one series, in order

to discover what would be the effect of continuous usage and how thoroughly

it might be cleaned in preparation for the next analysis. In each case the

empty crucible was heated thoroughly for one hour in the drying oven at the

temperature at which the precipitate was later to be dried. The apparatus

for the filtration was that used with the Gooch crucible, since any more com-

plicated or expensive apparatus would per se be a distinct disadvantage.

I. The determination of AgNOs as AgCl.

In these analyses 50 c. c. portions of a solution, each containing .2432

grams of pure AgNOs were used. In the first trials a solution of Kahlbaum's

chemically pure NaCl was used to precipitate the AgCl from the hot solution

of AgNOs while rapidly stirred. Stirring was continued for two minutes,

the precipitate allowed to settle, filtered through the crucible, washed with

water and then dried at 140°.
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First analysis: Percent Ag in AgXOs calc. 63.50, found 65.24. No.

of washings, 8.

The crucible was then washed thoroughly with i)ur(> water until all

apparent traces of AgCl had been removed, dried at 140° and again weighed.

Gain in weight, .0162 gr.

Second analysis: Percent Ag calc. 63.50, fovmd 64.01. The crucible

was now thoroughly washed by suction with NH4OH to remove all AgCl and

water to remove all XaCI from the pores. Weighing gave the original value

for the crucible.

Pure dilute HCl was substituted for XaCl so that the error might not

be due to the precipitating agent.

First analysis: Percent Ag calc. 63.50, found 63.52.

Second analysis found 63.60.

Finally a solution of purified KCl, a slightly more solulile salt than

NaCl was tried. The empty crucible was in all cases washed with NH4OH
and water and it varied in weight by only one-tenth milligram.

Percent Ag calc. 63.50, found 63.98.

In all the analyses the AgCl precipitate was easily handled, the diffi-

culty arising in the seeming impossibility of washing out of it and the pores

of the crucible the NaCl and the KCl.

II. Determination of Cu in CUSO4.5H5O as CuSCN.

This analysis seemed particularly adajjtablc because of the extensive

use of the Gooch crucible necessitated in it. A solution of crystals of very

pure CuS04.5Hj() was made such that each 50 c. c. contained .2136 grams.

Precipitation of CuSCX was affected from the hot solution in the ])resence

of an excess of H^SOs by means of (XH4)jiS{'X. Drying was at 140°.

Percent Cu in CuSOj calc. 25.46 found (Ij 26.80 (Stirred 2 minutes and

not permitted to

settle.)

(2) 25.24 (Stirred 4 minutes rap-

idly and digested 15

minutes.)

(3) and (4) 25.39 (Stirred 4 min-

utes rai)idly and digested 30

minutes.)

By thoroughly washing with water, drawn both ways through by suc-

tion and drying at 140°, the crucible maintained a weight varying only by
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one-tenth milligram. Although the particles of CuSCN are much smaller

than those of AgCl, they were retained by the pores of the crucible.

III. Determination of Al in Al2(S04)3 as AI2O3.

The effect of high temperature upon the Alundum crucible as well as

its applicability for filtration of gelatinous precipitates, were discovered by

this analysis. Chemically pure Al2(S04)3.18H20 was dehydrated by gentle

dessication and final heating for 43^2 hours at 140°. A solution was prepared

such that each 50 c. c. contained .2154 grams of Al2(S04)3. A1(0H)3 was

precipitated from the hot solution in the presence of NH4CI by just a sufficient

amount of NH4OH. After boiling, stirring and allowing to stand, the pre-

cipitate was filtered through the crucible previously heated in the flame of a

blast lamp for several minutes, and washed with water containing small

amounts of NH4CI and XH4OH. In seven attempts however in spite of all

precautions and lengthened time of treating the precipitate, part was drawn

through the crucible with the filtrate. The last three determinations were

made with an entirely new solution of Al2(S04)3, each 50 c. c. containing

.2001 grams.

EFFECT OF HEATING ON THE CRXJCIBl E.

Except in one case where the change was negligible, the crucible lost

in weight consistently from one analysis to the next. The first crucible was

pulled apart by suction while cleaning with water following the third analy-

sis, and the second in exactly similar fashion after the fourth analysis in

which it was employed, showing that the material becomes extremely brittle

after heating several times in the blast lamp.

IV. The determination of Ba in BaCU as BaS04.

The extremely small size of the particles of BaS04 imder ordinary con-

ditions recommended a further test of the crucible. The pure BaCl2 was

thoroughly dried by heating three hours at 140° and a solution made such

that 50 c. c. contained .2007 grams. The hot solution slightly acidified with

HCl was treated with pure dilute H2SO4 while vigorous stirring was main-

tained for five minutes, after which the BaS04 was allowed to settle for five

minutes.

Percent Ba in BaCU calc. 65.96 found (1) 65.86

(2) 65.98

(3) 65.79

The crucible was washed with water under suction and maintained

23—4966
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practically a constant weight. A final trial of the effect upon the weight

of rubbing simplj- with the finger was made. The crucible lost .0039 grams.

SUMMARY OF ADVANTAGES.

(1) The crucible was used to advantage in determining Cu as CuSCN,

Ba as BaS04 and Ag in AgCl when HCl was used as the precipitating agent.

(2) Manipulating was found to be surprisingly simple and rapid when

an analysis was once under waJ^

(3) Nearly a constant weight was maintained l)y the crucible if not

heated over 140° when washed with water.

SUM.MARY OF DISADVANTAGES.

(1) It was found difficult at best to wash precipitates free from pre-

cipitating agent, especially if the latter should be left as a solid residue upon

evaporation of the solution.

(2) Suction was necessary, and, in the case of AgCl,NH40H, to thor-

oughly cleanse the crucible.

(3) It was found imadapted to filtration of such gelatinous precipi-

tates as A1(0H)3.

(4) Heating six or eight times in the blast lamp was sufficient to render

the crucible so brittle as to be broken even by suction, and a consistent loss

in weight was observed.

(5) In three cases the first use of crucibles led to results greatly in

error.

(6) Abrasion or friction was foimd to have a marked effect upon the

weight of the crucible.

(7) The ordinary digestion of fine precipitates to be filtered was not

avoided when it was used.

Like the Gooch crucible therefore, the Alunduin crucibh'appaiently

has only a limited field of usage l)ut within that field it should be of consider-

able worth to the analyst.
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The Correlation of High School and College

Chemistry .

James Bkown.

This subject I submit for consideration, not as one wlio lias anything

final to offer, but as a teacher who has considered several different systems

and has tried some of them.

Inasmuch as the objects sought in the various high schools and college

courses differ, it is difficult or impossible to devise any system of correla-

tion which will suit all cases with the maximum of efficiency. Local con-

ditions and previous training of students, as well as the future plans of

the students, so far as these are definite, must be determining factors. In

any case, efficiency rather than convenience should be our guide.

In considering this question I have found it convenient to propose

three alternatives for students who have completed a high school course

in chemistry and elect to continue the subject in college. The alternatives

are as follows : First, to admit the student at once to second year chem-

istry, usvially qualitative analysis ; second, to give the student the same

course as those who have had no previous work in chemistry ; third, to

give to such students a special course in general chemistry.

The first alternative—to admit the student at once to second year

chemistry—I do not favor for theoretical reasons and because my experi-

ence has found it unsatisfactory. In this case you have high school

students, the nature of whose courses in chemistry has differed widely,

subjected to the same prescription as college students whose courses have

usually been more uniform and deeper. This is apt to be especially true

because the college recitations and laboratory periods are usually longer

and because, in a great many colleges courses in general chemistry more

or less qualitative analysis is introduced. This enables the college student

to start qualitative analysis at a somewhat advanced point.

On the theoretical side we find similar differences. The time is past,

if it ever did really exist, when a course in qualitative analysis conducted

in a mechanical way may be considered properly taught. The theory of the
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subject is presented in our best text-books from the point of view of ionic

equilibrium, the periodic system, and the electro-chemical series. Our best

college text-books and laboratory manuals in .general chemistry emphasize

these same subjects. This, it seems to me. sives the correlation between

general chemistry and (pialitative anal.vsis which is not secured by courses

which do not place emphasis on these three subjects. E(iuations also must

be well learned throughout all chemistry courses. We must not, to be sure,

give too much time to ecpiations to the exclusion of other parts of the

science. But liave you ever known a good chemistry student who could not

write equations? I often wonder if ecpintions are being neglected.

The second alternative—to put all students into the same course in

general chemistry—admits of several interpretations. Shall we give full

credit for the course to the student who has receeived an entrance credit

in chemistry? This may meau duplication of credit. Such duplication

exists in one form or another in some subjects. Shall we do the same in

chemistry? This question is variously answered by different institutions.

Duplication of credit may be avoided by reipiiring different laboratory

experiments and different written work in the laboratory and in connec-

tion with the text-book, from the two classes ol' sludeiits. This is rendered

difficult by the different contents of the high school coiu-ses. Or we may

avoid this dui)lication by giving only part cr«'(lit lor the colU-ge work to

those who have entrance credit in chemistry. 'I'his may aiipear to the

student to be wtn'k withont credit, and is often opposed on those grounds.

The third alternative—to give a different lourse to the two classes of

students—may be accepted in different forms. In some cases stndents

liave totally omitted the tirst )>art of the course, and taken the latter part

entire. This I think is objectionable bei-ause of sins of omission and com-

mis.sion. The stu<lent should have nnich of what he omits in the tirst ]Kirt,

and duplicates much that is familiar to him in the second i)art. We may

on the other hand give a shorter course covering the whole subject to our

students with entrance credit, avoiding duplication of work which may be

supposed to be fiuniliar, and giving only what we tliink will impart the

advanced point of view which we consider advisable.

Tliis accomplishes in anf)ther way mucli the same end as the i>lan of

assigning different work under the second alternative. These two plans

are subject to the same difficulty. The students have liad (piite different

cours(>s in high school and do not well admit of the same diagnosis.
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Will not a satisfactory solution of our problem be a(comi)lislaed by the

Introduction into our lii,irh schot)ls of tlie new courses in general science

now being advocated? Tliis would leave tlie specialization along ditferent

brandies of science in the hands of the colleges and would enable us to

treat all classes of students alike without fear of duplicating credit, or of

omitting anything essential. Probably our high scli<X)l science sliould be

con(Ui(ted with the purpose of enabling the student to interpret liis daily

environment. In college, however, while considering fully the interest of

the student whose object in chemistry is cultural, we must be guided

mainly by tlie professional student and by those who. for various reasons,

wish to specialize in chemistry.
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The Chemical Composition of Virgin and Cropped
Indiana Soils.

S. D. Conner.

In November, 1913, the Soils and Crops Department of the Purdue

Agricultural Experiment Station collected samples of a large number of

typical virgin and cropped soils, with a view to determine the chemical

composition, to see if there was any appreciable difference in them. The

samples were taken with an auger and each sample represented not less

than five borings to a depth of six and one-half inches. Subsoil samples

were taken at the same time and represented the layer from a depth of 12

to 18 inches. Great care was taken to select fields where uniform and

typical samples could be secured. The samples in each case represent a

heavily cropped soil and an adjacent virgin soil of the same type which

had never been cropped. The virgin soil samples were taken from a line

fence row, or from a woodlot which had never been cultivated. The sepa-

rate samples were properly prepared and analyzed for various elements.

Also composite samples were prepared from the virgin soils, the virgin

subsoils, the cropped soils and the cropped subsoils. The composites were

made by taking equal weights of the separate samples and thoroughly mix-

ing them. The analyses of the separate samples not being completed up

to the present time, the analyses of the composite samples only are given

in this paper.

There is a rather widespread idea that the chemist can take a sample

of soil and by making a complete analysis, determine without any other

information just what element is deficient in the soil and needed as a

fertilizer. This is not true, and it is very seldom that an analysis alone

will indicate the needs of a soil. The chemist can tell with a fair degree

of accuracy just how much of each element is present in the soil, but he is

not able from a cliemical analysis alone, to say wliat various crops are

able to extract from the soil. The ability to determine the fertilizer needs

of various crops on difi'erent types of soil is more or less a matter of
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experience and is based largely upon the results of field fertilizer tests.

However, a cliemical analysis of a soil is often of great benefit in studying

problems of soil fertility.

It is generally recognized that the removal of i)lant food by crops is

not tlie only factor which may change the composition of a cultivated soil.

The agencies of wind and water play a very great part in effecting changes.

Insects, worms and animals often work tlu-ough the soil and subsoil, caus-

ing variations and intermixtures. The crops themselves bring iip from

below (piite a little plant food and deposit it near tlie surface in the decay-

ing roots and stubble. In spite of the fact that the tendency of nature is

to build up and replenisli the fertiliy of soil, tliere is no question but that

the destructive system of cultivation that has been followed by the farm-

ers of this country lias more than counter-balanced nature's tendency to

upbuild, and as a consequence the soil has become more or less depleted.

It is believed that the analyses presented in this pai>er show what chemical

changes have been effected in the average soil of Indiana by cropping it

for from sixty to eighty years.

TABLE I.

Anahsis of Composite (3t) Virgin and Cropped Soils.

Material.
Virgin

Soil.

Virgin

Subsoil.

Cropped

Soil.

Cropped

Subsoil.

Insoluble silica, etc

Potash (KsO) (Acid soluble)

Soda (Na20) (Acid soluble)

Lime (CaO) (Acid soluble)

Magnesia (MgO) (Acid soluble)

Manganese oxid (Mn3<)4) (Acid soluble)

Ferric oxid (Fe-jO.i) (Acid soluble). Alumina (AI2O3)

(Acid soluble)

Phosphoric acid (PiOj) (Acid soluble)

Sulphur trioxid (SO.i) (Acid soluble)

Volatile matter

Total

Total nitrogen

Total potash (K2O)

Total humus
Acid humus

88.499,

.26

.20

.43

.41

.14

5.03

.12

.06

5.28

100.42

.18

1.83

1.98

1.16

87.30'

.36

.20

.34

,60

.08

8.01

.07

.05

3.20

,S!I.59';

.23

.17

.43

.40

.07

5.31

11

.00

3.8H

.07

1.88

.60

.44

100.22

.13

1.94

1.04

86.379;

.34

.21

.51

.60

.09

8.60

.07

.04

3.25

100.08

.06

1.92

.40
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A ylaiK'e at the iiiialyses in Table 1 will show that altlumgli most of

the soil insi'edients have not changed enougli to make any great ditference

ill the chemical comiiosition of the virgin and croiiiied soils, there ai'e some

notable exceptions.

The most serions losses from the standpoint of soil fertility are those

of nitrogen, which shows a loss of 28%. iind the organic matter, which

shows a loss in the volatile matter of 26%, suhI in tlie humus of 47%.

These losses are without doubt tlie main reason why our cropped soils are

no longer as fertile as tliey formerly were. Fortunately the remedy for

reiiiacing nitrogen and organic matter is iu)t beyond the means of the

average farmer. (Jreater care in utilizing crop residues and barnyard

manure, also the growing of legumes in a good ci'op rotation are necessary

steps in replacing these vital losses. The purchase of organic matter,

other tlian farmyard manure, is out of the question, wliile the use of nitro-

genous fertilizers which often give jirotitable returns, can only be recom-

mended as a temporary resort.

While the phosphoric acid and potash show only about 10% loss, it

should be remembered that this 10% was the most available portion of

these important elements. Fertilizer practice in the older and more worn

lands of Indiana .shows that there has been a loss in these elements and

that in a great many cases their use as fertilizers is very profitable. Due

to the fact already mentioned that the soil through natural agencies is

constantly in motion, it should be pointed out that the addition of one or

two tons of rock phosphate per acre to the land for the purpose of increas-

ing the phosphorus content of it for a long time to come, is a practice of

doubtful etticiency. There is a strong probability of loss of sucli fertilizer,

due to removal by wind or water, or to being Ituried out of reach of the

plants by these or other natural agencies. Smaller amounts of more avail-

able phospliorus or i)otash fertilizers, on the other hand, will be quickly

utilized by the crops and hence not so liable to be lost. Experiments

which have been conducted by tlie Purdue Experiment Station show great-

er profit from the use of acid phosphate tlian from raw rock phosphate.

(Bui. 15.5, I'urdue Experiment Station and the 27th Ainuial Report, I'ur-

due Experiment Station. lt)14.

)

The analyses of calciinn and magnesium in the virgin and crojiped

soils slu>w no ;ii)parent change. This is ratlier snritrising as we have been

led to think of these elements, especially calcium, as being very soluble.

The loss of lime, as reporte<l by the Rothamsted Station, has been shown
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to be from 500 to 1,000 pounds per acre per year. There is one important

difference in the Ilothamsted soil and the average Indiana soil, and that

is in the fact that the Rothamsted soils in the experiments reported have

from two to four per cent, calcium carbonate. The Indiana soils shown in

these analyses, on the other hand, have no calcium carbonate. The calcium

and magnesium in these Indiana soils are in the form of more or less

insoluble silicates. The inference to be drawn, therefore, would be that

there is no great h)8s of calcium or magnesium in acid soils in whicli tliese

elements arc in tlie form of silicates. This does not mean that these soils

do not need lime fxr. as a matter of fact, they respond readily to the appli-

cation of lime, which is needed for the proper growth of clover. The need

for lime is greater now than It was in the virgin soils because the organic

matter has been Iturned out of the ( rojjped soil. (Jiven two soils with the

same calcium and magnesium content .iiid the same degree ot acidity l)Ut

with different amounts of organic matter, the one with the greater organic

matter content will grow bettei- crojis of clover and will not lie in so great

a need of lime as the other.

Tile virgin and (Tojiped soils show no great difference in the co'.tent ol

snliihnr. l^xperiineiits in Wisconsin and KentncUy have shown that in a

number of instances suli)hnr has been reduced in soils by crojiping.

Manganese shows (piite a loss in the ci-ojiped soil. 'I he effect of manga-

i.ese on soil fertility is attra(ting more or less attention among soil inves-

tigators, and although nothing delinite seems to ln' known about its a<'tion,

it is possible that it does i>lay an important i>art in agriculture.

The changes in tlie content of silica, iron and aluininuni are believed

to be of no importance as )ilant foods. They do. no doubt, have a very

important beai'ing njion the pliysical constitution of the soil. The writer

believes that the constitution of the silicates of iron, and esjiecially of

aluminiun. has more to ilo with in.jui'ious soil acidity tlian any otlier

factor.

The method of deternuning •-oil aiidity (limestone required) m this

work is that given in I'.ulletin K'T ( U(>vised edition), liureau of Chemistry,

U. S. Department of .\griculture. This method shows a relative acidity in

soils that is believed to more nearly re|ii-esent toxic acidity than any other

method, especially in soils containing much organic matter. It is interest-

ing to note that while the acidity of the croi)]>ed sciil lias increased, the

acidity of the cropped subsoil has decreased.
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TABLE II.

Fertility in Viugin and Cropped Soils.

Pounds Per Acre in Two Million Pounds of Surface Soil and Pour Million Pounds of Subsoil.

Material. Virgin

Soil.

Virgin

Subsoil.

Cropped

Soil.

Cropped

Subsoil.

Volatile matter

Humus
Nitrogen

Potassium (Total)

Potassium (Acid soluble)

Phosphorus (Acid soluble) . . .

.

Calcium (Acid soluble)

Magnesium (Acid soluble) . . . .

Manganese (Acid soluble)

Sulphur (Acid soluble)

Limestone required (Acidity)

105,600

39,600

3,600

32,464

4,615

1,046

6,864

4,953

2,016

480

128,000

24,000

2,800

66,702

12,773

1,221

9,724

14,496

2,304

800

2,600

77,600

20,800

2,600

34,416

4,080

959

6,864

4,832

1,008

480

100

130,000

16,000

2,400

68,121

12,063

1,221

14,586

14,496

2,592

640

1,120

Table II liivt-.s the pounds of the different elements in the plowed soil

of 2,(!O0,0li(t pounds per acre, and in the subsoil of 4,000,0(10 pounds per

acre. It shows the same relative differences as given in Table I. but in

different terms.

The writer wishes to a(knowled,u;e the assistance of Mr. J. C. Beavers

of the Soils and Crops Dejjartinent, also of Mr. J. B. Abbott, formerly of

the same department, who collected most of the soil samples analyzed.
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Sewage Disposal.

Charles Brossmann, Consulting Engineer, Indianapolis.

Civilization and education lias been accompanied by a wonderful

growth of cities and has made the problem of sewage disposal one of civic,

state and national importance.

Sanitation Itecomes of greater importance as communities become

more congested.

It is only of late years that this question has received proper atten-

tion, the greatest progress having ])een made in the last few decades. The

combined efforts of tlie scientist, chemist and engineer have been called

upon to lielp solve tliis problem of ever-increasing imi)ortance.

Improper disposal of sewage has caused directly or indirectly a large

percentage in tlie typlioid mortality rate.

The gathering of large numbers of people calls for additional .-r^.-ife-

guards and means of sanitation. In some instances sewage can be dis-

posed of by dilution, discharging direct into Inrge bodies of running uater;

Itut most streams are as a rule not of sutttcient size, or are ali'cady so

polluted that additional sewage would increase the burden already too

large.

Generally .sewage is diluted witli the entire w^ater supply of a city and

is a dirty appearing water, containing a greater or less percentage of

organic matter. There is usually enough organic matter present to make

it disMgreeable and to cause odors. Tlie presence of various disease germs

also make it a source of pollution to water bodies.

In general all methods of sewage treatment employ tlie principal of

I'eduction through microscopic organisms. Bacteria of various kinds at-

tack the organic compounds reducing them to simpler forms, doing so

through successive stages. Reduction takes place through two classes of

l)acteria, namely aerobic (tliriving in the presence of oxygen), and anae-

robic (thriving in the ab.sence of oxygen). These two processes occur in

septic, Imhoff or other tanks and in various forms of filters.

The most prevalent form of getting rid of sewage is by dilution.

Where the stream is sufficient in size to allow proper oxidation the .sewage
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will be properly taken care of without objectionable odors. Such a stream

however should have a flow of about 300 cubic feet per minute for each

1,000 inhaliitants. Instances where disposal by dilution alone is sufficient

are not many and usually some additional treatment is necessary, suitable

to local conditions.

If the stream into which the sewage is to be discharged allows of i)ar-

tial dilution, treatment by some properly designed form of tank may be

-Sludge tlowoff pipe

^Valve

In lei

Manhole

-Baffle

E
4

:
">—<«,

fo sob soil lile

CK&5 Bro55r*i«nn
Engineer
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Fig. 1.

Tyjte of Septic Tank Suitalilo for Ordinary Dwelling.

surticiciit. but tank treatment alone will not alwa\s sulhci'. Tank treat-

ment is but a step i'l tile pniili<;it ion of sewage and should iisu;ill\ lie fol-

1ow*h1 by some form of lilt rat ion or aftei' treatment. Naiious loi'ins of

tanks ean be used but the t\pe and sizi- that insures the ix'st resiUts can

only be determined after proper investigation of ail conditions—as tlie

iiuml)er of people, amount of sewage, the rate ;ind tlie time of flow, the
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location of iidjaci'iit property and the size of tlie water course into which

the treated sewage is finally discharged; all are important and enter into

tlie proper solution of this important question. ?

Tanlv treatment, therefore, is essential as the first step in sewage

reduction, and is necessary in order to retain and l)realc down the solids,

but it must not be supposed that it purities the remaining sewage liquor.

Tlie tank treatment is necessary in preparing the sewage liquor for fur-

ther i)uritication. Such tanks can be made in the form of plain settling

tanlvs, a septic tank, or a combination of both.

The public will universally call any tank (even a cesspool) a septic

tank, and usually they believe that a septic tank absolutely ])urities the

sewage. Such is not the case, ;i reduction from thirty to sixty jier cent, of

Underdrains

Tank
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The septif tank is usually a rectangular shaped chamber with several

balUe hoards. extendiu.u across to break the flow of the sewas^e. Such

tanks should lie covered as the oi-,iiaiiisnis that break down the solids

(known as anaeroltic bacteria) thrive best in the altsence ()f air and light.

Septic tanks usually take some time to liecome operative, a scum mat

forming at the top and sludge at the bottom. At intervals such tanks nuist

be cleaned of the sludge. It was formerly sui)posed that just as much

solid matter was turned to li(iuid and gas to offset the amount of solids

Imhoft' Tank and Sand I'Mltcrs Installed at Indianapolis ("ouiitiy ("lub

coming in. liowever. it has usually been found necessary to clean out the

resultant sludge at intervals. (See figure 1.)

The Imhoff type of tank consists of two chambers, one for settling and

one for the deposit and digestion of sludge. Such a tank, while somewhat

more e.xpensive than the plain taid< is smaller and will give nmre uniform

results, besides offering itetter means for after-treatment of the li(|uid and

assuring a better solution of the sludge problem. (See tigure 4.1

This type of tank has an upper settling chamber with a slotti'd opening

at the bottom. 'I'hc sewage in flowing thiougli the U|iper cbainber dejiosits
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the solids into the slnd.nc cliainl)!'!- l)elow. In tlii' sludiie or digestion

cli.-inihcr liclow, tlu' solids ;ind organi<- niattor is uasiticd and liquified inde-

]iendent of and witliont distni'idn^ the settling matter above.

The gases of (U-eoniposition and the constant agitation in tlie lower

[»art does not distui'h the sewage in the settling chamber, furthermore albu-

men frcmi the fresh sewage is not (onstantly added to tlU" seiitic sludge;

hence there is less odor and the sewage liquor is delivered in a fresher

coudition for after-treatment. The sludge from this type of tank dries out

(luicker, is in better coudition for disiiosal. has less water content, and has

different characteristics thau sludge from a shallow tank which is kept in

Imhoff Tank, Julietta, Ind. Note Formation of Sludge on Sides.

constant contact with the sewage. Such double tank sludge soon becomes

spadable like garden compost.

The tank treatment sliould be followed by dilution or some form of

tiltration. In some cases the sewage liquor from tanks can be discharged

into a water-course. Usually it is necessary to use some form of Alter or

nitrification bed. This can be done in the following maimer:

(1) In small plants by discharging the sewage into tile laid near the

surface of the ground. Such ground must be suitable for the sewage to

percolate through to a subdrainage system below. Such ground should be

gravely or of sand. (See figure li.)

(2) By discharging the sewage into contact beds, viz., a wati'r-tight

bed, tilled to a depth of several feet with broken stone or other liard

24—4966
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material, the sewage beiug automatically discharged on to the bed. re-

tained a tixed period, and then discharged from tlie bed. In snch a bed

absorption and oxidation of the organic matter is accomplished by aerobic

bacteria, viz., those which thrive in the presence of air. (See tigure 5.)

(.3) Sand filters: As the sewage from tanks can be discharged on

sand filters—automatically do.sed as in contact beds. Such -cwage covers

the surface of the bed and gradually works through to the underdrains

below, the action being that of filtration and nitrificatitm. If a very pure

effluent is desired the sewage can be discharged from the tank to the coii-

FiG. 5.

Contact l!cds. .Iidietta. Iiid

tact bed and then be ticafcil thn>u'-'h the sand liltrrs. In a i»ro|icrly de-

signed plant this will give a very clear etHncid. (Set' figuic (i. i

Sprinkling Filters: In the larger plants siiriidvling filters are largely

used. These consist of beds of broken stone, usual 1,\ of a depfb of six feet

or niore and are arranged for g<KKl luiderdrainage. The sewage is auto-

matically discharged over the toi> of the bed by sprinkling nozzles: ti'i'kles

down tbrongh the stone and out thi-ougli tlic undci-ilrains. Sndi beds can

be worked at a liiglicr rate than any of the preceding methods, hence a

snmller area is reiiuircd. which makes this method more adaittal)Ie for

large installations.
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DISPOSITION OF SLUDGE.

Tlie real itroblfiu in sewage disposal plants is the sludge problem. En-

gineers are just learning Imw to make sludge but in most cases have not

found a satisfactory solution in disposing of it. In larger plants the sludge

question is the stiuuliling block.

Sludge may I»e roughly divided in two classes, that from shallow tanks

and that from deep tanks. Sedimentation tank sludge is a black semi-

FiG. 6.

Sand Filters, Julietta, Ind.

li(piid mass wliiili on being exposed to the air becomes offensive, giving oft'

much gas and odor. The water contained from such sludge is usually 90

to 95%.

The sludge from septic tanks ranges all the way from 8 to 15 cubic

yards per million gallons of sewage. Septic sludge which has been re-

tained in tanks for a inunl)er of months undergoes a great change. The

organic matter is attacked and iiartly gasified and liquified, which re-

duces the amount of sludge. Such sludge in well operated tanks is a con-
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centrated mass containing from SO to 90% of water: there is not as mncli

odor to septic tank sludge as to the fresh sludge from the plain settling

tanks.

The above outlines the principal methods of sewage disposal. It must

however be borne in mind that the proper method is wholly decided b.v

local conditions. Care must be exercised in order that the various factors

affecting the problem be carefully considered.

A fuller realization of the sewage disposal problem is being evidenced

throughout the country as the years go by. both by the state and health

officers and city officials. The State has done a great deal of preliminary

work in the way of sanitary surveys and this work should be heartily

indorsed and commended. However, there is still nuich to be {bnic, and

Fig. 7.

Water Fowl in Stream. .lulictta. Ind. KHI Vvvi T'.clow Sewage I'lniil.

I'holo taken - years after plant was installed. Formerly all waterfowl

died from drinking water.

luidoubtedly some method of niaiiitaiuing iad)lic control of the streams

will have to be devised bel'ore the (|Uestioii of itollutioii can be pri>perly

taken care of.

'i'hei-e are so many different factors entering into this (piestion that

the best solution can only be work(>d out with a i)r()i»er organization wluch

will take into tonsidei-ation evei-y ])hase of the ([uestion and wliich can

reach every district, affected, whether this territory be in one or more

States. The state authorities should be given the power to pass upon

every sewage disposal jiroblem and tliey siiould have the projier means and

support for doing this.





fipnernl Plan. Sfn-tlon of Julletta Sewage Plant Showing Imhoff Tank,

Contact Beds and Sand Filters.



Tar Forming Temperatures of American Coals.

Otto Cakteu I'.euhy, Assistant Professor of Experimental Engineering.

The material presented in this pai)er is the result of a series of inves-

tigations started in the laboratories of the University of Wisconsin and

later continued at I'urdue University. In form the paper is a brief of a

part of a bulletin of the l^niversity of Wisconsin published l)y the author

iu 1914, with the addition of the results of the subse(iuent wt)rk.

The nature of the volatile matter in bituminous coal is attracting con-

siderable attention at the present time. This is due not only to the enor-

mous amount of coal annually used in the United States, but also to the

important part volatile matter plays in determining how the coal must be

handled iu order to ol»tain the best results.

One of the most important and troublesome constituents of the vola-

tile matter is tar, especially when the coal must be used in boiler furnaces

or in power gas producers.

The investigations to be discussed in this paper had in view: (1)

the determination of the temperature limits between which tars are dis-

tilled from the various classes of coal; (2) the temperature limits of the

maximum rate of evolution of tars; (3) the relative quautities of tars

distilled from the various general classes of coal; and (4) the lowest tem-

perature at whi(h one may be certain that the last trace of tar has been

driven off from the coal.

P>riefly stated, the results show that the temiier.iture at which the first

trace of tar appears will range from about 2(I0°C. to about 3Sr)°C. usually

falling quite near o<Kl°. The maximum deposit will start at a temperature

varying between .''>oO° and 450°C. and M'ill end between 430° and 5.30°C.

The last trace of tar will appear between 530° and (;80°C. The amount of

tar produced seems to vary not so much with the amount of volatile mat-

ter in the coal as with the ratio of the I'arbon to the hydrogen as shown by

the ultimate analysis of the coal.

When fresh coal is supplied to a furnace the volatile matter com-

mences to distill off and if properly mixed with air and burned there is no
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heat loss. The tarry products do not give trouble in gas producers when

the gas is burned hot in ovens or furnaces. If however, the gas is allowed

to cool, these products condense and stop up the piping, and unless re-

moved, will clog up the engine valves if used for i)ower purposes. The

removal of these tarry products not only involves special and expensive

apparatus and the expenditure of power, but also results in a loss of the

available heat from the gas.

The problem as here presented is the outgrowth of an attempt to adapt

the suction gas producer to the use of bituminous fuel. The tyi)e of pro-

ducer used is what is known as the re-circiilating producer such as is rep-

resented by the Whitfield and Piutsch patents. In this tyi^e of producer an

attempt is made to draw off the tarry vapors from the top of the fuel

column and introduce them again into the fire ai the very iMittuni of the

producer. The finished gas is drawn from the central portion of the fuel

column. This location must be chosen with at least three points in mind :

(1) It must be far enough down in the fuel culumn to be I)elow the

point at which the last trace of tar is driven off from the coal.

(2) It must not be any farther down than is necessary, or the loss

due to the .sensible heat in the gas will be excessive. This loss, in per-

centage of the total heat value of the coal, will equal approximately th?

number of hundreds of degrees F. at which the gas leaves the producer.

Thus, if tlu- gas leaves at 1,2(KJ°F.. the loss will approximate V2 per cent,

of the total heat value of the coal burned.

(.3) The iioint of exit must be liigli enough above the bottom to

allow ample oii]iortuiiity for the CO, and II.O resulting Croiu the <oni-

busti<jn of the distilled volatile matter to be reduced to free H, and CO.

To fulfill these .several requirements, it is necessary to know e.vactly

when each factoi is operative. The depth of the incandescent zone that is

necessary for a producer of a given size and capacity, and the precautions

that are neces.sary to prevent a concentnition of draft at any i»art of the

protlucer, are fairly well known from practice. The most iniixntjint item

that is left for investigation is therefore to ascertain the exact tempera-

ture at which the last trace of tar is driven off from the coal.

An attempt was made to follow the temperature conditions met with

in the gas producer, in these laboratory tests. This made it necessary to

place the following list of requirements on the laboratory apparatus

:

(1) The coal nuist be heated very slowly and at a unifcnin rate.

(2) The heat must be conducted from the outside to the center of
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diL' body of coal by some good conductoi-, as the coal itself is a very poor

couductor of heat and all particles iu the body of coal must always be at

a uuiform temperature during the heating.

(3) The temperature of the coal must be accurately known at all

times.

(4) The gases driven off from the coal must be swept out as soon as

formed.

(5) The gases must be cooled down and continuously tested for tar.

(6) Any tar deposited in the pipes at a low temperature must not be

allowed to re-distill at a higher temperature and then appear in the gas.

1. The Finiiiicc. After considering the various possible means of heat-

ing tlie coal it was decided to use an electric resistance furnace. By this

means the coal could lie heated at any rate de.sired and the rate of heating

cou'.d be controlled at all times, or the coal held at any desired tempera-

tnre fur iiny length of time. The furna<c used is shown in cross section in

Fig. 1 of the accompanying drawing, and was made as follows : A cylin-

der, (1), 83" inside diameter and 20" long was made out of l(j P>. & S. gage

sheet iron, riveted at the seam. Around this was wound foui thicknesses

of wet asbestos paper (2). About 75 feet of 32 B. & S. gage nichrome re-

sistance wire (3), was wound around this, four turn.s to the inch. The

asbestos paper insulated the wire from the cylinder. Around this was

wound more wet asbestos paper, to hold the wire in place, and the whole

was covered by a layer of asbestos pipe covering (7), about 2" thick. Tlie

ends of the resistance wire were fastened to electric terminals on the fur-

nace. The current passed through this furnace was taken from a 110 volt

iilteruating current circuit, and was varied by means of a small water

rhecstat. The amount of current was measured by an ammeter in the cir-

cuit, as is shown in the sketch of the apijaratus.

Six or seven amperes were required to bring the temperature up

from 20° C. to 600° C. iu four or five hours. Direct current would have

been somewhat preferable had it l)een available, but the alternating cur-

rent used did not jar the coil sutticiently to do any damage.

2. The Coal Cartridoe. The cartridge in which the coal was placed

to be heated was about 2i " inside diameter by 6" long. It was made up

as shown in Fig. 1. (4) is a 2i" short nipple, having 2i" couplings

(5) sci'ewed on to both ends. Into these couplings pipe plugs (<i) were

screwed, thus forming a closed cartridge. One plug was drilled and
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t;i]M»t'<l for tlu' y pipe ( 1- ) , throui^li wiiicli tlie .i^as from the coal could

pass out. Tlic other \vas drilled and tapped for a thermometer well (8)

and i" pipe (ID. The body of coal heated each time was therefore 2V'

in diameter, and it was necessary to have all the particles of ooal in

this mass at the same temperature. As coal is a very poor conductor of

heat, it was decided to place iron disks (10) i" apart throughout the entire

length of the cartridge. These disks were large enough to touch the iron

cartridge all around, thus taking on its temperature, and were drilled

full of small holes to allow the gas to pass through them. As they were

i" apart, the heat had to be conducted through only J" of coal. This fact,

together with the very slow rate of heating employed, led us to expect the

tempei'ature throughout to be the same, within very close limits. The

temperature was read at the very center of the coal body, by means of a

thermo couple, the end of which extended down to and touched the end

of the thermometer well (8).

3. Means of measuring the temperature. The thermo couples used

were made of iron and nichrome wires welded together in an electric

arc. The couples were used with a Brown millivolt meter, with a resist-

ance of <85 ohms. It was carefully calibrated and checked at the time the

experiments were completeil. The couples were correct to within 10° C.

throughout the range of temperatures here reported. The couples were

left in place throughout each entire test, and the temperature readings

made whenever desired.

4. To keep the gases swept oat as formed. To sweep the gases out as

they were formed gas free from tar was forced into the cartridge under

pressure, through the i" pipe (11), and allowed to pass out through (12)

in a constant stream. The pressure of this gas inside the cartridge was

measured by a mercury manometer, and was kept at about 2h" of mer-

cury. This gas could not be allowed to contain any O., as it might then

burn the coal or tar vapors at the higher temperatures, so air witli the

(), burned out was used. The arrangement of the apparatus as used is

shown in Fig. 2. The air was burned in a small furnace made of a piece

of 6" pijje about 2' 6" long. This pipe had grates at the bottom and

a coupling and plug at the top. The coupling was drilled and tapped A"

pipe size on one side, and connected to a large coil of I" pipe which rested

in a tank of cold water. The small furnace thus constructed was filled

with an anthracite fire and the plug at the top put in. The air pump

then pumped air through the furnace and cooling coil and compressed
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it iuto the large air tank, where it was stored for use. By this means

the supply of gas for a complete test could be stored up before the test

itself was started. One more precaution had to be taken in using this gas,

as it could not be allowed to affect the temperature of the coal as it

passed through. To prevent this, a coil of pipe was placed over a gas

flame and the gas passed through and heated up to the temperature of

the coal, before it was allowed to enter. The temperature of the gas was

measured by a thermo couple which extended into it through a tee in the

pipe line. To make assurance doubly sure the end of the cartridge itself

was filled with steel chips, as is shown at 22 in the sketch in Yig. I. The

entering gas was thus forced to pass through a considerable volume of

these chii>s before coming into contact with the coal. It was found difficult

to heat the gas up to the highest temperature of the producer. This

might tend to affect the seeming temperature at which the last traces of

tar appear. The tendency of the gas would always be to be lower than

that of the coal. For this reason the end of the thermocouple was placed

in the coal at the end where the gas enters it. and therefore at its cooler

end, in case there should be any difference at all. Thus the temperature

reported as the one at which tbe last trace of tar ajipears is as accurate

as it IS po.ssible to make it.

5. To test the (/uses far tar. The next problem was to find a means

of subjecting the gases from the coal to a continuous test for tar. The

most searching and satisfactory test known to the author, and the one

used by the gas companies over the country, is to allow a small stream

of the gas to strike a piece of white paper at a high velocity. If there

is any trace of the tar at all in the gas, it soon leaves a spot on the paper.

This test was adopted. To use it, the gas must be cooled down before it

strikes the paper. This was accomplished by keeping a cloth filled With

cold water constantly lying on pipes (12) and (18). It was desired to

have the test continuous. The device ased to accomplish this is shown

in Figs. 1 and 2. The rollers (18) are about 10" in diameter and are sup-

ported by steel rods through their centers which turn freely in iron sup-

poi-ts at either side. On one end of each of these steel rods was placed a

small wooden spool, around which was wound a cord, supporting weights Wi
or Wo. A long strip of cloth was wound around one of these rollers and

its end started around the other. A piece of paper ribbon was wcmnd on

with the cloth. Wi and W. tend to turn the rollers in opposite directions,

thus keeping the cloth and paper strip tight. Wi is enough heavier than
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W, to Ciiuse both to turu, unless held back in some way. The key of an

alarm clock (21) was fastened to a train of gears (20), and these in

tnrn to the stem of roller (IS), so that the rate of motion was held back

to a speed governed by the running of the clock. In this case the speed

was 30" an houi-. The rollers were set in such a way as to cause the

l)aper to pass about i" under tlie end of the oi'ifice (16) in pipe (15).

The strip of pai>er was marked at the beginning and end of the test, so

that the exact time when any point on the paper was under the orifice

could be determined. Tims a continuous record was kept of tlie amount

of tar in the gas.

It might be well to state here that all of the tar is not taken out of

the gas by this means. The tar particles in the cooled gas are very fine

and light, and many of them are cushioned off from the paper, and never

touch it to stick. Consequently the tar deposited on tlie paper does not

represent all of the tar content of the coal. On the other hand, the slightest

trace of tar in the gas will ciuickly Ijlack the paper, and the deposit is

probably very nearly proportional to the entire tar content of the gas.

6. To preve^\t re-distilJaUou of tar oner deposited in exit pipe. The

remaining problem was that of making sure that no tar could be deposited

in pipe (15) at a low temperature and be later re-distilled, to show up

on the paper at too high a temperature. To accomplish this a large

number of duplicate pipes were made and carefully fitted into the threaded

bushing (14). By changing the.se pipes (15) every five or ten minutes,

the effect of such a tendencj' was quite completely eliminated.

The coals tested were chosen to represent the different American

grades. They were first ground and screened over a mesh of 20 wires

I)er ineli and througli one of 10 wires per incli. About 315 grams of coal

will fill the cartridge, and it was put in in layers i" thick between iron

disks. Tlie cartridge was tlien placed in the middle of the furnace, the

thermo couple put in place, and the asbestos packed in against both ends,

cutting off the radiation here, and causing the ends and middle, all to

keep at the same temperature. A current of 6 amperes was then passed

through the resistance wire of the furnace. While the latter was coming

up to the temperature where the liglit oils start to come off, the thermo

couples were connected up. the flame placed under the gas pre-heating

coil, the gas from the storage tank turned on, the paper rolls connected

up to the clock and the clock started. The pipes (15) were cleaned

and prepared for immediate use, and the data sheet prepared. As soon as
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the theriiio couple indicated a tempera ture close to that at which there

was prospect of an oily deposit, the paper rolls were put in place, the

paper marked and the test started. When the tar commenced to show up

the temperature of the furnace was recorded and the pipe (15) changed

ever.v 10 minutes. As the temiieratnre of the furnace rose to 300° C. the

current was increased ] of an ampere, at 4(iO° C i of an ampere more, and

at 500° C. 'i of an ampere. This was done to take care of the increased

radiation, and to keep the rise in temperature at a constant rate. When

the paper ceased to sh()w an.v signs of a tar deposit it was again marked

and timed and the current shut off. The strip of paper was then cut up

into lengths corresponding to 1<> minute periods, and carefull.v weighed.

As the weight of the paper per inch was very constant, the excess in weight

over that of clean paper was in each case due to the tar. From this two

curves could be drawn, \^ith time plotted horizontally, while one ?iad

temperature centigrade and the other grams of tar plotted vertically.

These curves when placed one right over the other, as here given in Fig 3,

indicate the amount of tar coming off at each temperature. The points

where the tar starts and stops can not be indicated by this cui've, as

the ends of the deposit are too thin to have appreciable weight. They are

consequently separately noted elsewhere.

The first condensible gas to be driven off from the coal and appear

on the paper record is water vapor. After the last of the water has

disappeared there is (piite a temperature range through which there is

no deposit at all. Then the paper will begin to show a slight trace of

oil. This will gradually increase in amount and give the paper the ap-

pearance of having been L)aratiued. The deposit will then gradually as-

sume a brownish color, as though engine oil were appearing. Later a

temperature will be reached at which the dei>osit will increase very

rapidly in amount, and will assume a distinctly tarlike appearance. The

first tar to be deposited is usually very soft and sticky at room tempera-

ture. As the temperature rises the tar becomes steadily stiffer, until it

is finally hard and brittle when cooled. Tlie temperature range through

whicli the maximum deposit occurs will vary from about 100° C, for scmo

western coals, to 175° for some of the samples from the east. At the

higher limit of this range the deposit becomes rapidly smaller in amount

until it is too small to weigh, but the paper is still distinctly browned.

This discoloration becomes less and less plain, until it finally disappears

entirely. There is no definite temperature at which the first and the last
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trace of the tar appears, iu the same sense that water has a boiling tempera-

ture. The first deposit is so indistinct that it is almost impossible to tell

whether there is a deposit or not. The increase is also so very gradual

that it is difficult to choose the temperature at which to report the firsi

appearance of a deposit. This gradual increase will extend over a tempera-

ture range of from 50° to 150° C. before there will be a sufficient deposit

of tar to feel sticky to the finger. The determination of the temperatures

between which the maximum deposit occurs is likewise an arbitrary

matter, and also the temperature at which the last trace of tar .lijpears.

Therefore the results as here reported must not be too literally interi,>reted.

However they are a very careful estimate of the facts as they are and the

highest temperature reported is one at which one may feel assured that

the very last trace of tar has disappeared from the coal.
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Shawnee Mound, Tippecanoe County, as a Glacial

Alluvial Cone.

Wm. a. McBeth.

There stands at the northwest corner of section twenty-three (23).

town, twenty-one (21) north, range six (6) west, a locally well known hill,

quite unusually large and prominent for that part of the country., which

generally is a moderately undulating, and. over extensive areas, a quite

monotonous plain.

The area of the hill is about thirty-five (35) acres. Its height at the

apex is seventy-five (75) feet above the steps of the front door of the

residence (facing the road) located near the southwest edge of the hill

on tbe general level of the country. A creek channel at the northwest

edge is eighty (80) feet or more below the summit. The long axis of the

hill is east west, in which direction it is nearly one hundred (100) rods

long, with varying cross-distances averaging a little more than half its

length. Tlie high part is near the east end, where the steepest slopes

occur. A small basin lies at the foot of this east slope. The distance of

the highest point is almost one-third (h) of the length of the pile from

the east end, whence the slopes are much gentler to the western edge.

The outline and form of this feature may be properly descril)ed as lobate,

four leaves, including the west end, showing on the south side, and three

on the north side not symmetrical with or opposite those on the south

side.

In structure and material the hill is composed of sand, gravel, silt, clay

lumps and a very few boulders. The rock fragments are igneous, or

crystalline material in great variety, rounded and polished after the man-

ner of stream-worn waste. It is very irregularly bedded with a generally

abrupt pitch to the west, or in the direction of the long slope of the hill.

The pebbles are not in many cases larger than apples or baseballs, very

few exceeding four or five inches in any diameter. Beds of fine sand,

25—4966
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Sh:iunpc Mound. Excavation in North Side showing AI

Sliawnee Mound. (From the South.)
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or even silt, are interstratified with layers containing the coarsest ma-

terials.

The best, probably the only, interpretation of the observed facts is, that

this is a great alluvial cone built in or at the edge of the retreating ice sheet

when its edge lay at the prominent Independence-Darlington Moraine, in

the range of which this feature stands, although no other of its strong

elevations appear in the immediately surrounding landscape, and not

within two or three miles.

This great pile, for it is really quite impressive, represents tlie deposit

of a stream of considerable volume flowing off or out of tiie ice at the

time when the height or depth of the ice at this southwestern edge must

have been not less than one hundred (100) and possibly several hundred

feet. This stream flowed in a channel deep enough to contine it for a

long time to this particular place. Possibly the channel was a deep canyon

in the ice or a tunnel under it. As it heaped up the material at one point

its course was diverted and a new direction of flow and construction was

begun in true cone or delta building fashion.

An interesting question arises as to a possible relation between this

hill and the gigantic South lianb Esker lying a few miles to the east

northeast. The trend of this Esker is directly toward Shawnee Mound

and the direction of the esker stream was southwest, but there is a gap

of nearly five (5) miles, a distance as great as the length of the esker

itself, between the west end of the esker and the Shawnee Mound cone,

and no sufficient intermediate correlating features have as yet been found.

This discussion is presented to show the importance of detail work in

interpreting the complex and little known phenomena of the great ice sheet.
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Correlation of the Outcrop at Spades, Indiana.

H. N. Coryell.

Intkouuction.

The collections fonnlnii the basis fur the present paper were care-

fully made by tlie Kev. T. A. Benclrat, M. S.. during the autumn of 1913,

from the exposure one mile west of Spades, Indiana. His careful descrip-

tion of the outcrop has been of considerable value in the correlation.

The identifications of tlie species were made in the laboratories of the

Department of Geology of Indiana University under the supervision and

direction of Professor E. R. Cumings and Dr. J. J. Galloway. Their

assistance and suggestions have Iieen of great value.

The Present Divisions ob" the Richmond.

Richmond—
Elkhorn (Platystrophia moritura zone).

Whitewater (Homotrypa wortlieni zone).

Saluda (Tetradium minus zone).

Libert.v ( Strophoniena planumbona zone).

Waynesville (Dalmanella meeki zone).

Description and Stratigraphy.

The reconstruction of the Cincinnati Division of the C, C-, C. & St.

L. Railroad through Ripley County, Indiana, in 1902-04 made available

for study a section of strata high in the Cincinnatian one mile west of

Spades. The exposure at present is from five to six feet high and in

places partiall.v covered with debris, leaving, Iiowever, distinct ledges out-

cropping. Tlie strata are approximately horizontal. The limestone at the

base of the exposure weathers to a bluish-gray ; it is very variable in

texture, some portions being very finely crystalline, others containing quite

large caleite crystals, as well as geode formations and iron concretions.

Above this limestone the strata become more argillaceous, thinly bedded

and present a distinct shaly structure.
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This section possesses a distinct similarity to tlie upper part of tlie

Whitewater section exposed at Richmond. Indiana, in being a very noduhir,

shaly limestone.

Though .similarity in lithology is not a conclusive proof that two

or more separated sections are parts of tlic same formation, yet the fact

that there is a distinct resemblance does tend to lend favor to that

decision.

A detailed description of this locality is given in tlie following section,

taken from "The Stratigraphy and I'aleontology of the Cincinnati Series

of Indiana."*

Section Along the West Fork ok Whitewater River at

Richmond, Indiana.

(Number 1 is at the top of this section.)

1. Exposures in the bank above Thistlewaite Falls on the

west fork of Whitevi^ater River, about one and one-quarter miles

north of the National road bridge across Whitewater River. Thin,

lumpy limestone. Rhynchotrema dentata (aa). Several species

of gastropode, including Salpingostoma richmondeuse (c). Stro-

phomeua sulcata ( r ) 8 feet.

2. Layer in the br(>ast of the falls. Heavier layt'r at the top.

Limestone. Mouticulipora epidermata (c). IMatystroi»liia acuti-

lirata senex (c) . Homotrypa wortlieni 5 feet

3. West side of creek just below the falls. I'.ryozoa (aaa).

Mouticulipora epidermata, etc 5 feet.

4. Just north of the C. R. & M. R. R. bridge. Thin, shaly

limestone, Rhynchotrema capax, the highest specimens. I'lectam-

bonites sericeus ( rr ) 5 feet.

5. Just south of the (. R. & M. R. R. bridge. Rhynchotrema

capax (aa) 4 ft. 8 in.

6. About one-eighth of a mile north of the road bridge across

the west fork. Pt.vlodictyii plnmaria, etc ."» feet.

7. A short distance north of the junction of the east and west

forks of the river. Limestone and intercalated .shale. Hallopora,

very similar to H. rugo.sa. No .specimens of Rhynchotrema dentata 4 feet.

Prof. E. R. Cumings. Indiana Dept. Geology and Nat. Resources, .32d Ann. Ropt. 1007.
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Relation of the Spades Section to Cut IS Neak AVeisburg.

Ill all parts of the Tanner's Creek section there is a general dip of

five feet to the mile, and we may .assume that this dip Iiolds over the

five miles from Weisburg to Spades. This places the base of the White-

water, which is exposed in the cut 18 just nortli of the station at Weis-

burg, seventy-five feet below the railway grade at Spades. In the Ricli-

mond section of the Whitewater, where the whole of the formation is

exposed, a similar thickness is found, leading us to conclude that the

outcrop one mile west of Spades represents the upper strata of the

Whitewater. The position of the latter outcrop in reference to the

Whitewater in the Ripley County locality is shown on the accompanying

chart. The lines of dip have been extended to Batesville, five and one-

half miles northwest of Spades, where there is sixty feet of Whitewater,

portions of which are exposed in the stream gullies a few miles south of

Batesville.

Range of the Species Found at Spades, Indiana.*

Byssonychia grandis Ulrich, Upper Richmond.

Byssonychia obesa Ulrich, Whitewater.

Calymene callicephala Green. Common throughout the Cincinnatian,

especially at the top of the Waynesville.

Dalmanella meeki (Miller). Corryville-Arnheim and Waynesville.

Platystrophia laticosta (Meek). McMicken, Maysville and Richmond.

Lophospira trophidophora (Meek). Whitewater.

Platystrophia acutilirata (Conrad), Waynesville, Liberty and Whitewater.

Platystrophia acutillirata senex (Cumings). Upper Whitewater.

Platystrophia laticosta (Meek). McMicken, Maysville and Richmond.

Protarea richmondensis (Foerste). Waynesville, Liberty and White\\ater.

Rafinesquina alternata (Emmons). Throughout the Cincinnatian.

Streptelasma rusticum (Billings). Waynesville, Liberty, Saluda and

Whitewater.

Arthropora shafferi (Meek). Throughout the Cincinnatian.

Bythopora delicatula (Nicholson). Coryville-Arnheim and Richmond.

Dicranopora emacerata (Nicholson). Maysville and Richmond.

Hallopora cf ramosa. Richmond.

Helopora elegans Ulrich. Liberty and Whitewater.

*See "Stratigraphy and Paleontology of the Tanner's Creek Section of the Cincinnati Series

of Indiana."
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Heterotrji^a sp. vindeseribed. Upper Whitewater.

Homotrypa wortlieni (James). Ric-hiuond aud Whitewater.

Homotrypella ho.spitalis (Nicholson). Wayuesville to Whitewater.

Nematopora cf lineata ( Billings i. Middle and Upper Ordivician.

Rhiuidictya lata (Ulrich). Wayuesville.

Rhombotrypa sp. undeseribed. Upper Whitewater.

Stigmatella sp.

Species from Numbers One and Two of the Whitewater Section

Richmond, Ind. (See section above.)*

Auomalodonta gigantis Miller.

Byssonychia grandis Ulrich.

*Byssonychia obesa Ulrich.

Byssonychia suberecta Ulrich.

Ischyrodonta modioliformis Ulrich.

Pterinea demissa (Conrad).

*Protarea richmondeusis Foerste.

*Streptelasma rusticum (Billings).

Cyclonema bilix (Ck)nrad).

Lophospira tropidophora (Meek).

Salpingostoma richmondeusis Ulrich.

Cytoceras sp.

Amplexopora sp.

*Bythopora delicatula (Nicholson).

Bythopora meeki (James).

Ceramoporella ohioensis (Nicholson).

Corynotrypa infiata (Hall).

Dicranopora emacerata (Nicholson).

Hallopora subnodosa (Ulrich).

Heterotrypa prolihca Ulrich.

Heterotrypa snbramosa (Uh'ich).

Homotrypa anstini Bassler.

Homotrypa flabeilaris Ulrich.

Homotrypa flabeilaris spinifera Ba.ssler.

Homotrypa wortheni (Janesj.

Monticulipora epidermata Ulrich and Ba.ssler.

Peronopora pavonia (d'Orbigny).

*The species marked with an asterisk arc found in the section at Spades, Indiana.
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Homotrypella rustica Ulricb.

Rhombotrypa crassimuralis (Ulrich).

Dinorthis subquatlrata (Hall).

Hebertella occideutali.s (Hall).

*Platystropliia acutilirata (Conrad).

*Platysti-oi>hia acutilirata seiiex Ctimin.uis.

*liafiiie.s<iiiiiia alteriiata (Euimous).

Rliynchotreina cleuatatinn (Hall).

Strophomena vetusta James.

Strophomena planumbona (Hall).

Strophomena sulcata (Verneuil).

Zygospira nicKlesta (Hall).

In compai-ing the fauna of this cut with the numbers, une and two. of

tlie Richmond tyi>e section, we find that many species tliat appear in the

type locality are not found at Spades, but those that do appear at Spades

are undoubted Whitewater species. Those that are limited to and charac-

teristic of, the Whitewater, are: Homotrypa wortheni (James?) Platy-

strophi aacutilirata senex. Cumings. Byssonychia obesa T'lrich. and

Lophospira trophidopora (Meek).

Twenty-four spec-ies were identified from Spades, three of which are

new and undescribed. The description and discussion of their niorpli>

logical structure will be given in a subsequent paper.
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The Paleobotany of the Bloomington, Indiana,

Quadrangle.

T. F. Jackson.

The fossil plants herein discussed are, with three exceptions, Penn-

sylvania forms and were collected principally from two localtiies in the

Bloomington, Indiana, Quadrangle. The greater part of them were ob-

tained from a shale bed about one-ftmrth mile southeast of the Yoho

School. This bed was made ui) of a succession of thin, bluish-gray clay-

shales interstratitied with thin sandy layers, with nodules of iron ore

irregularly distributed throughout the entire bed. The shale layers were

very soft and plastic when wet and both the shale layers and sandy layers

were rather hard and very brittle when dry. One of the shale layers

was very highly impregnated with iron oxides, and from this layer the

best fossils were obtained. The entire bed attains a thickness of eight

to nine feet.

The remainder of the Pennsylvanian forms were obtained from a thin,

ferrugineous sandstone layer and an overlying sandstone layer, about

one-fourtli mile southeast of Cincinnati. Molds and casts of Lepidodeudron

and Calamite forms were collected from the latter. The ferrugineous

sandstone layer contained a number of Trigonocarpon and a few Carpo-

lithes forms.

Loose sandstone fragments of fassil plants, apparently of Pennsyl-

vanian age, were noted in a number of places in the southwestern part

of the Quadrangle, but, as their exact horizon could not be ascertained,

those forms are not included in the following lists of species.

A few fragments of Mississippian forms were noted in the central

and northern part of the west half of the Quadrangle. Those plants were

very poorly preserved and at but one place were fossils obtained in a

state of preservation such that identification was possible. Three species

in a fair state of preservation were found in a sandstone layer a few feet

above the Mitchell limestone, about one-half mile west of Whitehall.
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Although a few of the Pennsylvaiiian plants examined represent new

species and several others differ more or less from previously described

forms it is not thought to be advisable to ligure and describe those new

forms at this time inasmuch as it is planned to include them in a later

paper on the flora of the entire Pottsville section as represented in the

State.

List of itlants from the Yoho School locality

:

Sphenophyllum cuneifolium (Stb. i Zeill.

Sphenophyllum bifurcatnm I>x.

Sphenophyllum tenerrimnmV Ett.

Asterophyllites erectifolius And.

Asterophyllites gracilis Lx.

Calamostachys sp.

Lepidodendron clypeatum Lx.

Lepidodendrou sp.

Alethopteris Evansii Lx.

Alethopteris grandifolia Newb.

-Methopteris loncbitica ( Schloth. ) r.roiign.

Alethopteris sp.

Tccopteris pInmosaV Brongn.

l*ecopteris sp.

Neuropteris Klntdi Lx.

Xcuropteris Jciincyi V 1 >. \V.

Neuropteris sj .

Neuropteris limliriata Lx.

NeU(i(l(iiit(>]iiK'ris? sp.

I'scudocojiteris dccipieiis Lx.

Si)hcno])teris sp.

Splu'iioptei'is comnuniis Lx.

Zeill oria s]i.

CardiocariKiii ainiuiatuni Xcwb.

Oardiocarpon coriiiitum Dn.

Cardi()cari)on pachytestaV Lx.

Cardiocarpon sp.

Rhabdocarpus sp.

Carpolithes sp.
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A mere casual inspectiou of the above list will show the Pottsville

aspect of the plants. Of these forms Spheuophyllum cuneifolium, S. bi-

furcatum, S. tenerrimum ?, Asterophyllltes erectifolius, A. gracilis, Ale-

thopteris Evansi, A. granclifolia, A. louchitica, Neiiropteris Elrocli, N. fim-

briata, N. Jenneyi, Pseudocopteris clecipiens, Sheuopteris communis, Car-

diocarpon aniiulatum, C. cornutum, C. pachytesta ?. have not beeu re-

ported, I believe, from formations younger than Pottsville age. Of those

Pottsville forms Sphenophyllum bifurcatum, Alethopteris Evansi, A.

lonchitica, Neuropteris Elrodi, N. flmbriata, and Cardiocarpon cornutum

were reported by White* as being confined to the Upper Lykens Coal

group of the Pottsville type section. Sphenoiihyllum cuneifolium and

Cardiocarpon anuulatum were reported from both the Upper Lykens Coal

group and the Upper Intermediate group of the type section. Alethopteris

grandifolia was reported from the Lower Intermediate group in the type

section. The vertical range of several of the remaining forms is either

not definitely known or is too great for correlation purposes; the rest of

the forms are too poorly preserved for specific classification. Therefore

only those forms reported from the Pottsville type sections are considered

of value for correlation. A comparison of the list of Pottsville ]jlants

from the Yoho School locality with the list of plants from the Pottsville

type section indicates that the Pennsylvanian of the Yoho School area

represents an horizon in the upr)er part of the Middle Pottsville of the

type section.

List of plants from the Cincinnati locality :

Catamites apifroximatus Schloth.

Catamites sp.

Lepidodendron clypeatum Lx.

Lepidodeudron sp.

Neuropteris lunata? D. W.

Lepidophloios sp.

Of the above listed forms Calamites approximatus and Neuropteris

lunata? have been reported from the Upper Lykens Coal group of the type

section of the Pottsville. Lepidodendron clypeatum has too great a ver-

tical range to be of value as a horizon marker. The other forms were too

*White, David. The Stratigraphic Succession of the Fossil Floras of the Pottsville Formation

in the Southern Anthracite Coal Field, Pennsylvania. 20th Ann. Rep't. U. S. G. S. Part II. 1900.
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poorly preserved for accurate classification. Cousideriug ouly the forms

Qrst mentioned it would appear that the Peunsylvanian of the Cincinnati

locality would fall within the Middle Pottsville of the type sectoin.

Three Mississippian fossil plants, Lepidodendron Volkmannianum St.,

Lepidodendron sp., and a variety of Stigmaria ficoides were ol)tained from

the Chester sandstone a few feet above the Mitchell linii'stinie. alxmt one-

half mile west of Whitehall.
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The Flatwoods Region of Owen and Monroe
Counties, Indiana.

Clyde A. Mai.ott.

KXTENT A.NU TOI'OCUAIM I V.

Lyiiii; lii'twct'U EllettsvilU", Moiimi' County, ;iih1 Siiciicci-, ( )\vc'ii ("diinty,

Iiul., is a strip of territory sonic six miles lonu and aNcra^inii ahont two

miles wide, which has been the ol>jeet of considerable curiosity and study.

It is a low level basin nearly surrounded Ijy higher land, yet having several

openings in the surrounding periphery of hills.

The surface of the region is mainly an ash-colored soil of a fine tex-

ture, containing very little sand. It is in reality a silt region at the

surface, and its outline is clearly discernible at the margin of the basin.

This silt region, or its outline, is the principal means of determining the

margin of the reglou, as indicated by the map. It coincides for the most

part with the foot of the hills surrounding the basin. Here and there

in the basin a hill rises out of the silt region somewhat as an island out

of the water, and frequently a hill-like peninsula jtrotrudes out into the

region, rising high above the ash-colored silt margin.

The silt margin lying about the foot of the hills is rather uniform

in height, averaging close to the 76ti-foot c(>ntour line, excepting at the

northeast margin, where it extends much higher. This icgion of the Fhit-

woods area is also exceptional in regard to the periphery. Elsewhere,

except at the openings, the hills surrounding the area rise rather suddenly

above the basin; but here the margin is scarcely discerniliie. as the slojie

is very gradual and seems rather to fade out instead of lieing abrupt.

This phnomenon is one of considerable importance and will be discussed

later.

Lying In the long axis of the region is McOormicks Creek. This

stream drains about nine-tenths of Flatwoods. Its head is about seven

iiuiidi-ed litty feet above sea level, one and one-half miles west of Elletts-

ville. The first few miles of its course is over the flat plain of the basin,

which gvies it but little fall. After leaving Section 3(5, T. 1(1 X. R. 3 W., the
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fall increases slightly, and soon after entering Section 26, T. 10 N., R. 3 W.,

the stream has cut down to bed rock. The road leading east and west

along the north side of Section 26 is practically the margin of Flatwoods

in this vicinity. On this road a shallow ford crosses the creek on the

700-foot contour line, over a solid rock floor. Fi-om the source of the

stream to this ford, a distance of about five miles, the stream has a fall

of about fifty feet. It enters White River about two miles below, at an

elevation of 540 feet above sea level. Thus the last two miles of the

stream have a fall of 160 feet. Practically the entire last two miles of

the course is over a solid rock bed. The region presents some of the most

rugged and l)eautiful scenery in the State. The stream coui-ses down a

veritable gorge which is but little wider than the stream itself. Many

ca.scades occur, and aliout a mile below the ford a fall of about 12 feet

occurs. In low water the stream cascades over this fall. l)ut when the

water is high it lushes over with a roar that can be heard f«)r some dis-

.tance. Above the falls the fi(M>r of the gorge is swept clean of debris, but

l)elow. the gorge is wider, and in many places is chocked with the rock

del)ris that has l)een carried from above or has fallen from the almo>st

vertical walls on either side.

Just east of the source of McCornncks ("reek is the source ol' a small

tiranch whidi leads northeast through an o]iening in the rim of tlie basin

and empties into Jacks Defeat Creek. This stream drains but little of

Flatwoods, as indicated by the majt. Its source is about the same height

as the McCormieks Creek source, and its mouth, one and one-third miles

northeast, comes ont .-it about r>7(> IVct altove sea level, thus giving it a

fall of eighty feet.

Another break in the rim of the l)asin oc<nrs in Section o(>, T. 10 N.,

R. 2. W., altout tw(t miles s»mthwest of Stinesville. This opening is nar

row and its surface is below the 7(>0-foot contour line. To the north of

the narrow opening is a wide flat plain similar to the Flatwo<Jds, hav-

ing a silt surface of the same nature. This flat is drained into Big Creek.

The narrow opening itself is practically bed-rock at the surface. Sinks

oc( ui- in it. A small i»ortion of Flatwootls is drained into a deep sink

near the northwest part of this section. The water that goes into this

sink undoubtedly passes under the narrow opening and comes out into

Rig Creek below, as several springs occur in the upper part of this creek.

Just to the we.st of this narrow opening is a high hill capped with sand-

stone, which is at least sixty feet higher than the opening. The silt line
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can be distiuctly seen on iinicticallj all sides of this liill, coming slightly

a hove the 760-foot contour line.

About one and one-half miles southwest of Ellettsville in the south-

east corner of Section 8, T. 9 N., R. 2 W., is a sink which has a small

stream entering it, and draining about one-half square mile of Flatwoods.

This stream has lowered this corner of Flatwoods considerably below

the general level. The water that goes into the sink flows out about a

half mile to the southwest from a couple of large springs which drain

into Raccoon Creek.

Perhaps the most interesting opening in the peri])lu'ry of the basin

occurs in Section 1. T. 9 N., R. 3 W. This opening leads into a tributary

of Raccoon Creek, and is at least a third of a mile wide. To the east of

it is a high hill or ridge attaining a maximum height of 910 feet, and on

tlie west another ridge reaches above the 880-coutour line. The floor of

the opening itself is twenty-five feet or more below the silt-line on the

sides of the hills. This opening is really a connection between Flatwoods

proper and a continuation of it in the Raccoon Creek Valley. Consideration

will be given it later.

There is yet another outlet to the Flatwoods region, which at first

was very puzzling to the writer. At the western extremity of the basin

Allistons Branch reaches into it by many deep and narrow tributaries.

These tributaries are almost invariably headed by seepage springs which

come out into the sandy material in which the tributaries are cut. The

basin itself is some liiglier at this western part. The basin cannot be said

to have a margin at this western limit : it ends more or less al)ruptly in

the tributaries of Allistons Rranch. If it ever had a peripheral margin at

this end it has been effaced by the V-shaped valleys leading into Allistons

I>ranch. The writer intends to prove that this westein end never had a

distinct margin, that is, like the so clearly identified ones on the southern

and northern periphery of the region.

From the silt line at the foot, of the hills, the slope of the basin is

generally inward toward the mathematical center. The lowest part of the

basin (not considering the valley and channel of McCormicks Creeki is

along the Monroe-Owen County line, between sections 31 and 36, T. 10

N., and branching off from this along the southern part of section 31 and

and along the northern part of section .36. This region is very fertile, being

almost entirely a l)lack loamy soil. The white silt of the bordering

26—4966
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regions passes under this black soil. Rut farther out into the black sol .

the silt underneath almost pinches out. The low retiion containing the

black soil was undoubtedly the centre of the basin in former times, even

as it is now. This low-lying, fertile region is very near the 720-foot con-

tour line: thus it is some forty feet below the silt line at the foot of the

hills surrounding.

It was said tliat the slope of the basin is generally toward the mathe-

matical center; this is not true specifically, as there are some excep-

tions. Several places considerably elevated oc( ur. The large one la

Section 31, T. 10 N., R. 2 W. reaches to th(> h(>ight ol 7!l.'. feet, ap'iroxi-

niating the peripheral regions. A well shows that bed roik is near the

snrfiicc of this old monadnock. In section .'!(i. west of tlie aliovc. a long

arm-like island projects out into the basin, and near the south of the

middle of the section a notch occurs in the arm, wliicli almost separates the

north end, leaving a round-like knob projecting some forty feet above tiie

basin. This elevation also has bed-rock in it near the surfa(;e. Section

25, T. 10 N., R. 3 W. has two elevations some twenty feet above the gen

eral level of the basin. It was not dclernnncd wbetbci' these h;id licd-rock

near the surface, lint indiiations are, especially in the western one, that

it is there at a sliaUow deptli. The elevation on tlie section line between

sections 20 and 3.1. T. iO X.. li. 3 W. is a rounded knoll aliout twenty-live

feet above the general level of the basin. Indications are that it con-

tains no bed-rock. The northern part of Section 0. T. 30 \.. R. 2 W., con-

tains a slight elevation, i-erhaiis twelve feet above the lo\\-lying area

adjacent. A deep well [uoves tlr.it it contains no bed-rock. Southeast

in section ij, and entering section s, is a long elevation jiarallel to the long

axis of the Ijnsin and about twenty feet high. .\ well i)r<ives that this one

also contains no bed-rock.

While dealing with the irregularities of the siu-face of tlu' basin, at-

tention umst be called to the depi-ession at the s( uthwesteni edire of Mat-

woods, on the section line between .sections 2 and 3. T. 9 N., R. 3 W. This

depression, containing about two acres, is the site of a small lake whicli is

being rapdly tilled by in-wash and vegetation. The elevation of the sur-

face of tliis small lake, bearing the name of Stogsdill I'ond. is about Tin

feet. It is enclo.sed on three sides by sloping banks wliidi leach Liiirty

feet above the water. It is open on tlie north.

The south bank of Stogsdill Pond is tlie lowest o]!ening to a sort of

an adjunct to the Flatwoods basin. The surface of this adjunct slopes



403

y;rudnally from the bank of the pond for about one aud oue-fourth miles

to the south, and in its lowest place, a series of sinks jutting against

the bed-rock hills at the south, comes down to the 700-foot contour line.

This adjunct basin is about as broad as long. It is drained mainly by

two southward extending streams that come to the series of sinks at tlie

south end. A third but much smaller southward flowing stream drains

the western side. It also disappears in a sink in the southwest corner of

the region. The western edge, near the middle of sections 3 and 10, ends

abruptly in the rapidly headward-etching streams of the headwater;^ of

McBrides Creek. The eastern rim is the ridge of highland which has

been mentioned as the western rim of the opening extending into the Hat-

coon Creek Valley. This same ridge turns to the west and forms the

southern rim of the adjunct basin also, and beneath which the waters of

tlie region flow in tlieir underground passage. This small adjunct basin

undoubtedly once had a smootli and gentle sloi)e from the southei'n rim of

the western part of Flatwoods proper to the high ridge at the south, but

subserjuent drainage through sinks at the southern end lias eroded it into

three main grooves with many smaller tributary grooves. The slope be-

gan at the north at an elevation of more than 800 feet, and ended at the

southeastern corner at 740 feet. The west part of the southern end was

somewhat higher, perhaps 760 feet. It was lowest at the southeast corner,

because at this place there is an opening in the bed-rock ridge, which

leads to Raccoon Creek. This opening will be called into account later.

We are now ready to go back to the broad opening in the middle of

the southern periphery of the basin, and see the extension of the Flatwoods

basin to the south. As has been said before, the floor of this opening is

slightly below 74(J feet, and that the silt line extends as high as 760 feet.

Soon after leaving the opening, the silt line on the side of the ridges be-

comes more or less indistinct, since erosion has either erased it or covered

it over. Still farther south not only the silt line is removed, but much

of the one-time basin-llat itself is removed. The flat, however, can be

traced for four and one-lialf miles south and some west down the valley,

or rather above the valley of Raccoon Cl'eek. The creek here turns

abruptly and flows to the northwest, at a right angle to the course above.

Modilied ])ortions of the old flat are distinct for two or more miles north-

west of the sharp turn.

It is understood, then, that this Raccoon Creek addition is very much

eroded by the present stream and its tributaries. But it is important to



404

notice the elevation of the flat it.self. "Where it leaves Flatwoorls proper,

it is somewhat below the 74(»-contour. The slope is gradually downward

from this place to the south. In the vicinity of Freeman the elevation

r»f the flat is TOJ feet. This makes a gentle slope down the valley southwest

of a little less than ten feet to the mile. The Raccoon Creek addition ex

tends up the creek almost as far east as the eastern margin of Flatwoods

proper. The old flat is recognizable for three and one-half miles up

Little Raccoon Creek, which enters Raccoon Creek from the southeast near

Freeman. The extent and shai)e of the addition can be seen by consulting

the map. It contains in all about eight square miles. Thus this addition

and the adjunct south of Stogsdill pond make an area approximating that

of Flatwoods proper.

While dealing with the Raccoon Creek addition of the Flatwoods

busin. it must be emphasized that it occurs only in remnants. There are,

however, quite large areas, sometimes a quarter-section or nmic. thit have

suffered little erosion. In such ca.ses. or in cases where much smaller

areas are preserved, there occurs the same flat, ash-colored, crawfish soil

that is •>«> characteristic of FlatwiKxls i>roiK*r. Secdiid to these flats, the

most striking physiographic feature is the terraces resulting from the

streams cutting down into the flat. Tlie terraces begin almost immedi-

ately after entering the gai» from Flatwowls proper. Here they begin at

zero. l)Ut soon become (juite a distinct feature. They grow higher very

rapidly, so to speak, as the stream cuts down into the flat to the south.

At Freeman, four and one-half miles lielow the gaj*, the stream has cut

down one hundre<l feet below the old flat, and the terraces are accord-

ingly one hundred feet above the stream. But in this vicinity there are

many places where the terraces are indistinct, as they are so eroded that

they no longer apitear as terraces. Tliis r-ondition occurs in the immediate

vicinity of Freeman. Beyond a slight bed-rock hill to the east of Free-

Ui»n, however, the flat is distinctly discernible, and the terraces show

beautifully above the small triliutary streams that are etching theii- way

into it.

UNUEI'.GKOL.XU l.\F£RE>CEH AS KEVI:aI.P:U liY WKI.LS AND U(JH1JKKI.N(, KEOIO.XS.

Having dealt somewhat with the extent and topography of the Flat-

woods region, we shall now turn to a slightly different pha.se. Perhaps

the most interesting particulais of the region are the underground infer-

ences as they are revealed by the wells of the region and by the places

along the western margin, which have suffered erosion by the rapidly
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encroaching streams from the west. Data from shallow wells, while re-

vealing interesting sub-surface particulars, are not sufficient to give the

shape of the pre-existing basins of the region. Tlie deep wells, tlie wells

whicli reach bed-rock, are important in this respect. There are only a

few such wells ; enough, however, were found to reveal an intelligent idea

of the shape of the pre-existing basins, and the character of the material

filling them. These things are of the utmost importance for working out

the history of the region, which was the chief reason of time and attention

being given to the area.

The easternmost part of the region is very probably not tilled to a

great depth. The sinks that abound indicate tliat bed-rock is near the sur-

face. Sections 4, 9 and 8 contain sinks ; these sections are at the eastern

margin, and it might be easily deduced that the bed-rock is near the sur-

face.

Well No. 1. Out some distance in the basin, un the southern line of

Section 5, T. 8 N.. K. 2 W.. near the headwaters uf McCormick's Creek,

is a well at Mr. Fife's which is twenty odd feet deep. This well furnishes

a copious supply of water which comes from sand underlying a shallow

surface stratum of soil. This well proves that the elongated elevation is a

product of the forces which made the topography of the region, and not

a remnant or hill in tlie former basin.

Well j\'o. 2. This well is situated in the middle southern part of Sec-

tion 0, T. 9 N., R. 2 W., and is on the edge of the silt line at the foot of

the hill. It is sixteen feet deep and reaches solid stone. The material

through which it passes seems to be entirely the outwash or talus from

the liill rising up behind it.

Well No. 3. Middle northern part of Section 6, T. 9 N., II. 2 W., at W.

Stone's. Surface elevation 730 feet. Tlie depth of this well was not

ascertained but reports indicate tliat it is of considerable deptli to bed-

rock.

Well No. .',. Southwestern part of Section 31, T. 10 N., R. 2 W., at H.

Heady's. Surface elevatoin, 723 feet. Depth, 14 feet. Soil, with streaks

of yellow and blue containing line sand, 12..5 feet. Caked sand, of a yel-

lowish sugary appearance when wet. Itecoming like ])rittle sandstone upon

drying, 1.5 foot.

Well No. J. This well is in the high hill to the north of well No. 4.

It reaches bed-rock at a shallow depth.

Well No. 6. On the county line, middle eastern part of Section 30,
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T. 10 N., R. 3 W., at Mr. Wliitsell's. vSurface elevation, 720 feet. Depth,

12 feet. Under a shallow surface soil occurs a blue clay which contains

very fine, angular sand grains. These grains are invisible to the eye.

though they may be felt when the dry material is rubbed between the finger

and thumb. This very fine sandy clay is very tough, tenacious, and

slightly sticky when wet, and of a distinct blue color. On exposure to the

air it talves on a brownish-grey hue. When dry it is an ash color. Ap-

plicaton of muriatic acid shows that it is highly chargetl with calcium

carbonate. (Tlais detailed description is given because this material is

often encountered in the lower parts of wells. Hereafter it will be desig-

nated as blue clay. It will be further discus.sed later.)

Well No. 7. One-fourth mile north of well No. 6, at the residence of

B. Smith, is a well whicli reaches bed-rock at a depth of 12 feet. The sur-

face elevation is 720 feet.

Well No. S. One-eighth mile northeast of well No. 7. N. W. corner

of Section 31, T. 10 N., K. 2 W., at C. Wanipler's. Surface elevation,

720 feet.

Soils 17 feet.

Imbedded logs 1 foot.

Clay 8 feet.

Gravel and sand 1 foot.

Limestone

Well No. 0. One-eighth mile north of No. 8, southwest corner of

Section 30. Surface elevation, 720 feet. Depth to stone, 51 feet.

Soil and clay 18 feet.

Sand and gravel 4 feet.

Blue clay 29 feet.

Limestone

Ill the iiiirthwest corner of Section 25 and leading far into Section

24, T. 10 N.. U. :! W., is an arm or extension of the Flatwoods basin, which

is filled very little. Sinks are very numerous, showing limestone in many

places. The general elevation of this extension is 740 feet.

1177/ Yo. JO. In the northwest part of Section 20, T. 10 N., li. 3 W.,

Ml I'rank Marshall's. Surface elevation, 725 feet. Depth to stone, 47 feet.

Sandy clay soil 40 feet.

Sand and gravel 4 feet.

Soil 3 feet.

Limestone
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Mr. Marshall also has a dug well ; it is twenty feet deep. It seems

to be in clay soil except near the bottom, where sand occurs. A stick was

found in this sand.

Some twenty-five rods east of Mr. Marshall's drilled well is the ford

on the road across McCormicks Creek, where rock outcrops at 700 feet.

Bed-rock was struck at least twenty-two feet lower than this in the Mar-

shall well. Farther up McCormicks Creek, about three-<iuarters of n

mile, bed-rock is to be seen in the creek bed. and just above, two remark-

ably large springs pour forth clear, cool limestone water, indicating that

l)ed-rock is near the surface.

Well No. 11. Middle western part of Section 20, one-half mile south-

west of No. 10. Surface elevation, 740 feet. Depth to stone, 110 feet.

Soil 20 feet.

Sand 16 feet.

Blue clay 74 feet.

Limestone 21 feet

Well No. 12. Northwest corner Section 35, one-half mile soiith of No.

11. Surface elevation, 740 feet. Depth to stone, 74 feet.

Well No. 13. East of the center of Section 35, T. 10 N., R. 3 W. Sur-

face elevation, 735 feet. Depth, 22 feet. This well seems to be entirely

in a reddish sand.

Well No. I'l. Center of Section 35, one-eighth mile west of No. 13, at

John Leonard's. Surface elevation 735 feet. No stone reached at a

dei>th of 116 feet.

Soil 1 foot.

White sand, with small pebbles infrequently .. 80 feet.

Blue clay 36 feet.

Well No. 15. Southwest corner of Section 35, one-half mile south-

west of No. 14, in an open field. Dug well. Surface elveation, 745 feet.

Depth, 41 feet.

Well No. 16. One-eighth mile east of Stogsdill Pond, Section 2. Sur-

face elevation, 820 feet. This well is 40 feet deep, and is entirely

in a reddish sand containing some water-worn gravels. This well con-

tain no water.

Well No. 11. One-sixteenth mile south of No. 16. Surface elevation,

795 feet. This well was reiwrted by two persons to be 80 feet deep, in a

reddish sand its entire depth. The writer is inclined to lielieve there is

some mistake regarding its depth. It is not likely over 50 feet deep.
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Well No. is. One-eighth luile southeast of No. 17, at Geo. Myers".

Surface elevation, 825 feet. Depth to stone, 25 feet, in seemingly the

residual limestone soil.

Well No. 19. One-fourth mile southeast of No. 18. c)n high, rounded

hill, at Amos Barker's residence. Surface elevation, 860 feet. This well

encountered Chester sandstone at a shallow depth.

M'eU No. 20. One-fourth mile northeast of No. 19. Surface eleva-

tion, 825 feet. This well penetrates almost pure sand to a considerable

depth.

WrU No. 21. Middle of southeast 1 Section 3, T. 9 N.. K. :! W., at A.

Evans". Surface elevation, 780 feet. Depth. 42 feet.

Soil 18 feet.

Reddish sand ((luicksnnd ) 24 f(>et.

Well No. 22. One-fourth mile south of No. 21, at (*. K. Ellis"s. Sur-

face elevation, 775 feet. Dcjith to stone, 51 feet.

White to yellow soil 18 feet.

Water-worn gravel and sand feet.

Quicksand 27 feet.

Limestone 92 feet.

Well No. 2-i. Middle of northern one-half Section 10, one-half mile

south of No. 22, at tiie Coiuity Farm. Surface elevation, 7()5 fe(>t. This

well peiicl rates soil and s.-uid iicnrly lifty feet.

Well No. 2',. Center of Section 2."!, T. 9 N., R. 2 W.. at A. O. Collins".

Surface elevation, (»90 feet. Dei)th to stone, 88 feet.

Red sand and day ;^") feet.

Blue clay 5o feet.

lamestone 1 foot.

This (•omi)letes the ininiher of wells from which d.ita w;is secured.

The reader can see at once that the grciitcr nunihei' of thcni rc\(';il the

fact that Flatwooils was in formei- times a basin much deeper than it is

now. It seems thiit the basin wiis rather deep at the northern i)art of

Section (J, as indic.-itcd l>y well No. ."!. 'I'his deep portion extended north-

west, entering Section '.'At, and thence nortliward, but went northward for

only a short distance, along the i)i'esent channel of McCormicks Creek,

until it turned westward as indicated by the shallow bed-rock in well No.

7. Wells No. 8 and No. 9 indicate that a tributiiry channel jtassed near

the southwest corner of Section .'}0. This channel probably entei-ed the
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main channel near the northern middle of Section 36. The bed-rock outcrop

along McCormicks Creek in the southeast part of Section 26 indicates that

the region to the northeast was high, very probably a divide between the

tributary just mentioned and the one that undoubtedly came from the

northeast of section 24. Wells Nos. 10, 11 and 12, by their depth to bed-

rock, reveal a channel region running south and southwest from section

23, fiom near where McCormicks Creek leaves the Flatwoods region. A

A small tributary in bed-rock flowing its water in the up-stream direction,

just west of where McCormicks Creek turns west in section 23, also indi-

cates that a channel once went southwest from this region. There is no

doubt in the mind of the writer that this region and also the long ex-

tension north into section 24, was drained to the west and north through

a well developed underground system. Well No. 14 shows that the

ancient surface was more than 116 feet below the present surface, and

more than eighty-five feet below the bed of McCormicks Creek a mile to

the north. At this place the old stream channel must not have been far

from the COO foot contour line.

The western border of Flatwoods in the region of the headwaters of

Allistons Branch reveals facts in harmony with those shown by the wells.

The tributaries of this creek are etching their way slowly into the Flat-

woods region. The etching is slow because the slope is away from them,

thereby causing practically all the water, except that which falls immedi-

ately into them, to How in the opposite direction. These tributaries are

deep, V-shaped valleys or ravines in the sandy material at this margin of

the region. A typical ravine may be found just sovitli of the middle of

section 27. It begins at an elevation of 760 feet, and descends rapidly to a

depth of sixty feet or more. The sandy banks on either side are very

steep. Small erratic boulders may be found in the narrow bottom, amid

which trickles water seeping from the sandy banks near the bottom. The

descent continues rapidly until near the 620 foot contour. A small

valley flat then begins to appear, and soon the main stream is reached.

The entire length of this ravine is less than one-fourth mile, and a

descent of at least 150 feet has been made. The slope away from the

Flatwoods region towards White River, much cut up by etching ravines, is

very rapid ; this makes the banks or sides of the etching ravines higher

near their heads than farther down.

The great amount of sandy material at the head waters of Allistons

Branch indicates that the old channel found and traced westward by the
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wells had its course enteriug AUistons Branch uear its head-waters. The

present Allistons Branch, then, is the lower part of the main stream that in

former times principally drained the area now occupied by Flatwoods.

riie map shewing the main drainage, the main cliannel and its tributaries,

are inferences that can scarcely be avoided. There are indications, how-

ever, that portions were drained by underground channels to other streams

;

as, for instance, the extreme southeast corner, the eastern part of section

30 and the portions already mentioned near the northwest corner of the

region. The sinks of these portions are evidences that their drainage was

as it is now, and was only temporarily interfered with by the forces that

destroyed the old drainage. Very probably other portions of considerable

area were drained into the main channel from underground passages, the

water coming to the surface farther down in the form of springs.

Next, the relation of Flatwoods proper with the adjunct south of

Stogsdill Pond will be considered. The lack of any deep well immediately

west of Stogsdill Pond leaves the data somewhat incomplete, but this

portion has an elevation of 820 feet, and it seems likely that bed-rock is

much higher here than either to the north or to the south. Bed-rock out-

crops at 700 feet one-half mile west of this portion, and it is found at 800

feet in Mr. Myer's well one-half mile southeast. Thus it is very probable

rhat there was a divide between FlatW(X)ds proper and the small adjunct

to the south. It must have been very low near Stogsdill Pond, for wells

Nos. 16 and IT penetrate sand their entire depth, and No. IT was said to be

eighty feet deep, but. as said before, the writer doubts the reputed depth of

this well.

The region east of the Myer's well seems to have been considerably

filled, as indicated by well No. 20, and the sharp ravines which are etching

their way in the flat area near by. Examinations of these ravines show

that they contain no bed-rock, but were rather grooved into the stratified

sand and fine gravel of which the flat area is composed.

In the extreme southwest corner of section 1 is also a filled area, but

farther east bed-rock is found, and on top of the ridge there is no sign, of

.silt or sandy material. Undoulitedly the head of a stream reached into this

corner, near where the i)resent stream is endeavoring to clean out the

filled-ln miiteria). Thus the evidence shows that a divide with a very

irregular summit once separated the adjunct basin from Flatwoods proper.

Turning to the western edge of the adjunct basin, we find sharp

V-shaped valleys or ravines of McBrides Creek etching their way into the
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body of the flat in the same manner that the tributaries of Allistons Branch

are etching their way into the western edge of Fhitwoods proper. These

ravines descend almost suddenly a Inindred feet below the level of the flat.

In several places the structure of the material can be seen. The upper

flfteen to twenty feet is a fine, white soil, characteristic of the surface of

the Flatwoods region. Underneath this, is reddisli sand with layers of fine

gravel alternating with the much thicker layers of sand. Water comes

from the sand and gravel into the ravine, making them miry in the bot-

tom. These ravines, in conjunction with the wells (Nos. 21, 22, and 23)

clearly reveal that the region has been filled, and that the adjunct basin had

a bro&d outlet, or opening, to the west. McBrides Creek must have

extended much farther east, draining in all probability the greater part of

the adjunct, and having its tributaries reaching to the divide between the

adjunct and Flatwoods proper.

It might be mentioned that the streams in section 11 have cut them-

selves down into the filled material at least fifty feet and leave the old

flat above as a beautiful terrace. The material of this terrace is shown in

an excellent manner along the steep western side of tlie middle stream. It

is as follows

:

Soil 12 feet

Red sand 25 feet

Blue clay 5 feet

McBrides Creek undoubtedly had its upper portion and upper tribu-

taries taken away from it by the forces that remade the topography of the

region. But it is rapidly working its way back into its old domain in the

same manner that Allistons Branch is trying to recapture its old basin. The

rapidity with which these tributaries etch back into the filled material can

be seen in a single ravine just north of C. R. Ellis' house in the middle of

the southeast quarter section 3. The main stream flows parallel with the

road, and the short tributaries come into it at right angles. These tribu-

taries are, in fact, just immense gullies only a few rods long, but with the

depth easily forty feet. The water during showers gushes into these

ravines and carries away the easily transported sand at the bottom, leav-

ing the soil above to slump into the ravine, which is then in turn rapidly

carried away. These ravines grow directly in proportion to the amount of

water entering them at their head. Mr. Ellis stated that eleven years ago,

the head of the particular ravine mentioned above was at least sixty feet
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west of the road. Now, it is at tlie very road ditch, and immediately

descends twenty-five feet. If nothing should interfere with it, it would in

a short time destroy the road here by etching into it.

There is no doubt in the mind of the writer that McBrides Creek at

one time extended eastward to the very divide between the adjunct basin

and Raccoon Creek, but evidence shows that probably most of the water

that fell into its upper portion was carried by underground drainage

either to the lower part of the stream or to tlie east and to tlie south to

Raccoon Creek. At present practically all the water falling into the adjunct

basin goes into Raccoon Creek, mainly through the sinks at the southeast

corner of the adjunct region. Two very large springs come out about a

mile south of where the water enters these sinks, which in all iirobability

are outlets of underground channels beginning at the sinks in section 11.

The Raccoon Creek addition of Flatwoods may be treated in a few

words. This region was the site of an old stream wliicli followed the same

valley that the present stream does. 'I'lie ])resent stream, as stated before,

has cut itself down into the old flat and in some places has removed much

of the flUed-in material. Racco<m Creek, however, does not reach bed-rock

until it is at least KlO feet below the old flat, as found in the southern part

of section 2G. Yet there is a short distance that the stream passes over

roek in a rather constricted place in the middle northeast part of the same

section. This portion of the stream has evidently been cut since the time

that the old valley was tilled. Tlie old stream evidently passed to the east

of this place, as indicated on the map.

The faces of the terraces have but few portions that show the msiterial

of the terraces, l>nt the few that are shown, and the rock structure of the

higher areas, along with the sinks in the terrace flat, reveal the ancient

drainage lines in a very able manner. The small tributary entering Ra'-

coon Creek just north of the mouth of Little Raccoon Creek once extended

nearly three-fourths of a mile farther east than it does now. It is making

heroic efforts to recapture its old drainage basin: it is being aided by

underground drainage, much material having been carried away leaving

great sinlvs in the one-time flat. A small tiil)utary no more than one-

fourth mile long enters Raccoon Creek from the east in the middle of sec-

tion 2.'>. This tributary is a very small one in comparison to its predeces-

sor. The old tributary extended nearly two miles eastward. Practically

all of this region is now drained by sinks, which have caused the old flat

to be considerably depressed locally. Well No. 24 is near the site of this wld
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tributary. It sbows the filled-in material to be eighty-eight feet deei)

;

that malies the old tributary somewhat below the present level of Raccoon

Creek, where the present tributary enters. But not more than thirty rods

to the northeast of tlie well, limestone outcrops. This indicates that the

long hill protruding westward from section 24 was continued as the nortli-

ern divide of the old tributary.

THE PRE-GLACIAL GEOLOGY OF FLATWOODS.

In considering tlie geology of the Flatwoods region, it is thouglit best

to divide it into two main divisions. The first division includes the rock

structure of tlie region and the subsequent history up to the Pleistocene.

The second division begins with tlie Pleistocene and takes in all up to the

present. The rock structure of the region and immediate vicinity is of

Middle Mississippian age with some Pennsylvanian bordering closely on the

west. The stratigraphy of the region will be given a brief treatment.

Kiiobstoiie Groui). Just to the east of the region in the valley of

Jacks Defeat Creek, are the upper portions of the thick Knobstone Group

of shales and sandstones. TTie area of its outcrop in Indiana is a strip of

territory some twenty-five miles wide, extending nt)rtli, northwest from

Floyd County to Benton Countyy. This formation consists of compact, insol-

uble, impervious sandstones and shales, aggregating a thickness from 400

to 600 feet. The topography of the outcrop, resulting from the peculiar

weathering of the rocks, is of a distinct type. The rocks absorb water

readily, but transmit it poorly, so that they are easily shattered by freezing

and thawing. The region is wtathered and eroded into deep, steep-sided

valleys of very pronounced relief. Brown County affords a typical example

of Knobstone topography. Another characteristic of this group of rocks is

the general absence of fossils, such being present only very locally. It

seems that the shales and sandstones were laid down in impure, muddy

waters, which were not on the whole very favorable for the life of water-

breathing animals.

Harrodsburg Limestones. Overlying the Knobstone is the Harrodsburg

limestone, with a thickness varying from sixty to lOO feet. This limestone

consists of several heavy bedded layers of hard, gray to blue, often highly

crystalline stone. There are occasional intercalated thin beds of shale.

In some sections a very cherty layer occurs. The top member of this

stone often is very massive, and its texture is very similar to the oolitic

bed overlying. Geodes are characteristic. The limestone as a whole is
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very foUiliferous, showing that life was abundant when it was laid down.

The area of outcrop is narrow and intermingles with the western edge of

the Knobstone, often capping outliers of the latter. It has no distinct

topography outside of the fact that sinks occur in it, which never occur in

the Knobstone, and rarely in the formation above it.

Salem Limestone. Superior to tlie Harrodsburg formation is the

famous Salem limestone known as the Oolitic, or Bedford limestone. It is

an excellent building stone, and is known as such all over the United

States. Typical outcrops of it occur along the valley of Jacks Defeat.

The stone is usually massive, with few indications of bedding, varying

from a few feet up to eighty and ninety feet In extreme cases. The stone

typically is a porous stone composed of nearly pvire calcium carbonate. It

is made up princiimlly of broken animal remains and several species of

Protozoa, among which the main one is Endothyra baileyi. These have all

been cemented together in a loose manner. The area of its tiutcrop is

characterized by long, gentle slopes, rounded hills and general undulating

topography.

Mitchell fjiincxIoHc. The Mitchell limestone is the one that we are

mostly concerned with, since practically the entire basin of the Flatwoods

region is in this stone. It ranges in thickness from a few feet in its north-

ern outcrop to 250 f(>et in the southern iiaiM of Ihe State. The stratigrai)hy

of this formation is rather varied, as there are rarely two successive

layers alike. In general it consists of impure limestones and calcareous

shales, usually thin. .Many layers are very hard, and weatlu'r white,

sometimes small slabs having the appearance of bleached bone, and on

being struck have a metallic ring. Such Layers usually liave numerous

right-angled joint cracks, and are semi-lithographic, breaking wth a sub-

concoidal fractiure. The upper members of this formation are usually a

beautiful oolitic structure. As a rule the limestone is fossil iferous. The

area of the outcrop of the Mitchell limestone extends over a broad j>lain

which narrows to the north and pinches out in Montgomery County. It is

essentially a cave-bearing formation, containing some of the most famous

caves in the world. Wyandotte and Marengo caves of Crawford County

and Mammoth cave of Kentucky are in this stone. The region of its out-

crop is pitted with sinks, and underground drainage is a distinct and

noticeable feature. Ix)st River of Orange County is a typical exami'le ot

an underground stream in the Mitchell area. Hundreds of sinks occur on

the borders of the Flatwoods region, wliere the filled material is relatively
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thin. These .sinks conneiting with under-chauuels arc the sources of many
sprin;,'s that abound in and at the Iiorders of the region.

Chester Group. On the high hills at the borders of the Flatwoods

region shales and shaley sandstones overlie the Mitchell. These are usually

about twenty-five feet thick, and upon them is a limestone usually ab(jut

three feet thick in the Flatwoods exposures. This group is known as the

First, or Lower Chester. On top of the First Chester limestone occur a

series of shales and sandstones, consisting of a portion of the Second

Chester group. This group is capped by a limestone, its last member. At

no place in the immediate vicinity of Flatwoods was the top of the Second

Chester found.

The above general outlined stratigraphy is found in the Flatwood:;

region and portions directly connected with it. Some attention now will

be given to local details.

The general dip of the rock of the Bloomiiigton Quadrangle, in which

a portion of Flatwoods occurs, is on the average twenty feet to the mile to

the west, southwest. In regard to the dip of the rock structure in the

Ffatwoods region, the following data reveal an interesting feature

:

Contract of Mitchell and First Chester, south side Flatwoods

:

In 920-foot hill, N. W. i, sec. 16, T. 9 N., R. 2 W , 870

In 900-foot hills, S. i, sec. 7, T. 9 N., R. 2 W 845

In W. part of hill N. W. i, sec. 7, T. 9 N., R. 2 W 820

In centre of S. *, sec. 1, T. 9 N., R. 3 W 80(>

One-half mile N. of above 805

S. AV. side of hill, S. E. i sec. 2. T. 9 N., R. .3 W 800

Middle N. of N. AV. i sec. H, T. 9 N., R. :! W 720

North side of Flatwoods

:

In 810-foot hill. Middle sec. 30, T. 10, N., R. 2 W 790

Chambers Hill, middle of line, sec. 24-25, T. 10 N., R. 3 W 810

The data along the southern side of Flatwoods reveals an average dip

of thirty-feet to the mile along a line which is as much in the direction of

the strike as in the direction of the dip. Again, going from the eastern con-

tacts toward the western, the data indicates that the first two-thirds of the

distance has a dip of twenty feet to the mile, and the ramaining distance a

dip of fifty feet to the mile. The data on the north side is very meagre, as

there are only a few hills high enough to reach the Mitchell and Chester
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contact. Only the eastern half of the north side is represented by contacts.

Here, two contacts were found, but these reveal a rather striking feature.

The two contacts are one and one-fourth miles apart, the west one being a

mile west and one-half mile north of the eastern contact. Judging from the

general dip of the rock structure, one would expect the western contact to

be several feet lower than the eastern one. But the reverse is true, the

eastern contact is actually twenty feet lower.

Having absent contacts for the western part of the north side, the

data does not give absolute information, but the indications point decidedly

to the fact that a monocline or an anticline, with its long axis extending

parallel with McCormicks Creek, exists in the Flatwoods region. This

means that I'latwoods proper is an eroded anticline. This interesting struc-

ture indicates that the possibilities for oil are much stronger than a guess.

However, it is possible and even probable that the anticline is superficial,

and does not extend to strata of oil-bearing properties. The only sure

method for determining the presence of oil is the drilling of a hole the

required depth. The writer, however, is of the opinion that the Flatwoods

region ha.s sufficient superficial indications of oil to warrant an experi-

mental hole being made.

An interesting cliapter in the pre-glacial geology of the Flatwoods

regicm is found in the physiographic development. Several niillidu years

of time lapsed between the time when the later Mississipian deposits of

the region were first lifted above sea level and the advent of the glacier in

quaternary times. During this time, no deposits were made, indicating

that the region was never again subject to such a depression that would

reduce it below sea level. There is no rock structure present representing

the late Paleozoic, the entire Mesozoic and the early Cenozoic systems.

During the lapse of all this time, the area was subject to all the forces of

weathering and erosion. Undoubtedly nnich miist have been accomplished

in that long interval of time.

It is very likely that the new land surface of the upper Mississippian

strata was not raised to any great height above sea level for a long time.

The old sea in which the Pennsylvanian rocks west of the area were

deposited came and went many times before it left the i*egion forever. In

the ages that followed the withdrawal of the old sea, perhaps several

peneplains were formed, and each, in turn, destroyed by the subsequent

erosion, following the successive uplifts of the area. Only the later of

these would be preserved in any recognizable degree.
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A study of the topography of the Bloomiugton Quadrangle shows that

there are several rather flat-topped, isolated hills and several long, irregu-

lar, flat-topped ridges, all of practically the same height. The hills reach-

ing the 900-foot contour and forming the southern rim of Flatvpoods

proper, are examples of the isolated hills. A typical example of the flat-

topped ridges is found in the region of Kirksville, vphere the irregular

ridge extends for several miles in a north and south direction. These

high, flat-topped hills and ridges are undoubtedly the remnants of a

former peneplain, which may be correlated ; but not absolutely beyond

doubt, with that at the base of the Cumberland Plateau, and with its con-

tinuation southward and westward into Tennessee, thence northward into

Kentucky, where it becomes known as the Lexington Plain. This correla-

tion makes it of early Tertiary age. (J. W. Beede, Features of Subter-

ranean Drainage in the Bloomington Quadrangle. Proceedings of the

Indiana Academy of Science 1910. Ditney Folio, Indiana, U. S. Geol. Sur.)

Beede has named the peneplain, which these isolated heights represent,

the Kirksville peneplain, after the typical development of it at the little

village of Kirksville in southwestern Monroe County. Representatives of

it occur along the south side of Flatwoods and between the two main

branches of Raccoon Creek. Chambers Hill on the north side is also a

representative of it.

Succeeding this peneplanation there was an uplift of the region of

about 175 feet. The streams went to work again, cutting deep valleys in

the Kirksville peneplain. In time the stream reached base-level, and by

lateral erosion and beveling by the minor tributaries, local ijeneplains were

developed. The wide expanse west of Bloomington, which continues

southward through Lawrence, Washington and Crawford Counties, is the

best and most strikingly preserved area representing this i>eneplanation.

This plain is in the Mitchell limestone, and is well represented at Mitchell,

I^awrence County. It had its maximum development in late Tertiary times,

and is the Mitchell plain of Beede, being so designated by him. (Fea-

tures of Subterranean Drainage in the Bloomington Quadrangle. The

Proceedings of the Indiana Academy of Science, 1910.) Flatwoods at

this time wa.s peneplaned, the rim of the higher land and the monadnocks

being the remnants of the old Kirksville peneplain. Flatwoods is really a

portion of the Mitchell plain. The drainage in late Tertiary times was

into White River. The main stream was probably in the long axis of the

27—4966
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region with its outlet tlirongh Allistons Branch. This main stream and

its principal tributaries were in their old age, and were wandering about

the plain, being separated from each other and adjoining stream basins by

low divides, except locally where remnants of the preceding peneplain per-

sisted.

Near the end of Tertiary time there occurred another upheaval ; this

time of about 300 feet. The streams immediately began to corrade their

channels, and in the course of time the main streams cut their channels to

base level in their upper and middle courses. In early Pleistocene times

there occurred a depression of about 150 feet, which caused the base level

portions of the streams to become filled. Wabash and the White rivers,

show this in an ideal manner. Bean Blossom and Jacks Defeat creeks are

excellent examples of smaller streams which have their lower and middle

courses filled as a result of the depression of the land. But even these

streams are still corrading their channels in their upper courses. Examples

of streams which are still cutting their channels, down in the late Tertiary

or the Mitchell plain are found in Stouts Branch and Rocky Branch, north

of Bloomington, Ch>ar Creek south of Bloomington, and many other small

streams reaching into the Mitchell plain. However, such streams are con-

fined to the margins of this plain, because of the peculiarity of the Mitchell

limestone in its tendency for the formation of sinks and subterranean

drainage. Only the major drainage lines cross this formation with an

open channel. Beede has treated this subject thoroughly in the paper

referred to above.

In the Flatwoods region the main stream and main tributaries were

about as indicated on the map showing the pre-glacial drainage. Consider-

able portions of the region, however, were drained by sinks and under-

chaunels, as is characteristic of the Mitchell plain west and southwest of

Bloomington. But despite underground drainage, the lower part of the

main streams and principal tributaries were cut down to base-level. No

doubt many springs came into the streams, being the tnitlets of the under-

ground channels. At the margins underground drainage undoubtdly car-

ried water to other streams. Instances of this kind have already been

given.

At this point it is deemed advisable to give some attention to White

River, near the lower end of Flatwoods. Collet in his report on the geology

of Owen County (Seventh Annual Report Indiana Geol. Sur., 1875). makes

note of the extreme narrowness of the White River valley between Romona
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aud Spencer. He accoimts for "The Narrows", as this very constricted

portion of the river valley is called, by asserting that this portion ut the

valley is new, having been formed since the Illinois glaciation. The old

channel, he says, was up McCormicks Creek, through the Flatwoods basin,

and back to the present channel by way of Raccoon Creek. Leverett

says: "The stream (White River) is now occupying a pre-glacial valley

for a few miles in southwest Morgan County, and is also in a pre-glacial

valley throughout much of its course below Owen County. But in its

passage across Owen County it is opening a new valley. It has been sug-

gested that this stream had a subterranean passage across the sink-hole

region of Owen County, in which case no well-defined surface channel may

have been opened prior to the glacial invasion." (The Illinois Glacial Lobe

pp. 104, Monograph XXXVIII, U. S. Geol. Surv.)

Both Collet and Leverett have expressed their belief that White River

in its present passage across the Mitchell limestone region is in a new

valley. Collet says that the old channel was through McCormicks Creek,

Flatwoods basin and Raccoon Creek. Siebenthal, in regard to Collet's

idea, says ; "The Pleistocene terraces of Beau Blossom Creek clearly

prove the pre-glacial valley of that creek to have been practically as it is

at present. It is impossible to imagine how it could be cut down to its

present depth, while White River, into which it emptied, was running at a

level 150 feet higher than now, as it is alleged to have done. Moreover

the gorge of McCormicks Creek is clearly post-glacial. And further, it

empties into White River at least a mile below the upper end of the

"Narrows," whose existence it was brought forward to explain." (Twen-

ty-first Annual Report, Ind. Geol. Surv., 1896, pp. 302). Thus Seibenthal

makes it clear that Collet was in error in regard to the ancient channel of

White River in the Mitchell limestone region.

Leverett asserts that White River in Owen County is post-glacial, and

suggests that the pre-glacial drainage was a series of channels through

the limestone region. The writer in his examination of the area found no

evidence of an ancient channel on either side of the present river in the

limestone region of Owen County ; and there is little, if any, evidence of

its passage through the region ever having been subterranean.

The constriction of the river just above Spencer is undoubtedly

remarkable, and not geologists alone have asked the why of it. Puzzling

as the "Narrows" are, they have a rather simple explanation. The valley

here is very narrow in comparison to the extremely wide portions above
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and below. The valley is wide iu Morgan County because of the easily

eroded Knobstone sandstones and shales, thi'ough which the valley has

been cut. It is wide in Greene Comity again on account of the same fimda-

mental reason. Here the valley is in the soft sandstones and shales of the

Chester Group and the Coal Measures. In this county, however, the

Illinois glacier undoubtedly was an important factor in widening the

valley. In Owen County the strata in which the "Narrows" occur, are

hard, resisting limestones, which are little disintegrated by weathering

and suffer even less by abrasions. The widening of the valley in this

region must be carried on mainly by solution, which is a nuich slower proc-

ess than those involved iu the region above and below. This narrowing

of the valley is identical with the appearance of the limestone bluffs in the

vicinity of Gosix)rt. The .same condition is to be seen on the East Fork of

the White River, where the valley is exceedingly wide in the Knobstone

region, and becomes almost gorge-like in the limestone region.

Furthermore, if the valley in the limestone region were post-glacial

there would be very little alhxvium below the present channel. This is not

the case. Wells at Spencer prove that the alluvium is at least 100 feet

deep, just as it is in the wide regions of the valley.

White River Valley, then, in its passage across the limestone region of

Owen County is not a new opening. It is the same valley that is seen in

the wide portions of both Morgan and Greene counties. It is the same

valley that has carried the waters of the basin above since the time that

the present fundamental topographic features were initiated. In fact this

I>art of the valley and channel is more nearly where it has always been

than any part either above or below, for the simple reason that at this

point the Illinois glacier but little more than cros.sed the valley, while

both above and below, it crossed for many miles farther, and deranged the

drainage accordingly.

We are now ready for the final chapter of the history of the Flatwoods

region, the chapter which really gives the explanation of the Flatwoods

phenomena.

THE GLACIAL HISTORY OF FLATWOODS.

It is not the writer's pui-pose to give here a treatise on glaciers and

glaciation, nor to give an intricate and detailed history of the period of

glaciation known to have been present in the Flatwoods region. The pur-

pose here rather is to show the relations of the edge of the Illinois ice-
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.sheet to the Flatwoods region and immediate vicinity, and show how it

was responsible for the peculiar phenomena of the area. For an intimate

knowledge of glaciology and its broad relationships, the reader's attention

must be given to the many text-books and matter dealing specifically with

such phases. That glaciation has taken place over very large areas of the

world is no longer a theory. The most obtuse have long been convinced

of that fact. The most important phase concerning glaciation before the

scientific world today, is the manner in which it took place in specific

areas. The most interesting features of this phase of glaciation occur in

the phenomena existing along the border, or near the border, of the one-

time ice-sheet edge. The Flatwoods region belongs to this phase.

Ijeverett has given a detailed account of the drift border in southwest-

ern Indiana. The drift border through Greene, Owen and Monroe counties,

he credits to O. B. Siebenthal. "From near Scotland (southern Greene

County) it has a course slightly east of north to the valley of Plummers

Creek, in section 9, T. N., R. 4 W. North of this creek it makes an east-

ward protrusion of about two miles into a lowland Iract known as tlie

American Bottom, reaching section 36, T. 7 N., R. 4 W. North of this low-

land the course of the boundary is west of nortli to the valley of Richland

Creek, in section 9, T. 7 N., R. 4. W. It follows the east bluff for about

three miles and crosses to the west side of the creek in section ;!5, T. 8 N.,

R. 4 W, It follows nearly the west bluff to section 17, T. 8 N., R. 3 W., pass-

ing about a mile southeast of the village of Newark. The boundary makes

an eastward protrusion of about a mile into Richland Creek valley in

section 16, from which the course is nortliward into Owen County. Ente]'

ing Owen County in section 33, T. 9 N., R. 3 W., the boundary leads north-

eastward past Freeman post office and crosses into Monroe County in

section 6, T. 9 N., R. 2 W. The course continues northeastward through

northern Monroe County, tlie boundary being about two miles north of

Ellettsville and one mile north of Modesto, and coinciding nearly with

Indian Creek valley from mouth to source." (Monogr. XXXYIII, U. S.

Geol. Surv., pp. 34-38.)

The above detailed line of the glacial limit places the whole of the

Flatwoods region well within the limits of the drift line. While it is not

the intention of the writer to disprove the general limit of the drift as

interpreted by Leverett, there must be some variation made in the Flat-

woods region. Perhaps it should be made clear that in the detailed work

done by the writer, searching attention was given to the probable advance
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of the ice-slieet itself, rather than to the exact drift liue. In iuterpretiug

the Flatwoods phenomena the position of the advance of tlie ice-slieet itself

is of fundamental importance. Tliis line of advancement, as given below,

was determined not only by the presence of erratic boulders and rocks,

but by stratihed outwash material as well. Of the two phenomena, per-

haps the latter is the more important.

A close examination of tlie hills or rather ridge extending eastward

along the northern part of section 15, T. 9 N., R .'} W., theuce northeast

through section 11 jind into section 1, shows that the ice-sheet never

crossed beyond. Evidence is plentiful in showing that the ice rested

against this ridge and remained close to it for some time. The west side

of the .small adjimct is an outwash plain, which in the headwaters of

McBrides Creek shows the coarse layers of stratified gravel alternating with

both coarse and flue saud. About a mile west of the Stogsdill Pond is the

remnants of an old moraine, showing the last stand nmde by the ice front.

The coarse saud found in the ridge, dividing Flatwoods proper from the

adjunct, is partly outwash material and partly the result of the ice-frout

itself in pushing material against the ridges, which the water later

worked ovei-. Undoubtedly a tongue of the ice-front pushi'd uii to the very

upper tributaries of the old stream, the lower part of which is now repre-

sented by McBrides Creek, but that it uever crossed the ridge between the

old stream and Itaccoon Creek to the east is certain.

To the north the ice came up the White River slope and pushed up the

old stream, draining the region now occupied by Flatwoods proper. It

may have come up this old stream as far east as the Owen-Monroe County

line, and even some distance farther, l)Ut for the most time it must have

remaii'ed near the we.stern border of the present Flatwoods. AUistou's

Branch has been eating its way into an old outwash plain since the with-

drawal of the ice from the region. It has era.sed the moraines, if any

were formed, and has taken considerable of the head of the outwash plain.

It is tliis outwash material, covered with later silt, that makes the sloi)e

of the western part of Flatwoods toward the centre of the region. It is

evident from this that the ice-front for the most part did not extend

beyond the headwaters of Alliston's Branch, iu sections 26 and 35, T. 10

N., R. 3 W.

No outwash material or erratic boulders were found in the extension

of the Flatwoods basin into section 24, or on Chambers Hill, but erratic

boulders were found in the northern part of section 2.S on the White River
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slope, away from the high periphery at this part of Flatwoods. It is

improbable that this immediate portion was ever covered with ice, or if it

was, only for a short time.

The headwaters of Big Creek iu sections 24, T. 10 N., R. 3 W., and 19,

T. 10 N., are iu outwash material, and erratic boulders are common. But

these conditions are not found on the Flatwoods side of the divide. It is

very probable that the ice-front never got over this divide, although the

waters came freely into the Flatwoods region over this divide in the

southwest corner of section 19.

But little attention was given to the probable front of the ice east of

Big Creek, but indications are that it pushed up Jacks Defeat valley to

near the middle of section 28, T. 10 N., R. 2 W. Its maximum advance

east of Jacks Defeat was probably where indicated by Leverett. Yet it

seems to the writer, for reasons that will appear later, that for the greater

time it must not have been farther south than the middle of sections 21

and 22, T. 10 N., R. 2 W.

The line of the advance of the ice-sheet south of Freeman was proba-

bly as indicated by Leverett. The advance was somewhat east of Free-

man and continued northeast to near the southwest corner of section 23,

T. 9 N., R. 3 W., where it turned northwest, jutting against the high ridge

extending northward and northwest to the southeast corner of section 9.

Here the ice crossed the ridge and protruded eastward, as already de-

scribed. But it is not likely the ice-front was east of Freeman during the

time of the formation of the basin flat. The material of the flat west of

Freeman is principally sand, and quite likely is the lower end of an out-

wash plain.

Although the above details show the tracing of a line for the advance

of the ice-front, it must be continually borne in mind that the ice-front

was not irregular in outline, but that it was constantly changing in a sort

of backward and forward movement, due to the seasonal changes in tem-

perature. This line, as described above, has practcially all of the Flat-

woods region outside of the ice limit, and in some places several miles

within the limit placed by Leverett. Some glacial material was found

well outside the limit as traced above, but it was material carried there by

currents of water, and is not to be interpreted as jieing direct evidence of

the presence of ice. Again, it is possible that the extreme limit of the ice-

sheet came as far as indicated by Leverett. But it is quite evident that it
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was not advanced that far when the flat topography of Flatwoods was

formed.

Having determined the advance of the ice-front, it is easy to picture

the fluviatile conditions that existed during the presence of this great ice

barrier. Streams of water, sometimes constricted and sometimes in broad

sheets, poured out from the ice slieets in the summer seasons, and worked

over the sandy debris, which the ice continually brought forward from the

nearby sandstone hills. This debris was made into the outwash plains

already mentioned as being along the headwatei's of Alliston's Branch and

McBride's Creek. In the adjunct basin the water from the ice carried

material south and southeast from the region of accumulation, filling this

basin to the level of the narrow outlet south of section 11. The water in

being concentrated through this opening undoubtedly cut it down consid-

erably. The material in the wide terrace southeast of this opening con-

tains but little material foreign to the immediate vicinity, but there is an

abiuidance of limestone, chert and sandstone material in the debris.

Where the stream has cut a fresh place in the terrace these materials are

shown in abundance.

Turning to the eastern side of the region, we find conditions which

aided greatly in the making of the Flatwoods region as it appi'ars today.

^^^lite River was within the ice limit of the glacier and was at tliis time

frozen with all of its upper tributaries, and incorporated within the glacier

itself. Practically all of the tributaries beyond Hean Blossom were within

this great ice clasp. The greater part of the Bean Blossom nrea, however,

was free to gather its waters before the ice-front in tlie summer seasons

at least. But the outlet and a few miles of the lower portion oT this

stream were within the ice limit. Consequently a lake gathered before the

ice-front, both from the melting ice and the drainage of Bean Blossom

basin. The water soon reached the height of the lowest point in the

divide between Bean Blossom and Jacks Defeat Creek. This seems to have

been about one and a half miles southeast of Stinesville, near the middle

of sections 21 and 22, T. 10 N., K. 2 W., on the farm of Jack Litten. Here

occurs a col nearly one-fourth mile wide, which comes down at least KM)

feet below the height of the divide south of this place. The elevation of

the col is 715 feet. T>ocally this col is known as the "Valley." Since it is

on the farm of Mr. Litten, the writer proposes to call it the Tjitten Col.

The water on passing thi'ough the Litten Col came into Jacks Defeat

valley, but again it had to lodge against the ice wall until it had found an
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outlet. This was found just northwest of Ellettsville thiou'Jih the deep

col, which has beeu described as the southeastern opening of the Fhit-

woods region. This opening shall be henceforth called the Ellettsville Col.

The water however was not contined to this col aloiu'; it came over the

divide to the nortli, especially throvigh the region where a small stream

leads from the extreme southwest corner of section '',''>. T. JO N.. U. 2 W.

This brought the water coming from the Bean Blossom region and also that

coming from the melting ice into the Flatwoods region. In the tirst part

of this pa]ier it was mentioned that the slope of the eastern Flatwoods

i-egion was very gentle fnmi the periphery, and that the deposits extended

much liigher at this side of the basin than anywhere else. These features,

along with the |H-esence of geode fragments in Kjmcooh Creek valley, were

instnunental in the investigation of the possibility of the entraiKc of the

Bean Blossom waters.

After entering the Flatwoods region an outlet for the intiowing

waters, mingling with that which was coming fi-om the western ice-front,

was found through the opening near the Owen-^Ionroe County line in

section 1. Tliis outlet, which might be designated as the Raccoon Creek

Col, has already been descrii>ed. But again the waters were to be checked

by the ice-front in the Raccoon Creek Valley near Freeman. There must

have been an outlet, either under the ice or around it, in the vicinity of

Freeman near the 7()0-foot contour line; but such an outlet was not dis-

covered. The terraces come to that height here, and slope from the above

regions, indicating that the outlet at the time that the terrace-tlat was

formed could not have been either higher or lower.

Since the outlet in tlie Freeman vicinity was at tlie T(M)-foot contour

line, it is easy to see the terraces representing the old lake bottom wonld

not be any higher at this point, but that they should be higher above this

pt)int. This is true, as has already been described. The terraces up Little

Raccoon Creek also get twenty-five or thirty feet higher in the upper

region, where they fade out into the recent alluvium.

It is quite probable that for some time the waters entered Raccoon

Creek just south of the Reeves School through a col on the section line,

between sections 8 and 17, T. 9 N., R. 2 W. This col is al)out 77<> feet in

elevation, and is barely above the level of the silt line on the periphery of

the region. During the time the water went through this col. the ice was

advanced far enough east to obstruct the ]iassage-way through the Rac-

coon Creek col.
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In section 30, T. 10 N.. R. 2 W., there is a connection through a nar-

row opening in the iieriphery ot the Flatwoods hasin to the outwash phiin

at the headquarters of Big Creelv. No doubt waters came through this

<)])eniijg into tlie Fhitwoods region. Tlie silt tiat on the Big Creek side of

the opening conies up to tlie level of tlie opening, while on the Flatwoods

side it is much lower, due to the sinks at this place. No doubt that at one

time the slope was gradually away from this opening on the south side.

It is evident that the fluviatile conditions existed for a long time, long

enough to fill practically the entire stretch from the place of the entrance

r.f the waters into the region to where they left in the vicinity of Freeman,

with the material which has been described. These waters, being so inti-

mately connected with the glacier, carried much of its material, and it is

possible that at times large pieces of floating ice carried glacial materinl:

thus one may expect to find glacial peltbles and even small boulders in any

part of the region covered liy these waters.

Indications show that for a long time there were no rapidly flowing

waters in the Flatwoods region. In nearly all of the deeper wells and in

many of the shallow ones the very fine sandy blue clay, which has l>een

described in well No. 6 is chnracteri.stic of the lower material. This blue

clay is thicker. ]ieihaiis. th:in any other material laid down. It can be

seen in the bottom of the middle branch in tlie .small adjunct of the Fhit-

woods region. Here it is as described, but reveals another feature quite

importiint. Where it has weathered, or has been eroded, it shows laminae,

iiulicating that it is a water-laid material. This delicate bedding of lami-

nation cannot be detected in the clay when it is cut into. The elevation of

this material as fonnd in the wells is as follows (See niiip for location of

wells) :

Well No. 5 Tir.

Well No. 7 600

Well No. 10 680

Well No. 11 700

Well No. 14 660

Well No. 24 655

In Flatwoods Adjunct 705

III otlu'r wells it never occurred, or w.is not identified ;is such. The.-e

flgures show that the surface of this material was not actually flit, but

that it was even flatter th:in the present .surface of Flatwoods. It is very

lirobable that before later material was deposited upon it, it was eroded in
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places aud in other places was entirely waslied away, (ienerally. eitlier

saud or gra^-el overlies it. indicating that rapid flowing waters followed

the long period of qviiet waters in wliich the clay was deposited.

The next step in the history of the Flatwoods region comes witli the

deposition of the loess material. This tine, close-textured, ash-gray-to-

wliite material composes tlie present surface of the region, except where the

long duration of swamps lias built up a black .soil, which in some places

is several feet deep over the top of the loess. The loess is somewhat

uncertain as to its exact time and manner of deposition, and also as to

the origin of the material. It was in all probability deposited not so very

long after the disappearance of the Illniois glacier. Its thickness varies

greatly in the Flatwoo<ls region. Usually it is very thick at the margin of

the old lake, being as much as twenty or even thirty feet ; but in the cen-

tre of the region it is much thinner, at times being scarcely discernible.

It is thicker at the margin because it has been washed from the hills

adjacent. In the interior, perhaps much of it has been incorporated with

organic material in the making of the black soils.

In connection with the history of Flatwoods, McCormicks Greek adds

a vei'y fascinating chapter. After the withdrawal of the ice, the lowest

outlet was still the Raccoon Creek col. The region in the vicinity of the

headwaters of AUiston's Branch was thirty feet or more higher than the

Raccoon Creek col, having been built up by a possible moraine and the

outwash plain already described. Therefore, the waters lowered to the

level of the Raccoon Creek col. The water within the region was the site

of a shallow lake, not being any deeper than the lowest place below the

Raccoon Creek col. But the waters soon fell below the level of this open-

ing, because of the opening of the old sinks near the margin of the region.

These sinks were not covered deeiily by the silt and sand, and conse-

quently soon opened their old channels which had been filled or partly

filled. It is very likely that the sinks formed in the northwestern margin

or portion of the region in .section 23, T. 10 N., R. 3 W.. were the lowest

aud were, perhaps, the first to be opened on account of the static head at

this place. These sinks had been drainin'; this immediate portion of the

Flatwoods basin long before the advent of the Illinois glacier, and it is

quite likely that a thorongh drainage, thou'Jih underground, was already

established along the line of the present McCormick's Creek Gorge. It can

he easily seen that below the lower part of the gorge the valley hcomes

wider, and on approaching the river it is a filled valley. This clearly shows
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that a i>re-glacial tributary of White River occupied the regiou below the

gorge of McCormick's Creeli. The underground drainage merely had to

develop through the narrow divide, comixtsed entirely of Mitchell lime-

stone. The great static head given the waters which reached into the

southern part of section 23, in connection with a favorable dip of the rock,

insured underground drainage. Moreover, the nature of the rock as

exposed in the gorge would make this drainage not only apt, but very

rapid. The hard Mitchell limestone in the upper part of the gorge is a

continual occurrence of small irregular folds and dips, and even small

faults, all being more or less disrupted and broken. Then below comes in

a structure of loose, brecciated, highly argillaceous limestone, which is

very easily eroded and carried away. This material is so loose that it can

actually be torn from place by the bare hands. It is exposed in the falls

and in tlie sides of the perpendicular cliffs below.

Thus, the present dr:iinage of Flatwoods w;is initiated through tho

l)resent McCormick's Creek by underground drainage. On account of the

peculiar structure of the rock and the great fall, the drainage soon became

oi>en, somewhat as it is at present.

While the iibove outlined drainage through McCormick's Creek was

ill progress the middle ]>:\vt of Flatwoods n'miiiiied ji sluilhjw lake. But

finally the stream cut down ciioiigli to drain the region, with the exception

of the middle iiortion and several small isolated depressions. Stogsdill

Pond is one of the remjiiniug representatives of these isolated depressions.

The middle ])ortioii remained a great swampy moi'a.ss for ages, and was

even such at the time of the coming of the white iiii.ii. It has since had

the timl)er removed and better drainage instituted. The fine muck soil

resulting from the long coiitinue<l swam])y conditions is now the most

fertile i>art of the Flatwoods region.

(Note 1. The writer wishes to acknowledge his indebtedness to Dr.

J. W. Beede, and Dr. E. R. Cumings, of the Department of Geology of

Indiana University, under whose general charge the work of securing the

data for the above report was carried on, as part of the work of the

Department of Geology, Indiana University. The writer was also aided

by his l)rother. Burton J. Malott, who iiroved himself valualile in the gath-

ering of certain data.)

(Note 2. It was the wi-iter's intention that a contour map accom-

pany this paper, and data was gathered with that end in view, but press

of time has precluded its preparation.)
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Mechanical Device for Testing Mersenne Numbers
FOR Primes.

Thos. E. Mason.

Lucas,* in a note in "Recreations Mathematiques," gives a method

of testing numbers of the form 2'^'
'— 1 for primes. The purpose of this

note is to show how the labor of that method can be shortened, and how a

machine could be constructed which would do most of the labor. If such a

machine were constructed the labor of verifying the Mersenne numbers would

be reduced to hours where it now requires weeks and months, for example,

for numbers like 2'"

—

I.

Lucas makes use of the following theorem: In order that the numl^er

p = 2 ' — 1 shall be prime, it is necessary and sufficient that the congruence

J—1=2 cos^^^, (mod p),

shall be satisfied, that is, that

J^ = V2-^2+l/2+ J2+"T7. , (modp),

shall be verified after the successive removal of the radical. In other words,

if we form the set of numbers Vn,

V„ = l, V,=3, V.. = 7, V3 = 47, V4= 2207, . . . ,

such that each after the second is the square of the preceding diminished

by 2 units, and then consider only the residues, modulo p, if the residue of

the number ¥„, where n = 4q+2, is zero the number p is prime.

The process of Lucas makes use of the binary system of numeration.

In this system multiplication consists simply in the longitudinal displacement

of the multiplicand. It is evident also that the residue of the division of

2™ by 2"—1 is equal to 2'^, r designating the residue of the division of m
by n; consequently, in trying 2'—1, it is sufficient to operate upon numbers

having at most 7 of the figures or 1. Figure I gives the calculation of V4

deduced from the calculation of V3 by the formula

V4 = V"; — 2 (mod2'— 1);

the dark squares represent the units of different orders of the binary system

*T^ucas, Re.'Tcations Mathematiques, ^'ol. 2, pp. 230-2.35.
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and the white squares the zeros. The first line is the residue of V3; the 7

lines numbered to 6 represent the residues (mod 2''—1) of the partial prod-

ucts in

Ls^
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Now, if we write the number with the digits in reverse order on a slip of paper

(S) and place it above the number itself as shown above, we see that the

digits which occur in the third coliunn of the partial products are the digits

which come together, or correspond, when the slip of paper (S) is placed so

that the first digit of the number, when digits are reversed, is placed over

the third column. This is possible in no other scale, because the product

of two digits in the binary scale does not give a number of more than one

place. We can give the following rule for squaring a number written in the

binary scale:

Write the number with the digits equally spaced and write the same number

with the digits reversed on a slip of paper, using the same spacing. Place the

slip of paper above the number so that the first digit in the reversed order comes

above the last digit of the number. Move the slip of paper a single space to the

left each time. Count the correspondences at each step. The number of corres-

pondences at each step is the number which belongs in that place in the result which

is immediately beneath the first digit on the slip. Continue this until there are

no more correspondences.

It is easily seen that by means of the above rule the process described

by Lucas can be followed out by counting the correspondences and will lead

to the result in the lines marked (B) in Figure I, without having to write

the part (A).

It would be possible to construct a machine which would have two

parallel bars in which could be set pins for the places where 1 occurs in the

number. The pins on one bar would be in reverse order. The bars could

be turned over and the niunber of pins striking could be recorded automati-

cally. At the same time one bar could be moved along one place and be in

readiness for the next turn. From the machine then would come the data

for compiling the part (B) of Figure I. Or, a more complicated machine

could be constructed which would give the part (C) at once. This would so

shorten the work of testing the Mersenne numbers that it would be possible

to check the results on all of them again with a reasonable expenditure of

time.

Purdue University,

LaFayette, Indiana.
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Some Properties of Binomial Coefficients.

A. M. Kenyon.

1.

Tho ))inominal coefficients of the expansion

, ,
,i- (k] k

I

{k\ k-\ ,
(k] k-2 2 ,

,
(k] k

were known to possess a simple recursion formula

(1)

(^1

+
k 1

[n + IJ - In + lJ
k, n = 0, 1, 2, 3

by means of which Pascal's Triangle*
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From ( 1) and (3) it follows that
{

I satisfir-; the linear difference equation

in + I) fin + 1) + (n- A- )/(«,) =

It is well known that the svuii of the coefficients (x + y) is 2 and that

the sum of th(> odd numbered coefficients is equal to the sum of the even num-

bered ones; the following are perhaps not so well known:
k

(4) If, beginning with the second, the coefficients of (.r — y) be multiplied

by c", (2c)", (3c)", (At)" respectively; c being arbitrarily chosen dif-

ferent from zero, the sum of the products will vanish for n = 1, 2, 3,

k — 1 but not for n > k, e. g.

k = 8 —8, 28, —56, 70, —56, 28, —8, 1

r = 2 2", 4", 6", 8", lO", 12", 14", 16"

The sum of the products vanishes for « = 1, 2 7; ))ut not for

V > 7; for n = 8 it is 10,321,920.

(5) If the first k coefficients of i.r — y) be nuiltipiied term by term,

with k\ (A-— 1)", (A- — 2)", l". in. k = 1, 2, 3, ) the sum

of the i)roducts will be

(_1)^-+"
if „ < A- and (A- -I- 1)! -1 if « = A- + 1;

in particular

^^['j^j-(^-i)^^'t'! + '^-^)'['2V---- + (-i)'"'''-l! = i

e. g. take A: = 5.

1, —6, 15, —20, 15,

5", 4". 3", 2", 1",

The sum of the products is -fl, —1, -^1, —1, -|-1. 71«l, for n = 1, 2, 3, 4, 5,

6, respectively.

Both (4) and (5) are special cases of

(6) If the coefficients of (x — ?/)*, (A- = I, 2, 3, . . .) be multiplied term by

term by the nth powers {n = 0, 1, 2, . . .) of the terms of any arithmetic pro-

gression with common difference d =•= 0, the sum of the products will vanish

if 7i<A-,- will be (

—

d) (k!) if n = k; and if n = A- -f- 1 will be the product of this

last result and the sum of the terms of the arithmetic progression.

. g. take k = (), d = —1, a.])., t, 3, 2, etc.

1, —6, 15, —20, 15, —6, 1

4", 3", 2", 1", 0", (-1)" (-2)"
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The sum of the products vanishes for n = I, 2, 3, 4, 5, but not for n>5;

for n = 6, it is (—1)« (6!) = 720; and for n = 7, it is

720(4 + 3 + 2 + 1 + — 1 — 2) = 5040.

The third conchision of (6) shows that if

(I) a

and

+ (rt + d)

ik]

+ ia + 2d) + + (« + kd)

ik] .k Ik]
(II) j5Jrt^ -

!'{J

(a + dT +
[2J

(« + 2dr - + (-1)"
[^J

(a + kdf

be multiplied term by term and the (A; + 1) ]M-oducts be added, the result will

be the same as though (II) be multiplied through by the terms of (I) in suc-

cession and the {k + 1)= products be added; e.g. take k = 4, a = 1, d = 2

(I)

(ID

1

11^

3

-4 3^

5

G'54

7

-4' 7'

9

19^
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whence S{k, n) is divisiljle by k! and in fact S{n, n) = (—1)" n! Also, since

.S'(l, n)<0, it follows that for fixed k, Sik, Ji) preserves a constant ^ign (or

vanishes) for all values of n; and this sign is the same as that of (— 1) .

These numbers possess a recursion formula

(4) Sik, n) = k[S{k, n — 1) — S{k — 1, « — 1)] n, k = 0, 1, 2. . . . .

by means of which may be constructed,

A T.\BLE OP VAI,UES OF S{k, Tl)

1

k =
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By applying this m times, we obtain
m

(10) S{k, n) = 1 (—1)' Hi S(k + m, n + i)

1=

k, n = 0, 1,2, ; m = 1, 2, 3,

where Hj is the sum of the products of the fractions 1/(A; + 1), l/{k +2), l/{k + 3),

l/(k + m), taken i at a time; Hq = 1.

The proof of (6) §1 is as follows. If the first term of the arithmetic

progression is zero,

(-!)'(
•)

{dif = ,f S{k,n)

and this vanishes if n<k; is (—d) (A-/) if n = A*; and is

(—r/)* {k!)[d + 2rf + 3r/ + + kd] if n = A + 1.

If the first term of 1 he arithmetic progression is a =•= 0,

k{-lf[f. ia + di)'' = d'' :i (-l/f^'l Cr + O"

where x = a/d =^ 0.

If we use the notation

/(«, .r, k) = V (_1)'
\f,

(,• + /)"

i=0 ' '

expand (.r + " ^>y the l)inomial formula and reverse the order of summation,

we obtain

(11) fin,x,k) = :t "1 x'-' Sik,i)

Therefore

/(«, X, k,) = when n<k, since all the summands vanish

= S{k, k) when n = k

= 1
[^)

x'~\S{k, i) whenw>A-

In particular, when n = A + 1

/(A- + 1, .r, A-) = (a; + I ) (A- + 1).S:(A-, A:) and on putting a/d for x,

/^ V(^ + 1, -c, k) = / S{k, k)[a + {n + d) + {a + 2d) + + (a + kd)]

and from these follow the three conclusions* of (6) §1.

*Chrystal; Algebra 11, Se?. 9, p. 183, gives the proof of a slightly less general theorem.

Cauchy: Exercices de mathematiques, 1826, I, p. 49 (2.3). obtains as a by-product the second

conclusion of the theorem for the case rf = — 1, and remarks that it is well known.
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§3.

In finding the sum of certain series by the method of differences** it

is convenient to exj^ress jjositive integral powers of x in terms of the poly-

nomials

(1) x*"^ = x{x'— 1) (.T — 2) (.T — n + 1) 71 = 1. 2, 3, ... .

.r"" = 1

If we set

(2) x" = Aio, n)x^^^+ .4(1, «.)x'"+ + A(/fc, n)2;'^''+ + A(w,n) x^"^

it is easily shown that

(3) A{k, n) = S{k, n)/S{k, k)

whence

(4) A{k, n), k, n = 0, 1. 2, 3 vanishes if n<k; is always positive if

n > ^- > 0; in particular A(n, n) = 1; and the following relations come from

those given in §2 for S{k, n):

(5) .1 (A-, n) = ::s [" _ j)
J (A- ~ 1, z - 1 J =

],
:i

[^ f ^j
^ (^ - 1, i - 1)

i=k

The I'ecursion formula

(6) A {k, n) = k A {k, n — I) + Aik ~ I, n — I)

by which may bo constructed

A TABLE OF VALUFS OK A(k, ?})



(7)

(8)

2
(^J

A{k,i) = A{k+ 1, n + 1)

2 A(k,n) S{k — l, A-— 1) =
jt=i

Inversely, since

Jn+ 1)'= x(j — 1) (.r — 2) (x — n)
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n>k = 0, 1, 2, . . .

71 = 2, 3, 4, . . .

= 0, 1, 2,

if we set

(9) x"+^'= x[B{o, n)/ — B(l, «)/ ^+ . . . . + {—l)''B(k, n)j"~^+ ....

+ i-lf Bin,n)]

it is evident that B{o, ?i) = 1, w = 0, 1, 2 B(k, n) = the sum of the

products of the numbers 1, 2, 3, n, taken A- at a time; in particular
k

B{k, k) = k! = (—1) S{k, k) and B(k, n) = if A'>7?. For convenience define

B(p, n) = 0, if p is a negative integer.

If we multiply both sides of

r'"' = x[B(o, n - l).r"~'- B{\, n - \)/-- + . + (—1)" ^B{n hn~l)]
by X — n, and equate the coefficients of .c" , we obtain the recursion formula

(10) B{k, n) = B{k, n — 1) + n B(k — 1, n — 1)

by means of which may be constructed

A TABLE OF \ ALUE.S OF B{k, Jl)



440

The equation

fi(0, n) / — B{1, n) x"~^ + .... + (—1)" Bin, n) =

has 1, 2, 3, n, for roots. If wc set

Sk = l'-' + 2* + 3*^ + + n A; = 1, 2, 3

and solve Newton's formulae* we obtain

Ba-J:) B{k,n) =

Si 1 i)

S, ,Si 2

S, S, S, 3

S, S, .S, S,

S, S,_i S,_, S,_,

This determinant vanishes when k > n.

Inversely,

! B{l,n) B{0,n)

I

2^(2,n) B{l,n) BiQ,n)

3B(3,n) B{2,n) B(\,ri)

^% =

.S,

k\n = 1. 2, 3.

kBik,n) B(k—l,n) B{k—2,n) /?(!,")

A-, n = 1, 2, 3 (even if/- > n)

These sums of tlu^ iiowers of the first // nalural iiumlx'is aic conneeted

l)y llic foUowiuji relations, in whicli 7(/,- 2) sifiuifies the iiit((ii;il part of k/2:

I{k 2) . ,

—
I 9i + 1 )

'^2it—l-2i-J- '^
I

1 = " '

I(k 2)

V 2A; + l-2i jk] „ _ r-?„-Ln 2*^-',S'
— 1 k

wIkmici

1 =

k

l + 2i i2ij

iki „
^i

i,-J
'%k~i= •' \vher(w,= —2A; + 1-/

+ ?

when ? is even

= — (2n4-l ) when (' is odd

*See, for example, C:ijori's Theory of Equations, pp. 8.i-Sr,.

tStern, Crelle's Journal, Vol. 84, pp. 216-218.
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Also

i=0 ^ '

Relations between the A's and the B's:

X = ^ A{i, m) X m = 1, 2, 3

!=1

I—

1

/i)= S (^_iyg(j^ i—l)J~^ I = 1, 2, 3

i=o

Therefore

m i—

1

x'" = 2 A{i, m) 2 (—l)^5(i, i— 1) x'~^

!=1 ;=n .

the coefficient of x on the right is

m—A;

2 (—1)' ^ (A- + i, m) B(/, A: + ;— 1)

i=0

and this must vanish A- = 1, 2, 3, in—1, and be equal to 1, for A; = m.

Whence, setting n for vi — k,

2 (-1)' A{k+i, k+n) Bii,k+i-l) =0, ]
^ ^

^'
o'

!' "
'

'

i=o i« = 1. 2, 3, . . .

or, setting i for k + i, and n for ?«,

'
A- = 0, 1, 2, n—l

(12) > (-l)'A(vOfiCi-A-, i-1) =0.
i=fc I,

n = 1, 2, 3,

Similarly, starting from

m—

1

r = 2, (— 1) B{i, m—1) x

we obtain

(13) Z (—iyA{k, k+n—i) Bit, k+n—l) = 0,

i=

This relation may be generalized as follows:

Set
n

C{k,n,p) = 2 (—1)' A{k, k+n—i) B{i, k+n—p)
i=0

A: = 0, 1, 2, . . .

n = 1, 2, 3, . . .

**Prestet, Elements de Mathematique, p. 178.
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k = 0, 1, 2,

then directly and by (13)

(a) C{k,o,p) = 1 p = 0, 1, 2, . . . .

C(k,n,l) =0 n = 1, 2, 3, . . . .

making use of (10) we obtain

(b) C{k,n,p) = C{k,n,p~l) + {k+n—p—1) C(k,n—l,j^l)

The left side vanishes when p = 1; therefore

Cik,n,0) = —ik+n) C{k,n—lfi)

By repeating this (n—1) times and noting that C{k,0,0) = 1, we obtain

A- = 0, 1,2, .

n = 1,2, 3, .

(c) Cik,n,0) = (-1)"(A-+1) (^-+2) .... (k+n)

Setting p = 2, 3, 4, n, in (b), we find

(d) C{k,n,p) =

= k"

for p = 1, 2, 3, .

when p = « + 1

Therefore for all values of k = 0, 1, 2, ; and n = 1, 2, 3.

n

(14) ^ i—iyA{k,k+n—i)B(i,k+n—p) = (—1)"(A;+1) ik+2) .... (k+n)

when p =

= when p = 1, 2, 3 . . . . r/

= k^ when p = n+ 1

Example illustrating (14) for A; = 2, n = 3.



443

or, setting n—k for n

n—k ^

(15) 2l (—1)'^(A-, n—i) H{i,k) =
1=

[

k

2X (—1)'A(A:, n—i) B{i, k) ^
1=

provided n>A; = 0, 1, 2, 3. . .

The two sums are equivalent since for i>k, B{i,k) vanishes and for

i>n—k, A (k, n— i) vanishes.

From (15)

whence

A{k,n) = 2 (—1)'^^'
Aik, n—i) B{i, k), n>k = 0, 1, 2, . . .

B(k,n) = 2 (—1)'^' B(k—i, n) A (n, n+i), n>k = 0, 1, 2, .

Solving for the successive A's and B's, and for brevity writing Ai, A2 for

Ain, 71+1), A{n, n+2) etc., and Bi, B., for B{l,k), B(2, k) etc.,

A{k,k) = 1

A{k,k+l) = Bi

A {k,k+2) = B? — B,

A{k,k+S) = b\ — 2B1B2 + B^

A{k,k+^) = b\— SB^Bi + 2B1B3 — B, + bI

Aik,k+5) = b\ — 451^2 + w\b^— 2B,B, + Bi+ 3BiBI—2B,B3

etc., etc.

B{0,n) = 1

B{l,n) = Ai

B(2,n) = a] — A.

B{S,n) A'l —2A,A, + As

etc., etc., in exactly the same form as the B's.

S{k,n) satisfies the linear difference equation of order k,

(16) S{k,n+k) — B{l,k) Sik,n+k—l) + . . . + (—1)' B(t,A;) S{k,n+k—i)+ . . .

. . .+ i—l)''B(k,k) Sik,n) =

of which the characteristic equation has for roots 1, 2, 3 . . . . k; and the

conditions

S{k, n) = 0; n = 1, 2, 3. . . .k—l; Sik, k) = (—1)*^ k!
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are exactly sufficient to determine the constants. These two equations,

therefore, completely characterize

S{k,n) = i (-1)^'
(f,

i"

1 = ^
'

In like manner, the difference equation

(17) A(k,n+k) — Bil,k) Aik,n+k—l} + + i—l)'B(i,k)A{k,n+k—i)

+ .... + (—1)* B{k,k) A(kji) =

and the conditions

Aik, n) = 0, n = 1, 2. 3 k—1; Aik, k) = 1

completely characterize ^l(A-,«) = 2£ (— 1)' {h t"
iz>{k,k) j-_Q ^ )

B{k,n) satisfies the difference ecjuation of order 2k -\- 1,

(18) B{k, „ + 2^• + 1) - [^^ + ^] B(k. n + 2k)+ + (-1)' P^^)

B(k, n+2k+l—i) + — B(k, n) =

of which the characteristic equation is

U-lf"-' =0

Whence B(k,n) is a polynomial of degree 2/- in h, Vnit the k + 1 obvious

conditions

B{k, n) =0, « = 0, 1, 2, 3 A — 1, /i(A-, k) = k'

are not sufficient to determine the constants. It is possible, however, by

the successive application of the method of differences, since

A B(k,n) = (n + l) B(k~l,n)

to determine these constants for any particular value of k.

Thus:

B{l,n) = J (n+l)n

Bi2,n) = ^ {n+l)n{n~l) {3n+2)

B(3,n) = ~ (/i4-l)^=(n-l) (n—2)

etc., etc.
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§4.

The properties of

f{n,x,k) = 1 (-1)' f^l (x+t)"
!=0 ^ ^

and an application of 2 (—1)' • -—. in the theory ot gamma functions

suggests the generalization:

(1) f{l,x,k,n) = 1 (-1)' Rj i" (x+if
! = '

k,ii = 0, 1, 2, 3 ; ; = 0, ±1, ±2,

Whence

(2) f{0,x,k,7i) = S{k,n) k,n = 0,1,2,

(3) fit,x,0,n) = X when « =

= when n >

(4) f(t,x,l,n) = X — (x+l)' whenn=0
= — (.r+1) when n >

When / < 0, this function has poles at x = —1, —2, —A', and

also when n -{- ( < 0, at x = 0.

Since fit,x,k,n) = 1 (—1)'
f^] i" (x+if~^ (x+i)'"

1= ^^'

we have the recursion formula

(5) f{t,x,k,n) =2
\ ^\ x' fit—7n,x,k,tn+n—i)

1 = ^
'

/. = 0, =t 1, ± 2, . . . . ; k,n = 0, 1, 2, 3, . . . . ; m = 1, 2, 3, . . . .

If ( is not negative, we have on setting t for m in (5)

(6) J{t,x,k,n) = S !
I

x' S{k,l^n—i) k,n,t = 0, 1, 2, 3 . . .

If < n ^ A:

k
f,

2 (—1)' r i^"^ (x+if = {—l)"k^"'> f{t,x+n,k—n, 0) 7/ = 1, 2, 3 k
1 = ^

Wh ence, making use of (2) §3,

71

(7) fit,x,k,n) = 2 i—iy A{i,n) k''^ f(t,x+i,k~i.O) n = 1, 2, 3 .... A:.

1=

In (5), setting n = 0, w = 1, and <+lfor /.•

/a+l,x,A-,0) =f(t,x,k,l) +xf{t,x,k,0)
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but by (7)

f(t,r,k,l) = —
I- fU,x+ 1.k—l,Q)

Th(^ref<)i'(\

(8) .vf(L.r,k.()) = fil+l,x,fc,0) + k fit,.r+l,k—1,0), A' = 1, 2, 3 . . .

In (5) settinji/ = 0:

m ,

(9) 2 7j •r7(—'"-'-,^-." +"'—') = S{k,n)

k,n = 0, 1, 2, ;

' m = 1, 2, 3,

Now S{k,n) vanishes if k > n; therefore /(

—

)n,x,k,7i) satisfies the linear homo

geneous difference equation of order ?w:

m ^

(10) 1 yflx f{—m,.r,k,n+ »i—i) == 0.

1= ^
'

k > n = 0. 1, 2 . . . HI = 1, 2, 3, . . .

of whieii the charaeteristic equation is

(r + .r)" =

whence the com|)k',te solution is

(11) J{—m,x,k,n) = (co + r,n + + c^_l n'"" ) (—j)"

w = 1, 2, 3 . . . . ; « = 0, 1, 2 k— 1; not for n>k;

however, the equation (10) itself will ^\vo,f(—m,x,k,n) for

n = A-, A-+1, A:+?«— 1.

For m = 1, we have

f{~l,x,k,n) = Co (—x)" n = 0, 1. 2, 3, k.

and setting n = 0, we determine

Co = /(— l,x,A;,0).

setting I = — 1 in (8) «

/(— 1,.T,A;,0) = ^ [.S(A;,0) + A-/(—l,.r+l,A-— 1,0)]

= - when A- =
X

= '' /(—1,.T+1,A;— 1,0) A- = 1, 2, 3 . . .
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whence by repetition, and noting (3)

/(-1,T,^,0) = ^'

xix + l){x + 2)....{x + k)

and

f(—l,x,k,7i) = ^ ,; '
, r- n = 0, 1, 2, 3 . . . . k—\

'
'

' ' ' .r(.r + l) (x + k)

therefore, since by (10), /(

—

l,x,k,k) = —.r/(

—

l,x,k,k— 1),

(12) fi—l,x,k,n) = ~ (—-r)" k'—^ « = 0, 1, 2, 3 . . fc, but not n>/il;.

x{x + l) ix + k)

Example:

a:(x4-l) (x+2) (.t+3) (x+4) 2 (-1)^
'*'

'

1=0 + i

~
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changing the order of summation and replacing (j(
—l,x,k,n) by its value,

we have
it i

1 x^ 2 (—1)'~^ B{k-^+i,k) S{k,n—i)

(14) fi-l,x,k,n) = >nL_L^i
x{x+l) (x+2) {x+k)

n > k = 0,1,2,

the numerator being a poljTiomial arranged according to ascending powers

of x; on arranging this in descending powers of x, taking account of (14) §3.

A—

1

j

2 x''~^ 2 (—1)* BU—i,k) Sik,n+i)

(15) f{—l,x,k,n) = ^^ —
x{x+l) ix+2) (x+k)

« > A- = 0, 1, 2, 3

It is obvious that (14) does not hold for n <^ k, since in that case

S(k,n—i) vanishes, i = 1, 2, n; on the other hand, noting that B{k,n)

and S{k,n) both vanish if k > n and taking account of (15), §3, it results that

in the numerator on the right side of (15), when n'^ k, the coefficient of every

power of x vanishes except that of x" and this turns out to be

(—l)''~"B(0,k)S{k,k) = i—lfk! which agrees with (12).

Therefore,
i-i j

t 1 /-^ 2 (-1)' B{j—i,k) S{k,n+i)

(16) 2 (-1)'-
(tl 4. = ^^ ^°

i^o ^ > •^+* x{x+l) {x+2) (x+k)

k,n = 1, 2, 3

but for the ca.sc! where n "<" k, (12) is simpler.

Setting m = 2 in (11)

(17) /(—2,j,^-,n) = (c„ + c,«) (—x)" 7? = 0, 1, 2, A— 1.

Put n = 0, n = 1, and determine

Co = fi—2,x,k,0)

c, = — - f(—2,x,k,l) — {i—2,x,k,0), which by (7)
X

= ^'/(—2,x+l,A-—1,0) — /(—2,x,^,0)
X
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In' (8) set i = —2, A- = 1

x/(—2,j,l,0) =/(—l,r,l,0) +/(—2,.r+ 1,0,0)

whence by (12) and (3)

1! 2 (1+0 5(1—?,i) X

Again, setting k = 2 in (S)

/(—2,.r,2,0) = -^-/(—2,.r,l,0) + ^- /(—2,.r+l,l,0)
X X

91
^

=
.„ ^,;,V ^.,,..

i a+ /) B(2-i,2) /
.r-,.r + l)-(.r + 2)- .^(,

Assume

(18) /(-2,.r,A%0) =
.,, .^„

^' —jy-, ^i; (1 + /i(A— /,A-) .r=

•'•-(' + 1)- (.)- + A-)- , = n

and a complete induction, on taking account of (11) ij3, shows that this holds

for all positive integi-al values of A.

Therefore:

x-{x + \)- (f + A)- j-^,^

-Ci = k!
k

2 B{k—i,k) X
' x=,.r + l)= (.r + A) i=o

and

(19) /(-2,.r,A,n) =
.,,

,,,1~''^"^"\ ^,,., S (l+ i-n) Ba—i.k) x'

X'{x + l)- (c + A)- ,•=()

A = 0, 1, 2.. .; n = 1, 2, 3 A—

1

On computing, by means of (10), the values of /(—2, .r, A, A) and

/(—2, X, k ,k+ 1), we verify that (19) holds for « = 1, 2, 3 A+1

but not for n>A+l,

Therefore,

(20) 2 (-1)^-
(^)
^- = -., J-'-"^' ^,y. 2 (1+^-") Bik-i,k)x^

i=Q
^^^ (x + i)- j-(.r + l)- .... (.r + A)- .^0

A- = 0, 1, 2, ; M = 0, 1, 2, A+1; not ?(>A+1

29—49G0
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The corresponding results for n = k -\- 2, k + 3, etc., may be found by-

putting tli^ese values successively for n in

(21) /(—2,x,/.-,n+2) = S{k,n) — 2x f{—2,x,k,n+l) — x- f{—2,x,k,n)

which results from setting vi = 2 in (9). The general result may be put

into the form
2Jt—

2

i—

1

S x^*"-' 1 D{i,j,k) S{k—i,n)

(22) f{—2.x,k,n) = -^^ '-^
; k,n = I, 2, 3 . . .

xHx+ iy- {x+ ky-

in which the coefficients D, are independent of n:

D{i,0.k) = 1 when ( =

= i = 1, 2, 3

j

D(O.j.k) = ^ Bit, k—l) B(j—t, k—l) j = 1, 2, 3 . . .

(=

but I liave not been able to determine a gc^neral formula for D(i.j,k) by means

of which to calculate the coefficients of /(

—

2,x,k,p), p>k+l, witliout first

calculating successively those for n = k-\-2, A-+3 />— 1.

By making use of (10) i^ 2, (21) may be rcMluced to

2Jt—

2

k—\

1 /*"' 2 E(i,j,k) S(k,n+i)

(23) /(—2,j,A-,n) = ^ -—
; k,n = 1, 2, 3 . . .

x"-{x+l)- (x+ky

with which compare (16)

Example:
4

xHx+iy{x+2y(x+3y-ix+iy '^ (-D' [f] j^^^ = S{4,n) x» +
1 =

[12S(4,n) + 8S(3,ra)]x' +
[58 5(4,ra) + 76 <S(3,n) + 36 5(2,n)] x^ +
[144 S{4,n) + 272 ,S(3,n) + 288 S{2,n) + 96 <S(l,n)] x^ +
[193 S{i,n) + 460 S{3,n) + 780 <S(2,n) + 720 S(l,n)] x* +
[132 S(4,n) + 368 -S(3,n) + 840 S{2,n) + 1680 S(l,n)] a;' +
[36 S{4,n) + 112 ,S(3,n) + 312 S(2,n) + 1200 S(l,n)] j'

n = 1, 2, 3
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also;

= S(4,n) x^ + [20 .S(4,70 — 2 .S'(4,n+1)] x' +
[170 S{i,n) — 40 5(4,n+l) + 35 .S(4,n+2)] x" +
[800 *S(4,n) — 340 S{4,n+1) + 60 »S(4,n+2) — 4 S(4,n+3)] x^ +
[2153 S{4,n) — 1350 »S(4,n+l) + 335 S(4,n+2) — 30 S{i,n+3)]x*+

[3020 5(4,n) — 2402 Si4,n+l) + 700 .S(4,n+2) — 70 S{4,n+3)]x^+

[1660 5(4,n) — 1510 <S(4,n+l) + 476 .S(4,h,+2) — 50 Sii,n+S)]x'-

n = 1,2,3

These results are consistent with (20) for n = 1, 2, 3, 4, 5 and for 7i = 6

give

1560 x^ + 14400 x' + 51672 x^ + 59520 x'' + 100320 x' + 57600 x^

+ 13824 x\

Purdue University.
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Radioactivity of Spring Water.

R. R. Ramsey.

Since the discovery of the Becqerel rays in 189G by Henri Becqerel

a great amount of work has been done on radioactive bodies; i. e., bodies

which give out a radiation which, among other things, renders the air con-

ducting. Madam Curie discovered polonium and radium in 1898. After the

discovery of radium a great many workers contributed to our knowledge of

radioactive bodies. Radium and polonium are now known to be transforma-

tion products in the radioactive series headed by uranium. Besides the

uranium-radium series we have the thorivun series, the actinium series, and

the potassium series in the radioactive list.

Very early in the history of radioactivity, tests were made on ordinary

matter to see if all matter is radioactive. Although there is some evidence

to show that all matter is radioactive, i.e., is disintegrating, it has been found

that a great part of the effect is due to slight traces of radium and other

radioactive substances which are mixed with matter. Thus the surface of

the earth is covered with slight traces of radium. The exact distribution

of radium on the surface of the earth is not known, determinations having

been made in a relatively few localities. Besides the scientific interest in

the distribution of radium there is another. It has been found that a great

many of the celebrated European springs and baths show an unusual amount

of radioactivity. The theory has been advanced that the curative proper-

ties of these springs are due to the radioactivity of the water.

Table I gives a partial list of the measurements made on noted springs

also a short list of ordinary springs, etc.
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TABLE I.

R-^DIOACTIVITY OF XoTED SPRIN'GS, EtC.

Kings well, Bath, Eng 173. X10-'=Gm. Ra. per liter.

Brembach (Saxe.) 36000. to 720000. X10-" Curies per liter.

Schweizergang, Joachimsthal 98000

.

Lake Balaton, Hungary 10300. to 36000.

Potable waters of MuLhause (Alsace) 2800.

Evaux-Ies-Bains 1060. to 2340.

Evaux-les-Bains gas 3440. to 80090.

Japanese hot springs 237. to 13800.

Colorado Springs, Manitou 120. to 4730.

Colorado Springs, Manitou, gas ^ 470. to 20500.

West Canada, Fairmount, Sinclair 3500. to 4000.

Yellowstone Park 2.26 to 10.4 Mache units.

Yellowstone Park gas 6.25 to 118.3 Mache units

Sixty Springs, TjtoI 06 to 89. Mache units.

Saratoga, N. Y., springs 39. to 880. X10-" Curies per liter.

Saratoga, N. Y., springs gas. Max 847.

VVilliamstown, Mass 13. to 216.

Williamstown, Mass., gas 759. to 7290.

Caledonian Springs, near Ottawa, Can 15

.

St. I^awrence River . 25 to 1.1

Sea water ' .9

.\ir, Montreal, Cambridge, etc .1

One Mache unit equals 364.XIO i- CCuries per liter).

The radioactivity of water may be due to traces of radium salts dis-

solved in the water. It may be due to some other product of the uranium-

radium series, to radium emanation, usually, or to some product of the tho-

rium or actinium series-. The greater amount is usually due to radium or

radium emanation dissolved in the water.

In the uranium-radium series (Table No. 2), it will l)e noted that when

one substance changes into another a radiation of at, 'p, or v rays, in some

cases all three, are given off. This radiation ionizes the air and renders it

conducting. The conductivity of the air becomes a measure of the radio-

activity of the substance. This is proportional to the rate which a charged

body loses its charge.

The ionization produced by the three sets of rays is about in the fol-

lowing proportions: x = 100%, ^ = 1.%, y = .01%. The penetrating powers

are in the invcr.se proportion. Electroscopes for radioactive measurements

are known as 2 ray electroscopes, ^ ray electroscopes, y ray electroscopes

according to the amount of material that must be penetrated by the radia-

tion in order to get into the electroscope. Thus in an a ray electroscope

the substance tested is placed in the electroscope or very near to a window

covered with a very thin sheet of aluminum or paper. The rays pass in
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without absorption and practically all, at least 99%, of the ionization is pro-

duced by the a. rays. In the ^ ray electroscope the radiation must pass

through .05 mm. aluminum, which absorbs all the alpha rays and the ioniza-

tion is produced by the
f,

rayt,. In thej' ray electroscope the radiation must

pass through 2 mm. of lead, which completely absorbs the a and ^ radiation

leaving the.v rays to produce the ionization. Thus for very weak radioactive

l)odies the x rays are used, to iiroduco the ionization.

TABLE 2.

Ur.\nium Radium Series.
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parison with the others. Thus some time, about three hours, after the em-

anation has been placed in a vessel we have Rad. Em. changing through the

intermediate products into Rad. D. giving off three a particles, one from Rad.

Em; cme from Rad. A; and one from Rad. C. This complex radiation has

after the first few hours the half value period of the longest of the series,

which is that of Rad. Em., 3.85 days. Thus if a quantity of radium emanation

gas is placed in an electroscope the rate of "leak" of the electroscope in-
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Rad. Em., 29.1%, Rad. A, 31.4%, Rad. (B) and C, 39.5%. Total, 100%.

The line marked Rad. Em. starts initially at 30.% and in four hours has

diminished to 29.1% according to the half period of 3.85 days. Rad. A.

initially is zero, because initially emanation alone is placed in the chamber.

Curve A rises to half value in three minutes and in 20 or 30 minutes becomes

in equilibrium, that is, it disintegrates into Rad. B as fast as it is formed

from the emanation. The latter part of the curve is practically a straight

line parallel to the curve for emanation.

Rad. B does not give off a particles. The ionization due to the ^

radiation can be neglected. Rad. B changes into Rad. C whose lialf period

is 19.5 minutes. Thus the curve (B) and C depends upon the amount of Rad.

C present. This initially depends upon the formation of Rad. A and B. The

curve starts from zero and reaches its equilibrium in about four hours. The

total ionization depends upon all three, so the current in the chamber, assum-

ing that all ions capal^le of being produced by the a particles are used,

increases according to the curve Em.+A+B+C, which is formed l)y summing

the ordinates of the three curves. This reaches 100% in about three hours.

In a chamV)er of smaller dimensions the effect of the slower electrons will be

greater than the above, since a greater numljer of the high velocity ones

will be absorbed by the walls of the chamber before they have produced

tlieir maxiiniiiu numlicr of ions.

The ciuantity of emanation gas associated with or occluded in, or in

eciuilibriuni with, a quantity of radium has V)een found to be directly pro-

portional to the mass of radium. This is so true that the amount of emana-

tion in equilibrium with one gram of radium has been measured very exactly

and is called the curie. Thus one gram of old radium contains or is in equi-

librium with one curie of radium emanation gas. The volume of this gas

under standard conditions is .62 cu. mm.

To collect this g:« the radium is put into solution, boiled and the gas

diluted with air is collected over mercury and then introduced into the elec-

troscope. The radium solution after standing one month is again in equi-
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librium with the emanation and can be used again. By noting the ionization

current or the "leak" of the electroscope other samples of radium can be

compared with the first by putting sample No. 2 through the same process.

The Bureau of Standards at Washington is prepared to standardize radium

solutions by comparing them with a standard in its possession.

If no standard is at hand the electroscope can be standardized by using

Duane's empirical formula. (Le Radium Vol. XI, P. 5, 1914; Ann. der Phys.

Vol. 38, P. 959, 1912; Compt. Rendus Vol. 150, P. 1421, 1910; Jour, de Phys.

Vol. 4, P. 605, 1905), which is,

2.49X108 (1— 0.517 S/V)

6.31X108 (1— 0.572 S/V)

Whore, e = amount of emanation in the electroscope.

io = initial current, expressed in E. S. units.

i max = maximum current (current at end of three hours) expressed

in E. S. units.

S = inside surface of ionization chamber of electroscope.

V = volume of ionization chamber.

This equation applies to a cylindrical ionization chamber with a central rod.

The volume of the chamber must be about one liter and the height is from

one to three times the diameter.

The ionization chamber can be a cylindrical metallic chamber with an

insulated rod extending through the center. This rod can be comiected to

an electrometer or to an electroscope in order to determine the potential of

the rod. For very delicate measurements of small amounts of emanation a

sensitive electroscope is better than an electrometer. In an electroscope the

ionization current, i, is measured by knowing the capacity, C, of the elec-

troscope; the change of potential, dV, of the insulated rod, in the time, t;

according to the equation,

CdV
i =

t

In order to measure a small current in a short time, C, the capacity

of the electroscope must be small and dV, the change of potential, must be
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small. Therefore we wish a sensitive electroscope of small capacity. The

cylindrical chamber is in reality a cylindrical condenser. Therefore we want

the diameter of the rod small compared to the diameter of the cylinder, also

the collar holding the insulating material should be short and have a large

diameter compared to the rod. In short the dimensions of the insulated

system should be as small as rigidity and other considerations will permit.

To make the electroscope sensitive the "gold leaf" should be very

light and narrow. With Dutch leaf a strip l)etween one and two millimeters

wide will give a change of one mm. for a change of potential of five volts. By

5 1 ill I I I I {I I L

M

-e

using a reading microscope with graduated eye piece a fraction of a volt can

be detected. 'I'hc electroscope should be made of l)rass tul)ing tlic (iiickness

of whose walls is one mm. or more. W'heic sucli material is not to tx; had

sheet tin can be used and will give satisfactory results, es|)ccially if used in

a laboratory free from penetrating radiation. I will describe oiu; which I

made at a cost of a few cents and have found to give consistent results when

comi)ared with one made in Germany which cost ^50.

The cylinder A, Fig. 2, is a 1 lb. coffee can. H, is a tin can made in

a local tin sliop, 3x3x5 inches with a lid at the toj). The lid of the coffee can

and the lid of the rectangular can are soldertid together and a short cylinder
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of brass, 8, is soldered in a hole in the center. In this short cylinder the

central rod system, which can ])e made of two or more sections, is insulated

by pouring melted sulphur into the cylinder while the rod is supported in

proper position by a cork, Fig. 3, which extends a short distance into the

cylinder. After a few hours the cork can be removed, leaving the sulphur

plug. In melting the sulphur care must be used not to get the sulphur too
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side. A similar window should be placed on the opposite side to admit light.

To read the amount of deflection a scale S, as shown in Fig. 4, is mounted

on one side on or near the back window. A strip of cross-section paper stuck

to the glass with paraffin while hot will answer. The paraffin serves two

purposes: it sticks the paper and renders the scale translucent. Half way

between the scale and the plane of the leaf system a mirror, M, is mounted.

Through the front window one sees in the mirror images of the plate, P, and

the foil, L, at P^ and L''. These images are in the same plane as the scale,

S, which can be viewed by looking over the mirror, M. The position of L'

can be read on the scale, S, and at the end of a convenient interval of time

its position can be noted again. By comparing the two positions with the

calibration curve of the electroscope the change of potential, dV, can be

obtained.

The sj'stem is charged by means of a rubl)er rod through the charging

system, C, Fig. 2. This consists of an insulated rod with a bent wire con-

nected so as to be in contact with the central rod while charging. While not

in use this rod is rotated so as to break connection with the rod and then to

come into metallic contact with the case of the electroscope.

Two }^-inch brass drain cocks are soldered to the emanation chamber

to admit the emanation.

The data of the following experiment, Table 3, carried out by two

students using the "tin electroscope" and a Schmidt electroscope made by

Spindler & Hoyer, Gottingen, will give an idea of the accuracy of this elec-

troscope and also the accuracy of Duane's formula.

TABLE 3.

Electroscope

Observer

Diameter of chamber

Height of chamber

Volume of chamber
Surface of chamber

Capacity of electroscope

Observed emanation, Curies per liter

"Tin"

F. G.T
10.8 cm
12.1

1102 cc

594 sq. cm..

.

17.1cm
206000. X10-"

Schmidt.

W. D. S.

7.8 cm.

20 3

968 cc.

586.6 sq. cm.

6.3 cm.

200000. X10-"

The two electroscopes were connected together and connected to a

vessel containing emanation and pumped causing the air and emanation to

pass in a circle through the three chambers until the three contained emana-

tion of the same densitj'.
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Calibration of Leaf.—The instrument can be calibx'ated by connecting

to known potentials and noting the deflections of the leaf. A storage battery

of three or four hundred volts is convenient. Readings should be taken for

every few volts from to the maximum and a curve plotted. X = deflection,

Y = volts. If a large voltage battery is not at hand a 110 volt D. C. circuit

can be used making connection to a resistance as in Fig. 5. The voltmeter,

V, should be read at the same time that the deflection of the leaf is read. A
calibration curve from to 110 volts can then be obtained. Fo^ the higher

points proceed as follows: Charge the leaf to maximum voltage by means

of a rubber rod. A body of small capacity, small compared to the capacity

of the electroscope, 1 or 2 cm., say, is mounted on an insulated handle. A
coin on a small rubber rod will answer. This is first grounded and then

touched to the charged system. The gold leaf falls. The capacity is re-

moved, grounded, and the position of the leaf noted. The operation is

repeated until the leaf falls to on the scale.

If C is the capacity of the electroscope, and

c is the capacity of the coin,

Q, the quantity of electricity,

Vi V2 is 1st, 2nd, potential of the leaf,

di d2 is 1st, 2nd, deflections of leaf,

then, Q, = CVi = (C + c)V2

Q, = CV2 = (C + C)V3

Q„ = CV„= (C + c)V(,+ i)

C + c Vi Vo V„

The last three or four deflections should l)e on the part of the scale

already calibrated. That is, the potentials should be less than 110 volts.

If V,j and V„_|_ j are known by comparing with d,i and d,j+ 1 on the calibration

curve. Since,

V„ + i
v„

then,

V„_i can be calculated. V„_i being known, then V,j_2 can be determined.

In like manner all Vs can be determined up to Vi. Knowing V and the cor-

responding deflection, d, the curve can be extended up to the maximum
deflection.
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Detenninadon of Capacity.—In the same equations if c is known, that

is, if c is a cylindrical condenser, then C can be obtained. Note that C is

the capacity of the "leaf" system plus the charging system. Knowing the

sum, the capacity of the "leaf" can l)e had by getting the ratio of the two

by an operation similar to the above.

Removinq the Emanation Gas from the Solution.—The emanation can be

removed from a solution by the boiling method. The solution is boiled,

driving off the dissolved gases with the steam. The steam is condensed and

the gases are trapped in suitable glass tubes over mercury. The ionization

chamber is then evacuated and the emanation is sucked into the electroscope.

The entire amount of emanation is placed in the chamber by washing the

I'lG. 6.

glass tube Avith air until the ])ressurc of the ionization chambci- of the clectio-

scope is at normal pressure. This method is accurate but reciuires elal)orate

apparatus which can be used only in the laboratory.

Where the greatest accuracy is not wished Schmidt's shaking method

can be used. (Phys. Zeit.. Vol. 6, p. 561, 1905.) This method admits of

determinations being made at the spring with apparatus which easily can

be carried by the observer. The shaking method consists of taking a known

volume of water and shaking it vigorously for two minutes in a closed vessel

with a known volume of air. Then the emanation which was originally dis-

solved in the water is mixed in the air and water in a known proportion, de-

pending upon the temperature of the water. Then this air is inmipcd through
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rubber tubing from the shaking vessel into the ionization chamljer and back

again to the shaking vessel until the emanation is mixed through the air of

both chamV^ers in the same proportion. Knowing the constants of the elec-

troscope and the observed change of deflection of the leaf, the amount of

emanation in the ionization chamber is known. Knowing this and the various

volumes of air and water the amount of emanation per liter of water can be

calculated. The shaking vessel is made of a can with two brass stop cocks

soldered into it. One cock is placed near the top the other is placed on the

side about half way up. For convenience the position of the lower stop cock

can be calculated so that the vessel will hold a certain quantity of water

when the vessel is filled full and then placed on a level stand with both stop

cocks open. In this manner the volume of the water is determined easily

and can be made the same in each experiment. The volume of the air above

the water can be had by determining the total volume of the can. To pump

the air around a rubl)cr bull:) pianp such as is used in pj-rography outfits

answers well. The volume of the air in the tulies and puni]) must l)e esti-

mated and used in the calculations.

The formula for calculating the amount of emanation jx-r liter, which

can be derived easily in connection with Fig. 6, is as follows:

I V, + a V, v. + Va + V4
E = (

) ( ) e,

Vi Vi V4

Where V, = Volume of water in shaking can, expressed in liters.

\ > = Volume of air in shaking can, expressed in liters.

Vs = Volume of bulb, pum]i, and connection tubes.

V4 = Volvmie of ionization chamber.

a = Absorption coefficient of water for radium emanation,

e = Amount of emanation in chamber, V4.

E = Amount of emanation per liter of water.

The cjuantity alpha, a, has been determined experimentally and has

been found to depend upon the temperature. The value at any temperature

can be had by referring to the curve (Fig. 7). The data for this curve is

taken from :\I. Kofler (Akad. Wiss. Wien, Ber. 121, 2a pp. 2193; Sci. Abs.

Vol. 16, 1742, 1913), and Boyle (Phil. Mag., 22, p. 840, 1911.)

As a test of the above equation the following will serve (Table 4).

Three tests were made at the spring under the ordinary conditions. The

ao—4966
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same electroscope was used, but two shaking cans were used, the larger

of which had three stop cocks so that two volumes of water could be had.

TABLE 4.

C. J. S. Spring. August 5, 1914. Temperature of water 12.5° C. Temperature of air 30° C.

II. III.

Time of beginning. . .

.

Volume of water

Volume of air

Curies XIO"" per liter

11.03 a. m..

. 707 liters

.943

425.. XIO-"..

11.46 a. m
3.00 liter.

4.10

435.X10-' = ..

2.00 p. m.
5.00 liter.

2.10.

443X10-'-.

These observations were taken every minute and the mean deflection

from 15 minutes to 20 minutes from the time of putting the emanation in the

ionization chamber, was used. By referring to an experimental curve (Fig.

8), the maximum deflection per minute or the dcfldction at the end of three

hours was calculated. A better agreement could have been obtained if the

interval from the end of one experiment to tlic beginning of the next had l)een

three hours or more.

Fig. 8 is a curve showing actual observations during a period of three

hours taken with a sample of water from Hottlc Spring. The observations

have been reduced to a scale of 100% for the maximum. The curve marked

"Decay A and C" is made by observing the deflections after the emanation

has been pumped out. By means of this experimental curve observations at

any time can bo reduced to the maximum or three-hour values. For exact

work the emanation should be placed in the electroscope and allowed to stand

for three hours and several observations made and the mean us(h1. The

curve is for all practical purposes horizontal from three to four hours.

In all these observations the deflections have l)een corrected for the

natural leak of the electroscope due to the natural ionization of the air.

Before giving results, I shall speak ojf some factors which may influ-

ence the results. Since the emanation gas is dissolved in the water and is

removed by boiling or by shaking, care should be used in filling the shaking

can. Immerse the can in a pool as close as possible to the source and allow

the water to flow in gently. Filling by dipping and pouring with a smaller

vessel removes some of the gas. If before the water issues from the ground

it trickles over rocks in the presence of air which is not charged with emana-
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tion it must lose some of the emanation. This may expLain tlio variation of

springs in the same locality.

Observations made at the spring simjily show the emanation content

of the water. This may be due to three things. The emanation which is

continually forming from traces of radium in the soil and rocks through which

and over which the water passes is dissolved in the water and passes out with

the water. It may be due to radium salts dissolved in the water. Or it may

be due to some product of the thorium or actinium series. In the first case

the water will show radioactivity l>y the emanation method and after stand-

ing in a clo.se(l vessel for a month will not show any emanation. In the second

case it may show radioactivity the same day as taken from the spring and

after standing a month in a closed vessel it will show more or less emanation

than at first. In any case the emanation content after standing one month

is ociual to the amount of radium dissolved in the water, since one curie is

the amount of emanation which is in cciuilil)iium with one gram of radium.

.\11 the observations given below are for the emanation content of the

water as taken from the spring or well. These observations were taken from

time to time on various springs and wells in Indiana and Ohio. The date

of observation, appro.\imate location of the spring, and tcinpcratuic of the

water at the spring is given.

T.MILI-: i.

Springs.

Location. Date. Temp. C.

Curies,

Per

Liter.

111. Cent

Youno

J.C.S
J.C. S. Old.

J.C.S
ill. Cent

Stone

I /aimer. . . .

Ilottle

S.Tjth

C. .Mc(2

I. B
C. D. McQ
C. D. McQ
W. P. McQ
C. VV

fal. No. 1..

Tal. LTpper.

Bloaininmon Mar. 4, HtH.

Brown County, In'iianu .Mar. (i, 1914.

Two miles southeast of Rlonmin-iion Mar. i:<, 1914.

Two miles southea.st of Bloomington Mar. 14, 1914.

Two miles southeast of Blooniington May 16, 1914.

Rkiomington May 23, 1914.

Two miles southwest of Bloomington May 23, 1914.

Three miles southwest of Bloomington
j

May 23, 1914.

Bloomington
j

Sept, 24, 1914.

Morning S jn, Ohio Aug. 24, 1914.

One mile southeast of Morning Sun. Sept 2, 1914.

One-half mile west of Morning Sun . Sept. 7, 1914.

One mile west of Morning Sun Sept. 7, 1914.

(VVootl) one mile west of Morning Sun Sept. 7, 1914.

One mile west of Morning Sun Sept. 7, 1914.

Two mile.s west of Morning Sun Sept. 7,1914.

One mile northea.st Col. CO Sept . 7,1914.

One mile northeast Col. CO Sept. 7, 1914.

11).

10 3°

115°

11 5°

12 2°

11.°

12 3°

13
°

13
°

16°

1.5 R°

19.5°

17.°

19.5°

17
°

17
°

600.XI 0-1

J

355

430

660

170

265

77

175

650

420

560

100

250

.300

610

140

350

350
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City Water.

Location

.
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A Tornado at Watertown, South Dakota, June 23,

1914.

J. Gladden Hutton.

a tornado occurred at Watertown, South Dakota, late in the afternoon

of June 23, 1914. A hirge number of dwelling houses and barns were de-

stroyed, telephone and telegraph poles were razed and many gardens

mined. More than a score of people were more or less seriously injured

and a numl)er of others were slightly hurt by flying debris. No one was

killed outright, thcaigh one child was reported to have died of its injuries.

The writer was passing through the city on June 25th and spent the

day collecting data relative to the storm. Had more time been available,

further information could have been secured. However, it seems worth

while to give a brief report of the tornado, notwithstanding the fact that

the data are incomplete.

The Watertown Daily Public Opinion issued June 24th said : "People

watched tlie approach of what looked like an ordinary thunder storm

following a hot day* yesterday afternoon. Wind clouds formed about

6:30 o'clock and gradually developed into a heavy line to the north. The

first indication of the formation of a cyclone was noticed in the continuous

change of the light wind. Those watching next turned their attention to

clouds forming fast in the northwest, and as a twister was developing

the approach of the cyclone which went through the city was noticed.

"The path of the storm embraced an area about tliree blocks wide

the entire length of the city east and west. The worst section in the south

part of town was in tlie three blocks north and east of the corner of

Seventh avenue and Maple street S. From there the cyclone took a course

east and a little northerly sweeping everything in its path and wrecking

homes and barns between Third and Fourth avenues and Fifth and Sixth

streets almost entirely. It continued across Seventh, Eightli, Ninth and

Tenth streets E. and between Ninth and Tenth streets reached as far

* Mr. R. Q. Wood cooperative observer at Watertown reported the maximum temperature for

June 23 1914, as 83° and the minimum temperature 54°.
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north as First avenue X.. l)a(ll.v wrecking liomes on First avenue and

Kemp avenue E."

In the issue of the same paper for June 25th there is a brief account

of tlie storm at Goodwin, fourteen or fifteen miles a little soutli of east

of Watertown wliere houses and l)arns were damaged. Some damage was

also reported at Altamont. about ten miles south of east of (Joodwin.

Mr. Ray stated that a thunder storm was api)roaching against a

light east wind. At alxiut Cc'Ut ii. m. some bail fell, alter which the tem-

perature rose and a light east wind was blowing. About thirty minutes

after the bail ceased falling, he notiied a gi'eat turmoil in the clouds

and a funnel formed wbidi struck the earth near the South I>akota Central

roundliouse. (From this jxiint the course of the tornado is indicitcd

on the map sliown in Fig. 1.

)

Wlien tlie tornado passed through the city Mr. Kay was at tlii' I\;iks"

Hall, four blocks north of the path of the storm. He stated tbat there was

no wind wliere he was standing. After tlie tornado jjassed the win<l

changed to tlie northwest and itlew hard. Fifteen minutes later a heavy

.sliower occurred. The tornado passi>d through the city in ten or hfteen

minutes. Mr. Kay had jireviously witnessed storms of this kind in Iowa.

Mr. Mitcliell, agent lor the Kock Island Kailroad. statcil that be lirst

observed the storm over rclican lake, about one mile southwest of

Watertown. It was traveling in a northeasterly direction and was drawing

up water from the lake. Kock Island train Xo. 417 was jiuUing into town

from tlie east at 7 :0.j p. m. The engineer saw the funnel and backe<l

his train lioping to miss it. Tlie train, liowcver, was caught in the storm

and had twent.v-tive panes of glass brolven and the coaclies were unroofed.

One passenger who jumped from the train was injured by Hying debris.

The storm struck the city at (i:."!! ]). m. and was twenty nnnutes in ]iasslng

through the city, a distance of one and one-fourth miles.

A number of persons corroborated these statements as to the length

of time required for the tornado to pass through the city. Mr. Ii. Dietz

stated that the hail came wliile a gentle southeast breeze was blowing

and that there was little or no wind just before the tornado appeared. He

saw the twister coming like a black smoke and it a]>peare(l to be about

ten feet in diameter at the bottom. There was no rain or thunder or

lightning accompanying the storm according to his testimony and this

statement was veritied li.v other persons (luestioned concerning it.

There were varying statements as to tlie i)resence of more than one
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funnel, tliough a number of people said they observed one or more fun-

nels which did not reach the earth. Mr. Dietz said that after the funnel

left the city there was another one southeast of it which was white instead

of black and that it dipped up and down but did not reach the earth.

Mr. Mathiesen, who prepared the map of the storm's path through Coding-

ton County (Fig. 2), said that there were two funnels and his map

shows the path of the second one, which, peculiarly, seems to have crossed

the path of the main storm. He was at his fai-m about three miles east

of Watertown and witnessed the storm as it passed by.

Mr. J. B. Kintsley saw the cloud just before it reached the city and

he said that it seemed to be about the size of a box car and looked like a

Fig. 3. View showing wreckaiiu i>l Ikjum- in .-uLthwest part of Watertown, S. D. General

cliaracter of liouses indicated.

whirling column of mud. After the tornado passed by all of tbe clouds

in the sky seemed to be rushing after it.

The writer carefully examined the path of the storm from the point

where it entered the city to the point where it left the city and passed out

into the open prairie. The two outside lines shown in Figure 1 indicate

the boundaries of the zone of damage, while the middle line is the locus of

points where the greatest destruction occurred. The small arrows indi-

cate the direction in which objects moved as assumed from their position

before and after the storm. The writer is aware of the fact that in cases

where objects were moved for some distance the arrows may not indicate

the direction of movement, but where houses were only moved slightly
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from their foundations, and in similar cases, the arrows indicate the actual

direction of movement. On the riglit of the axis of the path objects seem

to have moved forward and to the left, while on the left side of the path

they moved generally backward and to the riglit with reference to the

advance of the tornado, although there are exceptions to this general

statement.

Houses on tlie edges of the path liad tlieir cliimneys damaged. In fact

tlie outside lines miglit be designated the chimney lines. Inside tlie

cliimney lines, shingles were removed in patches and usually on the side

of the house nearest the axis of the storm. Farther in more shingles

were removed, porches were l)l(iwn away, roofs iMitirely removed and in

i-^fi

I n

F'<;. 1. House witli end blown oiitwan

the niidillc of the patb tntal dcstruit imi ((ccurrcd, tli.mgh not at all pnints.

(Jreater destrmtioii sci'ms to have oourrcd on tbc i-iglit side of tbe storm

path tlian on the left, and at some points tbe axis lies to the left of the

middle of the path. The destruction seems to have been greatest where

the storm entered the city and where it left it. The light construction of

many of the honses in the part of tlie lity traversed seems i)artly re-

sponsible for the damage. (See Fig. ."!.

)

Tbe following incidents are of interest and ni:iy be brietiy noted:

The violent expansion of ;iir in closed buildings was observed everywliere.

Shhigles were blown from roofs by 'the sudden expansion of air in tlie

garrets. Windows were l)lowii oufwMid. Mr. Kintslcy. who was in a

cellar, said that the southwest wincbiw was thi- lirst one to blow outward.
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Hollow cylindrk-al porch posts were split in at least one instance. Walls

or foundations made of liollow cement blocks or hollow tile failed in

many iiist;inces. { !^ee Fii:;ures i) and 1').)

The entire end of the house shown in Figure 4 was lilown outward.

The end of the liouse may be seen lying in the foreground.

Figure 5 shows a similar condition, though the house was greatly

damaged otlaerwise.

Two '"oys who wci'c in (),\k I'ark in the southwest jiai't of tlie city

just outside the path of the storm said that when the funnel passed by it

Fig. .5. House in east Watfi i liowin? explosive effect of air during passage of t ornado.

looketl like an elephanfs trunk and tluit hot and cold blasts of air i)assed

over them "sometimes hot enough to roast them and sometimes cold enough

lo freeze them."

At Goodwin, east of Watertown, clouds of soot ru.shed from tlie •shhii-

neys "as if everyone had a roaring fire." Here "the storm appeared to

stay higlier up in tlie air, though chimneys toppled and smaller buildings

were overturned."

Figure is from a photograph taken iiy -Mr. Ward Carr who was at

a farm house three miles west of Watertown. The tornado is moving

toward the left and seems to be at the forward point of a crescent-.shaped

cioud. Tlie writer does not know whether this is tlie squall cloud of the

thunder storm or not. Tlie hour-glass shape of tlie tornado is notable.
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Figure 7 is from a photograph said to have been taken by a traveling

salesman at the corner of Maple street and Second avenue south. This

point is about four blocks north of the axis of the storm path. The other

photographs were made by the writer.

The weather map of June 23, 1914, reproduced herewith (Fig. 8),

shows the weather conditions prevailing on the morning preceding the

storm. A trough of low pressure extends toward the southwest from a

low central in Canada between an area of high pressure central in southern

Alabama and an area of high pressure on the South Pacific States.

Fig. 6. V'iow of tornado Watertown, S, I)., June 23, 1014. Photo by Ward Carr.

All students of meteorology are familiar with the atmospheric condi-

tions which i)revai) when tornadoes occur as well as with tiie usual l'rc;ik-

ish behavior of storms of this type. The writer has not discussed tliesc

points for this reason, nor tloes he wisli to makt' a comparative study of

this storm in this report. He has aimed only to state as many of tlie facts

concerning this one meteorological event as he was able to ascertain in

the brief time at his disposal, trusting that they may add a small part

to the great fund of information already recorded concerning these small

but violent atmospheric disturbances.

State College,

Brookiufjft, South Dakota.
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Fio. 7. View of tornado cloud, Watertown, S. D., June 23, 1914. Name of photographer unknown
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Fig. 9, Collapse.' <<( hollow tile -tnirturc. Watertown, S. I)., June JM, l!iU.

Fig. 10. The house liom the loundation in the foreground was carried bodily across the street,

and then dropped to the earth and broken to bits. Wreckage may he seen in

front of cottage on the right.

31—40(!0
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Fkj. II. General view of wix'tkase where destruction was Kreatest.

Watertown, S. D., June 23, 1914.

Fii.. 12. House moved from foundation. Watertown, S. D., June 2:5, 1914.
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Fig. 13. House moved from foundation. Watertown, S. D., June 23, 1914.
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1'). Tlie torn;ido passctl to llif kfl of llu:^ Iiuum.' moving (owanl tlie roador.

The porch was torn away and deposited in the rear of the

house. Watertown, S. D., June 23, 1014.

Fig. 16. House nioviMl liom its routuhition. Shinjilcs .st rippiMl I'roin loof.

to the rittht of it. Watertown, S. D., .lune 23, 1014.

Tornado passed
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A Simple Form of the Carey Foster Bridge.

J. p. Naylor.

I'robably there is no better method than the Carey Foster method for

comparing nearly equal resistances or for measuring small changes in re-

sistances such, for instance, as those due to change of temperature. Wliile

many arrangements have been devised for interchanging the resistances,

as is necessary in this method, the following arrangement is believed to be

sufficiently novel to make it worth while to present it to tlie Academy and

it is also thought to possess some advantages over other forms of the

apparatus.

Its advantages are that it is readily adapted to any width of resistance

terminals ; the arrangement of connections and relative position of the

resistances is such that they can be seen at a glance: and the ap])aratus

is so simple in construction that it can easily be made by anyone who

can solder a little and can drill a few screw-holes in the straight copper

strips of which it is made up. The wliole apparatus can be built ui) on

well varnished hardwood as a base, tlie copper strips being fastened to

the wood base with wood screws. To help the insulation, it has been

found to be a good plan, after the screws have been screwed home, to re-

move them, one at a time, put a drop or two of thick sliellac in the hole,

and then put the screws back again.

No. 10 or 12 gauge copi)er strip, two centimeters wide, can be used

for the conductors. In the figure, the double, concentric circles represent

binding posts and tlie single circles mercury cups. The latter are made

from .41 copper rim-fire cartridge shells.

It may not be generally known that these shells, although quite tliin,

make very satisfactory mercury cups if soldered directly on top of sucli

copper strips as here mentioned. If blank shells cannot be obtained, the

charges may be drawn from the loaded shells. The cliarges should not be

shot out, for the firing pin \^ill nick tlie shells and cause them to leak.

In order to prevent any mercury from coming in contact with the solder

and loosening the shells, they and the strips, after soldering is done,
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should be thickly coated with shellac varnish which, after drying, should

be baked on by heating until it begins to smoke. Mercury cups made in

this way have been in use in our laboratory for twenty years and are still

doing good service.

The figure practically explains itself. By means of the links, L and

L prime, the apparatus can be connected with any calibrated bridge wire,

thus adapting it to the Carey Foster method. By changing the thick

connectors, C and C prime, to the dotted positions it will be seen, by

tracing the connections, that the resistance in the gaps, R and R prime,

are interchanged to opposite ends of the bridge wire. These gaps can be

adjusted to any width by means of the slotted support shown in the

figure. A piece of mica, M, is used to separate the strips at the point of

crossing.

As the conductors are so arranged that the arms of the bridge are at

all times symmetrical, the dimensions of the apparatus are immaterial.

However, a scale of centimeters is added as a suggestion of size for those

who may care to construct apparatus of the size figured. It might be

added, that apparatus similar to the above has been used at the DePauw

physics laboratory for a number of years and has proved very satisfactory

for stiident work.
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Variation of the Emanation Content of Certain

Springs.

K. R. Ramsey.

While measuring the r.-ulioiK tivity of spring.'^ in the neighborhoLid

of Bloomiiigtoii, Iiuliaiia. I fdUiid that the measurements made at certain

times did not agree witli those miuU- at other times. The discrepancy

was so great I set out to see if tlie difference was due to erroi's or was

a real dift'erence. I selected two .springs and have tested them once a weelv

for about three months. One, the Hottle Spring, is due north of the

sipiare near the corporation line. The otlier is due west (»f the square a

little beyond the corporati(ai line, across the Illinois Central Railroad from

the railroad pumping station. These springs are l.:> miles apart. Each

has a flow of abut l.j,<;()(i gallons per day. The flow of the Illinois

Central Spring has perceptibly lowered during October and November.

The Illinois Central Spring issues from tlie ground at tlie root of a beech

tree through coarse gravel or stones. The Hottle Spring issues from a

crack in solid rock.

The results are shown in the following table:

V.\RI.\TIOX OF Em.\N.\TION CONTENT OF CeRT.M.N SPRINGS NEAR BlOOMINGTON, InD. EXPRESSED IN

Ci:RrE=i PER Liter.

Date.
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The Hottle Spring has remained almost constant, wliile the Illinois

Central has fallen from 600. X 10-'- onries to almost zero. Four readings

taken on another (J. C. S.) spring are added. Taken all together it is

noted that in May there was a low value and an increase during Sep-

tember and another decrease October and December. In a lOugh way an

increase coincides with a season of rain and a decrease with dry weather.

It may be that due to a small flow there is more splashing and trickling

over rocks near the mouth of the spring and tbe emanation is lost.

Indiana University,

December 21. 1!)1',.
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The Construction of a Rutherford's Electroscope.

Edwin Morrison.

Introduction.

At the suggestion of Dr. R. A. Millikan the author recently undertook

the problem of constructing an electroscope for general laboratory work in

radio-active measui-ements. The general outlines and plans suggested

])y I>r. Rutherford in his original papers published in the Philosophical

Magazine and in his work entitled Radio-active Transformations have

been followed. Suggestions have also been taken from the following works

:

Studies in Radio-activity, by Bragg; Conduction of Electricity Through

Gases and Radio-activity, by McOlung; and Practical Measurements in

Radio-activity, by Makower and Geiger.

The purposes have been, first, to show, in greater details than the

original papers give, the methods of constructing a successful electroscope

;

and, second, to embody in one instrument as wide a range of experimental

work as possible.

CONSTRUCTION.

A diagram of the electroscope is shown in Fig. 1. The dimensions of

the gold leaf chamber (E) are 10x10x10 cm. Tliis chamber is con-

structed from sheet brass 1.7 mm. in thickness. The four plates for the

sides, top and bottom are first carefully jointed by means of a file and

then soldered together as shown in Fig. 2 (A). To facilitate the process

of soldering two right angk> pieces of metal are joined together forming

a right angle frame as shown in Fig. 2 (B). When two pieces of the box

are to be joined together they are carefully adjusted upon the frame, a

few small pieces of solder and soldering fluid are placed along the joint

and a pointed flame is directed along the joint in the inside angle until

the solder is thoroughly fused. In this way the parts of the electroscope

box can be joined together square and straight.

The front side of the electroscope box is a hinged door. This door has

a window in it 6.5 cm. square covered with mica. Through this window

the gold leaf may be observed by means of a reading microscope. A dia-
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gram on the back side of the door is shown in Fig. ?. (A). The mica is

held in place by means of four pices of brass. 1.7 mm. thick and 1.5 cm.

wide. These pieces are screwed onto the door in such a way that they not

Gn
: c

annTEma

B

T

;^

Sh

-fH'

^
only h'lld the mica in iiliu/r over the window hut they also form a close

fitting rabbeted joint of the do<_)r to the box.

The back side of the electroscope is constructed like the front side,

with a mica window of the same dimensions for illiunination. This side

may l)e either hinged to the box or it may bi' held in iilaco l)y means of

two little hooks.
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Using the same methods as (leserihed ahov-e, the ioiiisation chamber (I)

is constructed. No mica windows are needed in the front door or tlie

back side of (this ionisation ) chamber. The dimensions of (I) are 12 x 12 x

12 cm., and the thiclaiess of the walls is 1.7 mm. With the exception of the

A

Fig. 2.

mica window the door to the ionisation chamber is constructed like that of

the door to the gold leaf box. The front door should be hinged to the

box and the back side can either be permanently soldered to the box or it

can be fastened by means of hinges.

The two boxes (E) and (I) are fastened together by screws, the right

hand sides being flush with each other as shown in Fig. 1. This arrange-
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ment places the condeuser iu the center of the ionisatiou box and the

gold leaf support is on one side of the box thus giving more free space to

the gold leaf.

Through openings in the top and bottom of the electroscope box (E).

and the toi) of (I) a brass rod (D). about 4 mm. in diameter is adjusted

being insulated from the boxes by means of two amber plugs (R) and

^nnr^
Fig. 3.

iS). The upjier end of tlie rod (D) is covered by a metal cap (C). The

upi>er opening of the cap is closed by means of an ebonite plug (G). The

cap can lie removed for charging purposes. The rod (V) may be extended

and enlarged by fitting to the upper end a brass cylinder (H). This

cylinder acting with the metal cap (C) forms a condenser \vhi<h in-

crea.ses the cai>acity of the electroscope. Upon the side of (D) a brass
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strip (S), which is ahoiit (J mm. in width, is fasteued by means of a small

screw at (F). To this strip the gold leaf is fastened by means of wax

or shellac. The rod (D) is terminated at its lower end liy means of a

disk (A), which is S ( m. in diameter. This disk is screwed onto the end

of (D), and larger or smaller disks may be used, thereby varying the

capacity of the electroscope. Supported upon a screw (T) which passes

through the bottom of the ionisation chamber is a disk (B) the same
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size as that of (A). By turning the screw (T) the position of (B) can be

made to change through a range of about 8.5 cm. Its distance in cm. or

mm. from (A) can be determined by reading tlie position of the disk (Q)

with reference to the scale (Z).

To the bottom of the ionisation chamlter four brass rods l.li cm. in

diameter and 15 cm. in leugtli are securely fastened by means of screws

for legs. Leveling screws are adjusted to tlie lower ends of these legs.

The electroscope can be conveited into an emanation electroscope by

placing stopcocks (M) and (N ) in the sides of the ionisation chamber. The

active gas can be admitted to the electros(()i>e by exhaustion through one

stopcock and attaching the source of gas tn the other stopcock. Or the

active gas can be forced into tbe ionisiitioii chamber liy means of a pres-

sure bulb. In testing active gases it is usually necessary to reduce the

capacity to the lowest amount possible. This can be done by removing

the cylinder (H) and the condenser plate (A). A small rod should be

screwed onto the end of (D) in place of the disk (A). Figure four shows

the instrument mounted ready for use.

Tlie instrument can be changed into one for measuring the 'Variations

of the ionisation produced by an alpb.-i particle abmg its i)ath." by en-

closing the condenser plate (A) in a metal liox wliidi has a number of

short, small, brass tubes passing through the l)ottuni. (See Mnkower and

Geiger's Practical Measurements in liadio-activity. article .'J-. page 46.)

A drawing of the iiox is shown in Fig. :'. ( I' i and a cross section in Fig.

3 (C).

After a thonaigh test it has been shown tliat this one instrument with

its attachments can be used for a wide range of radio-active measure-

ments, and that it is well adopted to general laboratory work.

I'hjDiicdl Lnhonitoiii.

Kiirlhiiin College.
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CONSTITUTION.

ARTICLE I.

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 dis-

cussions 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 investigation 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 regular proceedings of the Academy as published by the State shall

become a public document.

ARTICLE II.

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

non-resident members or active members.

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

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

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

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

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

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

fifty dollars to the funds of this Academy may be elected a life member of

the Academy, free of assessment. Non-resident members may be elected

from those who have been active members but who have removed from the
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State. In anj^ ease, a three-fourths vote of the members present shall elect

to membership. Ai)plication for membership in any of the foregoing classes

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

consider such application and report to the Academy before the election.

Sec. 5. The members who are actively engaged in scientific work, who

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

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

election as fellows by three fellows or members personally acquainted with

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

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

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

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

fellows, and those now honorary members shall become honorary fellows.

Honorary fellows may be elected on account of special prominence in science,

on the wTitten 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 Secretary

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

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

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

annual meeting, appoint two members to be a committee, which shall pre-

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

one year.

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

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

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

summer meeting at such time and place as may be decided upon by the

p]xecutive 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 especially pro-

vided for in this constitution, in the interim between general meetings.



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

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

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

day of its presentation.

BY-LAWS.

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

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

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

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

place as the Academy shall direct. These 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 newspaper

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 busi-

ness.

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
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request of the Governor, or of the several departments of the State govern-

ment, through the Governor, and through its council as an advisory board,

assist in the direction and execution of any investigation within its province

without pecuniary gain to the Academy, provided only that the necessary

expenses of such investigation are borne by the State; and.

Whereas, 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, scientific and

agricultural improvement; therefore,

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

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 publication as hereinafter provided, shall

be published by and under the direction of the Commissioners of Public

Printing and Binding.

Sec. 2. Said reports shall be edited and prepared for |)ublication without

expense to the State, by a corps of editors to be selected and ai)p(>inted 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 (>xtent 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,.5(X) nor

more than :i,(HK) copies of each of said reports shall be pul)lislu"d, the size of the

edition within said limits to be determined by the concurrent acrtion of the

editors and the Commissioners of Public Printing and Stationery : Provided,

That not to exceed six hundn^d dollars (S600) shall be exi)ended for such

publication in any one year, and not to extend beyond 18i)G: Provided,

That nd sums shall be deemed to be appropriated for the year 1894.

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

shall be placed in the custody of the Slate Librarian, who sluill furnish one

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

college or normal school in the State, one coi)y 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
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Academy through its editors or its council. The remaining tliree hundred

copies shall be turned over to the Academy to be disposed of as it may

determine. In order to provide for the preservation 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 manu-

scripts, 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.

APPROPRIATION FOR 1915-1916.

The appropriation for the publication of the proceedings of the Academy

during the years 1915 and 1916 was increased by the Legislature in the

General Appropriation bill, approved March 9, 1915. That portion of the

law fixing the amount of the appropriation for the Academy is herewith

given in full.

For the Academy of Science: For the printing of the proceedings of

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

any unexpected balance in 1915 shall be available for 1916, and that any

unexpended balance in 1916 shall be available in 1917.

AN ACT FOR THE PROTECTION OF BIRDS, THEIR NESTS
AND EGGS.

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

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

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

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

twenty-five dollars: Provided, That the provisions of this section shall

not apply to the following named birds: The Anatidae, commonly called

swans, geese, brant, river and sea duck; the Rallidae, commonly called rails,

coots, mud-hens galliriules; the limicolae, commonly called shore birds, surf

birds, plover, snipe, woodcock, sandpipers, tattlers and curlew; the Gallinae,

commonly called wild turkeys, grouse, prairie chickens, quails and pheasants;
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nor to English or European house sparrows, crows, hawks or other birds

of prey. Xor shall this section apply to persons taking birds, their nests or

eggs, for scientific purposes, under permit, as pro\"ided in the next seciton.

Sec. 603. Permits may be granted by the Commissioner of Fisheries

and Game to any properly accredited person, permitting the holder thereof

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

to obtain such permit the applicant for the same must present to such Com-

missioner WTitten testimonials from two well-known scientific men certify-

ing to the good character and fitness of such applicant to be entrusted with

such privilege, and pay to such Commissioner one dollar therefor and file

with him a properly executed bond in the sum of two hundred dollars,

payable to the State of Indiana, conditioned that he will obey the terms of

such permit, and signed by at least two responsible citizens of the State as

sureties. The bond may be forfeited, and the permit revoked upon proof

to the satisfaction of such Commissioner that the holder of such permit has

killed any bird or taken the nest or eggs of anj' bird for any other purpose

than that namc;d in this section.

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 read as follows:

Section (>. 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 l)ird, excejjt as otherwise

provided in this section. But this section shall not apply to the following

named game birds: The Anatidae, commonly called swans, geese, brant,

river and sea duck; the Rallidae, eommonh' known as rails, coots, mud-hens

and gallinules; the Limicolae, commonly known as shore l)irds, plovers, surf

birds, snipe, woodcock, sandpipers, tattlers and curlews; the Gallinae, com-

monly 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 anj' 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 dolhirs ($50.00).
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Physiology.

Harvey, R. B., Indianapolis.

Heimburger, Harry V., 701 West Washington St., Urbana, 111.

Assistant in Zoology, University of Illinois.

Heimlich, Louis Frederick, 703 North St., Lafayette.

Biology.

Hendricks, Victor K., 855 Benton Ave., Springfield, Mo.

Assistant Chief Engineer, St. L. & S. F. R. R.

Civil Engineering and Wood Preservation.

Henn, Arthur Wilbur, Bloomington.

Zoology.

Hennel, Cora, Bloomington, Ind.

Hennel, Edith A., Bloomington, Ind.

Hetherington, John P., 418 Fourth St., Logausport.

Physician.

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

Hinman, J. J., Jr., University of Iowa, Iowa City, la.

Chemist, Dept. Public Health and Hygiene.

Chemistry.

Hoge, Mildred, Kirkwood, Bloomington, Ind.

Zoology.

Hole, AUen D., Richmond.

Professor Earlham College.

Geology.
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Hosteller, W. F., South Bend.

Geography and Indian History.

Hubbard, Lucius M., South Bend.

Lawj'er.

Huber, Leonard L., Hanover, Ind.

Zoology.

Hufford, Mason E., Bloomington.

Physics.

Hurd, Cloj'd C, Crawfords\'ilk', Ind.

Zoology.

Hutchins, Chas. P., Buffalo, X. Y.

Athletics.

Hutchinson, Emory, Atwater St., Blooiniiigtiju, Ind.

Zoology.

Hutton, Joseph (iladden. Brookings, South Dakota.

Associate Professor of Agronoin.w State College.

Agronomy, Geology.

Hyde, Carl Clayton, Bloomington. Ind.

Geology.

Hyslop, George, Bloomington. Ind.

Philosophy.

1 bison, Harry M., Marion.

Instructor in Science, Marion High Sdiool.

hidings, Arthur, Hanover.

Geology.

Imel, Herbert, South Bend.

Zoology,

iiiinan. Oiidcss L.. Hhjonifichl.

Botany.

Irving, Thos. P., Xotre Dame.

Physics.

Jackson, D. E., St. Louis, Mo.

Assistant Professor, Pharmacolngy. Washington rnixcrsity.

Jackson. Herbert S|)cnc{r, 127 Wahhoii St., Lafayette, Ind.

Botany.

Jackson, Thomas F., Bloomington.

Geology.
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James, Glenn, West Lafayette.

Mathematifs.

Johnson, A. G., Madison, Wisconsin.

Jones, Wm. J., Jr., Lafayette.

State Chemist, Professor of Agriculture and Chemistry, Purdue Uni-

versity.

Chemistry, and general subjects relating to agriculture.

Jordan, Charles Bernard, West Lafayette.

Director School of Pharmacy, Purdue University.

Koezmarek, Regedius M., Notre Dame.

Biology.

Keubler, John Ralph, 110 E. Fourth St., Bloomington.

Chemistry.

vonKleinsmid, R. B., Tucson, Ariz.

Koch, Edward, Bloomington.

Physiology.

President University' of Arizona.

Krewers, H., CraA\^ordsville, Ind.

Chemistry.

Liebers, Paul J., 1104 Southeastern Ave., Indianai)olis.

Ludwig, C. A., 210 Waldron St., West Lafayette, Ind.

Assistant in Botany, Purdue University.

Botany, Agriculture.

Ludy, L. v., 229 University St., Lafayette.

Professor Experimental Engineering, Purdue University.

Experimental Engineering in Steam and Gas.

Malott, Clyde A., Bloomington.

Physiology.

Marshall, E. C, Bloomington.

Chemistry.

Mason, Preston Walter, Lafayette, Ind.

Entomology.

Mason, T. E., 226 S. Grant St., Lafayette, Ind.

Instructor Mathematics Purdue University.

Mathematics.

McBride, John F., 340 S. Ritter Ave., Indianapolis, Ind.

Chemistiy.

5084—
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McBride, Robert W., 1239 State Life Buildiug, Indianapolis.

Lawyer.

McCartney, Fred J., Bloomington.

Philosophy.

McClellan, John H., Gary, Ind.

McCuUoch, T. S., Charlestown.

McEwan, Mrs. Eula Da\as, Bloomington, Ind.

McGuire, Joseph, Notre Dame.

Chemistry.

Manee, Grover C, Bloomington, Ind.

Markle, M. S., Richmond.

Miller, Daniel T., Indiana University, Blooiiiiiigtoii.

Anatomy.

Ivliller, Fred A., 3(541 Kenwood Ave., Indianapolis.

Botanist for Eli Lilly Co.

Botany, Plant Breeding.

Molby, Fred A., Bloomington, Ind.

Physics.

Montgomery, Ethel, South Bend.

Physics.

Montgomery, Hugh T., Soutii Bend.

Physician.

Geology.

Moon, V. H., Indianapolis.

Pathology.

Moore, George T., St. Louis, Mo.

Director, Missouri Botanical Garden.

Botany.

Morris, Barclay D., Spiceland Academy, Spiceland.

Science.

Moirison, Harold, IndianapoHs, Ind.

Mowrer, P>ank Karlsten, Interlaken, New York.

Co-operative work with Cornell University.

Biology, Plant Breeding.

Muncie, F. W.

Murray, Thomas J., West Lafayette.

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

Professor of Anatomy, Indiana University.

Nelson, Ralph Emory, 419 Vine St., West Lafayette.

Chemistry.

North, Cecil C, Greeneastle.

Northnagel, Mildred, Gary, Ind.

Oberholzer, H. C, U. S. Department Agrioulture, Washington, D. C.

Biology.

O'Neal, Claude E., Bloomington, Ind.

Graduate Student, Botany, Indiana University.

Botany.

Orahood, Harold, Kingman.

Geology.

Orton, Clayton R., State College, Pennsylvania.

Assistant Professor of Botany, Pennsylvania State College.

Phytopathology, Botany, Mycology, Bacteriology.

Osner, G. A., Ithaca, New York.

Care Agricultural College.

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

Professor of Biology. (Retired.)

Biology.

Owens, Charles E., Corvallis, Oregon.

Instructor in Botany, Oregon Agricultural College.

Botany.

Payne, Dr. F., Bloomington, Ind.

Peffer, Harvey Creighton, West Lafayette.

Chemical Engineering.

Petry, Edward Jacob, 267 Wood St., West Lafayette.

Instructor in Agriculture.

Botany, Plant Breeding, Plant Pathology, Bio-Chemistry.

Phillips, Cyrus G., Moores Hill.

Pickett, Fermen L., Bloomington.

Botany Critic, Indiana University Training School.

Botany, Forestry, Agriculture.

Pipal, F. J., 11 S. Salisbury St., West Lafayette.

Powell, Horace, West Terre Haute.

Zoology.
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Prentice, Burr, X. 216 Sheetz, West Lafayette.

Forestry.

Price, James A., Fort Wayne.

Ramsey, Earl E., Bloomington.

Principal High School.

Ramsey, Glenn Blaine, Orono, Me.

Botany.

Reese, Charles C, 22.5 Sylvia St., West Lafayette.

Botany.

Rhinehart, D. A., Bloomington.

Anatomy.

Rice, Thurman Brooks, Winona Lake.

Botany.

Sehaeffer, Robert G., 508 E. Third St., Bloomington.

Chemistry.

Schnell, Charles M., South Bend.

Earth Science.

Sehultz, E. A., Laurel.

Fruit Grower.

Bacteriology, Fungi.

SehierHng, Roy H., Bloomington.

Shimer, Dr. WUl, Indianapolis.

Director, State Laboratory of Hygiene.

Shockel, Barnard, Professor State Normal, Tcrrc Haute, Ind.

Showalter, Ralph W., Indianapolis.

With Eli Lilly & Company.

Biology.

Sigler, Richard, Terre Haute.

Physiology.

Silvey, Oscar W., 437 Vine St., West Lafayette.

Instructor in Physics.

Physics.

Smith, Chas. Piper, College Park, Md.

Associate Professor, Botany, Maryland Agricultural College

Botany.

Smith, Essie Alma, R. F. D. 0, Bloomington.
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Smith, E. R., Indianapolis.

Horticulturist.

Smith, William W., West Lafayette, Genetics.

Biology.

Snodgrass, Robert, Crawfordsville, Ind.

Southgate, Helen A., Michigan City.

Physiography and Botany.

Spitzer, George, Lafayette.

Dairy Chemist, Purdixe University.

Chemistry.

Steeh, Charles, Bloomington.

Geology.

Steele, B. L., Pullman, Washington.

Associate Professor of Physics, State College, Washington.

Steimley, Leonard, Bloomington.

Mathematics.

Sticldes, A. E., Indianapolis.

Chemistry.

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

Physician.

Stoddard, J. M.

Stone, Ralph Bushnell, West Lafayette.

Mathematics.

Stork, Harvey Elmer, Huntinghurg.

Botany.

Stuart, M. H., 3223 N. New Jersey St., Indianapolis.

Principal, Manual Training High School.

Physical and Biological Science.

Sturmer, J. W., 119 E. Madison Ave., Collingswood, N. J.

Dean, Department of Pharmacy, Medico-Chirurgical College of Phila-

delphia.

Chemistry, Botany.

Taylor, Joseph C, Logansport.

Wholesale merchant.

Terry, Oliver P., West Lafayette.

Physiology.
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Tetrault, Philip Armand, West Lafayette.

Biology.

Thompson, Albert W., Owensville.

Merchant.

Geology.

Thompson, Clem O., Salem.

Principal High School.

Thornburn, A. D., Indianapolis.

Care Pitman-Moore Co.

Chemistry.

Travelbee, Harry C, 504 Oak St., West Lafayette.

Botany.

Troop, James, Lafayette.

Entomology.

Trueblood, Iro C. (Miss), 205 Spring Ave., Greencastle.

Teacher of Botany, Zoology, High School.

Botany, Zoology, Physiography, Agriculture.

Tucker, Forest Glen, Bloomington.

Geology.

Tucker. W. M., 841 Third St., Chico. (California.

Principal High School.

Geology.

Turner, William P., Lafayette.

I'rofessor of Prcatical Mechanics, I'unliif Unixcrsity.

Vallance, Chas. A., Indianapolis.

Instructor, Manual Training High School.

Chemistry.

\'an Doran, Dr., Karlliani College, {{idiinond.

Chemistry.

Van Nuys, W. C, Newcastle.

Voorhees, Herbert S., 2814 Hoagland Ave., Fort Wayne.

Instructor in Chemistry and Botany, Fort Wayne High Seliool.

Chemistry and Botany.

Walters, Arthur L.. Indianapolis.

Warren, Don (^imeron, Bloomington. Ind.

Waterman, Luther D., Claypool Hotel, lndiana|)olis.

Phvsieian.
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Webster, L. B., Terre Haute, Ind.

Weatherwax, Paul, Bloomington, Ind.

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

Professor of Botany.

Botany and Human Physiology.

Weir, Daniel T., Indianapolis.

Supervising Principal, care School office.

School Work.

Weyant, James E., Indianapolis.

Teacher of Physics, Shortridge High fSchool.

Physics.

Wheeler, Virges, Montmorenci.

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

Veterinary.

Wiancko, Alfred T., Lafayette.

Chief in Soils and Crops, Purdue University.

Agronomy.

Wicks, Frank Scott Corey, Indianapolis.

Sociology.

Wiley, Ralph Benjamin, West Lafayette.

Hydraulic Engineering, Purdue University.

Williams, Kenneth P., Bloomington.

Instructor in Mathematics, Indiana University.

Mathematics, Astronomy.

WiUiamson, E. B. Bluffton.

Cashier, The Wells County Bank.

Dragonflies.

Wilson, Charles E., Bloomington.

Graduate Student, Zoology, Indiana University.

Zoology.

Wilson, Mrs. Etta, 1044 Congress Ave., Indianapolis, Ind.

Botany and Zoology.

Wilson, Guy West, Assistant Professor Mycology and Plant Pathology,

State University, Iowa City, la.

Wissler, W. A., Bloomington.

Chemistry.
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Wood. Harry W., 84 North Killer Ave., lndianai)oli.-.

Teacher, Manual Training High School.

Wood. Harvey Geer, West Lafayette, Ind.

Physics.

Woodburn, Wm. L., 602 Asbury Ave., Evanston. III.

Instructor in Botany, Northwestern University.

Botany and Bacteriology.

Woodhams. .lohn II.. care Houghton ]Mifflin Co., Chicago. 111.

Travehng Salesman.

Mathematics.

Wootery, Ruth, Bloomington, Ind.

Yocuni, 11. B., Crawfordsville.

Young, Gilbert A., 725 Highland A^(•., Lafayette.

Head of Department of Mechanical Engineering, Purdue I'niversity.

Zehring, William Arthur, liO'S Ru.ssell St.. West Lafayette.

Assistant Professor of Mathematics, Purdue University.

Mathematics.

Zeleiiy. Charles, University of Illinois, Urbana. 111.

Associate Professor of Zoology.

Zoology.

Zufall, C. .1.. Indianapolis, Ind.

Fellows 80

Members. Afti\c 277

Members. Non-resident 29

Total ;^86
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Minutes of the Spring Meeting

OF THE

INDIANA ACADEMY OF SCIENCE.

Bloomixotox, Indiana, Thursday—Saturday, May 20-22, 1915.

The Spring meeting of the Indiana Academy of Science was lield at

Bloomington, Thursday to Saturday, May 20-22, 1915.

The first session was held in the Physics Lecture room in Science Hall at

8 o'clock P. M. May 20th to hsten to a lecture on Electrical Discharges

by Dr. A. L. Foley, Head of the Department of Physics in Indiana University

It was fully illustrated. It was very interesting and instructive and greatly

appreciated by the crowded house. After this lecture, the Faculty Club of

the University entertained the Academy Avitli a "Get-Acquainted Hour"

which was very pleasant.

The annual tramp had been planned for eight o'clock the next morning,

but on account of a heavy rain we could not start until ten o'clock. The

remainder of the day was beautiful. The route was up Rockj^ Branch to

Griffey Creek, then up that creek and one of its branches to the University

Reservoir. Examining the reservoir and pumping station was full of inter-

est.

A special committee of the University Facidty arrived in advance with

a picnic lunch. The meat was roasted over the blazing fires. The fifty-one

persons present testified to the superior quality of this picnic dinner.

After lunch, the Academy was met by automobiles which took them to

the stone district south of Bloomington. Visiting some of the quarries and

mills was particularly instructive.

At seven o'clock the members had a complimentary dinner at the Com-

mons. The members lingered till a late hour telling stories and making

speeches.

On Saturday morning a number of the members took the train at 6:20

for Cave farm near Mitchell. On arriving at Mitchell, they encountered a

severe rain-storm which continiied until noon. This prevented them from

going to the farm. Andrew J. Bigney,

Secretary.
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Minutes of the Thirty-First Annual Meeting

INDIANA ACADEMY OF SCIENCE,

Claypool Hotel, Indianapolis, Ind.,

December 3, 1915

The executive committee of the Indiana Academy of Science met in the

Moorish Room of the Claypool Hotel and was called to order by the President,

W. A. Cogshall. The following members were present: W. A. Cogshall,

W. A. McBeth, A. W. Butler, Glenn Culbertson, Stanley Coulter, A. L.

Foley, Severance Burrage, R. W. McBride, Will Scott, F. B. Wade, W. M.
Blanehard, C. R. Dryer, J. S. Wright and A. J. Bigney. The minutes of the

executive committee meeting of 1914 were read and approved.

The President called for reports from the standing committees:

Program—Will Scott, chairman, reported work performed as indicated by

printed program.

On motion, $100 was appropriated for the services and traveling ex-

penses of Dr. C. B. Davenport of Cold Spring Harbor, New York, the princi-

pal speaker at the evening session.

Treasurer—W. M. Blanehard reported as follows:

Received from Treasurer of 1914 $241.02

Collected—1915 225.00

Total $466.02

Expenditures— 1915 139.02

Balance 327.00

$466.02

Slate Library—A. W. Butler reporting—Some progress had been made

toward binding exchanges. Two hundred fifty copies of the Proceedings

go to Libraries. Many copies had to be returned. On motion, the committee

was ordered to go over the list of applications for Proceedings so as to ascer-
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tain those who are in good standing, and such eonld receive copies. F. B.

Wade reported a set of Chemical Journals at City Library.

After much discussion, on motion, the committee decided that as far

as possilile the Proceedings should be sent only to those who pay their dues.

Biological Sumey—No report.

Diairibulion of Proceedings—A. J. Bigney reporting. The copies were

in the hands of the State Librarian and would be mailed in a few days.

Copies would be sent to the meeting so the mem]:)ers present could receive

them.

Membership— Report to be made at general session.

Auditing—No report.

Restriction of Weeds and Diseases—Xo report.

Relation of the Academy to the Slate—R. W. ^SIcBride reiiorling. The

appropriation of $1,200 had been made by the State.

I'ahlicalion of Proceedings—Editor was not present. Dr. C\ R. Dr\'er

reported tluit the work had been done and that they were ready for distrilni-

tion. On motion, it was decided tluit no paper should be received for pul)li-

catioii after February 1st.

Attention was called to the Pan-American Scientific Congress tluit would

be held by the U. S. Government in Washington beginning Deceml)er 29, 1915.

The incoming president, later. api)ointed C. II. Eigenmann of Blooming-

ton as delegate, and .\. W. Hiilitr of Indianapolis as alternate.

(iKNFK.M. SKSSlON— l :;]().

Assembly Hall, Cl.wi-ixjl ILjtkl,

December 3, 1915.

The Indiana Academy of Science met for its ri'gular program, W. A.

Cogsliall, President, in the chair.

The minutes of the Executixc Committee were read and approved. Dr.

H. E. Barnard, Pklitor, reported that the Proceedings for 1914 had been pub-

lished. He stated the great difficulty of securing the papers from the

members.

On motion of A. W. rentier, the following resolution was adopted:

Wherk.\s, the Scientific investigations and accurate records kept bj^

representatives of the United Slates Fish Commission, concerning Lake

Ma.xinkuckee, Ind., in our oijinion make the report that has been made by
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Dr. B. W. Evermann oni' of the most valuable compilations that has heen

prepared, and

Whereas, we learn that the Commission is unable to publish it out of its

funds, therefore

Be it resolved, By the Indiana Academy of Science, in regular session,

that we express our belief in the great value of this work, in its importance

to scientifle students, not only in America, but throughout the world, and in

the desirability of having it published at an early date so as to be accessible,

and

Be it further resolved. That a committee of five (5) members be

appointed to represent the Academy in an endeavor to secure the early pub-

lication of this report.

On motion, the Academy appointed the following Committee: Amos

W. Butler, Dr. Charles B. Stoltz, C. C. Deam, D. M. Mottier, and Glenn

Culbertson.

The General Papers were then called for; "1" to "6" responded, after

which the Academy went into Sectional Meetings as follows:

Section A.—Chemistry, Geology, Mathematics, Physics. W. A. Cogs-

hall, Chairman, A. J. Bigney, Secretarj'.

Section B.—Anatomy, Bacteriology, Botany, Zoology. Stanley Coulter,

Chairman, H. E. Enders, Secretary.

Adjourned at 5:30 for dinner at the Claypool at 6:15 at Avhicli the Pres-

ident's address was read on the "Origin of the Universe."

9:00 A. M. December 4.

GENERAL SESSION.

Business

—

On motion of W. M. Blanchard the following resolutions was adopted:

Resolved, as the sense of the Indiana Academy of Science that the

Commission having in charge the matter of adequate and proper celebration

of the State's Centennial, could do no more fitting and practical thing in the

way of a permanent memorial of the one hundredth anniversary of the

State's admission to the Union, than to inaugurate at this time and carry

to consummation a plan to purchase, through action by the General Assembly

several tracts of land in Indiana for public park purposes for the people.

On motion the following committee was appointed to carry out the pro-
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visions of the resolution: Stanley Coulter, W. W. Woolen, and R. W. Mc-

Bride.

As the Historical Commission was in session in the State House, the

Committee at once presented the resolution to the Commission, also to the

County Chairmen of the Commission, which was also in session. It was

heartily endorsed by both bodies and the Academy thanked for its interest

in the proposed Centennial celebration.

A copy of this resolution to be mailed to Mr. Harlow Lindley, Depart-

ment of Archives and History, Indiana State Library.

Prof. L. F. Bennett, of Valparaiso College, extended an invitation to the

Academy to hold the Spring meeting of 1916 at Vali)araiso. On motion,

the invitation was unanimously accepted.

On motion of A. W. Butler the Academy urged thai all meinlx'rs and all

organizations with which they are connected, use their intluence to prevent

any legislation for changing our present Fish and Oame Laws.

The Membership Committee reported the following new members:

Dr. John Merton AUlrich. S. (Irani St.. \V. Lafayette, Ind., Zcjology and

Entomology.

Russell Baldwin. Richmond. Ind., I'hysics.

Colonzo C. Balls. Russiaville. Ind.. Botany.

(luy Richard Bisby. Lafayette. Ind.. Botany.

Joseph Blose. Culerville. Ind.. IMiysics.

Eugene Butler. Richmond. Ind.. I'hysics and Mathematics.

Charles Crampton, Bloominglon. Ind.. Psychology.

.\. H. Davis. Kli Lilly tt Co.. India?iai)olis. Ind. Clicini-I ry.

Elizabeth Downhonr. 2.^)7 TaIl)ott .Vnc. Indiaiia|)()lis. Ind.. (Icology and

Botany.

Jesse Lyle E.ssex. .")2;{ Russell St.. W. Lafayette. Ind.. Chemistry.

Leonard L. Huber, Hanover. Ind.. Zoology.

Cloyd C. Hurrl. Crawfordsville. Ind.. Zoology.

II. Kremers. Wabash College, Crawford-Exilic, Ind.. ("hcmistry.

.John F. McBride. :^40 S. Rilter Ave., Indiaiuipolis, Ind., Chemistry.

Burr X. Prentice. 21() Sheetz, W. Lafayette. Forestry.

Charles C. Rees. 225 Sylvia St.. W. Lafayette, Ind.. Botany.

Robert G. Schaeffer. .")0S K. Third St.. Bloomington. Ind.. Chemistry and

Botany.

Ralph W. Showalter, Eli Lilly & Co., Indianapolis, Ind., Biology.

Rex Anthony Whiting, 118 Marsteller St., W. Lafayette, Ind., Veterinary.
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Mrs. Etta Wilson, 1044 Confess Ave., Indianapolis, Ind., Botany and

Zoology.

Herbert Spencer Jar-kson, 127 Waldron St., Lafayette, Ind., Botany.

Emory Hutchison, Atwater St., Bloomington, Ind., Zoology.

Harvey Geer Wood, West Lafayette, Ind.. Physics.

Floyd R. Carter, Frankfort, Ind., Botany.

Irene Graybook, New Albany, Ind., Botany.

Paul Harmon, Bloomington, Ind., Physiology.

Mildred Hoge, Kirkwood, Bloomington, Ind., Zoology.

On motion they were elected.

The Committee on the nomination of officers, Severance Burrage, Ciiair-

man, reported as follows:

President—Andrew J. Bigney, Moores Hill College, Moores Hill.

Vice-President—Amos W. Butler, Indianapolis, Ind.

Secretary—Howard E. Enders, Purdue University, West Lafayette.

Assistant Secretary—E. B. Williamson, Bluffton.

Treasurer—W. M. Blanchard, Greencastle.

Press Secretary—F. B. Wade, Indianapolis, Ind.

Editor—H. E. Barnard.

On motion the report was adopted and the officers elected.

On motion of Prof. John M. Aldrich the following resolution was adopted:

Whereas, Thomas Say was one of the great entomologists of the world

in his time, prominent among the men who made New Harmony, Ind., the

scientific center of the United States about 1825, his gi*ave at that place is

one of the shrines of Indiana history, the Indiana Academy of Science there-

fore feels an especial interest in the project to establish a memorial to Say's

name in the form of a publishing foundation for works in entomology. It

is an ideal memorial to an unselfish and deserving scientific man, and at the

same time promises great value in the cause of entomology for the present

and future.

Therefore be it resolved. That we commend the plan of the Say

Foundation to the consideration of the people of Indiana as especially

worthy of consummation in the Centennial year of our state.

Sections A and B then continued their programs until they were com-

pleted.
W. A. ( OGSHALL,

Adjourned. ^^ .
, ^President.

A. J. BlfiNEY,

Secretary.
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Program of the Thirty-First Annual Meeting

INDIANA ACADEMY OF SCIENCE,

CLAYPOOL HOTEI^-INDIANAPOLIS

FRIDAY AND SATURDAY

December 3 and 4, 1915

General Program.

FRIDAY

Meeting of the Executive Committee 10:30 a. m.

General Session 1 :30 p. m.

Sectional Meetings 3:45 p. m.

Informal Dinner 6:00 p. m.

Symposium on Heredity 8:00 p. m.

SATURDAY

General Session 9:00 a. m.

Sectional Meetings 9:45 a. m.

THE PRESIDENTIAL ADDRESS

The address of the retmng president, Wilbur A. Cogshall, will be

delivered at the informal dinner.

THE SYMPOSIUM ON HEREDITY

A Resume of the Work on Heredity. Dr. C. H. Eigenmann, Dean of the

Graduate School, Indiana University.

Fifteen years of Mendelism; Mendelism, the Key to the Architecture of

The Germ-plasm. Dr. Roscoe R. Hyde, Professor of Zoology, Indiana

State Normal School. '

Heredity in Man. Dr. Charles B. Davenport, Director of the Station

for Experimental Evolution, Cold Spring Harbor, New York.

.5084—
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PAPERS TO BE READ
GENERAL

1. A Memoir of Donaldson Bodine H. W. Axderson

2. Memoir of Josiah T. Scovel, 20 min Charles R. Dryer

3. Twelve of Nature's Beauty Spots in Indiana, 45 min., lantern,

Edward Barrett

4. Concerning the Report of the Survey of Lake ^laxinkuckee,

10 min Amos W. Butler

5. A Field Trip in General Science, 15 min B. H. Schockel

6. The Tobacco Problem (abstract) 20 min Robert Hessler

Anatomy

7. Histological Changes in Testes of Vasectoniized Animals,

10 min Bxrton D. Myers

Bacteriolooy

S. Tlie Miniiiniin Lethal Infecting Dose of Trypanosomes,

25 min C. A. Bkhrens

0. Tolerance of Soil Bacteria to Media Variations, 20 min. . II. A. Noyes

Botany

10. Some Methods for the Study of Plastids in Higher Plants.

10 min 1). M. Mottikr

1 1. The Morphology of Riecia fluitans, 5 min Fred Do.\A(iHY

12. Plants not Hitherto Reported from Indiana. VI.

3 min Chas. C. Deans

13. Indiana Fungii. 111. 5 min J. M. Van Hook

14. The Second Blooming of >Iagnolia soulangiana, 5 min. . D. M. Mottieh

15. Additional Notes on Rate of Tree Growth, 10 min. .Stanley Coulter

10. The Effect of Centrifugal Force on Plants, 15 min F. M. Andrews

17. Some Preliminary Notes on the Stem Analyses of White Oak,

10 min Burr N. Prentice

1<S. Botanic vs. Biologic Gardens. Illustrated by Specimens,

10 min RouERT Hessler

Che.mistry

19. Soluble Sails of Aluminum in Water from an Indiana Coal

Mine. 5 min S. D. Conner
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20. Detection of Nickel in Colialt Salts, 8 min.,

A. R. Middle;tox and U. L. Miller

21. The Use of the S[)ectr(Ji)h(jtometer in Chemical Analysis.

10 min George Spitzer and D. C Duncan
22. The Different Methods of Estimating Protein in Milk. .CiEORciE Spitzer

Geolocjy

23. A New Cave Near Versailles, o min A. J. Biuney

24. Loess Deposits in Vigo County, Indiana, 10 min. . . .Wm. A. McBkth
25. Volume of the Glacial Wabash River, 10 min Wm. A. McBeth
26. A Geologic Map of the Terra Haute Region, 5 min. . . .B. H. Schockel

27. A Bibliography of Geographical Material, 10 min. ... . . . B. H. Schockel

28. Settlement and Development of the Lead and Zinc Mining Region

of the Upper Mississippi, 20 min B. H. Shockel

29. A Few Science Wonders of the Cement Age, 15 min.,

lantern F. W. Gottlieb

30. The Fauna of the Trenton and Black River Series of New
York H. N. Coryell

Mathematics

31. Gamma Coefficients with Applications to the Solution of Dif-

ference Equations and Determination of Symmetric Func-

tions of the Roots of an Equation in the Terms of the

Coefficients, 25 min Arthur S. Hathaway
32. Some Determinants Connected with the Bernoulli Numbers,

K. P. Williams

33. Some Relations of Plane to >Spheric Geometry,

10 min David A. Rothrock

Physics

34. Some Notes on the Mechanism of Light and Heat Radiations,

15 min .James E. Wyant
35. A Standard for the Measurement of High Voltages,

10 min C. Francis Harding

36. Ionization Produced by Different Thicknesses of Uranium

Oxide, 5 min Edwin Morrison

37. Radioactivity of Richmond Water, 5 min Edwin Morrison
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38. A Student Photogi-aphie iSpectometer, 5 min.,

lantern Edwin JNIokuison

31). An Experimental Determination of the Velocity of Sonne!

Waves of Different Intensities, 10 min., lantern. .Arthur L. Foley

40. A Simple Method of Harmonizing Leyden Jar Discharges,

5 min.. lantern Arthur L. Foley

41. An Electroscope for Measuring the Radioacticity of Soils,

10 min., lantern R. R. R.\msey

42. Some Photographs of Explosions in a (Jas, 10 mm.,

lantern John B. Dutcher
43. The Cause of the Variation in the Emanation Content of Spring

Wat(r. 10 min., lantern R. R. R.\m.sey

44. A Standard Condenser of Small Capacity, 10 min.,

lantern R. R. Ramsey

45. A Comparison of Calculated and E.xperimental Radii of the

Ring System by Diffraction and an Extension of Lommel's

Work in Diffraction, 10 min., lantern Mason E. 11 ui- ford

Soils

40. Rate of llumilicatioii of .Manures, 1.") mm R. 11. Carr

Z(>ol()(;y

47. An Instance of Division ])\ Constriction in the Sca-Aiiemoiir,

Sagartia luciae, .") min Donald W. Davis

48. Data on the Food of X«'stling liirds, 1") min.

Will Scott and 11. E. Ender.s

40. Two New Mutations and Tiicir Bearing on the Question of

Multiple Allelomorphs, .5 min Roscoe K. IIvde

50. A Study of the Oxygenless Region of Center Lake, 10 min

Will Scott and H. (J. Imel

ol. The Lakes of the Tippecanoe Basin Will Scott
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Address of the President.

Wilbur A. Cogshall

The qiiestion of Evolution has long occupied the attention of Si-ientists.

Especially has this been true in biological lines, and Ave are apt to think of

the probable (or certain) changes that have taken place, either in plants or

animals, in connection with the word evolution. As soon as biological

investigation had proceeded to a point where signifieant dift'erences and

likenesses were well estalilished among certain forms, the laws underlying

the changes were sought, and are being sought. We have now a more or

less satisfactory theory built up based on certain fundamentals, though it

contains in part some elements of the speculative and the probable. One

of these truths that seems established is that some organisms have existed

in the very remote past, in a quite different form from what tliey now have,

and that it is very probable, if not certain, that they will change their forms,

habits, etc., still more as time goes on.

In a little broader way we may say that evolutionary changes are just as

certain in the earth as a whole, or in the entire s.ystem of plenatary bodies, or

for that matter, in the wliole visible universe. This conclusion is based on

several physical laws which man has discovered and believes to be true.

If the law of conservation of energy is true, then we have no alternative bu.t

to believe that the continued radiation of heat from the sun and the earth

will eventually result in these liodii's coming to a low(>r temperature, and

that the sun will at some future date become dark, cold and dense. We
must also believe that its power to radiate heat and light was very different

in the remote past from what it is uoav. In as much as the sun is not essen-

tially different from a million other stars m the sky, it seems very probable

that the Avhole visible universe has undergone very great changes in past

time, and will undergo changes just as great in the future.

There is really no more reason to suppose that the stars and the moon

have always been as we see them now, than to suppose that because an oak

tree has stood for a year without sensible change it has always been that

way and will continue so indefinitely. The oak goes through its life history,

or certain phases of it, in so short a time that we can see its whole history

in less than a life time, but the changes in the tree while faster, are no more

certain than those in the sun or earth.
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There have been many attempts to formulate a theory of evolution for

the earth, the solar system, and indeed the whole siderial universe. Un-

fortunately, most of these were based on comparatively little scientific data

and any actual proofs of reliability or truth were lacking. Most of them

might better be called speculations, pure and simple, and were produced

largely from analogy. For example, we have known for some three hundred

years that the planets circulate about the sun in nearly the same plane, the

ones near the sun moving faster than those farther away. The visible

universe is apparently arranged more or less in one plane or at least is very

much extended in the plane of the Milky Way, the .solid figure tliat would

enclose the solar system not being greatly different, except in size, from the

one which would enclose all the stars. What would be more matural then

tluiii to suppose that the whole universe wa.-; built up on a large scale much

as the planetary system, the sun being in revolution with many others

about some distant center. These, in turn, perhaps, revolving about

another center till the whole Universe is accounted for. Some such idea

was advanced by Kant Avho had only the Law of Gravitation upon which

to base his speculations. Unfortunately he knew nothing of the distances of

the stars. At that time no one knew from actual observation that the

stars had any real motions of their own through space.

We know little enough of these things now, but a few facts have been

established with certainty in the last hundred years, indeed most of our

accurate knowledge of the stars being attained in much more modern times.

It was not till 1839 that we knew the distance of a single star in the whole

sky, and only in the last fifty years has it been possil)le to measure their

motions in any very precise way.

Following the above general theory it was supposed for a while that the

central point about which the whole siderial system revolved had been lo-

cated in Alcyone, the brightest of the Pleiades. It is sufficient to say that

there is not a particle of evidence to sustain this conclusion, or the conclusion

that the stars, as a whole, revolve about any center whatever. As far as

we know the stars move in all sorts of directions and with all sorts of veloci-

ties. We are lacking now as much as a thousand years ago any theorj^ of the

evolution of the system of the stars, which is based upon observed changes

in the stars themselves. The theories and speculations regarding the origin

and history of the planetary system are more numerous and in some cases as

improbable and impossible as those regarding the universe. The best
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known of these and the one which has had the most influence on philosophic

thought is known as the Nebular Hypothesis of La Place. It was first

announced about a hundred years ago and has been accepted as probably

representing planetary evolution until recent years although based largely

on assumptions. La Place was one of the greatest of astronomers and

mathematicians since the time of Newton and doubtless his name alone car-

ried conviction where a Uttle independent investigation and reasoning would

have been more profitable. It is quite evident that La Place never regarded

this theory as seriously as it was regarded by others after his death.

You are all familiar with the main outlines of the theory. It assumes

that the matter now composing the sun, the planets and their satellites was

once diffused though a sphere perhaps as large as the present orbit of Nep-

tune, that in some way (unknown) the mass started to revolve and therefore

to flatten at the poles and extent at the equator, and that with the radiation

of heat and consequent shrinkage in volume, the revolution had been has-

tened and soon a point had been reached where the gravitational force at the

equator was balanced by the centrifugal force due to the revolution. At

this point, according to the theory, a more or less broad ring was abandoned

by the revolving mass. It went on shrinking, and increasing its velocity of

motion till the same process was repeated. Each ring was then supposed to

collect into a sphere and go through the same process in a small way, thus

accounting for satelhte systems of the various planets, although there was

no investigation to estabUsh the way in which this was done, or even to show

that it was possible. No doubt this whole scheme was suggested by the

planet Saturn which shows a ring system very much as La Place supposed

existed around the sun, but which we now know differs very materially from

any of his hypothetical rings.

As stated above, this theory impUes that the planets should aU be very

nearly, if not exactly, in one plane, that they should travel in the same

direction around the sun, that the satellites of each planet should aU go in

the same direction and in one plane, and that the periods of revolution of the

sateUites should be longer than the rotation periods of their primaries.

These conditions seemed nearly fulfilled at the time of La Place, but since

then we have had the discovery of Neptune with its satellite very much

inclined to the orbit of the planet, and revolving backward at that, we have

had the discovery of the satellites of Uranus also revolving retrograde and

very much out of the planet's plane of revolution. We have had, moreover.
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the discovery of the two sateUites of Mars, one of whieh revoh-es very nuich

faster than Mars rotates on its axis.

A theory that perfectly explains all the known facts may get a hearing

and acceptance without any great amount of demonstration, but when many
important facts appear at variance with a theory it becomes necessary to

show how these facts may be accounted for by the theory, or to look with

suspicion on the theory as a whole.

There are many other facts tlian those just mentioned which cause

distrust. Take for example the probable density of the ring that is supposed

to have formed Neptune. If all the matter now in the Solar system were

expanded till it formed a sphere the size of the orbit of this planet its average

density would he ahout 210.000.000,000 tlie present density of the sun. The

density at the center would probably be many times that at the equator,

which would make the density of the abandoned ring much less than
1

210,000.000,000 th of the present density of the sun. This would be many
times as rare as the best vacuum yet obtained. To suppose that any such

mass of matter, spread out in a ring whose diameter must have been at least

thirty times the diameter of the earth's orbit, ever collected in one place to

form Neptune is a very great tax on the imagination. As a matter of fact

it can be shown that this is physically inipossil)le. This process involves

long intervals of time and would make the outer planets much older than

the earth, and other nearer planets. There is no ol)servational data to

support this idea; all that there are directly contradict it. On the supposi-

tion that the sun has radiated heat in the past as it does now, and tiiat the

shrinkage of the sun is responsible for the development of its energy, it is

possible to tell how many years ago the sun was large enough to (ill llic ()rl)il

of the earth. The earth must therefore be younger than this. All evi-

dences in the earth itself point to an age of a least sixty million years, and

on the above assumptions upon which llic theory of La Place rests, the sun,

sixty million years ago, was nuich larger than the earth's orl)il. The i)rol)-

ability is then that the assumptions are wrong. Other more Icclinical ol)-

jections, some of which are even more conclusive, i must pass over.

Another theory of Evolution based on tidal relations among sun, planets

and satellites has l)een elaborated in more recent years, and eith(>r by itself

or in connection with the foregoing has been used lo explain our i)resent

system. The api)lica1ion of this theory to the KarthMoon system has

been elaborated by Professor George Darwin, lie supposes tluit the earth
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and moon were originally one fluid mass, that oscillations set up in the mass

by the tidal effects of the sun resulted in the separation of the mass into two

parts, that the two parts raised tides each in the other and that the friction

of these large tidal waves resulted in the separation of the two bodies to their

present distance and the lengthening of their rotation periods to their present

values.

It is, no doulit, true that tidal friction does tend to lengthen the period

of rotation of the earth, and, if the fundamentals of mechanics are to be

trusted, this effect must result in an increased distance between the two

bodies. Some observational data in support of this theory appears in the

fact that the period of revolution of the moon about the earth coincides with

its period of rotation, and that probably the two planets nearest the sun

keep the same face to the sun. On the other hand we know that tidal fric-

tion or any other force has failed to change the length of our day by one-tenth

of a second in five thousand years. There has more recently come into gen-

eral favor another and a totally different theory, from Professors Chamber-

lain and Moulton, of the Departments of Geology and Astronomy, of Chicago

University.

They suppose that the solar system took its form from a nebula, but from

a spiral and not from a spherical or spherodial nebula. Observationally

this supposition is sound. Thei'e is not in the sky, as far as I know, a nebula

of the sort assumed by La Place. There are thousands, perhaps hundreds of

thousands of the spiral sort. Of all the nebulae that have any regular shape

the spirals outnumber all others. There are a few so called planetary nebulae

which in the telescope look spherical, but which in a long exposm'e photo-

graph show some other form. Some of them may be hollow spheres, but

none appears as La Place's nebula was supposed to be. There are a few in

the form of a ring Avith a star at the center, but again it must be remarked

that this form in not the required form.

In a spiral nebula the matter forming the arms of the spiral is usualh- the

smaller part of the whole mass, the greater part being at or near the center.

If the law of gravitation holds among them, and we have never found an

exception to it, then the particles in the arms of the spiral must be in motion

in elliptical orbits about the central mass, the parts nearer the center moving

faster than the more remote parts. This means that the arms must with

time become more closely wrapped about the central mass and that any one
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particle is, in time, bound to come close to many others, and eventually to

collide with many.

If any one particle were large enough to start with, it would therefore

grow by collision with other particles, and the more it grew the more power of

growing it would have by reason of its increasing mass. It seems likely

then, that loose, widely extended nebulae of this sort must eventually come

into a system of small bodies revolving about a large central mass. It can

be shown that a mass revolving in this way and suffering collision with other

masses must move in an orbit whose eccentricity is continually diminishing.

We should therefore expect to find, if our system has been formed in this

way, that the more massive planets have the least eccentric orbits and that

the smaller ones have the greatest eccentricity. As a matter of fact all of

the large outer planets have low eccentricity and the smaller planets a

higher amount. The greatest eccentricity is found among the plam>toids,

or asteroids, many of which are onlj' a few miles in diameter.

It has also been shown that a close approach of two masses in the arms

of the spiral might not result in collision, but under conditions whicli might

easily arise, the smaller might be made to revolve in an elliptical orbil al)()ul

tlic larger, thus giving rise to a satellite or system of satellites, and tht^se

satellites iniglit revolve in one direction as easily as another. We can

tluirefore account for the retrograde motion of the sat(>llite oi" Neptune,

tliose of Uranus, for the fact that Jupiter lias some going in one dircdion and

others in the reverse direction, for the widely scattered zone of tlie .Vstcroids

and even for the very rapid motion of the inner satellite of Mars.

The.se, and many other features an- not speculations as to what may have

hapix-ned. They have all been made the subject of rigorous mathematical

calculations, and with the supposed initial conditions are all entirely possible.

As to whether these initial conditions that \vc have supposed, actually

existed or not—whether or not our eartli and the other bodies revolving

about the sun ever developed from a spiral nebula, we can not l)e so sure.

Here it is a (luestion of what is mcjst |)rol)al)le. We are practically certain

that it did not come about as La Place supposed. There are too many

things mathematically impossible about that. By this theory, the desclop-

ment uito tlie present system was entirely possible, and certainly no more

|)rohal)le evolution has been proposed.

La Place did not and could not account for his nebula. On this plan we

can. I have said that the spirals far outnumber any other class in the sky.
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It has been shown that it is entirely possible for a spiral to be formed and

that it is probable that more spirals would be formed than any other kind.

Here we approach the speculative a little closer and I would remind you that

we have no record of any permanent form of nebula ever being formed.

Of course the time over which we have any accurate record of the nebulae

is very short, only the last few years in fact. Very few of these objects can

be recognized in the telescope, and it is only since the invention of the

rapid photographic dry plate, and the perfection of the large reflecting

telescopes, that their true form and number have been found. Even with

our present equipment and resources if one should be recorded on a plate

tonight it might l)e impossible to say that it was there a year ago, or that

it was not, unless it should be exceptionally bright.

With tliis class of objects then we will not expect much observational

confirmation. From mathematical investigation we know that it is possible

for a spiral nebula to be formed from the close approach of two stars. We
know of about two hundred million stars in the sky and there are probably

many more that we can get no direct evidence of. We know that they are

all in motion with velocities ranging up to 300 or even 400 miles per second.

Under these conditions we will at times have collisions. These will be

relatively rare because the average distance between stars is large, thickly

as they seem to be sown in the heavens. A close approach without actual

contact will be much more frequent, and it is from such an encounter that

a spiral nebula might easily arise.

The moon with only go the mass of the earth and at a mean distance of

over a quarter of a million miles has enough attraction for the earth to

cause a distortion of figure, the liquid surface showing the effect of course

more easily than the soHd parts. Under the action of the moon there are

two tides raised in the earth, one of which tends to stay directly below the

moon and the other at the opposite side. That is to say, the moon causes

the earth to assume an ellipsoidal form, the long axis of which would point

toward the moon if it were not for the rapid rotation of the earth. What
would tliis effect be if the moon were as massive as the earth, or perhaps

twenty times as massive? If, in addition to this increased mass, we should

decrease the distance between the bodies to a few thousand miles, the tides

would l)e many times as great as they are now.

When we remember that the stars for the most part are gaseous, in many
eases with an average densitj^ less than that of air at sea level, and at \\^(,
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same time have very large diameters, it "will he evident that the near approach

of another massive body woukl be suffieient to cause great disturbance.

The attraction of the foreign body would cause the star to elongate, the

gra\'itational attraction at the ends of the longer axis woiild be decreased

and the highly compressed gases of the interior would cause great eruptions

toward the disturbing body and away from it. Even with the slight dis-

turbances to which our sun is subjected we have these outbursts of materiaf

from the interior, by which material is thrown out at times, to distances of

a hundred thousand miles.

If another star were to come Avithin a few hundred thousand miles of

our sun this effect would be produced on a scale many times greater. While

the star was a considerable distance away these ejections of matter would

be less violent, increasing in \iolence as the distance decreased, and, what

is just as niufh to the point, they would be in a shghtly different direction

as time went on. The first masses ejected would be drawn out of a straight

line and would ( ventually fall back toAvard the sun, some of them striking

the surface end some of the i so far draAvn to on<' side as to miss the surface

as they came l^ack, in which case they would continue to revolve in elliptical

orbits about the sun. Those masses, thrown off a little later, would travel

farther and in slightly different directions, and would be diverted still more

jind move in longer orbits. After a ma.ximum disturbanc*' was reached the

same process would go on with decreasing violence as the (listiir))ing body

retreated into space. It has been shown that the masses thrown off Avhich

did not go back to form part of the sun again, might under these conditions

form themselves into two .spiral arms, the wliolc. of course, being in one

plane, as the motion of the two stars would be in a plane. That material

which difl fall back into the sun would give to the jiart where it fell

a certain velocity of rotation, and we find in tlie sun a higher rate of rotation

for the equator than for any other part. The direction of motion of the

matter composing the arms of the spiral is not along the arms but across

them, each i)article moving m an ellipse anmnd the central mass. If

masses of different sizes were ejected, the large ones woukl tend to annex

the smaUer ones in the immediate neiglihorhood, and the process before

described would result in a system of planets and satellites much as we have

in the solar system.

We have this process still going on in a small way. The Earth attracts

to Itself several million small particles every day and occasionally then; is a
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larger one. Many of these, perhaps most of them, are in all probability

matter which left the sun when the rest did and which are now for the first

time brought near enough the earth to be permanently annexed. In a

reffion where no large masses existed, the matter would continue to revolve in

a finely divided state, such as we actually find in the zone of the minor planets.

This zone lies between the orbits of Mars and Jupiter. In it have been found

some 800 planets large enough to make a record on a photographic plate, and

there is little reason to doubt that the whole number is many times greater

ai d the size of most of them so small that we can never see them except as

they collectively make a faint band of light across the sky. In this zone

we find what we should expect with small sizes—that is, very elliptical orbits

and very high inchnations. One of these planets has an orbit of such eccen-

tricity that while its mean distance is considerably greater than that of Mars,

yet in one point in its orbit it comes much closer to the earth than any body,

except the moon, and two others have perihelion distances less than that of

Mars.

Thus it is entirely possible that our planetary system resulted from a

spiral nebula, and it is entirely possible that spirals may result from close

approaches of two stars and we lay even say that it is all probable, at least

more probable than any other plan yet proposed.

There are still some difficulties. We must say that if our system resulted

from a spiral, this spiral was not at all on the scale observed among the

spirals in the sky. Such a nebula, having a radius equal to that of Nep-

tune's orbit, were it no farther away than the nearest star, would be a verj^

insignificant object and might fail of detection entirely. At the probable

distance of most of these objects it would certainly be invisible. We can see

how a star might be torn apart so as to scatter material over a space the size

of Neptune's orbit, but the case is different when we consider some of the

large spirals in the sky. The largest is known as the Great Nebula of

Andromeda. It covers an arc of over a degree in the sky. Assuming a

parallax of 0".l, which is pi'ol^ably larger than the real value, this nebula

from end to end must extend over a space more than 1,800 times the size of

Neptune's orbit, or 54,000 times the size of the Earth's orbit.

We have never determined aeeuratelj' the distance of a single nebula and

so do not know the real size of any one of them, compared to the solar system,

but there is no reason to suppose they are nearer than many of the faint stars.

If this is true, their volumns are vast beyond comprehension and their density

an inconceivably small fraction of the density of our best vacuum. It has
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been computed that if the Andromeda nebuUx had a density 20,000,000

that of the sun it would have mass enough to attract the earth as strongly

as the sun does. It attracts the earth not at all. Nor does it attract any

other bodj^ as far as we know, many of them being much closer to it then we

we are.

We do not know the chemical composition of the nebulae, except that it

see IS to be different from every thing else in the sky. Not one has ever

been seen to change its shape, size ot brightness. We have always assumed

that stars result from the contraction of nebulae and this is based on the idea

that the nebulae radiate heat. It is not at all certain that these rare gases

shine because of their heat. A mass of gas of such extreme rarity would have

a comparatively small amount of heat and it would seem that this ought to

be radiated into space very rapidly, and could not be miantained without

rapid contraction. It is quite possible that nebular matter instead of being

the raw material of stars and planets is matter in some final form after

having gone through its life history. We have no observational data either

way and will probably not have an.y for many centuries to come. There

does not seem to be any very good reason ifor believing that matter is not

being created now as much as it ever was nor for thinking that it must always

endure in some of the forms we now know.

We think of space as infinite in extent. Whether or not matter, in the

forms we know, is to be found in all parts of space, we do not know. That

is to say we are not yet sure whether the universe is finite or infinite. There

are some reasons for thinking that the system of the stars is as infinite as

space itself, but it may also be possible that what we call matter is some mani-

festation peculiar to this part of space. The mere appearance or disappear-

ance of matter in space would in itself be no more remarkable than the

precipitation and evaporation of water would be if we knew nothing of the

atmosphere, and perhaps not as remarkable as the production of water

from two invisible and unknown gases would seem to people who know nothing

of chemistry.

The most probable source of information it seems to me, will be the

researches of the physicists and chemists on the real nature of matter. Wlien

they shall have told us what matter really is, what all of its possible forms

may be and what all the sources of energy are, then we may be able to state

with certainty what the life history of a star is, what relation the nebulae

have to other bodies, and what in reality has been the past history of our

planet and other planets.
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A Memoir of Donaldson Bodine.

H. W. Anderson

To those of us who knew Professor Donaldson Bodine the news last

August of his sudden death was a terrible shock. We knew him as a man

of great activity and rugged constitution, one who never seemed to be

troubled Avith physical weakness. His taking was so sudden that the shock

seemed all the greater, yet those who knew him best realized that it was as he

wished, for he had often expressed a desire to have life end suddenly, without

pain, prolonged illness, or weakening of mental faculties. So all was well

with him.

Donaldson Bodine was born in Richboro, Pennsylvania on December 13,

1866. His father, a Presbyterian minister, died at an early age, leaving

the young son to support his widowed mother and a sister. After graduat-

ing from a preparatory academy, he entered Cornell University and received

his A. B. degree from this institution in 1887. For several years following

graduation he was principal of the Academy at Gouverneur, New York.

Returning to Cornell on a Fellowship he secured a Doctor of Science degree

in the spring of 1895. His major was in the subject of Entomology, his

first minor in Zoology and second minor in Botany. His thesis, presented

in the spring of 1895, was entitled, "The Taxanomic Value of the Antennae

of Lepidoptera".

Professor Bodine came to Wabash in the fall of 1895 to fill the chair of

Zoology and Geology which was established at that time. This chair he

occupied during the remainder of his life. Thus he had given, at the time

of his death, twenty years of loyal and efficient service to this Institution.

As a student of Professor Bodine's I can speak with some authority

when I say he was a wonderfully inspiring teacher. He had a very clear

and interesting manner of pi'esenting his subject and this, combined with an

unusually pleasant voice, made the presentation of his lectures all that could

be desired. It was a real pleasure to listen to him. The students were

always loyal to him and they were especially impressed with his perfect

fairness. He did not make his subject difficult but he expected his students

to make an earnest effort to get that which was presented.



64

As a man, I cannot better express the opinion of all who knew him than

give you the words of appreciation of one of his former students, "Professor

Bodine was a man among men, a teacher among teachers seldom, if ever,

equalled. He was a true gentleman who would be classified as 'One who

carefully avoided whatever may have caused a jar or jolt in the minds of

those with whom he was cast; who avoided all clashings of opinion or colli-

sion of feeling or restramt, or suspicion of gloom, or resentment, his great

concern being to make everj'one at his ease and at home. He was tender

toward the bashful, gentle towards the distant and merciful towards the

absurd; he guarded against unseasonable allusions or topics which irntated

and Avas seldom prominent in conversation—and never wearisome. He

made light of favors while he did them and seemed to be receiving when

conferring. He never spoke of himself except when compelled, had no ear

for slander or gossip, was scrupulous in imputing motives to those who inter-

fered with him and interpreted everything for the best.

Professor Bodine published little—not from lack of ability to do research

work or unfamiliarity with his .subject, but because he was primarily a

teacher and believed in giving all there was in him to his students. He was

unusually well informed on all subjects whether or not connected with his

work. His sense of fairness and his desire for accuracy and truth were so

acute that to those who were given to the expression of opinions hastily

formed, he seemed at times over critical; but he was equally sincere in his

enthusiastic praise of work well done.

Professor Bodine was a lover of music and always took an active interest

in the develoi)ment of this art in the college and in the community. He also

interested himself in the civic welfare of the city of CraA\'fordsville and stood

for everything that was best regardless of political or other affiliations.

Although for many years an officer in the Presbyterian church he was not

"orthodox" in the narrower sense of the term. In this as in other affairs of

life he followed the apostolic injunction, "Prove all things; hold fast that

which is good." He believed thoroughlj' in the rule of Reason and would

not accept any statement unless supported by and based upon facts, scien-

tifically established. He was especially desirous of eliminating from relig-

ious teaching all superstitions and traditions. At the same time he was

deeply religious by nature and was a thorough believer in the Church as an

institution.
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The members of this Society will remember with what great pleasure

Professor Bodine attended the spring meeting. He was a lover of nature

and delighted in the open air meeting held by Ihe Society, not only because

of the long tramps o\ev the hills, but also because f)f the chance for comjjan-

ionship and discussion with his fellow scientists. He has often told me that

his chief interest in the Society was the felloAvship it afforded and his cordial

hearty greetings are well remem))ered l)y all the older members of this

Society.

As a scientist and a student of science he was recognized throughout

the country. He was a Pillow both of the American Association and of the

Indiana Academy and served as the president of the latter organization

during the year 1913. His presidential address Avas one of unusual interest.

In 1014 Professor Bodine was married to Airs. Emma C'lugston of Craw-

fordsA'ille. In the early days of August of the past summer they went to north-

ern ^Michigan to plan a summer home. They selected a site for their cottage

and on the day when the fatal end came had lieen busily engaged witli tlieir

final plans. In the evening while visiting some friends and in the midst

of a lively conversation death came without the slightest Avarning.

11. W. A\DEI£S()\.
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Memoir of Josiah Thomas Scovell.

Charles R. Dryer.

Josiah Thomas Scovell was born at Vermontville, Alieh., July 29, 1841.

His parents, Stephen D. and Caroline (Parker) Scovell were of New England

stock dating from the 17th century. He Avas educated first at Olivet College

and later at Oberlin, graduating A. B. ni the class of 1866 and M. A. in

1875. While at Olivet he went home to spend a week-end, and in his

determination to get back to college for Monday morning, forded a

swollen river with his clothes tied in a bundle on his head. In 1864 he

served one hundred days in Company K, 1.50th Ohio National Guards.

His comrades speak highly of his services as company cook. During the

defense of Fort Stevens at Washington against the attack of General Early,

he was given command of a gun. President Lincoln stood on the parapet

beside Seovell's gun to watch the progress of the battle, and was

dislodged only by the command of General Wright. Visits to an

uncle living at Lewiston, N. Y., were occasions for a study of Niagara

Falls and gorge. A fellow student at Oberlin, now Professor J. E.

Todd of the University of Kansas, tells how he and Scovell were

overtaken by nightfall in the gorge and compelled to escape by climbmg a

pine tree and a pole reaching from its top to the edge of the cliff. He had

field work in geology at Oberlin with Professor Allen, and in 1867 was one

of a party which accompanied Professor Alexander Winchell from Ann

Arbor to the mines of Marquette, Houghton and Hancock. He was boss

of the crew which secured and shipped the famous boulder of jasper con-

glomerate from Marquette to the University campus at Ann Arbor. In

1866-7 he took a special course in chemistry and mineralogy in the Medical

Department of the University of Michigan and was gi-aduated M. D. from

Rush Medical College, Chicago, in 1868. He practiced medicine a year or

two at Central City, Colo., then a lumber camp near Middle Park, He found

the Garden of the Gods, the over blow of snow from the Pacific slope, the

sound of running water under summer snows, the milky glacial streams,

a storm in Platte Cafion seen from above, a flood in Cherry Creek, and the

phenomena of mountains and forest more instructive than anything at

college. In 1871-2 he was instructor in Chemistry at Olivet College, and in
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1872 fame to the Indiana State Normal School at Terre Haute as head of the

Department of Xatuj-al Science. He at first taught only physiology and

geograjjliy. The Avoman who had been teaching geography had sjient four-

teen Aveeks on the Oreat Western Plains using them as an instrument for

teaching pedfgcgy. "tl e Isw in the mind" ])eing illustrated by "the fact

in the thing." Scovell had actually seen the Creat Plains and was able to

arouse greater interest in the facts in the thing. The use he made of pictures

and specimens was an innovation and they had to be shown outside the regu-

lar class period. Willi the permission of the Fresideiit. he introduced some

instruction in j)hy,si(s, (hiefly in meteorology, using home made apparatus.

He also 1 s{ d th<' Wabash in field lessons on ri\(Ts, and his advent at Terre

Hau^e ni;',rk(d one of the (ai-l\' inoi ulalioi's of Ihi' Indiana schools wilji the

sciintific virus.

In 1S73 he joined Todd al Poll land. Me., as a volunteer assistant with

the U. S. Fisli ( "(iinmission and Aisited Xo\a Scotia to study tlie tides.

In 1880 he visited Culni and Mexico to fainiliari/.e himself .\vi(h troi)ical

natuie, corals and ,>ztec civilization.

He was married in ISTC) to Joanna .Jameson of l>afayette. Avho survives

him. In 188] he resgud from the Normal School and during the ne.xt ten

years was engaged 'n the Inisiness f)f abstractor of tith's at Terre Haute.

During this jx'riod he acted as friend, companion and gnidc to a succ<'ssion

of younger men who came to teach and study science in the schools of the

citj'. Among tliese .Jenkins. K\-erniann. liettger. Blatchley. Cox and

Dryer are well known members of tins Academy. Dr. SconcH's l)nckboard

and horse. "Jim" were always ready for a Saturday and Sunday excnrsion

anywhere within fifty miles. Every one of his proteges can testify- to tiie

genial, enthusiastic and scientific si)iri1 witli wln'cli he was thus inlrodnced

to the features and problems of the Terre Haute field.

in the summer of IS91 Scovell organized a party for the ascent and scieii-

tilic stu(l\' of tlie \(ilcano, Orizaba, in .Mexico. It consisted of 11, M. Seaton.

botanist. L". (). Cox. ornithologist. A. J. Woodman, ichthyologist, and \V. S.

Blatchley. enttmiologist, while Stoxcll acted as director, topographer, geolo-

gist and geograi)her. The general expenses were ])aid froni his own pocket,

but railroad transportation in the United States was otherwise secured.

He was abetted and ixrhaps financially s.ssisted by Dr. F. C. Mendenhall.

then Siijjerintendent <,f the U. S. Coast and Ceodetic Sur\-e\-. On Oi-izat)a

spirit I(\cls were extended from the i-ailroad np to 11.000 icct. w heiu-e
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aneroid readings to the summit inade tlie height 18,179 feet. Considerable

eolleetions were made by the naturalists of the party and reported in various

journals. In April, 1S92, Seovell returned to Orizaba, and by triangulation

from the 13,000 feet level, determined its height to be 18,314, which Avas

accepted by the Coast and Geodetic Survey. A rather full general report

of results was published in Science of May 12, 1893.

In the autumn of 1891, Seovell joined Evermann, then of the U. S. Fish

Commission, in a study of the rivers of Texas. In 1894 he was sent by the

Commission to study the whitefish of Like fluron. and later assisted Ever-

mann in a study of the spawning hal)its of salm)n in the mountain streams

of Idaho. About this lime he did some work on llie geol<)gical survey

of Arkansas under Eranner.

In 1894 Seovell returned to leaching as the hevd of (lie science depart-

ment of the Terre Hautte Iligli School, ai)osition which lie held until his

death twenty-one years later.

In 1895 he contributed an elaborate rep )rt on the geology of Vigo County

to the 21st Report of the Indiana Geological Survey, the result of twenty

years of study in that field. He assisted Ashley in his r('])r)rt on the co.il

deposits of Indiana, published in 1898, and in 190.") made a rei)ort on the

Roads and Road Materials of Western Indiana.

In 1899 he began his work in cooperation with Evermann on the physical

and biological survey of Lake Maxinkuckee, which was carried on for fifteen

successive seasons. His best work was done at home in Vigo County and

at his summer cottage on Maxinkuckee. He never wearied of the features

and problems of his home field and returned to them with fresh interest

whenever any one started a new question. The writer was surprised to note

after twenty years of study of the Terre Haute field how little he could add

to wliat Seovell had shown him at the beginning.

I can best sum up the estimates of Dr. Seovell contributed by all his

intimate colleagues and pupils, among whom 1 am glad to eiu'oll myself,

by saying that he was a naturalist rather than a specialist in any one depart-

ment of science. He was more deeply interested in botany than in zoology

and his interest in plants was more ecological than taxon(jmic. He had the

most complete and beautiful collection ever made of the mussels of the

Wabash River, representing forty-seven species. He gave considerable

attention to the Indian mounds of western Indiana, and in 1912 sent his

notes and collections to the Bureau of Ethnology, wliich accepted them as
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material for a projected Handbook of Aboriginal Remains. The catholicity

of his taste was indicated by the collection of minerals, fossils, corals, shells,

ferns and implements in his house and the pile of rare glacial boulders in his

yard, both of which were well worth going to see. He was most of all

interested in topography, land forms and the weather. I should classify him

as primarily a geographer of broad sympathies. He was always at his best

in the field. "His mind," says one of his most intimate associates, "was

essentially analytical and judicial. He was not apt to reach conclusions

hastily. After having arrived at a tentative conclusion, he was always dis-

posed to try to discover objections, which he would examine critically and

modify his conclusions accordingly. He was a keen observer and his com-

ments on what he saw were always interesting and illuminating. A day

spent with him in the field was sure to be a day filled with interest and profit."

"In disposition," says another, "he was genial and kindly, and gave freely

to Ills companions of the varied store of knowledge which he had accumulated

during his life time of study of the great out-of-doors."

He was a charter member of this academy and at its first meeting gave

a resume of geograjjhical studies in Indiana. He contributed to the pro-

grams twenty-two titles, of wliich ten papers were ])u])lislu'(l in the i'rocceul-

ings.

Ill 1874 he published Lessons in GeograpJuj wliich wt-re re-wrilten and re-

issued as a Commercial Geography in 1910, and in 1879, Lessons in Physiology,

all of which had more than local use as text-books. In 1894, he contributed

Practical Lessons in Science to the Werner series. In 1912 he pre])are(l an

account of Fort Harrison in 1812 for the centennial celebration. He was a

student to the last, making credits at the University of Chicago in 1909.

Dr. Scovell's death from loneumonia on May 8, 1915 removes perhaps

the last survivor of those who could be called pioneers of science in Indiana.

He was one of the "old guard," whose place can never be filled, l)iit whose

memory'

"Smells sweet and IjJossoms in the dust".
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The Tobacco Problem.
(Abstract)

Robert Hessleh.

Tn going o\or a large mass of notes on the Tobacco Pro])lem, I arranged

tlieni for convenience of classification into periods of my own life. After

1900 notes are grouped under papers published since, such papers forming

"nest eggs," so to speak. In practically every paper I have had before this

Academy during the last fifteen years the tobacco problem can be read

between the lines. Here I intend to go over the subject very briefly in the

light of observations and work done, merely a note here and there.

As a boy I saw others smoke and tried it myself, witli the usual result

—

an acute tobaccosis. Should a teacher use tobacco and set a bad example?

Practically all my boy friends smoked and a few years later I became a pipe

smoker—influence of example. At the age of seventeen years there was a

change of enwonment ; I came in contact with baj^s and young men who

did not smoke, and so I quit and bought books: Again influence of example.

Then came a year in the southern mountains in which I saw many

things; (jthers I did not see then l)ut "saw" that is. understood, later. For

instance, whj- the mountaineer can use tobacco and alcohol with seeming

impunity. He takes these m pm-e air, \\dthout an admixture of infection

of all kinds.

Next came college days. At that time few of the instructors set a

"horrible example" by smoking. Students with few exceptions, did not use

tobacco.

Then came medical college days in a large city under horriblj- bad air

(•oiiditions, due to the many sick and diseased who visited the clinics. Here

for the first time 1 saw the vicious circle that exists between bad air and

t()l)acco, and, I might add, alcohol and sedatives and narcotics generally.

The building was gloomy and dirty; artificial light was used all day long.

Patients spat on the floor; students reacted more or less; they got relief by the

use of tobacco, and in turn spat on the floor and thereby set a bad example

to the patients who did not hesitate to add their catarrhal and tubercular
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sputum. The students reacted still more and chewed and smoked more;

more filth meant less care on the part of the patients. And so on, you can

readily see this viciovis circle.

I myself soon reacted, I felt bad; fellow-students advised the use of

toliacco. Instead I frequently l:)olted kn^tures and took open air vacations.

While sitting on the benches I formulat(>d a theory regarding my own ills

and of those about me; I tliought I saw why I felt bad and why I felt so well

in the mountains a few years before, without having usual winter colds.

I saw too why the mountameers are so healthy and live long in spite of alcohol

and toltacco. In the course of time this theory was elaborated; a brief ac-

count was given before this Academy iu my paper on Coniosis, in 1911.

The following year was spent in a smaller and comparatively clean

m( dical college, and I got along vi'ry well. Next came observations on

hospital and dispensary eases, noting the influence of enviornment: How
IK)or people taken from the heart of the city i)romptly recover under good

sanilary surroundings. I clearly saw tliat in order to reduce the ills of a

city more hospitals was not the remedy—<*lean up and slay clean.

Then came one or two minor periods, follow(>d by a prolonged ])eriod of

observation among the insane, especially at the Northern Indiana Hospital

for Insane. Did time i)ermit I should like to tell of efforts made to keep

buildings aiul wards in good sanitary condition. Kveii the insane with few

excei)ti()ns can be taught not to spit on the floor. When you see a man so

gTe<'(l.y for a chew of tol)acco that lie will take a (piid out of a cuspidor and

rechew it with a relish you begin to realize what a hold tobacco has. The

same may be said regarding alcohol when you consider the stories of P^nglish

sailors drauiing the casks in which Ixxlies of dead English sailors and soldiers

were sent home. In cities gutter snipes can be seen picking up stubs, and

there are women who apparently inhale tobacco smoke of others with pl(;as-

ure, at least they make no ol)jection. Supi)ose Aristotle, Plato, Socrates,

or old lli])j)ocrates came back and could see our men smoking and meeting

uiuler bad air conditions, what would they say? Has the world gone t()l)acco

mad? Should a hosi)ital ])hysician smoke and set a l)ad example?

During a year in Eiu'ope 1 acquired a stock of comparative data. It

was a surprise not to see any tobac(fo juice on side;walks. The only time

I saw a splotch iu Continental Eiu-oi)e was in front of the medical school at
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Vienna—evidently some American student had left his mark.* Moreover

men smoked slowly and in moderation and spat very little. Any of you Avho

have travelled in the Old World know the difference in cleanliness between

European cities and our own. On getting back home I saw things I never

really had noticed before, especially the sort of air we breathe habitually.

In 1900 I took up a systematic study of dusty air and prevalent ill

health, and gradually enlarged the scope of inquiry to the domestication

and urbanization of man. What this means can in a general way be seen

from my various papers before the Academy. This period from 1900 to

1915 may be divided into subperiods:

The period from 1900 to 1906 may be characterized as one of disgust

and contempt for the tobacco user, in the light of the harm he does to others,

especially to women and children. I held to the old belief that men smoked

(and drank) because they wanted to. But I foimd that to neglect the tobacco

users means to get little data, and beginning with 1906 I gave some men and

boys considerable attention, trying to find out why tobacco had such a hold

and why some could readily discontinue the habit and others only with the

greatest difficulty, if at all. Naturally one is apt to pity the man who sees

the harm the tobacco habit does to others and yet can not quit, to whom
tobacco is a sedative. Some of these men found that by using it "medici-

nally" a very small quantity sufficed. I believe if there were a high tax on

tobacco it would be used very sparingly; old habitues could get along with a

small quantity.

Up to the close of 1905 I had been accustomed to call pati(>nts who reacted

to bad air Dust Victiins. Then a bright woman said, "Why not call them

Tobacco Victims? The tobacco user is the one who is responsible for air

pollution, directly or indirectly." I kept a record for the year 1906 and at

least every other patient was what may be called a Tobacco Victim. This

included those dust victims who used tobacco, who had ill health on account

of iiifcclcd air. I trust you s(^o the distinction.

In lime one gets all sorts of datu and all sorts of reasons why a man uses

*How do you know it was an American stadent.? I was asked after th3 paper was
read. I did not know; I oniy inferred, for I had not seen a single continental medical
student chew and spit. A few days later I spoke to an observant German physician

about this. The moment 1 mentionea "in front of the medical school," he interrupted,

"Some American studeni_^dia that; German students don't chew tobacco; the man
who would chew and spit_woula be ostracized." He thus confirmed my own opinion.
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tobaeco. In such a study there is tlie eternal Where, When and Why. If a

man says he feels better through the use of tobacco, then the question arises,

Why do you feel bad? Why do you feel bad in the Avinter time, during the

closed door season, and feel comparati\ely Avell in the summer? Why do

you feel well Avhen you leaAe the city and go on a vacation to the country or

spend a winter in the South, where you do not care for sedatives, neither

tobacco nor alcohol and can readily do without them?

Where a man smokes and drinks, and one might say eats, is an important

question. One realizes it after keeping individuals under ()})scrvation for a

long series of years, particularly men and women who are willing to keep

a daily record.

As long as tobacco is used sparingly and produces no evil results, neillier

in the user nor in tlio.se al)out him. there is no occasion to s])eak of a Tobacco

Problem; the .same is true of alcohol. Men wiio drink s])anngly and "can

leave it alone" do not create an alcohol i)r()l)leni. But the nuui who uses

tobacco or alcohol sparingly may still be setting a l)a(l example to those

who can not use them, thai is. in moderation and without injury to themselves

and others.

1 shall now briefly conunent on sonic of my paju'rs i)resented before this

Academy. This is not a medical |)apcr: remarks will he along the line of

(^oniosis.

MOSQUITOES AND ,M.\LAR1.\. lOOO. The chief rea.son for writing

that paper was to clear the field of work of an affection frequcntl.\ conloundcd

with malaria, an affection very common in our State, under various nanus,

such as False Malaria, Atypical Malaria, Latent Malaria, a Touch of Ma-
laria, Mal-aria. and others, including "hilious attacks" and "nuto-niloxica-

tion".

This i)ai)er could be re-written, by one who has access to all the old litera-

ture, under the title, Indiana: A Ixedemplion from Malaria. It would be

appro]>ria1e for (he Centennial next xcar. As a com])anion volume the man

with ample leisure could wrile ;i Aohinie on False Malaria, Ihal is, diisl in-

fection.

Real malaria, that is nudarial fever, is transmitted through the bite of

the anopheles mosquito; false malaria, or Coniosis, is transmitted through

infected dust. The proper season for malaria is late summer and autumn;

that of false malaria from autumn through the winter to late in spring.
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in other words, thi'oughoiit the closed door season. In early days malaria

dominated everything; there was comi)arati\ ely little other sickness. Agi'i-

cultural commnnities as a I'ule Avere healthy if there was no malaria about.

Today false malaria dominates wherever peo])le are massed, as indicated in

my eases for H)()(). The student who desires to study malaria will find little

opportunity- in Indiana today. 1 have not seen a case for about thirteen

years. Bui for material for a study of False Malaria Indiana can not be

excelled.

.Just as nuilai'ia has disai)peared by cU'aning up the breeding places of the

rural an(ji)lie!es luosfjuito, so false nuilaria will also disappear when we begin

to clean u]) generally, when we get clean air to breathe. When once an

ONcrgrown town 1 I'gins to l)e -on e a real city by putt iig in sewers, paved

streets, getting l.lte;'ed water and a clean high school, a so t of civic center,

you can readily see wliy i)eoj)le Ix-come less tolerant of the chewer and

spitter and in time of tiie smcjker. The smoker, it shoidd he noted, is usually

also a si)itter.

If I had time I should like to i-e\iew briefly several medical papers in

which 1 (le\-elopc(l the lheoi-\- of dust infection or coniosis, and show how one

can distinguish Ix-twccn otiier affections and diseases. One can treat the

subject from two \iewi)oints, medi<'al and biological. Medically, coniosis

can be considered as a disease; l)iologically, coniosis is a reaction. Regard

it as a disease and at once Wwrv come to mind treatnu'nt, medicine, remedy,

cure. Kegai'd it as a I'ea.'tion, then naturally there comes to mind preven-

tion. Fnun the physicians' standpoint, there are two classes of people,

those who Take Something and tho.se who Do Something. Some when

feeling bad will take all sorts of drugs, including tobacco and alcohol. Others

Avill take a change of environment, of occupation, or of residence. The

latter are the wise; there will be more of these when the relationship of

cause and uffect is once properly understood.

Th(> second vi(-w])oint, the biological, is to regard coniosis or false malaria

as a reaction. Now how can a reaction be cured in the constant presence

of a cause? Why are there so many isms and pathies, so many pseudo

remedies and new ones constantly arising? Looked at in this light you

knock the proi)s out from under the ])atent medicine man and the symptom-

l)rescrilMng doctor and quack.

(H)LD AND COLDS. 1903. It is scarcely necessary to comment
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on this paper because the tobacco factor stands out all over.* The inhala-

tion of tobacco smoke, especially in those -wholly unaccustomed to it, pro-

duces a depressed circulation; it may be expressed as "reduced vitality,"

allowing the germs of infection, of colds and various inflammations, to take

hold.

CITY DUST, CAUSE AND P]FFECT. 1904. This paper was aimed

to bring out the relationship between infected dust and the size and number

of patent medicine ads. in newspapers, how the number and size of these

depend on the amount of infected dust in the commimity. Such ads are

indicators. In the light of later observations, the list of "dust ads" .should

be enlarged to include other ads, notably heallli food ads and ads relating

to teeth and skin, similarly tobacco ads.

Tobacco along with alcohol must be considered a sedative. Both gi\e

ease. The Chinese get ease through opium; the East Indian through

hasheesh. People the world over use certain drugs for ills that accompany

life under unsanitary house and town conditions. They are pseudo remedies.

The proper remedy is to clean up. This can not be over-emphasized.

Did time jx-rmil here should come a review of tobacco ads, how they can

be classified. It is interesting to study these. Some are sensible, they are

worth stud\ing; on the other hand some are downright drivel, evidently

^Titten by old men in their dotage. Which are "the best" tobaccos, cigars

and cigarettes? Men who must use tobacco find less need for smoking or

chewing constantly if strong lirands an- used. I could tell how men who used

two-for-a-quarter cigars and smoked constantly changed to "tufers" and

.smoked less, and at a greatly reduced cost.

I could tell of men who "came back," men who had lost health, i)erhaps

not so much by the use of tobacco itself as through the infected air they

inhaled while using it. I have in mind men Avhom I advised to get ease by

the use of good air rather than attempt to get ease through tobacco. In

other words, offset bad air by good air and reduce the reaction and thus

reduce ills. (Tables to .show how this works out were given in my paper on

The Alcohol Problem, last year.)

Those aesiring farther details can be referred to a numher of my papers, such as

the Anci-Spitting Orrlinance. in the Bulletin Inaiana State Board of Health. (August,

1901.) Dust. A Neglected Factor in 111 Health, in the Proceedings of the Indiana

Stale Medical A.ssociation for 1".)04, ana to Atypical Cases and Dust Infection in

American Medicine for October, 1904.
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On the other hand I could tell of women who did not object to the hus-

band smoking, in fact enjoyed tobacco. When you consider under what

conditions some women spend their time, perhaps in a flat with bad air,

with visits down town, to theatres or clubs or shopping, living under "high

tension", which often though not necessarily means a high blood pressure,

you can readily see why they get ease from inhaling the smoke of others. It

is only one step further for them to take up smoking. Such homes are

usually childless; if there is a child the physician may be called late at night

to find an acute attack of tobaccosis, especially after a friend has visited the

father and they have "smoked up" and filled the house, to which those not

accustomed react acutely. The anaphrodisiac effect of tobacco and its

influence on divorce and on race suicide can not here be discussed.

THE CHRONIC ILL HEALTH OF DARWIN, HUXLEY, SPENCER
AND GEORGE ELLIOT. 1905. This was an attempt to interpret,

through their biographies, the ill health of those no longer living, in the

light of a study of living people who seemed to have similar ill health. What
can the living learn from the lives of the dead? I shall refer to this again.

Parenthetically I might refer to a paper, vintage of 1905, on NEURAS-
THENOID CONDITIONS, in other words, American Nervousness, pre-

sented before the American Medical Association, at Portland, Oregon.

On that trip I saw all sorts of people and noted the environment under which

they lived, from the simple Indian in the open air to John Chinaman in

Chinatown. The Indian in former days, and still in isolation and away

from the white man, uses tobacco sparingly. People living under slum

conditions use sedatives to excess. John Chinaman at home smoked opium,

but since occidental pressure has practically forced him out of that, he has

taken up tobacco. From the standpoint of coniosis, that is worse, for the

tobacco user is a gi'eater germ distributor than the opium smoker.

1906. At this place I would have to review my Presidential Address

on the EVOLUTION OF MEDICINE IN INDIANA. I could amplify

the five pages on Malaria into many chapters and similarly the five pages on

Tuberculosis. The tobacco habit and the chewing habit are referred to but

I did not like to mention these too frequently; it rather grates on the ear.

Malaria has practically disappeared from Indiana by cleaning up the breed-

ing places of the anopheles mosquito. Tuberculosis will disappear when

our cities are clean. Today one in every seven or eight of us dies of tuber-

culosis. This rate should be enormously reduced, not by erecting more
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hospitals and putting them in charge of doctors who chew and siiioke. hut

by teaching the people the necessity, the importance, of clean air.

The ills of civilization call for more civilization. The man who is con-

stantly seen with a cigar in his mouth or whose clothes reek with tobacco

surely does not represent the highest tj'pe. The people have suffered much

at the hands of the tobacco using doctor, usually a robust individual who

uses tobacco because he gets ease. He does not understand the ills of his

patients, and .so they apply elsewhere; as a consequence he has all sorts of

competitors. There are all sorts of isms and pathies. with new ones spring-

ing up.

Here should come a review of se^eral papers n-hiting to higli blood pres-

sure, a very interesting subject, especially in the light of coniosis. What

causes a rise in blood pressure, and how can it l)e reducerl? Why do seemingly

robust men drop off suddenly and prematurely'.' 1 liaxc at times discussed

these things with physicians who smoke and who in their ignorance advised

me also to smoke or to become accustomed to bad air conditions, to become

acclimated, or, to put it in still another way, to develop an antitoxin, an

antitoxin that will enable one to live under unsanitary conditions.

A physician constantly speaks of Case Reports.* In the course of time

some of my own short case reports have develojied into biographies. They

(•o\(r a scries of years. At first one may be gi-eatly in doubt as to inter-

preting facts, but in time one sees the reason. Kor instance, I liavr in mind

a physician who for a number of years practised in a small countrN' town; lie

made long drives; he had perfect health; he did not use tobacco nor alcohol,

had no desire for either. Then he removed to the lieart of a medium sized

city, that means he exchanged good air for bad air. lie began to feel bad;

the symptoms of dust infection appeared, finally t<j such an extent that he

was almost disabled. 1 advised him to gel out; others advised him to stay

and become accustomed, become adapted. We use the term adaptation to

a great (xti-nt, but if you look at it properly adaptation comes about in the

race. j)hyIogen;'tii^jly. not ontogenetically. The unadapted are constantly

killed oft. This doctor concluded to follow the advice of the many rather

than ol' the one. In time he did develop an "'ant i-to.\in." He even took

*T(> (iiKJte illustrative case reports in a short pajjcr is not satisfactory; one cannot
go into details and there is a danger of a reader drawing wrong conclusions in the

absence of details. Often briefcase reports are worse than none, and one may hesitate

to give any at all.
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uj) smoking and enjoyed a r(K)mful of tobafoo smoke. He did not know

until I examined that he had developed a high lilood pressure. When I tell

you that my own pressure under good air conditions runs from 100 to 110

m. m. while his under bad air runs about 200, you will realize that the life

of such a man hangs on a mere thread and that at any time he may break

a blood vessel, resulting in an apoplexy, or, if that does not occur, the kidneys

will give out. Such men die suddenly as a rule and prematurely.

But the most interesting phase of the subject is the mental reactions,

especially such as go under the terms irritability, nervousness and overwork.

The efforts some men make to feel better are pathetic. For instance, I have

in mind a captain of industry who did his planning in the early morning

hours, usually from four to five, in bed. He saw things very clearly at that

time. Then he would go down town and soon begin to feel dull and irritable,

but would feel lietter by smoking, and he smoked one cigar after another.

The single evening cigar and the postprandial cigar in time increased in

num])er (as the l)lood pressure went up) until he wanted to smoke all the

time. If alcohol were not taboo he would of course use that. When I

examined I found he had a ])lpod pressure of nearly 200 m. m. I pointed

out that his pressure was due to the life down town, and that if he would

reduce that to a minimum, and offset bad air by good air, likely he would

have twenty-four hours a day for mental work, so to speak, rather than only

one or two hours in the early morning, and that instead of tobacco being a

stimulant to him during the day. which ena})'ed him to think, it really did

nothing of the sort; wliat it did was to lower the tension and the mind no

longer ran riot. It enal)les him to pick out thoughts and ideas that he had

seen \er\ clciirly in the early morning, after he had had no tobacco at all

for a number cf hours.

The newspaper cartoons, su -h as of "Abe Martin" and "Roger Bean,"

are interesting. The one might represent the low ])ressure type in the

country with a family of children; he is seen only occasionally with a cigar.

The (jther. Roger Bean, might represent the high pressure city man, with a

cigar in his moutii almost constantly and usuall> childless. Race suicide

and the use of tobacco under crowded conditions go hand in hand.

In early days Uncle Sam was represented as a lean, lank country man.

The cartoonists nowadays are filling him out, in other words, making a hearty,

robust Uncle, one is almost inclined to say grandfather. To the initiated he

is a "high blood pressure ease," with attendant ills, including race suicide.

5084—0
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THE INFLUENCE OF ENVIRONMENT. 1907. This paper ap-

peared in a brief abstract; it took up in detail some of the things here men-

tioned. 1 repeatedly refer to John Chinaman who is adapted to live under

slum conditions, who thrives in large city slums where even the white man

can not live. Now if we look at it from the proper angle, we may conclude that

our educators are reducing us to the condition of John Chinaman. They

give no attention to the air conditions under which children live and meet.

Instead of having teachers who react and who can tell by their own senses

whether air conditions are good or bad, who are living barometers or ther-

mometers, our schools are supplied with teachers of the robust kind (but

who nevertheless react and readily use tobacco, as a sedative, to get ease, to

feel less irritable) . Under unsanitary conditions the susceptible are constantly

weeded out, killed off, and what remains? In the end the John Chinaman

type survives, a type which thrives bodily but at the expense of mentality;

all the energy Ix'ing required to ward off infection, k'a\'ing notliing for the

brain.

Indiana today is stationary in i)()i)ulati()n, as 1 attempted to show a year

ago. It is due mainly to bad air conditions which lead to the use of sedatives

and narcotics. As long as a country is thinly settled, alcohol and tobacco

can be used with impunity, but under massed conditions these become

racial poisons. The individual who reacts wants a sedative and (as I attempt-

ed to show a year ago) there are many that can be used. The most univer-

sally used today is tobacco. Tobacco leads to the spitting habit, alcohol not.

Here I shall not take up the statistics of our sedative and narcotic bill,

the cost of tobacco and alcohol, and opium and patent medicines, and the

various expenses that accompany life under unsanitary conditions, including

needless doctor bills, the increased expense for fuel required to feel comfort-

able under bad air conditions, the desire for "overheated" houses, public

buildings, railway coaches and trolleys, etc. . It must suffice to say the cost

runs into the billions of dollars annually in our country.

FLORA OF CASS COUNTY. 1908. I mentioned in the I)eginning

that the tobacco factor can be traced into practically every paper I have

given before this Academy. Does that apply to the flora of a particular

region? People who feel bad want ease, they want relief from distressing

symptoms; they will experiment, they will try anything and everything.

An old belief was that every plant has a use, particularly a medicinal use,

if we could only discover it. Today we know this is not true, that very few
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have any medicinal properties at all, and that practically none ciu'e; at best

they can give but transient relief. Relieving is not curing. Our native

plants are chiefly remarkable in what thej^ Avill not cure. The man who

gets the most benefit is the one who gathers them. Some of you may recall

O. Henry's story.

BIOGRAPHY AND THE INFLUENCE OF ENVIRONMENT.
1908. Short case reports there cited have been continued into biographies.

You will readily understand that the longer a history, a biography, is con-

tinued the more valid the conclusions that can be drawn. Two of the

individuals mentioned have since died, and died just as predicted, not to

them however. The value of a theory is in enabling one to predict. By

the way, Case 3 was a man who could not do Avithout tobacco. He had

used it all his life. He readily saw my reasoning, how, if he did not harm

himself, he at least harmed others. He attempted to quit but found it

impossible; he had to use a little tobacco, shall one say medicinally?*

THOUGHT STIMULATION. 1909. The reference to tobacco is

very brief, but there is a relativel.v long mention of high blood pressure.

This is a very interesting phase of the tobacco problem, especially to those

who use their brains rather than their hands to make a living. Under what

conditions can a man work at his best and when is he disabled? What will

tide him over? I have already referred to this.

Years ago I had a discussion with a physician who did more or less

surgery. He was a Avarm advocate of tobacco; even advised me to use it—the

old story of "Take Something" in place of "Do Something." Whenever he

did work under high tension tobacco soothed him, he said. When he had

an unusual case he would be under high tension, very nervous, and tobacco

Avould steady his nerves, he asserted, or, in other words, steady his hand

when he operated. On investigating I found this state of affairs:

Ordinarily he was not under "high tension," but this was produced when

he locked himself in a small room full of dusty books for several hours, looking

over the latest literature regarding such operations, and a( the same tinm

filling himself with infected dust. Then his mind Avould run riot during tlie

night, he was sleepless, of course thinking about the operation in the morning.

Coming down on the interui-ban with me was an old patient. We had a discussion
of dusc victims ana tobacco victims. He is a low pressure man. His observations bore
out my own. The advantage of discussion over a printed paper Is that one can answer
questions and malie obscure points clear.
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He would he practir-ally unfitted for work but for the steadying: effect of

toVa'T-o. It acted as a sedative. Why not prevent the reaction and make

the use of tobacco unnecessary? When you point out these things you knock

the ])rops from under the tol)acco argument. Doctors are notorious smokers.

When they meet, especially at a banquet, the air is usually full of sm.oke,

so full that you can not see across the room. Naturally those who do not

snKjke stay away, as they do from other "smokers."

In a general way in youth and u]) to middle age individuals may be

grouped under three classes according to the blood i)ressure—low, medium

or high, under unsanitary city conditions. .\t middle age and after then-

are really only two groups, those with a low i)ressure and those with a high

pressure. Ordinarily we speak of the action of tobacco on man; in reality

it is the reaction of man to tobacco. When the low pressure in(li\idual is

exposed to tobacco smoke his pressure declines still more, his i)ulse may be-

come impercepti})le, he feels l)ad. and he gets out : lie is a victim of tobacco-

sis. On the other liand is the high lilood |)ressurc indix i<lu:il : To him

tobaceo smoke nuiy act as a .sedative, it lowers the tension, he feels beHter.

He is the one who attends "smokers;" he does not object to tobacco. Rut

as a rule he d<ies not reali/e the signilicance of liigli l)lo()(i pressure and the

dange-r he is in, how his very life hangs on a tln-ead.

'

Moreo\cr mental changes are nuirked. The low pressure iiiaii i> si upelied

by tobacco smoke, lie can not thi?ik. Tlie l)rigiit things he inigiit have said

come to him the ne.xt day. On the other haiul the high bh^od j)ressure man

whose mind is constantly running riot is steadied. Such a statement taken

without the context might t)e considered as a i)lea for tiie use of tobaccol

How do the.se two classes, the high and the low pressure, react from the

standiJoint <if coniosis under infected dust conditions and without tobacco

effects, .say in the ])oorIy \cntilated church, as during the clo.scd door .season

when some leave early Vjecause they feel l)ad".' As a general rule those who

lea\(' "deathly pale" are low {)ressure with the i)ressure still further reduced,

wliile 1iio>e who go out with Hushed face are higii pressure, with the |)ressure

heightened. We thus see the two-sided elTecl of t)a(i air, air wit li infected dust.

*ln my scarc-n for orif^i rial (lata I liavo tiuestioiii'd tii;m\ |)liysicians, inrliKJini: Ixitli

smokers and iion-smotcers. as well as an occasional clicwcr, Sirannc Ion-lad- 1 have
met men whom I susperlcd to have a hiuh hlood pressure who refused to have I he

pressure taken: they preferred to live on in ifinoranee anrl smoke. The averane phy-
sician knows as little about the etrecl of tobacco as the man on the sirer-( who has no
education and in whom one docs not expect any matured opinion.
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The subject of thouglit stimulation is intimately connected with the

subject of the Air of Places, a subject on which Hippocrates wTote 2,500 years

ago, but that was long before the days of bacteriology. The old chemical

standard for i)urity of the air was based on the amount of carbonic acid gas.

From the standpoint of coniosis it is the amount of infection in the air that

counts. Need I again refer to the role of the tobacco chewer and spitter and

smoker?

PLANTS AND MAN. 1910. This was a inxjier made up largely of

analogies, tracing living conditions between plants and their "ills and dis-

eases" and of man and his ills and diseases, and the need of clean air, need

of placing a man under good surroundings.

Today we hear much of eugenics, of the influence of heredity. It is

a \n-y important subject. But still more important is euthenies, the

influence of environment, because we have little control over heredity but

we have a far reaching influence over our environment. If a man does

not feel well, is ill at ease under a given environment, he shcnild change it;

instead of getting drugs, or advice about the use of drugs, he sh(nild under-

stand the situation so he can Do Something rather than Take Something.

But l)ecause people are unwilling to pay a doctor for his time but are willing

to pay for his medicine, you readily see the result. The less a physician tells

his community a])out unsanitary conditions, the smoother his sailing, and

the better for his purse. (Naturally when a physician offends and antagon-

izes ehewers and spitters they staj^ away, ditto the man who smokes and

drinks; when they do apply they may be so far advanced in actual disease

that the student of ill lieaith can do little for them, he may have in mind

the opinion or verdict of the mechanical engineer: Not worth while, consign

to the scrap heap; but he does not say that aloud.)

Where the medical man keeps still and says nothing, the newspaper

reporter is apt to run wild. From simple statements "The health of the

city is good," there soon appear claims, at a time when there ai-e few cases of

"contagious disease" and few deaths, of "The healthiest city in the State."

At the^same time a city may be "full of ill health," of people who complain,

who are neither actually sick and yet are not at all well. The newspaper

itself may be full of patent medicine ads, for ills that are indicators of un-

sanitary city oonditions. Patent medicine men are shi'ewd, they advertise

only where there is a demand for their wares, for their nostrums.

To the physician and especially to the student of prevalent ill health there
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are all sorts of symptoms of diagnostic import: Does an applicant for

professional service use sedatives and narcotics (alcohol, tobacco, opium, etc.)

and use them to excess, or, on the other hand, does he use stimulants (notably

coflfee and tea)? What does such use indicate? The statement is sometimes

made that tobacco is the poor man's friend, that after a hard daj's work he

enjoys his pipe; it calms him. But when you study the poor man and the

conditions under which he works, you can see that the great trusts may well

make an effort to keep tobacco as cheap as possible. Offering Mr. Common
People a cigar, especially one with a colored band, only too often makes

him tolerate what are really intolerable conditions. Men working for some

of the great trusts twelve hours a day, seven days a week, may l)e even too

tired to smoke. Tobacco is also a great solace to the soldier in the trenches;

it makes him contented, it dulls his mind and keeps him from thinking.

CONIOSIS. 1911. As already mentioned, this paper is a general state-

ment of the dust theory. My time limit is running to a close and I must

refer you to the paper itself, which among other things treats our Triad of

American Diseases (catarrh, dyspepsia, and nervous prostration) as reactions,

similarly regarding blood pressure changes. The term disease at once

l>rings to mind treatment, medicine, while reaction brings to mind pre-

vention.

CONIOL()(iY. 1012. This paper was a i)l<'a for a new science and the

need for ati institution for working out problems. The dust particles

emitted by the tobacco smoker are included.

In 1913 I was unable to present my paper uii KACK SUICIDK, in which

the subject was also traced into the schools. 'I'Ik re I asked, as this paper has

already asked, regarding the use of tobacco by the teacher: Is he justified

in using it? If he feels cross and in-itable, shall he take something or do

something—seek better air conditions, the proper construction of school

buildings and proper ventilation and general cleanliness? Child mortality

today is enormous, it shouUl be greatly reduced, many briglit children who

now (lie could be saved to a life of usefuhiess. There is iniH-h Iriilh in I lie

oM saying, 'V\\v good die young.

TIIK ALCOHOL PROBLEM IX TilK blOIIT OF COMOSiS. In

my paper for 1914 the Tobacco Problem comes uj) on every page, and I

believe after the remarks I have made you will readily see it. I mentioned

how on entering medical school 1 found horribly l)ad air conditions. The

drinking water was equally' bad; it was raw muddy river water. A number
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of students contracted typhoid fever. Some who had never used beer

resorted to clean beer; which is the greater evil?

The first duty of the prohibitionist should be to give the people clean

water; it is useless to argue with people who are compelled to drink muddy

water. The next step is to give people clean air. That takes away the

craving for a sedative, ])e that tobacco or alcohol or opium.

This paper properly should close with a questionnaire, asking for more

data, especially from men who lead a mental life. Why do you use tobacco?

Why do you not use it? Under what conditions do you demand it? When
do you not care for it? Are you keeping doAvn a high l)lood pressure by the

excessive use of tobacco? Can you stop long enough, under l^ad air condi-

tions, to find out what your real pressure is?

It is difficult to get good data; observations should cover at least one

year. I am not inclined to draw conclusions from case reports which cover

a period of less than a year, and as already mentioned, the longer the series

of years, the more valuable data become.
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Tolerance of ,Soil Micro Organisms to Media
Changes.

H. A. NoYEs.

Our text books all give space to the discussion of the food requirements

of bacteria. The discussion, although general, is liable to lead us to believe

that most organisms may not grow if we change the composition of media

slightly. Just Avhat is the minimum ration for most bacteria is not known.

Our knowledge of the effects of modifying the composition of culture media

is meager, especially when environmental factors are considered.

The Horticultural Research Chemistrj' and Bacteriology Laboratories,

of the Purdue Agricultural Experiment Station have been investigating

media for the platings and subsequent culturing of soil bacteria. This paper

reports a part of this investigation.

Soil Used.

Two types of soil were used in tliis work, silty clay from the Experimental

orchard at Laurel, Indiana, and brown loam from the Station orchard where

a cover crop investigation is under way. All samples reported on in this paper

contained from 16 to 20 per cent, of moisture at time of sampling. The

method of sampling was by means of Noyes' sampler for soil bacteriologists.

Samples were taken of the upper nine inches of soil.

Media Used.

Lipman and Brown "synthetic" agar.

1.") gms. best agar.

10 gms. Dextrose.

.05 gms. Witte Peptone.

. 2 gms. Magnesium sulphate.

. 5 gms. Di potassium hydrogen phosphate.

Trace Ferrous sulphate.

1,000 cc. Distilled water.

H. J. Conn's sodium asparaginate agar.

15 gms. best agar (used instead of 12).



90

1 gm. Sodium asparaginate.

1 gm. Dextrose.

.2 gm. Magnesium sulphate.

1.5 gm. (XH4H2PO4) ammom'um biphospliate.

. 1 gm. Calcmm^ chloride.

. 1 gm. Potassium chloride.

Trace Ferrous chloride.

1 ,000 ee. Distilled water.

Soil Extract (Unheated).

l.j grams of hei<( agar dissolved in 1,000 cc. of solution made as follows:

Two kilos of the brown loam soil were placed in a glass bottle, and 5

liters of distilled water added, the bottle was shaken at intervals and at end

of 16 hours the mixture was filtered. One thousand cc. of the filtrate was

used in place of distilled water in making up this media.

Soil Extract (Autoclaved).

Fifteen grams ot best agar dissolved in 1,000 cc. of solution made the

same as the soil extract (unheated), except that the two kilos of soil were

wet well and heated under 2o lbs. pressure in the autoclave for three hours.

Soil and agar, leaf extract and agar, and wheat straw extract.

These three media were made as follows: To 15 gms. of the best agar

were added 10 gms. of the material desired and 1,000 cc. distilled water.

The mixture was heated in a doul)le boiler until the agar was dissolved.

After making up to volume the media was filtered and tubed.

Othkr Media.

To 15 gms. of best agar was added 1 gm. per liter of chemicals appearing

as part of the name of the media and 1,000 cc. of distilled water.

Figure 1 expresses graphically the acidity of the various media. The

procedure in titrating was as follows: To about 125 cc. of distilled water

that has been boiling about 3 minutes in a Jena erlenmeyer flask was added

50 cc. of the media by means of a tall 50 cc. graduate (of small cross-section).

Two drops of i)liciioIpllialiMii solution was addc(! and titration made with

tenth normal .sodium hydroxide. The only media neutralized at all was II. J.

Conn's sodium asparaginate agar, and this was doiu! with half normal soda,

using a pipette graduated to one-twentieth of a cc.
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Tube Media Test T.

Sample of 6/14, 1915.

Sample from Tree XIII—13 Plot F.

Laurel.

One ec. portions of the 1-400,000 dilution of the sample were plated on

the following m.edia:

Lipman and Brown agar.

Conn's sodium asparaginate agar.

Agar alone.

Soil and agar (Purdue soil).

Soil extract (autoclaved) and agar.

Soil extract (unheated) and agar.

(15 gms. agar in all media.)

Transfers were made from best colonies on each media to slants of other

media. Tables give results of growth on these agar slants at end of 5 and

14 days' incubation at 22° C.

8 Colonics from L and B acjar lo

Na. asp. agar.

Soil ext. (unheated)

.

Soil ext. (autoclaved).

Agar alone

Agar and soil

5 Days. 14 Days.

fsg.*
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8 Colonies from \a. imp. (u/ar In

L and B agar.

Soil cxl. (unhealed)

Soil ext . (aiitoclaved).

Agar alone. . .

Agar and soil.

5 Days.

|7g.

[l —
f5g.
A
3 —
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Colonics from Aijur Alone lo

L and B agar

N'a. a-i|). agar. ......

Soil c.xl. (luihcatcd)

Soil e.xt. (aiitoclavi'd)

Agar and soil

5 Days.

3g.
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25 transfers to Soil ext. (autoclaved) 20 made growth

.

25 transfers to Agar alone 20 made growth.

25 transfers to Agar and soil 19 made growth.

Notes.

When tubes of organisms grown originally on same media were put side

by side the following differences were noted.

(1) Agar alone supported verj^ poor growths.

(2) Agar and soil supported fully as poor growths as agar alone.

(3) The two extracts acted about the same, altliough the heated extract

grew the organisms originally grown on Na. asp. agar a little the best.

(4) L. and B. agar and Xa. asp. agar supported good growths.

(5) From any macroscopic test the growths on the L. and B. agar were

far supciior to those on the Xa. asp. agar.

Tube Mki)i.\ Tkst 11.

Samples of 0/14, 191;').

Samjjles from Tree VI—24. Plot C\

Laurel.

One cc. portions of the 1-400,(K)0 dilution of the sample were plated on

the following media:

Lipman and Brown agar.

Conn's sodium asparaginate agar.

Agar alone.

Soil and agar (Purdue soil).

Soil extract (unheated) and agar.

Soil extract (autoclaved) and agar.

(15 gms. agar in all media.)

Transfers were made from best colonies on each media to slants of other

media. Tables give results of growth on these agar slants at end of 5 and

14 days' incubation at 22° C.
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S Colonies from L and B agar to

Na. asp. agar

Soil ext. (unheatcd)

.

Soil ext. (autoclaved i

Agar alone

Agar and soil

5 Days.
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Xotes.

When lubes of organisms grown originally on same nieclia were put side

Ity side the following differences were noted:

(1) Agar alone supported very poor growths.

(2) Agar and soil supported fully as poor growths as agar alone.

(3) The two extracts acted about the same, although the heated e.xtract

grew the organisms originally grown on Xa. asp. agar a little the best.

(4) Tj. and B. agar and Xa. asp. agar supported good growths.

(5) From any macroscopic test the growths on the L. and B. agar wen-

far superior to those on the Xa. asj). agar.

TiBi: Mkdia 'ri;sT 111.

Samples of 6/2o, 1915.

Sample Xo. fi. Rye Plot.

Co\'er Croj) In\ estigations.

One <•<•. portions of the I to 400.000 dilution of this sample were plated

on tlie following media:

Lipman and Brown agar.

(^onn's sodium asi)aragina1e agar.

Agar alone.

Soil and agar (Purdue soil).

Soil extract (unhealed) and agar.

Soil extract (autoclaved) and agar.

(15 gms. agar in all media.)

Colonies developing well on first two media listed were put on other

media and growth noted at end of ."), 11. and 1.") days" incubation at 22° (".

From
.'i

Colonics on L unci li iKjur lo
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From Jf Colonics on Na. asp. agar to

L and B agar

Soil cxt. (unhcatcd).

Plain agar

5 Days.

4g.

2 g.

3 g.

1 —

11 Days.
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Agar alone.

Soil and agar (Purdue soil).

Soil extract (unheated) and agar.

Sol] extract (autoclaved) and agar.

(15 gms. agar in all media.)

Colonies developing well on each media were transferred to slants of other

media. Tables give results of growth on these agar slants at end of 5. 11,

and 15 days. Incubation at 22° C.

From If Colonies on L and B agar to
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From 3 Colonies on Soil and Agar to

L and B agar.

Na. asp. agar

Soil ext. (unheatecl).

Agar alone

5 Days.

1 —
2 g.

1 —
3 g.

11 Days.

1 —
3 g.

3 g.

3 g.

15 Days.

2 g.

1 —
3 g.

3 g.

3 g.

From 3 Culonies on Soil Extract (unhcatcd) to

L and B agar.

Na. asp. agar.

.

Agar alone. . .

.

5 Days.

3 g.

3 g.

3g.

11 Days.

3g.

3 g.

3 g.

15 Days.

3 g.

3 g.

3g.

Fro7n J Colonics on Soil Extract (autoctaocd) to

L and B agar.

Na. asp. agar.

Agar alone

Soil ext. (unheated)

.

5 Days.

3g.

3 g.

2g.

1 —
3 g.

11 Days.

3 g.

3 g.

2 g.

1 —
3g.

15 Days.

3g.

3 g.

1 —
3g.

Summari/ (,3 Daijs Results).

10 transfers to L and B agar 14 made growth.

10 transfers to Na. asp. agar 12 made growth.

17 transfers to Plain agar 13 made growth.

17 transfers to Soil Ext. (unheated) 13 made growth.

Summary {15 Day Results).

16 transfers to L and B agar 14 made growth.

1() transfers to Na. asp. agar 13 made growth

.

17 transfers to Plain agar 14 made growth.

17 transfers to Soil ext. (unheated) 15 made growth.
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General Notes.

When tubes of different media containing the same organism from the

same original colony are put side by side, the following is noted:

(1) The growth on agar alone, soil and agar or on soil extract (unheated)

is small.

(2) The soil extract carries a better growth than the soil alone.

(3) L. and B. agar and Xa. asp. agar carry a good growth.

(4) There is more development of distinguishing characteristics as to

form of streaks and chromogenisis present, ^\^th the L. and B. agar.

TuKK Media Test V.

Sample of 7/16, 191.J.

Sample No. 8. Millet Plot.

Cover Crop Investigations.

One ee. portions of the 1 to 400.000 dilution of this sample were plated

on the following media:

A. Wheat straw extract.

B. Leaf extract.

C. Starch.

D. Agar alone.

E. Ammonium nitrate.

F. Conn's sodium asparaginate.

(1. Soil.

II. Soil and starch.

1. Lii)iiuin and Brown agar.

.). .\minonium nitrate and starch.

(1") gms. agar is l)asis of all iiicdia.)

Colonies developing well on each media, plates 1 1 1 and \\\ were transferred

to slants of other media. Tables give results of growtli on these slants at

end of 6, 10 and 14 days' incubation at 22° Centigrade.
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If Colonies from L and B agar to

Wheat Straw Ext

Leaf Eft

Starrh

Agar alone

Aiilinoiliuin Xitrate

Na. asp. agar

Soil

Soil and Starch

L and B agar

Ammonium Xitrale and Starch

Soil and Ammonium Nilrate...

Soil Extract (unheated)

6 Days.

3 g.

1 —
I g.

3 —
4 g.

|3g.

1
—

4 g.

(3 g.
I

Il-

ls g.

U —
(2 g.

]2-

4 g.

(3 g.

II ^
12 g.

i2 —
(2g.

10 Days.

3

1

1
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J^ Colonics from Na. asp. agar lo

Wheat Straw Ext.

Loaf Kxt

Starch

Agar alone

Ammoiiiiini Nil rale

Na. a.sp. a!<ar

Soil

Soil and Slarcli

L and M agar

Ammoiiiuiii Xitrati' and Starcli

Soil and .\niini)niuin Nilralc .

Soil Ext. (unlu^ati'd)

6 Days.

4
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Ji Colonics from Starch lo

Wheat Straw Ext

Leaf Ext

Starch

Agar alone

Ammonium Nitrate

Na. asp. agar

Soil

Soil and Starch

L and B agar

Ammonium Nitrate and Starch

Soil and Ammonium Nitrate. . .

Soil Ext. (unheated)

6 Days.

2g.

2 —
1 g.

3 —
3 g.

1 —
3 g.

1 —
4 g.

4 g.

4g.

2 g.

2

4g.

3 g.

1 —
4 g.

f3 g.

li-

10 Days.

4 Colonies from Agar alone to

2g.

2

1 g.

3 —
4 g.

3 g.

1 —
4 g.

4 g.

4 g.

4 g.

3

1 —

4 g.

3

1

14 Days.

2g.

2 —
1 g.

3 —
4 g.

i g.

1 —
4 g.

4g.

3 g.

1 —

4 g.

i g-

1 —
4 g.

4 g.

Starch

Na. asp. agar

L and B agar

6 Days.

2 g.

2 —
2g.

2 —
3g.

1 —

10 Days. 14 Days.

3 g.

1 —
4 g.

2 g.

2 ~ -

3 g.

1 —
4g.

Shown
in Plato.

Xll

XII
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.'/ Colonics fnmi Anvnoni}im Xitratr U.

L and B agar.

Na. asp. agar.

Starch

6 Days.
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Summary 6 Days.

12 transfers to Wheat Straw Ext 9 made growth.

12 transfers to Leaf Ext 5 made growth.

32 transfers to Starch 27 made growth.

12 transfers to Agar alone 10 made growth.

12 transfers to Ammonium Nitrate 12 made growth.

32 transfers to Na. asp. agar 28 made growth.

12 transfers to Soil 10 made growth.

20 transfers to Soil and Starch 15 made growth.

32 transfers to L and B agar 30 made growth.

12 transfers to NHjN03 and St.. 10 made growth.

12 transfers to Soil and NHjNO.) 9 made growth.

12 transfers to Soil Ext 12 made growth.

212 transfers 177 made growth.

Summary IJf Days.

12 transfers to Wheat Straw Ext 9 made growth.

1 2 transfers to Leaf Ext 5 made growth .

32 transfers to Starch •. 28 made growth.

12 transfers to Agar alone 11 made growth.

12 transfers to Ammonium Nitrate 12 made growth.

32 transfers to Na. asp. agar 31 made growth.

1 2 transfers to Soil 10 made growth.

20 transfers to Soil and Starcli 15 made growth.

32 transfers to L and B agar 32 made growth.

12 transfers to NH4NO3 and St 11 made growth.

12 transfers to Soil and NH4NO3 11 made growth.

12 transfers to Soil Ext 12 made growth.

212 transfers 187 made growth.

Notes.

(1) In this set of tests, as in tliose run previously, tliere was \'ery little

growth ou the agar alone, the soil, and the soil extract slants. Practically

all the organisms tested made some growth on these media.

(2) Ammonium nitrate furnishing nitrogen both in NH4 and NO., did

not grow better cultures than agar alone. This latter is from observations

made after fourteen days' incubation.

(3) Wheat straw extract grew but little better cultures than the soil

extract, while leaf extract was a total failure as a media.

(4) Starch furnishing sources of energy, and being capal>le of being
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split in many ways by enzj'inatic action, grew good cultures both alone and

in combination with other materials.

(5) As noted in all other tests the Lipman and Brown agar gi-ew the

best cultures and apparently developed their distinguishing ehromogenie

characteristics much better than the sodium asparaginate agar.

(6) From macroscopic comparisons the starch media seemed t(j l)e the

real competitor of the Lipman and Brown agar.

Tube Media Test VI.

Testing Organisms from Laurel Soils.

Plated on Liptnan and Brown Agar.

When transferred to slants of different media.

Samples taken 7/27/1915.

Description of colonies from which transfers were madt:

No. 1. Round, curled edge, wrinkled in structure, green in color. :i mold

l.T) cm. in diameter.

Xo. 2. Elliptical, curled edge, wrinkled in structufc. green in c(;lor, a

mold 1. J cm. long.

Xo. A. Round, lobate edge, wrinkled structure. l)n)\vn (pale) in color,

a mold 1 cm. in diameter.

Xo. 4. Hound, entire edge, granular structure. While raised center with

brown ring outside, apparently a mold aljout .o ( ni. in diameter.

Xo. 'y. Discoid, crenate edge, smooth structure, milk white in color,

.') cm. in diameter, a mold.

Xo. (i. Round, e'ntire edge, smooth structure, salmon red in color, 3 mm.

in diameter.

Xo. 7. Rcjund. ciliate edge, granular structure. Yellow in color, deep

yellow at center, al)out 1 cm. in diameter.

Xo. 8. Round, ciliate edge, granular center and fibrant outer portion

describes structure. Center dark green, border light green, about 4 mm. in

diameter.

Xo. 9. Round, plain edge, smooth in structure, saluKMi red with yellowish

outside ring, produces yellow pigment solul)le in media, about 4 mm. in

diameter.

Xo. 10. Round though dented, crenate edge, spotted structure, white

in color, about 8 mm. in diameter.
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No. 11. Discoid, lobate edge, spotted structure, wliite in color with

heavj' black center, about 6 mm. in diameter.

No. 12. Round, entire edge, granular structure, heavy center, milk

white in color, about I em. in diameter.

No. 13. Round, entire edge, smooth structure, yellow in color, about 3

mm. in diameter.

No. 14. Round, entire edge, smooth structure, dark red in color, about

4 mm. in diameter.

No. 1.5. Round, entire edge, spotted structure, white with brown center,

about 8 mm. in diameter.

No. 16. Discoid, lobate edge, wrinkled structure, yellowish white in

color, about 8 mm. in diameter.

Observations of Growth and Relative Growth were made at end of oth,

7th, and loth days. Temperature of incubation, 22° to 23° C. on following

media

:

Lipman and Brown agar.

Conn's sodium asparaginate agar.

Ammonium nitrate agar.

Starch agar.

Ammonium nitrate and starch agar.
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Observations of Growth and Rankini/ 5 Days.

No.



Observations of Growth and Ranking 7 Days.

109

No.



no

Observations of Growth, Color of Growth and Ranking 15 Days.

No.



Ill

Summary.

Average All Sixteen Organisms.
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of comparisons between these media, and comparisons of them—with agar

alone, with soil, wheat and leaf extract media, with ammonium nitrate and

starch media, both alone and in combination—showed that organisms once

grown on media will generally grow when transferred to other media.

The rate of development seemed more important than the fact that the

organism grew. Comparisons of growth at end of different periods of in-

cu})ation were usually the same. Where growth was good it developed

slowly enough so that it could not be termed a flash growth. Where growth

was poor, distinguishing characteristics peculiar to the organism were rarely

apparent.

The explanation of the tolerance observed is not that those organisms

growing when soil is plated on inferior media are probably the same organisms

that yield the best colonies on better media. Picking out organisms plated

on the best media and growing them on poorer media supports the above

statement. Chroinogenesis was augmented by the presence of carbohydrate

in tile media.

Commenl.

iVIany expect that soil l)iology will explain results for which chemical

and physical causes have not been found. Many look to the control of plant

gnjwth through the aj)])lication of principles of microbiologN'.

Soils with their large or small amounts of decaying organic matter, of

both j)lant and animal origin, must be a possible medium for the growth of

all kinds of bacteria. One reason why the numl)er of bacteria in our prairie

soils has not been found to vary with the crop-producing power of the soil

may be the tolerance of many kinds of bacteria to all present chemical and

physical differences between types of prairie soil, in sandy and poor soils

some believe that there is a relationship between the number of bacteria

and the crop-producing power of the soil. The factors of temperature,

aeration and moisture are more constant in the rich soil, and for this reason

the changes in soil moisture, the variation in soil temperature, and the

movement of soil gases must exert a more marked influence on the presence

of and the activities of certain micro-organisms than the food factor does.
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Platk I.

4 Colonies from L. and B. agar on Na. asp. agar.
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Plate II.

4 Colonics from Na. Asp. agar on L. and B. agar
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Platk III.

Sour- of the pluli's from which ornaiiisiiis wi-rc ohtainrd for tiilx^ incdhi test V
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Plate IV.

Some of plates from which organisms were obtained for tube media test V.
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Plate V.

At U'ft: 4 organisms from L. and B. agar to wheat straw extract agar.

At right : 4 organisms from Na. asp. agar to wheat straw extract agar.
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Plate VI.

At left: 4 organisins from L. and B. a^ar to starch agar.

At I'iglit: 4 organisms from Xa. asp. agar to starch agar.
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Plate VII.

At left: 4 organisms from L. and B. agar to agar alone.

At right: 4 organisms from Na. asp. agar to agar alone.



121

Plate VIII.

At left: 4 organisms from L. and B. agar to ammonium nitrate agar.

At right: 4 organisms from Na. asp. agar to ammonium nitrate agar.
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Pt.ATK IX.

At left: 4 organisms from L. and B. agar to Na. asp. agar.

At right: 4 organisms from N'a. asj). agar to Na. asp. agar.
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Plate X.

At left: 4 organisms from L. and B. agar to soil and agar.

At right: 4 organisms from Na. asp. agar to soil and agar.
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Pl.ATK. XI.

At left: 4 organisms from L. and B. agar to L. and B. agar.
At right: 4 organisms from Na. asp. agar to L. & B. agar.



125

l„
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Some Methods for the Study of Plastids in

Higher Plants.

D. M. MOTTIER.

The following methods have been found to be satisfactory in the study of

the primordia of ehloroplasts, leueoplasts, and other apparently similar

bodies in cells of liverworts and higher plants that are known under the

name of chondriosmes.

Fixing.

Chrom-osmic acid is the fixing agent chiefly used, and in the following

proportions

:

Chromic acid, 1 % 17 cc.

Osmic acid, 2 % 3 cc.

Glacial acetic acid ,3 drops

The specimens remain in this fluid from 36 to 48 hours, after which they

are washed 12 to 24 hours in flowing water, or in several changes of water if

flowing water is not availal)le.

After careful dehydration the specimens are brought into paraffin, using

chloroform as the solvent. Sections from 3 to .5 microns in thickness are

cut, depending upon the nature of the tissue under consideration, and stained

in the well-known iron-alum-haematoxylin stain. As a counter stain orange

G dissolved in clove oil is sometimes very desirable.

Procedure with the Iron-Haematoxylin.

After the preparations have been freed from paraffin and from the solvent

used in removing the paraffin (turpentine or xylol) by means of absolute al-

cohol, they are allowed to stand in the mordant from two hours to over night.

As a mordant a 3 per cent, aqueous solution of the double iron salt is used

(ferric ammonium sulphate (NH4)j Fe;;(S04)4' 24 H2O. The preparations

are now poured off with water and stained over night in a h per cent, aqueous

solution of haeniatoxylin. From the stain they are again poured off with

water and destained with the aliovc iron salt. The destaining is watclunl

under tin; microscope. After the desired stain has been readied, and this
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is determined by trial, the preparations are washed for about 15 minutes

in gently flowing water. They are now dehj'drated by treating with absolute

alcohol, after which they may be counter stained with clove oil orange G
or merely cleared in clove oil and cedar oil and mounted in balsam.

In case counter staining is desired, the process should be watched in

order to avoid over-staining with the orange. In some cases the clove oil

orange G need remain on the sections but half a minute. This stain may be

removed liy xylol, cedar oil, or pure clove oil, when the preparation is ready

to be mounted in balsam.

By this method the primordia of chloroplasts and Icucoijlasts and other

similar bodies are stained black or a blue-black.

The foregoing is much simpler than Benda's procedure, and it gives results

that are as satisfactory. However, since it is desirable in cytological studies

to check up one method with another, the procedure devised by Benda is

recommended, although it is more tedious and time-consuming. The follow-

ing modification of Benda's method has been used Avith excellent results:

1. Fix in chrom-osmic acid of the above-mentioned composition 24 to

48 hours.

2. Wash in water 1 to 2 hours.

'.i. Treat objects with equal parts pyroligneous acid (rectified) and 1 pc-r

cent, chromic acid 24 hours.

4. Treat with 2 per cent, solution bichromate of potassium 24 lunirs.

5. Wash in water 24 hours.

0. Bring into paraffin and section in case sections are to l)e made.

7. Treat with the iron mordant 12 to 24 hours.

8. Pour off with water and treat 10 to 20 minutes with ali/.arin.

9. Pour off with water and let dry in the air.

10. Stain now with Benda's crystal violet by wanning gently to the

point of forming vapor. Allow the preparation to cool for "> to 10

minutes, after which pour off with water and let the i)reparation

dry in air, standing the slide on end.

11. Destain with o per cent, acetic acid under microscopic control. This

requires from a few seconds to a minute.

12. When tile desired stain is reached, pour olT witli water, dehych'ate with

absolute alcohol, and counter staiii, if desirable, with clove oil

orange (J. This stain is now removed with xylol or cedar oil, and the

preparation is mounted in l)alsam.
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As a result, the chloroplasts, chondrisomes, etc., are stained a deep blue,

the cytoplasm a light orange or almost colorless, and the cell walls varying

intensities of orange.

The writer has never been able to see the use of the treatment with

alizarin, and this part of the process may be omitted. However, Benda's

solution of alizarin is made as follows: Make a saturated solution of Kahl-

baum's alizarin-sulfo-saurem Natron (mono.) in 70 per cent, alcohol. One

ec. of this solution is added to 80 to 100 cc. of water.

Benda's crystal violet solution is made as follows:

Saturated solution crystal violet in 70% alcohol 1 part.

1% hydrochloric acid in 70% alcohol 1 part.

Anilin water 2 parts.

5084— '.)
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The Morphology of Riccia Fluitans L.

Fked Donaghy.

Since 1835 the Riceias have received more or less attention by the botan-

ists. Bischoff, Lindenburg, Hoffmeister, Leibgeb, Garber, Lewis, Campbell,

Black and Atwell, have in turn made many valuable contributions to our

knowledge of this group. Still many problems of morphology and ecology

confronts us. Several species common to Indiana remain almost unstudied

as to detail. Among these none seem more interesting than the study of

R. fliiiiana.

This species is widely distributed over the temperate zone and over

glaciated Indiana. Botanists recognize two forms, an aquatic and a terrestrial

type. The aquatic form is verj- abundant around Angola, Fort Wayne,

Logansport and Terre Haute. During the summer and autumn mats of

aquatic R. Jlnilnns can ])e found floating in the ponds and sluggish streams.

In winter these mats sink to the bottom of the ponds and remain there till

spring. The continued cold does not seem to injure the plants which lie

l)elow the ice, but those plants which are frozen in the ice are much winter-

killed, the apical ends alone remaining green. During the warm spring these

plants make rapid growth, and by summer patches of thalli again dot the

ponds and streams, showing that under favorable w^eather conditions the

thalli reproduce vegetatively very rapidly.

Aquatic R. fluitana is sterile, branches dichotomously, the sprouts diverg-

ing widely, and often become recurved. The apical ends are deeply notched,

and truncate. Both dorsal and ventral surfaces bear chloroi)hyll. Rhizoids

and ventral scales are absent.

When evaporation is excessive and the ponds are low, the narrow thalli

widen at their apical ends somewhat, and lose some of their characteristic

color. This is especially noticeable in those plants which grew in unshaded

ponds. The th:Jli which greAv in ponds bordered by forest trees did not

show a marked change in width and color, due no doubt to the protection

afforded by the overhanging boughs and leaves. When single thalli are

washed ashore they generally die. More often, mats of plants are washed

upon tlie wet edges of the ponds. In favored places the thalli coming in con-
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tact with the wet soil develop rhizoids, ventral scales, and open air chambers,

while those whose apical ends do not touch the soil dry and soon die, gi^^ng

some shade to the delicate plants below. Mj' observations have not been

conducted over a sufficient period of time to determine fully whether these

plants produce sex organs and fruit as some observers would have us think

,

actually occurred. In the Deming ponds east of the city limits of Terre

Haute aquatic R. fluitans grows abimdantly. During the summer and

autumn of 1913 these loess encircled ponds became dry due to the long

continued drought ; however, many thalli remained alive in wet shaded

places throughout the dry season. These plants remained in contact with

the earth sufficiently long to fruit, judging from experiments made upon other

Riccia, however, no sporophytes were found. When weather conditions

were more favorable for hepatic growth searches Avere made for rosettes and

thalli tj^pieal of terrestrial R.jhdtnns but none were found, indicating that

spores had not been produced or had not had time to germinate. Weather

conditions of 1914 w'ere similar to those of the fall of 1913. At intervals

during the autumn frequent observations w^ere made but yielded no satis-

factory e\'idenee. Again in 1915 careful searching was done, without gaining

additional results. Similar observations were made at Rosedale in the

"Xiggar Lake" region, no rosettes or thalli on the inud were found. Judging

from these observations it seems very doubtful if the aquatic form ever

changes into the terrestrial form or fruits but reproduces vegetatively only.

It is very doubtful if the so-called terrestrial /?. ^(«7o /is and the aquatic

R. fluitans belong to the same species.

The terrestrial R. fluilnnn is not common in this region ; however, it occurs

in small patches on mud flats and wet fields during the autumn. It generally'

grows in rosettes due to the fact that the spores are not scattered but held

within the archeground pit, and that the sporophyte is generalh' buried in

the mud. The thalli are about one-quarter inch long and less than an eighth

of an inch wide. The plants have a characteristic green which is tinged

with purple late in the autumn. Numerous rhizoids develop from the ventral

side. A single row of scale leaves which split into two roAvs grow just beneath

the apical cell. The most prominent ventral mark of identification is the

protruding sporophyte. The dorsal surface is cut by a furrow which deepens

at the apical end into which the pores of the alternating sex organs open, and

down which the sperms are carried by moisture. Above the fertilized egg

develops a tongue-like projection which covers the mouth of the arche-
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gonial pore, much the same as a similar structure does in Pellia. Stoma each

being surrounded by four cells open into deej) air chambers.

The thallus develops from one or more apical cells as do other Riecias

described. This is a large triangular cell in longitudinal section, situated

at the forward end of the growing thallus. The thallus is only three or four

cells thick beneath the dorsal furrow. In section air chambers appear very

large and numerous. They develop probably in three ways: (1) by internal

splitting; (2) by the parting of cell rows for long distances; and (3) by the

process so well described by Leibgeb for the hepatics.

The se.x organs develop in general in the same way as described for other

liverworts. The mature archegonium consists of two base cells, ventral and

neck cells, four cover cells, four neck canal cells, ^'entral canal cell and an

egg. The funnel-shaped mouth of a mature archegonium opens often just

below the pore of a mature antheridium or recurves away from the growing

I)oint. This is a fine adaptation to catch the sperm as they come from the

antheridium.

The antheridium consists of a stalk, a sterile coat of tabular cells, and

a mass of deeply staining cubical cells. It never protrudes above the surface

of the thallus Imt lies buried deeplj' in the thalloid tissue.

The sporophyte develops rapidly. In its early stages it is oval but as it

matures it becomes spheroid. The sporogenous tissue round off and tetrads

are produced in the usual manner. The mature spore varies much in size,

being 75-90 microns wide. Its outer surface is deeply areolate, the other

faces being less areolate. Three distinct walls can be seen in cross-section,

an inner wall that does not stain well, a middle deeply-staining wall, and an

outer which seems to separate readily. The nucleus containing a distinct

nucleolus is small. Starch and oil are stored throughout cytoplasm.

Conclusions.

Botanists recognize two distinct forms of R. flirilnns, a terrestrial and an

aquatic form. It seems very doubtful if the aquatic ever changes into the

terrestrial and fruits as observers have portrayed, but always reproduces

vegetatively.

The thallus, sex organs, and sporophytes develop in general as described

for other liverworts. The spores remain within the archegonial pit, are not

generally scattered by the elements, and vary much in size.





135

Plants Not IliTHEirro Reported fkom Indiana. VL

C. C. Deam.

The following plants have not been recognized as members of the Indiana

flora. Specimens of the species reported are in the writer's herbarium. The

species in Rubiis and Viola were determined by Ezra Brainard. The Part-

henocissus and Vitis were determined by C S. Sargent. The Gramineae

were determined by Agnes Chase. The determination of Ihe remaining

species was checked by the Gray H('r1)arium. The sjiecies in Ilnlms and

Viola have been made possible by the l)n>akiiig up of aggregates and the

recognition of hybrids.

Paspahnn pubescent^ Muhl.

Martin coimty, July 11, 1915. No. 17,161. In a woods pasture about

three miles north of Shoals near Cedar Bluffs along White River. In Sullivan

county, August 25, 1915. No. 18,229. On the border of a woods road in

a beech woods about three miles northeast of Grayville.

So)-bus Alien pariii L.

Laporte county, May 2, 1911. No. 7,992. In a sandy l)lack oak Avoods

about three miles north of Laporte. This tree upon my authority was re-

ported by J. A. Nieuwland in the Midland Naturalist, Vol. 4, 175, 1915, as

Sorb us nincricana Marsh.

Prunus Mahaleb L.

Jefferson county, September 9, 1915. No. 18,862. In a woods pasture

along Thrifty Oeek about one mile al)ove Cliftj^ Falls. Martin county,

August 31, 1915. No. 18,403. Several trees about four inches in diameter

along the roadside about half a mile north of Loogootee. Ripley county,

June 18, 1915. No. 16,129. A tree si.x incl es in diameter on the rocky

wooded slope of Laugherty Creek just east of Versailles.

Rufius alleghcnicusis Porlir.

Alh'H county, .luiic 3, 1906. Xo. 1,051. W()o<h(l luink of the Sf . Joe

lvi\('r tic.-u' Kohison l*ark. Fountain couiiIn', .June 4, H)05. In a woods

just west of Vee(k'rsl)Ui'g. Lagrange county, June 6, 1915. Xo. 15,916.
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In sandy soil along the road on the east side of Pretty Lake. Steuben

county, June 12, 1904. In a woods near Clear Lake. Wells county, May 21,

1903. Along a rail fence about two miles east of Bluffton.

Rubus allegheniensis x argutus.

Lagrange county, June 6, 1915. No. 15,883. On the low Iwrder of a marsh

which is just south of Twin Lakes which are about two miles northwest of

Howe.

Rubus argutus Link.

Clarke county, 3\i\y 30, 1909. In a fallow field on the Forest Reserve.

Decatur county, May 2G, 1912. No. 10,777. Wooded slope along Flat

Rock River about a half mile north of St. Paul. Dubois county, July (i, 1912.

No. 11,621. Roadside bordering a woods a half mile north of Birdseye.

Greene county. May 26, 1911. No. 10,711. In an open woods one mile

.southeast of Bushrod. Harrison county, June 24, 1915. No. 16,365. In

a sandy woods about three miles east of Elizabeth. Marion county. May 30,

1913. No. 8,513. Along the C. H. & D. Railroad near Irvington. Monroe

county, July 17, 1915. No. 17,471. Roadside five miles south of Blooming-

ton. Perry county, July 4, 1912. No. 11,501. Along a rail fence about

six miles west of Derby. Pike county, .July 7, 1915. No. 16,967. In a beech

woods one mik' east of Union. Posey county, May 23, 1911. No. 8,277.

Roadside l)ordering a woods three miles west of Hovey Lake. Ripley

county. June 19, 1915. No. 16,136. In a beech and sugar maple woods two

miles northwest of Cross Plains. Shelby county, June 29, 1912. Xo. 11,.337.

Taken liy Mrs. Chas. C. Deam in a woods southwest of Morristown. Six'ucer

('(juiity, .Jime 28, 1915. Xo. 16,588. lioadside one mile s(jul li of SI . Mcinai-il.

Wells county. July 2(5, 1914. Xo. 14,468. In a beech woods clexcii niilis

northeast of Bluffton.

Rubus (irgutus x innsus.

Hendricks county, June 1, 1912. Xo. 10,825. Taken by Mrs. ("has. Cf

Deam on the flood plain bank of Little Walnut Creek about two and a hal.

miles south of North Salem.

h'lihus argutus x procuuibeus.

Decatur county, July 15, 1911. Xo. 9,210. Wooded bank of Flat Rock

River about a half mile north of St. Paul.
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Rubus invisus Bailey.

Brown county, June 16, 1912. No. 11,144. Along the road between

Helmsburg and Nashville about one mile from Helmsburg. Clarke county,

July 30, 1909. No. 5,418A. In a fallow field on the Forest Reserve.

Riihu.'i procunihens Mtihl.

Allen county, June 3, 190(). No. 994. In a sandy clearing- about two miles

south of Fort Wayne. Greene county. May 2G, 1911. Frequent in fields and

along the railroad near Bushrod. Perry county, July 4, 1912. No. 11,499.

Roadside about six miles west of Derby. Ripley county. May 19, 1912.

No. 10,611. Common in fields south of Morris. Steuben county. May 28,

1905. In a low thicket on the east side of Clear Lake.

Rubus reoirvans Blauchard.

Elkhart county, June 4, 1912. No. 10,935. In an open woods two miles

northwest of Middleburj'. Lagrange county, Jime 5, 1915. No. 15,981.

In a drj' sandy clearing along Pigeon River about ten miles northeast of

Lagrange. Whitley county, July 19, 1914. No. 14,426. On the wooded

bank of the south side of Round Lake.

Sh/losaulhes biflora var. hispidissima (Micfix.) Pollard & Ball.

Knox county, July 8, 1915. No. 17,068. In the Knox sand along the

railroad about three miles south of Vincennes.

Tragia macrocarpa Willd.

Crawford county, September 4, 1915. No. 18,583. Roadside at the base

of the Ohio River Bluffs a quarter of mile west of Leavenworth. Orange

county, July 14, 1915. No. 17,387. Rocky bluff along Lick Creek about

two miles west of Paoli. This species was noted in other Ohio River covmties

but no specimens were taken.

Euphorbia Peplus L.

Wells county, August 5, 1915. No. 17,913. Abundant in the side ditch

and in the yard of E. Y. Sturgis at the north end of Johnson street in Bhiffton.

It has l)een established here several years.

ViliH cinerea Engelm.

Bartholomew county, September 15, 1912. No. 12,412. On the wooded

border of a gravel pit three miles north of Columbus. Gibson county, Sep-
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tember 4, 1911. Xo. 9,945. Wooded bank of White River a])out five miles

northwe.st of Patoka. John.soii county, Septemlier 15, 1915. No. 19,081.

Dry sandy bank along the roadside three miles north of Edinburg. Clarion

county, September 5, 1911. Xo. 10,058. Wooded bank of White River

near Buzzard's Roost. Scott county, June 22, 1915. Xo. 16,303. In a clear-

ing (jne mile south of Scottsburg. Shelby county, July 14, 1912. Xo. 11,666.

Taken by Mrs. Chas. C. Deam along Brandywine Creek one mile east of

Fairland. Vermillion county, September 29, 1912. Xo. 12,469. In an

open woods two miles west of Hillsdale. Also along the Wabash River two

miles .south of Hillsdale.

Parthenocifmus vitacea Hitch.

Blackford county, July 9, 1910. Xo. 7.032. Along a fence two miles

northeast of Hartford City. Miami county. July 23, 1915. Xo. 17,903.

Limestone ledge of the Mississinewa River about five miles southeast of

Peru. Porter county, August 22, 1915. Xo. 18,043. On top of a wooded dune

bordering Lake Michigan at a point five miles north of Chesterton. Steuben

county, July 5, 1914. Xo. 14,384. On a roadside fence about two miles

northwest of Pleasant Lake. Tippecanoe county, July 22, 1915. No.

17,742. Roadside fence seven miles north of Battle (Jround. Wayne

county, July 3, 1913. Xo. 13,548. In a woods one and a half miles west

of Centerville. W ells county, June 24, 1906. Xo. 1,127. On a rail fence

forty rods cast of Blufftoii.

Viola affinis LeConle.

Allen county. May 2, 1915. Xo. 15,569. In a sandy clearing on the

Godfrey Reserve about three miles south of Fort Wayne. (Irant county.

May 22, 1915. Xo. 15,760. Low border of a lake about five miles northeast

of Fairmount. Lagrange county, May 17, 1915. Xo. 15,641. In a tanuvrack

swamp three miles east of Howe. Xoble county. May 17, 1915. Xo. 15,673.

In a wooded swamp about one mile southwest of Ronu- City. Wells county,

May 12, 1915. Xo. 15.<)33. In spliagmim on the south side of the hike in

Jackson Township.

Viola affinis x triloba.

Clarke county. May 25, 1910. Xo. 6,460. In a woods just west of Tract

thirty-three on the Forest Reserve.
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Viola cuciiUdtd x sororia.

Lagrange founty. June 5, 1915. No. 15,998. Growing in sphagnum in

a low woods bordering Pigeon River alioul four miles east of Mongo. My
numbers 15,881, 15,915, 15,993 and 16,002 are the same species and taken

in different parts of the same county.

Viola incognita var. Forbesii Brainard.

Allen county, May 9, 1915. No. 15,606. In an old tamarack swamp

on the south side of Lake Everett about ten miles northwest of Fort Wayne.

Lagrange county. May 17, 1915. No. 15,650. In a tamarack swamp about

three miles east of Howe. Wells county, May 12, 1915. No. 15,619. In

the low border of the small lake in Jackson Township associated with Acer

saccharinum and Populus tremuloides.

Viola nephrophylla Greene.

Grant county, May 22, 1915. No. 15,745. In a boggy creek bottom

near the bridge over the Mississinewa River about four miles southeast

of Gas City. Noble county, May 17, 1915. No. 15,674. In the low marl

border of Deep Lake one mile south of Wolf Lake.

Viola papilionacea x triloba Brainard.

Clay county. May 4, 1913. No. 12,613. Frequent along the bank of

Croy Creek about one mile east of Harmony.

Viola pedatifida x sororia Brainard.

Wells county, ]May 12, 1915. No. 15,026. In rather dry soil on the

sliaded iKink of tlie hike in Jackson Townsliip.

Viola aagittala x triloba Brainard.

Whitley county, May 17, 1915. No. 15,682. In a whit(> oak woods about

four miles cast of Columbia City.

Viida triloba Schirrin.

Clarke county. May 11, 1910. No. 5,882. In a wooded ravine at the

base of the "knobs" on the Forest Reserve. Decatur county. May 5, 1912.

No. 10,459. Taken by Mrs. Chas. C. Deam on a wooded slope along Flat

Rock River about a half mile north of St. Paul. Hancock county. May 14,

1912. No. 10,517. Taken bv Mrs. Chas. C. Deam in a wet woods one and
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a half miles southeast of Juliette. Henry county, May 10, 1911. Xo. 8,117.

In a moist rich woods one mile northeast of Spieeland. Jefferson county,

September 9, 1915. No. 18,855. In a woods one mile west of Chelsea.

Johnson county, May 8, 1910. Ko. 5.782. Wooded hillside about three miles

south of Franklin. Lagrange county. June 6, 1915. Xo. 15,865. In a woods

on the north side of Cogg Lake about four miles south of Lagrange. Ver-

million county. May 8, 1910. Xo. 5,840. Wooded hillside one mile north-

west of Hillsdale. Whitley county, August 23, 1914. Xo. 14,543. In a

white oak woods about four miles east of Columbia City.

Verbena hracleosn Michx. x urticaefolia L.

Lawrence county, .July 13. 1915. Xo. 17.287. In sandy soil alouir thi>

roadside about a half inih' north of LawTenceport.

Bacopa roiundifolin (Mirhx.) Welts,

Orange county. July 14. 1915. Xo. 17,376. In a pond near the Washing-

ton county line along the PaoH and Salem road one and a half miles south

of Bromer. Also noted in a jjond near tlic road about three miles south

of Orleans. Washington county, September 12, 1915. Xo. 18,983. In a

l)()ol in a pasture field about si,\ miles west of Pekin. ALso noted in a pond

about four miles west of Salcin.

Soli'lfigo (rccld l^urxh.
,

Clarke county, September 11, 1915. Xo. 18,946. On a (^uercus Prinus

Ridge about two miles southwest of Borden. Harrison county, September

6, 1915. Xo. 18.720. On a Quercus Prinus ridge about a half mile west of

Stewart's Landing, which is three miles east of Elizabeth. Washington

county, September 12, 1915. Xo. 19,000. On a Quercus Prinus ridge about

ten miles north of Salem, and about one mile south of the Muscatatuck

River. In all ihc locations where this species was noted it was growine

in sterile soil, associated with Salidafjo hicolor.
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Indiana Fungi—III.

J. M. Van Hook.

The fungi recorded in the folloAving list, were for the most part collected

from 1911 to 1914. Two of these years (1913 and 1914) were so dry that the

collecting of certain groups of fungi was practically abandoned. The year

1915 was a record one for the growth of all kinds of fungi and large collections

were made for future study.

A limited number of fungi already recorded occur herein, as these have

been found on new hosts.

Great care has been exercised in determining the host species, a thing too

much neglected by collectors in the past.

Most of the species have been collected in Monroe county. Where the

name of the county is not given, it is understood that the specimen was

found in Monroe county. All collections Avere made by myself unless other-

wise specified.

PHYCOMYCETES.

Albugo bliti (Biv.) 0. Kuntze. On livine- leaves of Amaranthus rofrn-

flexus. Common. Monroe county, September, 1915.

Albugo ipomoea-panduratae (Schw.) Swingle. On leaves and stems of

Ipomoea hederacea. Monroe county, August 2, 1915.

Chaetocladium jonesii Fresenius. Parasitic on Mucor in culture, in the

greenhouse. December 28, 1912. C. E. O'Neal.

Piptocephalis freseniana De Bary. On Mucor. Greenhouse, December

28, 1912. O'Neal.

Phycomyces nitens (Ag.) Kze. On horse dung lirought into greenhouse^

January 7, 1913. O'Neal.

Plasmopara viticola (B. & C) Bed. & DcToni. On leaves of Vitis cordi-

folia. July, 1915. Very destructive.

Thajnnidiuni elegans Link, ()n ilung in greenhouse. December 22. 1912.
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BASIDIOMYCETES.

USTILAGINEAE.

Ustilago neglecta (Niessl.) Rab. On Chaetochloa, Montgomery county,

1913. Flora Anderson.

Ustilago rabenhorstiana (Kuehn.) Hedw. On S.yntherisma sanguinale.

Alontgomery county, 191.3. Anderson.

TlLLETIINEAE.

EIntyloma lobeliae. Farlow. On living leaves of Lobelia inflata. October

IG, 191."). p'orms discolored (light yellow) spots on the upper surface of the

leaves.

Urocystis anemones (Pers.) Wint. On Hepatiea acutiloba. Brown

county. Ma.y 16, 1915. Donaghy. University Farm, Lawrence county,

June, 1915.

POLYPORCEAE.

Spongipellis occidentalis Murr. On dead oak log. Helmsburg, Brown

county. May 16, 1915. Donaghy.

S])()iigi|)cllis utiicolor (Schw.) IVliirr. On .\ccr, Cascades, fall of 1914.

Donaghy.

.\(;ai{I(A('Eak.

Crepidotus fuhotonicntosus I'k. On decayed log. Brown county, October

24, 1914.

LVCOI'EKDINKAI:.

Boxistclia ohiensis Mcjrg. On llie ground in an o))cn Held. Xoxcmbct',

16, 1914. Donaghy.

ASCOMYCP^TES.

H KLVKM.I.VKAi;.

Ilil\clhi clastica Hull. On I lie ground. l'ni\ crsilN Water Works, May
19, 19!."). Ibii-vcy Stork.

PeZIZIiNEAE.

Pseudopeziza medicaginis (Lib.) Sacc. On alfalfa. Autumn of 1912.

Sarcoscypha occidentalis Schw. On buriefl sticks. University Water

Works, May 19, 1915. Stork.
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Hysteriineae.

Hysteriographium gloniopsis Gerard. On dead wood of Aeer sacchari-

num. Huckleberry Hill, November 25, 1910.

Hysteriographium mori (Schw.) Rehm. On rails of Liriodendron tulipif-

era and Juglans nigra. East campus, October 2(), 191.5.

PVRENOMYCETINEAE.

PERISPORIALES.

Erysiphe cichoracearum D. C. On living leaves of Plantago rugelii.

Vernonla noveboraeensis, Ambrosia triflda and Solidago. Summer of 1911.

Sutton.

Mierosphaera alni (D.. O.) Wint. On leaves of Platanus occidentalis.

Summer of 1912. Sutton.

Mierosphaera elevata Burr. On leaves of Catalpa speciosa. Autumn of

1911. Sutton.

Phyllaetinia corylea (Pers.) Karst. On Fraxinus sambucifolia, Ladoga,

Montgomery county, September 16, 1913. Anderson.

Sphaerotheca castagnei Lev. On living leaves of Taraxicum officinale,

1911. Sutton.

Uneinula necator (Schw.) Burr. On eiUtivated grapes. September, 1912.

Uneinula adunea Lev. On leaves of Salix nigra, autumn of 1911. Sutton.

HYPOCREALES.

(iil>berella saubinetii (Mont.) Saec. On wheat, 1911.

SPHAERIALES.

Hypoxylon annulatum (Schw.) Mont. On Fraxinus americana. January

17, 1914. Ramsey.

Hy]joxylon effusum Nitschke. On Fagus ferruginea, March 4, 1909;

Quereus, November 20, 1913. Ramsey.

Hypoxylon perforatum (Schw.) Fr. On Juglans nigra. January 17,

1914. Ramsey.

Massaria inquinans (Tode) Pr. On Acer. December -8, 1911.

Rosellinia aquila (Fr.) DeNot. On Acer. March 6, 1902. Mutchler;

on Juglans, Unionville, 1911; on Ostrya, November 20, 1913, and on Fagus

ferruginea, December 10, 1913. Ramsey.
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Rosellinia glandiformis E. & E. On Liriodendron tulipifera, 1907; on

Juglans, November 20, 1913; and on Fraxinus, Boone county, January 17,

1914. Ramsey.

Rosellinia ligniaria (Grev.) Nke. On Ostrya \drginica, January 28, 1914,

J. M. V. & Ramsey; on Fraxinus, Boone county, March 28, 1914. Ramsey.

RoselUnia meduUaris (Wallr.) Ces. & DeNot. On Cercis canadensis,

February 4, 1911; on Juglans cinerea, 1914. Ramsey.

Rosellinia mutans (Cke. & Pk.) Sacc. On Juglans, 1914. Ramsey.

Rosellinia pulveracea (Ehr.) Fckl. On Carpinus caroliniana and Platanus

oecidentalis, November 20, 1913; on the same hosts in Boone county, De-

cember 18, 1913. Ramsey.

Rosellinia subiculata (Sehw.) Sacc. On Liriodendron tulipifera, 1911.

On Quercus, 1914, J. M. V. & Ramsey.

Venturia pomi (Fr.) Wint. On leaves and fruit of Pjtus malus, July 19,

1912. Common.

Xylaria corniformis Fr. On rotten Acer. Harrodsburg, August 7, 1915.

FUNGI IMPERFECT!.

Sphaeropsidales.

Ascocliyta iiiali E. & E. On living leaves of I'yrus luulus, 1911. SuHoii.

Aseochyta rhei E. & F.. On living leaves of Hlicum rliapoiiticuin. Sej)-

tember, 1912.

Cieinobolus cesatii DeBary. Parasitic on Erysiphe cichoraeearum on

leaves of Rudbeckia or Helianthus. Campus, October 5, 1915.

Darluca filum (Biv.) Cast. Parasitic on Phragmidium potentillae and

Uredo biglowii, 1911. Sutton.

Phoma limbalis Passer. On leaf veins of Platanus oecidentalis, 1912.

Phyllosticta celtidis Ell. & Kell. On leaves of Celtis oecidentalis, October

5, 1915. These leaves were also affected with a leaf mite. Spores of fungus,

bacteria-like, 2 to 3 by 1 micron.

Phyllosticta fraxini Ell. & Mart. On leaves of Cornus florida, autumn

of 1912. Spores, 4 by 9.5 microns. On leaves of Fr&.xinus americana,

Unionville, October 3, 1914. J. M. V. & Paul Weatherwax.

Phyllosticta grossulariae Sacc. On leaves of Ribes cynosbati, October

3, 1914. J. M. V. & P. W.

Phyllosticta hammameUdis Pk. On living leaves of Hammamelis vir-
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giniana, Campus, October 5, 1915. Associated -with Pestalozzia funerea

Desm. Peck reports Phyllosticta eonsocia Pk. as being associated with this

Pestalozzia and describes the spot as the same and the Phyllosticta as the

cause. However, P. eonsocia is described as having six cells with four

middle ones colored and as being 30 to 35 microns long; setae, 22.5 to 27.5

long. Our spores are about 25 microns long with short setae. Spores, five-

(ielled, the three inner being colored. This Phyllosticta is very similar if

not identical with P. sphaeropsidea E. & E. (Bull. Torr. Bot. Club. 18S3,

p. 97.) Reported on x\esculus hippocastanum.

Phyllosticta kalmicola (Schw.) E. & E. On living leaves of Kalmia

latifolia, one-half mile northeast of Borden, Clark county, Februarj' 20,

1915.

Phyllosticta linderae E. & E. On Lindera benzoin, Brown county, July,

1912.

Phyllosticta sambuei Desm. On leaves of Sambucus canadensis. Campus,

October 5, 1915. The pyenidia are described as being very minute. In our

specimens, they measure from 90 to 200 microns mth sjjores 4 to 7 by 2 to

2§ microns,

Phyllosticta sambucicola Kalchbr. On the same host as the above and

associated with it as was also Cercospora sambucina and a Septoria. The

pyenidia are 50 to 90 microns and spores 2^ to 5 microns. The spores are

subglobose. Kalchbrenner describes them as being very minute.

Septoria evonymi Rabh. On Evonymus atropurpurius, Campus, October

5, 1915. Our species is undoubtedly identical with the one described by

Rabenhorst, though differing somewhat. The following is a description of

our fungus: Spots epiphyllous, 3 to 10 microns in diameter or bj- confluence,

covering large areas, irregular in shape, often limited by veins making them

•angular in outline, olive brown, bounded by a dark purplish line, lighter

colored on the lower surface of the leaf; pycnidia'75 to 125 microns in diam-

eter, black, protruding and with a large irregular opening; spores 15 to 30

by 2 to 3 microns, for the most part one-septate, straight, crescent-shapinl

or irregularly curved.

Septoria helianthi Ell. & Kell. On Helianthus annuus, autumn of 1912.

Septoria lactueae Pass. Common on Lactuca seariola, Harrodsburg,

August 7, 1915. Spores filiform, 20 to 35 by 1^ to 2 microns.

Septoria mimuli Wint. On leaves of Mimulus alatus, summer of 1911.

Sutton.

5084—10
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Septoria Oenothera West. On Oenothera ]>iennis, Harrodsbiirg, August

7, 1915.

Septoria i)olygonorum Desm. On Polygonum persiearia, July 29, 1915.

This fungus was very common and \ery destructive to its host throughout

the summer. It varies slightly from the description as follows: Spots

2 to 8 nmi. in diameter. Leaf fades to yellow, curls, dries on the jilant or falls

to the ground. Some spores exceed 25 microns in length.

Septoria rubi West. On cultivated raspberries. Sept(>ml)('r, U)V2. Also

common on blackberries.

Septoria scrophulariae Pk. On Scrophularia nodosa or mar\landica.

Summer of 1911. Sutton.

Septoria verbascicola B. & C On Verbascum blattaria. autumn of 1912.

Sphaeropsis asiminae E. & E. On dead twigs of Asimina triloba. Boone

county, December, 1913. Ramsey.

Mki.antoxi.m.ks.

( "ylindrosporiuiii ('aijscllac E. A; E. On leaves of ('ai)sella hur.sa-pastoris,

1911. Sutton.

( "ylindn)si)()riuMi i)adi Karst. On i'runus serotina, siiinincr of 1911.

Sutton.

(iloeosporium caryae Ell. tV: Dear. Common on icaxcs of Carya alba,

Harrodsburg, August 7, 1915.

Gloeosporium intermedium Saec, var. i)oin.settiae Sacc. On diad stems

of Poinsettia pulcherrima, greenhouse, March 16, 1915. Plants grown from

Florida stock.

Marsonia juglandis ( Lib.) Sacc. On leaves of Juglans cinerea, Helmsburg,

Brown county, July, 1912; Unionville, Monroe county, October :i, 1914.

On leaves of Juglans nigra, Unionville, October '.\, 1914. On leaves of .luglans

sieboldiana. Campus, Octol)er 5, 1915.

Marsonia martini Sacc. &. Ell. On leaves of (^iiercus acuiniiiala, Harrods-

burg, July 7, 1915.

P(;stalozzia funerea Desni. On leaAcsof iiaiiwiiaiiiclis \irgiiiiana, Campus,

October 5, 1915.

IlviMIOMVCETE.S.

(^•rcospora ampelopsidis Pk. On living leaves of Ampelopsis quinque-

folia, October 5, 1915. The conidiophores of this fungus measure M) to 112

by 5 to G microns and are 2 to 4 septate; the spores are 25 to 125 by to 8
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microns and arc 4 to 9 septate. There seems to be no doubt as to the identity

of the fungus as the remainder of the description corresponds admirably.

Cercospora bartholomaei Ell. & Kell. On living leaves of Rhus glabra,

summer of 1911. Sutton.

Cercospora condensata Ell. & Kell. Summer of 1911. Sutton.

Cercospora elongata Pk. On Dipsacus sylvestris, Harrodsburg. July 7,

1915. Spores attain a length of 275 microns. Peck gives 50 to 150 microns.

Cercospora kellermani Bubak. On leaves of Althaea rosea, October 5,

1915. This species seems too closely related to C. malvarum Sacc. and to

C. althaeina Sace. . Conidiophores to 110 microns long and spores from 20

to 152 microns.

Cercospora plantaginis Sacc. On leaves of Plantago rugelii. Campus,

October 5, 1915. Very common. Forms brown spots. Conidiophores as

much as 250 microns long. Spores, 75 to 175 microns long.

Cercospora rhoina E. & E. On leaves of Rhus glabra, Unionville, October

3, 1914. J. M. V. & P. W.

Cercospora ribis Earle. On cultivated Ribes rubrum, autumn of 1912.

Very severe on its host.

Cercospora rosicola Pass. On Rosa Carolina, Campus, October 2(5, 1915.

The description of this species gives the measurement of the conidiophores

20 to 40 by 3 to 5 microns and spores, 30 to 50 by 3i to 5 and 2 to 4-septate.

Our conidiophores are 20 to 75 by 4 to 5 and spores 30 to 80 by 5 to 7 microns

and are mostly 3-septate. The very dark hemispherical base from which

the conidiophores arise, is verj- characteristic of this species.

Cercospora sambucina Ell. & Kell. On leases of Sambucus canadensis.

Campus, October, 1915.

Cercospora septorioides E. & E. On leaves of Rubus villosus, Harrods-

burg, August 7, 1915. This species has many characters which place it

near C. rubi Sacc, C. rubicola Thuem. and C. rosicola Pass. The spots are

very characteristic and the r('S('ml)lancc of llie spores to those of a Septoria

is very striking.

Cercospora toxicodcnth'i (('uri.) K. A; K. On k-aves of J{hus to.xicodeu-

dron, Harrodsl)urg, August 7, 1915.

Haplograjjliium apiculatum Pk. On l('a\('s of Ilaininamelis virginiana,

Griffey Creek, October 3, 1914.

Macrosporium catalpae Ell. & Mart. On leaves of^Catalpa speeiosa.
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Campus, 1911 and 1912. Common. This fungus seems to follow the injury

produced by an insect—a ver.y characteristic brown spot.

Macrosporium sarciniaeforme Cav. On Trifolium pratense, Campus,

October 0, 1915. The swollen nodes of these eonidiophores somewhat re-

semble those of Polythrineium trifolii so common on cloA'er.

Macrosporium solani Ell. &. ]Mart. Common on Datura stramonium,

Griffey Creek and Harrodsburg, .July and August, 1915.

Piricularia grisea (Cke.) Sacc. On leaves of Panicum sangumale, autumn

of 1915. Very common every year.

Tubercularia vulgaris (Tode.) Meckl. On twigs of Asiniiiia tril()l)a,

Boone county, December, 1913. Ramsey.

(In conforming with the original i)lan. the following Myxomycetes arc

here appended, though out of the sphere of fungi.)

MYXOMYCETES.
Arcyria incarnata Pers. On rotten wood. (Iriffey Creek, October 20,

1914. Donaghy.

Diderma crustaceum Pk. On dead leaves, Brown county. October 24,

1914. Donaghy.

Enteridium splcndcns Morg. On rotten wood. Brown county. Octolx-r

24, 1914.

Lycogola flavo-fuscum (Ehr.) Host. On sawed end of mai)lc log, Xovein-

ber 16, 1914. Donaghy.

Mucilago spongioa (Ley.ss.) MOrg. On stems of living weeds, Xoveml)er

12, 1914. Donaghy.

Physarum cinereum (Batsr-h.) Pers. On li\ing grass. Campus, .June 4.

1915. Mottier.

Stemonitis caroliniana Macbr. On rotten wood, 1915.

Stemoniti.s morgani Pk. On rotten wood, (iriffey Creek, October 29,

1914. Donaghy. Also on dead nuiple log, Cam])us, .June 1, 1915. Donagiiy.

Stemonitis nigrescens Rex. (ireenhouse under bottom of i)alin tub.

Sporangia on the sand. May 20, 1915.

'ribnadoclic |)()l>c('j)liala (Scliw.) .Macl)r. On liark of fallen cliu. K'mi-

ning over moss and l)ark. (Irit'fcy ("reck, June 5, 1915.

Indiana University,

January, 1916.
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A Second Blooming of Magnolia Soulangiana.

D. M. MOTTIER.

This note is to call attention to the fact of a second blooming in the same

year of a purple variety of Magnolia Soulangiana. On the campus of Indiana

University a group of thrifty magnolias is cultivated. Among these there

are two varieties of M. Soulangiana, one with pink flowers and the other

bearing blossoms of a deep purple color. Last spring at the usual time all

trees of the two varieties bloomed profusely and, from a number of the

flowers, fruits and seeds were developed. In midsummer (July 25 to August

10) three trees of the purple variety bore each two or three fine large flowers,

which were normal in everj^ respect. No flowers were seen on the variety

bearing pink blossoms. This is the first time the writer has obserA^ed the

occurrence of a second crop of blossoms on a magnolia. It has been learned

through acquaintances that the purple variety bloomed a second time this

year in one of the eastern states.

As the blossoms were remoA^ed from the trees by children or ])y un-

scrupulous admirers, it Avas impossible to know whether sucli flowers would

develop fruits.
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The Effect of Centrifugal Force on Oscillatoria.

Frank M. Andrews.

Filaments of Oscillatoria were eeutrifuged in order to ascertain if it

were possible to displace the contents to any extent. First 1 used a force

of 1,738 gravities. This force did not change the position of the contents

m any respect, although the plants were centrifuged two days and four hours.

The groAvth of the filaments also had not ceased and the movements so

characteristic of the plant had not been interrupted. The filaments were

not harmed in any way by such centrifugal action as a comparison with

control specimens showed.

In a second experiment the filaments were subjected to 4,400 gravities

for two hours and later to 5,843 gravities for three hours, l)ut no displace-

ment of the contents was caused.

In a third experiment 13,467 gravities were used transversely on the

filaments for one hour with no change in the position of the contents; neither

cessation of the growth nor of the usual movements. When Oscillatoria was

centrifuged between the slide and cover-glass the filaments were usually

broken, yet verj' short pieces consisting of a few cells often withstood a force

of 1,738 gravities. For the use of very high centrifugal forces, as indicated

above, it was necessary to place the filaments directly on the bottom of

the glass cylinders and centrifuge them transversely as stated above. The

filaments were then broken apart into their disk-like cells and observed from

the end, but no displacement of the contents could be seen. The amount

of resistance of such delicately constructed plants is rather surprising. It

is also interesting to note that in all the experiments with centrifugal force

on Oscillatoria, the characteristic movements were not stopped or apparently

retarded by a force varying from 1,738 gravities to as much as 13,467 gravities.

This was sliown liy specimens of Oscillatoria which were placed directly on

tlie bottom of the glass cylinders on the outside of which was fastened a

graduated scale. The machine was stopped in a few seconds and by ob-

servation it could be seen that the specimens that had been centrifuged for one

hour or more and with any amount of centrifugal force had moved or radiated

as far as the control specimens had in the same time. These movements
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may therefore be carried out under great difficulty and against great re-

sistance, at least of certain kinds such as centrifugal force when applied

laterally. In the first experiment on the study of movements when 1,738

gravities were used for one hour, the eentrifuged filaments during that

time moved or radiated awaj^ from the center of the small mass of filaments

equallj' in all directions. Actual measurements showed that the filaments

had moved out in the usual way to a distance of 5 mm. The control specimens

had also moved o mm. during the same time. There was absolutely no differ-

ence between the eentrifuged specimens and the controls as to the general

arrangement or appearance of the filaments which had, in each case, radiated

from the very small central mass. In all cases the only requisite was the

presence of a very shallow film of water about the specimens.

When the specimens were eentrifuged for one hour "wath a force of 5,000

gravities instead of 1,738 gravities, the amount of movement in both eentri-

fuged and c4)ntrol specimens was exactly the same. Both moved away in

a radiating direction from the small central mass 5 mm. duritig the one liour

of experimentation. This shows the amount of movement to be as great,

as far as could be determined, in the presence of a force of 5,000 gravities

as when 1,738 gravities Avas used. Longer periods of time than one hour,

using 5,000 gravities, were not used, and it has not yet been in^•(stigat(•<l

what effect, if any, this might have on the movements.

In the third experiment, Avhere 13.467 gravities were used, both the

eentrifuged specimens of Oscillatoria and the controls moved 2 mm. during

the half-hour of centrifuging. So far then as experiments have been per-

formed, it has not been found possible to stoj), or apparently retard, tlie

amount or kind of movements of Oscillatoria pniuci)s })y centrifugal fone.

Indiana Universit}'.
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Some Elementary Notes on Stem Analyses of
White Oak.

Burr N. Prentice.

In the fall of 1915 I had the opportunitj- to gather some facts concerning

the growth of White Oak (Quereus alba). The opportunity was in the

form of a small logging operation which took place in a woodlot of mature

White Oak belonging to Mr. George Justice, in Tippecanoe county, Indiana,

about seven miles north of Lafayette. The woodlot is located on rolling to

flat land only a short distance from the Wabash river. The soil is typical

of that region, being a sandy loam underlain with gravel. The cutting was

not a large one, only covering about thirty trees, but the majority of the

trees were old and fully mature, so that a good idea of the life history and

growth of White Oak on similar situations in Indiana could be ganied by

a study of their stems.

Complete stem analyses of the trees were taken. These included the

following measurements on each bole; the diameter at the stump, together

with the distance from the center to each tenth ring, counting from the out-

side in, and similar measurements at each of the other crosscuts on the

tree, thus getting the diameter of each section at any decade throughout

the life of the tree. The diameter at breast height, i.e., four and one-half feet

from the ground, was taken in each case. The following height measurements

were also included; height of stump, length of each section above the stump,

length of tip above the last section, and the length and Avidth of crown. Care-

ful record was kept of the number of rings in decades at each section since

by these are determined the various periods of growth.

From this data was worked out the mean annual volume groAvth of the

a\'erage tree of the stand for the entire period of its life. The method out-

lined by Mlodjianski, as modified by Graves, was followed. This requires

the construction of a height growth table showing the average time required

for the trees to grow from the ground to the various crosscuts. The accom-

])anying curve drawn from plotting height in feet against age in years shows

how such a table was o])tained. This height table is given as a part of table

three.
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The next step is the determination of the average stump height. By

a\eraging the heights of the stumps of the entire plot, this height was de-

termined as one and one-half feet.
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of trees measured. A similar curve was drawn for each of the other cross-

cuts above the stump. It has already been noted that the average stump

height was one and one-half feet. Therefore the curve for the top of the

first twelve-foot log represents the diameter growth at a point thirteen and

one-half feet above the ground. The same is, of course, true for the other

curves as well.

These curves were then all transferred to one sheet in such a manner

that the growth at the respective crosscuts was shown on the basis of total

age, i.e., eacli curve begins as many years to the riglit of the intersection

of the two axes as it took the tree to grow to the height of the crosscut in

question. These points are determined from the height growth table.

These curves represent the diameter growth at their respective distances

above the ground, on the basis of total age (age at the ground), and not

on the basis of the age at the respective crosscuts. We are able to get from

this series of curves, for any age, the average total height and the dimensions

of the trees inside the bark at various points along the bole.

A diameter breast height curve was also constructed in the following

manner. On tlie same sheet with the stump curve a second curve was di'awn,

letting the ordinate rejiresent diameter breast height values instead of diam-

eter inside the bark at the stump. Since there were l)ut a small number of

trees, all of uniformly large diameter, it was impossible, as yet, to continue

this curve into the earh^ age of the trees. But when the curves for the other

points on the bole were also transferred thus to a single sheet, the diameter

breast lieight height curve Avas prolc^nged by a process of interpolation lo the

vounger ages of the trees.



O/o/netef //JS/de rAe AcrA //t //7C/ies

Scries of curves based on age at the ground and diameters at various cross cuts,

showing time required for the tree to grow from the ground to any specified diameter
at various points up the bole. Based on the measurement of thirty White Oak trees.
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From this series of curves Table No. 1 was taken. The cubic contents

(Table 2) of the average tree at ten year periods throughout its life, was

computed according to the Schiffel formula, which is (.16B + .66b)h = V,

in which B represents the area of cross section at breast height, b represents

the area of cross section at mid-height, h represents the total height of the

tree, and V represents the volume.

TABLE I. -Diameters at various points along the bole for every decade throughout
the life of the tree ; white oak.

Height of

Section

Above Ground,
in Feet.

(Stump) li.

D.B.H. 4|.

13i.

21i.

35^
41^.

50..

Age in Years.

10 20 30 40 50 60 70 80 90 100 110 120 130

Diameter inside the bark, in inches.

2.2
1.0

3.3
2.0
10

4.5
3.2
2.2
.9

5.8
4.3
3.4
2.0
.4

6.9
5.4
4.3
3.0
1.4

8.2

6.5
5.3
4.2
2.5
1.1

9.5
7.5
6.5
5.3
3 4

2.2

10.7

8.6
7.5
6.3
4.6
3.3

12.0
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TABLE II.—Total heiglit and *cubic volume of wiiite oak for each decade of

the life of the tree.

Age, Years.
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App lit Averas?e IMaxiinum

Stuinp. D. I. B. D. I. B.

20
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five. Our analyses show that the trees in the present studj' did not attain

a diameter breast height of six inches until they were seventy years of age.

If we allow approximately one-half of the seven hundred and twenty-four,

or three hundred and fifty, to remain at the age of seventy, and reduce

this number by a series of intermediate acceleration thinnings, to the final

forty at the age of one hundred and fifty, we get the following result:

Number
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Analysis of Water Containing A'luminum Salts
AND Free Sulphuric Acid from an

Indiana Coal Mine.

S. D. Conner.

Within the past, year the Avriter Avas called upon to test some drainage

water from a coal mine for the Vandalia Coal Company of Terre Haute with

a view of determining whether such Avater could be used for irrigation pur-

poses.

A qualitative examination indicated only a trace of chlorides and nitrates,

but an abundance of sulphates.

The following substances were quantitatively estimated:

Al2(S04)s 016 per cent.

CaS04 141 per cent.

MgS04 074 per cent.

Free H2SO4 005 per cent.

Total solids 42 per cent.

Contrary to expectations, no soluble iron was found, although a slight

flocculent precipitate of iron (probably basic ferric sulphate) was noted

in the bottom of the bottle, indicating that originally some iron had been

m solution.

In the mining of coal more or less iron pyrites (FeSj) is exposed to the

air. This pyrites in the presence of oxygen and moisture is oxidized, forming

ferrous sulphate and sulphuric acid. The sulphuric acid coming in contact

with ela3% shale, etc., would dissolve calcium, magnesium, aluminum and other

basic elements which might be present. Upon continued exposure to air

the ferrous sulphate (Fe SO4) in solution would be oxidized to basic ferric

sulphate (Fe(0H)S04) and precipitated.

Water such as the writer analyzed is acid in reaction, due to the presence

of free sulphuric acid and also to the hydrolysis of the aluminum sulphate.

Such water would be injurious to vegetation and consequently unfit for

irrigation purposes.

5084—11
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The presence of sohil)le alumiiiinn instead of sohilile iron is a condition

similar to that found in the acid soil of the Wanatah experiment field in

Laporte county (as reported by Abbott, Conner and Smalley in Bui. 170

of the Ind. Exp. Station).

There is little danger of soluble salts of iron being present in well-drained

and aerated soils or in irrigation water which has been exposed to the air

for any length of time. This is due to the fact that soluble salts of iron

readily oxidize and are precipitated on exposure to air. Soluble salts of

aluminum are not readily precipitated and there is danger of these being

present in injurious amount in acid soils either drained or undrained and in

mine waters.

On the \yanatah field it was necessary to a])ply some form of lime to

neutralize the acidity before crops could l)e grown. It was also found that

aluminum nitrate was just as injurious to corn grown in water cultures as

was an equivalent amount of nitric acid. It would undoubtedly be necessary

to neutralize the acidity of the coal mine water with some form of liine l)efore

it could l)e utilized for irrigation i)urposes.
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Detection of Nickel in Cobalt Salts.

A. R. MiDDLETON AND H. L. MiLLER.

The use of dimethylglyoxime as a reagent for the detection and determina-

tion of nifkel, discovered b.y Tschugaeyi in 1905 and developed by Brunk,-

has become a general practice. For s!ni])Hcity of manipidation and freedom

from interference this reagent is unrivalled; the brilliant scarlet color and

extreme insolubility of the nickel glyoximine renders pdssible the detection

of one ])art of nickel ion in at least 3.50,000 parts of water. By a modified

method of applying the reagent, which was developed in the course of this

investigation, we found it jjossible to detect one part of nickel ion in more than

4,000,000 parts of water.

For detection of traces of nickel in cobalt salts this reagent, hitherto,

has not been very satisfactory. Cobalt combines with dimethylglyoxime to

form an extremely soluble compound of brown color. Either because the

nickel salt is soluble in tliis compound, or, as is much more probable, because

the cobalt appropriates most of the reagent, no nickel is precipitated by

ordinary amounts of reagent from cobalt salt solutions, even though a con-

siderable amount is present. The ol)jeet of this investigation was to devise

a method by Avhieh the cobalt ion should be suppressed, thus permitting the

reagent to react with nickel only thus avoiding the necessity for large amounts

of reagent. Treadwell,'' following a suggestion of Tsehugaev, aecomphshes

this result by transforming the cobalt salt into a eobaltic ammin by strong

ammonia and hydrogen peroxide before adding dimethylglyoxime. We
shall show that this method is unsatisfactorj" and fails when much cobalt

is present.

The most striking differences in the chemical ])eh'ivior of nickel and

cobalt are (1) the greater readiness of oxidation to the trivalent condition

and (2) the greater stability of the complex ions, both positive and negative,

of cobalt. Of the various complex ions formed by cobalt the most stable are

the complex cyanides, that of trivalent cobalt being decidedl}' more stable

than that of bivalent cobalt. Nickel forms soluble complex cyanides of a

iBer. 38. 2520.

'-Z. angew, Chem., 20, 3444.

3Analyt. Chem., Vol. I. 1.51. (7te Aufl.)
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different type, resembling those of bivalent copper, whereas the cobalt

cyanides are analogous to the iron cyanides. In the classic method of

Liebig*' for detecting nickel in cobalt salts, the inferior stability of niekelo-

cyanide ion together with the ready oxidizability of cobaltocyanide to eobalti-

cyanide ion has long been used to effect a separation. For a solution con-

taining cobalticyanide, nickelocj^anide and cyanide ions the following equilib-

ria are involved:

[Co "
j X [CN" ]

"^ = K inst. x [Co(CN) o

'

] and

[Ni] X [CN']^ = K inst. x [Ni(CN) V ].

The values of the instability constants are not accurately known, but it is

certain that that of cobalticyanide ion is extremely small and that of uickelo-

cyanide ion iiuicli larger. \u\ reduction of tlie concentration of cyani de

ion in the solution unist result in decomposition of the nickelocyanide ion

and considerable increase of nickel ion concentration Avhile the much more

stable cobalticyanide ion is less affected. In Liebig's method as modified

by Gauhe,^ cyanide ion is removed by oxidation with alkaline hypobromite

or hj'pochlorite, the nickelous ion being simultaneously oxidized and pre-

cipitated as Xi (()H):i. This method is not altogether satisfactory, first,

because, owing to the necessity of adding an excess of the oxidizing agent,

cobaltie hydroxide is also precipitati'd invariably so that the api)earance

of a brown j)reci])itate is not per .sc, proof of the presence of nickel; second,

because the manij)ulation, particularly' llie amounts of reagents, requires

experience and care.

Nickel glyoximine is decomposed li,\ cNanide ion. Oiu' j)rot)leni, then,

was to remove the cyanide ion so gradually that the cobalticyanide ion should

remain practically unaffected. For this purpose we made use of the great

stability of complex silver cyanide ions, together wilii the liigh insolubility

of silver argeiiticyanide, Ag AgtCN)-., 0.0004 g. per liter'' at 20°. For

argenticyanide ion, [Ag| x [CN]- = i,--' x [Ag(CX)/|. The comparative

iiisolul)ility of silver cobaltic^'anide, Ag3Co(CN)„ accurate data for which

are lacking, should also tend to prevent decomposition of cobalticyanide ion.

When dimethylglyoxime is added to very dilute solutions of nickel salts,

<Ann., 63, 244 (1848): 87, 128 (1853).

'-Z. analyt. Chem.. 5. 75 (1866).

sBrodif?, Z. pliysik. Chem., JfG. 002.
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a yellow color at once develops and the red precipitate flocculates after a

brief interval. At extreme dilutions where no precipitate forms, a yellow

tint is observable. This was suspected to be due to colloidal glyoximine

which should be flocculated by another precipitate, in which case, since

both silver cyanide and silver cobalticyanide are white, the red nickel

glyoximine would be readily detectable and the delicacy of the test in-

creased. The correctness of this view seems to be confirmed by the ex-

perimental results detailed below.

Experimental.

Solutions and Reagents. NiSO^ solution, approx. 0.05 molar, from

Kahlbaum's "Kobalt-frei" salt, was standardized by electrolysis (0.05008

molar) and by precipitation and weighing as nickel glyoximine (0.0496

molar). The discrepancy is due probably to a trace of iron which was

detected, the removal of which appeared unnecessary for our purpose. The

more dilute solutions used were prepared from this by accurate dilution.

7) Bodlander, Z. anorg. Chem, 39, 227.

C0SO4, approx. O. 1 molar, was prepared by working up residues from

eobaltammin salts. Nickel was removed by dimethylglyoxime according

to the method we have developed and the solution as used gave no evidence

of nickel by any of the tests applied. Electrolj-sis showed this solution to

be 0.0921 molar. Potassium cyanide, 10 per cent, solution. Dimethylgly-

oxime, 1 per cent, solution in alcohol. Silver nitrate, 1 per cent, solution.

Sensitiveness of Dimethylglyoxime as a Reagent for Nickel in

Presence and in Absence of Cyanide Ion.

Ten cc. of NiSOd solution of molarity stated in the table below was

warmed to about 80° and 1 cc. of the reagent added and a drop or two of

dilute ammonia. To the same volume of each NiS04 solution two or three

drops of KCN were added. At these high dilutions no precipitate was formed.

The solution was warmed to 80°, 1 cc. of reagent added and then the AgNOs
solution dropwise until a permanent white or pink precipitate formed.

The more concentrated solutions gave at once a pink precipitate; the more

dilute ones a white precipitate which turned pink on standing. In those so-

lutions which required more than one hour to fonn a precipitate the e.xact
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time required for the pink precipitate to appear was not recorded. The

samples were observed after standing 24 hours. From the results tabulated

below it is apparent that the test is at least as delicate in the presence as

in the absence of cyanide and that the results are obtainable much more

quickly from the complex than from the simple ion. In the extreme dilutions

of the simple ion the precipitate was frequently- a single red crystal very

minute and difficult to see.
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By adding AgNOs to freshly prepared solutions of cobalt ocyanide Ave found

that this reaction takes place very slowly in cold but rapidly in hot solutions.

When the AgNOs was added dropAvise, the hot solutions first became lighter

in color, then gradually turned orange and darkened until a gray precipitate

Avas formed. If the addition of AgNOs was stopped when the orange tint

appeared, no precipitate formed, but the solution darkened on standing and

became opalescent, showing that colloidal siher liad formed. We found that

this phenomenon Avas regularly reproducible in solutions of eobaltocyanide

not less than 0.005 molar. These experiments clearly show that the oxidation

of eobaltocyanide is by no means complete Avhen the color change takes place.

We next iuA^estigated the time required to complete the oxidation, taking

the failure to form metallic silver as cAadenee that the oxidation Avas essen-

tially complete.

10 cc. of 0.1 molar C0SO4 solution was treated in a casserole with just

enough KCN to dissolve the Co(CN)2, the solution heated nearly to boiling

and continu(nis]y rotated in the casserole for a definite time to promote

oxidation. The solution Avas then diluted to 100 cc. Avith water at 85° and

AgNOs added dropwise with vigorous stirring. Results are given below.

TABLE II.

Cc. 0.1 molai- CoSOi
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A. The Silver Method.

Definite volumes of solutions of NiSOi and C0SO4 of knoAvn concentration

were measured from burets into a casserole, KCN added until the precipitate

just dissolved, and the solution heated and rotated until complete oxidation

was effected. The solution was then diluted with water at 85° to 50 cc,

1 ce. of dimethylglyoxime solution added, and then AgNOs dropwise with

vigorous stirring until a permanent precipitate was produced. The time

required for the pink color of nickel glyoximine to appear was observed.

In cases where the time exceeded one hour, observations were made at the

end of 24 hours. The results are given below.

TABLE IV.

In each expt. 10 cc. CoSOi 0.0021 molar, equivalent to 54.31 mg. Co, was used.

NiSOi
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These results show that the sensitiveness of the test is not impaired by

the presence of largo amounts of cobalt.

B. The Tschugaev-Tkeadwell Method.

10 cc. portions of 0.0921 molar C0SO4, equivalent to 54.31 mg. Co., with

varying small amounts of NiS04 were heated with ammonia until a clear

solution was obtained, hydrogen peroxide added and the solutions heated

till excess of peroxide and ammonia was removed, diluted to 50 cc, 1 cc. of

dimethylglyoxime solution added and the time required for the red pre-

cipitate to appear was observed. Results below.

TABLE VI.

NiS0 4
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These results indicate that this method is not very sensitive and fails

when much rol^all is present.

C. The LiFZBiG-GArHE !Method.

10 CO. portions of C0SO4. 0.C921 molar, with varying amounts of XiSO'*

were treated with a slight excess of KCX OAer that required to dissolve the

precipitate, and heated and rotated until complete oxidation of the eobalto-

eyanide had taken place. They were then diluted to .50 ce. and freshly pre-

pared sodium hypobromite added. After the precipitate had flocculated,

it was filtered off, washed, dissolved in dilute HCl, neutralized with ammonia

and tested for Xi with dimethylglyoxime. Results below.

tablp: VIII.

NiSOi
0.(00.5 molar Mg. Ni. Ratio Xi : Co Ratio Ni : HjO Results.

9 cc.

6 cc.
4 cc.
3 cc.
2 cc.
] cc.
None

0.2641
.1760
.1172

. 0880

. 0587

. 0293
None

206
309
462
617
92.5

1850

1 : 568.000
1 : 852 , 000

Blk. ppt. Ni confirmed
Blk. ppt. Ni confirmed

Blk. ppt. Ni conliriiK'd

Blk. pj)t. Ni confirmed

Blk. ppt. No Ni

Blk. ppt. No Ni
Blk. ppt. No Ni

This method is shown to be capable of detecting 0.1 mg. nickel in a volume

of 50 cc, 1 ut a confirmatorj' test must in ever>' case be applied as the pi)t.

contains Col OH).,.

Comparing the results of the three methods, the minimum amount of

nickel detectable within one hour in a volume of 50 cc. is found to be;

Silver
. 02 mg.

Tsf hugLev-Trei..d\\ell 23 mg.

Liebig-(Jauhe 09 mg.

These figures do not adequately convey the relative merits of the llmt-

methods, for it should be noted in addition that the Liebig methoil requires

a confirmatory test to make the result trustworthy; the Treadwell method

failed to show the stated minimum amount of nickel when so little as 231

times as much cobalt as niek«'l was present, while the silver method appears
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to retain its full sensitiveness in presence of any amount of colialt; and that

it has been shown to increase the effectiveness of dimethylglyoxime about

eight times and to be able to detect within 24 hours less than 0.002 mg. of

nickel in a volume of 50 cc.

Summary.

1. A modified method of using dimethylglyoxime for detecting traces of

nickel in cobalt salts is proposed which (1) avoids the use of large amounts

of the reagent; (2) makes possible the detection of considerably smaller

quantities of nickel than has been possible heretofore.

2. The sensitiveness of the test is shown to be unaffected by the presence

of cobalt even in large quantities. Tlie proposed method increases the ordin-

ary sensitiveness of dimethj'lglyoxime about eight tiines and is capable of

detecting about one-fifth the amount of nickel detectable by any of the pre-

viously known methods.

Chemical Laboratorj^

Purdue University.
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The Different Methods of Estimating Protein
IN Milk.

George Spitzer.

It is often desirable to estimate the proteids in milk other than the

official method. This is especially true in cheese factories where it is desirable

to know the percent of casein in milk, since it is the casein in milk that gives

it its nutritive value, as far as the proteins are concerned. It is frequently

desirable to know the protein content in milk for infant and invalid feeding.

With the present method of determining the fat by the Babcock method,

which is quite accurate and can be done in all creameries, a rapid method

for estimating the percent of casein and fat in milk gives us the necessary

data to control the ratio of casein to fat in milk for feeding. Frequently a

chemist is requested to determine the fat and casein in human milk where

a physician has reason to beleve that there exists an unbalanced ratio of fats

and proteids.

There are three methods for rapid estimation of casein or proteids in milk,

all of which possess merits Avorthy of consideration and could be used in a

great many laboratories that are equipped with the apparatus necessary to

determine the proteids by the official method. Although such equipment

is at hand, when only a fcAV determinations are to be made, the methods

re^viewed in this paper save time and the results obtained are sufficiently

accurate. For the volumetric estimations of milk proteids, two standard

AoliniK-trir solutions are required, besides a few ])eakers and flasks, apparatus

found in any lalioralory, or if one Avishes to fit up for this ])ur])ose only, the

expense is quite nominal.

In discussing Die diflVivnt inctluids. the order in Avliicli tlicy are taken up,

is no indication of their priority. Since 1892 various attempts liaA-e been made

in d(>Aising a Aolumetric method for the estimation of casein in milk, but

most Avere unsatisfactory, either owing to the extensive equipment or to the

• oinijlicated indirect methods used. The main characteristics that a method

should possess are: first, it should be accurate; second, it should require only

a short time in making an estimation; third, the apparatus should be simple;

fourth, materials and apparatus used should be easily obtainable.
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L. L. Van Shke and A. W. Bosworth in 1909 published their volumetric

method (Technical Bulletin, N. Y. Ag. Exp. St.). The method Avorked out

in their publication mentioned is brietiy as follows: "A given amount of

milk, diluted A\nth water, is made neutral to phenolphthalein by the addition

of a solution of sodium hydroxide. The casein is then completely pre-

cipitated by the addition of standard acetic acid, the volume is then made

up to 200 ee. by the addition of distilled water and then filtered. Into lOOcc.

of the filtrate a standard solution of sodium hydroxide is run until neutral to

phenolphthalein. These solutions are so standardized that 1 cc. is equivalent

to 1 per cent, casein, when a definite amount of milk is used. Therefore, the

number of cubic centimeters of standard acid used, divided bj' 2 less the

amount of standard alkali used in the last titration gives the percentage of

casein in the milk."

This method is based on the Avell known facts in chemistry and shows

quite clearly the casein molecule has a constant molecular weight. Fir.it,

uncombined casein is insoluble in milk .serum, water or very dilute acids.

Second, it has properties of an acid and combines with alkalies to form

definite chemical compounds, neutral to phenolphthalein.

Xow, if we know the molecular weight of casein or its equivalent in

terms of a standard alkali, we can at once devise a definite method for estim-

ating the casein bj- titration. Casein exists in milk in a colloidal condition

combined with bases, upon addition of an acid sufficient to combine with

salts in combination with casein, free casein is formed, insoluble in the

serum (it must be remembered that casein and other albuminoids arc soluble

in excess of acids, the solubility depends on the kind of acid and tempera-

ture). There exists a definite relation between the amount of acid required

to form free casein and the amount of casein present. It has been found that

one gram of free casein neutralizes 8.8378 cc. of
,^,

sodium hydroxide, or

1 ee. of
i'^,

sodium hydro.xide neutralizes .11315 grams of casein. From this

data the molecular weight of casein can be calculated.

From the abo\e facts it is ea.sy to determine the quantity of milk re-

quired, so that each cc. of ,-7, '^'''^ used shall correspond to percents or

fraction of a percent. Since 1 cc. of NaOH neutralizes .11315 grams of casein,

it must require an equivalent amount of acid to set free the casein from its

original combination in milk. If we wi.sh to know the quantity of milk to be

taken so that 1 cc. of acid used to separate the casein from its ccnnbinaion

shall r'qual 1 per cent, of ca.sein, we make use of the above equi\alent, i.e.
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1 cc. ^ acid = .11315 grams casein, or in other words .11315 grams of

casein is capable of neutralizing as much alkali as 1 ec. of
^^^

acid, so if we take

11.315 grams of milk we see from the relation above that every cc. of

•^ acid used equals 1 per cent, casein. By using different quantities of milk

we need only change the normalitj- of our acid.

If by using 11.315 grams of milk for 11 cc.) where each cc. of
J^,

acid

corresponds to 1 per cent., by using a greater or larger quantity of milk the

normalitj- would have to be correspondingly less or greater. When we use

8.75 cc. or 9 grams of milk the normality would not be ?^, but 795 cc.

N
j^,

acid plus water to make 1,000 cc. which equals ^^ -^ Upon the above

facts the volumetric method of Van Slyke and Bosworth is based.

Procedure in caiTying out in detail the volumetric estimation of casein:

"A given amount of inilk, diluted AvitliAvater, is made neutral to phenolpthalein

by the addition of a solution of sodium hydro.xide. The casein is then complet ely

precipitated by the addition of the standardized acetic acid; the volume of the

mixture is then made up to 200 cc. by the addition of water, thoroughly shaken

and then filtered. Into 100 cc. of the filtrate a standard solution of sodium

hydroxide is run until neutral to phenolpthalein. The solutions are so stand-

ardized that 1 cc. is equivalent to 1 per cent, of casein when a definite amount of

milk is used. The number of cc. standard acid used, divided by two (since

onlj' 100 cc. of the 200 cc. is used), less the standard alkali used in the last

titration gives the percentage of casein in the milk examined." When 17.5

or IS grams of milk are used the strength of acetic acid and alkali are made

by diluting 795 cc. of ^^^ to 1,COO cc. The same normality as was derived

above. Since only 100 cc. of the 200 ce. were titrated this then represents

the acid required to liberate the casein in 8.75 cc. or 9 grams of milk. Like-

wise by u.sing 22 cc. cr-22.6 grams of milk treated as above, then 1 ce. of

,^j
acid equals 1 per cent of casein. By the use of a factor any con-

venient quantity can be used. Example, by the use of 20 cc. of milk and

l^j
solution, adjustment is made by multiplyirg the final result by 1.0964.

Apparatus and reagents necessary to earrj' on the volumetric estimation

of casein in milk are, first, two 50 cc. burettes, graduated to 1/10 cc. or better

1/20 cc, the.se must l)e accurate. One of the Imrettes should be supplied

with a glass stop cock for the acid, and one with a pinch cock for the alkaline

.solution. Second, flasks, volumetric, holding 200 cc. At least two of these

are needed and where a number of estimations are to be made more are

reciiiired to do rapid work; ten to twelve are necessary for rapid work. The
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necks of these flasks should have an. internal diameter of at least three-

fourths of an inch. The reason for this diameter is necessary if the milk

is neutraUzed in the flask. This neutralization can be done in the beaker

into which the milk is weighed, if weights are taken. Third, pipettes, a

Babcock milk pipette accurately graduated to dehver 17.5 cc. of milk,

when 17.5 cc. or 18 grams of milk are used. When 22 ec. or 22.6 grams of

milk are used it will be necessary to have a volume pipette graduated to

deliver the above amounts or a 25 cc. Alohr pipette graduated into 1 10 cc.

will be required. F'ourlh, one 100 cc i)ipette or a volumetric flask graduated

to hold 100 cc. Fifth, beakers of convenient sizes holding at least 2(X) cc.

Si.xth, if standard solutions are to be made, measuring cylinders or volu-

metric flasks holding 1,000 cc. are needed.

In regard to the making of the solutions it is best to prepare both the so-

dium hydroxide and the acetic acid as tenth normal. The accuracy of the

succeeding work depends primarily on the correctness of the standard

alkali and acetic acid. When it is desirable to make dilutions for different

quantities of milk it can be made from the tenth normal stock solution.

The phenolplhalein solution is prepared by dissolving one gram of phenol-

pthalein powder in 100 cc. of 50 per cent, alcohol. This should be neutralized

b^- the use of a few drops of ,?;', XaOH to a very slight pink color.

Carrying out the operation. Weigh out 22.66 grams of milk, or measure

out 22 cc, neutralize in the beaker in whifh the weighing has l)een made,

using onlj- enough alkali to give a verj- faint pink, then transfer to a 200 cc.

flask and wash out beaker with 75 to 80 cc. of distilled water, free from

carbon dio.xide, shake and warm to 22° to 25° C. At this point observe

the color of the diluted milk. Frequently on dilution the pink color becomes

quite pronounced; if so, add a few drops of
f^,

acetic acid to a light pink.

Run in from a burette 25 cc. of a ,^,
acetic acid, frequently shaking, for milk

rich in casein it would require 30 to 40 cc. of acid. Then fill up to the 200

cc. mark, insert stopper and shake thoroughly. After standing for 5 or

10 minutes, filter, after filtration pipette or measure 100 cc of the filtrate

into a 250 cc. or 300 cc. beaker and titrate to a permanent faint pink color,

record the cc. used. Since 25 cc. were added to the total volume and onl\

one-half titrated, we only take 12.5 cc. into consideration. From what lias

been said a portion of the 25 cc. |^„ acetic acid has been used in forming

free casein, therefore the difference between 12.5 cc. and the amount of

^' XaOH used to neutrahze the acid in the 100 cc. filtrate equals the number
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of ec. acid used in liberating the casein. Since a quantity of milk has been

taken so that each ce. of acid used equals 1 per cent, casein, then each

cc. represents 1 per cent, of casein in the sample of milk. For example, it

required 9.4 cc. to neutrahze 100 ce. of the filtrate, and since it represented

12.5 cc. of the acid added to the 200 cc. of the diluted milk, we have 12.5-

j"^ 9.4 = 3.10 per cent, casein.

Below are some of Van Slyke's results obtained by this method in com-

parison with the official method.

PERCENT CASEIN.

Voh metric Method

(Van Slyke-Bosworth). Official Method.

3.00 3.00

3.40 3.36

3.30 3.21

3.20 3.16

2.90 2.95

2.70 2.60

The second volumetric method which I wish to consider is that of E. B.

Hart, of the University of Wisconsin, published in Research Bulletin, No.

10, 1910. For speed and accuracy this method offers no advantage over

that of Van Slyke's and Bosworth's, just mentioned. However, the method

is unique and sound in principle. The fact that free casein has the properties

of an acid and can combine with an alkaU in a definite proportion, it seems

rational that if we dissolve casein in excess of alkaU and the uncombined

alkaU is estimated by titration, using phenolpthalein as an indicator, we

are in a position to calculate the casein equivalent per cc. of standard alkali

used. This is true, and upon this principle rests Hart's volumetric method.

Hart found the casein equivalent for each 1 cc. ,^^, KOH to be .108 grams.

Therefore, if we titrate the casein obtained from 10.8 grams of milk, we see

that each ce. of alkali used must represent 1 per cent, of casein.

Details of the method. Measure 10.5 cc. or weigh 10.8 grams of milk

into a 200 cc. Erlenmeyer flask, add 75 cc. of distilled water at room tem-

perature and add to this 1 to 1.5 ce. of a 10 per cent, solution of acetic acid.

The flask is given a quick rotary motion, usually 1.5 cc. of acetic acid gives

5084—12
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a clear and fast filtering separation, but if the milk is low in casein a little less

acetic acid should be used. The separated precipitate is now filtered through

a filter (9-11 cm. filter), the flask rinsed out thoroughly and poured on the

filter, preferably cold. If a strong stream of water is directed against the

filter, the casein washing is facilitated. About 250 to 300 cc. of water should

pass through the filter to insure the removal of all traces of acetic acid. The

precipitate, together -with the filter paper, is n.ow returned to the Erlenmej-er

flask in which the precipitation was made. To this is now added 75 cc. of

distilled water, free from carbon dioxide, and then a few drops of phenol-

pthalein and 10 cc. of
f^^

potassium hydroxide. A rul)ber stopper is placed

in the flask and the contents shaken vigorously. Complete solution is easily-

indicated by the disappearance of the white casein particles. After solution

the stopper is rinsed off into the flask Avith carbon dioxide free water and

immediately titrated with
j^,

acid to the disappearance of the red color.

It is necessary that a blank be run parallel with the determination. For

example, sui)pose it required 7.20 cc. of acid to make the pink color just

disappear and the blank amounted to .2 cc, the percent of casein would be

10 — 7.4 = 2.60 per cent, casein. Prccniuions ueces.snrij. P^irst, water free

from carbon dio.xide, must be used. Second, the titration should be made

as .soon as solution of casein has taken place. This will be from half an hour

to an hour after adding the
j^,

alkali. Repeated shaking hastens solution.

Resulls olitaincd i>y Hart as (omi)ared with the olficial im'tliod.
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properties of the aeid were developed and could be titrated as any organic

acid.

S. P. L. Sorensen worked out the details and made it possil)le to estimate

amino acids quantitatively by means of formaldehyde. It is well known that

amino acids, such as are formed by the hydrolysis of proteins, especiallj'

milk proteids, are neutral to phenolpthalein, have both an acidic group,

carboxyl and a basic (amino) group. These exist in the same molecule and

boing the alpha amino acids neutralize each other, or in other words we have

an amphoteric molecule, but as soon as formaldehyde is added, it reacts

with the alkaline or basic group forming a methylene compound and leaving

the acid group fre^ to ast.

For example:

A\ll4 /N = CIU

CHa - CH + iicc:: --= cu, - c ii^ j- iho

\ooii COOII

(Alanine) (Formaldchyd-j)

/N = CH2 /N - CH,

CH: - CH + KOH = c:t3 - CII^ - n. "^

"cooH ceoi:

From Emil Fisher's researches on protein and polypeptids there is no

doubt that the protein molecule is conposed of amino acid units. The

carboxyl group ( — COOH) of one amino acid is combintd with the amino

group (—NH4) of another amino acid, forming peptids, di, tri, etc., to poly-

peptids. For example, glycyl-glycine composed of two units of gylcine.

CH, - COOH CH, CO - CH2 - COOH
=1 I

+ lUO

N - H H,N NH
(Glycine) (Glycine) (Glyeil-GIycinc)

Likewise different units may combine, as example, alanyl-glj^cyl-tj'rosine

From whicii we see that each peptid has one carboxyl group (—COOH)

acidic and one amino group ( —NHo) basic. Now if the protein molecule

is built up from amino acids, we can expect it to s])lit up into simpler mole-
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eules, by hjToloysis either witli an acid or ferment into peptones, etc. Then

we would expect the formol number to increase, double, if each protein

molecule were spht into two simpler ones. This is true, so formol titration

gives a measure of the hydrolytic cleavage. We know that the proteids of

milk are neutral to indicators, but on the addition of the formaldehyde

become decidedly eufid to these indicators.

Xow if we can determine a factor or equivalent of the acidity produced

on the addition of the formaldehyde to milk proteids, we can at once deter-

mine the percent of proteids in milk by titrating the acidity with a standard

alkaU.

In 1912, E. HoU Aliller, of England, worked out a method for estimating

the proteids in butter, and the same method is used in determining the

proteids in milk.

Directions for eatintaiing the proteids in butter. Weigh into a tared beaker

exactly 10 grams of butter, which is placed in a water bath at 60° to 70° C.

until the butter is completely melted. Twenty-five cc. of carbon dioxide

free water is then added at about 60° C. and 1 cc. of phenolpthalein solution.

The contents are well agitated. Run in
^^, NaOH until a faint permanent

pink color is formed. It is found that the end point is masked by the yellow

color of butter fat, the contents of the beaker should be allowed to settle

and the bottom aqueous layer observed, and the addition of alkali continued

until the pink tint is obtained. Five cc. of formaldehyde (40 per cent.) is

added. The formaldehyde must either be neutralized before addition or its

acidity equivalent for 5 cc. obtained and afterwards deducted. After the

formaldehyde has been added the beaker is well shaken and again
j^, NaOH

run in until a permanent faint pink color is produced in the aqueous layer.

The number of cc^^', alkali used in the second titration less the amount

equivalent to the acidity of the formaldehyde. No deduct ion is necessary

if the fonnaldehyde was neutralized before being added to tlie Itutlcr. Now
the number of cc.

J^^,
alkali used to neutralize tlie acidity imxhiccd on the

addition of the formaldehyde is proportional to the j)rotein ])resent. One
cc. of i^, alkali is equivalent to .01355 grams of protein nitrogen or .0864

grams milk protein, assuming a definite i)roportion of casein and allximen.

Then to calculate the percent of protein we iiyve
"'*''' ^y*^'''- = per-

cent protein if 10 grams of butter were taken.
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The following table shows the percent protein in butter by the Formol

titration and official method:



1S2

PERCENT CASEIN.

OfTicial.
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New Cave Near Versailles.

Andrew J. Bignkv.

It is known as the cave of Dr. Jim Sale of Dillsboro. It is situated

one mile northeast of Versailles. It is located near the top of a high hill

overlooking Laughery valley. The view from this position is most pictur-

esque. The lover of nature is enchanted by the richness of the scenery.

The chml) up the hill from the Fallen Timber creek to the mouth of the

cave is most exhilarating.

The entrance is guarded by an iron gate. E.xcavations have been made

and walls Iniilt, so as to open a passage to the cave proper, thus making

it convenient for the visitor. A stream of water had been passing through

the (^ave. Now a pipe carries off the water. About thirty' feet from the

mouth of the cave is the main room, which is very beautiful l^ecause of the

numerous pillars, stalactites and stalagmites. The ceiling is high enough

for the tallest man to walk in freely, and in some places could not touch

the ceiling with outstretched arms. Some of the pillars are four to five

feet in height. The ceihng is decorated artistically with stalactites in great

nuinbers and in various sizes, with many corresponding stalagmites. Passing

to the right there is a smaller room also covered with typical cave formations.

A passage extends about thirty feet beyond in the clay and limestone rocks

with only a few stalactites. Extending from the main room is a narrow

passage about seventy feet long where there is a spring from which flows a

moderate stream in rainy weather. The ceiling and crevices above are like-

wise decorated with the stalactites. Undoubtedly there must be other

rooms, but they have lieen naturally filled up with dirt and stone. Even

outcropping on the side of the hill are large formations of stalactites and

stalagmites. It is certainly a very interesting place.

The region round about Versailles has many caves, but this is the only

one that has the cave formations. While it is not a large cave like the

Marengo and Wj^andotte, yet its geological structures are just as typical

and interesting as in the larger caves. It is instructive, for it is near the

margin of the cave region of southern Indiana and northern Kentucky.

(Jeologically speaking, it is in the lower Silurian or Crdovician formation.

It will be instructive for the schools to visit the cave so as to get some accurate

information of cave structures. The entire region is most fascinating.
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Loess and Sand Dune Deposits in Vigo County,
Indiana.

Wm. a. McBeth.

Loess deposits are mentioned in various places as occurring along the

bluffs of the lower Wabash river. Dr. J. T. Scovell, who in the twenty-first

annual report of the State Geologist has given the most extended and de-

tailed description of the geography and geology of Vigo county yet published,

Looking west along National Road from upland along east side of Wabash Valley.

mentions in a single sentence that "Along the eastern margin of the main

valley there are extensive areas of dune sand and at some localities in the

eastern bluffs there are thick beds of loess." So far as I have observed

slight reference has been made to the distribution, appearance and extent

of the loess or loess-like deposits of the lower Wabash valley. The loess is

so involved with sandy material that it is difficult to distinguish between

the two and interstratified clay. The inclination in examining these materials

is to consider them but different phases of the same tiling. The interstratified

clay does not contain boulders and may be weathered or chemically decom-

posed loess, Avhile the sandj- covering may be due to wind assortment.
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Occasional frastorojiod shells of very small size are found. The deposits

occur in ridges and dunes usually -within less than a mile from the cres( of

Dune in Highland Lawn Cemetery. Nortii side National Road.

Note ridge beyond building at left and opposite a cross roads at right.

Dunes soiit li of N'jitioiuil Road 1 mile. Lookitin west I'lom lc\cl upland.

T'lic valley Is just heyond.

I lie easl hiulf anil often witliin a few rods. Sonu'liinrs a single continuous

i-idge of uniform height and widlli crowns the l)luff. In places tlierc are
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successive ridges two or three and in instances four. In still other places

the topography takes the form of dunes, low domes with no characteristic

order or grouping. The gradients of the ridges on the leeward or east side

if often renuirkalily steep. The height of the ridges is in a few eases as much

as twenty-five feet. In most instances the height is not more than half the

figure stated. An interesting observation is that the dunes and ridges extend

alo)ig the north sides of trilnitary valleys still keeping a north-south direction

in the ridges, Avhich in some places are arranged in etchelon. This is noticed

on the north side of Honey creek. The surface on the north side of Otter

creek Aalley appears as one long waAe after another, cloaking the bluff front

Blake Ilil A sand (Uinr norlli side Xalioiial IJoad.

and crest. This arrangement of ridges along the re-entrant \cdleys indicates

that the valleys Avere made before the deposits. The direction of the bluffs

has evidently influenced the deposition of the material as a section of the

ri\i'i- bluffs running directly east-west on the south side of Honey creek shows

no dunes or ridges. The deposits also show a marked relation to the terrace

area in the valley. Where a broad stretch of terrace lies below the bluffs

the ridges and dunes are more strongly developed. Where flood plains

approach the bluffs the deposits on the crest and bordering uplands decrease

or disappear. Conclusions as to the cause of the deposits and their source

seems to lie amply justified liy the evidence that the deposits are wind
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blown, the materials, including the shells being collected from the terrace

surface from the silts deposited by the vaUey-wide stream. This deposition

probably occurred soon after the stream abandoned the terrace level and

withdrew to the present deeper third of the valley width. The work was

done mainly before the invasion by vegetation of the terrace, bluff front and

upland border, after the retreat of the ice sheet from the region. The loess

may l)e a wind deposit from the bare valley at the close of the lUinoisan

ice invasion. This dust may have weathered through a long interglacial

period of time to be covered with later deposits of dust and fine sand swept

over the vaUey from the border of the Late Wisconsin ice which did not

reach the present site of Terre Haute, but whose strong moraine lies fifteen

or twenty miles upstream near CUnton and Rockville.
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Volume of the Ancient Wabash River.

Wm. a. McBeth.

The Wabash valley at Terre Haute has a width of five to six miles. One-

third this width has a depth of approximately one hundred feet, embracing

a flood plain tract through which the river meanders in a channel averaging

one thousand feet wide and, twenty feet deep. The remaining half is a terrace

about half the depth of the deeper part. The whole valley bottom shows the

effects of stream deposition, the pre-glacial trench of two hundred to two

hundred and fiftj^ feet in depth being half-full of sand and gravel. A point

Miles

r5oc
I 450

Jentrttli^ed profile across Wabash Valley o^t Terre H^^te,

of interest in connection with the stream and valley is the question of volume

of water by which various phases of the work was done. The size and weight

of pebbles in the gravel indicate a volume and velocity much greater than

that of the present stream either in average volume or flood. Some suggestion

as to the width and depth of the stream at its stage of greatest flow is furn-

ished bj' features of the terrace surface consisting of sandbars and delta

deposits. This terrace surface is marked with numerous shallow current

Unes or channels. The bars form ridges of greater length than width, often

many times longer. They trend northeast, southwest, the direction of the

valley and have the characteristic stratified structure of such features, the

layers of finer or coarser sand dipping steeply down stream. Extensive

areas of the terrace surface lie at an elevation of four hundred and ninety

feet a.t.l. Some places are five feet lower while some of the ridge tops rise

to the five hundred and thirty foot level. Low water in the present stream

is four hundred and forty-five feet. Points in sections 3, 23 and 24 and a

bluff side delta of a brook crossed by Fruitridge avenue at the south edge

of Section 24, Town 12 N. Range 9 W., rise to nearly the five hundred thirty

foot level. Sandbars and deltas are built under water and the surface of the

stream in which these deposits were made must have been a few inches

and possibly several feet above the ridge and delta tops when they were
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fompleted. The range of elevation four hundred ninety to five hundred

thirty equals forty feet over large areas with places of forty-five feet or inore.

A cross profile from bluff to bluff shows these ridge tops to be the highest

l)oints lietween bluffs. Water covering these ridges must have covered

the valley from side to side making a stream of from five to six miles wide

and forty to fifty feet deep. Just hoAV much of the year or for how long

periods the Avater maintained such a volume it would seem impossible to

say^ Imt prol)al)ly the maximum \-olume was reached in summer and main-

tained thi-ough the summer months, declining as Avinter came on. The

assum])tion is that I he largest volume of Avater Avas i)roduce(l l)y tlie summer

melting of tlie (Jreat Ice Sheet that formerly overspread the Northern

United States and much of Canada. Whether tiie Avest deeper side of tlie

A^alley A\^as then lower than the terrace portion cannot be stated certainly,

deeper water probably coAcred the i)art of the valley that noAv shoAvs the

greatest depth. A depth of tAventy feet of Avater is shown for the jiighest

));iiMs of tlie site of TiTrc Ilaulc
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A Bibliography of Geographic Literature Concern-
ing Foreign Countries.

Taken from Non-geoj^fraphifal Magazines 1900-1914; Government Documents;

and Geographical Magazines.

B. H. SCHOCKEL.

INTRODUCTION.

Tliis bibliography is sulimitted in the hope tliat it will be of some value

to teachers of geography below the University, even though it is incomplete,

and loosely organized. P^aeh article has at least been briefly scanned. There

are included many articles not written from a geographic standpoint, but

it is thought that these also will be of some value to the geography teacher.

The accompanying key is employed to save space. The first refereu(!«3

under South America, for example, according to the key is Bidhiin of t/ia

Pan American Union, volume 32, pages 240 to 251.

Acknowledgement is due to C. 0. McFarland and Mrs. E. E. Rullmau

for assistance in preparing the bibliography.

KEY.

I. Aiuerican Journal of Archaeologj^

II. American Journal of Science.

III. Annals of the American Academy of Political and Social Science.

IV. Atlantic Monthly.

V. Bookman.

VI. Bulletin of the American Geographical Society (Journal).

VII. Bulletin of the Pan American Union.

VIII. Bulletin of the Geographical Society of Philadelphia.

IX. Bureau of American Republics. (Pan American Union.)

X. Centiu'y Magazine.

XI. Chautauqua.

XII. Engineering.

XIII. Everybody's Maga/iiic
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XIV. Forum.

XV. Geographical Journal.

XVI. Harper's Magazine.

XVII. Harper's Weekly.

XVIII. Harvard Graduate's Magazine.

XIX. Independent.

XX. Johns Hopkins University Studies.

XXI. .lournal of Geographj-. (Journal of School Geography.)

XXII. Journal of Geology.

XXIII. National Geographic Magazine.

XXIV. New England Magazine.

XXV. North American Review.

XXVI. Popular Science Monthly. (Scientific MonlhI\ .)

XXVII. Records of the Past.

XXVIII. Review of Reviews.

XXIX. Science.

XXX. Scientific American Supplement.

XXXI. Scribner's Magazine.

XXXII. Scottish Geographical Magazine.

XXXIII. Smithsonian Institute Reports.

XXXIV. The Trend.

XXXV. University of Chicago Magazine.

XXXVI. Westminster Review.

XXXV F I. World Today.

XXXVJir. World's Work.

XXIX. Yale Review.

XL. Yearbook DepartJnent of Agriculture.

XLI. Bay View Magazine.

XLII. Journal of School Geogra))hy.

XLIIl. Journal of Political Economy.

XLIV. Geographical Teacher.

SOUTH AMERICA.

Sears, J. H.: Trade and Diplomacy between Latin America and the United

States.—VII; 32; 240-5L

Baralt, B.: The literature of Spanish America.—VII; 36; 30-37.
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Chandler, C. L. : World race for the rich South American trade.

—

XXXVIII;.

25; 314-22.

Freeman, L. R.: Hydro-electric operations in South America.—VII; 37:

633-56.

Reid, W. A.: Railways of South America.—VII; 37; 165-191.

Latin American foreign trade in 1911—general survey.—VII; 36; 225-244.

Ward, R. D.: CHmate of South America.—VI; 351; 353-60.

Posey, C. J.: Points in the geography of South America.—XXI; 12; 65.

Pepper, M.: South America fifty years hence.—XXIII; 17; 427-32.

Barrett, J.: Our manufacturers' greatest opportunity.—III; 34; 520-531.

Sears, A. F. : German influence in Latin America.—XXVI; 72; 140-52.

What the Latin-Americans think of, and why United States should en-

courage the Pan-American conferences.—XXIII; 17; 474-9; 497-80.

Ogg, F. A.: German interests and tendencies in South America.

—

XXXVIII;

5; 3169-3170.

Bowman, J.: Geographical aspects of the new Madeira-Mamore railroad.—

VI; 45; 275-81.

Rice, H.: P^urther exploration in the Northwest Amazon basin.—XV; 44;

137-64.

Furlong, C. W.: South America's first transcontinental.^XXXVIII; 20;

13535-55.

Humphrey, W. E.: Shipping facilities between the United States and South

America.— Ill; 38; 621-637.

Bowman, I.: Physiography of the central Andes.—II; 178; 197-373.

Bulfin, W.: United States in Latin America.—XXXVIII; 4; 2533-2550.

Denuci, J.: The discovery of the north coast of South America according to

an anonymous map in the British Museum.—XV; 36; 65-80.

Smith, J. R.: Western South America and its relation to American trade.

—

III; 18; 446-468.

Emory, F.: Causes of our failure to develop South American trade.—III;

22; 153-156.

Tower, W. S.: Notes on the commercial geography of South America.—VI;

45; 881-901.

The quest of El Dorado.—VII; 34; 55-66; 165-176; 317-27; 447-58; 607-621;

732-43.

South America: Its general geographic features and opportunities.

—

VIII;

8; 47-53.

5084—13
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Fortescue, G.: South American irade hints.—VII; 32; 261-69.

Bulletins of the International Bureau of American Republic.—House Doc;

267; Vol. 68-72; 58 Cong., 3rd Sess.; Serial Nos. 4847-50.

Ibid: House Doe. Vol. 75-76; 56th Cong., 1st Sess.; Serial Nos. 3972-3.

Ibid: House Doc. Vol. 86-89; 59th Cong., 1st Sess.; Serial Nos. 5026-29;

49; 49-54.

Dr. Koch: Griinberg's explorations in the Northern Amazon basin and the

Guiana Highlands (map).—VI; 45; 664-66.

Dunn, A. W.: Beef from South America and Australia.—XXVIII; 49;

49-54.

Hammond, J. II.: The expansion of our Latni American trade.—XIX;

80; 406.

Brown, C. M.: Cocoa-nuts in the Americas.—VII; 32; 17:39.

Tin mining in the Americas.—VII; 31; 983-94.

Milhvard, R. H.: Petroleum in the Americas.—VII; 31; 756-78.

Cacao of the world.—VII; 34; 75-85.

Church, (J. E.: Aborigines of South America.—VII; 38; 360-69.

Savage-Landor. A. H.: Across unknown South America.—VII; 38; 204-13.

Reid, W. A.: Coca, the wonder plant of the Andes.—VII; 38; 640-56.

A commercial traveler in South America.-VII; 38; 37-53; 183-203; 329-47;

516-35; 657-78; 810-830.

Wight, W. v.: South American fruit production.—Vil; 38; 9-26.

Reid, W. A.: Furs in the Americas.—VII; 38; 157-169.

Bowman. I.: Results of an expedition to the Central Andes.—VI; 46; 161-83.

Ak(;icntink Rkitblic.

Argentine Republic—VII; 31; 2-26.

Brandon, K. K.: Argentine universities.—^Vl I; 34; 223-230.

Comment' of .\rgentine Republic.—VTI; 36; 445-49.

Altw.ll. .). S.: Argentine and its capital. XLI: Jan.. 19i;{.

Argentine plains and andine glaciers, with a descrii)ti()ii of the South

Ameii.an locust.—VII; 33; 1082-94.

Hale, A.: Crossing the Andes by aero and auto.—VII; 38; 313-21.

Cultivation of (otton i?i Argentia.

—

VlI; 33; 751-50.

The Arf^cntii:. Iv<|)iil.iic. VII; 33; 9-46.

.Mbcs, Iv: 'I'hc strait of Magellan, I'inila, .\reii:is. .-Did the Tierra del

Fiici-iaus. \'li; 35; !)S9-1002.
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Albes, E.: Buenos Aires and vicinity.—VII; 35; 816-335.

Chandler, C. L. : Tlie Argentine southward movement.—VII; 38; 489-98.

ToA\Tisend, C. H.: Naturalist in Straits of Magellan.—XXVI; 77; 1-18.

Wheat supply.—XLIII; 12; 5-35.

Indian corn in Argentina.—XLIII; 12; 255.

Tower, W. S. : A journey through Argentina.—VIII; 12; 89-113.

Kuezywskd, R. R.: Wheat groT\'ing in Argentina.—XLIII; 10; 266-281.

Wilcox, ]VI.: Argentine Patagonia: A land of the future.—VI; 42; 903.

Grubb, W. B.: The ehaco-boreal: The land and its people.—XXXII; 16;

418-429.

Smith, J. R.: The economic geography of the Argentme RepubUc.—VI;

35; 130-143.

O'DriscoU, F.: A journej' to the north of the Argentine Republic.—XV;

24; 384-408.

Smith, W. G.: A visit to Patagonia.—XXXII; 28; 456-75.

Wellington, C W. : Among the titans of the Patagonian pampas.—XVI;

122; 813-827.

Bowman, I.: Northern Patagonia.—VI; 45; 357-59.

Corthell, E. L. : Two years in Argentine as the consulting engineer of national

public works.—VI; 35; 439-471.

AUits, E.: Across the pampas of Argentina; a day in Alendoza, and over the

Andes; VII; 35; 506-21.

Hirst, W. A.: Argentine.—XXXI; 1911.

Furlong, C. W.: Vanishing people of the land of fire.—XVI; 120; 217-29.

Report on trade conditions in Argentina, Paraguay, and Uruguay.—United

States Commerce and Labor; Miscellaneous Reports, Vol. 2, article 5.

Hatcher, J. B.: Some geographic features of Southern Patagonia, with a

discussion of their origin.—XXIII; 11; 41-55.

Steflfen, H.: The Patagonian cordillera and its main rivers.—XV; 16; 14-39;

185-211.

Willis, B.: Recent surveys in Northern Patagonia.—XV; 40; 607-15,

Holdich, Sir T. H.: The Patagonian Andes.—XV; 23; 153-76.

Barrett: Argentina, LTruguay and Paraguay.—XIX; 66; 88-96.
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BOLIVIA.

Bolivia.

Brandon, E. E.: Higher edur-ation in Bolivia.—VII; 33; 1124-30.

Bolivia.—VII; 33; 206-224.

Picturesque La Paz. the capital of Bolivia.—VII; 37; 209-19.

Bowman, I.: The distribution of people in Bolivia.—VIII; 8; 74-93; 159-84.

E.xplorations in Bolivia.—XV; 35; 513-532.

Horn. K. (\: The historic foundations of Colcha. in Bolivia.—XXVII:

12; ll(i-22.

Further explorations in Bolivia: The River Heath.—XV; 37; 377-398.

Bolivia. VII; 31; 27-41.

Adams, H. C: Liberation of Bolivia.—XXVIII; Jan., 1913.

The geography and natural resources of Bolivia.—XXXII; 27; 6-13.

Hoek, Dr. H.: E.xplorations in Bolivia.—XV; 25; 498-513.

Hill, A. W.: Notes on a journey in Bolivia and Peru around Lake Titicaca.

—

XXXII; 21; 249-260.

Adams, C: Kaleidoscopic view of La Paz.— XXIli; 20; 1 19-42.

Calderon, S. V.: A country without a debt.—XXIll; 18; 573-86.

Bowman, I.: Trade routes in the economic g«'ography of Bolivia.—VI:

42-22-90-180.

Handbook of Bolivia.—Hou.se Doc. Xo. 145, V. ()7; 51 Cong., 3rd Session;

Serial Xo. 4846.

Riviere, A. De: Explorations in lln' rui>l)cr districts of Bolivia.—VI; 32;

432-410.

Bingham, 11.: Potosi.—VI ; 43; 1-13.

Travels on the boundary of Boln ia and .\rgentiiia.— XV; 21; 510-25.

Evans, J. W.: P^xpeditions to Bolivia.—XV; 22; ()01-46.

Barrett: The western repul)li<'S of South America.—XIX; 66; 515-23.

('ommerceof iiolivia for 1912. V!I;38; 110-117.

HU A/.II..

Ward, I).: The economic climatology of the colTic district of Sao Paulo,

Brazil. VI; 43; 428-445.

Branner, J. ('.: The geography of norllieastern Bahia.—XV; 38; 139-152;

256-269.

Brazil.— VII; 33; 47-.S0.
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All-rail route between Montevideo and Rio De Janeiro.—VII; 33; 1095-

1114.

Astimead, P. H.: Madeiro-Mamore railway.—VII; 32; 432-52.

Iron ores of Brazil.—VII; 32; 652-65.

Brazil.—VII; 31; 42-73.

Hale, A.: Developing the Amazon valley.—VII; 36; 38-47.

Wright, M. R.: The mighty Amazon.—XLI; Feb., 1913.

Hale, A.: A trip tlirough Brazil.—XLI; Feb., 1913.

Sugar in Brazil.—VII; 34; 205-211.

Albe, E.: The beautiful capital of Brazil and its environment.—VII; 36;

1-26.

Albes, E.: Bahia and Papa, two great ports of Brazil.—VII; 36; 165-182.

Post, C. J.: From frontier to frontier through the rubber country.—X;

83; 352-64.

Brandon, E. E.: Higher education in Brazil.—VII; 34; 636-45.

Peniambico: Sao Paulo and Santos, in eighty days with the Blueeher party.

—

VII; 35; 55-72.

Hale, A.: The port of Para.—VII; 35; 682-98.

Col. Roosevelt's exploration of a tributory of the Madeira.—VI; 46; 512-19.

Hale, A.: Madeiro-Mamore railway company.—VII; 35; 1124-41.

Hale, A.: Valley of the river Amazon.—VII; 35; 1116-24.

Post, C. J.: Shooting the canons of the Eastern Andes.—X; 83; 273-84.

Danson, T. C: The Caucasian in Brazil.—XXVI; 64; 550-56.

Keller, A. J.: Portuguese colonization in Brazil.—XXXIX; 14; 374-410.

Branner, J. C: Palm trees of Brazil.—XXVI ; 60; 387-412.

Furniss, H. W.: Diamonds and carbons of Brazil.—XXVI; 69; 272-280.

Lome, H. M.: An American sanitary triumph in Brazil.—XXXVIII; 20;

12951-56.

Ward, R. D.: A visit to the coffee country of Brazil.—XXIII; 22; 908-31.

Ward, R. D.: The southern campos of Brazil.—VI; 40; 652.

Cobb, D. A.: Tales from Brazil.—XXIII; 20; 917-21.

A trip up the lower Amazon.—XXXII; 45; 881-901.

Koettlitz, R.: From Para to Manaos: A trip up the lower Amazon.

—

XXXII; 17; 11-30.

Ruhl, A.: Where the coffee comes from.—XXXI; 43; 739.

Roosevelt, T.:A hunter naturalist in the Brazilian wilderness. — XXXI;

55; 407-539-667.
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Hutehinson : Trade conditions in Brazil.—Senate Doc. 164; 59th Cong.,

1st Sess.; Serial No. 4912.

Brazil.—House Doc. 557; 57th Cong., 1st Sess.; Serial No. 4357.

Chile.

Smith, .J. R.: The economic geography of Chile.—VI; 36; 1-21. -

Gibson, H.: The boundary dispute between Chile and Argentina.—XXXII;

18; 87-90.

Tower, W. S.: Nitrate fields of Chile.—XXVI; 83; 209-230.

Argentina-Chile boundary dispute.—XXIII; 13; 27-28.

Bertrand, A.: Methods of survey employed bj' the Chilean boundary com-

missions.—XV; 16; 329-45.

Ward. R.: Climatic control of occupation in Chile.—XLII; 1; 289-92.

Gormaz, T. V.: Depressions and elevations of the southern archipelagoes

of Chile.—XXXII; 18; 14-24.

Young, E. C. : A journey among the highlands of Chile.—XV; 26; 307-18.

Bowman, I.: The regional population groups of Atacama.—XXXII; 26;

1-9; 57-67; also VI; 41; 142-93.

Van Dyke, H. W. V.: Chile.—XI; 66; 54-79.

Albes, E.: Santiago and Valparaiso.—VII; 35; 703-21.

Brandon, E. E.: University of Chile.—VII; 34; 67-74.

Hale, A.: The city of Valparaiso, Chile.—VII; 36; 653-667.

Chile.—VI I; 31; 74-96.

Bituminous coal of Chile.—VII; 32; 084-88.

Chile.—VII; 33; 421-53.

ToAver, W. S.: The economic resources of Chile.—VII; 36; 207-224.

Ross, W. II.: Origin of nitrate deposits.—XXVI; 85; 134-45.

Barrett: The western repul)lics of Soutli America.—XIX; 66; 515-23.

Linking the ends of Chile.—Vi I; 38; 27-36.

Colombia.

Colombia.—VII; 33; 224-245.

Colombia.—VII ; 31 ; 97-115.

Coal on the Pacific coast of Coloinl)ia.—VII; 37; 97.

Alexander, T. S.: Colombia: Tlie government; the people, and the country.

XXXVIII; 7; 4336-4343.
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Barrett: The northern republics of South America.—XIX; 60; 789-96.

The emerald mines of Colombia.—VII; 38; 839-44.

Pearse, A. S.: Tropical nature in Colombia.—XXVI; 84; 290-305.

Ecuador.

Ecuador.—VII; 31; 166-88.

Commerce of Ecuador.—VII; 36; 92-97.

Bennett, F. W.: Guayaquil and Quito railway.—VI; 35; 361-364.

Ecuador.—VII; 33; 246-67.

Lee, J.: Beautiful Ecuador.—XXIII; 18; 81-91.

Barrett: The northern republics of South America.—XIX; 66; 789-96.

Handbook of Ecuador.—IX; Bulletin 64.

Commerce of Ecuador for 1911.—VII; 38; 259-64.

Moore, C. H.: Railway construction in Ecuador.—VII; 38; 170-82.

Guiana.

Percival, J. B. : Resources of Dutch Guiana.—VII; 37; 818-26.

Villers, J. A. J. de: The foundation and development of British Guiana.

—

XV; 38; 8-26.

Heilprin, A.: An impression of the Guiana wilderness.—XXIII; 18; 373-85.

Eigenmann, C. H.: Notes from a naturalist's experiences in Giiiana.

—

XXIII; 22; 859-70.

Rodway, J.: The forest problem in British Guiana.—VI; 34; 211-16; 283-94.

Furlong, C. W.: Through the heart of the vSurinam Jungle.—XVI; 128:

327-39.

Paraguay.

Paraguay.—VII; 31; 294-306.

Paraguay in prospect.—VII; 36; 785-802.

Grubb, W. B.: An unknown people in an unknown land.—VII; 36; 532-44.

Fitzhugh, E.: Paraguay and the Paraguayans.—XLI; Jan., 1913.

Paraguay.—VII; 33; 356-76.

Bibliography of Paraguay.— House Document, Vol. 65, No. 145; .IcSth Cong.

3rd Session; Serial No. 4844.

Hale, A.: Yerba Mate: Paraguayan tea.—VII; 32; 409-87.

Barrett: Argentina, Uruguay, and Paraguay.—XIX; 06; 88-96.
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Peru.

Howland, S. S.: Cuzeo, the sacred city of the Jucos.—XXXI; 51; 205-19.

Peru.—VII; 33; 454-77.

Gregory, H. E.: A geographical sketch of Titicaca, the ishiiid of the sun.

—

VI; 45; 561-575.

Brandon, E. E.: Technical schools of Lima, Peru.—VII; 33; 942-46.

The ancient ruins of Tiahuanacu.—VII; 37; 513-32.

Todd, M. L. : Ancient temples and cities of the new world.—VII; 31; 967-77.

Todd, M. L.: The Cordillera of Peru.—XIV; 51; 119-23.

Peru.—VII; 31; 307-24.

Commerce of Peru for 1911.—VII; 36; 113-122.

Pei.xotto: Down the west coast of Lima.—XXXI; 53; 421-38.

Commerce of Peru for 1912.—VII; 38; 265-273.

Beasley, W. : Remarkable civilization of the ancient Incas.—XLI ; Jan., 1913.

Peixotto, E.: The land of the Incas.—XXXI; 53; 699-713.

Guine.ss, Ci.: Descendants of the Incas.—-XLI; Jan., 1913

Barrett: The western repul)lics of South America.—XIX; 6(); 515-23.

Bowman, I.: Buried walls at Cuzeo and its relation to the question of a pre-

Inca race.— II; 181; 497-509.

Bingham, II.: I'rcliistoric luinr.ui remains, investigation of, found near

Cuzco.— 11; 186; 1-5.

Vernier, W.: Chan-Chan, the ruined Ciiitnu caijital.—VII; 38; 348-359.

Wilson, L. L. W.: Climate and man in Peru.—VIII; 8; 79-97.

Adams. H. C.: Cuzco, America's ancient mecca.—XXIII; 19; 669-94.

Hardy, O.: Cuzco and Apurimac—VI; 46; .500-12.

Bingham, 11.: In the wonder land of Peru.—XXIII; 24; 386-573; 23; 417-23.

Hall, F. M.: Ancient and modern Peru.—XXXIV; Nov., 1913, p. 303.

Adams, H. C: Along the old Inca highway.—XXIII ; 19; 231-50.

Bailey, S. : A new Peru\ian route to the i)lains of the Amazon.—XXIII;

17; .332-49.

The new boundary Ixtween Bolivia and Peru.—VI; 42; 4.35-437.

Post, C. .1.: Across South America.—X; 83; 41-53.

Markham. Sir C. R.: Tlic land of the Incas.—XV; 36; 381-401.

UlUCilAV.

Uruguay. -VII; 33; 1(17-184.

Uruguay.—VII; 31; 3,57-72.
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Albes, E.: The republic east of the Uruguay and its fine capital, Monti-

video.—VII; 35; 1142-58.

Brandon, E. E.: University instruction in Uruguay.—VII; 34; 512-19.

Barrett: Argentina, Uruguay, and Paraguay.—XIX; 66; 88-96.

Venezuela.

Vene/Aiela.—VII; 33; 185-202.

Manning, J. A.: La Guaira, the picturesque.—VII; 31; 642-50.

Venezuela.—VII; 31; 373-89.

Brandon, E. E.: Education in Venezuela.—VII; 34; 759-66.

Totten, R. J.: Lake and city of Marocailc—VII; 34; 361-75.

Austin, J. B.: Venezuela's territorial claims.—VII 1; 2; 2-20.

Lyle, E. P.: Venezuela and the problems it presents.—XXXVIII; 2;

6943-54.

Notes on Venezuela.—XXIII; 14; 17-21.

Handbook of Venezuela.—House Doc, V. 65; 58th Cong., 3rd Session; Serial

No. 4844.

Furlong, C. W.: Across tlie Venezuela Llanos.—XVI; 128; 813-25.

Barrett: The northern republics of South America.—XIX; 66; 789-96.
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A Study of the Collections from the Trenton
AND Black River Formations of New York.*

By H. N. Coryell.

The Trenton limestone in general is a formation made up of thin bedded,

dark bluish gray, compact limestone separated by thin shaly layers, except

the upper 25 to 35 feet which consist of a coarse crystalline, thick bedded

limestone with thin shaly partmgs. This formation is everywhere very fos-

siliferous.

The type locality for the Trenton limestone is in the southwest part of the

Remsen quadrangle, along West Canada creek, at Trenton Falls. A detailed

section of the formation shown here is given by Prosser and Cummings, who

have measured the entire thickness of 270 feet with great care. The upper

portion does not appear in the Trenton Falls section, yet the work of W. J.

Miller shows that there is only a few feet omitted, since the crystalline beds

are at no place more than 35 feet thick upon which rest the Canajoharie shale.

The bottom of the Trenton formation is not shown in the Trenton Fall

gorge, still the dip of the strata and the presence of the Lowville limestone a

few miles to the southeast makes it seem very probable that the lowest beds

in the gorge are not far from the base of the Trenton formation. Thus allow-

ing for the necessary addition to the top and the bottom, the thickness of the

complete section is at least 280 to 300 feet. The measurements taken at

Rome and at the Globe Woolen Mills at Utica show a greater thickness of the

Trenton to the southward and southwestward.

The formations during the early Paleozoic were deposited upon a smk-

ing ocean bottom. The coast line receded to the northward. Younger forma-

tions overlap the older ones everywhere along the cost line and lay upon the

precambrian rocks. The Trenton is 510 feet in the Globe Woolen Mills well

at Utica, 575 feet in the Chittenango well, and 435 feet (including the Low-

ville) in the well at Rome. In the vicinity of Trenton Falls it has a maximum

thickness of 300 feet. Along the Precambric boundary there are indications

that it is imicli less. Coiisidciiii^ I lie slope of tlir Precambric floor and differ-

*A summary (jf the lid^raliiru is given by Prof. K. li. (Jiitiimiii^iis in tlu; lUilIctiii oC

Uh- New York State Museum, No. 34, Vol. 7, May, IDOII.
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enee of elevation between Barrhvt'll ]Mill where the upper Trenton is shown,

and the mouth of Little Black creek where the Precambrian outcrops, no

such great thicknesses can be present. The Trenton at Bardwell Mill is

probably not more than 150 feet.

To the south of Trenton Falls there is an increase in the thickness of about

20 feet per mile southwestward. Between the Globe Woolen Mills and

Trenton Falls there is a difference in thickness of 210 feet in the distance of 14

miles. In the well at Rome the Trenton is 375 feet, and 20 miles to the north-

east it is from 200 to 2.30 feet. The general fact drawn from these indicates a

sloping floor on wliich tlie Trenton was deposited, of 6 to 20 feet per mile to

the southwestward; the slope being less in the northwestern part.

The nan'ow gorge cut by the West (\inada ri^er extends for two and one-

half miles up the river from Trenton Falls to the village of Prospect. Its

walls are nearly vertical, varymg in height from 100 to 200 feet. Through-

out the entire course there are six waterfalls: th(> Sherman fall, near th(^

southern end of the gorge, is about 30 feet high and a short distance above the

power house; High falls is one-fourth mile south of the railroad bridge; it

consists of an upjjcr and a lower part with a total of 128 feet; the fall at the

dam. just north of tlie railroad bridge, is about 40 feet high; and the Prospect

falls at the upper end of the gorge is 25 or .30 feet high. The total fall of the

stream within the two- and one-half miles is about 360 feet, according to the

topographic map. In spite of the steep siojie of the stream bed the south-

ward dip of the strata permits an exposure of only 270 feet of the formation.

Two systems of joints predominate in the Trenton, which are distitu-lly

indicated l)y the appearance of the walls of the gorge. Nearly everywhere

the joints are vertical, at least at a very high angle, and extend in an east-

west and a north-south direction. The east-west .system can be seen extend-

ing acro.ss the gorge, especially at tiie falls, which are caused by the existing

joints. When large blocks of stone are removed by the current during high

water, a new peri)endicular surface is exposed over which the water falls.

Thus th<' falls recede. This is especially seen in the case of Sherman F"'alls.

During high water, the water falls over one joint plane on the east and another

on the west, while during low water the entire stream falls over the rear joint

on the west. The block of limestone between them will eventually l)e

removed.

The vertical walls of the gorge are maintained l)y the breaking off of large

l)locks of limestone along the north-south joints.
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In the bed of the Cincinnati creek the joints are enlarged and forms

an underground course. The sti'eam disappears for several hundred yards.

The contorted layers in the Trenton Falls section are in two distinci

horizons. The loAver one is from 4 to 6 feet thick and lies at the crest of the

lower part of High Fall. It outcrops also in the upper end of the gorge near

Prospect. According to the measurements of Prosser and ( 'umnnngs it lies 144

feet beloAV the top of the Trenton.

The second layer is from 8 to 15 feet thick and shoA\'n alony- tlie ])ath op])o-

site High Fall and may be traced to Prospect. It lies (i.'j to 70 feet below the

top of the Trenton.

Such contortion of strata does not ai)i)ear in tlie outcrop of Trenton

exposed along IMill Creek.

Vanuxem suggested that as the folded layer was more cyrstalline than

the layers above or below, the expansion of crystallization was manifested in

the contortion of the erystalizing layer.

T. G. White discovered overturned fold, cross-bedded, channel filling

structures' that must be explained l:)y other means which would yield a con

siderable expansion in excess of the crystallization.

W. J. Miller states that it is thought that the folded structure at Trenton

Falls w^as in reality caused by a differential movement within the mass of the

Trenton limestone. That the whole body of the limestone has been moved

is clearly demonstrated by the existence of the thrust fault at Prospect. It is

easy to see how when the force of compression was brought to bear in the

region there would be a tendency for the up])er Trenton beds on the upthrow

side to move more easily and consequently faster than the lower Trenton

beds. A similar explanation would apply to the lower folded zone. The folded

zones thus indicate horizons of weakness along which the differential move-

ment has taken place. As thus explained it is evident why the strike of the

minor folds, the strike of the ^ault, and the strike of the large low folds of the

region should be parallel, and y\-h\ the contorted strata should be so local in

occurrence, because all the phenomena were produced by the same local

pressure. The differential movement would also readily account for the

rubbed or worn character of the upper and lower sides of the contorted zone.

The topography of the limestone region, underlain by the Trenton, Black

river, Tribes Hill and Little Falls dolomite is given by E. R. Cummings, who

states in describing the Mohawk \alley near Amsterdam, that the lime-

stone region is characterized by a hnv, rolling relief and shallow stream val-
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leys, except where the streams have been forced to cut new courses through

morainic material or because of the obstructions offered by such material

have been turned aside to make new rQck cuts. The latter is proliably the

ease with the lower courses, at least of the north Chuctanunda and Evakill,

for while they are at present making rock cuts, their banks show deep cuts

through boulder clay, and their beds are in no respect those of mature streams,

both from the abdundance of water-falls and the irregularity of their slope.

The northwestern portion of this region is heaAily covered ^^^th drift and the

topography is more angular on this account. The limestone area is sheard

off by the Hoffman ferrj- fault, along a line running nearly straight from the

western central part of Charlton township to a point about one mile south-

west of Pattersonville. The topography is also distinctly different upon the

adjacent shales (Canajoharie and Schneetady) that abut the entire east face

of the fault as shown on the Amsterdam sheet, except at the north where a

small area of Trenton is found east of and adjacent to the fault.

Trkxtox Falls SKfTiox.

1. Sherman Fall.

The lowest strata that outcroi) in tlic Trcnt(ni Falls gorge are those at

the water level of the pool at the base of the Sherman Fall. They are c(»m-

pact, bluish givy, thin bedded linn stones interstratitied with coarser-grained

layers containing numerous well preserved specimens of Prasopora sinmla-

trix. The Prasopora beds form the entire fall. The upper layers of this fall

are thin strata, 3 to 5 inches thick, which form a somewhat clearly defined

band 2| feet thick. About the middle of the breast of the falls the Prasopora

are much larger than elsewhere, forming a distinct layer. The second Pra-

sopora zones are the fossiliferous layers just above the crest of Sherman Fall

and forming the base of High P^'alls.

The lists of fossils below were identified from tlic collections made by

Prof. E. R. C'ummings in the summer of 1914.

a = abundant

e = common

r = rare

1

.

Calymene senaria Conrad c

2. Corjnotrypa inflata (Hall) r

3. Crinoid segments a
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4. Dalmanella testudinaria (Dalman) a

5. Hemiphragma tenuimurale Ulrieh r

6. Isotelus gigas deKay c

7. Orthoceras juneeum Hall r-c

8. Pleetambonites serieeus (Sowerby) a

9. Prasopora simulatrix Ulrieh aaa

10. Rafinesquina alternata (Emmons) e

11. Sehizoerauia filosa Hall r

12. StigmateUa n. sp r

13. Trematis terminalis (Emmons) r

2. Below crest of the lower portion of High Fall.*

The strata, thin and shaly, lies at the base of the contorted laj-er. The

following species were collected:

1. Crinoid segments a

2. Dalmanella testudinaria (Dalman) r-c

3. Eridotrypa aedilis minor (Ulrieh) r-c

4. Prasopora simulatrix orientalis Ulrieh aaa

3. A collectio7i at the crest of High Fulls y hided the folloiriiu; species:

1

.

Bythopora sp r

2. Crinoid segments c

3. Dalmanella testudinaria (Dalman) a

4. HaUopora ampla (Ulrieh) r-e

5. HaUopora goodhuensis (Ulrieh) a

6. Pleetambonites serieeus (Sowerby) r-e

7. Prasopora simulatrix orientalis Ulrieh aa

8. Rhinidietya exigua Ulrieh r

4. Upper High Fall.

The rocks are thin bedded both in the upper and lower portion of upper

High Fall. The contorted stratum lies at the base. The following species

were coUeeted

:

1. Arthoclema eornutum Ulrieh a

2. Calymene senaria Conrad c

3. Corynotrypa delicatula (James) r

*Frora a collection made by Mr. T. F. Say er, five feet Ix'lnw the cresl of llic

lower portion of High Falls.
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4. Crinoid segments aaa

'). Dalmanella testudinaria (Dalman) aaa

6. Heraiphragma tenuimurale Ulricli a

7. Isotelus gigas de Kay c-

8. Mitoclema? mundulum Ulrich r-e

9. Xematopora oralis Ulrich r-c

10. Paohydictya acuta (Hall) c

1 1

.

Pachydictj'a fimbriata Ulrich r

r_'. I'latystrophia trentonensis n. sp c

i;j. I'lectambonites sericeus (Sowerby) r-c

14. Prasopora simulatrix orientalis Ulrich a

15. Kafinesquina alternata (Emmons) r

l(j. Rhinidictya exigua Ulrich r

17. Rhinidictya paupera Ulrich r-c

o. Mill Dam Falls.

The Mill Dam Falls or Fourth J"'alls is foi-mcd of iliin Ix'dded, rather

coarse-grained and fcssiliferous limestone. The following species were

identified:

1. Chasmotopora reticulata (Hair) e

2. Crinoid segments a

']. Dalmanella testudinaria (Dahnan) a

4. Pleclanibonites sericeus (Sowerliy) a

'). Rhinidictya paupera Ulrich r-c

(). Power Ddin Inlrnal.

The Power Dam Interval includes almost all of the division of the Prosser

and Cummings report except the upper few feet, which were collected from

separately. The base of this interval is marked by a heavy stratum of lime-

stone. Above this lies thin-bedded compact lime-stone, part of the strata

somewhat crjstalhne, .separated by shaly layers. At the upper end of the

gorge the layers show the greatest amount of folding visible anywhere in the

Trenton F"'alls section. The strata are very fossiliferous and the following

species were collected:

1. Calymene senaria Conrad a

2. Ceramoporella distinct a Uh-ich c

3. Chasmotopora reticulata (Hall) aaa
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4. Corynotrypa delicatula (James) a

5. Corynotrypa inflata (Hall) a

6. Corynotrypa turgida Ulrich a

7. Crinoid segments aa

8. Dalmanella testudinaria (Dalman) aaa

9. Diploclema trentonense Ulrich r

10. Eridotrypa cf exigua r

11. Gastropod fragments r-c

12. HaUopora angulan's (Ulrich) r

13. Hemiphragma tenuimurale Ulrich r-c

14. Isotelus gigas de Kaj- r-c

15. Leptaena eharlottae W. & S a

16. Leptaena unicostata (M. & W) aa

17. Lioclema vetustum (Bassler) r

18. Mitoelema? mundulum Ulrich c

19. Nematopora ovalis Ulrich r-c

20. Orthoceras fragments r

21. Ostracod fragments r-c

22. Pachydictya acuta (Hall) r-c

23. Pachydictya piimila Ulricli r

24. Pianodema subaequata conradi (Winchell) r

25. Platystrophia trentonensis n. sp c

26. Plectambonites serieeus (Sowerby) a

27. Prasopora n. sp c

28. Prasopora conoidea Ulrich r-c

29. Prasopora insularis Ulrich aa

30. Prasopora simulatrix Ulrich a

31. Rafinesquina alternata (Emmons) c

32. Rafinesquina deltoidea (Conrad) a

33. Rhinidictj-a sp 2

34. Rhinidictya paupera Ulrich c

35. Rhynchotrema increbescens (Hall) r

36. Stigmatella n. sp aa

7. I iilcrvdl from lop of II i'jii F'/Z/.s In lop of Mill Dam FoU-s.

From these tliin-bedded fossiliferous strata "were collected the following

species

:
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1

.

Arthoclema cornutum Ulrich c

2. Calymene senaria Conrad r-c

3. Chasmotopora reticulata Hall r-c

4. Crinoid segments c

5. Dalmanella testudinaria (Dalman) aaa

G. Escharopora recta (Hall) V

7. Hemiphragma tenuimurale Ulrich r

8. Leptotrypa sp r

9. Mitoclema? mundulum Ulrich a

10. Nematopora ovalis Ulrich r-c

11. Pachydictya acuta (Hall) c

12. Platystrophia trentonensis n. sp a

13. Plectambonites sericeus (Sowerby) c

14. Prasopora conoidea Ulrich c

15. Rafinesquina alternata (Emmons) r-e

16. Rhinidictya exigua Ulrich r-c

17. Rhinidict3'a mutabihs (Ulrich) r-c

8. Prospect Quarry, below the rryatalline layers.

Below the heavy gray crs'stallme layer that caps llic Tnnldii liiiu'stonc

and in a very thin parting of S to 10 inclies, llial outcrops on tlie I'asl side of

the gorge at Prospect in an old al)andoned quarry opi)osite the large crusher

quarry, bryozoa are exceedingly abundant and are Aveathered out from the

matrix. A small Prasopora is very al)dunan1

.

The crystaUine layers above contain a few bryozoa, but dinicnlt to pre-

pare for study.

The species collected from the weathered parting are as follows:

1. Corynotrypa inflata ( Hall ) r

2. Crinoid segments a

3. Dalmanella testudinaria (Dalman) e

•4. Kridotrypa exigua Ulnch c

."). Ilallopora goodhuensis (Ulrich) a

0. Hemiphragma tenuimurale Ulrich a

7. Isotchis gigas de Kay c

S. Pachydictya acnta (Hnll) c

'•>. Platystroj)]iia trenton<'nsis n. sj) c

10. Plcchiiiilioiiites sericeus (SowcrljN) r-c
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1 1

.

Prasopora n. sp c

12. Proboseina tiimulosa Ulrich r

13. Stigmatella n. sp aa

14. ZA'gospira recurvirostris (Hall) r-c

9. In the collection from the Qiiorry in the crystalline layers at Prospect were

the followiyig species:

1. CjTtodonta obtusa (Hall) r

2. Artlioelema sp r

3. Arthoclema eornutum Ulrich r

4. Calymene senaria Conrad ; r-e

5. Chasmotopora reticulata (Hall) c

6. Crinoid segments a

7. Dalmanella testudinaria (Dalman) r-c

8. Hallopora goodhuensis (Ulrich) c

9. Helopora quadrata Ulrich r

10. Isostelus gigas de Kay c

11. Mitoclema? mundulum Ulrich r

12. Pachydictya acuta (Hall) c

13. Pianodema subaequata (Conrad) r-c

14. Platystrophia trentonensis n. sp c

15. Plectambonites sericeus (Sowerby) r-c

16. Prasopora n. sp c

17. Prasopora sewyni (Xich.) e

18. Rafinesquina alternata (Emmons) r-c

19. Rhinidictya sp c

20. Rhynehotrema increbescens (Hall) r-e

Trenton and Black River of the Patterson (^tarries.

At the east end of the quarries, about forty rods from the house of Joe

Jefifers, is the followng section in descending order:

6. Mesolrypa-Plectambonites lied, thin limestone. Trenton.

5. Strophomena bed, crystalline, massive limestone.

Amsterdam Is.

4. Massive crystalline bed with some Strophomena, and containing

numerous light grey i)('])l)le-like masses of Stromatocerium and

Solenopora. The layer rests directly with a sutured contact upon

the Black river. Amsterdam Is.

.5084— 17
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'A. AIhiuI like Xo. 2 but even darker, more fossils, and containing num-

erous large fragments of a yellowish, sandy limestone. . . 1 ft. 3 in.

2. More massive than Xo. 1 and lighter colored. Very hard. Few fos-

sils, some gastropods separated by rather uneven contact from

Xo. 1 1ft. 6 in.

1. Drab, hard limestone, fine grained, light, weathering to rather thin

layers. Columnarla abundant throughout. Batostoma varium

abundant.

The Trenton in this section lies below the base of the Trenton of the Tren-

ton Falls gorge, and is known as basal Trenton. The beds are massive, cry-

stalUne and contain light weathering "pebbles," (Solenopora and Stroma-

tocerium). The Black river also contains similar pebbles and many angular

masses of hard, blue, unfossihferous limestone. The LoAvville (Birdseye) is

either absent or represented by a thin layer only. The Black river contains a

large branching Batostoma (Batostoma varium) in considerable abundance,

together with Tetradium and Columnaria. The latter is sometimes in very

large masses.

The Strophomena is especially abundant in the massive lower part of the

Trenton.

There is a disconformity between Xos. 1 and 2 and between '.i and 4.

The upper layers of the quarry are thin, very dark colored, with black

shaly partings. They are verj- fossiferous, containing especially Plectambon-

ites, Mesotrypa and Crj'ptolithus. Small Bryozoa are abundant.

The dip of the rock is variable but is generally about two degrees south-

west.

The Amsterdam limestone of C'usliing includes the massive beds of the

so-called Trenton and the Black /ivcr at this outcrop. The following species

were collected

:

1. Batostoma? decipiens Ulrich r

2. Batostoma varium Ulrich _
r

'S. Bythopora herricki (Ulrich) c

4. Calymene senaria Conrad c

."). Chasmotopora reticulata (Tlall) a

(i. ( 'ohiiiinui'ia lialli Xicliolsoii c

7. ( 'rinoid segments a

5. Cryptolithus tessellatus Green c
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9. Dalmanella testudinaria (Dalman) r-c

10. Eseharopora confluens Ulrieh c

11. Eseharopora? limit aris UMch r-c

12. Eseharopora recta Hall c

13. Eseharopora subrecta (Ulrieh) c

14. Liospira subtilistriata (Hall) r

15. Mesotrypa whiteavesi (Nicholson) a

16. Mitoelema? miindulum Ulrieh r-c

17. Nematopora ovalis Ulrieh r-c

18. Pachydictya acuta (Hall) c

19. Pachydictya fimbriata Ulrieh r-c

20. Pachydictya pumila Ulrieh c

21. Phaenopora incipiens Ulrieh r-c

22. Platystrophia trentonensis n. sp r-c

23. Pleetombonites sericeus (Sowerby) a

24. Prasopora simulatrix Ulrieh r-c

25. Rafinesquina alternata (Emmons) rr

26. Rhinidictya mutabilis (Uh-ich) c

27. Rhinidictya paupera Ulrieh r-c

28. Rhynchotrema inerebescens (Hall) r-e

29. Solenopora compaeta (Billings) aa

30. Stietoporella eribrosa Ulrieh c

31. Stromatoeerium eanadense Nicholson and Murie c

32. Strophomena ineurvata (Rhepard) aa

The collection from the Black river of the Pattersonville section (Lower

Amsterdam) formation, contains the foUo'wing species:

1. Batostoma supberbum (P"'oord) a

2. Batostoma varium Ulrieh .' aa

3. Calymene senaria Conrad a

4. CeramoporeUa interporosa Ulrieh r

5. Columnaria halli Nicholson a

6. Crinoid segments a

7. Eridotrypa aedilis minor (Ulrieh) r

8. Eseharopora subrecta (Ulrieh) c

9. Isotelus gigas de Kay r

10. Liehenalia sp r
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11. Leperditia fabulites (Conrad) r

12. Rhynidictya miitabilis (Ulrieh) aa

13. Rhinidietya mutabilis senilis Ulrieh c

14. Rhync'holrema increbescens (Hall) r-c

15. Soleno})()ra c-ompaota (Billings) aa

16. Streptelasma (Petraia) profundiim (Conrad) a

17. Strophomena incurvata (Shepard) a

18. Zygospira recurvirostris (Hall) r-e

The Trenton B"* in the Pattersonville section contains well preserved

fossils from which were collected the following species:

1. Batostoma? decipiens Ulrieh r

2. Batostoma varium Ulrieh r

3. Kloedenia initialis (Ulrieh) r

4. BoUia subaequata Ulrieh e

5. Bythopora herrieki (Ulrieh) c

6. Halloporina n. sp r

7. Calymene senaria (\)nrad e

8. Ceramoporella distineta (Ulrieh) r-c

9. Ceramo])()rella interporosa IHrich r-e

10. Ceraurus pleurexanthemus (Jreen c

11. Chasmotopora retueulata (Hall) a

12. C^hasmotopora subla.xa (Ulrieh) c

1.3. Coelodema trentonensis (Ulrieh) r-c

14. Cornulites flexuosus (Hall) r

l.'j. Crinoid segments a

1(). Cry|)tolilhus tes.sellatus (ireen c

17. Dahnanella testudinaria (Dalman) . . .c

18. Dinorthis pectinelhi (Emmons) r

19. Eseharopora angnlaris Ulrieh e

20. Eseharopora confluens Ulrieh e

21. Eseharopora? liiiiitaris Ulrieh r-e

22. E.seharopora recta Hall a

23. Eseharopora subreeta (Ulrieh) e

24. Graptodictya proava (Eichwald) r

25. Homotrypa snbramo.sa Ulrieh r

'R« New Vork State Museum No. M, Vol.
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26. Isotelus gigas de Kay r-e

27. Mesotrypa regularis (Foord) a

28. Nematopora ovalis Ulrich r-e

29. Pachydictya sp r

30. Platystrophia trentonensis n. sp r-c

31. Pleetambonites sericeus (Sowerby) a

32. Pleetorthis plicatella (Hall) r

33. Prasopora simulatrix Ulrich e

34. Primitia mammata Ulrich r-e

3.5. Protoerisina exigua Ulrich a

36. Rhinidictya mutabilis (Ulrich) a

37. Rhinidictya mutabilis major (Ulrich) e

38. Rhinidictya paupera Ulrich e

39. Rhynchotrema increbescens (Hall) r-c

40. Sehizoerinus nodosus Hall c

41. Stictoporella cribrosa Uh'ich e

42. Stictoporella angularis ULrieh e

43. Strophemna incurvata (Shepard) aa

44. Tetradella subquadrans Uh-ieh r-c

45. Trematis terminalis (Emmons) r

46. Turrilepas canadensis Woodward r-c

47. Zygospira recurvirostris (Hall) r-e

MoRPHY Creek Section.

About one and one-half miles down the Alohawk river from Port Jack-

son on the south side of the river is an outcrop of the Trenton, Black river

and Calciferous (Tribes Hill and Little Falls dolmite).

The basal Trenton resting on the Black river in this outcrop contains the

pebble-like masses of Stromatoporoids (Stromatocerium canadense Nichol-

son and Murie) as at Pattersonville, and consisting of compact beds of dark

crystalline limestone in which Strophomena abound. The difference in ap-

pearance of this section and that at Pattersonville quarries is chiefly due to

weathering.

The Black river is underlain by a compact, nearly unfossiliferous blue

limestone, which is probably the Birdseye (Lowville).

Collections were made only from the thin-bedded Trenton alcove the crys-

talline bed. Mesotrypa and Prasopora are most abundant about ten feet be-
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low the Canajoharie shale contact, but are common throughout the upper 10

feet. In the layers of hard limestone just below the Canajoharie (Utica)

shale CryptoUthus is common and about the only fossil. Plectambonites is

common in the upper thm Trenton.

At the Amsterdam waterworks just north of the city of Amsterdam,

Mesotrypa whiteavesi (Nicholson) and Cryptolithus tesseUatus Green are

very abundant 10 feet or more below the top of the exposed Trenton. The

portion outcropping extends almost to the top of the Trenton formation, but

the contact with the Canajoharie shale is not shown. The creek flows in a

sj'ncline for some distance below the dam.

At the Barge canal dam across the Mohawk river just above Amsterdam

station, there is a quarry, mentioned by Prof. E. R. Cummings, in the New
York State Museum Bulletin No. 34, as sho\\'ing a splendid section of the

Birdseye, Lowville and Black river. The latter is of the same general char-

acter as at Patterson^^Ile, being black, fossiliferous and thin-bedded. The

most abundant fossils are Streptelasma (Petraia) profiindum Conrad and

Stromatocerium canadense Nicholson & Murie.

The following species were collected at Morphy's creek from the Trenton

layers

:

1. Bollia subaequata Ulrich r-c

2. Calymene senaria Conrad e

3. Chasmotopora reticulata (Hall) r-c

4. Chasmotopora sublaxa (Ulrich) r-e

5. Crinoid segments a

6. Cryptolithus tessellatus Green r-e

7. Cythcrella? rugosa (.Jones) r

8. Dalmanella testudinaria (Dalman) e

9. Eridotrypa aedilis minor (Ulrich) c

10. Krid(jtrypa exigua Ulrich r-c

1 1

.

Isotelus gigas de Kay c

12. Leperditia fabulites (Conrad) c

13. Mesotrypa whiteavesi (Nicholson) aa

14. Mitoclema? mimduluin Ulrich r-c

15. Monotrypa n. sp aa

10. Nematopora ovalis Ulrich r-c

17. Pachydictya acuta (Hall) e

18. Pachydictya pumila Ulrich c
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19. Plectambonites sericeus (Sowerby) c

20. Prasopora simulatrix Ulrich c

21. Raflnesquina alternata (Emmons) r-c

22. Rhinidictya paupera Ulrich e

23. Rhynchotrema increbescens (Hall) r-c

24. Turrilepas sp r

25. Zygospira recurwostris (Hall) r-c

Sections in the Vicinity of Lowville.

The Low\ille limestone capped bj- the Black river is exposed in a quarry

near Mill creek at the corner of Church and Water Streets. It is exposed also

in the bed and banks of Mill creek both above and below this point for some

distance. This is the type section of the Low^alle. Up stream just below

where the exposure is covered by the heavy drift, the basal Trenton, "with

immense numbers of Dalmanella and Bryozoa, is exposed. The collections

were made at this place. In several laj^ers the Bryozoa are abundant. The

following are the species collected:

1. Aparehites fimbriatus (Ulrich) r

2. Bythopora sp aa

3. Calymene senaria Conrad c

4. Conularia sp r

5. Crinoid segments c

6. Ctenobolbina cihata (Emmons) r

7. Dalmanella testudinaria (Dalman) c

8. Eseharopora recta (Hall) r

9. Hallopora ampla (Ulrich) aa

10. Hallopora splendens (Ulrich) aa

11. Helopora sp r

12. Paehydictya acuta (Hall) r

13. Plectambonites sericeus (Sowerby) c

14. Prasopora simulatrix Ulrich a

15. Raflnesquina deltoidea (Conrad) c

16. Rhinidictya sp r

17. Stictopora elegantula Plall r

18. Tentaculites sp r

19. Trematis terminalis (Emmons) r
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The best exposure of the LoM^ille "nnth overlying Black river and under-

lying Panielia is on the State Road about one mile northeast of Lowville and

in the several quarries nearby in the field along the limestone scarp. The coun-

try from here slopes southwest exactly with the dip of the rocks. Nothing

higher than Black river is exposed. The Lowville weathers to a light drab

or dove color, but some of the layers are darker and occasionally almost as

dark as the Black river. The ealcite tubes are always present in the Low-

ville except towards the base. In most of the layers they are extraordinarily

abundant; usually perpendicular within tTie strata and lying horizontally at

the surface. They are probably plants.

Fossils other than plant tubes are rare. Some of the thinner layers are

ripple marked.

The whole mass of the Lowville must l)e 30 or 40 feet thick. Very little

of the underlying Pamelia is seen.

The low country to the east and nortli of tli(> exposure shows bosses of the

Pre-Cambrian, and several of these are very near the bottom of the limestone

scrap, so that the base of the limestone cannot be far below the lowest expos-

ure on the State Road locallity.

The Black river (LerajO is dark colored and lumpy, thick-bedded, weath-

ering to a light color but not so light as the Lowville limestone. It is massive

in fresh exposure, showing the characteristic yellow streaks and blotches.

Columnaria, Tetradium and Stromatocerium are abundant. Silicified

Bryozoa of large size are present. Near the base Strophomena is common.

Leperditia is usually common throughout. In fact, the characterisitcs

are practically the same as in the Mohawk Valley and at Valcour Island. The

contact between the Black river and Lf)wville is usually very even and in

unweathered masses appears merely as a slight change of color accompanied

by the disappearance of the ealcite tubes. Sometimes the contact is some-

what uneven. It is evidently a disconformity.

Sl'Ef'lES FRO.M THK WATKUTOWN SECTION.

A short distance uj) the river fnjm Watertown a collection was made froiu

the lower Trenton, containing tlie following species:

1. iiatostonia wincliclli si)iiiulosum IJIrich c

2. Dalmanelhi testudiiiaria (Dahnan) c

3. IIalloi)ora anipla (Uh-ich) a
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4. Hallopora goodhuensis (Ulricli) a

5. Hallopora splendens Bassler a

6. Homotrypa callosa Ulrich c

7. Prasopora simulatrix orientalis Ulrieh a

The similarity of the New York fauna to that of upper Mississippi basin

as given by Ulrieh is shown by the following lists. Of the 108 species identi-

fied, 68 appear in the Trenton and Black river of the upper Mississip])i

Valley. The collections were made with special reference to the Bryozoan

fauna, which accounts for the small number of species reported from the

other classes. It is interesting to note the small number of new species

found, especially among the Bryozoa, notwithstanding the fact that very lit-

tle work had been done on that class from collections of the Trenton and

Black river of New York. A description of these Avill be gi^•en in a succes-

sive paper.

Species from Trenton and Black River of New York.

(Those marked with an asterisk appear in the Trenton and Black River of the

upper Mississippi Valley. T-Trenton. B-Black liiver.)

Bryozoa.

1. Arthoclema sp. (T)

*2. cornutum (T, B)

*3. Batostoma? decipiens (T, B)

*4. varium (T, B)

*5. supberbum (B)

*6. winchelli spinulosum (T, B)

7. Bythopora sp. (T, B)

*8. herncki (T, B)

*9. Halloporina n. sp. (T)

*10. Ceramoporella distincta (T, B)

*11. interporosa (T, B)

*12. Chasmatopora reticulata (T, B)

*13. sublaxa (T)

*14. Corynotrypa delicatula (T)

*15. turgida (T)

no. inflata (T)

*17. Coeloclema trentonensis (T, B)
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*18. Diploelema trentonense (T)

*19. Eridotrypa exigua (T)

*20. aedilis minor (T, B)

*21. Escharopora angularis (T, B)

*22. oonfluens (T, B)

*23. ? limitans (T, B)

*24. recta (T)

*2r>. subreeta (T, B)

26. Graptodiotya proava (T)

*27. Hallopora ampla (T, B)

*28. angularis (T, B)

*29. goodhuensis (T)

30. splendens (T)

31. Helopora sp. (T)

*32. quadrata (T)

*33. Hoinotrypa callosa (T)

*34. suI)raniosa (T. B)

*3o. Ileiniphragma tenuiniui-al«' (T)

36. Leptotrypa sp. (T)

37. Lioclenia vetustum (T)

38. M('Sotr\pa rcgularis (T)

39. whitcavesi (T)

*40. Mitocleina? munduluni (T)

41. Mon()tryj)a n. sp. (T)

*42. Neniatopora ovalis (T)

43. Pachydiftya sp. (T)

*44. acuta (T)

*45. fimbriata (T, B)

*46. ])umila (T, B)

*48. Phacnopora incipiens (T)

49. Prasopora n. sp. (T)

*50. conoidea (T, B)

*.')1. insularis (T)

*52. selwyni (T)

*53. simulatrix (T, B)

*54. simulatrix orientalis (T, B)

*55. Proboseina tumulosa (T, B)
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56. Protoerisina exigiia (T)

*57. Rhinidiotya exigua (T, B)

*58. miitabilis (T, B)

*59. mutabilis major (T, B)

*61. mutabilis senilis (B)

*62. paupera (T, B)

63. Stietopora elegantiila (T)

*64. Stictoporella eribrosa (T, B)

*65. angularis (T. B)

66. Stigmatella n. sp. (T)

Brachiopoda.

*67. Dalmanella testudinaria (T, B)

*68. Pianodema subaequata (T, B)

*69. Pianodema subaequata eonradi (T, B)

*70. Dinorthis pectinella (T, B)

*71. Leptaena charolottae (T, B)

72. unioostata (T)

74. Platystrophia trentonensis (T)

*75. Plectambonites serieeus (T)

*76. Pleetorthis plir-atella (T, B)

*77. Rafinesquina alternata (T, B)

*78. deltoidea (T, B)

*79. Rhync'otrema inerebescens (T, B)

80. Sehizocrania filosa (T)

*81. Strophomena ineurvata (T, B)

82. Trematis terminalis (T)

*83. Zygosi;)ira recurvirostris (T, B)

Crinnirlen.

*84. Crinoid segments (T, B)

85. Sehizocrinus nodosus (T)

Pelecypoda.

86. Ambonychia of obtusa (T)
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Ostracoda.

87. Aparehites fimbriatus (T)

*88. Kloedenia initialis (T, B)

*89. BoUia subaequata (T)

90. Ctenobolbina eiliata (T)

*91. Cytherella? rugosa (T)

*92. Leperditia fabulites (T, B)

*93. Primitia mammata (T, B)

94. Tetradella subquadrans (T)

Triluhila.

*95. Calymene senaria (T, B)

*96. Ceraurus pleurexanthemus (T, B)

97. Crypt olithus tessellatus (T)

*98. Isotelus gigas (T, B)

Cirripedia.

99. Tiirrilepas r-aiiadense (T)

100. rornulites flexiiosus (T)

(ifistroixxid.

101. Liospira subtilistriata (T)

102. Tontar-ulites sp. (T)

*103. Conularia sp. (T)

Coelenlraia.

*10'1. ('(iluiimaria halli (T, B)

10.'). Solciioporu conipafla (T, B)

*1()(). Slrcpttlasuui (Pctraia) proriiiHluin (\i)

SI ro 1)1 (ilo po ro idea

.

107. Stroinatoceriuin caiiadciisc (T)

Cephalopoda.

*10S. Orthoccras jimccuni (T, B)
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Gamma Coefficients and Series.

I. The Coefficiknts.

1. The function.

{axhy '

) = iax + 5 // + '
'

)

Tix + DTiy+ V)--

will be called a ganuiui roeffivieiil of coordinates x, y, , atid imroiinicrs n, h, '

,

and a mullinomial coefficient Avhen each parameter is unity. We .shall use

Greek letters to denote coordinates taken from the series 0, 1. 2, 3, .

At points of discontinuity, the sum of the coordinates is zero or a negative

integer. These points are excluded in the following properties.

2. A gamma coeffiicient icith a neqatire integral coordinate is zero.

3. Zero coordinates and their parameters ntay lie oniitlfd, as (axhycO) =

(a.vby)

.

4. The gamma coefficient of a point upon on axis equals the parameter of

that a.ris. as (a.r) = a.

5. The gamma coefficient of any point is the sum of the gamma coefficient

of the preceding points (a preceding point being found by diminishing one

coordinate by a unit). Let E?7 operate to diminish the n'th cocirdinate by

a unit, then in symbols, *(Note)

(axby ")=(E^+E, + . .) (a.rhy
"

'

)

This may be extended to the //'tli rejietition of Ei+E>-\-' ' =1, whera

the £"s combine by the laAvs of numbers.

G. The above j^roperty furnishes an immediate pi'oof of tlie midtinomlat

theorem. Tlius let

Fn=Z(lall3' ) p^"/' ', a+p+" =n
i. e. the summation extends to every point the sum of whose coordinates is

n, there being a given number of variables /;, ej,
' '

, and corres])onding in-

tegral coordinates a, (3,
' '

. Applying art. 5 to the coefficients of P'n, w(< find

Fn = (p +q+' )F(«.-1), and since Fl=p+q+' '

, therefore F/( = (/; + r/+ '

')''.

7. Zero parameters and corresponding coordinates may he omitted, if the

result he multiplied by the multinomial coefficient of the omitted coordinates

and one other, the sum, less I, of the retained coordiruites, as,

(O.TOybzcw) = (bzcw) (l.rl/ylu''), »''=^+(r-l

8. Equal parameters and their coordinates may be omitted, except one to

* (Note) Read /* for -q throughout this paper.
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a coordinate the surti of the omitted coordinates, if the residl be niidliplied by the

midtinomial coefficient of the omitted coordinates, as

(axaybz) = (ax'bz)(lxl7j) , x' =x-\-y.

9. The coefficient of a parameter of a gamma coefficient is the multinoimnl

coefficient of the corresponding preceding point. In symbols,

{axhy' ) ={aEx-\-bE. + ' '){lx^\y' ')

11. CIamma Series.

10. Let there be /« variables, pi, p-u , of weij^hts 1, 2, ', and in cor-

responding parameters, Oi, «2, • The ganiwa series of weight n is the sum

of all terms in the variables of weight n, each midtiplied by the gamma

coefficient of its exponents and the corresponding parameters:

(a) {ap)n = ZiOiaia-ia-i ') p\ '^2 ' ,q:i+2«2+ =n..

This series is not a function of an r'tli variable and parameter for r>n,

since the simultaneous exponent and coordinate ar, is zero.

By applying art. 5 to the coeffici(>nts of (ap)?!, we have,

(b) {ap)n = pi (ap) (n -1) + . . +pri-i(ap)\ +arjPr,

where, if /•>///, pr=0.
The last term r/^/)^, which cannot exist if n > in, is determined ])y the fact

that it is given by the coordinate ayj = 1, and the other coordinates, zero.

11. Tlie difference equation 10(h) has no .sokition except the gamma
series, since all values of (a]))n are determined from it l)y taking // = 1,2, '.i.

successively. It is an equation of permanent form only for n>m, when it

is the general linear difference equation of n'\h order with constant coefficients

Pi, p-i, , ivhose general .solution with in arfyilnrty constants is therefore found

in the form of a gamma series. The equation whose roots determine its

solution (in the ordinary theory of linear difference equations) is,

(a), x = pix +pix +--+Pm
Symmetric functions Fn of the roots of this equation will also satisfy

the difference equation and can therefore be (>xpresssed as gamma scries by

certain values of the parameters.

Since the roots of (a) are constants, the j)arameters will in general be

certain functions of the roots, but we propose here to determine the sym-

metric functions that may be expressed by gamma series u^ith parameters

independent of the roots- and find two sets of sucli functions /// in eacli set.
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which can be linearly expressed in terms of each other, and either of these

sets suffice to express in linear form all of the symmetric functions sought.

12. The parameter arj of {ap)7i, n = 1, 2,
' ', m, is the coefficient of p-rj.

Thus to determine the possible parameters of a given symmetric function,

Fn, we must take a-p as the value of Fn for the roots of the equation x^ = 1,

this being what 11 (a) becomes when we put prj =1, and other p's equal to

zero. It remains to test the resulting equations,

Fl=aipi, F2 = piFl+a2p-2, F3 = piF2+p>Fl+a3Pi, etc.

13. The sum of the rith powers, s^.

By art. 12, we find a,, = n, for the function s^, and the difference equations

are Newton's equations. Hence

S^ = '^{lai ' 7larj)pi°'^- prf^'^, ai + • +«a77 = 'i

This is Waring's formula for s^.

14. The homogeneous products, ir^.

Here, 07? = 1, giving the correct difference equations,

7ri=pi, 71-2= piTTi+pi, TTa = pnr2+P2-Jr2+Pi, etc.

Hence, tt^ = (lp)n, i. e. the coefficient of a term is the multinomial co-

efficient of its exponents. Since the equations are symmetrical in w, — p, we

have also, P77
= —(l[—7r])u. These formulas seem to be new, as also those

which follow.

15. The homogeneous products, k at a time, irnk.

Here a^ is a binomial coefficient of the n'th power, whose value

is zero for n < k, and 1 for ?;. = A-, and,

^nk = (ap)n, ar,=(- l)k -IdKl.n -k.)

16. By applying art. 9 to the coefficients of (ap)n, and substituting

ir^ = (lp)/(, we have

(a). {ap)n=aipnrr, — i+aiPijrTj^2 + ' '

+arjpTj

We have therefore,

S7? =
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From the top line and the diagonal of units, we continue adding a number
to the one abo-^-e for the next number in the same line (a particular case of

art. 5). When ?; > m, the number of functions in each set is ni.

The solution of these equations for the second set in terms of the first

is found by interchanging corresponding functions, pk-n-n—k and -n-nk.

Rose Polytechnic Institute.
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Some Relations of Plane and Spheric Geometry.

David A. Rothrock.

Our notions of plane anali/tic (jcoi)ielrij date to tlic })ul)lic'ationl>y Descartes

of his philosophical work: " Discourn de la methode . . . danslea sciences,"

1637, which contained an appendix on "La Geomeirie." In this work Des-

cartes devised a method of expressing a plane locus by means of a relation

between the distances of any point of the locus from two fixed lines. This

discovery of Descartes led to the analytic geometry of the plane, and the

extension to three dimensional space gave rise to geometrj^ of space figures

hy the analytic method. A single equation, f (x,y) = o, lietween two variables

represents a plane curve; a single equation, Fi (x,y,z) = o, in tliree variables

represents a surface in space; and two equations, Fi (x,y,z) = o, F^ (x,y,z) = o,

represent a curve in space.

In the Cartesian system of coordinates, a space curve is determined by

the intersection of two surfaces. If we wish to investigate the curves upon

a single surface, that is, if we wish to devise a geometry of a given surface,

it may be possible to discover a system of coordinates upon the surface,

such that an>- surface-locus may l)e expressed by a single equation in terms

of two coordinates, as in plane geometry. The sphere furnishes a simple

example in which a locus upon its surface may be represented by a single

equation connecting the coordinates of any point upon the locus.

Toward the end of the eighteenth century a fragmentary system of

analytic geometry of loci upon the surface of the sphere was developed.

This early work on Spheric Geoinelry seems to have originated with Euler

(1707-1783), l)ut many of the special cases of spherical loci were investigated

by Euler's colleagues and assistants at St. Petersburg. In the present papei-

are enumerated a number of the early investigations on sj^herical l(K-i, and a

deri\ation of the equations of sphero-eonics in modern notation. The

correspondence of the spheric equations to the similar equations of ])lane

analytics is shown.

.5084—18
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Historical.

One of the first problems involving a locus upon a sphere to be solved by

use of spherical coordinates was the following: Find the locus of the vertex

of a spherical triangle hanilg a constant area and a fixed base. With the base

AB fixed, Fig. 1, and the area of the spherical triangle APB constant, the

Fist

locus of P was shown to l)e a small circle. This nvsult was deriA'ed by Johann

Lexell (1740-1784), an astronomer at St. Petersburg, in 1781. The problem

was found to huxe been sohed earlier, 177S, by Kuler.' The result is some-

times known as Lexell 's theorem.

A second spherical locus appeared as the solution of the problem: To

find the locus of the vertex of a spherical triangle upon a fixed base, such that

the sum of the two variable sides is a constant. This ])r()l)lem defines a locus

upon the sphere analogous to the ordinary dclinitioii of an ellipse in llu-

plane. The locms of P is called the Spherical Ellipse. The solution of this

problem was found in 1785 by Nicholaus Fuss (1755-1826), a native of Basel,

and an assistant to Euler at St. Petersburg from 1773 until Euler's death

in 1783.

Frederick Theodore Schubert, a Russian astronomer, a contemporary

of Fuss, published solutions to a number of spherical loci, types of which

1 Cantor, Vol. IV. p. 384, p. 416.
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are shown in the following: Given a triangle with a fixed base, find the locus

of the vertex P such that the variable sides, p, p', Fig. 2, satisfy:

(1) sinp = k sinp',

(2) cosp = k cosp',

(3) sin f = k sin|

,

'

(4) cos^ = k cos ^ .

In Crelle's Journal, Vol. VI, 1S30, i)p. 244-254, Gudermann published an

article '"Uebcr die anaitjiinche Spharik," which contains a collection of spherical

loci connected with sphero-conics, for example, such as: (1) The locus of the

feci of perpendiculars drawn from ihe focus of a sphericrd ellipse upon tangenls

In the .spherical ellipse; (2) The locus of the intersection of pfrpevdicular tangents

to a .spherical ellipse; and other problems similar to thof-e of plane analytics.

The notation employed by Gudermann is not fully explained, and is an

adaptation from that used by him in a private publication of his work

"Grundriss der analytischen Spharik, to which the present writer does not

have access.

Thomas Stephens Davies published, 1S34, in the Transactions of the

Royal Society of Edinburgh, Vol. XII, pp. 259-362, and pp. 379-428, two

papers, entitled, ''The Equations of Loci Traced upon the Surface of a Sphere."

In .these extensive papers the author uses a system of polar coordinates

upon the sphere, and derives the equations of many interesting curves, the

spherical conies, cycloids, spirals, as well as many properties of these curves.

The polar equations of Davies may be transformed into great-circle co-

ordinates, giving equations of spherical loci in a form similar to the Cartesian

equations of cori'esponding loci in the plane.

Spherical Analytics.

A system of analytic geometry upon the sphere may be derived in direct

correspondence to that of the plane by a proper choice of axes of coordinates.

1. Coordinates. Let us select as axes two great circles XX ,
YY per-

pendicular to each other at 0, Fig. 3. The spherical coordinates of any

point P are the intercepts, OA = ^ and OB = v, cut off upon the axes by per-

pendiculars drawn from P. Let the length of the perpendiculars from P be

PB = ^', and PA = t?'.
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From the right si)lipric;il triaiififlt's PBY ;uid PAX we have tlie following

fundaiiicntal relations:

tan $' tan $' tan 77' tan i\

(1) tan ^ = =
, tan 77

sinBY cos 77 sinAX cos $

2. I'UiiKilioK (if the Spill ric Liiii LM in 'I'lriiis nf ils / nlrrci pis.

The arc of a great circle we will call a splin-ir slmiiihl line. Let llie inter-

cepts he OL = a, OM = /i, and the angle OI^.M = 0. Fig. ."]. Then I'roin th(>

right triangles MOL and PAL Ave have

tan li tan rj' tan rj'

tan <p = , and tan ^ = =
sin a sinAL sin(a — $)

E(£uuting these \alues of tan yr, and siil)stilu(ing the \alue of tan j;' from (1),

tan li tan -q cos $ I a 11 rj

sina sinacosj — cosasin^ sma — eosa tanf

Fxpressingeacli function in terms of tangents and reducing, \ve lind I he ('(jua-

tion of the spheric line in the intercept form:

tan I tan ri

(2) + = 1.

tan a tan /:(
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(1) Special Cases, (a) Parallels to the axes. A shperic line parallel to

the OY-axis passes through the pole of the axis OX. Hence for a parallel

to the OY-axis (3 = 90° and the equation of the line lieeomes

(3) tan ^ = tan a

and for a parallel to the OX-axis, a = 90°, and

(4) tan t = tan /3

(b) A line through one ])oint. If a line (2) is to pass through ( ^u Vi)'

we have

(5)

tan ^ — tan ^i tan r] — tan 7][

O.
tan a tan 13

(e) A line through two points ($i, 171), ($2, r?;.), is given bv

tan ^ — tan ^1 tan 77 — tan rji

Conditions of perpcndiciilarihj, parnllelis}n, (inglca of intersection of spheric

straight lines may also be expressed, but will not l)e included here.

(2) Correspondence to plane geometry. The intercept form of the spheric

straight line is similar to the corresponding equation in plane geometry,

and may be reduced to that form by letting the radius of the sphere increase

without limit.
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3. The Spheric Ellipse. Find the locus of the rcrte.r P of a spherical triangle

with fixed base FF', sitch that the sum of the sides is a conslant. p -\- p' = 2a.

Fig. 4.

This definition defines the Spheric Ellipse MGM^G^
Take the origin at the center O of the base FF'. Let FF' = 2c. p + p'

= 2a, OM = a, OG = 15. When P falls at G, FG = a = F'G.

Then from the right triangle FOG (hypotenuse not drawn), we have

(1) cosa = cos /i cose;

and from PAX,

(2) tan r?' = eos$ tan 77.

From the right ti'iangles PAP"' and PAF', we ha\'c

(3) cosp = cosrj' cos (c — ^), cosp' = costj'cos (c + $).

Adding equations (3) and using p + p' = 2a,

p — p'

(4) cosa cos = COS77' cose cos^.

2

and suhtrac^tiiig (3),

.
P " p'

, .

(o) suia sni = COS 7j suic sin $

p — P
Eliminating and <• froiii (1), (4), (5) and reducing, we find the

9

syinnicti'ica! equation of the splicric t'llij)se

tan-^ tan-?;

+ = 1,

tan^a tan^/S

a, and /3 being the intercepts on the axes, OM, and OG, respectively.

Special f'o.sr.s. (1) Let a = li, and Ave hav(> a circle

(A) )an-$ -f tan=77 = tan-'a,

with center at O and radius a. With a = 1)0^, this circle becomes the bound-

ary of the hemis])here on which our geometry' is located, corresponding to

the circle with infinite radius in plane geometry.

(2) Let a = 90°, and the ellipse becomes the two "parallel lines", tan^i;

= tan-/a, passing through the poles of the OY-axis.

(3) The equation of a circle upon a sphere may be derixcd (juite readily,

but the resulting equation is somewhat unsymmetrical. Let |i, tji, be the
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coordinates of the center, and let a be the radius. Then the equation may be

derived from the fundamental equations

tan Tji' = cos ^1 tan 771, tan ^/ = cos tji tan ^1,

tan t)' = cos I tan 7;, tan $' = cos rj tan $,

and the polar equation

cos a = sin Tji' sin -q' + cos r;/ cos 17' cos (t — $1),

by the elimination of ^1', r?/ and ^', 7;'.

The resulting equation is

(tan t— tan ^i)- + (tan ?;
— tan n{)-+ (tan t tan 771— tan $1 tan 77^-

= tan- a (1 + tan ^ tan ^1 + tan 77 tan 771)'-.

When ^1 = 77; = o, this equation reduces to that given in (A) above.

OQ.--f

S *

4. The Spheric Hyperbola. This spherical curve may be defined as the

locus of a point which moves so that the difference of its distances front two fixed

points is constant, p — p' = 2 a.

Using the notation of Fig. 4, but with p — p' = 2 a, this definition leads

to the equation

tan- ^

tan^ a.

tan- 77

tan- ti

= 1.

which is the spheric hyperbola. The locus does not intersect the OY-axis;

the conjugate spheric hyperbola may be defined by
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tan^ f tan- 77

= _ 1^

tan- a. tan- /3

and the splieric n^ymploles to either by

tan I tan 17

tan a tan fi

.'). The Spheric Parabola. A Spheric Parabola may ])e defined as the

lociiti of a point tnoring upon the surface of a sphere so as to he egually (listanl

from a fixed point F and a fixed great circle CM, Fig. 5.

From the definition PR = PF; let O bisect M F. Then from Fig. 5,

(1) tan 77' = cos ^ tan -q,

(2) cos PH = sin PR = cos tj' sin (c + t),

(3) cos PF = cos 77' cos (^ — c).

Squaniig and adding (2), (3)

1 = cos'-7j' sin- ( ^ + c) -\- cos- (t — c)^,

or

1 + tan-Tj' = 1+4 sine cose sin| cos^.

Substituting from (1),

tan'-7j = 2 sin2c tan^, '

which is the rc(iuired eciuation.

G. Correspondence to Plane Geometry. Tlie above equations of the

spheric straight line, ellipse, hyperbola, paralmla. and circle, show a marked

similarity to the corresponding equations in the plane. These equations may

be reduced to tl '• equations in piano by considering the radius of the sphere

to increase without limit. This may be done by expressing the ares in terms pf

the radius, and finding the limit ot the functions in each equation as r =^ °°.

For exami)!e, in the spheric ellipse,

lan-^ tan-7j

(1) + = 1,

tan-a Xnn-ii

let ( ^. 77), (a, ^i) bi' radian measure of arcs on a unit splicrc; then on a spliero

of radius ;•, we have arcs (x, y), (a, b) determined l)y

X ^- a
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+ -

JCxpand the tangents into inlinite series according to the hiw

Z3 2 Z 5 17 Z "7" exponent of Z,

tan Z = Z H h \

1

3 l.j 315

and we find

fx X' ^2 ^y y3 y.

\- +— ....
f

^ +— + ....
^

[r 3 r '

J
[r 3 r ^

= 1.

fa a' ]' fb b3 ]'-

i-+ .... \
\-+— + ....

I

[r 3r3
J

[r 3r3
J

Dividing /- from each fraction, and passing to the liniil r -- ', and we

have the equation of an elHiJse in tlie ])lane,

X- V-

— + — = 1.

a- b-

Any equation in the "rectanguhir spheric" cocirdinates Avill reduce, in tlie

limit when tlie sphere is made to increase infinitely, lo the equation of a

corresponding locus in the plane.
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Some Notes on the Mechanism of Light and Heat
Radiations.

James E. Weyant.

In all the realm of the natural sciences there has been no more fascinating

and elusive problem than that relating to the mechanism involved in the

transmission of light and heat. How energy may be transmitted at a dis-

tance; what action is involved at its source; what properties matter may
possess that this may proceed over vast spaces; what atomic and molecular

changes are invoh^ed in the emission and absorption of light and radiant

heat, are all questions involving the ultimate structure of matter and are as

yet incapable of complete solution.

Some of the familiar types of wave motion we observe in nature; for

instance, wave motion in water; the transmission of sound waves through

air, water and various solids are of such a character as to be easily repro-

duced imder conditions whereby they can be accurately measured, their

origin determined and their mode of propagation analyzed. In case of

vibratory motion in matter capable of affecting the auditory nerve or in

other words of producing sound, the mechanism is comparatively simple.

As to source we have a material body, executing some form of simple har-

monic motion; these vibrations being "handed on" to adjacent particles in

a periodic disturbance or wave. This propagation stops, however, when

the limit of matter has been reached, i. e., sound waves cannot traverse a

vacuum. In all this process, matter has been concerned, both in the origin

and the propagation of the wave motion. In light and heat waves, matter

is concerned, also both in its production and absorption; but in its propaga-

tion they do not appear to depend in any way upon the presence of matter,

as they pass readily through the best vacua and traverse the vast inter-

stellar spaces with apparently the greatest ease.

Since we find that all radiations of Ught and heat energy originate in mat-

ter we must find the mechanism necessary for their production intimately

involved in the constitution of matter itself. The kinetic theory served to

give an incomplete mental picture of this mechanism and upon it was based

many of the hypotheses of the past.

Various electrical and optical phenomena have been explained upon

the ground of ether disturbances. These disturbances have been inter-
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preted in different ways, but the consensus of opinion is to assign them to

one of two kinds: first, magnetie and electro-statie phenomena caused

by strains in the ether and, second, l)ased upon a dynamic disturbance; dis-

turbances which can be propagated through the ether at the rate of three

times ten to the tenth cm. per sec. CS X 10'" cm.) These ether waves pro-

ceeding radially from the source can-ying Avith them, not matter, in its

old sense, but energy.

It is an established fact that all bodies emit radiant energy in some

degree; the intensity of this radiation l)eing dependent upon the character

of the body, its surface peculiarities and ui)on its temperature. Kirchoff

gave us a law which states a relation Ix'tween the emissive and absorptive

power of bodies, "that the ratio between the absorptive power and the

emissive power is the same for all bodies at the same temperature and that

the value of this ratio depends only on the temperature and the wave length."

P"'or a "l)lack l)ody" this ratio is considered unity in as much as it absorbs

all the radiant energy which falls upon it. While we know of no substance

which may be considered a "black V)ody" in this sense, the radiations within

a uniformly heated enclosure may be considered to :ii)proximate those ema-

nating from a perfectly "black body."

Stefan's law takes us a slej) further and gives us a relative measure of

the radiation of a black body emitted atdifferent temperature. The law

states that "the total energy radiated l)y a black body is directly proportional

to tile foiirtli power of the absolute temperature of the radiating body,"

*
i
o]* e Xo

i. e. K - CT' or — = i— ( whence — = — or OX = constant.

^O [GoJ Oo X

Observation shows that the color of a "black body" is a function of its

temperature; for instance at .>^0° C it glows with a dull red; at 1000° C.

the red gives place to a yellow jind when 1200" ('. to 12o0° C. has been

reached it has grown white hot or incandescent. In the sj)ectrum of a black

body we find the distribution of energy to l)e deijciuleiit upon its tenii)erature.

Wien has shown "that as the tem])erature of the body rises that the peak

of the energy curve is displaced towards the shorter wave length." Wliile

Wien's law and his proposed revision stated in his second law satisfied

the conditions obtaining in a limited area of the visil)le spectrum it was found

not to hold true with respect to facts relating to wa\-e lengths lying in the
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region beyond the visible red. To satisfy these conditions Professor Max

Planck projjosed a modification as follows:

CX-'
C and c are constant.

E = e where <p base of natni-al log-.

.^ e X - 1

As far as recent determinations have been carried out, this law holds true

and gives practically a complete energy curve of a black body for desired

temperatures. Not only did the statement of this law serve to reconcile

purely theoretical conclusions with experimental determinations but paved

the way for a more ad^'anced step toward the explanation of the mechanism

involved in radiation.

It is evident that we have yet to establish the connecting link between

the thermal condition of a body and the radiant energy sent out into space

by that body. If we go back to the theory developed by Maxwell we can

easily see how this energy is propagated when once started in the ether.

This theory clearly accounts for its speed, for interference and diffraction

phenomena, but it apparently fails to closely associate thermal condition

and the subsequent radiant energy. Planck found that this formula did not

satisfactorily represent the relation existing between the frequency and the

amount of energy involved, i. e. why, as a body grows hotter, does its color

change from dull red to yelloAv and then white, unless there was some definite

mathematical relation existing between the frequency and amount of energy

given out by each vibratory particle. In an endeavor to determine this

relation, Planck Avas led to advance the Quantum theory or hypothesis wherein

he develops a type of function which apparently agrees with the facts better

than any theories previously held. In doing this he has made a unique

assumption, leaving the idea of the equi—partition of energy so necessary

to the former theories, he has put forth the idea of the distribution of energy

among the molecules of a substance through a mathematical consideration

of probability. It is interesting to note in this connection that Planck states

that the reason why no absolute proof of the second law of thermo-dynamics

has ever been given is that it rests not on unchangeable mathematical

relations, but upon mere proliability or chance. Following out this idea he

assumes that there may not be a steady, uniform flow of energy from a

heated body, but that this may be propelled outward in quantities which
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are integral multiples of some fundamental unit of energy. This implies

that energj' is emitted from a body in some definite, finite unit and is closely

related to his idea that the entropy of a body is a function of the probabilitv

of its present state.

Conceiving the emission of radiant energy as explosive in type and not

continuous, Planck concludes that these energy units may not be neces-

sarily of the same magnitude. When a system is vibrating with high fre-

quency, a large amoimt or large unit of energy is associated with it, whereas

one of low frequency gives out smaller quantities or units of energy, thus

giving us an explanation why so little energj^ is found in one end of the spec-

trum. The fact that some bodies have low thermal capacities at low tem-

peratures and that these increase ^vith rise in temperature is indicative of

the value of this theory. In this connection it is interesting to note that

an explanation of the hydrogen lines in the spectrum has been proposed,

based on the idea that no radiations take place except when one electron

vibrating changes the form of its orbit, at which instant the energy change

of the system is the same. Take the case of the line spectra; it has been

asserted that the lines in the spectrum of hydrogen are due to various

electronic vibration frequencies in the hydrogen atom, when the equilibrium

of this atom has been disturbed; but when this electron is vibrating about

the .so-called positive core of the atom that we have an entire system in

equilibrium. As long as these vil)rations are regular no energy can be sent

forth, inasmuch as by this, the equilibrium of the system would be disturbed.

With this disturbance there would l»c a change in its vihratioii frequency

and assuming the radiation emission to be continuous it follows that the

frequency change will likewise be continuous; but this at once results in the

destruction of the lines in the spectrum. .\ii ingenious explanation of these

hydrogen lines has been proposed based on Planck's (Quantum theory. The

electron is conceived of as vibrating about the central cort; in some form of

a stal)le (jrbit, pn)l)ably cllipical in shape. At the instant thai one of these

orbits changes form radiation will take place. At this instant the radiation

will be of one frequency and the energy change will be represented l)y K =hn
where n is frequency of vil)rations and h is th(^ universal constant of

radiation and is termed by Planck the "oi)erating quantity."

The problem is a very complex one and has been approached from many

angles. The Zeeman effect jjroduced when a light and heat center is placed

in a magnetic field offers additioiuil cNidencc relative to the shifting of line
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spectra. It was found that tlie line spectra was materially changed when

the center in question was placed in a strong magnetic field. Later this

was shown to be related to the vibration of a negative charge of small

magnitude, giving additional confirmation of the electron theory of radiation.

We know that when a particle or particles of matter execute some form of

simple harmonic motion with sufficient frequency that a note of definite

pitch is produced. Why can not we carry the sound analogy over into the

realm of electronic motion and conceive of one of these electrons executing

some form of simple harmonic motion with, of course, some definite period,

its frequency bearing some definite relation to its temperature, as proposed

by Planck.

If the sound analogy referred to applies to combined waves of varying

frequency and wave length so as to produce "spectral harmonics" to coin

such a plirase, the center producing them must of necessity be very complex.

Take for instance the fluorescent effects noted when the vapors of certain

metals is examined; or the luminosity of a gas when a small portion of its

molecular aggregate has been ionized. It has been found that when

10 000 000 P^^^ °^ ^^^ molecules of a gas has been ionized that it becomes

luminous. Likewise it has been observed that dissociation of some of the

halogen group is accompanied by changes in its absorption spectrum. Many
experiments also shoAv that fluorescence and likewise phosphorescence are

due to or accompanied by dissociation or ionization.

Considerable light has been shed upon this problem by the study of the

emission of heat by radioactive substances. Curie and Laborde found in

1903 that the temperature of a radium compound was maintained by itself

several degrees higher than its surroundings. It was found that radium

emitted heat at a rate sufficient to more than melt its own weight of ice

per hour. According to Rutherford the emission of heat from radioactive

substances is a measure of energy of the radiation expelled from the active

matter which are absorbed by itself and the surrounding envelope. This

heating effect was supposed to be a measure of the kinetic energy of the

expelled a particles; the heating effect was calculated by determining the

kinetic energy of the a. particles expelled from one gram of radium per

second.

K.E. = \ mn ZV- m = mass of particle.

n = no. emitted by each group per second.

v = the velocity of the different gi'oup of particles
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considering the energy of the recoil as equal

and opposite that of the a particle, the energy

of recoil of mass M is 5 ^ MV-', therefore total

energy is | mn[l + ^j ^V^ + E where

E is the energy of the /? and X rays absorbed under

these conditions.

1.38 X lO'' ergs per second corresponds to heat

emission of 118 grams calories per hour.

Heating effect of emanations 94..') calories per hour.

Observed values 94 calories per hour; calculated 94.5

calories per hour.

Rutlicrlord and Robertson made an exi)erimental determination to see

how accurately this theoretical \'alue harmonized with the experimental

value and found a very close correspondence between the two values. This

agreement led Rutherford to say that "there thus a])i)ears to l)e no doubt

that the heat emissions of radium can l>e accounted for by taking into

consideration the energy of the radiations absorbed." (The heat emitted

is 2.44 X 10" calories per gram).

He gives an interesting comparison as to the amount of energy set free

in the action accompanying the expulsion of the rays, as follows: "the

heat emitted during the combinalion of 1 cc. of II and () to form HiO is

about 2 gram calories: the emanation during its successi\'e transformations

thus gives out more than ten million times as much energy as the com-

])ituiti()n of an equal volume of 11 and () lo form water aitliongh liie latter

reaction is accompanied by a larger release of energy than liiat of any other

known to chemistry."

P'urther. "Ihe energy emitted by radioactixc substances is manifest during

the transformation of the atom and is deri\-ed from the im'tiai energy of the

atoms them.selves. The enormous quantity of energ.\- released during the

transformation of active matter shows unmistakeably that the atoms them-

selves must contain a great store of internal energy," "undoubtedly this is

true of all but it is only perceived in the case of those whieh undergo atomic

transformation."

Experiments conducted within the j>ast three years at Munich in determ-

ining th(! interference effects produced by the passage of X-rays through

crystalline substaiu-es ha\'e shown that X-rays possess nuiiiy of the ])i'o])erties
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of liglit waves except in regard to their wave length, these bemg approximately

1/10000 the length of ultra-violet waves; these and the foregoing phenomena

accompanying the ionization and dissociation of various gases; the disinte-

gration of radioactive substances have given the champions of the undu-

latory theory of light some reason for alarm; the phenomena of interference

was formerly considered as explainable only in the light of the wave theory,

but the behavior of the X-rays when examined for interference effects in

crystals seems to pave the way for a revision of this. Not only can the

wave lengths of X-rays be measured by the method suggested but the

atomic structure of the crystal itself is revealed and the motion of the atoms

outlined. The imporatnce of this discovery in relation to thermal effects

and heat- emissions accompanying chemical reactions and rearrangements

can hardly be overestimated.

As to the seriousness of the attempts to get at the ultimate constitution

of light and heat centers and thereby gain a clearer knowledge of the

mechanism of radiation, we have but to note the trend of thought as pre-

sented in recent papers read before the British iVssociation for the Advance-

ment of Science. At the recent Birmingham meeting of this association,

a vigorous discussion arose as to the fundamentals involved in this ques-

tion of radiation. At the meeting, J. H. Jeans, F. R. S., gave a very interest-

ing and comprehensive summary of the facts relating to this fruitful topic;

while he sets forth the new idea involved he retain.^ faith in the truth of

Maxwell's equations, but suggests that these equations can be made of

more general application by the addition of the expression representing

the unit quantities employed by Planck in his development. These quan-

tities being respecti"\"ely E and h. The magnitude of H has been determined

to be 6.415 X 10 —-'' gm. cm. /sec, an exceedingly small quantitJ^ We
might quote from Einstein in support of the quantum theory; he approached

the problem from the standpoint of the theory of relativity. It may be

necessary to revise our ideas of an all-pervading ether so essential to the

worldng of the undulatorj^ theory. We are just begmning to realize that

we may have arrived at a point in our knowledge of light and heat centers

where the wave theory fails to carry us any farther and that wliereas it serves

us well in exphiining difficulties of elementary j)roblems it does not carry

us fo ;ui ultimate solution. W<' may conclude that as there are uiimis-

lakeahle evidences derived from different sources that the unduhitory theory

fails to gi^^e satisfactory solution to many of the newer ])rol)lems that have

5084—19
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arisen. The additions which it must receive are in the region of photo-

magnetic or plioto-electric manifestations as e\ddenced by the Zeeman

effect and the connection existing between ionization and light centers.

Perhaps some investigator in the field of electro-magnetic oscillations

\\ill be able some day to de\ise an oscillator of such frequency that not only

will he be able to produce radiant heat but run the gamut of a photo-

chromatic scale not of sounds and their overtones and harmonics but create

for us the gorgeous colors of a sunrise or a sunset; or perhaps there maj"^

arise a counterpart of modern orchestral music executed not in a concord

of harmonious sounds but of color, with shades and tints more marvelously

beautiful than anv the human mind has vet conceived.
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A Standard for the Measurement of High Voltages.

C. Francis Harding,

Modern developments in the generation, transmission, distribution and

utilization of electricity at high voltages haA^e greatly outstripped the accurate

measurement of such voltages. Those familiar with the very accurate stand-

ards and measurements of voltage, current and power at low potentials may

l>e surprised to learn that the recognized standard for the determination

of high voltages is the needle or sjihere spark gap. In other Avords the voltage

if measured simply by the distance that it will cause a spark to jump in air

between needle points or spheres under specified conditions.

It is hardly necessary to point out that such a standard is readily affected

by temperature, humidity and barometric changes, not to mention the

presence of other conductors which may be in the immediate vicinity. It

is therefore not readily reproducible and it is most difficult to make the tAvo

standards agree at 50 kilovolts at which voltage both should be accurate.

With these facts in mind, an attempt is being made in the electrical

laboratories of Purdue University to deA^elop a more satisfactory standard

for the measurement of high voltages which is based upon the fundamental

I)rinciples of the electrostatic field. Although many forms of electrostatic

voltmeters have been developed in the past, in the endeavor to commercialize

them and make them compact, the very uniform field upon which their

accuracy depends has been sacrificed. No attempt has been made to make

the standard voltmeter described herein portable or a thing of beauty, for it

is believed that such qualities are quite subordinate m the consideration

of a primary standard.

If a perfectly uniform electrostatic field is produced between two parallel

metal plates it can be readily shown that the force action between such

l)lates expressed in d.A'nes is

AE^K
P =

where A = area of plate in square centimeters

E = potential expressed in electrostatic units

K = dielectric constant (unity for air)

t = distance between plates in centimeters.
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The followdng relation exists, therefore, between the electro-motive force

applied to the plates expressed in Aolts and the force in grams exerted between

the plates.

E = 47098 t / -
V A

If the plates are made of very great area, it maj" be assumed that the

electrostatic field at their center is unlPorm provided that the plates are not

far apart.

In the apparatus constructed at Purdue l^niversity a cu-cular disc of very

small area was cut from the center of the lower horizontal plate and this disc

was mounted upon a float supported in a tank filled A\ith oil in such a manner

that its surface is horizontal and concentric with the stationary plate but

with its plane a small fraction of an inch below that of the stationary plate.

When an electromotive force is impressed upon the two stationary plates

the movable disc is attracted by the upper plate and may be lifted into the

plane of the lower plate by raising the voltage to the proper value. This

condition can be readily detected by means of a telescope sighted along the

surface of the lower stationary plate.

With the plates very near together, and a voltage sufficiently low to be

readily standardized, the force necessary to raise the disc may be calculated

from the above equation. If now an unknown high voltage be impressed

upon the plates which have in the meantime been sufficiently separated to

bring again the disc into alignment with the lower plate, the force will of course

be the same as before and the new \(>lt;ig(' ina\- lie (Ictcrinincd by the relation

t'E

E' = the \()ltages being directly i)roporlional to the distances between

I

plates.

Such a \ultincler has been constructed and the ratio of iin])resse(l voltages

to distance between i)lates required for a l)alance has been found to folloAV

surprisingly close to a straight-line law Avhen a previously- deterTiiined and

constant value of force is used. Kurllur studies are now being made to

determine the range within which this ai)paratus may be considered standard

for given dimensions of plates and further refinements are being made in

its construction, method of reading, and calibration.
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The writer is under obligation to Professor C. M. Smith for many helpful

suggestions and to Messrs. Wright and Holman of the 1915 class in electrical

engineering at Purdue University for the working out of details of design,

construction and test.
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loNisATioN Standards.

Edwin Morrison.

It is verj' important under certain conditions in radioactive measure-

ments to have an ionisation standard. (See Rutherford's Radioactive Sub-

stances and their Transformation, page 111, article 49.) It is also interesting

and profitable for students to study the ionising efifects of different thicknesses

of radioactive substances. (See McClung's Conduction of ElectricityThrough

Gases and Radioactive, page 131, article 86. Makower and Giger's Prac-

tical Measurements in Radioactivity, page 42, article 30, and Millikan and

Milles' Electricity, Sound and Light, page 350, experiment 28.)

McCoy describes a method of making an ionisation standard in the Phil.

Mag. May. XI page 176, 1906, and such a standard as determined by Geiger

and Rutherford was found to emit 2.37x10'' a particles per second per one

gram of uranium oxide. (See Geiger and Rutherford, Phil. Mag. May. XX
page 391, 1910.)

The following is a very convenient modification of McCoy's process ol

making such an ionisation standard and a method of preparation of material

for student work. A brass rod 36 centimeters in length has a series of shelves

o

()

c>

o

Fig. 1.

arranged spirally about it from bottom to top as shown in Fig. 1. Thest*

shelves are about four centimeters apart, and are designed to support small

brass disks. The brass disks should each be accurately weighed and arranged

in order upon the spiral shelves. Uranium oxide is carefully powdered in a
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morter and then thoroughly mixed with alcohol in a tall graduate or glass

cylinder. The rod supporting the brass disks is next carefuUj' lowered into

the mixture of alcohol and uranium oxide. The uranium oxide settles to the

bottom, and in doing so deposits a layer upon each disk, the thickness and

amount of deposit depending upon the height of the shelf from the bottom.

o

6

o

F,n I

After all the oxide has .settled to the bottom the rod is rcnio\('d ami the disks

allowed to dry. By again weighing the disks the weight of the oxide upon

each one can be determined. ALso by determining the density of the uranium

oxide the thickness of the films can be calculated. These disks can now be

mounted iii'on metal plates for permanent use as ionisaticm standards, or

for student use in determining the fact that ionisation currents depend upon

I lie thickness of the layer of material up to a certain niaxinuini thickness.
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A Simple Photographic Spectrometer.

Edwin Morrison.

Photographic spectrometers of several different types can be purchased

from instrument makers. Attachments to convert ordinary prism spectro-

meters into photographic spectrometers can also be found upon the market.

It is the purpose of this article to describe a method of constructing a simple

photographic attachment for a prism spectrometer that can be constructed at

slight expense in any well equipped laboratory.

Figure one shows a diagram of the camera attachment. The dimensions

have to do Avith the one I have constructed, and woidd need to be modified

to meet the conditions of available material. That is, the length and diam-

F,g 1

eter of the camera tube is determined by the focal length and diameter of the

objective lense used. The figure is largely self explanatory. The section of

the tube from C to B is constructed from a piece of wood 3x3x7 inches. A
hole is bored lengthwise tkrough this piece. From C to E this hole is 2 inches

in diameter, and in order to shut out the stray light from around the focusing

tube the remainder of the distance from E to B is 1 M inches. A brass tube

T, 2 inches in diameter is carefully fitted into the hole in this piece so that

it can be slipped freely inward or outwai-d for focusing purposes. At the

outer end of this tube a 1 M-inch, 28 inches focal length, achromatic lense L

is mounted. The tube from B to A is a tapering box, 2j^ inches square at

B and 4 inches square at A. This section is constructed from ?8-incli lumber,

the joints being carefull.y glued and re enforced l)y screws to make the box
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light tight. At A an attachment is arranged to hold a ground glass for focus-

ing purposes, and a common camera plate holder for making the exposures.

The camera tube is mounted on a common prism spectrometer in place of

the telescope as shown in Fig 2. The collimator slit, prism, and light source

to he studied are adjusted in the usual way. When all adjustments, together

Fig. 2.

with focusing the objective lense of tlie camera. ha\c been made, a clearly

defined spectrum image, including the Fraunliofer lines, may be seen upon the

gi-ound glass. In the usual procedure a plate holder containing an unexposed

plate may be .substituted for the ground glass and the exposure made.

The instrument constructed in our laboratory has proven to be very

successful for student work.
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On the Relative Velocities of Sound Waves of
Different Intensities.

Artht'r L. Foley, Head of the Department of Physics, Indiana University,

Publication No. 42.

It appears that the first determination of the velocitj^ of sound tliat can

lay chiim to any accuracy was made by Cassini, IMaraldi, and LaC'aille, of the

l^aris Academy, in 1738. By noting the time interval between seeing the flash

of a cannon and hearing the report, with different distances between gun and

e.x])eriinenter, they arrived at the conclusion that the velocity of sound is

independent of the intensity. This conclusion seems to have been accepted

for more than a century. In 1864 Regnault determined the velocity of sound

by firing guns reciprocally and using an electrical device for recording the

instant of firing the gun and the arrival of the sound vave at the distant sta-

tion. He found a small difference, about six parts in three thousand, in the

velocities measured when the stations were 1,280 meters apart and when they

were 2,44.5 meters apart, the former being the greater. The difference he

attributed to the fact that the average intensity of the sound when the sta-

tions were nearest was much greater than when farthest apart, thus reach-

ing the conclusion that the velocity of sound is a function of its intensity.

Regnault" s conclusion accords with theory and with experimental results

obtained by several later experimenters. Among these may be named Jacques

at Watertown, Mass., 1879, who obtained velocities of 1,076 feet per second,

and 1,267 feet per second, at points 20 feet and 80 feet respectively to the

rear of a cannon fired with a charge of one and one-half pounds of powder.

Wolfe and others have found varying velocities for explosion waves, a wave

from an electric spark being of this nature. A fuller consideration of these

experiments will be given when the writer has completed his experimental

work on this subject.

The apparatus in use in this investigation, Avhich is still in progress, is

practically the same as described by the writer in a paper published three

years ago under the title "A New Method of Photographing Sound Waves."*

But three changes have been made in the apparatus there shoAvn. Cue is the

short-circuiting of the capacity by a high resistance and inductance to give

better regulation of the time interval between the'sound and illuminating

'Physical Review. Vol. XXXV, No. .5, Nov., 1912.
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sparks, a method described elsewhere in these Proceedings. A second is a

considerable increase in the two capacities, to obtain waves of greater inten-

sity. A third is a moditication of the sound gap, or rather a disposition of

screens about the sound spark in order to obtain waves from the same spark

of both great and small intensity. These waves are photographed on the same

plate, enabling onf- to determine their relative velocities. A few of the results

are given in this preliminary paper.

The details of the sound gap and screen are shown in Figure 31. A heavy

spark is passed between the platinum terminals P-P. This produces a

cylindrical sound wave shown in section at S. S. G is a cylindrical metal

screen, wliicli I slial! call a grating, conccnlric witli tlic spark a.xis, and lia\ing

longitudinal slits or apertures O, (), cut in it, as shown in the figure, thus

forming a sort of grating. The grating is so placed that it intercei)ts l)ut one

end, the left end in the figure, of the cylindrical wave, the right end or half

spreading out the same as if the grating were not in use. I shall call this wave

the main wave. Some of the energy of the left end of the wave is reflected l)y

the grating, but some of it passes through tlic apertures which thus become

sound sources, the waves spreading out in every direction from these sources.

I Hliall call these waves wavelets.
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The energy at any point in the wave front of the wavelets must be small

compared to the energy at any point in the main wave, for two reasons. In

the first place only a fraction of the energy of the original wave passes through

the apertures. In the second place, what does get through spreads out to

form the wavelets and thus greatly reduces the energy propagated in a partic-

ular direction. If the speed of propagation decreases with the energy of the

sound wave, and, therefore, with the intensity, it would seem that our photo-

graphs should show two results: the velocity of a wavelet should he less than

that of the main wave, and the wave front of a wavelet should not be cir-

cular, because the energy at a point in the wavelet faUs off rapidly as the dis-

tance from the pole of the wave increases. One need not cite Stokes's law,

for the pietiires clearly indicate a variation in mtensity along the front of the

wavelets. Yet, taking into consideration the breadth of the apertures the

wavelets are circular, showing that the velocity of the pole of the wave is not

greater than the velocity tangent to the grating surface. Nor does the breadth

of the aperture, and, therefore, the energy passing through, appear to make

any difference in the velocity. It will be noted that the photographs show

apertures of four different sizes.

The photographs show that the main wave and the poles of all the wave-

lets are tangent to one another, and since the wavelets are circular, that the

velocity of the attenuated wavelet propagated tangent to the grating surface

is not less than the velocitj' of the main wave of much greater intensity.

Physics Laboratory, Indiana University, December, 1915.
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A Simple Method of Harmonizing Leyden Jar
Discharges.

ARTHUii L. Ff)LEY, Head of the Department of Physics, Indiana University,

Publicalioii No. 41.

In the photography of sound waves^ one of the chief difficulties is to secure

the proper time interval between the sound producing spark and the illum-

inating spark which pictures the wave. A spark gap is always apparently

more or less erratic. When one places two gaps in series. Figure 1, and en-

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^_^
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has taken place. This spark is due to two causes. One is the tendency of the

Leyden jars forming the capacity C to take on what is known as a residual

charge. The other results from the oscillatory character of a. Lejden jar

discharge, the jars having a charge after each spark depending on the direc-

tion of the last oscillation. With a charge on the capacity C ^-arying as to

both sign and magnitude, one can not expect a constant time interval between

the sparks L and S. In my later experiments I have been able to eliminate

much of this trouble by short-circuiting the terminals of the capacity C
through a high resistance R and an inductance I. The resistance R is merely

a tube of water wdth \\ares passing through corks at either end of the tube.

The inductance I is an electromagnet of about a thousand turns of wire.

The result may be obtained with either a resistance or an inductance, if suffi-

ciently large. Using both one can, without reducing the intensity of the

illuminating spark, reduce the resistance R by shortening the water resis-

tance until tile jars discharge themselves (ompletrly very soon after every

spark. Thus the conden.ser is brought into t he same electrical condition before

every .s])ark and con.sequently the time required to charge it to sparking

j)otential is made constant.

The arrangement here described does not completely eliminate all varia-

tions in the time interval between the sparks because much of the variation is

due to change in the ei^'ective resistance of tlie sj)ark gaps thcinsehcs. some-

thing the writer has l)een unable to conti'ol. Tlie arrangement docs, however,

reduce the variation about .50 per cent.

Physics Laboratory, Indiana University, Xo\-eml)er, li)!.").
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An Electroscope for Measuring the Radioactivity
Soils.

By R. R. Ramsey.

In measuring the radioactivity of soils if extreme accxiraey is desired it is

necessary to dissolve the sample and then determine the amount of radium

or thorium by means of the emanation method. The getting the sample in

solution is a long tedious process. For a description of this method I shall

refer to Joly's Radioactivity and Geology.

For an approximate determination of the radioactivity one can use an a

ray electroscope provided that the sample is fairly active. The standard

being uranium oxide, UjOs, a "thick" layer, one gram to 10 square centimeters

say, gives a current of .5.8x10-" amperes or 17.4x10-^ E.S.U. per square

centimeter surface if the plates of the electroscope are 4 cm. or more apart.

The amount of radium in the oxide may be determined by dissolving it and

then determining the amount of emanation in the solution after it has stood

30 days. The sample is placed in the a ray electroscope and compared with

the uranium oxide. It will be evident that an assumption is made here that

. the absorption coefficient of all samples for a rays is the same as the absorp-

tion coefficient of uranium oxide for a ra^'s. This assumption is only approx-

imately true.

The radioactivitj' of soil is very slight and in order to get an appreciable

current a large area must be exposed. This necessitates large plates in the

ordinary form of a ray electroscope. The large plates increases the capacity

of the electroscope and thus diminishes the sensitiveness of the electroscope.

Instead of an ionization chamber with plates I have hit upon the plan of

using a cylindrical chamber with a central rod. The material to be tested is

packed between the wall of the cylinder and an inside cylinder made of wire

gauze. The space between the two walls is made as small as the ease of fill-

ing will permit. One or two centimeters, say.

In this form of electroscope the amount of surface exposed can be increased

at will by increasing the size of the cylinder, and as the diameter of the

cylinder is increased the capacity is decreased. Thus the sensitiveness of the

electroscope is increased in two ways as the ionization chamber is increased;

by increasing the surface exposed and by decreasing the capacity of the instru-
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nient. The size of the chamljer will be limited only l)y the potential of the

central rod. The potential must be at least the saturation potential, that is the

potential must be great enough to pull out the ions as fast ais they are formed.

With the usual potential, about 800 volts, the diameter may be made 15 or

20 centimeters. The height may be made as great as is convenient to use.

The general plan of the instrument is shown in the figure. A, is the

ionization chamber, B, is the chamber containing the gold leaf. L, is the leaf,

W, is the windoAv through which the leaf is read on the scale. C, is the charg-

ing system. S, is the sulphur plug and R, is the central rod. For a more

detailed description of the method of making and reading an electroscope I

will refer to my paper on The Radioactivity of Spring Water, (ind. Acad.

Proc. 1914.)

The top of the chamber, B, has a disc with a flange fastened to it. The

diameter of this disc is such as to fit the ionization chamber. The loAver end

of the chamber. A, is closed and a hole is cut large enough to let the sulphur

plug, S, pass. The gause cylinder, G, is soldered to a disc which will fit the

inside of the large cylinder and pass the plug, S. A disc of diameter of the

gause cylinder is soldered in the top. A lid fits over the top of the large

cylinder.

To fill in the material to be tested the chamber A, is removed from off

tlie chamber B, the gause cylinder is placed inside and the material is packed

lightly between the two walls. The lid is placed on and the chamber A, is

placed on the chaml)er B.

Correction must be made for the absorption of a rays by the gause.

This can be determined by getting the ionization current of uranium nitrate

when free and when covered with a sample of the gause, using an ordinary a

ray electroscope.

Or the electroscope may be calibrated hy filling in a material of known

activity between the gause and the outside cylinder. Or uranium nitrate may
be mixed with an inactive substance in known proi)orli()iis and placed in the

electroscope.

In testing soils the sam])le sliould be allowed to dry for a few days as

fresh damp soil contains a large amount of radium emanation Avhich has

come up from the lower material.

Indiana University, December 1, 1915.
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The Cause of the Variation of the Emanation
Content of Spring Water.

By R. R. Ramsey.

Last year at the annual meeting of this Society I presented a paper on

"Radioactivity of Spring Water" in which I called attention to the fact that

there was a variation of the radioactivity from time to time. During nine

months of the past j-ear I have measured the emanation content of two

springs once every week. In a short time I discovered that there was a con-

nection between the radioactiiity and the flow of the springs. The flow of

one of the springs was measured every week during si.x months.

The springs are about 1.3 miles apart. One isuses out of coarse graval the

other issues from a crevice in the solid rock. Both siirings are known as never

failing springs, however the flow of both are affected by the rain fall. They

both vary in the same manner but not to the same degree. The ^ariati()n of

the 111. Cent, spring, the one mea.sured, is much more then the Hottle spring.

The method of measuring the flow was l)y inejins of a horizontal weir, the

depth being measured and computed according to the usual formula.

The radioctivity Avas measured bj- means of the 'Schmidt shaking method

and an emanation electroscope. The electroscope was standardized l)y

means of an emanation standard secured from the Bureau of Standards.

The Schmidt shaking method can be carried out at the sjjring. The accuracy

of the method Avhen the measurements are made at the spring in lo to :}()

minutes is about 5 per cent. The observations for the nine months are shown

in the table 1. The date of observation, the temperature, the flow in gallons

per day, and the emanation content of the water is given for each spring.

It will y)e noted that the radioactivity of the Hottle si)ring is higher and

more constant than the 111. Cent, spring, in the saine manner the flow of the

Hottle spring is mcjre constant llian the 111. Cent, spring but it is not always

greater than the 111. Cent. It will he noted that the fluctuations of the radio-

activity are in the same general manner for both springs.

This is better shown by means of cur\-es Figure 1 1. The full lines are for

the radioactivity the dotted line is for the flow. The (•ur\-es have a general

•Indiana .\cademy of .Sc-ionfc l'roccedings,''l9n.
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fall towards low values and then a rather suddeu rise. An increase in flow

is accompanied by an increase in radioactivity.

The increase of flow follows the melting of a heavy snow or a heavy rain.

Thus the radioactivity of the spring depends upon the rain fall. The radio-

activity of rain water is very small compared to the values obtained at the

springs. It can not be due to the radioactivity of rain water.

The above results, together with the fact that "wet weather" springs are

very radioactive and that one on the campus of Indiana University measured

1920 -xlO-'- a short time after a heavy rain fall, lead to the conclusion that the

variation of the emanation content of Indiana springs is due to the rain water

percolating through the soil and dissolving and carrying down with it some

of the emanation which is continually moving upwards from the interior of

the earth to the surface. During dry weather when the flow of the water is

not rapid a large per cent of the emanation which was dissolved in the water

is transformed into radium A, B, C, and D before the water issues from the

ground.

This conclusion is in accord with the observations of Wright & Smith

(Phys. Rev. Vol. 5, p. 459, 1915) in which they find that the amount of

emanation which issues from the soil is decreased as much as 50 per cent at

times after heavy rains.

To recapitulate, the variation of the emanation content of spring water is

due to the rain water dissolving emanation as it percolates through the soil.

Department of Physics, Indiana University, December 1, 1915.

TABLE I.

Variation of the Emanation Content of Certain Springs near Bloomingtou

Indiana. (Flow given in gallons per day.)
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A Standard Condenser of Small Capacity

By R. R. Ramsey.

In radioactive measurements of substances which are very feebly radio-

active it IS necessary to have an electroscope which is very sensitive. One
of the conditions to obtain this result is, the electroscope must have a very

small capacity. A capacity of one to ten centimeters. A sphere has a capac-

ity equal to its radius when far remo^•ed from other objects but when lirought

near to the electroscope its capacity changes to a value which depends upon

the position, size and shape of the electi'oscope.

It is customary to use a cylindrical condenser. The capacity of a cylindri-

cal condenser is

L

C=
2 loge R, 'R2

where (' is the capacity; L is the length; Ri is the inside radius of the out-

side C3dinder; R, is the radius of the inside cylinder. This formula gives the

capacity if the effect of the ends can be neglected. This requires that the

length should be great compared to the difference of the two radii. When
these conditions are met the capacity will be 100 cm. or more.

In order to correct for the end effects I have made a condenser in three

.sections, the construction of which is illustrated in the cross sectional draw-

ing. The middle cylinder is made of a l)rass rod altout 9 millimeters in diam-

eter. The outside cylinder is made of brass tubing whose inside diameter is

about 8.0 cm. The diameters are chosen large in order that the accur;icy of

measurement nuiy be great. The ratio of the diameters is made large in order

that the capacity per unit length nuiy he small.

The length of the end sections is 10 cm. Tlic length of the middle sec-

tion is 20 cm. The middle rod is lield in place in the end sections by means of

sulphur. This was accomplished by means of two wooden discs which were

accurately turned to fit in the ends of the large cylinder and hold the middle

rod in the center. These discs were placed in the ends of the end sections.

The end section was stood upon the outside end and melted sulphur was

poured through a hole in the top disc until the cylinder was about one-third

filled. The di.scs were removed after the sulphur liad hardened. Dowel i)ins

are placed on the middle rod to hold the middle section in i)Iace.
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The capacity of the middle section is calculated by the formula. The

electroscope is charged to a potential Vi. The charge on the electroscope is

divided with the condenser, all sections being used.

If Ci is the capacity of the electroscope.

C2 is the capacity of the end sections.

C3 is the capacity of the middle section.

Vi is the initial potential.

V2 is the final potential,

then since

Q=CiVi = (Cx +C,+C3)V2

Vi/V2 = (C,+C2+C3)/Ci=ri

The electroscope is again charged to a potential V'l. The charge is again

divided with the condenser, the end sections being used.

Then we have

V',/V'2 = (Ci+C2)/Ci=r,

combining the two equations involving ri and r2 we get

In case that one has a steady ionization current as in the ease of radium

emanation in an emanation electroscope after three or four hours, one can

allow the electroscope to discharge through a certain potential difference, dV,

first with the electroscope alone, then with the ends of the condenser con-

nected to the electroscope, and then with the entire condenser connected.

Since i =C dV/t and dV is constant, we have,

Ci/tl = (Cl +C2)/t2 = (C, +C2 +C3)/t3 =C3/(t3-t2)

Care nmst be taken to see that the curr(>nt is constant during the obser-

vations. If the current is due to (i or y rays there is danger of the

air inside of the condenser being ionized and thus producing a variable current.

The capacity of the middle section of the condenser which 1 have is

8.06 cm. The capacity of the end sections is found by experiment to be about

17 cm. Thus, since the combined length of the ends is the same as the middle

section, the end effects plus the dielectric effect of the sulphur is about 9 cm.

Department of Physics, Indiana University, December 1, 1915.
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Rate of Humification of Manures.

R. H. Carr.

It has been recognized for a long time that organic matter is an important

constituent of the soil, but as to just what way it aids in crop production,

there seems to be considerable difference of opinion. Some maintain that it is

valuable only for the plant food it carries, while others value it more espec-

ially for the plant food in the soil which may be made available by its decom-

position. The following paragraph from the Iowa Station, found in the

September, 1915, .lournal of the American Chemical Society expresses the

sentiment of many soil investigators as to the value of humus, and the rate

of humification. "The organic matter extracted by alkali is of no very differ-

ent character than the organic matter of the soils as a whole. This together

with the fact proved hy Fraps and Hammer, Texas Bui. 129, that upon add-

ing organic matter to soil, at the end of a years time there is no more material

extracted with diluted ammonia than at the beginning of the period, proves

quite conclusively that the determination of the amount of humus as found by

the various methods is of no particular value in the study of a soil." This

statement seems rather unreasonable to the author of this article, since the

elements that are of value as fertilizers are locked up in most farm manures,

green manures, cotton seed meal, etc., as complex compounds and hence are

unavailable to the growing plant which must have its food supplied in a very

simple form. In well rotted manures these complex molecules are largely

broken down to simpler substances containing the same elements, but with a

different arrangement in the molecule. They are quite soluble in water and

if not leached by rains are very effective as a fertilizer compared with fresh

manure.

Therefore, since fertility is so closely related to the unlocking of these

complex plant molecules in the manures, an effort was made to measure the

rate of humification of the more common ones.

Plan of Procedure.

A clay soil was chosen that was very deficient in organic matter and was,

therefore, humus-hungry. With tliis soil were mixed different manures so
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that each double l)ox, holding aljout 1 cubic foot, contained the same amount

of organic matter. The contents of the boxes were as follows

:

TABLE I.

Box 1 contained 2 lbs. hen manure + 50 gr. CaCO^.

Box 2 contained 3.2 lbs. sheep manure.

Box 3 contained 2.4 lbs. hog manure.

Box 4 contained 3.0 lbs. horse manure.

Box 5 contained 6 . 6 lbs. steer manure + oO gr. CuCOs-

Box 6 contained 6.0 lbs. cow manure + 50 gr. C'aCO.v

Box 7 contained 4.0 lbs. horse manure + 101 gr. CaO, MgO.

Box 8 contained 4,0 lbs. horse manure + 171 gr. CaO.

Box 9 contained 4.0 lbs. horse manure + 179 CaCOs, MgCOs.

Box 10 contained 4.0 lbs. horse manure + 175 gr. CaCOj.

Box 11 contained no treatment.

On May 30, 1914. the manure, limestone and soil were well mixed and the

boxes were placed in the ground out of doors in order to approximate field

conditions. At the same time samples of the mixed soil were taken for humus

determinations. Other samples were taken on the following dates: Novem-

ber 25, 1914; February 16, 1915, after winter freeze; April 13, 1915, after a

jx-riod of quite warm weather; June 1, 1915, Octolx'r 15 and Xo\«'mber 22,

1915.

HUMTTS DkTEKM I NATION.

Effort was made to follow the course of changes brought about liy bacteria

and the weathering agencies, etc.. by determining the amount of luunus

present at the various periods. The term fnivum, as used by American soil

investigators, does not refer to the total organic matter present in a soil,

but only to that which is soluble m 4 per cent NH4OH, the calcium and mag-

nesium having been removed. The Official Method as modified by Smith was

u.sed in all the determinations. Tlie following tables give averages for the

different periods:
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TABLE 3.

Horse + 101 Horse + 171

CaO, MgO I CaO

Hu-
mus. Ash.

Hu-
mus. Ash.

Horse + 179

CaCOs,
MgCOs

9
'

Hu-
mus. Ash.

Horse + 175

CaC03

10

Hu-
mus. Ash.

Soil, manure uno.xposed.

May 30 to Feb. Iti

Feb. 16 to April 13

April 13 to .June I

.June 1 to Oct. 15

Oct. 15 to Nov. 22

Check.

. 0055

.0064

.0070

.0072

. 0090 . 0072

0085
0084 .0051

0090
0094

0048 .0078

TO

0055
0005 . 0067

0061 1

.0096J
.0066

0058 .0093! .0123

.0049 .0097

.0081 .0083' .0093

.0075

.0087

.0099

.0062

.0087

.0055| .0072

OOSir .0065

.0061

. 0069
, 0074

.0103

. 0096

. 0090

No treatment

TAHLK 4.

Pkk'>;.\t of I .v<k!;.\sk ok Dkcrkvsk in Himi-s.

lien.
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TABLE 5.

Percent of increase or Decrease in Humus.

Horse
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CoNCLrSIONS.

1. Growth of corn, other factors being constant, seems to be proportional

to the rate of humification of manures.

2. The ammonia soluble matter in cow and steer manure is not apprec-

iably increased on 18 months' exposure, but hog, sheep and horse manure

humify less rapidly and in the order named.
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The Food of Nestling Birds.

Howard E. Enders and Will Scott.

The surprisingly^ rapid growth of fledgling birds is a matter of common

observation but the activities of the parents in the collection of food and the

care of the young is scarcely realized by persons who have not carried on

observations throughout the whole of a bird's working-day.

It has been the practice of the authors, each summer, for a period of years,*

to assign students in groups of four to the work of observing the activities of

birds and their fledgling young from dawn until nightfall. The work was

carried on in relays such that two persons were at the nest at all times, one

to make the observations at close range with the aid of field-glasses, and the

other to make the notes. By this method it was possible to observe, time

and note in considerable detail, the activities of the birds, also the character

and number of pieces of food brought at each trip to the nest.

Observations, many in duplicate, have thus been made upon seventeen

different species of the birds common to Winona Lake, Indiana. In the

several instances, the birds were under observation for a period of several

consecutive days, and we have reason to believe, without markedly modify-

ing their activities after the first hour or two.

The object of the present paper is to indicate th(^ nature, quality and

quantity of food brought to the young throughout a bird's full working-day.

A transcript of a single example is given in full while others are given in sum-

maries to indicate the number of feeds, number of pieces. Both "soft"

and "hard" food are fed to the young birds in proportions which change

somewhat with the age of the nesthngs.

It is contended that the stomach contents afford the only accurate and

reliable method of study of the food of birds. We believe that this method is

not applicable to the food of nestling birds for two reasons: first, the food is

soft and not readily identifiable; and the second and more important reason

is that the food is digested very rapidly. The stomach contents do not serve

as a criterion of the quantity of food that is eaten in the course of a day.

Biological Station of Indiana University at Winona Lake, Ind.
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Observations on the Bikjwn Thrasher.

Toi'ostoDKi rujmn.

There were four young in the nest. They remained in the same position

tliroughout the day and were, therefore, indicated (3-4). The nest was on

the ground in a elump of weeds. The day was bright, warm and calm.

4:00 A. M. Parents off the nest.

25 Female fed (unidentified)—cleaned I lie nest.

20 Male fed (unidentified).

;^9 Male fed apparently a cat('ri)illar.

55 Male and female fed apparently caterpillars.

57 Male fed eaterpiller.

59 Male fed (unidentified)—brooded until 5:11.

(7 feeds during the hour.)

5:27 Female and male fed—earthworm.

27 to :40 female brooded.

40 Male fed—earthworm.

45 Female fed—earthworm.

47 Male fed (unidentified.)

(5 feeds during the hour.)

():05 Male fed.

():05 Male fed.*

()(j Female fed.

09 Female fed.

17 Male fed—earthworm.

17 to :40 the male brooded.

40 Female fed and carried away excrement.

50 Female fed.

50 to :53 the female brooded.

55 Male fed and carried away excnincnt.

(7 feeds during the hour.)

7:03 Male fed—brooded till :2(i.

2() Female fed.

Kood nol idciititlcd wliorc name is not ^iveti.
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30 Female and male fed insects.

37 Female fed.

38 Female fed—eaterpiller.

44 Male fed—brooded till :56.

56 Female fed and carried away excrement.

(8 feeds during the hour.)

8:01 Female fed.

12 Male fed—worms.

14 Female fed—worms.

15 Male fed—worms.

24 Male fed—large green larva.

26 Female fed.

28 Male fed.

32 Female fed and brooded till :53.

53 Male fed—insects and brooded till :58.

58 Female fed—caterpillar.

59 Male fed—caterpillar.

(11 feeds during the hour.)

9:08 Female fed—caterpillar.

09 Male fed—caterpillar.

18 Female fed—worm.

20 Male fed—worm.

25 Female fed—grasshopper, and brooded till :47.

52 Male fed and brooded till 10:19.

(6 feeds during the hour.)

10:19 to 10:29 the nest was vacant.

29 Male fed—caterpillar.

30 Female fed—insect.

33 Female fed—dragonfly.

33 Male fed—worm.

36 Female fed—worm.

42 Female fed—cutworm.

53 Male fed—cutworm and ate the excrement.

59 Male fed—cutworm and ate the excrement.

(8 feeds during the hour.)
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1 1 :()2 Female fed—worm and l)oetle—carried away exeremeiit.

03 Male fed—cutworm.

05 Male fed—dragonfly.

14 Male fed—caterpillar.

20 Female fed—caterpillar.

27 Male fed—caterpillar to bird No. 3.

33 Female fed—caterpillar to bird No. 1.

34 Male fed—caterpillar to bird No. 2, and brooded till :39.

43 Female fed—caterpillar to bird No. 2.

44 Male fed—caterpillar to bird No. 2.

47 Male fed—caterpillar to bird No. 2—ate excrement.

52 Female fed—caterpillar to bird No. 3.

53 Male fed—2 insects to bird No. 1.

58 Female fed—caterpillar to bird No. 4.

58 Male fed—caterpillar to bird No. 4.

(15 feeds during the hour.)

12:04 Male came but did not feed—brooded till :11.

12 Female fed—caterpillar to No. 1.

21 Male fed—caterpillar to No. 2 brooded till :30.

30 Female fed—cut-worm to No. 1.

40 Male fed green larvae to No. 2 and No. 3.

40 to :45, the nest was vacated.

45 Female fed larvae to No. 3 and No. 4, and ate excrement.

46 Chased blackbirds away from the tree; flicker and other birds.

48 Male fed—dragonfly to No. 2.

(6 feeds during the hour.)

1:00 PVmale fed—dragonfly to No. 2.

08 Male fed—larvae to No. 1 and No. 3—carried away exeremi'nt.

09 Female fed—larvae to No. 2.

11 Female fed—larvae to No. 2.

16 Female fed—larvae to No. 3.

21 Female fed—cut-worm to No. 2.

25 Female fed—cut-worm to No. 4.

29 Male fed—cut-worm to No. 3 and No. 4.

43 Female fed—cutworm to No. 2.

44 Male fed—larva to No. 2.
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47 Male fed—larva to No. 3.

50 Male fed—larva.

51 Male fed—larva.

58 Male fed—larva.

(14 feeds during the hour.)

2:02 Female fed—larva to No. 1.

14 Male fed—larva to No. 2.

14 Female fed—larvae to No. 1 and No. 3.

23 Female fed—beetle to No. 4.

24 Male fed—beetle to No. 3 and No. 4.

24 Female fed—to No. 1 and No. 2.

37 Male fed—larva to No. 4—ate the excrement.

40 to :45 male brooded, and ate the excrement.

45 Male fed—larva to No. 4.

46 Female fed—larva to No. 3.

51 Male fed—larva to No. 1.

54 Female fed—larva to No. 1.

57 Female fed—beetle to No. 1.

58 Female fed—cut-worm to No. 2.

(13 feeds during the hour.)

3:00 Female fed—cut-worm to No. 2, No. 3, and No. 4.

05 Female fed—cut-worm to No. 3 and ate the excrement.

10 Male fed insect to No. 1.

15 to :25 Male fed—cut-worm, rested, ate excrement.

26 Male fed—insect to No. 2.

28 Male fed—2 insects to No. 4.

37 Female fed—to No. 3, and ate excrement.

38 Male fed—to No. 2, and ate excrement.

51 Male fed—cut-worm to No. 2.

52 Female fed—cut-worm to No. 1.

56 Female fed—cut-worm to No. 4.

57 Female fed—cut-worm to No. 3 and No. 4.

(12 feeds during the hour.)

4:01 Male fed—cut-worm to No. 4 and ate excrement.

09 Female fed—cut-worm to No. 1.
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17 Male fed—cut-worm to No. 2.

20 Female fed—cut-worm to No. 4 and ate excrement.

21 Female fed—dragonfly to No. 1, and ate excrement.

28 Male fed—insect to No. 4.

32 Male fed—cut-worm to No. 3.

36 Female fed—dragonfly to No. 3.

37 Female fed—dragonfly to No. 1.

42 Female fed—cut-worm to No. 4.

44 Male fed—dragonfly to No. 3.

50 Female fed—beetle to No. 3.

51 Male fed—dragonfly to No. 3.

51 to 54, rested at the nest.

(13 feeds during the hour.)

5:02 Female fed—dragonfly to No. 3.

03 P^male fed—dragonfly to No. 3.

05 Male fed—cut-worm to No. 3.

09 Female fed—^\^nged ant to No. 1.

10 PVmale fed—beetle to No. 2.

11 Female fed—cut-worm to No. 1.

14 Female fed—cut-worm to No. 2 and No. 3.

16 Female fed—ants to No. 1 and No. 3; ate excrement.

20 Male fed—ants to No. 1.

25 Female fed—ants to No. 4.

26 P'emale fed—ants to No. 1.

27 Male fed—ants to No. 1 and No. 4.

32 Female fed—ants to No. 2, rested till :40 at nest.

43 Female fed—ants to No. 3.

49 Male fed—ant to No. 4.

(15 feeds dining the lioiir.)

6:02 Male fed -beetle to No. 2.

07 Female fed—three ants 1o No. 1.

17 Female fed—beetle to No. 2, and ate excnincnt.

24 Male fed—cut-worm to No. 4.

24 Female fed—ants to No. 3.

29 Male fed—moth to No. 3; brooded till :33.

35 Male fed—ants to No. 3.
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42 Female fed—eul-worm to No. 3.

42 Male fed—fut-worm to No. 3; brooded till 7:QQ.

(9 feeds during the hour.)

7:04 Male fed—cut-worm to No. 1 and No. 3.

13 Male fed—beetle to No. 2.

25 Female fed—cut-worm to No. 3.

27 Female fed—beetle to No. 4.

30 Female fed—worm to No. 1 ; carried away excrement.

3/5 Male fed—cut-worm to No. 1; ate excrement.

42 Male fed.

47 Male returns without feed: broods.

(7 feeds during the hour.)

8:00 Still brooding on the nest for the night.

The young were weighed onthe following day, as indicated below. The

weight of the young was 40 grams.

1 beetle
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9 "worms."

5 earthworms.

11 dragonflies.

10 beetles.

50 ants.

1 grasshopper.

72 or more other insects.

308 or more.
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Summary of the Activities op a Kingbird.

Tyrannus tyrannus.

The same nest, with two young, was under observation for a period of six

daj's beginning with the morning on which the eggs hatched. The data of

the first day were imperfectly recorded and are, therefore, not included in the

summary. The data cover the 3rd, 4th, 6th, 7th, and 8th day after the hatch-

ing of the eggs.
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On the Change that Takes Place in the Chromo-
some IN Mutating Stocks.

RoscoE R. Hyde.

Two new eye mutations, tinged and blood have appeared in my
cultures of the fruit fly that throw light upon the question as to the nature

of the change that takes place in the chromosome when a new character

appears. Both mutations show typical sex-linked inheritance, consequently

they are expressions of changes in the X chromosome. Both mutants give

the same linkage values when measured with other sex-linked characters.

When measured with yellow body color a linkage of 1.2 results; with minia-

ture wings 33; with bar eyes 44. Morgan has described three sex-linked

ej^e mutants, white, eosin and cherry, which give the same linkage values.

Consequently, we now have five sex-linked eye mutants, namely, white,

tinged, eosin, cherry and blood, which give an increasing color series from

white to the bright red of the wild fly. A study of their linkage relations

shows that they either lie very closely together on the X chromosome or that

they are but different modifications of the same gene. The two possibilities

involve the question of the origin of mutations as well as the fundamental

make-up of an hereditary factor.

Mendel e'vidently thought of something in the germ cell that stood for

round (R) and something that stood for wrinkled (W) and that these two

things could not coexist in the same gamete. That is, (W) is allelomorphio

to (R).

The origin of mutation in the light of the above, assumption would

seem to depend upon the splitting up of more complex hybrids—the liring-

ing to th«' surface of units already created. Evolution in the light of such

a conception would seem to depend upon the shifting together of desii'-

able units.

Bateson viewed the matter in a different light. He knew of the origin

of new forms by mutation. He postulated a definite something in the germ

cell that stands for the character, as for example (T) which stands for the

tallness in peas, which when lacking makes the pea a dwarf (t). In other

words, instead of tAvo separate factors he regards the tallness and dAvarfish-

ness merely as an expression of the two possible states of the same factor,—
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its prt'seiicc and its al)seiK'e. lleiict' his wi'U-known Presence and Absence

theory. In this case (T) is allelomorphic to its absence (t). The inheritance

of combs in chickens is a beautifid appHcation of such a conception. Muta-

tions according to this theory appear as the result of losses.

Bateson pushed this idea to its logical conclusion in his ]MelI>()iu'ne ad-

dress where he speculates on the possibility that evolution has come about

by the loss of something. These somethings he assumes to be inhibitors.

(Science, August 28, 1914).

"
. . . As I have said already, this is no time for devising theories of

evolution, and I propound none. But as we have got to recognize that there

has been an evolution, tliat somehow or otlu^r the forms of life have arisen

from fewer forms, we may as well see whether we are limited to the old view

that evolutionary progress is from the simple to the complex, and whether

after all it is conceivable tliat the process was the other way about.

'
. . . At first it may seem rank absurdity to suppose that the prim-

ordijil lorni or forms of protoplasm could have contained complexity enough

to ))rodu(e the divers types of life.

"... l.,et us consider how far \vc can get by the process of removal

of what we call "i-pistatic" factors, in other words those that control, mask,

or suppress underlying powers and faculties.

'
. . . I have confidence tlial th-,' arlistic gifts of miiikiiid will prove

to be due not to something added In tlic niakc-u)) of ;ui ordinary man, but to

the alisetice of factors wliicli in the normal jxtsou iiiliil)il (lie (lcveloi)ment

of these gifts. 'I'hev' are abnost beyond doiilit 1o be lool<cd upon as releases

of powers nonnally suppressed. The iiistrunieiit is tliere, l>ul il is "stopped

down." Tlie scents of flowers or fruits, the finely repeated divisions that give

its quality to the wool of the merino, or in an analogous case the multiplicity

of quills to the tail of the fantail pigeon, are in all probability other examples

of such releases.

"... in s|)ite of seeming per\crsity. Ilierefore. we lia\c 1o admit

tJKil there is no rxolutionnry cliange which in I he present stale of our knowl-

edge we can positixcly declare lo be not due to loss. When this has been con-

ceded it is mitural to ask whether the remo\al of inhibiting factors may not

be invoked in allcAiation of the necessity which has driven students of the

domestic breeds to refer their diversities to multiple origins."

.\iiother idea as to tlie way these factors m;iy find expression in the germ

cells lias been adxanced by Morgan under the heading of Multii)le Allelo-
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morphs. According to this conception there is a definite something (W)

located at point 1.2 on the X chromosome which stands for the red eye of

the wild fly. (Fig. A.) This gene underwent some kind of change and gave

rise to white eyes (w). In another stock the same particle mutated and

gave rise to eosin (we). In still another stock the same particle changed and

gave rise to eherrj- (w). (W) is allelomorphic to (w), to (w'^') and to (w).

each of these in turn is allelomorphic to each other; hence thej- form a

system of Multiple Allelomorphs. This \'iew is supported by a large amount

of experimental data by Morgan and his co-workers, but strange as it may
seem the numerical results can be interpreted in terms of the Presence and

Absence theory pro\nded the mutants are the result of losses of several factors

that stand for red in a completely linked chain of loci.

The assumption that these three mutants are the result of changes in

loci lying very closely together on the chromosome as demanded by the

Presence and Absence theory has been tested by Morgan and others by

means of their hnkage relations in three possible combinations as given

in Fig. D. (Sho^\Ti by the l)roken lines on the left.) The di.scover}' of the two

new mutants has made it possible to carry out the test in eight additional

ways. The e\'idenee which involves data from something like a half-million

animals weighs heavily against the Presence and Absence theory and is

entirely in accord with the assumption that something analogous to isomerism

may change an hereditary factor resulting in the production of a new form.

I have attempted to visualize this in Fig. E. If this is the correct inter-

pretation the possibilities locked in a small amount of chromatin may be

almost infinite, for a great many different arrangements are possible from

a few filings.

'I'lierc arc sdiiic iioiiils worMliy ul' (•(Hisidirjil ion ;is |cii(liii]L,' lo gi\<' weiglil.

((t llir Miilliplc Allcldiiiorpli tlicon.

1. On 111*' Presonc'c mid Al>s(in<' llnui\.i( is n<<<ss;iry lo assiiinr thai in

the region of 1.2 on the .X chromosome there is a chain «»i" live completely

hnked loci (very dose together) upon which the color of the red eye of the

wild fly depends. Multiple Allelomorphs accounts for all of the facts

whiU- postulating but one locus.

2. Gratuitous to the Presence and Absence theory let us assume that the

loci are in jutaposition. If we assume that blood, cherry, eosin, tinged and

white have appeared as a result of successive losses as shown in Fig. C, we

encounter a difficulty. AVheu anv two of these mutants are crossed the
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two chromosomes are brought together in the female, each restores the

mdssing part to the other and a red-eyed female should result in the Fi

generation. As a matter of fact no red-eyed female appears. She is invariably

a compound, that is, in each case she is intermediate between the eye colors

of the two stocks used as parents.

Again the evidence is fairly conclusive that when the two X chromosomes

are brought together in the female they break and reunite at apparently

all levels on the chromosome. Accordingly, it would seem that a break

and reunion would occasionally take place between the members of this chain

of loci. If such a phenomena should occur a complete chain of loci would

result like the chain in Fig. C (on the extreme left) , which would express itself

in the Fo generation in the production of a red-eyed male. But in aU the

possible attempts to break up such a line, as shown in Fig. D, no such a red-

eyed male has been found. To be sure the loci may be so close together

that crossing over would take place infrequently, but the evidence from such

large counts as have been made in which the red-eyed male has been

specifically looked for would weigh heavily against its ever taking place.

3. The mutations may be due to losses according to the scheme repre-

sented in Fig. B., one loss produced blood, two losses produced cherry,

and so on. Such an assumption would seem to accord with the fact that when

an3^ two of these stocks are crossed no red females are produced m the Fi

generation. On the other hand it should be expected that the chromosome

in which the least number of losses had occurred would act as a dominant.

For example, when blood and tinged are crossed, the females shoidd be hke

blood. But no such result is obtained. The female is intermediate in color.

Again we shoidd expect from the phenomena of crossing-over that, in

a cross for example between blood and white occasionally a cherry, or an eosin,

or a tinged male would appear in the F2 generation, but none has been ob-

served.

4. The history of the appearance of the members of this multiple allelo-

morph system shows that they are rare phenomena. Careful observation

by Morgan, Sturtevant, Muller, Bridges, myself and others show these

mutants to have appeared but a few times. It would be safe to say, I think,

that only one has occurred in five million times. I have represented blood

l)y one loss from the chromosome. Tinged is the result of four losses in

this completely linked chain of loci. The possibility of such mutants appear-

ing involves so many simultaneous losses that there would be one chance
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in millions. It seems almost impossible to believe that Ave should have ever-

found such a mutant.

5. The experimental evidence shows there are many factors arranged

in a linear series on the X chromosome. Some affect wings, some body

colors, others the shape of the eye, and so forth. Sturtevant has pointed out

the significance of the fact in light of the above statement that the characters

which behave as members of a multiple allelomorph system are closely

related physiologically.

6. If the mutants are the result of changes as shown in Fig. D it would

seem as if a mutated stock would more readily give rise to subsequent mu-

tations, since fewer simultaneous losses are necessary. As a matter of fact

four of the members mutated directly from red while eosm came from white.

7. Morgan has emphasized the idea that it is difficult to account for

reverse mutations on the assumption of losses from a completely linked chain

of loci, as the Presence and Absence theory postulates. On the other hand

it is conceivable how such a reaction could come about if the mutant is the

result of an expression of something analogous to an isometric change.

8. Is chromatin such simple material that the only change conceivable

is a loss?
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Some Pkeliminary Observations on the Oxygenless
Region of Center Lake, Kosciusko Co., Ind.

Herbert Glenn Imel.

It has been found that some of our lakes contain no free oxygen during

the summer months.

Birge and Juday ('11) found that Beasley and Mendota Lakes not only

had such oxygenless regions but that animal life existed in these regions.

They report sixteen genera of living, active protozoa, three of worms, two

rotifers, two Crustacea and one mollusc.

Scott found in his studies of lakes of northern Indiana that Center Lake,

Kosciusko county, had such a region, and under his direction the writer

undertook, during the summer of 1915 to find out what forms of animal

and plant life existed in this region.

According to Birge and Juday ('11), after the autumnal overturn, during

the winter, and until the approach of spring, the gas conditions are verj^

nearly uniform throughout the lake, but with the approach of spring, and

through the spring and summer, the oxygen content becomes less and less

in the lower strata while the carbon dioxide, both free and fixed, becomes

greater and greater until by July 15 or August 1, the free oxygen is zero

while the carbon dioxide is very great. (See Figs. 6, 7, 8.)

This condition is brought about in three ways: (1) by the respiration

of the plants and animals in it; (2) lack of surface contact with the air;

(3) decomposition of the dead organisms in it.

Determinations of the temperature, free oxygen, free and fi.xed carbon

dioxide, were made at the beginning and the end of the observation period,

July 28 and August 26. The oxygen was determined by the Winkler

method and the temperature was read by means of a therinoplione. The

results of these readings are shoAvn on graphs attached liereto. (See

Fig. 5.)

A pump, with a hose marked off in meters, was used in the collection

of the water. The samples of plankton were collected by pumping a quantity

of water through a plankton net at the desired depth and then rinsing off

with the last stroke into a collecting liottle. This method was used for
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all ])iit tlic bottom collcftion, wliifli was taken in the manner described

below and as illustrated by the figures.

A sixteen-ounee reagent bottle (see Fig. 1) Avith a ground glass stopper

was securely fastened to a block of cement weighing approximately 30 lbs.

The stopper was so tied that it could be partly pulled out. A strong cord

was attached to the neck of the bottle to permit raising and lowering the

bottle. A second cord was attached to the stopper so that when the empty

bottle was at the bottom the stopper could be pulled as far as its fastenings

would permit, allowing the bottle to be filled with the bottom ooze. When

the bottle was filled the cord attached to the stopper was loosened, thus

allowing it to snap back in place and securely close the bottle, and with

the cord around the neck the bottle was drawn to the surface. The stopper

and neck of llic collecting bottle were rinsed off first with alcohol, then

distilled water. The contents were then transferred to smaller reagent

bottles, corked and sealed with paraffin to insure their being air tight.

The contents of the collections, especially the bottom collection, were

examined microscopically and the plants and animals that seemed alive

were listed. As a check, some bottles of the same collection were kept fifteen

days in darkness and at approximately the same temperature as the lake

bottom. Their contents were then examined and the plants and animals

found tlu>rein were apparently as active as when first collected. The animals

were all seen mo\ing with more or less rapidity, the protozoans quite rapidly,

the higher forms not so inufh so. Their actnity increased with exposure

to light and air.

From the total examinations made, tlic I'oliowiug were found, demon-

strated to be alive and classified. Nine i)n)t()zoa, one rotifer, one crustacea,

twenty algae and fourteen diatoms.

AliillKils Chissijlcd (ijicr ('oiin (ind )1 rZ/.s/rr.

I'i'olo/.oa:

Dactylasphaerium radiosum Eiir.

Difflugia globostoma Leidy.

Amoeba proteus Ehr.

Helizoa:

Actinosphaerium eichornii.

Mastigophora-flagellat a

:

Peranema sp.(?)
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Ciliata:

Colpidiuni sp.(?)

Paramoecium Bursaria Ehr.

Stentor coerulus Ehr.

Vorticella sp.(?)

Gastotrieha: One form belonging to this group was a])undant.

Crustaceae

:

Copepoda

—

Cyclops bienspidatus.

Algae—classified after Conn and Webster.

Cyanophyceae (Blue-green)

:

Oscillatoria subtilissima Kiitz.

Oscillatoria aeruginoso caerulea.

Merismopedia nagelii.

Microcystis aeruginoso Kiitz.

Nostoc rupestre Kiitz.

Nostoc rupestre sp.(?)

Chlorophyceae (Green Algae)

:

Seenodesmus caudatus.

Pediastrum pertusum var. elarthratum A. Br.

Pediastrum Boryanum Turj}. (two types).

Pediastrum Boryanum Turp. var. granulatum Kiitz.

Ulthorix sp.(?)

Zygnemeae stellium var. genuinum Kirch.

Spirogyra variens (Hass) Kiitz.

Heterokontae (Yellow green):

Tribonema minus (Wille) liaz.

Bacillarieae (Diatomaceae) classified aftci- Wolle:

Navicula Sillimanoi-um Ehrb.

Navicula Tab(>llari;i.

Navicula Tabellaria var. Macilenta.

Gomphonema Geminatum (two types).
,

Asterionella Formosa.

Asterionella Formosa var. Ralfsii (two tyi^es)

Asterionella Formosa var. Bleakeleyi.

Asterionella Formosa var. GraciUima.

Fragalaria Capucina Desmaz.

Stephanodiscus Niagara Ehr. (two types).
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Thus far we have established the following: fa) Center Lake, during

part of the year, has a region devoid of free oxygen, (b) A number of hviny

organisms are found in it during this time.

ManA- of these organisms are chlorophyl bearing. This made it desirable

to determine, if possible, whether or not any light reached the bottom of

this rather turbid lake.

To answer this question a Brownie No. camera, boiled in paraffine lu

make it imper\'ious to water, was fastened into a pail weighted in the bottom

vnih lead to sink it. (See Fig. 2.) The lever of the shutter was arranged

with strings running through opposite sides of the top of the pail (see Fig. 3),

so that when the camera was sunk to the desired depth the shutter could be

opened, exposing a bit of film arranged between two microscopic slides

which were taped around the edges, serving the doul)le purpose of keeping

the film dry and acting as a check. (See Fig. 4.)

After an exposure of five minutes, the shutter was closed by means of the

other cord and the camera raised to the surface. The film was developed.

The exposed part of the film was distinctly darkened, showing that there

is some hght at the bottom of the lake. The intensity and quality of this

light remains to be determined.
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The Occurrence of More Than One Leaf
IN Ophioglossum.

It is usually stated that in the Ophioglossales one leaf develops each jear.

In collecting material of Ophioglossum vulgatum near Gary, Ind., during

the summer of 1914, it was observed that there was a large proportion of plants

^\^th more than one leaf, so a count was made. Of a total of two hundred

plants, selected at random, ninety-one had one leaf above ground, one

hundred and five had two leaves, and four had three leaves. A similar pro-

portion was found the same year in plants collected in a wood adjoining

the Earlham College campus. Material coUeeted during the summers of

1913 and 1915 showed few plants with more than one leaf.

M. S. AIarkle.

Earlham College,

Richmond, Ind.
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The Phytecology of Peat Bogs Near Richmond,

Indiana.

M. S. Markle.

Literature Used for Reference.

(') Transeau, E. N., On the geograpliical distribution and ecological relations of

the bog plant societies of northern North America. Bot. Gaz. 36: 401-420, 1908.

(2) Leverett, F., The glacial formations and drainage features of the Erie and
Ohio basins. Mon. 41, U. S. G. S.

(^) Dacluiowski, M., A cedar bog in central Ohio. Ohio Naturalist, 11: No. 1,

1910.

While the peat bog is a common feature of the landscape in northerly

latitudes, the presence of a bog as far south as Central Indiana or Ohio

excites considerable interest. It is the belief of modern botanists (0, that

these bogs originated during the period immediately following the glacial

period, when the area abutting on the edge of the ice approximated arctic

conditions, and gradually emerged from this condition after the recession of

the ice. Since the retreat of the ice began at its southern border, areas

retaining any of the primitive conditions incident to the original arctic

climaie increase in rarity southward. In Indiana and Ohio, the Ohio river

formed the approximate southern boundary of the ice sheet at the time of

its greatest extension; so these bogs are within sixty or seventy miles of the

southernmost limit of glacial action and even nearer the edge of the most

recent ice sheet. No doubt many bogs formerly existed in central Indiana

and Ohio, but, with changed conditions, practically all have disappeared.

The principal features of interest involved in an ecological study of the

vegetation of peat bogs are, first, the presence of a large number of xero-

phytic forms, a situation not to be inferred from the well-watered condition

of the habitat; second, the existence of many plants characteristic of arctic

and subarctic regions. Little study was made of the anatomy of these

xerophytic forms, as they are not nearly so well represented here as in the

northern bogs.

The presence of boreal forms may be accounted for as follows: During

the glacial period, the flora of the area bordering on the ice was arctic, such

a flora having been able to retreat southward before the slowly-advancing

ice, and consisted of such forms as were able to withstand the many north-
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Fi(i. 1. Map of part of soLilhcasliTii Indiana and soiitlnvcsicrn Ohio, showing

fjlacial moraines of the Karly and Late Wisconsin lee Sheets and the hoiindary of the

Illinoian drift: also the hication of the hogs near Richmond. Indiana and I'rhana.

Ohio. Adapted from Ke\crett and supplemented by oljservation.
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and-south oscillations of the ice. Wlu'ii llie ice finally i-ctivated, the plants

followed. As any area became warmer and drier, some species perished.

The southern flora, long held in cheek by the glacier, began to crowd in and

where conditions were favorable for its growth, replaced the arctic flora,

which remained only in such situations as were unsuitable for the growth

of the southern plants, such as bogs and cool, shady ravines. Such places

as these are islands of northern plants left in our now southern and south-

eastern flora.

The physiographic cycle of a bog differs from that of an ordinary swamp

in several particulars; while both are ephemeral features of the landscape,

soon being destroyed by sedimentation or by drainage, they differ in the

manner in which they are filled; a swamp fills up from the bottom by the

gradual accumulation of sediment deposited bj- incoming streams and that

formed by decaying plant and animal matter; while a bog fills largely from

the top by the formation, beginning at the edge, of a gradually thickening

and setthng floating mat of partially decayed vegetation, which is finally

capable of supporting a rich flora. Bogs are more likely to develop in un-

drained or poorly drained depressions, though there are jiartially drained

bogs and undrained swamps.

The glacial age was not a unit, l^ut was characterized liy alternate ad-

vances and recessions of the ice, repeated no one knows how often. The

last few advances were, in general, less extensive than their predecessors,

so the terminal moraine of each was not, in every case, destroyed by its

successor. The moraines of three of these successi^'e advances of the ice

can be distinguished in Ohio (2). The oldest, the lUinoian, extended almost

to the Ohio river. The second, the Early Wisconsin, extended nearly as far,

and was divided by an elevation of land into two lobes, the Scioto on the east

and the Maumee-Miami on the west. The Late Wisconsin sheet followed

the same course as did its predecessor. The terminal moraines of the two sheets

are roughlj^ parallel. The medial moraine of the two lobes of the Early

Wisconsin Sheet was not destroyed by the Late Wisconsin, and the

outwash plain between the medial moraine of the Early Wisconsin and the

lateral moraine of the Late Wisconsin formed a broad \alley, now drained

by the Mad river. In this valley is located a l)og, known locally as the Cedar

Swamj). See accompanying map. Fig. 1.

Cedar Swamp is in Champaign county, Ohio, about five miles south of

Urbana. It is between the river and the east bluff of the Aalley. There is
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no evidence that it occupies a former bed of the stream. The bog probably

occupies what was originally a small lake on the valley floor, fed by springs

in the underlying gravel. The former area of the bog was no doubt much
greater than its present area, as is shown by extensive outlying deposits

of peaty soil. The area of the bog has been greatly reduced during the

last few years by artificial means. From natives of the vicinity, it was

learned that the bog was formerly much wetter and more impenetrable.

A story is told of an "herb-doctor" who entered the bog on a collecting

expedition and never returned. A skeleton recently unearthed was supposed

to be that of the unfortimate doctor.

The bog is now artificially drained by a large ditch, })ut the luiUiral

drainage was evidently very sluggish.

The bog in its present condition throws no liglit on the question of the

origin of the floating mat of plants characteristic of the earlier stages. Four

rathei' distinct plant associations, representing four stages in the plant suc-

cession in a bog formation, are represented here. These are the sedge-grass

association, the birch-alder association, the arbor vilae association and the

maple-tulip association

.

The quaking mat, occupied l)y (he sedge-grass association, lias almost

disappeared, and exists only in isolated patches, the largesi of which is

shown on the accoin])anying map, Fig. 2. One of the snuiller ])at('h('s a])i)ears

in a photograph. Fig. 7. The areas that are left are quite typical. Walking

about over the mat is to be conducted with some caution, especially in the

wetter seasons. By jumping on the mat, one can shake it for many feet

around. A stick can be thrust down with little resistance to a depth of four

to six feet. The burning over of the largest of these areas has destroyed

many of the typical plants. The principal species found in the association

are as follows

:

Drosera rotundifolia.

Parnassia caroliniana.

Carex spp.

Lophiola aurea.

Solidago ohioensis.

Solidago Riddellii.

CaIopog:on pulch<llus.

Liparis Loeselii.

Habenaria peramoena.
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I<'iG. 4. Arbor vital' trees two feet in dianieti'r witli t h<- lofis upon wliicli they
Kerminateci still remaining. The ends of the logs near the trees do not s'low. The
hatchet is stuck in the nearer log. Cedar Swamp.
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Equisetum arvcnso.

Typha latifolia.

Utricularia minor.

Lobelia Canbyi.

Cardamine bulbosa.

Scirpus americanus.

Geum rivale.

Aspidium thelyptcris.

Tlie birch-alder association occupies the smallest area of any of the

associations, since it forms merely a narrow fringe between the areas of

quaking mat and the areas occupied l)y the arbor vitae association. Some

of the same plants are found intermingled with the trees and others on the

mat. The tendency is for these bordering shrubs gradually to close in upon

the mat areas they enclose until the mat is covered. The shrubs may gain

a foothold upon higher points in the mat association fi'om which they spread

outward. The principal plants of the birch-alder association are as follows:

Potentilla fruticosa.

Aldus in'-ana.

Betula pumila.

Hypericum prolificum.

Salix cordata.

Physocarpus opuHfolius.

Cephalanthus occidentalis.

Steironema quadrifolia.

Silphium terebintliiiuiceum.

Ulmaria rulira.

Phlox glabeiTima.

By far the largest pari of the liog is occupied by the arbor vitae associa-

ciation. The association is noticeable from a distance, on account of the

presence of these trees of arbor A-itae, or white cedar, which gave the bog

its name. Trees two feet in diameter are common. A stump, oblong in

cross-section, was found to l)e twenty feet in circumference and five by eight

feet in diameter. The stump was hollow, so that its age could not be de-

termined, but the outer six inches showed about one hinidred growth rings,

so the tree must have been several hundred years old. Under natural

conditions, this association would probably persist for a very long time,

as invasion from without goes on very slowly. The Thuyas have very com-
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Fig. 5. Stump of an arbor vitae tree 40 years old, and the log upon
which it germinated. Cedar Swamp.
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plete possession of the habitat. Shade conditions are such as to exclude

light-demanding forms. First attempts at photography under the arbor

vitaes resulted m failures, on account of uniform under exposures. The

vegetation of the forest floor is not abundant, except in early spring. The

herbs are largely shade-enduring species. The mat of roots and fallen

branches and leaves is another factor that deters invasion from without.

If the toxicity of the substratum is a factor, it exerts its maximum influence

here, under present conditions. Then, too, the i)lants of the association are

reproducing themselves very efficiently, all stages of seedlings and saplings

being found. Nearly all the Thuyas germinate on stumjjs and logs. A
specimen four or five inches in diaiueter and twenty-five feet in height was

found growing on a stumj) four feet high. Even the oldest trees, which must

be hundreds of years old, are still grasi)ing in their roots the partially decayed

remains of the logs upon which they germinated. The fact that tlie logs

are lying in a position that subjects them to the greatest exposui-e to decay

shows the resistant qualities of arbor vitae wood. The logs shown in the

photograph (Fig. 4) are still fairly sound, though the trees which gi-eAv upon

them are two feet in diameter.

One of the commonest undergrowth shrubs is Taxus canadensis, which is

here a prostrate, creeping shrub, seldom more than one or two feet in height.

No traces of seed formation were observed, but the plant reproduces abundantly

by layering. What at first glance seems to be a group of plants is found

to be a series of layered branches from a common central plant. This habit

is of considerable ecological importance here, since it seems to be the only

means of reproduction of the species.

As the accompanying list shows, the arbor vitae association is the habitat

of a large number of species of ferns, which form a prominent part of the

flora of the association. Camptosorus was found in four widely-separated

situations, growing luxuriantly upon fallen logs. Plants of Pteris more than

four feet in height are rather common. Osmunda cinnamomea is common,

but only two specimens of O. regalis were seen. Botrychium virginianum

is abundant. Prothallia of O. cinnamomea are common.

A single plant of Lycopodium lucidulum, probably the last representative

of its species, was found. The disappearance of this species is indicative

of what has occurred in the case of many other northern forms and of the

eventual fate of those that remain. Another disappearing species is
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Ki(i. (i A falliM) arbor vilac ticc, showing; shallow rooiiii^;. Ti'ccs

arc freciucntly uprooted. Cedar Swamp.
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Va(^('inium r'or3nTil)osiim, only one specimen of wliich was seen. The Dciii-

cipal species of the association are as follows:

*Thuya oceidentalis.

*Taxus canadensis.

*Alnus inc^ana.

Populus deltoides.

*Populus trenuiloides.

Rhus vernix.

liluis cotinus.

Rhus glal^ra.

Lindeva benzoin.

Ribes Cynosbati.

Rubus idaeus.

*Ru]:)us triflorus.

*Vacciniuni corymbosuni.

Cornus i)anieulata.

Cornus alternifolia.

Acer rubruni

P^Tus arl)utifolia.

Anipatiens biflora.

Laportea (canadensis.

Asclepias incarnata.

Caltha palustris.

Symploearpus foetidus.

Cypripedium parviflorus.

Cypripf^dium hirsutum.

Aralia racemosa.

Polygonatum biflorum.

Dioscorea villosa.

Polymiiia canadejisis.

Mit(cliella repens.

Anemonella thalietroides.

Anemone quinquefol ia

.

Pedicularis lanceolaia.

Polemonium reptans.

Uvalaria perfoliata.

Mitella diphylla.

0084—24
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Fig. 7. One of the small areas oonipied by the sedge-grass association, with Sil-

phium and Typlia in tlie foreground, and Thuya in the background. The birch-alder

association is not well developed here. Ci-dar Swamp.
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Hydrophyllum appendieulatiini.

Hydrophyllum virginianum.

Arisema d'iphylla.

Trillium grandiflorum.

Trillium eernuum.

*Trientalis amerioana.

*Maiantliomum oanadensc

Seneeio aureus.

Botrychium virginianum

.

Osmunda regalis.

Osmunda cinnamomea.

Pteris aquilina.

Cystopteris fragilis.

,
Aspidium spinulosum.

Aspidium cristatum.

Aspidium thelypteris.

Adiantiim podatum.

Anoelea sensibilis.

Camptosorus rhizoj^liylius.

Asplcnium acrostieoidcs.

*Lyc()p()dium lucidulum.

On the west side of the arbor vitae association is an almost undistiu'bed

tree association, differing greatly in composition from that just described.

The arbor vitae zone is made up largely of plants of northern origin or plants

charactei'istic of bogs, while the plants of the other group, called the maple-

tulip association, are those t.vpical of the climax mesophytic forest of the

region and are distinctly southern in their origin. A comparison of the

distribution of tlie nuire distinctly ])oreal forms of tlie arbor vitae associa-

tiln, indicated thus (*) in the list, with those given Ix'low for the ma])le-

tulip association, will make the difference in origin ^ ery striking. Practically

all these boreal forms occur outside the limits of distribution given by the

best manuals. The beech is usually a member of the flimax mesophytic

forest of this region, but since for some reason it is absent fi-oiii all the forests

of this vicinity for se\'eral miles around, it is also absent in tiic bog. The

principal trees of the maple-tulip association follow:
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Liriodendron lulipifera.

Acer saecharinum.

Acer rubrum.

Fraxinus nigra.

Fraxinus americana.

Juglans einera.

Ulmus americana.

Ulmus racemosa.

Platanus occidental is.

Lindera benzoin.

Xanthoxyluni americanuni.

Pilea pmnila.

Urticastrum sp.

Thalictrum dasycarpu7n.

We have in the cedar swaiiii) a toriiiatiDn <jf' jjlants oi' a decidedly boreal

aspect, maintaining itself, bul tor llic intliiciice of man. in lln' midst of a

flora predominantly southern. Ability to maintain itself in the struggle ^vith

the southern flora was probably due originally to differences in the habitat.

Just what the factors are that make hog conditions unsuitalile for the growth

of most plants have not been fully determined; but some combination of

edaphic conditions permitted the northern i)lants to remain and removed

them very largely from competition with the southern forms. In the later

stages of the development of the bog, many of these conditions have probably

been modified or removed. Many of the southern plants could undoubtedly

maintain themselves under the present conditions; but the bf)g i)lants have

such complete possession of the habitat that invasion is practically pre-

cluded. But for the influence of man. the formation would no doubt have

been able to maintain itself for many centuries to come.

About two miles .southeast of Richmond. Ind., lies a small remnant of

a formerly much more extensive peat bog. It is known as the Elliott's Mills

bog and is in such an advanced state in the physiograi)hic cycle of bogs that

little resemblance to a typical bog remains. But the characteristic peat

soil and the presence of certain bog and Iwreal plants indicate its former

character. The l)og lies in a broad, shallow valley between morainic hills.

It evidently occupies a shallow, undrainefl depression scooped out in a softer

part of the underlying Niagara limestone. The bog is crossed by a pulilic
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highwa\- and is now drained l:)y the roadside ditch. It Avas necessary to

blast through rock in order to get an outlet for the bog, showing that it is a

roekbound depression. Tile drains from the bog carry streams of cold water

throughout the year. Galleries supplying part of the water for the city of

Richmond occupy a drier part of the bog.

The very advanced state of the bog is due, no doubt, to its nearness to

the southern limit of glaciation and its consequent gi'eat age. Few tj'pical

bog plants remain. The following, however, are more or less characteristic

of bogs: Rhus vernix, Salix pedicellaris, Hypericum prolifieum, Parnassia

caroliniana, Potentilla frutlcosa. Onlj^ one specimen of Rhus vernix remains

and it is dying—a fate typical of that of many bog plants which must formerly

have existed here.

Nearly all boreal forms have likewise disappeared. The follo^dng species

have a range reaching far into the north: Potentilla fruticosa, Sahx rostrata,

Populus tremuloides. Only one specimen of Salix rostrata was found.

No other specimen is known in the region. Populus tremuloides occurs

sparingly thru central Indiana, but is common in the bog.

A very striking fact is the presence of a large number of species character-

istic of prairies. This is somewhat strange when it is remembered that the

prairie is a formation not at all characteristic of eastern Indiana, which was

originally hea\ily forested. Eastern Indiana is, however, not far from the

tension line between the forest formation characteristic of the east and

southeast and the prarie formation characteristic of the west and south-

west. No doubt after the retreat of the glacial ice there was a migration

of plants of both of these formations and a consequent struggle l^etween them

for the possession of the new territory. In some instances the pond-swamp-

prairie succession or the pond-liog-prairie succession may have occurred,

while in other eases the pond-swamp-forest or the pond-bog-forest succession

may have taken place. The last named is the succession that occurred at

Cedar Swamp. In Eastern Indiana, the condition that finally prevailed

over the entire area was the mesophytic forest, but it is not likely that the

patches that may have followed the succession toward the prairie would

have entirely disappeared. This hypothesis would account for such islands

of prairie plants in a forested area as we find in this bog. This is not an

isolated ease, for other such situations are found in eastern Indiana and

western Ohio and are known locally as "quaking prairies." The -writer

hopes to make further studies of these areas.
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The following plants occur in the Elliott's Mills bog:

Rhus vernix.

Cornus stolonifera.

Potentilla fruticosa.

Parnassia caroliniana.

Hypericum prolificum.

Salix pedicellaris.

Salix rostrata.

Gerardia paupereula.

Populus tremuloides.

Aster Nova-Angliae.

Aster oblongifolius.

Phlox glaherrima.

Physostegia virginica.

Ulniaria rubra.

Solidago ohioensis.

SoHdago Ridclhi.

Solichigi) slricla.

Solidago rugosa.

Ihidbcckia liirla.

Desniodiuiu ])aiiicuhita.

Monarda fistulosa.

Rosa setigera.

Koellia \irginica.

Chelone glabra.

Cirsium muticum.

Salix nigra.

Salix cordata.

Lobelia syphilitica,

jjolicli.-i Kidiiiii.

Aspidiuni t helypli'vis.

Selaginella apns.

i'liysoc;iri>us opiilitoliiis.

Inula Heieiiiuni.

Cipinn canadf'nsp.

8\ mplocarpus foetidus.

Eupatorium ijerfuliatu in

.
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Eupotorium piirpureum.

Sagittaria latifolia.

Alisma plantago.

Carex spp.

Cuscuta sp.

Ludwigia palustris.

Bidens triehospernia.

Oxypolis rigidior.

Campanula americana.

M. S. Markle.

Earlham College,

Richmond, Ind.
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A Report on the Lakes of the Tippecanoe Basin.*

Will Scott.

This paper presents the first section of the results of the survey of the

Indiana lakes. The lakes herein described all lie in the Tippecanoe basin.

This basin contains 1,890 square miles. The plan of the survey has been to

construct a hydrographic map of the lakes; and to determine at critical

levels the temperature together with the amount of oxygen, free carbon-

dioxide, carbonates and plankton.

The following lakes have been mapped: Manitou, Yellow Creek, Beaver

Dam, Silver, Plew, Sawmill, Irish, Kuhn, Hammon, Dan Kiihn and Ridinger.

Gas determinations and plankton collections have been made in the

following lakes: Manitou, Yellow Creek, Pike, Eagle (Winona), Little

P^agle (Chapman), Tippecanoe, Plew, Hammon (Big Barbee).

All of the lakes in this basin have been caused by irregularities in the

great Erie-Saginaw interlobate moraine which was formed bj^ the Erie and

Huron-Saginaw lobes of the Wisconsin ice sheet. The basins are either kettle

holes, irregulatities in the ground moraine, channel lakes, or a combination

of these.

In the lakes that we have mapped the area varies from 85,0(S4 sq. M.

in Sawmill lake to 3,265,607 sq. M. in Manitou. The volume varies from

284,716 cu. M.in the former to 9,787,024 cu. M. in the latter. Their maximum

depth varies from 7.9 M. in Dan Kuhn lake to 22 M. in Yellow Creek lake.

The average depth of Dan Kuhn lake is 2.588 M. and that of Yellow Creek

lake is 10 M. These are the maximum and the minimum for the lakes

mapped.

The liottom temj)eratures vary from 5.3° C. in Tii)])ecanoe lake to 15° C.

in Little Eagle (Chapman). Tlie amount of wind distril)ut<'(l lical (i. c

in excess of 4° C\) has been calculated in gram calories ))er square ((ntiniclci-

of surface. Tin's xaries from 5,;^.()1 gr;ini caJorics in ManKon lo 10,.^)(t.'] faJorics

in Yellow Creek lake.

The oxygen is always abundant in the epilimnion. In six observations

it Was found to exceed the saturation point at one or more levels. The

*A complete report of thi.s work, with map.s, taljle.s, and other data, will hv piili-

lished a.s the .Inly niniiber of tiie fndiana University Studies for laKi.
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oxygen is always reduced in the h^'polimnion. The foHowing lakes have no

free oxygen in their lower levels: Hammon, Lingle, Little Eagle, Pike, Center

and Webster.

All lakes that have been examined are hard water lakes. The maximum
amount of earbondioxide as carbonates varies in the different lakes from

27 ec. per liter to 60 ce. per liter. They are all increasingly acid in their lower

levels, but in the epilimnion they are sometimes alkaline. This is due to

photosynthesis.

The above statements in this discussion apply only to summer con-

ditions.

No very general correlation has been found between the plankton and

the dis.solved gases. Some of the lakes are much richer in plankton than

others. It seems probable at the present stage of the investigation that this

is related to, and possibly caused by the varying amount of j^hanerogama

that are produced in their Uttoral region.
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A List of Plant Diseases of Economic Importance
IN Indiana with Bibliography.

F. J. PiPAL.

INTRODUCTION.

Plant diseases cost Indiana considerably more every year than the

maintenance of all public schools in the State. In other words, they exact

an annual tax of over -115,000,000. The loss on the grain crops alone amounts

to aliout .$11,000,000. The above estimates are based uj)on the results of

thy experimental and demonstrational work conducted for a number of

years with grain smuts over a large section of the state, upon special reports

from cooperators in ])lant disease survey, general correspondence, and per-

sonal investigations and observations by the members of the Botanical and

other departments of the Agricultural Experiment Station.

A considerable proportion of this damage to growing crops can be readily

and cheaply prevented by employing certain well-established, precautionary

measures. This has been clearly demonstrated in the disinfection of seed

grain bj' the formaldehydge treatment and in the spraying of fruit trees.

Other effective sanitary measures and methods of control are available,

which, if put into practice, will save yearly a neat sum of money.

It is highly desirable, therefore, that Indiana farmers realize these facts

and avail themselves of the knowledge regarding plant diseases and tiieir

(control. A greater interest of the farmer in this ])hase of work will also add

stimulus to further and more extensive investigations of plant diseases so

that new and more practical measures of prevention and control can lie

evolved and made availal)le foe general practice.

In order to bi-ing together the accumulated information regarding the

plant diseases that occur within the State the writer has made an attempt

in this paper to present a list and a bil)liography of plant diseases in Indiana.

It is far from complete, however, and when a thorough survey is completed

many additions will be made to it. This list is merelj' Intended to serve as

a foundation for plant disease sur\e.vs to be made in the future.

With a few exceptions the list includes all plant diseases that have been

reported heretofore in various publications, and other diseases of which
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specimens have been collected or received from correspondents l)y former

and present members of the Department of Botany, Indiana Agrienltui'al

Experimental Station, or by Professor G. N. Hoffer, of the School of Science,

Purdue University. Unless otherwise stated in the list the specimens are

in the phytopathological collection of the Station Department of Botany,

or in the collection of Professor Hoffer. The distribution of the diseases is

given either by counties, together wath the dates of collections when known;

or by sections of the State in which they are prevalent. If they occur generally

over the State they are mentioned as common.

The bibliography includes articles written liy Indiana workers and

pertaining to Indiana plant diseases, published mostly in th(> bulletins and

reports of the Indiana Agricultural E.xperiment Station, Proce(>dings of

the Indiana Academy of Science, Transactions of the Indiana Horticultural

Society, and the Annual Reports of the State Entomologist. It also includes

several papers presented at meetings by out-of-state scientists, but pertaining

to diseases common to Indiana and printed in tlie State publications. Ref-

erences to the articles dealing with the diseases mentioned in the following

list are given by number, in the chronological order in which they were

published.

In order to make the plant disease survey as complete as possible, co-

operation is solicited, and the Department of Botany, Agricultural Experi-

ment Station, Lafayette, will lie pleased to receive specimens, especially

of the less common or luu'eported diseases. Any valuable information aa

to the prevalence of such diseases, the extent of damage caused, relation to

weather conditions, etc., will also be appreciated.

The writer wishes to express his gratitude to Prof. H. S. Jackson, Chief

of the Department of Botany, Indiana Agricultural Experiment Station,

for valuable advice and assistanse in the preparation of this list.
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LIST OF DISEASES.

Alfalfa {Medicago saliva L.)

Downey Mildew, I'erono.'ipura Trljolioruin DeB. TipiJecanoe, 1915.

Leaf Spot, Pseudopeziza Medicaginis (Lib.) Sacc. Common. 78.

Rust, Uromyces Medicaginis Pass. Putnam, 1907.

Violet Root Rot, Rhizocionia Crocorum (Pers.) DC. Referred to

formerly as R. Medicaginis D.C. St. Joseph, 1915. County agent, J.

S. Bordner, reported a number of affected spots in one field, each

spot being as much as 10 feet across and enlarging at the rate of 1

foot every 30 days during the growing season. So far as known to

the writer this disease has been reported on alfalfa only from

Nebraska, Kansas and Virginia.

Wilt, Sclerotinia Trifoliorum Eriks. Clark, Fulton and Henry, 1914.

Especially prevalent in Clark county.

Apple (Pyrus Mulus L.)

Bitter Pit (Cause physiological). Common on Baldwin variety. Bald-

win Fruit Spot, caused by Cylindrosporiiini Pond, has been reported

but no definite determination of it has yet been made. References

to Baldmn Fruit Spot: 58, .59, 84, 36.

Bitter Rot, Glotnerelln rufuinaculans (Berk.) Spaul. and von Sclu'. Preva-

lent in the southern half of the State. 46, 76, 78, 57, 58, 84, 100, 36,

40.

Black Rot, Sphaeropsis Maloruni Peck. Shear's studies indicate genetic

connection with Melanojis. Prevalent in the southern half of the

State. 78, 58, 59, 84, 100, 67, 36. 40, 117.

Blister Canker, Nummuluria discreta (Schw.) Tul. Becoming serious in

the southern part of the State. 36, 40, 39, 117, 86.

Blotch, Phyllosticta solilaria E. & E. Common. 78, 58, 59, 84, 37, 40.

Brown Rot, Sclerolinia ciiierea (Bon.) Wor. Common. 58, 59, 81.

Crown Gall, Pseudoinoiuis tumefaciens E. F. Smith & Towns. Reported

serious occasionally on nursery stock. 57, 59, 81, 36.

European Canker, Neclria ditissima Tul. J^'ound injurious to nursery

stock. 57, 58, 59.

Fire Blight, Bacillus amylovorus (Burr.) DeToni. Common. 76, 78.

57, 58, 59, 34, 36, 38, 117, 62. See also under Pear.
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Fly Speck, Lrj)lnlhj/riinii Point. fMoiil. &. Yr.) Saec. Usually found 1((-

gctiuT with sooty l)lotC'h. 78, 58, 81, .36, 40.

Jonathan PYuit Spot (cause unknown). Serious on Jonathan apples in

storage.

Leaf Spot, Phylloslicta limilata Pk. Tippecanoe, 1915.

Pestalozzia concentrica B. & Br. Monroe, Franklin and Martin, 1912.

Mildew, Podosphaera oxyacanthae (D.C.) DeB. Floyd, 1906, and Podo-

sphaera leucotrichia (E. & E.) Salm. Sullivan, 1915. 81.

Pink Rot, Cephalothecium roseutn Cdsi. Common. 38,81.

Root Rot, Clitonjbe parasilica Wileox and A rmiliaria mellea (Vahl.) Qual.

Serious in some orchards in the southern counties.

Rust, Gymnoaporatujium Junipcri-virginianac Schw. ('oniiiioii. l.'i.'J, 91,

78, 57, .58, 84, 100, 36, 40, 39, 117.

Seal), Vciitiirid indcrjiinlis (Fr.) Winl. Coniinon. 76. 78. .'57, 58, 84,

59, 100, 36, 10, 39.

Soft Rot, PeniciUium spp. Common. 58, 59, 84.

Sooty Blotch, Phyllachora pomigcna (Schw.) Sacc. Most abundant in

unusually moist seasons and in damp situations. 78. 58. 81. 36, 40.

Trunk Hot, Foinc.s (ipjihiiKilu.s (Pers. ) Wallr. Kosciusko. 1914.

Asli (Fraxinus s|)p.)

^lildcw, Pln/llncU/iid corylca (Pers.) Karsl. .loliiison, 1^90. Monlfi'omory

and Put nam. 1S93. 1.32.

While liealt \{i)l, Fniiic.s //(ixliKiphilus ]*ci-]<. I.'{2. 71.

As|>;i ra'Tiis (.-Ispara^us ]>.)

i\iisl, I'lifiiitiii AsiKinnjI D.C. K'.i I In i- coiiiinoii. Il(». 21. 112. 76. 77,

136. 2."..

Asl«'r, (JiiiM'se {Callislephus horlcnsis ('a.^s.)

P''usarium Wilt, Fusarium sp. Tipi)ecanoe, 1912; Clinton, 1914; Allen

and Marion, 1915.

Rust, ColcoHporium Solidaginis (Schw.) Tluun. Jeffer.son, 1914.
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Barley ( Hordeum sp.)

Black Stem Rust, Puccinia poculiformis (Pers.) Wettst. Common.

Covered Smut, Uslilago Hordei (Pers.) Kell. & Sw. Rather common.

132, 42.

Loose Smut, Uslilago nuda (Jens.) Kell. & Sw. Rather common.

Stripe Disease, HehnintKosporium gramineum (Rag.) Erik. Tippecanoe,

1910.

Bean {Phaseolus vulgaris L.)

Anthracnose, Cnlhlolrichum Lixilcniulhianuiii (Sacc. & Magn.) Bri. &

Cav. Common. 78, 128.

Rust, Uromyces nppetidiculalus (Pers.) Lev. Common. 132, 112, 78.

Stem Rot, Corlicium ragum B. & C. var. Solnni Burt. Laporte, 1911.

Beech (Fagus sp.)

Heart Rot, Stcccherinum septe>drionnle (Fr.) Banker. Rather common.

132, 71.

heat Spot, Phylloslida faginea Pk. Monroe, 1909. 137.

Mildew, Microsphaera Alni (D.C.) Wint. Johnson, 1890. 132.

Beel {Beta vulgaris L.)

Bacterial Disease. While the cause of this disease has l)een ascribed to

a bacterial origin, the matter has not been definitely settled. The

general characteristics of the diseased plants are similar to those

caused by the curly top disease described by Townsend (U. S. Dept.

of Agr. B. P. L Bui. 122). The curly top disease, however, appears

to be caused, as indicated by Shaw (U. S. Dept. of Agr. B. P. L Bui.

181) and Ball (U. S. Dept. of Agr. Bur. Ent. Bui. 66), by the beet

leafhopper {Eutctlix ienella). As this insect is claimed to be confined

to the southern states and therefore is not likely to be foiuid in Indiana,

it is doubtful if the Indiana disease is the same as the curly top. 65,

31, 55.

Leaf Blight, Cercospura belicola Sacc. Probably common. 128, 78.

Leaf Spot, Septoria Betae West. Tippecanoe, 1896.

Scab, Oospora scabies Thaxter. Common. 65, 31.
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Birch, bellow (Betula lutea Miehx. f.)

Rust, Mclnm pnoridium helulinum (Pers.) Kleb. Steuben, 1013. 25.

Blackht-rry (Rubus spp.)

Anthracuuse, Glomsporiinn vi'iKiiim Spc^. Burkliulder reported genetic

connection with Plectodiseella. Common. 128, 78, 57, 36, 40.

Crown Gall, Pfiendomonas tumejaciens E. ¥. Smith and Town.send.

Rather serious in some localities. 76, 57. tO.

Leaf Spot, Septoria Ruhi West. Common. 78. K).

Rust, Gyinnoconia interstilialis (Schlecht.) Lagh. Common. 64, 128,

142, 78, 57, 36. Puccinin Peckiana Howe. Tippecanoe, 1895.

Kuehneola Uredinis (Link) Arthur. Common.

Bliie-firass (Poa pralensia L.)

Anthraenose, Collclolrichinn cercnlc Manns. Tij)pecanoe, 1914.

Leaf Spot, Scolelotrichum graminus Fckl. Johnson, 1890. 132.

Mildew, Erysiphe graminis D.C. Common in wet seasons. 132.

Rust, Puccinia epiphylla (L.) Wettst. Common. 132.

Slime Mold. Phynnrum ciucrciim (Batsch) Pers. Tipi)ecanoe, 1913.

Marion, 1915.

i'.ixh\inix.v (Brassica olcracca L.)

Black Leg, PIkhiki (ilrrarca Sacc. Elkhart. 1915. Large percentage of

the crop in two fields was .severely affected.

Black Rot. P.sriidniiioiias ((tin pcnirix (Pamniel) E. V. Sinitli. Common.
108, 76, 78, 42.

Club-root. Plasinodio/ilioid liidK^iciK Wor. {{atlier coimiKtii. 77.

Drop, Srh roliiiiii lilxriidiui Kckl. 'ri|)pecaiioe. 191."). NO specitneii

preser\ ('<!.

Leaf Hlighl, Mlnnmld Ilidssinn (Herls.) Sacc. Clark. I'.IOS. One field

;iltii(>sl mined. \u specimen presei'\ed.

Will !>? ^'eil()\\s. !' 11^(1 li mil i-iiiiijl III i nil Ills \\y. i'ike and Decalnr. 1911.

('.aiilcloupc (Cucumis Mclo L.)

Anthracno.se, Colleintrichnvi Lncjcnnriuw (Pa.ss.) Ell. tV: Halls. Becoming

common. 78.
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Leaf Blight, Alternaria Brassicae (Berk.) Sa('(^ C'oinnioii. 128, 78, Hi.

Wilt, Bacillus tracheiphilus E. F. Smith. Very serious in many localities.

76, 78, 141.

Carnation {Dianthus Caryophyllus L.)

Baeteriosis, Bacterium Dianlhi Arth. & Boll. Serious in greenhouses.

30.

Bud Rot, Sporotrichum anthophilum Peck. Marion, 1909. 58.

Leaf Spot, Alternatia Dianlhi S. & H. Monroe, 1912. 1.38.

Rust, Uromyces caryopliyllinus (Schrank) Wint. Common. I."{2, l."{8.

Catalpa {Calalpa spj).)

Heart Rot, Collybia vcliiiipcs P^'r. and I'olyporus versicolor Fr. Tippecanoi",

1913. 71.

Leaf Spot, Cladosporium sp. Common. .58. Macrosporium Catalpae

Ell. & Mart., Kosciusko, 1914, and Phylloslicln Catalpae Ell. & Mart.,

Kosciusko, 1914. 71.

Mildew, Microsphaera vaccinii (Schw.) Salm. Reported as Microsphaera

elevata Burrill. Putnam, 1891. Owen, 1893. Tippecanoe, 1890.

Phyllactinia suffulata (Reh.) Sace. Montgomery, 1893. 132.

Cauliflower {Brassica oleracea L. var. bolrytis D. C.)

Black Rot, Pseudomonas campestris (Pammel) E. F. Smith. No locality

mentioned. 77.

Celery {Apium graoeolens L.)

Leaf Spot, Septoria Peiroselini Desm. var. Apii. Br. & Cav. Tippecancje,

191.5. Cercospora Apii Fr. Marshall and St. .Joseph. 191.5.

Cherry (Prunus spp.)

Black Knot, Plowrightia morhosa (Schw.) Sacc. ('omiiion. 127. IC. 130,

.57, 36, 40, 117.

Brown Kot, Sclerolinia ciuerea (Bon.) Wor. Common. 57, 58, 36, 10.

Leaf Spot, Cylindrosporium Padi Karst. Higgins has reported genetic

relation with Coccomyces hiemalis Higgins. Common. 78, 57, 36,

38, 40.

I'owdcry Mildew, J'oilosp/iai rn ii.ri/dcdiithae (D.C.) DeH. Coiniiion.

Seal). Ventiirla eerasi Adcrli. Kosciusko, 19l.'i.

5084

—

2r>
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Chestnut {Castanea spp.)

Blight, Endothia parasitica (Miirrill) Anders. Marion and Benton, 1915.

Leaf Spot, Mycosphaerella nmcidiformis (Pers.) Schw. Martin, 1915.

Chrysanthemvini {Chrysanthemum spp.)

Rust, Puccinia Chrysardhemi Roze. Tippecanoe, 1900. 24.

Clover (Trifoltum spp.)

Anthracnose, Colletotrichum Trifolii Bain. Monroe, 1908, on red clover.

137. Gloeosporium cauUvorum Kirchner. Tippecanoe, 1915, on red

clover.

Black Mold, Phyllachora Trifolii (Pers.) Fckl. Johnson, 1890, on red

clover. 132.

Rust, Uromyces fallens (Desm.) Kern and Uromyces Trifolii (Hedw.)

Lev. Common. 132, 25, 142, 98.

Sooty Spot, Polylhryncium Trifolii Kze. Franklin, 1912, on red and white

clover.

Wilt, Sclerolinia Trifoliorum Eriks. Gibson, 1915, on red and crimson

clover.

Corn {Zea Mays L.)

Dry Rot, Fusariinn sp. Common. 77. 7J5.

Rust. Puccinia Sorghi iichv;. Common. l.{2. 112.

Si7iut, I'stilngn Zeae (Beckm.) Ung. Common. 19. 12. 56. 107, 33, 111,

113. 45. 76. 78.

CiieiinilKT (Ciicumis sattous L.)

Angular Leaf Sjjot, Hadcriuin lachrynians. K. F. Smilli & Bryan. Pu-

laski, Marshall and Fulton. 1915.

Anthracnose, ('ollclohirhiini Liu/i luiri inn (Pass.) Ell. & lials. Marshall,

Laporte, St. Joseph, Starke, Pulaski and Fulton, 1915.

Bacterial Wilt, Bacillus Iracheiphilus E. F. Smith. Marshall, Tippe-

canoe, Laporte, F\dton, Starke. Pulaski and St. Joseph, 1915.

Downy Mildew, Peronoplasmopara cnbensis (B. & C.) CUnton. Marshall,

1915.
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Powdery Mildew, Erysiphe Cichoraceurtaa D.C Marshall, 1915.

White Pickle or Mosaic Disease (cause not known). Marshall, Laporte,

Tippecanoe, Fulton, Pulaski, St. Joseph and Starke. 1915.

Currant (Ribes spp.)

Anthracnose, Pseudopeziza Ribis Kleb. Rather common. 13U, 10.

Leaf Spot, Septoria Ribis Desm. Common. 78, 40.

Powdery Mildew, Sphaerotheca Mors-uvae (Schwein.) Berk. & Curt.

Common. 40.

Eggplant (Solarium Melongena L.)

Leaf Spot, Ascochyta Lycopersici Brun. Tippecanoe, 1915.

Elm ( Ulmus spp.)

Leaf Spot, Mycosphaerella Ulmi Kleb. Johnson, 1890. Dothidella

ulmca (Schw.) E. & E. Montgomery, 1893. Kosciusko, 1912. 132,

13.5, 71.

Mildew, Uncinula macrosporn Pk. Rather common. 132.

Rot, Pleuroius ulmarius Bull. Common. 71.

Ginseng {Panax quinquefolium L.)

Wilt, Acrodalagmus albus Preuss. Brown, 1909. 58.

Gooseberry (Ribes grossularia L.)

Anthracnose, Pseudopeziza Ribis Kleb. Becoming common. 40.

Leaf Spot, Septoria Ribis Desm. Common. 78, 138, 40.

Mildew, Sphaerotheca Mors-uvae (Schw.) Berk. & Curt. Common. 128,

78, 40.

Grape (Vilis spp.)

Anthracnose, Glocosporiiun aiupelopfiaginn Sacc. Rather common. 58,

60, 36, 40.

Black Rot, Guignardia BidweUii (Ell.) Viala & Ravaz. Common. 8,

128, 78, 60, 36, 40.

Crown Gall, Pseudomonas tumefaciens E. F. Smith & Towns. No locality

mentioned. 38.



388

Downy Mildew, Plasnioj.ara vUicola (B. & V.) Berl. & DeToni. Conmion.

132, 58, 60, 36, 10.

Powdery Mildew% Uncitiula necator (Schw.) Bull. Common. 8, 127,

36, 10.

Necrosis, Fusicocciim viticolum Red. Tipton, 1907. 60.

Hickory ( Hicoria spp.)

Leaf Spot, Bacterium sp. Common. 71.

Marsonia sp. Kosciusko, 1913.

Mildew, Microsphaera Alni (D.C.) Wint. Johnson, 1890; Marshall,

189.3. 132.

Root Rot, AnniUaria- melleaYahl. Tippecanoe, 1915. 71.

Hollyhock (Althaea rosea Ca\ .)

Rust, Puccinia malvacearum Mont. St. Joseph, Montgomery, Marshall,

Iluntinfjton, ]\Tarion, and Tippecanoe, 191.5.

Hors«> (]li<-siiiil (Aesculus Hippocastanum L.)

Mildew, Vticiindd jli'Xiiosa V\i. Johnson, 1,S90; Montgomery. 132.

.JapjiiK'se l>y (Ampelopsis Iricuspidata Siel). tt Vau-c.)

Cladosixtrinni Will, Clcido.sporuuti hcrbannii Liid\. Tippecanoe, 1914.

l-<-lliir«' (Luctuca saliva L.)

Downy Mildew, bremia Lactucae Regel. Found frequently in green-

houses. 143.

Drop, Sclerotinia libertinna Fckl. Common in greenhouses.

Leaf Spot, Sc/itnria Lactucae Pass. Johnson, 1S90. . Kosciusko, 1913.

132.

Lilac {Syringa vulgaris L.)

Mil<lrw, Microsphaera Alni (Wollr.) Wint. Common. 102.

IJn<l<-ii (Tilia americana L.)

Mildew, Unciniila Clirilonii Peck. Montgomery, 1S90; Piilnain, 1S93.

1.32.
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Loi-iisl, Hluck {Robinia Pseudacacia L.)

Yellow Heart Rot, Fomcs rimosus Berk. Rather eoniiiioii. 71.

Locust, Honey (Gleditsia triaf-authos L.)

Leaf Spot, Melastnia hypophylla Sace. Marion, 1890; Tippecanoe, 1892;

Putnam, 1893. 132.

Mildew, Microsphaera Alni (Wallr.) Wint. Common. 71.

]Mai)le (Acer spp.)

Antliracnose, Gloeosporium apocryptum E. & E. Marion, Floyd, Van-

derburg and Boone, 1914. 39.

Bark Canker, Schizophyllum cofnmu'ne Fr. Rather common. 71.

Canker, Nectria cinnabarina (Tode) Fr. Carroll, 1913. 71.

Leaf Spot, Phleospora Aceris Lib. Johnson, 1890, on red maple. Slagonos-

pora collapsa (C. & E.) Sace. Putnam, 1893, on soft maple. 132.

Leaf Tar Spot, Rhytisma acerina (Pers.) Fr. Common in some localities.

132, 137, 39, 71.

Mildew, Uncinula circinata C. & P. Montgomery, ISSf); Johnson, 1890;

Marshall, 1893, on red and soft maple. 132, 102.

Sun Scald. This trouble, thought to be due to drouth and storm injury

has been quite prevalent over the State during the past few seasons.

38, 39.

White Heart Rot, Fomes igniarius (L.) Gillet. Common. 71.

White Rot, Polyporus sguamosus (Huds.) Fr. Tippecanoe. 71.

Millet (Chaetcchloa italica (L.) Scribn.

Smut, Ustilago Crameri Koern. Rather common but not serious. 112.

Oak {Quercus spp.)

Leaf Spot, Ceratophorum uncinatum (CI. & Pk.) Sace. Johnson, 1890,

on bur-oak. Didymella lephosphora Sace. & Speg. Monroe, 1911,

on red oak. Gloeosporium seplorioides Sace. Montgomery, 1890;

Monroe, 1909, on red oak. Marsonia Martini Sace. & Ell. Common
on several species. Phyllosticta Quercus Sace. & Speg. Montgomery,

1893, on bur-oak. 132, 137, 71.
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Brown Heart Rot, Fomcs EverharHi Ell. & Gall. = (PyrojHdijponoi Ener-

hurlti (Ell. & (Jlall.) Miirrill). Common in the northern counties.

71.

Mildew, Microsphaera Alni (Wallr.) Wint. Frequently on leaves of

coppice growth of red and white oaks. Phyllactinia suffuUa (Reb.)

Sace. Shelby, 1890; Vigo, 1893, on swamp and red oaks. 132, 71.

Piped Rot, Polyporus pilotae Schw. = {Aurandporus pilotae (Schw.)

Murrill). In the southern part of the State. 71.

Red Heart, Polyporus sulphirrcus (Bull.) Pr. = {LncHporus speciosus

(Batt.) Murrill). Common. 71.

Root Rot, ArviiUaria mellea Vahl. Common. Polyporus Berkclcyi Fr.

= {Grifolia Berkeleyi (Fr.) Murrill). Tippecanoe and Monroe. Poly-

porus dryadeus Fr. Tippecanoe and Monroe. 71.

Speckled Rot. Siereum fruslulosutn Pers. Putnam, 1891. 132.

Straw-colored Rot, Polyporus frondosus Fr. = {Grifolia frondosa (Fr.)

Murrill.) Common, although it does not frequently attack living

trees. 71.

White Rot or Coral F^ungus, Hydnum erinaceus Bull. Common. 71.

Oats (Avena saliva L.)

Covered Smut, UslUago levis (Kell. & Sw.) Magn. Common.
Loose Smut, Ustilago Avenae (Pers.) Jens. Common. 3, 6, 9, 132, 56,

122, 109, 20, 123, 115, 26, 27, 76, 78, 42, 32, 75, 91.

Rust, Puccinia Rhamni (Pers.) Wettst. Common. 132, 25, 1 12, 76, 78.

Ohio Buckeye {Aesculus glabra W illd.)

Mildew, Uncinnla Jlexuosu Fk. Johnson, 1<S9(); Montgomery. 132.

Leaf Spot, Phylloslicta Paviae Desm. Montgomery and .loluison, 1890;

Brown, 1893. 132.

Onion (Allium Cepa L.)

Black Mold, Macrosporium parasilicuin Tliuem. Starke, 1912.

Smut, Urocyslis cepulae Frost. Becoming serious locally in the north

central counties. 135.

Soft Rot, Bacillus sp. Occasionally easues consideral)le loss in storage.

Pea {Pisum sp.)

BUght, Ascochyta Pisi Lib. Common. 12, 136.
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Pedch (Amygdalus persica L.)

Bacterial Leaf Spot, Bacterium Pruni E. F. Smith. Vanderburg, 1915.

Blight, Corynemn Beyerinkii Oud. Reported in several localities in the

peach-growing districts. 61, 40.

Brown Rot, Sclerotinia cinerea (Bon.) Wor. Common. 76, 57, 58, 61.

Crown Gall, Pseudomonas tumejaciens E. F. Smith & Towns. Probably

not common. 57, 61.

Leaf Curl, Exoascus deformans (Berk.) P\'kl. Common. 132, 128, 17,

76, 78, 57, 61, 40.

Powdery Mildew, Sphaerotheca paimosa (Wallr.) Lev. Common. 58, 61.

Scab, Cladosporium carpophilum, Thuem. Common. 2, 98, 58, 61, 40.

Yellows. Common. 76, 78, 57, 58, 61, 40, 117.

Pear (Pyrus communis L.)

Black Rot, Sphacropsis Malorum. Pk. Shear's studies indicate genetic

connection \\ath Melanops. Tippecanoe, 1915.

Blight, Bacillus amylovorus (Burr.) DeToni. Common. 43, 57, 81,

92, 93, 97, 121, 52, 53, 51, 105, 128, 99, 63, 95, 76, 78, 59, 84, 36,

38, 40, 117, 62. See also under Apple.

Leaf Blight, Enlomosporium maculatum Lev. Perfect stage = Fabrea

maculala (Lev.) Atk. Rather common. 36, 40.

Leaf Spot, Septoria pyricola Desm. Rather common. 135. Mycosphaer-

ella sentina (Fr.) Schw. Kosciusko, 1914.

Scab, Venturia pyrina Aderh. Rather common. 128, 78.

Pepper (Capsicum annuum L.)

Black Rot, Macrosparium Solani Ell. & Mart. Tippecanoe, 1912.

Plum (Prunus sj)]).)

Black Knot, PlotcrighUa niorlosa (Schw.) Sacc. Common. 127, 10,

128, 130, 76, 78, 57, 58, 36, 40, 117.

Brown Rot, Sclerotinia cinerea (Bon.) Wor. Common. 128, 76, 78,

57, .58, 36, 40.

Leaf Spot, Cylindrosporium i'adi Karst. ( 'oiniuoii. 128, 78, 57. 36,

40.

Plum Pocket, Exoascus Prmii Fckl. Common. 17, 38, 117.
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Poplar (Pofjulus spp.)

Leaf Spot, Marsonia Populi CLib.) Saec. Tippecanoe, 1910.

Mildew, Uncinula Solids (D.C.) Wint. Couimon. 132.

Rust, Melampsora Medusae Thuem. Common. 142, 71. Melampsora

Abietis-canadensis (Farl.) Ludwlg. Tippecanoe, Jasper, Steuben,

Putman.

Pol a I o {Solarium tuberosum L.)

Bacterial Wilt, Bacilus solanaccuriivi E. F. Smith. Serious locally. 78.

Karly Blijjfht, Macrusporium Solani Ell. & Mart. Common. 128, 119,

78.

Fusariuiii l{ot, Fumrium sp. Common.

Late Blight, Phyiophlhora infeslans (Mont.) DeB. Common. 128, 119,

78.

Scab, Oospora scabies Thaxter. Common. 11, 13, 14, 1.5, 20, 76, 78, 54.

Tipburn. Probably sunscald injury. Tippecanoe, 1907.

Pri\cl (Liguslrum vul^arc L.)

.\u\hracnoi>i', (Hocosjioriutii cingiilaluin Atk. Marion, 1908. 58.

OuiiM-»' (Cijdonia vulgaris I'crs.)
'

Black Hot. SplKurnpsis iiudoruui Pk. Shear indicates genetic connection

with Melanoi)s. Common. 76, 78.

Blight, Bacillus amylovorus (Burr.) DeToni. Common. 76, 78, 36, 40.

See also under Apple and Pear.

heaf hlight, Enlomosporium macidnlian Lev. Common. 128. 58. 36. 10.

Perfect stage = Fabrea maculata (Lev.) Atk.

Mildew, Podosphdcrd oxyacanlhac (D.C.) DeB. Monlgornery, ISS-S.

102.

Rust, (JijitiiiospuruiKjiuin tjcniunalc (Schw.j Kern. I'crry, 1911. 77.

Kadisli (Raphanus sativus Tj.)

Downy Mildew, Prronosixnd jinid.siliid (I'ers.) DeB. II.'J.

White Hiist, AlbiKjn nnidlda (Pers. ) [{onssel. Coninioti. I."{2. 11.3.
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Raspberry (Rubus spp.)

Anthracnose, (linensportam venelum Speg. Biirkliolder reported genetic

connection with Pleetodiscella. Common. 128, 76, 78, 58, 36, 40.

Cane Blight, Coniolhyrimn Fuckelii Saec. No locality mentioned. 40.

Crown Gall, I'liendoiimnns iiniiejdclens E. F. Smith &. Towns. Common.

40.

Leaf Spot, Seplnrid Riihi West. Common. 78, 40.

Ku.st, (ii/ttinocoiiiti uilcrstilidii.s (SchlccJit. ) !.,agh. Common. 78, .'{6.

Rhubarb (^Rhcum Rhaponlicum L.)

Leaf Spot, Aacoclnjld Rhci E. & E. Tippecanoe, 1912 and 191.").

Rose (Rosa s])p.)

Black Spot, Actinonema Rosae (Lib.) Fr. Wolf reported perfect stage,

Diplocarpon Rosae Wolf.

Leaf Spot, Dicoccum Rosae Bon. Howard, 1911.

Mildew, Sphaerolheca pannosa Wallr. Common. 132.

Rust, Phrdgmidiinn arnericanum Dietel. Probably common. 132.

Pliragmidium disciftorwn (Tod) J. F. .James. St. .Joseph, 191.5.

Phragmidiiun subcnrticiiim (Sehrank) Wint. Tippecanoe, 1915.

Rubber Plant (Ficus elasiica Ro.xb.)

Leaf Spot. Macrosporium sp. Tippecanoe, 1910.

Rye {Secale cereale L.)

Ergot, Claviceps purpurea (Fr.) Tul. Common. 132.

Leaf Rust, Puccinia asperifolia (L.) Wettst. Common.

Stem Rust, Puccinia poculiformis (Jasq.) Wettst. 25.

.Sorghum (Sorghum spp.)

Kernel Smut, Sphacelatlieca SorgJii (Lk.) Clinton. Common. Collected

on several members of the sorghum group.

Snapdrafion (Antirrhinum majus ]j.)

Anthracnose, Collelnlrichum Aniirrhitd Stew. Tijjpecanoe, 1915.

Rust, Puccinia Aniirrhitd Diet. & IIolw. Montgomery, Lagi-ange, Hen-

dricks and W^abash, 1915.
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Strawberry (Fragaria spp.)

Leaf Spot, MycosphaercUa Fragariae (Tul.) Linden. Common. 128,

58, 40, 90, 39.

Mildew, Sphaerotheca Humuli (D.C.) Burr. Common. 38, 10.

Sweet Pea (Lathyru:> spp.)

Root Rot, Fusariuin Lalhijri Taulienhaus. Tippecanoe, 1912.

Sweet Potato {Ipomoea Batatas Lam.)

Black Rot, Sphaeronema fi mhrinlum (Ell. & Hals.) Sace. Rather common.

77, 83.

Dry Rot, Diaporthe hatatalis Harter & Field. Tippecanoe, 1912. 83.

Fusarium Rot, Fusariuvi sp. Tippecanoe, 1912. 83.

Stem Rot, Nectria Ipomoeae Hals. Tippecanoe, 1912. Monroe. 83.

Swi.ss Chard {Beta sp.)

Leaf Spot, Cercospora beticola Sacc. Tippecanoe;, 1910.

Syeamore (Platanus occidentalis L.)

Leaf Spot, Siigmina Plalani Fckl. Tippecanoe, 1914. 71.

Mildew, Microspfiaera Alni (DC.) Wint. .Johnson, 1890; Putnam, 1891;

Montgomery, 1893. 132.

Phyllaciinia Corylea (Pers.) Karst. Common. 71.

Timothy (Phleum pratense L.)

Antliracnose, Collelotrichum cereale Manns. TIamilton and Bartholomew,

1909.

Leaf Spot, Scoletotrichum graminia Fckl. .Johnson, 1890. 132.

Rust, Puccinia poculiformis (Jacq.) Wettst. Common. 79, 80, 74.

Silver Top, Sporotrichum Poae Pk. Kosciusko, 1914.

Smut, Ustilago striaeformis (West.) Niess. Common. 132.

I'oitialu (Lycopersicum esculentum Alill.)

Anthracnose, Collelotrichum phomoides (Sacc.) Chest. Common.

Bacterial Blight, Bncillus solnnncearum E. F. Smith. Serious locally.

78, 39.
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Black Rot, Alternaria sp. Tippecanoe, 1912.

Blossom End Rot (cause not known). Common, especially during dry

weather. 76, 78, 131.

Fusarium Wilt, Fiifian'uvi Lt/ro]>crsici Saec. Knox, 1913; Tippecanoe,

1914 and 19ir,.

Leaf Mold, Clodosporiion ftdrnni Cke. Wabash, 1915, in greenhouse.

Leaf Spot, Septoria Lycopersici Speg. Common. 128, 78, 131.

Mosaic Disease (cause not definitely known). Common in greenhouses.

Oedema. Cause physiological. Tippecanoe, 1912, in greenhouse.

Walnut. Black (Juglans nigra L.)

Leaf Spot, Marsonia JnglandiH (Lib.) Saec. Perfect stage = Clnomnnia

leptostyla (Fr.) Ces. & d. Not. Tippecanoe, 1914.

Mildew, Microsphaera Alni (D.C.) Wint. Johnson, 1890. Putnam,

1893. 132.

Walnut, White {Juglans cinerca L.)

Mildew, Phylladinia Corijlea (Pers.) Karst. Carroll, 1913. 71.

Watermelon (Citrullus vulgaris Schrad.)

Anthracnose, Collelolrich uin Lngennrium (Pass.) Ell. & Hals. Common.

128, 78.

Fusarium Wilt, Ftifiarium t'asinfcctnm Atk. rar. 7tireiim Sm. Common.

78, 144.

Leaf Blight, Alteruaria Brassicae (Berk.) Saec. var. nigrescejis Vegl. Com-

mon.

\^hea! ( rrilicum vulgare L.)

Anthracnose, ('olletotnchum cereale Manns. Posey. 1912.

Ebony Point, Alternaria sp. Common.

Fusarium Blight, Fusarium sp. Unusual outbreak of Fusarium trouble

occurred during the past season (1915) in Orange, Washington, Jeffer-

son and Green counties. The maturing heads had a dull grayish-

brown color instead of the normal golden broAvn, The kernels were

small, shrunken, and m many cases covered wth mycelial growth.

Prof. G. N. Hoffer, who co-operated in the investigation of this

disease, found manv kernels internallv infected Mith Fusarium.
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Leaf Rust, Puccinia triticina Eriks & Henn. Common. See imder Stem

Rust.

Loose Smut, Ustilago Tritici (Pers.) Jens. Common. 82, 35, 91a, 132,

19, 109, 23, 116, 76, 78, 42, 32.

Scab, Fusarium sp. Common, 7, 18, 76, 78.

Septoria Spot, Se-ptoria graminum Desm. Common. Another species

of Septoria which agrees closely with S. glumarum Sacc. was found

associated with the Fusarium bUght disease. Pycnidia were found

in abundance not only on glumes but on sheaths and nodes as well.

In one of the fields examined by the writer every wheat plant was

severely affected.

Stinking Smut, Tilletiu foelans (B. &. C .) Trel. Common. 82, 3, 5,

91a, 9, 56, 20, 76, 78, 42, 57, 32, 88. Tilletin Tritici (Beij.) Wint.

FrankHn, 1912.

Stem Rust, Puccinia poctiiiforDiis (.Jacq.) Wettst. Common. 82, 50, 4,

47, 48, 142, 76, 78, 57.

Willow (Salix spp.)

Mildew, Uncinula Salicis (D.C) Karsi. Common. 132,71.

Rust, Melatnpsora Bigelou-ii Thiwm. Common. 71.

Wood Rol, Dncdnlen conjragom (Bait.) Pers. Tippecanoe, 1912.

Yrllow l*o|)l:»r (Lit ioJenciron lulip'Jera \j.)

Mildew, EnjHipfic Uriodcndri Schw. Putnam, 1S91 and 1893; Mont-

gomery 1893. PhyUaclinia suffulta (Reb.) Sacc. John.son, 1S90;

Montgomery, 1893. 132.
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The Olympic Coal Fields of Washington.

By Albert B. Reagan.

The Olympic Peninsula covers an area of about eight thousand square

miles. It is approximately a right angle triangle in shape with its hypote-

nuse on the Pacific side. Its shorter limb faces the "Sound," the longer Hmb

of the triangle faces the Strait of Juan de Fuca. This peninsula consists of

a moderately benched area forming a coastal bench surrounding a high

central area termed the Olympic Mountains which are situated somewhat

southeast of the center of the peninsula. And from this high area there

extends northwestward to Cape Flattery a gradual declining ridge. The

most commonly heard-of places of the region are LaPush and QuiUayute

on the Pacific front and Neah Bay, Clallam Bay, Port Angeles, and Port

Townsend on the Strait of Fuca side.

The region is much fissured and faulted and much of the strata are tipped

at a high angle. The core of the Olympic Mountains is supposed to be

pre-Cretaceous in age. The exposed rocks along the Strait of Fuca are

Pleistocene and Tertiary. The Pleistocene is the Country rock from Port

Townsend to Fresh Water Bay north of Port Angeles. Eocene rocks are

exposed at Port Crescent, and from there northward to Cape Flattery and

then down the Pacific front as far south as the Point of Arches, the exposed

rock is Oligocene-Miocene. The Point of Arches appears to be pre-Cretaceous

in age, as do also the rocks at Point Elizabeth, one hundred twenty miles

further south, while the intervening coast exposures appear to be Cretaceous

in age. The troughs of the QuiUayute river and its tributaries are incised

in Tertiary strata.

Coal is exposed in the Oligocene-Miocene from Pyscht to Clallam Bay

on the Strait of Fuca, a distance of about eight miles. Coal is also found

inland near Fresh Water Bay. Small stringers of coal are also exposed

in the Hoko Canyon. Small seams of coal were also observed at Strawberry

and Johnson Points and near Portage Head on the Pacific Coast. Coal is

also found in the QuiUayute trough. The three principal coal areas will re-

ceive special mention.

The QidUaijiite Rirer Field. About two miles southeast of Mora P. O.

on the east bank of the QuiUayute River a coal seam runs in an east and
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west direction with nearly a vertical dip. A thu'ty-foot tunnel was driven

into this seam some years ago. The coal was found to be good quality of

lignite, but the vein being less than a foot in thickness, the work was aban-

doned.

Another exposure in this field is near the Bogachiel river, about eight

miles southwest of Forks P. O. Some years ago a company, said to be the

Narrow Gauge Railroad Company, drove a thirty-foot tunnel into the

exposed coal seam here. The coal was found to be a good quality of hgnite,

but as the vein was less than a foot in thickness, the work was abandoned.

Below is an analysis of a specimen of coal from the headwaters of the Quil-

layute river, likely from the above tunnel :•

Moisture ">. 10 per cent.

Volatile combustible matter ;i9. 15 per cent.

Fixed carbon 47 . 01 per cent.

Ash 7 . 77 per cent.

Sulphur '. 97 per cent.

Total 100 . GO per cent.

Thi' Fnsli ]\'(tttr Bai/ Fidd. Drilling inland Iniiii llic l)ay lias (exposed

se\eral seams of coal, sonic of workable size. The coal is in the Oligocene-

Miocene formation. So far no development work has been done. Below

is a drill record from a hole in a deej) gulch in a broad synclinal trough about

oni' mile soul I: of the caslcrii end of Frcsli Water \iiiy:

Feet.

Dark sandslone 39^

Coal I

Gray sandslone 24

Soft while sandstone 17

Sandslone containing oyster shells 10

Sandstone containing green iionlders 10

Sandstone 40

Fireclay 20

Gray sandstone 40

Hard bine sliale 30

'Mines and M iricrals of WiisliiiiKlon. Ann. licpott. First Slat o ( ic()l()f,Mc;il Surv(iy

pp. IT), 1(), Olyinpi.i. 1.S<)1.
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Fed.

Gray sandstone 50

Coal 26-

Gray sandstone 420

Coal 4|

Total 527iJ

7'Ac Clallam Bay Field. This field lies in a synclinal trough between Pillar

Point at Pyseht and Slip Point on Clallam Bay on the Strait of Fuea and

extends inland about seven miles, but is interrupted on the east and south

by sharp faults and is truneated at the north by the Strait of Fuca. The coal

is in tlie Oligocene-Miocene formation. The formation here consists of six

hundred feet of coarse, thick-bedded, massive sandstone, interbedded with

an occasional bed of conglomerate. In it are also interbedded several workable

seams of coal.

This field was discovered in the early 50's of last century. Of a specimen

of coal obtained at Slip Point then, Prof. J. S. Newberry gave the following

analysis :-

Fixed carbon 46 . 40 per cent.

_ Volatile matter 50 . 97 per cent.

Ash 2.63 per cent.

Total 100 . 00 per cent.

Later, in about 1865, a mine was opened up 2h miles east of Slip Point-,

known as the Thorndike Mine. At this place there were six leads of coal,

ranging in thickness from one to three feet, all having a dip of ten degrees.

The formation was sandstone and the coal seams were found to be from

twelve to one hundred feet apart. The coal was one of the best coals found

in the State of Washington. Mining at this time was continued till a fault

cut off the veins, or they pinched out.

Coal is noAv being mined from other locations in the sca-lronl of I lie

same field. The work is being done by the Clallam Bay Coal Company.

Prospecting in 1904 discovered veins as follows: One seam exposed along the

coast was forty inches in thickness, another eighty feet stratigraphieally

below this one was twelve inclies in Ihickncss, and another, a twentv-two

'Pacific R;iilfo:ul Ucporl, Vol. TV, I'art n, p. 07.

r>()Si—27
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inch seam, is about one hundred feet below this one. This was near Slip

Point. Other seams have been discovered farther down the sea-(^hff to the

eastward of these.

A tunnel has been driven more than 600 feet along the line of the 40-

inch seam near Slip Point. The mouth of this tunnel is on the beach, so

that coal can be loaded right onto ships from it.

The coal of this mine breaks with a conchoidal fracture and shows extreme

sharp edges. It is clean, hard, glossy black lignite, with small quantities

of pyrite. This pyrite is often included in the coal in veinlets, but not in

quantity to damage the coal. The coal leaves no clinkers. Until recently

the output of this mine was said to be 200 tons per month. An analysis

of a specimen of this coal gave the following:'

Moisture 5 . 55 per cent.

Volatile combustible matter 34.25 per cent.

Fixed carbon 47 . 80 per cent.

Ash 11. 40 per cent.

Total 100.00 per cent.

Thorough prospecting will likely disclose more and large coal seams.

'Analysis by Prof. N. W. Lord of (lie l)ci)artinciit of Mctalliirfiy aiul Mineralogy,

Ohio State I'nivcrsity. Columbus, Ohio.
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The Olymic Forest and Its Potential Possibilities.

By Albert B. Reagan.

The Olympic Peninsula lies west of Puget Sound in the State of Washing-

ton. It comprises a wide, somewhat benched coastal strip bordering both

the Strait of Juan de Fuca at the north, the Pacific Ocean at the west, and

the "Sound" on the east. This coastal strip surrounds a central high area

termed the Olympic Mountains. These mountains are wholly isolated.

They form an eroded, domed area in the central-northeastern part of the

peninsula. From this main mass there extends a western limb in declining

altitude to Cape Flattery at the entrance of the Strait of Fuca, Mounts

Constance, Meany, and Olympus of the central area approximate 8,150

feet in height, while the immediate region exceeds 6,000 feet in elevation,

while the ridge towards the Cape reeeds to less than 2,000 feet in altitude.

As a result of the practically domed area the drainage is radial in all directions,

but the larger streams flow into the Pacific.

This peninsula, with its lofty peaks, stands first in the path of the moisture

bearing winds from the Pacific. As a result, the precipitation is very heavy;

at the coast it is usually rain, in the mountains snow. The precipitation

averages about 40 inches east and north of the mountains, as far up the

Strait of Fuca side as Port Angeles. West of the mountains at an elevation

of 3,000 feet the precipitation averages 80 inches and in Upper-Strait-Flattery

region and along the Pacific front 100 to 120 inches annually. The climate,

also, is controlled by the prevailing southwesterly winds from the Pacific.

Notwithstanding this, however, the valleys of the upper mountain districts

are filled with glaciers. At the coast, however, especially on the Pacific front,

snow seldom stays on the ground any length of time.

Growing under this equable climate with such an abundance of rainfall

(enough in amount to preserve the forest and shrubbery from general de-

struction by fire), the peninsula, with few exceptions, is the most densely

forested region in North America, and smaller plants do also equally well.

Of course, as one approaches the mountains, the forest becomes less dense

till the timber line is reached; but in the reverse proportion the flowering

herbs at the same time increase in number and beauty. The open country

at timber line in summer is one of nature's flower gardens. The region in
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the lower levels is a jungle of trees, shrubs, and entangled vines, which must

be seen to be appreciated.

The plants identified in the region to date number 687. The trees and

plants most noticeable in the peninsula are fir, cedar, spruce, hemlock, red

elder, "Shallon," "Rubes," salal, "Vaccinum," "Ribes," Selaginella ("S.

oregona"), crab-apple, de\dl"s club, "usnea," bearded lichens, bearberry,

dogT^-ood ("Cornus nuttallii"), and Oregon grape. Here Douglas fir, tide-

land spruce, and red cedar reach gigantic proportions. The avilable timber

per township averages 3,000 feet B. AI. per acre amid the high mountains

up to 59,000 feet B. M. per acre often in the Quillayute region. There is

estimated to be 32,890,717 ]SI. feet B. M. lumber in the region according

to the estimate of Henry Gannett, Chief of Division of Forestry (1899).^

This estimate has been more than doubled by Dodwell and Rixon at a later

date; they give 69,000,000 ^I. feet B. M.- And the close measurement

now used would likely double that amount. One quarter section in the

(^iiilhiyute country cruised both by the Lacy Company cruisers and by the

( "hdlam county cruisers for purpose of tax-estimating, aggregated more than

30,0(X),000 feet B. AI. There is enough timber in the region to supply the

whole United States' demand for considerable over two years.

^

The timber by species is approximately as follows: Spruce, 6 per cent.;

cedar, 10 per cent.; Lovely fir, 18 per cent.; Red fir, 24 per cent; hemlock,

42 per cent.

Geographicalh', the Olympic Peninsula is parcelled out in the following

county divisions: Chehalis county, Mason county, Jefferson county, and

Clallam county. For convenience the area of the timber in each and the

timl>er of same will be considered separate^'.

ALISON County.

This county includes the southeastern part of the Olympic Mountains,

from which it extends eastward so as to include inuch of the Hood Canal

country. The portion within the mountains contains but little timber of

present merchantable value, the "low country" of the county, however,

'Twentieth Annual Report, U. S. G. S. (1898-1899). Part V, pp. 12-:i7.

^Arthur Dodwell and Theodore F. Rickson: Forest Conditions in the Olympic
Forest Reserve, Wasliington. Professional paper, U. S. Geol. Surv., Xo. 7, 110 pages,

20 plates, 1 map, 1902.

'See Reagan: Transactions of the Kansas Acadamy of Science, p. Kill, in article,

"Some Notes on the Olympic Peninsula, Washington."
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with the exception of a few small jirairie tracts, was originally heavily tim-

bered, but the timber is now more than half logged.

Area of timbered and other lund'i in Mason counli/, ]]'ashin(/ton.

Total area 996 square miles

Present merchantable timber area 39o square miles

Logged area 493 square miles

Naturally barren area 6 square miles

Burned area 112 square miles

Estimate of timber in Mason county, WashinglonJ

Fir 2,055,648 M. feet B. M.

Spruce 492 M. feet B. M.

Cedar 25,970 M. feet B. M.

Hemlock 8,955 M. feet B. M.

Total 2,091,065 M. feet B. M.

Average per acre of timbered land, 5. ()()() feet B. M.

Chehalis County.

This county borders upon the Pacific Ocean, and on the north extends

far up into the Olympic Mountains. The mountainous part is high and

rugged and contains but little merchantable timber, and in other parts there

are numerous prairie tracts. Barring these areas, the county was originally

heavily forested, mainl.v with fir in the interior and with spruce and cedar

upon the coast. There have been but few fires in this county and the burned

area is trifling. The county, however, lies in the Grays Harbor lumber

district and an approximate third of it has been denuded of its forests.

Area of timbered and other hinds in Chehalis count!/, Washini/lon.

Total area 2,104 square miles

Present merchantable timber area 1,000 square miles

Logged area 831 square miles

Naturally bare area 47 sc^uare miles

Burned area 236 square miles

•After Gannett. Loc. cit., p. 28. It is well to add that under the present close

cruising of timber, however, Mr. Gannett 's fis^ires should he multiplied by .3.
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Eslinidlc (if linihcr in f'fu'hfili.s coiinIi/, Wasliinf/loii.^

Fir 9,799,418 M. feet B. M.
Spruee 3,068,307 M. feet B. M.

Cedar 3,474,350 M. feet B. M.
Hemlock 2,236,983 M. feet B. M.

Total 18,579,058 M. feet B. M.

Average per aere of timbered land, 21,300 feet B. M.

Jefferson County.

This oounty stretches from Hood's Canal upon the east to the Pacific

Ocean. Its central portion, comprising three-fonrths of it, lies ^\^thin the

Olympic Mountains. Scattered here and there in this area there are con-

siderable timber in the below-timber-line districts, but on account of the

inaccessibleness of the district it is of no value at present for milling purposes.

Barring the mountain area, the county was formerly heavily forested, on the

west with cedar and spruce, on the east with fir. The timber in the eastern

part of the county has lieen largely destroyed either by ax or fire, mainlj'

the hitter. The tinilxT in llie western i)art of the county is yet virgin, being

untouched li\- fire oi" ax. The most aliutidaiit sjx'cics r('i)r('si'iitcd in this

coiinl\ is t lie cedar.

Arid (if HiiiIk ral <iiul oilier latiil.s in Jefferson eoiintij, W'd.shinglon.

Total area 1,688 sqiuire miles

Present merchantalile tind)er area 430 square miles

Logged area 29(i square miles

Naturally Imre area 100 square miles

Burned area 215 square miles

Xon-nierchantable timber area 647 square miles

KsliiiKilc of limber in Jefler.soit eoiinli/, Wdsliinf/lon.''

Fir 794,232 M. feet B. M.

Spruce 2()7,427 M. feet B. M.

Cedar 2,124,725 M. feet B. M.

HenilocU 1,043,776 M. feet B. M.

Total 4,230,160 M. feet B. M.

Average per acre of timbered land, 15,300 feet B. M.

*Loc. nit., p. li). Remarks above apply.

•Lor. cit., ;>. 24. Remarks above apply.
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Clallam County.

This county extends from the top of the Olympic Mountains nortli to

the Strait of Fuca and from near Dungeness on that strait to a little to the

south of LaPush on the Pacific coast, occupying a large area both to the

north and to the west of the Olympics. The mountainous part of the county

is not regarded as containmg any timber of present merchantable value.

The remainder of the county is heavily forested; but the ax has made in-

roads in these forests along the shores of the Strait of Fuca as far west as

Crescent Bay, and millions of feet of logs have been cut at Clallam Bay and

in the Hoko district on the same side of the peninsula. In addition, fires

have extended inland from these cuttings to the mountain districts, destroy-

ing large areas of timber. The western part of the county is still in the

virgin state. In this coimty hemlock and fir vie Avith each other in amount

of merchantable log-lumber.

Area of timbered and other lands in Clallam county, Washington.

Total area 1 ,824 square miles

Present merchantable timber area 1,000 square miles

Logged area 217 square miles

Burned area 181 square niiles

Bare and unmerchantable timlier area 426 square miles

Estimate of timber in Clallam countij, Wasliington.'

Fir 3,045,297 M. feet B. M.

Spruce 1,758,845 M. feet B. M.

Cedar 547,617 M. feet B. M.

Hemlock 3,719,840 M. feet B. M.

Total 9,071,599 M. feet B. M.

Average per acre of timl:)ered land, 15,700 feet B. M.

Below is a description of the merchantable timber species as they occur

in the peninsula.

'Lor. cit., 1). 20. Remarks aliovc apijly.
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FAMILY PIXACExVE: Pine Family.

(TPtiiis ('iHnNarci/paris.

C. nootka(e7isis (Lamb) Spach: Alaska Cedar. This tree is found on all

the mountain ridges below 3.500 feet elevation. It is a conspicuous tree on

the ridges at the headwaters of the Soleduck and Bogachiel rivers and in the

vicinity of the Soleduck Hot Springs. It is often called Yellow Cedar. It

is also more abundant in the swamp regions near the Pacific coast, bordering

the rivers near their mouths. It is a medium tree in height for this region,

but exceeds the Red Fir in girth. Its greatest development is usually where

it stands the heaviest. It averages about 140 feet in height and 50 inches

in diameter. This tree is subject to rot; half of the stand is injured by this

disease.*

Genus Thuja.

T. plicaia Donn: Red Cedar; (Jiant Cedar. This cedar is found in all

parts of the peninsula, except in the high mountain districts. It is of larger

growth near the coast, where it often measures from 40 to 50 feet in circu-

ference; some trees in the Elwa valley are said to measure even 80 feet in

circumference.

This tree differs from ('. noothatciisis above in its wood l)cing reddish in

color, in its larger size in circumference-measurements, and in the scales

of its cones being oblong, not pilcate.^

'The juice of the liark of this tree and that of the Giant Cedar is used by the
natives in dyeinf? tiastLct straw. The otli(>r coloring matter u.sed by these Indians
is burned yellow clay, black earth, blood, soot and charcoal.

•Of this giant cedar the Indians make their dug-out canoes, canoes ranging from
the size of a little river canoe to an ocean-whaling canoe that will hold ten whale
hunters, or three tons of freight. These canoes are in each case made from a single

piece ^section) of log and the canoe is in each case one continuous inecc

when finished, except just tiie front totem (river-deer) part. In making these canoes
in the old time it was a slow process of burning and scraping with clam shells, and a
possibl.' c'li^eling with some wedge-snap(^d stone. Today they are liewed out with
ax and Indian adz. .'\ canoy for ocean use in now worth about $100.

The c^dari are used for may purposes by the Indians of the coast. The juice

of the green bark is used as merlicine after being boiled. Th(^ outer bark is used in

ma'ipg wigwams. In the old times thej also shredded the inner bark of these species

and wove it into a sort of cloth. Of this eloth they then made skirts for the women,
and other wearing i pparel both for the men and the women. They also lined their

cradles with this bark and wrapped their bailies "up in it before tying them in the
cradles. A peculiar raincoat was made from this l>ark to be worn ijy the men while
fishing in stormy weather.
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Genus Pin us.

P. monlicola Dougl.: Western White Pine. This tree is found on the

western slopes of the Olympics, above 500 feet elevation, usually in swamps

and wet places.

Description: Cones oblong-cylindrical; scales of cones unarmed; leaves

five in each fascicle.

Genus Ahies.

A. nohilis Lindl. : Lovely Fir; Noble Fir. This tree is found at consider-

able elevations; but rarely at elevations less than 1,500 feet.

Description: This is a tall, silvery-barked, noble-looking tree. It differs

from the other firs principally in the color of its bar-k and in its having cones

with conspicuous reflexed bracts.

A- lasiocarpa (Hook) Nutt.: Alpine Fii-; Subalpme Fir. This tree is found

only on the higher parts of the mountains, rarely below 5,000 feet.

Description: A tree of 60 to 80 feet in height; bark pale, thin, smooth,

ash-gray in color; leaves dark-green above, with two resin-ducts about

equi-distant between the upper and lower face; cones oblong-cylindrical,

puberulent, with bracts concealed.

A. amahilis (Dougl.) Forbs. : Lovely Fir; Amabilis Fir. This tree is found

only on the high ridges adjacent to the mountains, rarely below 1,200 feet

elevation. It is one of the large lumber-producing trees of the region, pro-

ducing more than 11,000,000 M. feet B. M.
Description: This tree is distinguishable from A. lasiocarpa Sihove by its

cones not being puberulent and by the greater length of the cones.

A. grandis Lindl.: White Fir. This tree is occasionally met with in the

Soleduck Hot Spring region.

Genus Pseudotsuga.

P. mucronaia (Raf.) 8udw.: Douglas Fir; Red Fir. This tree grows in

abundance. It reaches its greatest development in the Quillayute-middle-

upland region. In its growth, however, it extends up the mountain slopes

to the altitude of 3,500 feet. In the high mountains and in the neighborhood

of the Pacific coast, this species is practically entirely wanting. It grows

to its greatest dimensions where the stand is heaviest. Throughout the

region it averages 240 feet in height; 77 feet clear of Limbs, with a diameter
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of 55 inches. This tree is everywhere free from disease. The stand of

timber of this species is estimated to be more than 15,000,000 M. feet B. M.

Description: Tree large; in youth, spruce-like and pjrrimidal, more spread-

ing in old age; lea\'es somewhat two-ranked by a tvnsi at base.

Genus Ti^vgn.

T. helerophylln (Raf.) Sarg. : Western Hemlock. This tree is found

throughout the region.

Description: This is a lowland tree, with cones 1 to 2 cm. long.

T. merlettsiana (Bong.) Carr: Black Hemlock; Merten's Hemlock. This

tree is found almost e\erywhere in the forest from the shore line up to 4,500

feet elevation. With the Western Hemlock above, it is by far the most

abundant tree in the region, ])ciiig foiiiul in every ])art of it to timber line.

It is not so large a tree as the other merchantable trees, either in height or

diameter, the amount of clear trunk is also less. In the high mountain

regions the tree is greatly affected by disease, but as the shore line is ap-

proached the percentage of diseased trees diminisli to the minimum. Tins

tree with the Western Hemk)ck estimate 2(),000,()()() M. feet B. M.

Description: Characteristically, this tree differs from the Western

Hemlock ab()\-e in its having appreciably longer cones.'"

(icnus I'iciti.

Picea sitchcnsis (Bong.) Traut: Sitka Spruce. This species is found only

in the neighborhood of the coast, seldom ever found thirty miles inland.

It is densest a little way back from the coast, the immediate coast seeming to

be too damp for its best development. The tree averages 225 feet in height,

81 feet of which is often clear of limbs. Its diameter exceeds 5 feet on the

average. This tree seems to be less affected by disease than any other

merchantable tree in the region. It aggregates over 4,000,000 M. feet B. M.

in merchantable timber.

Descrii)tion: Trees tall, j)yrinii(i;il, with .-oft, white, tough limber; leaves

flallfiied. somewhat two-ranked, and spirally- arranged around the branch-

lets.

P. tngclmdmii Parry: Kngelmann Spiuic. This sj)ru( e is only scattered

'"The Indians use the bark of tliis tree in tanning Itides. Hemlock bark tea is also

used as an emetic.
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here and there and in too small quantities, usually, to be of much value in

a merchantable way.

Description: Tree subalpine, with height averaging about 90 feet;

branches horizontal; bark thin, scaly, I'eddish to purplish brown; branches

pubescent; leaves quadrangular.
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The Uredinales of Indiana.

By H. S. Jackson.

The first aiitlientie record of the collection of any species of plant rust

in Indiana of which we have any knowledge was made hy Dr. J. M. Coulter

in the Botanical Bulletin (Botanical Gazette) 1:20, 1876. In a short article

he noted the common occurrence of Vromyces lespedezae Sehw. on Lespcdeza

violacea, presumably in the \'icinity of Hanover.

The first account of the rusts of the State presented before the Indiana

Academy of Science was included in a paper by E. M. Fisher on the Parasitic

Fungi of Indiana, which was read at the annual meeting for 1890. This

paper listed a considerable number of species of Uredineae, but unfortunately

was not published and is unavailable. The specimens on which the paper

was based were deposited in the herbarium of the United States Depart-

ment of Agriculture. A list of the species was, however, obtained by Dr.

L. M. Underwood and included in his "List of the Cryptogams at present

known to inhabit the State of Indiana," which was printed in the Proceedings

for 1893.

The latter list forms the basis of our knowledge of the cryptogamie flora

of the State and enumerates 88 species of Uredinales including the unattached

aecial and uredinial forms. Supplementary lists by various authors have

appeared in the Proceedings from time to time since that date, only the most

noteworthy of which need be mentioned.

In 1896 Miss LiUian Snyder presented a list of the rusts of Tippecanoe

county, supplementing the work in 1898 with lists from Madison and Noble

counties. The rusts of Hamilton and Marion counties were listed bj^ G. W.

Wilson in 1905.

Two complete State lists have been presented to the Academy by Dr.

J. C. Arthur. The first was read in 1898 and enumerated 80 species; the

second was presented in 1903 and included 105 species. Both these lists were

prepared in such form as to illustrate the latest de^'elopments in revised

nomenclature. The unattached aecial and uredinial forms were omitted.

The present list is based on the information contained in all the preceding

ones which have appeared in the Proceedings of the Academy, together with

the wealth of material collected in all parts of the State contained in the
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Arthur herbarium at the Purdue Experiment Station. An attempt has

been made to show the distribution within the State by counties. Under

each host is given a list of the counties witliin which the species has been

collected, together with the name of the person making the first collection

and the year in which the collection was made. A considerable number

of the collections which ha^•e been recorded in llie first lists were not available

to the writer. These have been included in the distribution only when there

seemed to be no chance of mistaking their identity. A few species evidently

\ATongly determined of which no specimens were available, ha\'e.been omitted.

The nomenclature followed is that of Dr. J. C. Arthur as used in the

N. Am. Flora, volume 7, in so far as that admirable Avork has been com-

pleted, or as proposed for the unpublished jjortion. Tlic tiomcnclature of

the hosts in general conform to tliat of Bi-il1on & Brown. Ilhistrated Flora,

2nd edition.

For convenience in consulting the list, the species not prcA iously recorded

are marked *. Hosts not previously recordcnl are printed in black-faced

type. References are inserted following the host name to the year and

page of preceding volumes of the Proceedings, where additional information

may be obtained. Wherever Indiana rusts have appeared in jniblished .sets

of exsiccati reference is made following the collector's name. Reference

by number is made to the rusts included in the set of Parasitic Fungi dis-

tributee! l)y the Indiana Biological Sur\c.\. December, 1S94. Series 1. (See

Proceedings 1 894 : 1 .")4- 1 .')(>. 1 K05.

)

It is the plan of the writer to submit additions and corrections to this

list as material is collected. It would b(> greatly appreciated if collectors

woidd .send duplicates of llieir collections to the writer.

Tlie writer wishes to iicknowledge his indebtedness t(( Dr. .1. ('. .\rthur

for the unrestricted use of his herlmrium ;nul notes in the preparation of this

list without which any approach to completeness would have been im-

possible. Dr. Arthur has also kindly read the manuscript and offered many
helpful suggestions.
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COLEOSPORIACEAE.

*1. COLEOSPORIUM CAMPANULAE (Pers.) Lev.

On Campanula americana L.

Delaware, 1915 (Jackson); Hamilton, 1907 (Wilson); Tippecanoe,

1907 (Arthur & Kern).

*2. COLEOSPORIUM DELICATULUM {Arth. ,(;• Kern) HnUj. A- Long

On Euthaiiiia graniinifolia (L.) Nutt.

Harrison, 1915 (Fogal); Jefferson, 1914 (Demaree); Johnson,

1915 (Pipal); Orange, 1915 (Jackson).

*3. COLEOSPORIUM ELEPHANTOPODLS {Schw.) Thum.

On Elephantopus carolinianus Willd.

Gibson, 1915 (Hoffer); Jetferson, 1915 (Demaree); Orange, 1915

(Jackson).

*4. COLEOSPORIUM HELIANTHI Schiv.

On Heliaiithiis decapetalus L.

Owen, 1893 (Underwood); Tippecanoe, 1915 (Lndwig).

On Helianthus hirsutus Raf.

Orange, 1915 (Jackson).

5. COLEOSPORIUM IPOMOEAE {Schiv.) Burrill.

On Ipomoea pandurata (L.) Mey. 1896:171, 218.

Tippecanoe, 1895 (Arthur); 1896 (Snyder); 1914 (Ludwig in

Earth. Fungi Col. 4519).

6. COLEOSPORIUM SOLIDAGINIS {Schiv.) Thum. 1908:89.

On Aster azureus Lindl. 1893:50.

Montgomery, 1890 (Fisher), 1893 (Olive).

On Aster cordifolius L. 1893:51.

Montgomery, 1890 (Fisher); Tippecanoe, 1896 (Snyder).

On Aster Drummondii Lindl.

Tippecanoe, 1904 (Arthur).

On Aster ericoides L. 1905:179.

Delaware, 1915 (Jackson); Hamilton, 1905 (Wilson); Orange,

1915 (Jackson); Tippecanoe, 1915 (Mrs. Emily Arthur).

On Aster longifolius Lam.

Putnam, 1907 (Wilson).



432

On Aster Novae-angliae L. 1893:51.

Johnson, 1890 (Fislier); Montgomery, 1S90 (Fislioi-); TipixT-anoo,

1904 (Arthur).

On Aster paniculatus Lam. 1893:51, 1905:179.

F'ranklln, 1912 (Ludwig) ; Hamilton, 1905 (Wilson); Montgomery,

1890 (Fisher); Tippecanoe, 1896 (Snyder).

On Aster punieeus L. 1893:51.

TIenry, 1915 (Jaekson); Johnson, 1890 (Fisher); Steuben, 1903

(Kellerman); Tippecanoe, 1896 (Snyder).

On Aster sagittifolius Willd. 1893:51.

Delaware, 1915 (Jackson); Johnson, 1890 (Fisher); Tippeeanoo.

1896 (Snyder).

On Aster salicifolius Lam. 1893:51.

Hem-y, 1915 (Jackson); Johnson, 1890 (Fisher).

On Aster Shortii Hook. 1893 :5 1

.

Montgomery, 1890 (Fisher).

On Aster Tradeseanti L. 1893:51.

Johnson, 1890 (Fislier).

On (!ulli.slephus hortensis Cass.

Jefferson, 1914 (Demaree).

On Solidago arguta Ait. 1893:51.

Montgomery, 1890 (Fisher).

On Solidago caesia L. 1893:51.

John.son, 1890 (Fisher); Montgomery, 1890 (Fisher); Tippe-

canoe, 1912 (Pipal).

On Solidago canadensis L. 1893:51. 1905:179.

Hamilton, 1905 (Wilson); Johnson, 1890 (Fisher); Marion, 1905

(Wilson); Montgomery, 1890 (Fisher); Orange, 1915 (Jackson);

Tippecanoe, 1915 (Jackson); Tij)t()n, 1915 (Pipal); Wabash,

1S90 (MiUer).

Oil Solidago Hexieaulis L. (S. lalifolia L.) 1893:51 1896:218.

Montgomery, 1S90 (Fisher); Owen, 1893 (ITnderwotxl Ind. Biol.

Survey No. 54); Tippecanoe, 1S96 (Snyder).

On Solidago patula Muhl. ]S93:51.

Montgomery, 1890 (Fisher); Tippecanoe, 1906 (Kern).
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On Solidago rugosa Mill. 1893:51.

Johnson, 1890 (Fisher); St. Joscpli, li)()l (('iimiinghain); Tippe-

canoe, 1904 (Arthur).

On Solidago serotina Ait. 1893:51.

Johnson, 1890 (Fisher); Owen, 1893 (Underwood Ind. Biol.

Survey, 54 in part); Steuben, 1903 (Kellernian).

On Solidago iilmifolia Muhl.

Montgomery, 1907 (Fitzpatriek) ; Ti])peeanoe, 189G (Snyder).

Following the usage of earlier American authors this speeies

has often erroneously been referred to the European C. Sonrht-

arvensis (Pers.) Lev.

*7. COLEOSPORIUM TEREBINTHINACEAE (Schw.) Arih.

On Silphium integrifolium Miehx.

Tippecanoe, 1915 (Ludwig).

On Silphium terbinthinaceuni Jacq.

Tippecanoe, 1912 (Hoffer); 1914 (Ludwig, in Earth. N.Am.
Ured. 1109).

8. COLEOSPORIUM VERNONIAE B. & C.

On Vernonia fasciculata Michx. 1893:51. 1905:179.

Hamilton, 1905 (Wilson); Montgomery, 1893 (Olive); Orange,

1915 (Jackson); Putnam, 1891 (Underwood); Tippecanoe,

1896 (Snyder).

On Vernonia noveboracensis (L.) Willd. 1893:51.

Jefferson, 1915 (Demaree); Johnson, 1890 (Fisher).

On Vernonia altissinia Nutt.

Delaware, 1915 (Jackson) ; Hamilton, 1905 (Wilson) ; Henry,

'

1915 (Jackson); Orange, 1915 (Jackson); Tippecanoe, 1905

(Kern).

UREDINACEAE.

*9. BUBAKIA CROTONIS {Vookv) Arlh.

On Croton monanthogynus Michx.

FrankUn, 1912 (Oskamp); Lawrence, 1915 (Hoffer); Putnam,

1907 (Wilson).

5084—28
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10 HYALOPSORA POLYPODII {DC.) Magn.

Uredo polypodii DC.

On Felix fragilis (L.) Underw. {C'l/Klopteris fragilis (L.) Bernh.

1893:56. 1903:143.

Putnam, 1893 (Underwood Ind. Biol. Survey 53).

"11. MELAMPSORA ABIETIS-CANADENSTS (Fori.) Lading.

On Populus deltoides Marsh.

Jasper, 1913 (Arthur & Fromme).

On Populus grandidentata Miehx. 1893:51.

Putnam, 1893 (Underwood Ind. Biol. Sur. 50).

On Populus heterophylla L.

Tippecanoe, 1914 (Ludwig).

On Populus tremuloides Miehx.

Steuben, 1903 (Kellerman).

Some of above collections were previously recorded in the

Proceedings as M. Medusae Thiini.

12. MELAMPSORA BIGELOWII Thum. 1908:89.

On Salix amygdaloides Anders. 1903:143.

Lagrange, 1907 (Arthur); Steuben, 1903 (Kellerman).

On Salix cordata Muhl. 1893:51. 1905:180.

Hamilton, 1905 (Wilson); Montgomery, 1893 (Olive); Tippecanoe,

1904 (Arthur).

On Salix discolor Muhl. 1893:51. 1896:218.

Montgomery, 1890 (Fisher); Tippecanoe, 1896 (Snyder).

On Salix interior Rowlee {S. longifolia Muhl.) 1893:51. 1905:180.

Hamilton, 1905 (Wilson); Johnson, 1890 (Fisher); Montgomery,

1893 (Olive); Marion, 1905 (Wilson); Owen, 1893 (Under-

wood Ind. Biol. Sur. 49); St. Joseph, 1904 (Cunningham);

Steuben, 1903 (Kellerman); Tippecanoe, 1898 (Stuart).

On Salix nigra Marsh. 1893:51.

Henry, 1915 (Jackson); Montgomery, 1890 (Fisher); Tippecanoe,

1887 (Arthur).

On Salix Wardii Bebb. (1893:51 as .S'. nigra Marsh.)

Johnson, 1890 (Fisher).

Following frequent usage of American authors this species

has been variously referred to in the Proceedings as Melarnpsora
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HaliciiM Lev., M. farinosa (Pers.) Schroei. and M. Salicis-cupreae

(Pers.) Wint., all of which apply to European species.

13. MELAMPSORA MEDUSAE Thum. 1908:89.

On Populus halsamifera L. 1893 :ol.

Montsfomery, 1890 (Fisher).

On Populus deltoides Marsh. {
I'. /iKJinllfaa Ah.) 1893:51. 1896;

218. 1905:180.

Hamilton. 1905 (Wil.son); .Johnson, 1890 (Fi.sher); Marion, 1905

(Wilson j; Montf^omery. 1893 (Olive); Putnam. 1891 (Under-

wood); Tippecanoe. 1914 (Ludwig, in Barth. P^mgi Col. 4737

and in Barth. X.Am. Ured. 1122); 1888 (Bolley ), 1896 (Snyder);

Warren, 1909 (Kern & Johnson).

On Populus ^randidcntata Midix. 1893:51.

Montgomery, 1890 (Fisher); Putnam, 1890 (Underwood).

On Populus tremuloides Miehx. 1893:51. 1898:188.

Marshall, 1893 (Underwood); Noble, 1897 (King).

This species has oc<'asionally been erroneously refeiTed in the

Proceedings to .1/. j)opuIiti(i (Jacq.) Lev., a European species.

14. MELAMPSORIDIUM BETULAE {Schum.) Arlh.

Melampsoridiuui hetulinum (Pers.) Kiel).

On Betula lutea Miehx. 1903:143. 1908:89.

Steuben, 1903 (Kellerman).

15. PUCCINIASTRUM AGRIMONIAE (Schw.) Tram.

Cmonid Agrininriinr Schw.

On Agrimonia hirsuta (Muhl.) Bickn. (A. Eupaloria Am. Auct.)

1893:50.

Montgomery (Rose); Owen. 1893 (Underwood); Putnam. 1891

(Underwood); 1907 (Wilson).

On Agrimonia mollis (T. & G. ) Britton. 1893:50. 1896:218.

1905:180.

Delaware. 1915 (Jackson); Hamilton. 1905 (Wilson); Johnson,

1890 (Fisher); Orange, 1915 (Jackson); Tippecanoe, 1896

(Snyder).
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On Agrimonia par\'iflora Soland. 1893:50.

Jefferson, 1915 (Demaree); Marshall, 1893 (Underwood) ; Putnam,

1893 (Underwood, Biol. Siirv. 51); Tippecanoe, 1913 (Travel-

bee).

16. PUCCINIASTRUM HYDRANGEAE (B. A C.) Arth.

Uredo Hydrangeae B. & C.

Coleosporium Hydrangeae [B. & C.) Snyder.

Thecopsora Hydrangeae (B. tt C.) Magn.

On Hydrangea arboreseens L. 1893:56. 1896:218. 1903:143.

Marion, 1890 (Tracy); Montgomery, 1890 (Fisher); Pulnani,

1891 (Underwood); Tippecanoe, 1896 (Snyder).

AECIDIACEAE.

17. ALLODUS AMBIGUA {A. <.{• S.) Arth.

Puccinia amhigiia (A. & S.) Lagerh.

Dicaeoma ambigua (A. & S.) Kuntze.

On Galium Aparine L. 1896:172. 1903:146.

Jefferson, 1903 (Arthur); Tippecanoe, 1896 (Snyder).

*18. ALLODUS CLAYTONIATA (Schw.) Arth.

Caeoma (Aecidium) Claytoniatum Schw.

Puccinia Mariae-Wilsoni G. W. Chnton.

On Claytonia virgiiiira L.

St. Joseiih, 1904 (Cuuningham).

19. ALLODUS PODYPHYLLI (Schw.) Arth.

Puccinia Podyphylli Schw.

Dicaeoma Podyphylli (Schw.) Kuntze.

On Podyphyllum peltatum L. 1893:54. 1896:221. 1898:184,

189. 1905:182.

Brown, 1893 (Underwood); Dearborn, 1889 (Bolley); Fayctle,

1914 (Ludwig in Barth. N. Am. Ured. 1166 and in Barth.

Fungi Col. 4760); Franklin, 1912 (Ludung); Hamilton, 1905

(Wilson); Jasper, 1915 (Arthur); Jefferson, 1910 (Johnson);

Johnson, 1890 (Fisher); Montgomery, 1893 (Olive); Monroe,

1893 (Underwood); Noble, 1897 (King); Owen, 1893 (Under-

wood); Posey, 1906 (Arthur & Kern); Putnam, 1892; 1893
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(Underwood, Ind. Biol. Sur. 15); St. Joseph, 1905 (Cunning-

ham); Tippecanoe, 1896 (Snyder); Wabash, 1890 (Miller);

Vigo, 1893 (Underwood).

20. ALLODUS TENUIS (Schiv.) Arth.

Caeoma {Aecidium) tenue Sehw.

Puccinia tenuis Burr.

Dicacoma lenuc (Burr.) Kuntze.

On Eupatorium urlicaefolium Reich. {E. ageratoides L.) 1893:55.

1896:221. 1903:151.

Putnam, 1893 (Underwood); Tippecanoe, 1896 (Snyder).

*21. BULLARIA BARDANAE {Cda.) Arth.

Puccinia Bardanae Corda.

On Arctium Lappa L.

Carroll, 1915 (Hofifer); Delaware, 1915 (Jackson); Henry, 1915

(Jackson); Tippecanoe, 1915 (Jackson).

*22. BULLARIA BULLATA (Pers.) Arth.

Puccinia bidlata (Pers.) Wint.

On Taenida integerrima (L.) Drude.

Tippecanoe, 1915 (Ludwig).

23. BULLARIA CHRYSANTHEMI (Roze) Arth.

Puccinia Chrysanthemi Roze.

Dicaeoma Chrysanthemi (Roze) Arth.

On Chrysanthemum Sinense Sabine. 1903:147.

Tippecanoe, 1899 (Dorner); 1900 (Arthur).

*24. BULLARIA GLOBOSIPES (PA.) comb. nov.

Piiccinia globosipes Pk.

Uredo similis Ell.

On Lyc'iuin haliniifoliiini Mill.

Shelby, 1890 (Fisher); Type of Urcdo sinnlis Ell. Jour. Myc
7:275. 1893.

*25. BULLARIA HIERACII (Schuni.) Arth.

Puccinia Hieracii (Schum.) Mart.-

On Hieraciuni scabrum Michx.

Montgomery, 1913 (Arthur).
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26. BULLARIA KUHNIAE (Schiv.) comb. nor.

Pnccinia Kuhniae Sehw.

Dicoeoma Kiihtiinc (Sr-hw.) Kiintze.

On Kuhnia eupatorioides L. l<S93:o4. 1896:220.

Harrison. 1915 (Fogal); Tippecanoe, 1888 (Bolley); 1900 (Arthur).

27. BULLARIA TARAXACI (Rrb.) Arlh.

Pnccinia Tarnxaci (Reb.) Plowr.

Dicaeoma Tarnxaci (Reb.) Kuntze.

On Leontodon Taraxaeiun L. (Taraxdciuu Tiiraxani m i L. ) Karst.

1893:03. 1896:219. 1898:188. VMA'A. 1<!().-):1S2.

Franklin, 191.") (Ludwiji:) ; Henry, 191.") (Jackson); Hamilton,

190.J (Wilson): .Jtfferson. 1910 (.loiinson); .lolinson, 1890

(Fisher); Marion, 190.') (Wilson); Miami, 191;") (Ludwdg);

Montgomery. 1893 (Olive); Noble, 1897 (King); Putnam,

1893 (Underwood ); Tippecanoe, 18SS (Holley), 189() (Snyder);

Vigo, 1893 (Arthur).

On Lconlcxlon ery t hrosperniiiin (.\iidrz.) Brilton [Taraxacuta

( ri/lhrosiicrniiun .\ndrz.

)

Ilaniiltoti. 1909 (Kern c^ Johnson i; .Icffersoii. 1910 (Johnson);

Tii)pecanoe, 1907 (Arthnn.

iit-poried erroneously in Ihe I'nx-cedings as I'nccinin Jloscii-

losonini (A. & S. ) Winl. and llirdnmia Jhisciiliisonnti (A. & S.)

Martins.

28. DARYSPORA ANEMONES-VIROINIAXAP: (Scfur.) Artfu

/'iiccinia A ncinaiics-rirf/iiiiandc Scliw.

I)icai(i)ii(i AiKiiKntis-riiijiiiiaiiiii (Schu. ) Arth.

On Anemone eylindrica A. (ira.\. |N9(i:2l9.

Tippecanoe, 1892 (Arthur).

On Anemone virginiana L. 1903:146.

Steuben. 1903 (Kellerman); Tippecanoe. 1903 (Arthur).

29. DASYSPORA ASTERIS {Duby) Arlh.

Puccinia Asteris Duby.

Dicaeoma Aslerisi (Dubyj Kuntze.

On Aster azureus Lindl.

Tippecanoe, 1896 (Stuart).
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On Aster cordifolius L. 1893:52.

Montgomery, 1890 (Fisher).

On Aster longifolius Lam.

Putnam, 1907 (Wilson); Tippecanoe, 1905 (Wilson).

On Aster Novae-angliae L.

Tippecanoe, 1910 (Johnson & Orton).

On Aster paniculatus Lam. 1893:52. 1890:219. 1905:181.

Hamilton, 1905 (Wilson); Montgomery, 1890 (Fisher); Tippe-

canoe, 1896 (Snyder).

On Aster punicens L.

Tippecanoe, 1905 (Kern).

On Aster sagittifolius Willd.

Delaware, 1915 (Jackson).

30. DASYSPORA CIRCAEAE (Pers.) Arlh.

Puccinia Circaeae Pers.

Dicaeoma Circaeae (Pers.) Kuntze.

On Circaea Lutetiana L. 1893:53. 1896:219. 1905:181.

Hamilton, 1905 (Wilson); Johnson, 1890 (F'isher); Putnam,

1893 (Underwood, Ind. Biol. Sur. 28); Tippecanoe, 1896

(Snyder); Wabash, 1886 (Miller).

31. DASYSPORA DAYI {Clint.) Arth.

Puccinia Dayi Clinton.

Dicaeoma Dayi (Clint.) Kuntze.

On Steironema ciliatum (L.) Raf. 1893:53. 1905:181.

Hamilton, 1905 (Wilson); Johnson, 1890 (Fisher); Kosciusko,

1913 (Hoffer); Putnam, 1893 (Underwood, Ind. Biol. Sur.

25).

32. DASYSPORA GLECOMATIS (DC.) Arlh.

Puccinia verrucosa (Sehultz) Lk.

On Agastache nepetoides (L.) Kuntze. 1905:181.

Hamilton, 1905 (Wilson); Johnson, 1915 (Pipal); Sullivan (Hof-

fer); Tippecanoe, 1910 (Johnson).

33. DASYSPORA LOBELIAE {(ler.) Arlh.

Puccinia Lobeliae Ger.

Dicaeoma Lobeliae (Ger.) Arth.
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On Lobelia syphilitioa L. 1893:54. 1896:220.

Fulton, 1893 (Underwood); Johnson, 1890 (Fisher); Putnam,

1893 (Underwood, Ind. Biol. Sur. 20); Tippecanoe, 1883

(Arthur); VerniiUion, 1889 (Ai-thur) Vigo, 1893 (Underwood).

*34. DASY8P0RA MALVACEARUM {Bert.) Arth.

Puccinia malvacearum Bert.

Dicaeoma malvacearum (Bert.) Kuntze.

On Althaea rosea L.

Huntington, 1915 (Miller); Marion, 1915 (Dietz); Marshall,

1915 (Arthur); Montgomery, 1915 (Anderson); St. Joseph,.

1915 (Bordner).

On Malva rotundifolia L.

Marshall, 1915 (Arthur); St. Joseph, 1914 (Anderson).

35. DA.SYSPORA PHYSOSTEGIAE {P. & C.) comb. nov.

Puccinia Physostegiae P. & C.

Dicaeoma Physo-slegiae (P. & C.) Kuntze.

On Dracocephalum virginianum L. {Physostegia virginiana (L.)

Benth.) 1894:151. 1896:220.

Marshall, 1893 (Underwood, Jnd. Biol. Sur. 13); Tippecanoe,

1895 (Arthur).

30. DASYSPORA RANUNCULI {Seymour) Arth.

Puccinia Ranunculi Sej'mour.

Dicaeoma Ranunculi (Seym.) Kuntze.

On Ranunculus septentrionalis Poir. 1893:55.

Montgomery, 1893 (Olive); 1903 (Ilughart).

*37. DASYSPORA SAXIFRAGAE {Schlecht.) Arlh.

Puccinia Saxifargae Schlecht.

On Micranthes penn.sylvanica (L.) Ihm. [Stixifraga pcfinsyl-

vanica L.)

Porter, 1913 (Deain).

*38. DASYSPORA SEYMERIAE {Burr.) Arth.

Puccinia Seymeriae Burr.

On Afzelia macrophylla (Xutt.) Kuntze.

Tippecanoe, 1907 (Dorner).
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The (^oi)ibiiiatinii D. Scyineriue (Burr.) Artliur was iiiado in

Result. Sci. Con^. Bot. Vienne 347. 190G. By a typographical

error the specific name was WTitten "Seyniouriae." Puccinia

Seymeriae Burr, not Puccinia Serjmourii Lindl. was clearly in-

tended. The latter is probably not a Dasyspora and in any case

is a synonym of P. musenii E. & E.

39. DASYSPORA SILPHII {Schw.) Arth.

Puccinia Silphii Schw.

Dicacoma Silphii (Schw.) Kunlze.

On Silphium iiitegi-ifolium Mich.x. HH)3:I.")I.

Tippecanoe, 1001 (Dorner).

On Silphium perfoliatuni L.

Tippecanoe, 1906 (Wilson, Olive, Kern).

On Silphium sp. 1893:55.

Putnam, 1891 (Under«ood).

40. DASYSPORA XANTHII (Schw.) Arth.

Puccinia Xanthii Schw.

Dicaeoma Xanthii (Schw.) Kuntze.

On Ambrosia trifida L. 1896:222. 1905:182.

Gibson, 1915 (Hoffer); Hamilton, 1905 (Wilson); Tippecanoe,

1896 (Snyder).

On Xanthium americanum ^^'Hll. 1893 :5().

Johnson, 1890 (Underwood) ; Montgomery, 1893 (Olive); Orange,

1913 (Arthur & Ludwig); Putnam, 1891 (Underwood); Tippe-

canoe, 1905 (Wilson).

On Xanthium communis Britton.

AUen, 1911 (Orton); Montgomery, 1910 (Jennison); Tippecanoe,

1914 (Travelbee).

On Xanthium peniisylvani<-a Walh-. 1S93:56. 1896:222. 1905:182.

Fountain, 1914 (Arthur); ilaniiltoii, 1905 (Wilson); Marion,

1905 (Wilson); Monlgomery, 1890 (Fisher); Putnam, isic;

(Underwood); Tippecanoe, 1896 (Snyder).

On Xanthium spinosum L.

Tippecanoe, 1895 (Arthur).

The earlier collections recorded in the Proceedings were mainly
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referred to as occurring on Xanfhium canadense Mill, and X.

slrumarium L. The exact identity of the host can not now be

determined and the collections so referred are here placed under

X. pennsylvanicum SLud X. americanum respectively.

41. DICAEOMA(?) ALETRIDIS (B. & C.) Kuntze.

Puccinia Aleiridis B. & C.

On Aletris farinosa L. 1903:146.

Lake, 1884 (Hill).

42. DICAEOMA ANDROPOGOXIS (Sc/iw.) Kunlzc.

Aecidiuni Penslemonis Schw.

Puccinia Andropogi Schw.

I. On Penslemon hirsutus (L.) Willd. 1890:217. 1908:90.

Tipj)ecanoe, 1890 (Stuart in Arth. & Holw. Ured. Exsicc. et

Icones, 39a).

111. On Andropogon furcatus Muhl. 1S9():219.

Tippecanoe, 1896 (Stuart, Snyder).

On Schizachyrium scoparium (Michx.) Nasli (Atidropogon sco-

pnrius Michx.) 1896:219.

Tippecanoe, 1896 (Snyder in .Vrth. it llolw. Ured. Exciec. et

Icones, 39f); 1898 (Stuarl iuArlh. tt liohv. Ured. Exsicc. et

Icones, 39e).

43. DICAEOMA AXOUSTATUM iPh:) Kitnize.

Puccinia anguslata Peck.

Aecidium Lycopi Gerard.

I. On Lycopus americanus Muhl. (L. sinualu.s Ell.) 1893:50.

1898:189; 1908:91.

Jasper, 1903 (Arthur); Tippecanoe, 1898 (Snyder); Vigo, 1893

(Underwood )

.

On Lycopus iiiiifl<»riis Miclix.

Jasper, 1903 (Arthur); Tippecanoe, 1908 (Johnson).

III. On Scirpus atrovirens Mull). 1893:.")2. 1896:219. 1905:181.

Hamilton, 1905 (Wilson); JcfTi-rson, 1914 (Deniaree); Johnson,

1890 (Fisher); Putnam, 1891 (Underwood); Owen, 1911 (Pipal);

Tippecanoe, 1889 (Bolley); 1896 (Snyder).
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On Sf'irpus fvperinus (L.) Kunth. 1893:52.

Fulton, 1893 (Undei-wood); Putnam, 1891, 1893 (Underwood, in

Ind. Biol. Sur. 32); Steuben, 1903 (Kellermanj.

*44. DICAEOMA(?) ANTIRRHINII (D. & H.) comb. nor.

Puccinia Antirrhinii Diet. & Holw.

On Antirrhinum inajus L.

Hendricks, 1915 (Miller); Lagrangfe, 1915 (Hissonj?); Montgomery

1914 (Rees).

45. DICAEOMA ASPARAGI {DC.) Kuntze.

Puccinia Asparagi DC.

On Asparagus officinalis L. 1903:146. 1905:181.

Fountain, 1900 (Beatty); Franklin, 1913 (Ludwig, in Barth.

Fungi Col. 4255); Hamilton, 1905 (Wilson); Jefferson, 1914

(Demaree) ; Lake, 1899 (Breyfogle); Steuben, 1903 (Kellerman);

St. Joseph, 1915 (Balzer) ; Tippecanoe, 1900, 1901 (Arthur;

46. DICAEOMA ASPERIFOLII (Fer.s.) Kuntze. 1908:91.

Aecidium Asperifolii Pers.

Puccinia rubigo-vera (DC.) Wint. p.p.

On Seeale cereale L. 1896:221.

Carroll, 1913 (Pipal); Marion, 1896 (Chapman); Posey, 1910

(Johnson); Tippecanoe, 1889 (Arthur); Vigo, 1914 (Cox.)

*47. DICAEOMA CALTHAE {Grev.) Kuntze.

Aecidium Calthae Grev.

Puccinia Calthae (Grev.) Link.

On Caltha palustris L.

Tippecanoe, 1914 (Hofifer).

48. DICAEOMA CANALICULATUM (Schw.) Kuntze.

Sphaeria canaliculata Schw.

Puccinia Cyperi Arth.

Puccinia nigrovelata EU. & Tracy.

Dicaenma Cyperi (Arth.) Kuntze.

I. On Ambrosia trifida L.

Tippecanoe, 1896 (Snyder).

On Xanthium amerieanum Walt.

Tippecanoe. 1903 (Arthur).
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On Xanthium comiiiiine Britton.

Montgomery, 1899 (Arthur); Tippecanoe, 1895 (Arthur).

III. On Cyperus Engelmaiinii Hteud.

Newton, 1913 (Arthur & Fromme).

On Cyperus esculentus L. 1896:220 (as C. slrigosus L.)

Tippecanoe, 1896 (Snyder).

On Cyperus filiculmis Vahl. 1896:219 (as C. slrigosus L.)

Tippecanoe, 1896 (Snyder).

On Cyperus strigosus L. 1893:53,54. 1894:154,157. 1905:181.

1908:94.

Hamilton, 1905 (Wilson); IMarion, 1890 (Earle); Putnam, 1893

(Underwoodj; Tippecanoe, 1904 (Arthur).

On Cyperus Sohweinitzii Torr.

Montgomery, 1893 (Underwood).

*49. DICAEOMA CEPHALANTHI {Sci,m.) comh. nov.

Aecidinin CcpluddNlhi Seymour.

I'liccinid Siiinioiiridnti Aiili.

]. On CeplialautliUM oeeidenlalis L.

Jasper, 1915 (Arthur).

III. On Spartiiia ]Mi<-hau\iana Hitchc.

Jasper, 1913 (Arlluir ct Fromme); Starke, 1903 (Arthur).

50. DICAEOMA CNICI [Mart.) Aril,.

Piiccinia Cnici Mail.

Fuccinia Cirsii-lanccolati Schroet.

Jnrki/fi Cirsii-lajtrcnIdU (Schroet.) Bub. 1898:182. .

Oil ("irsiiiiii laiiceolatum (L.) Hill {Cdrdnus Innceolahis L.) 1893:

53. 1898:182. 1903:152.

Marion, 1890 (Bolley); Marshall, 1893 (Underwood); Putnam,

1893 (Underwood); Steuben, 1903 (Kellermanj; Ti])pecanoe,

1904 (Arthur).

I»reviously reported in the Proceedings (1893:53; 1898:182) as

I'. Jlosculosoruin (A. & S.) Hoehl and Dicdcnma flnscidosoruin

(A. Si S.) Mart.
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51. DICAEOMA CLEMATIDIS (DC.) Arlh.

Aecidium Clematidis DC.

Aecidium Aquilegiae Pers.

Puccinia tomipara Lagerh.

Puccinia Agropyri E. & E.

Puccinia Paniculariae Arth.

I. On Aquilegia sp. 1893:49.

Tippecanoe, 1889 (BoUey).

On Clematis virginiaiia L.

Tippecanoe, 1907 (Arthur).

On Syndesmon thalictroides (L.) Hoffmg. 1894:151.

Montgomery, 1894. (Olive).

III. On Agropyron repeiis (L.) Beauv.

Miami, 1912 (Holman); Tippecanoe, 1898 (Arthur, Stuart).

On Bromus ciliatus L.

Tippecanoe, 1898 (Stuart).

On Bromus japonicus Thunb.

Tippecanoe, 1914 (Roberts).

On Bromus purgaiis L.

Tippecanoe, 1903 (Arthur).

On Bromus sccalinus L.

Frankhn, 1912 (Ludmg).

On Hordeum jubatum L.

Tippecanoe, 1910 (Johnson).

On Paiiicularia grandis (S. Wats.) Nash.

Jasper, 1913 (Arthur & Fromme).

*52. DICAEOMA CONOCLINII {Seymour) Kimtze.

Puccinia Conoclinii Seymour.

On Eupatorium coelestinum L.

Orange, 1915 (Jackson & Pipal).

53. DICAEOMA CONVOLVULI {Pers.) Kuntze.

Puccinia Convolvuli (Pers.) Cast.

On Convolvulus sepium L. 1893:53. 1896:219. 1905:181.

Carroll, 1912 (Ludwig); Hamilton, 1905 (Wilson); Marion, 1905

(Wilson); Montgomery, 1899, Putnam, 1891, 1893 (Under-

wood, Ind. Biol. Sur. 21); Tippecanoe, 1895 (Stuart); Tipton,

1915 (Pipal).
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*54. DICAEOMAf?) CYPRIPEDII (.4////.) Kmdze.

Puccinia Cypripedii Arth.

On Limodorum tuberosum L.

Kosciusko, 1914 (Hoffer).

55. DICAEOMA EATONIAE Arth.

AecidiujH Ranunculi Sehw.

Puccinia Eaioniae Arth.

I. On Ranunculus abortivns L. 1893:50. 1908:91.

Brown, 1893 (Underwood); Decatur, 1889 (Arthur); Putnam,

1892, 1893, 1894 (Underwood, Ind. Biol. Sur. 55); St. Joseph,

1904 (Cunningham); Tippecanoe, 1894 (Golden).

III. On Sphenopholis pallens (Spreng.) Scri>)n. (Eatonin pennsyl-

rnnica A. Gray ) . 1 fK)3 : 1 48.

Jasper, 1915 (Arthur); Tippi'canoe, 1903 (Arthur).

50. DICAEOMA ELEOCHARIDIS (Arth.) Kuntze.

Puccinia Eleocharidia Arth.

I. On Eupatorium maculatuni L.

Tippecanoe, 1908 (John.son).

On Eupatorium perfoliatum L. 1894:151. 1896:217. 1908:91.

Jasper, 1903 (Arthur); Montgomery, 1894 (Olive); Tippecanoe,

189G (Snyder).

On Eupatorium purpurfuin L.

Tippecanoe, 1899 (Arthurj.

III. On Eleocharis palustris (L.) R. & S. 1893:53. 1896:219. 1908:

91.

Lagrange, 1907 (Arthur); Montgomery, ]<J07 (Dorner); Tippe-

canoe, 1888 (Bolleyj, 1896 (Snyder j.

57. DICAEOMA ELLISIANUM (Thum.) Kuntze.

Puccinia Ellisiaiia Thum.

I. On Viola papilionacea Pursh.

Tippecanoe, 1897 (Arthur).

111. On Sehizachyrium scoparium (Michx.) Nash (Andropogon

scoparius Michx.) 1903:148.

Tippecanoe, 1898 (Stuart j.
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58. DICAEOMA EMACULATUM (Schiv.) Kunlze.

Puccinia emaculata Schw.

On Panicum capillare L. 1893:53. 1896:220. 1905:181.

Fayette, 1912 (Luchdg): Franklin, 1913 (Ludwig); Grant, 1915

(Pipal); Hamilton, 1905 (Wilson); Henry, 1897 (Pleas) ; Jasper,

1903 (Arthur) ; Montgomery, 1893 (Olive); Noble, 1906 (Whet-

zel); Putnam, 1892 (Underwood, Ind. Biol. Sur. 29); Tippe-

canoe, 1896 (Snyder).

On Panicum miliaceum L.

Tippecanoe, 1910 (Orton).

59. DICAEOMA EPIPHYLLUM (L.) Kuntzc.

Puccinia Poarum Niels.

On Poa pratensis L. 1893:57. 1898:189. 1908:91.

Fayette, 1912 (Ludwig); Franklin, 1912 (Ludwdg); Hamilton,

1909 (Kern & Johnson); Henry, 1915 (.Jackson); Johnson,

1890 (Fisher); Owen, 1911 (Pipal); Putnam, St. Joseph, 1904

(Cunningham); Tippecanoe, 1896 (Snyder).

On Alopecurus geniculatus L.

Clinton, 1910 (Maish).

Reported erroneously in the Proceedings (1893:57) as Uromyces

daclyloides Otth.

60. DICAEOMA ERIOPHORI {Thum.) Kuntze.

Puccinia Eriophori Thlim.

On Eriophorum angustifoUum Roth. (E. polystachyon L.) 1903:146.

Noble, 1884 (Van Gorder).

On Eriophorum virginicum L. 1903:146.

Lake, 1914 (Hoflfer); Noble, 1884 (Van Gorder); Wells, 1905

(Deam).

61. DICAEOMA EXTENSICOLA (Plowr.) Kuntzc. 1908:92.

Puccinia extensicola Plowr.

Puccinia Dulichii Syd.

Puccinia vulpinoidis D. & H.

Dicaeoma Caricis-e7-igernuiis Arth.

Dicacotna Caricis-a.steris Arth.

Dicaeoina ('(iricis-solidaginis Arth.

Dicaeoma Dulichii (Syd.) Arth.
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[. On Aster cordifolius L. 1S93:40.

JMontgomery, 1893 (Olive); Tippecanoe, 1897 (Aiiluir).

On Aster Drummondii Lindl. 1903:147.

Tippecanoe, 1901 (Arthur).

On Aster paniculatus Lam. 1903:147. 1905:181.

Hamilton, 1905 (Wilson); Tippecanoe, 1901 (Arthur).

On Aster sagittifoHus Willd. 1893:49.

Montgomery, 1893 (Olive).

On Aster salicifolius Lam.

Tippecanoe, 1901 (Artlnir).

On Docllingcria iinihellala (Mill.) Nces.

Jasper, 1903 (Arthur).

On Krigeron annuus (L.) Pcrs. 1894:151.

Montgomery, 1889 (Arthur), 1894 (OUve); Posey, 190(j (Arthurj

;

Tippecanoe, 1899 (Arthur).

On Erigeron ramosus (Walt.) B. S. P. 1903:147.

Jasper, 1903 (Arthur).

On Leptilon canadense (L.) Britt. 1903:147.

Jasper, 1903 (Arthur).

On Solidago caesia L. 1893:49.

Montgomery, 1893 (Olive).

On Solidago canadensis L. 1893:49.

Jasper, 1915 (Mrs. J. C. Arthur); Lai)ortc, 1893 (Arthur); Tipi)e-

canoe, 1896 fSnyder).

On Solidago flexicaulis L. (S. hitifolio L.) 1893:49.

Putnam, 1893 (Underwood); Tippecanoe, 1894 (Golden).

On Solidago patula Muhl. 1903:147.

Tipfxcanoe, 1902 (Arthur).

On .Solidago .scrotiiia Ait.

Vigo. 1899 (Arthur).

On Solidago iiiniirolia Miilil.

Putnam, 189(J (Wilson;; Ti|)jMc;iii()r. is'.ll iCdldm).

III. On Carex cephalophora Mulil. l!t()3:147.

Newton, 1913 (Arthur & Fronmie); Tippecanoe, 1898 (Snyder);

1902 (Arthur).

On Carcx ccphaloifh-a I)cwev(?)

Tippecanoe, 1898 (Snyder).
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On Carex conoidea Schk. 1905:181.

Hamilton, 1905 (Wilson); Tippecanoe, 1900 (Stuart ).

On Carex festucaeea Schk. 1903:147.

Marion, 1913 (Overholtz & Young); Tippecanoe, 1899, 1901

(Arthur).

On Carex foenea Willd. 1903:147.

Lagrange, 1912 (Arthur); Tippecanoe, 1901 (Arthur).

On Carex nebraskensis Dewey {Carex Jamesii Torr.) 1903:147.

Fayette, 1913 (Lud\vig); Jefferson, 1913 (Arthur); Tippecanoe,

1902 (Arthur).

On Carex oligocarpa Schk.

Fayette, 1915 (Ludwig).

On Carex Pennsylvanica Lam.

Tippecanoe, 1906 (Kern & OUve).

On Carex sparganioides Muhl.

Lagrange, 1907 (Arthur); Tippecanoe, 1897 (Arthur).

On Carex straminea Willd. 1893:52.

Johnson, 1890 (Fisher).

On Carex tetanica Schk. 1903:147.

Tippecanoe, 1899 (Arthur).

On Carex vulpinoidea Michx. 1893:56. 1896:221.

Fayette, 1912 (Ludwig); Lagrange, 1907 (Arthur); Orange, 1913

(Arthur & Ludwig) ; Tippecanoe, 1888 (Bolley); 1896 (Snyder).:

On Dulichium arundinaceum (L.) Britt. 1893:52.

Jasper, 1915 (Arthur & Ford); Marshall, 1893 (Underwood).

*62. DICAEOMA FRAXINI iSrhw.} Arlh.

Aecidium Fraxiui Schw.

Piiccinia peridprniinsporii Artli.

On Spartina Michauxiana Hitchc.

Lagrange, 1907 (Arthur); Jasper, 1913 (Arthnr & Fromme).

63. DICAEOMA GROSSULARIAE {Srhinn.) mmh. xnr. 1908:92.

Aecidium Grossulariae Schum.

Puccinia alhiperidin Arth.

Piiccitiia quadriporuhi Arth.

Puccinia uniporulu Ortoii.

5084—29
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I. On Grossularia Cynosbati (L.) Mill. (Ribes Cynosbati L.) 1893-

50. 1898:188.

Montgomery, 1893 (Olive); Noble, 1897 (King); Putnam, 1892

(Underwood); Tippeeanoe, 1906 (Kern).

On Grossularia niissouriensis (Nutt.) Cov. & Britt. (Ribes

grncile Pursh).

Tippecanoe, 190() (Kern).

On Grossularia oxyacanthoitlcs (L.)Mil]. (Ribes o.rijncdttthoidesLi.)

Montgomery, 1899 (Arthur).

On Gros.sularia rotundifolia (Miehx.) Cov. & Britt. (Rihcs

rolHudifoHum Michx.) 1893:50.

Putnam, 1893 (Underwood, Ind. Biol. Sur. 58).

On Grossularia srtosa (Lindl.) Cov. & Britt. (Ribes setosum

Lindl.)

Tippeeanoe, 1909 (Johnson),

in. On r.art'x crinita Lam.

Ja.sper, 1915 (Arthur & Fordj; Tippeeanoe, 1904 (Arthur).

On Carex digitalis Willd.

Franklin, 1912 (Ludwig).

On Carex liirtifolia MacKenzie (('. /labesccns Muhl.) 1903:145.

Tippeeanoe, 1901 (Arthur).

On flarex Ililrhcoc-kiana Dewey.

Fayette, 1912 (Ludwig).

On Carex laxiflora Lam.

Fayetle. 1915 (Ludwig); Tii)peeanoe, 1897 (Arthur).

On Car«"\ squarrosa i>.

Tippecanoe, HIOH (Kern).

( )ii Carex siricia l.ani.

LagniiiLTc, 1912 (Artlmn.

( >ii ( 'jiri'x l«-laiil<'a Sclik.

Tippr'curcc, ISlMt (Arthur!.

t54. i>;(AEOMA HKLIANTHI iSrh,,:} Kii„l„.

Puccinin Hclinnthi Schw.

On Helianthus annui-.s L. 1893:55. 1905:lSl.

Delaware, 1915 (.Jackson); Hamilton. 1905 (Wilson); Henry,

1915 (Jackson); .lefferson, 1914 (Deinaree); .Johnson, 1.S90
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(Fisher); Manou, 1905 (Wilson); Montgomery, 1893 (Olive);

Putnam, 1891, 1892 (Underwood); Tippecanoe, 1906 (Kern).

On Helianthus divericatus L. 1893:55.

Jasper, 1903 (Arthur); Montgomery, 1890 (Fisher); Steuben,

1903 (Kellerman); Tippecanoe, 1905 (Kern).

On Helianthus giganteus L. 1903:148.

Steuben, 1903 (Kellerman); Tippecanoe, 1907 (Arthur).

On Helianthus grosse-serratus Mart. 1893:55. 1896:221.

Montgomery, 1893 (Olive); Steuben, 1903 (Kellerman); Tippe-

canoe, 1906 (Snyder).

On Helianthus hirsutus Raf.

Harrison, 1915 (Fogal); Orange, 1915 (Jackson).

On Hehanthus moUis Lam. 1903:148.

Jasper, 1903 (Arthur); Tippecanoe, 1896 (Snyder).

On Helianthus occidentalis Riddle.

Harrison, 1915 (Fogal).

On Helianthus petiolaris Nutt.

Tippecanoe, 1905 (Wilson).

On Helianthus strumosus L. 1893:55.

Johnson. 1890 (Fisher); Putnam, 1903 (Underwood); Tippe-

canoe, 1888 (BoUey); 1894 (Golden).

On Helianthus tuberosus L. 1905:181.

Jefferson, 1914 (Demaree); Marion, 1905 (Wilson).

On Helianthus tracheliifolius Mill. 1893:55.

Montgomery, 1890 (Fisher); Shelby, 1890 (Fisher).

65. DICAEOMA HELIOPSIDIS USrlur.) Kuulze.

Puccinia Helioptiidis Schw.

On Heliopsis helianthoides (L.) Sweet. 1893:54.

Johnson, 1890 (Fisher); Tippecanoe, 1901 (Stuart).

66. DICAEOMA HIBISCIATUM (Schw.) Arth.

Caeoma Hihisciatum Schw.

Aecidium Napaeae Arth. & Holw.

Puccinia Muhlenbergiae Arth.

I. On Napaea dioica L. 1894:151.

Tippecanoe, 1889 (Arthur).
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Iir. On Muhlenbergia mexieana (L.) Trin.

Henry, 1915 (Jackson); Johnson, 1915 (Pipal); Lake, 1913

(Pipal); Lawrence, 1905; Tippecanoe, 1896 (Stuart, Snyder).

On Muhknibergia Sehreberi GmeL (.1/. diffusa Schreb.) 1893:53,

55. 1905:181.

Delaware, 1915 (Jackson); Hamilton, 1905 (Wilson); Johnson,

1890 (Fisher); Owen, 1911 (Pipal); Tippecanoe, 1896 (Snyder

in Arth. & Holw. E.xsic. et Icon. 50a).

On MuhlfiilMMfiia teuuiflora (WiUd.) B. S. P.

Montiionicry, 1915 (Mrs. J. C Arthur).

On Muhlcnbcr'ifia iiniljrosa Sclu-cb. (.1/. fujlpalicd. Torr.) 1896.

221.

Johnson, 1915 (Pipal); Tii)i)('canoc, 1896 (Snyder).

67. DICAKOMA IMPATIENTIS (Schw.) Arth.

Accidium Impalienlis Schw.

Puccinia perminuln Artli.

I, On liiipiiticns ])i(l()r;i Walt. (/. ./"»//v; Xutt.) 1893:50.

Jcffer.son, 1915 (Deinaree); Johnson, 1890 (Fish(>r); Montgomery

(Hose): Putnam. 1S93 (ITuderwood) ; Tippecanoe, 1914 (Lud-

wig ill Hartli. Kimgi Coliiiiib. 4757, and Barth N. Am. Ured.

1254).

On Impatiens i)alli(la Xutt. (/. (lunn S. Wato.) 189(5:217.

Carroll, 1910 (IlofT<'r); Faydtc. 1913 (Ludwig); Putnam, 1903.

(Wilson); Tii)i)ccanoe, 1896 (Snyderj.

Tir. On Afjrosiis |M>r«'iiiiaiis (Walt.) Tuckerm.

Delaware. 1915 (hickson); Fayette, 1912 (jjiidwig); Johnson

1890 (Fislier).

On Kl_\ Mills <-ana(l4-ii.sis \j.

Tippecanoe, 1S<)6 (Snyder).

On Elyimis sirialiis Wiild.

Jefferson, 1903 (Artliiiri; Tippecanoe, 1902 (Arthur).

On Flymus virgiiiicus L. 1S93:55. 1S96:221. 19()S:91.

Tippecanoe, 18.S8 (Bolley), 19(M) (Artluirj.

On Hystrix Hystuix (L.) Mills)). 1893:52.

.lefTerson. 1!)14 ( Demaree); Johnson, 1S90 (Fisher).
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*GS. DICAEOMA IRIDIS {DC.) KuhIzc.

Uredo Iridis DC.

On Iris versicolor L.

Marshall, 1893 (Underwood. Ind. Biol Sur. 52).

69. DICAEOMA MAJANTHAE (Schuin.) Anh.

Aecidiiim Majanthae Sehum.

On Phalaris arundinaeea L. 1903:149. 1909:90.

Tippecanoe, 1899 (Stuart).

70. DICAEOMA MELICAE (Syd.) Arth.

On Melica mutiea Walt. 1903:149.

Tippecanoe, 1899 (Stuart).

71. DICAEOMA MENTHAE (Pcrs.) S. F. Gray.

Puccinia Menthae Pers.

On Blephila ciliata (L.) Raf.

Hamilton, 1905 (Wilson).

On Blephilia hirsuta (Pursh) Torr. 1893-54. 1896:220. 1905:181.

Hamilton, 1905 (Wilson); Johnson, 1890 (Fisher) ; Montgomery,

1890 (Fisher); Posey, 1906 (Arthur); Tippecanoe, 1899,1901

(Arthur), 1896 (Snyder); Vermillion, 1889 (Arthur).

On Cunila origanoides (L.) Britton (C. mariana L.) 1893:54.

Martin, 1915 (Hoffer); Monroe, 1886 (Blatchley).

On Koellia pilosa (Nutt.) Britton {Pycnuiilhcnnni nudicum piln.sitm

A. Gray). 1893:54.

Vigo, 1893 (Underwood).

On Koellia virginiana (L.) MacM. {Pycnanthcmum. lanceolalnm

Pursh). 1893:54. 1896:220.

Marshall. 1893 (Underwood); Tippecanoe, 1896 (Snyder).

On Mentha canadensis L. 1893:54. 1905:181.

Grant, 1915 (Pipal); Hamilton, 1905 (Wilson); Johnson, 1890

(Fisher); Marshall, 1893 (Underwood, Ind. Biol. Sur. 11),

Steuben, 1903 (Kellerman); Tippecanoe, 1883 (Arthur).

On Mentha spicata L.

Hamilton, 1915 (Pipal).
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On Monarda fistulosa L. 1893:54. 1896:220. 1905:181.

CarroU, 1912 (Ludwig); Hamilton, 1905 (Wilson); Jefferson,

1914 (Demaree); Marion, 1905 (Wilson); Marshall, 1893

(Underwood); Montgomery, 1890 (Fisher); Steuben, 1903

(KeUerman); Tippecanoe, 1894 (Golden); 1896 (Snyder);

Vigo, 1893 (Underwood).

*72. DICAEOMA MINUTISSIMUM (Arth.) comb. nov.

Aecidium Nesaeae Ger.

Puccinia minidissivxa Arth.

I. On Decodon verticillatiis (L.) Ell.

Jasper, 1915 (Arthur).

III. On Carex lasiocarpa Ehrh. (C filijormis Good).

Fulton. 1893 (Underwood); Jasper, 1913 (Arthur & Fromme).

*73. DICAEOMA MONTANENSE {Ellis) Kuntze.

Puccinia monlanensis Ellis.

On Elymus canadensis L.

Tippecanoe, 1896 (Arthur).

74. DICAEOMA ARGENTATUM (Schultz) Kuntze.

Puccinia nolilangeriH Corda.

Uredo I mpalientits Rebh.

Puccinia argentala (Schultzj Wiiit.

HI. On Impatiens biflora Walt. (/. fulra Xutt.) 1893:52. 1896:220.

1903:146.

Johnson, 1890 (Fisher); Tippecanoe, 1S9(» (Snyder).

*7.'). DICAEOMA OBSCURUM (SchroH.) Kunlze.

Purrlnia ob.scura Schroet.

On Jiincoidr.s canipest/f (L.) Kuntze (Luziihi rtnnjx.stris DC.)

Montgomery, 1913 (Arthur).

76. I)K'.\KOMA OBTECTUM (Ph.) Kuntze. 1908:91.

Puccinia ohlecta Pk.

On Scirpus amerieanus Per.s. 1894:1.")1.

^Marshall, 1893 (Underwood. Ind. liiol. Sur. 12): Tippecanoe,

1906 (Kern).

On Scirpus validus Vahl. (.S'. lacui^tris L.) 1894:151.

Montgomery, 1893 (Olivej; Vermillion, 1S89 ( Wright j.
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77. DirAEOMA ORBICULA {Peck d- ('liuln,i) Kunh,:

Piiccinia orbicuhi Peek & Clinton.

On Nabahis allnis (L.) Hook. 1893:55. 1S9():221.

Putnam, 1890 (Arthur); Tippecanoe, 1895 (Golden); Vigo, 1S93

(Arthur).

Erroneousl\- rejjorted in the Proceedings as P. Prettanlhca

(Pers.) Fckl.. which is a Brachy-forin (Bullaria) not recorded for

Indiana.

78. DICAEOMA I'AMMELII {Trrl.) Arth.

Aecidinni Patinneiii Trel.

Pucciiiia Pdtiici Diet.

I. On Tithynialopsis coroUafa (L.) Kl. tt (larcke {Euphorbia

cnrullala L.) 1893:49. 1901:284. 1903:149. 1908:90.

Johnson, 1890 (Fisher); Tippecanoe, 1901 (Stuart).

III. On Panicum virgatum L. 1901:283. 1903:149. 1908:90.

Jasper, 1903 (Arthur); Lake, 1910 (Johnson); Newton, 1913

(Arthur & Fromme); Starke, 1905 (Arthur); Tippecanoe.

1901 (Stuart).

79. DIAECOMA PATRirELIS {Arlh.) comb. nor.

Accidium coinpositarntn lactucae Burrill.

Pucciida patruelia Arth.

T. On Lactuca canadensis L. 1894:151.

Jasper, 190G (Arthur); Lagrange, 1912 (Arthur): rvlontgomery,

1894 (Olive): Tippecanoe, 1903 fSeaver).

On Lafluea fluridaiia (L.) Gaertn.

Tippecanoe, ]9()() (Olive).

()ti La<-lii«-a .sHli>a \j.

Tip|)ecai)oe. 1!1()2 (Hurrage).

On Ka<-tii<-a ^ir<>sa i>. (/.. scaiiohi |j.)

•laspcr, 1910 (Kn-ii c*^ Hillings).

III. On ("arex sp.

Jasper, 1903 (Arthur).

80. DICAEOMA PECK I! (l)rT.) Arlh.

Aecidiuin i'eckii DeToni.

I'iiccini;i liidilmiid.-i Kll. iV: Kv.
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^, I. Oil Oenothera biennis L. 1893:50. 1896:217. 1908:92.

.Jasper. 1910 (Kern & Billings); Laporte, 1883 (Arthur); Putnam,

1896 (Wilson): Tippecanoe, 1896 (Snyder), 1902 (Arthur)

Vigo, 1893 (Underwood).

III. On Carex lanuginosa ^Mich.x.

Lagrange, 1912 (Arthur); Tippecanoe, 1911 (Johnson).

On Care\ sparganioides ^lulil.

Lagrange, 1907 (Wilson).

On Carex stipata Muhl. 1903:149.

Tippecanoe, 1902 (Arthur), 1912 (OverJiolts & Orton).

On Carex trichocarpa Muhl. 1903:149

Hamilton, 1909 (Kern & .Johnson); Jasper, 1906 (Arthur & Kern);

Madison, 1898 (Snyder); Tippecanoe, 1901 (Arthur).

SI. DICAEOMA POCULIFORME (Jactj.) Kunlzc.

Aecidinm Berberidis Pers.

Puccinin graininis Pers.

Puccinia phlei-prateitsis Erikss. & Henn.

L On Berberis vulgaris L. 1893:49. 1908:92.

Lagrange, 1889 (Arthur),

ill. On Agrostisalba L. 1893:53. 19()3:ir,0. 190."):182.

Hamilton, 1905 (Wilson); Ja.sper, 1906 (Arthur); Jefferson, 1914

(Demaree); Marshall, 1893 (Underwood, Ind. Biol. Sur. 14);

Putnam, 1893 (Underw^ood); Steuben, 1903 (Kellerman);

Tippecanoe, 1898 (Stuart); Wayne. 1910 (Johnson).

On Arrhcnatheruni elatiuni (L.) Beauv.

Tippecanoe, 1898 (Stuart).

On Avena .sativa L. 1893:.")3. l.X'»6:220. 19()5:1S2.

llamillon. Ht05 (Wilsonj; .Mon(gomer\. ]S9:i (Olivej; I'litnain,

iS'.Ci iCnderwdod i; Steuben, 190.3 ( Kellerniaii ) ; Tippecanoe,

isss (Holley), IXOfi (Snyderi.

Oil Kroiiiiis sccalinii.s L.

Franklin, 1912 (Ludwig).

On (^inna anmdicacea L. 1903:150.

Tippecanoe, 1899 (Stuart); 1901 (Arthur).

On Dactylis glomerata L. 1896:220, 223.

Franklin, 1912 (Ludwig); Tippecanoe, 1,S96 (Snyderi.
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On Hordeiim jubatum L. 1890:220, 224.

Tippecanoe, 1896 (Snyder); 1898 (Arthur).

On Hordeuni vulgare L.

Tippecanoe, 1898 (Stuart).

On Phleiim pratense L. 1909:417. 1910:203.

Bartholomew, 1909 (Hunter); Cass, 1910 (Johnson); Delaware,

1915 (Jackson); Franklin, 1912 (Ludwig); Hamilton, 1910

(Wilson); Henry, 1915 (Jackson); Jefferson, 1910 (Johnson);

Posey, 1910 (Johnson); Spencer, 1910 (Johnson); Tippecanoe.

1910 (Johnson) ;.Tipton, 1915 (Pipal); Wayne, 1910 (Johnson):

Wabash, 1910 (Johnson); Whitley, 1910 (Johnson):.

On Secale cereale L.

Clay, 1910 (Ringo).

On Triticum vulgare Vill. 1893 :.54. 1898:188. 1905:182.

Carroll, 1912 (Pipal); Decatur, 1912 (Moor); FrankHn, 1912

(Ludwig); Hamilton, 1905 (Wilson); Johnson, 1890 (Fisher);

Marion, 1914 (Hameisen); Noble, 1897 (King); Posey. 1912

(Pipal); Putnam, 1893 (Underwood); Tippecanoe. 1890

(Arthur): Wayne, 1910 (Johnson).

82. DICAEOMA POLYGONI-AMPHIBII (Pens.) Arth.

Pitccinia Polygoni-amphihii Pers.

Aecidium sanguinolenium Lindr.

I. On Geranium maculatum L. 1893:40. 1890:217. 1898:188.

1908:92.

Laporte, 1915 (Cotton); Noble, 1893 (King); Tippecanoe, 1894

(Golden); Vigo, 1893 (Underwood, Arthur).

IIJ. On Persicaria amphibia (L.) S. F. Gray {Polygnnum Hart-

wrightii A. Gray). 1903:150.

Steuben, 1903 (Kellerman).

On Persicaria hydropiperoides (Mich.x.) Small {Fuh/goituni kg-

dropiperoides Macouni). 1S98:184. 1898:189.

Noble, 1897 (King): Tippecanoe. 1898 (Stuart).

On Persicaria lapathifolia (J^.) S. F. Gray (Ptdiigomuii lapdtlufolinin

L.) 1898:184.

Tippecanoe, 1898 (Arthur).

On Persicaria Muhlenbergii (S. Wats.) Small {Polggonum Muhlen-

bergvi S. Wats, , P. emenum Britt.) 1893:55. 1905:182.
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P'ulton, 1893 (Underwood); Hamilton, 1905 (Wilson); Hunting-

Ion, 1915 (Troop); Jasper, 1903 (Arthur); Lagrange, 1907

(Arthur); Tippecanoe, 1904 (Arthur); Wabash, 1890 (MiUer).

On Persiearia pennsyhanica (L.) Small ( Fulygoiuun pe/umijlvani-

cumL.) 1898:184.

Henry, 1915 (Jackson); Putnam. 1893 (Underwood, Ind. Biol.

Sur. 26); Tippecanoe, 1898 (Arthur); Tipton, 1915 (Pipal).

On Persiearia punctata (Ell.) Small {Pnli/gtmiim pvnrldtKin Ell.,

P. acre H.B. K.) 1893:55,57.

Johnson. 1890 (Fisher); Putnam, 1891 (Underwood).

83. DICAEOMA POLYGONI-CONVOLVULI {Hedw.) Arlh.

Pnccinia Pohjgoni-conrolruli Hedw.

Oil Tiniaria Convolvulus (L.) Webb. & Moq. (F^obj(i<mum convol-

rtilufi L.) 1898:184. 1905:182.

Delaware, 1915 (Jackson); Hamilton, 1905 (Wilson); Marion,

1905 (Wilson); Tippecanoe, 1898 (Arthur).

(^)ii Tiniaria scandens (L.) Small (Pnh/f/nnntn acnndens L.) 1896:

223.

Putnam, 1907 (Wilson); Ti])pecanoe, 1900 (Arthur).

84. DI('AEAH)A PUXCTATUM {Link) Kuntzr.

P\icciiii(i punctaln Link.

IHcai'vina Galioruni (Lk.) Arth.

On Galium asprellum Michx. 1893:53.

Johnson, 1890 (Fisher).

On Galium coneinnum Torr. «& Gray. 1893:53. 1905:182.

Delaware, 1915 (Jackson); Hamilton, 1905 (Wilson); Johnson,

1890 (Fisher); Montgomery, 1893 (Olive); Owen, 1893 (Under-

wopd. Ind. Biol. Sur. 17); Steuben, 1903 (Kellerman); Tippe-

canoe, 1909 (Arthur).

On Galium tindorum L. 1905:182.

Hamilton, 1905 (Wilsoiu.

On Galiiiiii Inllunim Michx. l.S93:.")3.

Montgomery, 1!S93 (Underwood); Putnam. IS9! (Underwood).

85. DlCAEOxMA PUSTULATUM (Cin-IU) A>lh.

Aecidium pustulatum Curtis.

Pucciriin puslulaln ('Curtis) Arth.
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I. On Comandra umbellata (L.) Nutt. 1893:50. 1908:00.

St. Joseph, 1914 (Arthur); Montgomery, 1893 (Olive); Tippe-

canoe, 1897 (Arthur); Vigo, 1893 (Underwood, Ind. Biol.

Sur. 57).

TIL On Andropogon furcatus Muhl. 1903:150.

Jasper, 1903 (Arthur); Lagrange, 1907 (Arthur); Starke, 1905

(Arthur); Tippecanoe, 1896 (Snyder in Arth. & Holw. Ured.

et Icone.s 39h); Vigo, 1893 (Underwood, Ind. Biol. Sur. 33).

On Schizachyrium pcoparium (Michx.) Nash {Andropogun scopariwi

Michx.) 1903:1.')0.

Tippecanoe, 1902 (Arthur).

56. DICAEOMA RHAMNI (Gmel) Kuntze.

Aecidiiiiii Rhamni Pers.

Puccinia coronata Corda.

Puccinia Lolii Niels.

I. On Rhamnus caroliniana Walt.

Tippecanoe, 1904 (Arthur).

On Rhamnus lanceolata Pursh. 1898:184. 1908:90.

Tippecanoe, 1897 (Arthur).

III. On Avena sativa L. 1893:55. 1896:219. 1898:188. 1905:182.

Clay, 1910 (Ringo); Delaware, 1915 (.Jackson); Fayette, 1912

(Ludwig); Hamilton, 1905 (Wilson); Johnson, 1890 (Fisher);

Noble, 1897 (King); Tippecanoe, 1896 (Stuart); Wa.vne, 1910

(Johnson).

On Cinna arundinacea L.

Tippecanoe, 1901 (Arthur).

On Calamagrostis canadensis (Mx.) Beauv. 1893:53.

Tippecanoe, 1888 (Bolley).

57. DICAEOMA RUELLIAE {B. & Br.) Kuntze

Uredo RveUuie B. & Br.

Diorchidhim Inleripes (B. & Rav.) xMagn.

Dicaeoma laleripes (B. & Rav.) Kuntze.

On Ruellia ciliosa Pursh.

Tippecanoe, 1904 (Marquis).

On Ruellia strepens L. 1893:54. 1896:218. 1905:181.

Delaware, 1915 (Jackson); Hamilton, 1905 (Wilson); -Johnson,
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1890 (Fisher); Owen, 1893 (Underwood, Tnd. Biol. Sur. 31):

Tippecanoe, 1895 (Stuart), 1896 (Snyder); Wabash, 1887

(Miller).

88. DICAEOMA SA:MBUCI (.SW(m.) .4///;.

Aecidium Samhuci Schw.

Puccinia Bolleyana Sacc.

Puccinia Atkinsoniana Diet.

I. Samhuscus canadensis L. 1895 ;50.

Brown, 1893 (Underwood >; Fayette. 1913 (Ludwig); Franklin,

1914 (Ludwig); Johnson, 1890 (Fisher); Montgomery, 1893

(Olive); Putnam, 1892, 1893 (Underwood, Ind. Biol. Sur.

56); Tippecanoe, 1899 (Arthur); Vigo, 1893 (Underwood).

III. On f'arex Frankii Kunth. 1893:55. 1898:187.

Boone, 1891 (Arthur); Frankhn, 1912 (Ludmg); Fulton, 1893

(Underwood); Hamilton, 1909 (Kern & Johnson); Johnson.

1890 (Fisher); Madison. 1898 (Snyder); Orange, 1913 (Arthur

& Ludwig) ; Owen. 1911 ( Pipal ) : Parke. 1900 (Snyder) ; Putnam,

1893 (Underwood).

On (^arcx lupulina ]Muhl.

Noble. 1904 (Whetzel).

On Carex lurida Wahl. 1893:52.

Lagi-ange, 1907 (Arthur); Marion, 1S90 (Arthur); Orange, 1913

(Arthur & Ludwig); Tippecanoe, 1S96 (Snyder).

On Carex trichocarpa Muhl. 1893:52. 1896:219.

Bartholomew, 1909 (Kern); Jasper, 1906 (Arthur & Kern); Tippe-

canoe, 1889 (Bolley).

89. DKWKOMA SAXICULAE {Grev.) Kurdzc.

Puccinia Saniculac Civvx.

On Sanicula canadensis L. l.S93:.")5.

Montgomery (^Rose).

*90 DICAKOMA SMILACLS {Schw.) Knntzc.

Aecidium Smilacis Schw.

Puccinia Smilacis Schw.

On Sniilax ^lauca Walt.

Lawnnce, 1915 (Hoffer); Orange, 1913 (Ludwig

i
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91. DICAEOMA SORGHI (Schw.) Kuntze.

Pnccinia Sorghi Schw.

Puccinia Maydis Bereng.

T. On Xanthoxalis rymosa Small (Oxalis f-ymosa Small).

Tippecanoe, 1S04 (Arthur).

III. On ZeaMays L. 1893:54. 1898:188. 100.5:182. 1908:90.

Dearborn, 1889 (Bolley); Delaware, 1915 (Jackson); Franklin,

1913 (LudAvig); Hamilton, If05 (Wilson); Henry 1915 (Jack-

son); Manon, 1905 (Wilson); Montgomery, 1893 (Olive);

Noble, 1897 (King); Putnam. 1893 (Underwood, Ind. Biol.

Sur. 23); Tipton, 1912 (Ludwig); Tippecanoe, 1887 (Arthur),

92. DICAEOMA TRITICINriNI (Eril:.ss.) cnmh. urn'.

Pi/ccinin triliciiin Eriksson.

On Triticum vulgare Vill.

Carroll, 1913 (Pipali; Decatur. 1912 (Moor); Franklin, 1912

(Ludwig); Jefferson. 1910 (Johmson); Laporte, 1910 (G. C.

Cook); Orange, 1915 (Pi])al); Posey, 1906 (Arthur & Kern);

Pulaski, 1898 (Arthur); Putnam, 1896 (Wilson); Tippecanoe,

1890 (Arthur); Vigo, 1899 (Arthur); Wayne, 1906 (Hiatt).

93. DICAEOIMA (?) TROGLODYTES (Lin,lr.) romb. no,,.

Pnccinia lrii;;lt>(Ii/lcs Lidr.

On Galiiiin (rifloriiiii Aliclix.

Hamilton, 1905 (Wilson).

94. DICAEOMA URTICAE (SdnuN.) Knnt:c.

Aecidiuni Urlicdc Scluim.

Puccinia Carici.^ Schrot. not Kel).

I. On Urtica gracilis Ait. (U. LyaHii S. Wats.) 1898:18.-'). 19nS;92.

St. Joseph, 1904 (Cunningham); Lagrange, 1912 (Arthur); Tii)p(-

canoe, 1905 (Kern).

HI. On Carex lacustris Willd. (C. riparia Muhl.) -1903:151.

Jasper, 1903 (Arthur); Steuben, 1903 (Kellerman).

On Carex stipata Muhl.

Tippecanoe, 1905 (Arthur);

On Care.x stricta Lam, 1903:151.
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Jaspf-r. 190f) (Arthur & Kern); Steuben, 190.'^ (Kellerman):

Tippecanoe. 1886 (Snyder).

Many of the eolleetions reported in previous ]i.sts of Indiana

rusts as belonging to this species are now included elsewhere.

9o. DICAEOMA VERBENICOLUM (EU. & Kell.) Arih.

Aecidium verhenicolum Ellis & Kellerman.

Fnrciriin Vilfac Arth. & Holw.

DicueoDin Vilfae (A. & H.) Arth.

I. On Verbena strieta Vent. 1896:218. 1908:90.

Tippecanoe, 1896 (Snyder).

HI. On Sporobolus asper (Michx.) Kunth. 1896:221.

Tippecanoe, 1896 (Snyder).

Erroneously reported in Proceedings for 1896:221 as Puccinia

Sporoholi Arth.

9(). DICAEOMA (?) VEKXOXIAE (Sew.) Kunlze.

Puccinia Vernoniae Sehw.

On Vernoniae faseiruiata Mieh.x. 189.'i:o.').

Pufnani, 1893 (Underwood).

This collection is on the stems and has been disiributed in the

following exsiccati: hid. Hiol. Sur. .'JO; Barth. N. Am. Ured.

578; Ell. & E\ . \. .\in. Fungi 2988; Seymour & Earle Economic

Fungi Supl. B20.

97. Di('AK().M.\ VKXAXS iluni.i Kindzc.

Piirciniti mans Farl.

On .Vtheropogon curtipendulus (Michx.) Fourn. (liouteloua curti-

prnduhi (Michx.) Torr.j 1901:283.

Tipj)e<-anoe (Stuart).

No sjjccimens of this collcciion are now available and the

determination is somewhat doulttful. Since the species is rep-

n-scnfed in the .\rthur lHrl)ariuni only froiTi the we.stern plains.

98. DICAEOMA VIOLAK iSrlnun.) Kmilzc

Puccinia Vialac (Schum.) DC.

On Viola eriocarpa Schwein. 1903:1.32.

Decatur, 1889 (Arthur); Montgomery, 1906 (Olive).

On Viola papilionacea Pursh (V. obliqua Hill; 1893:56.
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.Johnson, 1890 (Fisher); Montgomery, 1893 (Olive); Putnam,

1890 (Arthur); Tippecanoe, 1898 (Arthur); Vigo, 1893 (Arthur)

On Viola pubeseens Ait. 1903:152

Fayette, 1915 (Ludwig); Tippecanoe, 1898 (Arthur).

On Viola sororia Willd.

Tippecanoe, 1906 (Kern).

On Viola striata Ait. 1893:56.

Montgomery, 1890 (Fisher); Owen, 1893 (Underwood, lad. Biol.

Sur. 18); Putnam, 1893 (Underwood); Tippecanoe, 1912

(Pipal).

99. DICAEOMA WINDSORIAE (Schiv.) Kunhe.

Puccinia Windsoriae Schw.

Aecidium Pteleae Berk. & Curt.

I. On Ptelea trifohata L. 1893:50. 1896:217. 1908:90.

Montgomery, 1893 (OHve); Tippecanoe, 1896 (Snyder).

III. On Tridens flava (L.) Hiichc. (Sieglingia sederioides (Mx.) Sehrib.

1894:154, 1896:221.

Harrison, 1915 (Kopp): Orange, 1915 (Jackson), Owen, 1911

(Pipal); Tippecanoe, 1896 (Snyder).

100. EARLEA SPECIOSA (Fr.) Arlh.

Aregma speciosa Fr.

Phragmidium specio^um (Fr.) Cooke.

On Rosa Carolina L. 1896:219.

Tippecanoe, 1895 (Arthur).

On Rosa virginiaua JSIill. {Rosa humilis Marsh). 1898:179.

Fulton, 1894 (Arthur); Putnam, 1900 (Wilson); Tippecanoe,

1898 (Arthur).

101. GYMNOCONIA INTERSTITIALIS (Schlecl.) Lagerh.

Aecidium nitens Schw.

Puccinia interstitialis (Schleeht.) Tranz.

On Rubus alleghaniensis Porter. 1893:54.

Jefferson, 1910 (Johnson); Marion, 1901 (Dickey); l^itnuiu,

1893 (Underwood, Ind. Biol. Sur. 19); St. Joseph, 1909 (Cun-

ningham); Tippecanoe, 1894 (Golden); 1896 (Snyder); Vigo,

1893 (Underwood).
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On Ruhus oceidentalis L. 189.3:54.

Montgomery, 1893 (Olive).

On Rubus procumbens Muhl. (R. rillosus Ait.) 1893:54. 1896:

220. 1898:188.

Montgomery, 1893 (Olive); Noble. 1897 (King); Tippecanoe,

1899 (Stuart): 1896 (Snyder).

On Rubus strigosus Michx. 1893:54.

Marshall, 1889 (Parks).

*10L'. (JYMNOSPORANGIUM GERMINALE {Sclnr.) Kern.

On Crataegus mollis (T. & 'i.) Seheele.

Shelby (Brezze).

On Cydonia vulgaris L.

Perry, 1914 (Odell).

103. (iYMNOSPORANGIUM GLOBOSUM Farl.

Roestelia lacerala (Sow.) Fr. (in part).

Puccinia globosa (Farl.) Kuntze.

Aecidiiim globosum (Farl.) Arth.

I. On Crataegus coccinca L. 1893:5().

Montgomery, 1893 (Olive); Henry, 1909 (Gardner;.

On (Yataegus Crus-galli L. 1894:1.53.

Montgomery, 1894 (Olive).

On Crataegus mollis (T. & G. ) Sclieel(> ((\ suhrillosa T. & G.) 1898:

186, 188.

Allen, 1911 (Orton); Clay, 1910 (Ringo); Marion, 1896 (B. M.

Davis); Noble, 1897 (King); Tippecanoe, 1898 (Arthur).

On Crataegus punctata Jacq. 1893:56. 1896:222. 1905:182.

Hamilton, 1905 (Wilson); Montgomery, 1893 (Olive); Putnam,

1893 (Underwood, ind. Biol. Snr. 60); Tippecanoe, 1896

(Snyder).

On (IralaeguM Priiiglei Sarg.

Tippecanoe, 1898 (Arlliiir).

ill. On .liiniFJerus virginiana L. 1,S93;5I. I<)()S:S9.

Clinton, 1907 (Kern); .letterson, 1903 (Artliiirj; Owen, 1893

(Underwood); Putnam, 1.S93 (Underwood ind. Hiol. Sur. 45);

Tij)pecanoe, 1888 (Arthur;.
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104. C.YMNOSPORANGIUM JUNIPERI-VIRGINTANAE Schtr.

Roestelia pyrata Thax.

Gymnosporangium viacropus Lk.

Puccinia Juniperi-virginianae (Schw.) Artli.

Aecidiuvi Juniperi-virginianae (Schw.) Arth.

I. OnMalus eoronaria (L.) Mill. 1893:56. 1896:218.

Hamilton, 1907 (Wilson); Henry, 1909 (Gardner); Marion,

1907 (Shell); Putnam, 1907 (Wilson); Spencer, 1910 (Johnson);

Tippecanoe, 1896 (Snyder) ; Wabash, 1891 (Miller).

On Malus loncnsis (Wood) Britton.

Tippecanoe, 1892 (Arthur).

On Malus Malus (L.) Britt. 1898:186. 1901:255.

Carroll, 1913 (Kerlin); Clark, 1912 (Richards); Fayette, 1912

Richards); Floyd, 1890 (Latta); Franldin, 1903 (Kleim).

Greene, 1912 (Richards); Howard, 1902 (Armstrong); Jasper,

1913 (Coe); Jackson, 1912 (Richards); Jefferson, 1914 (Dema-

ree); Martin, 1912 (Richards); Montgomery. 1901 (Whetzell);

Morgan, 1911 (Lewis); Newton, 1898 (Griggs); Orange, 1912

(Brown); Putnam, 1907 (Wilson); Ripley, 1902 (Ferris); Rush,

1911 (Smiley); Spencer, 1900 (Johnson) ; Wayne, 1904 (Helms);

Wabash, 1911 (Fisher); Warrick, 1912 (AUtz); White, 1913

(Pipal) ; Whitley, 1911 (More).

III. On Juniperus virginiana L. 1893:51. 1896:218. 1901:255.

1908:89.

Clay, 1910 (Ringo); Franklin, 1912 (Ludwig); Henry, 1914

(Travelbee); Monroe, 1898 (Arthur); Montgomery, 1893

(Olive); Orange, 1915 (Jackson); Owen, 1893 (Underwood);

Putnam, 1892, 1893 (Underwood Ind. Biol. Sur. 46); Tippe-

canoe, 1889 (BoUey), 1898 (Arthur); Warren, 1908 (Davis).

105. KUEHNEOLA OBTUSA (Slrau.ss) Arlh.

On Polentilla canadensis L. 1S93-52. 189(i:21S. 1S9S:I7<.).

Dt^aware, 1915 (Jackson); Fulton, 1893 (Underwood, ind. Biol.

Sur. 47); Jeffer.son, 1914 (Demaree); Johnson, 1890 (Fisher):

Marshall, 1893 (Underwood); Orange, 1913 (Arthur); Owen,

1893 (Underwood) ; Tippecanoe, 1889 (Bolley) , 1896 (Snyder)

;

5084—30
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1901 (Arth. in Barlli. N. Am. Ured. 318); Vi{io, mVA (Arthur,

Underwood J.

Previously reported in the Proct^edings an Pfirag/nidiuiii Fragar-

iae (DC.) Wint. and Aregt7in Frcifjariae (DC.) Arth.

106. KUEHNEOLA UREDINIS (Link) Arth.

Chrysomyxa albida Kuhn.

ColeoHporium Rvbi E. & H.

On Rubus allegheniensis Porter.

Delaware, 1915 (Jackson); Hamilton, 1907 (Wilson); Mont-

gomerj', 1913 (Kern); Warrick, 1906 (Heim).

On Rubus euneifolius Pursh. 1898:50.

Johnson, 1890 (Fisher).

On Rubus bispidus L.

Jasper, 1913 (Arthur & Fromme).

On Rubus procumbens Muhl. (Rulnis villosus Ait.) 1893:50.

Johnson, 1890 (Fisher).

107. NKJREDO AMPHIDYMA (Sydoir) Arthur.

Uromyves glyceriae Arth.

On Panicularia septentrionalis (Hitch.) Bicknell. 1893:57. 1898:

180.

Johnson, 1890 (Fisher).

Previously reported as Uromyces graminicola Burr, on Pani-

cum lirgaium L.

108. NIGREDO APPENDICULATA {Pers.) Arth.

Uromyces appendiculala (Pers.) Lev.)

Caeomurus Phaseoli (Pers.) Arth.

On Phasoolus vulgaris L. 1893:56 in part. 1905:180.

Hamilton, 1905 (Wilson); Henry, 1915 (Jackson); Putnam, 1892

(Underwood Ind. Biol. Sur. 40); Tippecanoe, 1905 (Wilson);

Tipton, 1915 (Pi pal j.

On Stropostyles helvolva (L.) Britt. (Phaseulus anguloaun Ell.,

P. diversifolius Pers.) 1893:5(). 1896:172. 222. 1905:180.

Franklin, 1914 (Roy Allen); Laporte, 1915 (L. B. Clore) ; Marion,

1905 (Wilson); Montgomery, 1893 (Olive); Putnam, 1907

(Wilson); Tippecanoe, 1895 (Arthur), 1896 (Snyder).
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On Strophoslylt's paueiflora (Beiitli.) S. Wats.

Putnam. lcS9(3 (Cook).

On Strophostyles umbellata (Muhl.) Britton.

Sullivan, 1915 (Hoffer).

On Vii?na sinensis (L.) Endl. 1903:145.

Tippecanoe, 1902, 1903 (Arthur in Earth. N. Am. Ured. 381).

109. NIG REDO CALADII (Schw.) Arth.

Uroniyces Calndii (Schw.) Farl.

Caeomurus Caladii (Schw.) Kuntze.

On Arisaema Dracontium (L.) Sehott. 1893:56. 1890:222. 1905:

180.

Brown, 1893 (Underwood); Faj^ette, 1913 (Ludwig); Hamilton,

1905 (Wilson) ; Jasper, 1915 (Arthur) ; Kosciusko, 1915 (Hoffer);

Montgomery, 1893 (Olive); Putnam, 1897 (Cook); Tippe-

canoe, 1896 (Snyder); Vigo, 1893 (Underwood).

On Arisaema triphyllum (L.) Torr. 1893:56. 1896:222. 1898:

189. 1905:180.

Fayette, 1913 (Ludwig); Hamilton, 1905 (Wilson); Jasper, 1915

(Arthur) ; Johnson. 1890 (Fisher); Monroe, 1893 (Underwood);

Montgomery, 1893 (Olive); Noble, 1897 (King); Owen, 1893

(Underwood); Posey, 1906 (Arthur & Kern); Putnam, 1893

(Underwood); Tippecanoe, 1894 (Golden), 1896 (Snyder);

St. Joseph, 1904 (Cunningham); Vigo, 1893 (Underwood, Ar-

thur).

On Peltandra virginica (L.) Kunth.

Jasper, 1915 (Arthur); Lake, 1881 (A. B. Seymour).

110. NIGREDO CARYOPHYLLINA (Schrank.) Arth.

Uromyres Caryophylli?ius (Schrank.) Wiht.

Caeomurus Caryophyllmus (Schrank.) Kuiitze.

On Dianthus caryophyllus L. 1893:56. 1898:180. 1912:99.

Marion, 1892 (Arthur); Monroe, 1912 (Von Hook); Tippecanoe,

1898 (Arthur).

111. NIGREDO FABAE (Pers.) Arth.

Uromyces Fabae (Pers.) DeBy.

On Lathyrus venosus Muhl. 1896:222. 1898:181. 1903:145.

Tippecanoe, 1896 (Snyder).



468

Previouslj' reported in the Proceedings as on Vicia americana

MuM. and erroneously refen-ed to Uromyces Orobi (Pers.) Wint.,

Caeoinuru.'i Pisi (Pers.) Gray, Caeomurus Orohi (Pers.) Arth.,

which refer to European species not yet recorded in America.

^112. XIGREDO FALLENS (Desmar ) Arlh.

I'rnmi/ct's fallens (Desmaz.) Kerri.

On TrifoliLim i)ratense L. 1S93:5S. 1890:223. 1898:187, 189.

Delaware, 191o (Jackson); Franklin, 1912 (Ludwig); Hamil-

ton, 190.5 (Wilson); John.son. 1890 (Fisher); Kosciusko, 1913

(Hoffer); Madison. 1898 (Snyder), Marion. 1905 (Wilson):

Miami, 191.5 (Ludwig); Montgomery. 1890 ,'Fisher), 1893

(Underwood Ind. Biol. Sur. .38); Xol)le. 1897 (King)- Owen,

1911 (Pipal': Putnam. 1891 (Underwood): Steuhen, 1903

(Kellerman); Tipton, 1912 (Ludwig); Tipi)ecanoe. 1891 (Ar-

thur ). I89(i (Suyd(T): Wahnsh, 1891 (Miller):.

113. XKiRKDO IIKDYSAKI-l'AXIcrLA'IM (Srhir.) Arlh.

I'ronn/rcs Hcdijscri-iHUiiritlati (Schw.) Far!.

('(iconninis Ifdh/Kfiri-panitulnti (Schw.) Arth.

On Mt'ihoiiiia l>rarl«M».«a (Michx.) Kunlze.

Dehnvarc. 191.") (.lackson).

On McilK)niia cancscens (L.) Kiintze. 1893:.")7. 1903:144.

.Johii>()ri. 1890 (Fisher); Montgouicr.N , IS9;{ (Olixc); Tipix-auoc,

1907 (Dorucn.

On McihoMiia Diil.'uii (Darl.) Kuutzc. 189:;:.")7. IS9():222 1903;

144. 190."): 180.

Ilauiiltou. I90."> (Wilson, reported as on .1/. .se.ssilifolia (Torr)

Kuntze); Martin. 191.5 (Hoffer); Montgomery. 1893 (Under-

wood Ind. Biol Sur. 35); Tii)pecanoe, 1896 (Snyder), 1914

(l.udwig in Bailii. Fungi ('ohnnh. 4.592).

On Meihomia laevigata (Xutt.) Kuntze. I893:.57.

Montgoniery. 1890 (Fisheri.

On Meihomia i)anicuhi1a ( L. ) Kiuit/e. IS9:^,:.57. hs<.»():222.

Hamilton. 1905 (Wilson); .Johnson, 1890 (Fisher); .Jeft'er>on.

1914 (I^emaree); Tippecanoe, 1896 (Snyder, reported as on

Drsmnrliiiin conadeiDse D(\)

On M<ilM)niia \ iridiflora ( L. i Kuntze. 1,893:.57. I905:IS().
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Hamilton. 1905 (Wilson); Marion, 1905 (Wilson); Putnam,

1893 (Underwood); Tippecanoe, 1904 (J. C. Marquis).

114. NIGREDO HOWE I (PA.) Arth.

Uromyces Hoxoei Pk.

Caeomurus Howei (Pk.) Kuntze.

On Aselepias inearnata L. 1893:57. 1896:222.

Montgomery, 1893 (Olive); Tippecanoe, 1896 (Snyder).

On Aselepias purpurascens L. 1893:57.

Montgomery, 1890 (Fisher).

On Aselepias Syriaea L. (.4. cornuti Dec.) 1893:57. 1896:222.

1898:187. 1905:180.

Dearborn, 1888 (Bolley); Delaware, 1890 (Arthur); Hamilton,

1905 (Wilson); Henry, 1915 (.Jackson); Johnson, 1890 (Fisher);

Madison, 1898 (Snyder); Marion, 1890 (S. M. Tracy), 1905

Wilson); Montgomery, 1890 (Fisher), 1893 (Underwood Ind.

Biol. Sur. 36); Putnam. 1891 (Underwood); Steuben, 1903

(Kellerman); Tippecanoe, 1887 (Arthur), 1896 (Snyder);

Tipton., 1915 (Pipal); Wabash. 1891 (Miller).

On Yincetoxicum Shorlii (A. Gray) Britton.

Crawford, 1915 (C. V. Deam).

115. NIGREDO HYPERICT-FRONDOSI {Schw.) Arth.

Urni/n/n's Hi/periri (Schw.) M. A. Curtis.

Cdcoinurua H ijperici-froitdosi (ScliAV.) Arth.

On Hypericum canadense L. 1893:57.

Johnson, 1890 (Fisher).

On Hypericum mutilum L. 1893:57.

Marshal], 1893 (Underwood); Putnam, 1891, 1893 (Underwood

Ind. Biol. Sur. 42); Spencer, 1910 (Johnson).

On Triadenum virginicum (L.) Raf. {Elodra camonnulata Pursh).

1893:57.

Marshall, 1893 (Underwood).

116. NIGREDO LESPEDEZAE-PROCUMBENTIS (Schw.) Arth.

Uromyces Lcspede^ac (Schw.) Pk.

Caeomuriis Lespedezac-procumbentis (Schw.) Arth.

On Lespedeza capitata Michx. 1903:145.

Jasper, 1903 (Arthur); Tippecanoe, 1903 (Arthur).
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On Lc'spodc'za frnlesccns (L.) Britton.

Lagrang-e, 1907 (Arthur).

On Lespedeza hirta (L.) Hornem. 1903:145.

Jasper, 1913 (Arthur & Fromme); Marshall, 1893 (Underwood)

Ind. Biol. Sur. 39); Martin. 1915 (Hoffer); Orange, 1915

(Jackson).

On Lespedeza proeumbens Michx. 1893:57.

Montgomery, 1890 (Fisher).

On Lespedeza repens (L.) Bart. 1896:222.

Tippecanoe, 1894 (Snyder).

On Lespedeza Stuvei Nutt.

Harrison, 1915 (Fogal).

On Lespedeza Airginioa (L.) Britton (L. reliculata S. Wats.) 1893:

57.

Lagrange, 1907 (Arthur); Montgomery, 1910 (Fisher).

*117. XKJREDO MEDICAGIXIS (Pass.) Arthur.

On IVIeflicafro lupiiliiia L.

Grant, 1915 (Pipah; Tipton, 1915 (Pipal).

On Medicare sativa L.

Putnam, 1907 (Wilson).

*n.S XTOREDO MIXUTA (Diet.) Arth.

On Carex lanuginosa Michx. 1903:144.

Jasper, 1903 (Arthur).

On Carex virescens Muhl. 1893:57.

Putnam, 1890 (Arthur).

The former collection erroneously reported as Cacotnurus

Solidngini-caricis Arth. in Proceedings (1903:144) and the latter

(1893:57) as Vrotniirm prn'f/i/niiis Hals, on (\ rire-scens.

IJ'.l. .XICKKDO I'KKIC^XIA ( Hnlsl.) Arth.

Vromyces pcrigyHiu-s Halstofl.

Caeomurus perigynuis (Halst.) Kuntze.

Caeomurus Solidagini-Caricis Arth.

On Carex tribiiloides Wahl.

Xewton, 1913 (Arthur & PVommc).

On Carex varia Muhl. 1903:144.

Jasper, 1903 (Arthur, tyjx'of I'mifu/cr.^ Snliilrif/ini-('(iriris Arth.^-

Lake, 1899 (Hillj.



471

120. NIGREDO PLUMBARTA (Pk,) Arlh.

UromyceH gaurina (Pk.) Snyder.

Caeomurus plumbarius (Pk.) Kuntze.

Caeomurus gaurinus (Pk.) Arth.

On Gaura biennis L. 1896:222. 1898:180. 1903:145.

Hamilton, 1907 (Wilson); Tippecanoe, 1896 (Snyder).

On Oenothera biennis L.

Tippecanoe, 1912 (Orton).

121. NIGREDO polygon: {Pers.) Arth.

Uromyres polygoni (Pers.) Fuckel.

Caeomurus Polygoni (Pers.) Kuntze.

On Polygonum avieulare L. 1893:57. 1896:223. 1905:181.

Franklin, 1912, 1914 (Ludwig, in Barth. N. Am. Ured. 1196);

Hamilton, 1905 (Wilson) ; Kosciusko, 1909 (Funk) ; Montgom-

ery, 1893 (Olive); Putnam, 1893 (Underwood); Tippecanoe,

1888 (BoUey); 1896 (Snyder).

On Polygonum ereetum L. 1893:58.

Boone, 1911 (Miller); Henry, 1915 (Jackson); Johnson, 1890

(Fisher); Putnam, 1893 (Underwood Ind. Biol. Sur. 41);

Tippecanoe, 1888 (BoUey); 1895 (Snyder).

122. NIGREDO POLEMONII {Pk.) Arth.

Aecidium Polevionii Pk.

Uromyccs acuminatus Arth.

Caeomurus acuminatus (Arth.) Kuntze.

I. On Polemonium reptans L.

Tippecanoe, 1901 (Arthur).

III. On Spartina Michauxiana Hitch. {S. cynosuroides (L.) Roth).

1903:144. 1908:89.

Jasper, 1903, 1915 (Arthur); Lake, 1913 (Arthur); Starke, 1905

(Arthur); Steul)en, 1903 (Kellermaii ).

123. NIGREDO PROEM INENS {DC.) Arlh.

Uromyccs Enjjhorbiuc (Schvv.J (\ & P.

Caeomurus Euphorbiae (Schw.) Kuntze.

On Chamaesyee humistrata (Engelm.) Small {Euphorbia humis-

trata Engelm.) 1903:144. 1905:180.
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Hamilton, 1905 (Wilson); Montgomery, 190G (Thomas); Put-

nam, 1911 (Banker); Tippecanoe, 1902 (Artluir).

On Chamaesyce maculata (L.) Small {Eupliorhia viaciilalu L.)

1893:49. 1896:217. 1905:180.

Hamilton, 1905 (Wilson); Marion, 1905 (Wilson); Montgfomery,

(Rose); Tippecanoe, 1887 (Arthur).

On Chamaesyce Preslii (Guss.) Arth. (Euphorliiti PresUi Guss..

E. hrjpericifolia A. (Jrayj. 189.3:57. 1N!)():222. 1898:187.

1905:180.

Franklin, 1913 (Luch\-ig); Fulton, 1909 (Kern); Hamilton, 1905

(Wilson); Henry, 1915 (Jackson); Jefferson, 1914 (Demaree);

Johnson, 1890 (Fisher); Madison, 1898 (Snyder); Marion,

1905 (Wilson); Putnam, 1891 (Underwood); Tippecanoe, 1888

(BoUey), 1896 (Snyder), 1914 (Ludwig in Barth. Fungi Col.

4594, 4595).

On Poinsettia dentata (Michx.) Small {Euphorbia drittdla Mich.x.)

1893:49, 57. 1896:217, 222. 1905:180.

Franklin, 1914 (Alley); Hamilton, 1905 (Wilson); Marion, 1905

(Wilson); Putnam, 1891, 1893 (Underwood, lud. Biol. Sur.

43, 59); Tippecanoe, 1896 (Snyder).

On Poinsettia helrroph> lla ( L. ) Kl. & Garke (Eii pJiorlnn helero-

plnjlld \j.)

Tippecanoe, 1904 (Arthurj.

124. XIGHKDO HII YNCOSPORAE {Ellis) Arth.

i'rutnyces Rhyncoaporac Ellis.

CaeomuruH Rhyticosportu (Ellis) Kuntze.

On Kynchospora alba (L.) Vulil. l'.K);i:145.

Tippecanoe, 1894 (King).

*125. XlGl^KDO SCIHPI (C«.s/.; Arlh.

I' liiiiijici'x, Scirpi (Cast.) liurrill.

Atciiliiini nii-lalifolii Wiiil.

I. On Cirntii iiiuriilula L.

'rijjpecanuc, 1903 (Arthur).

111. On Scirpus americanus Pers.

Jasper, 1913 (Arthur «& Fromnie); Montgomery, 1895 (Olive).
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Oil Scirpus valid IIS Vahl.

Jasper, 1913 (Arthur & Fromnip).

126. NIGREDO SILPHII {Burr.) Arthur.

Aeicidium compositarum Silphii Burr.

Uromyces Junci-tenuis Sydow.

T. On Silphium perfoliatuni L.

Vigo, 1899 (Arthur).

III. On Juncus Diidleyi Wieg.

Posey, 1910 (Johnson); Steuben, 1903 (Kellerraan).

On Juncus tenuis Willd. 1896:222. 1898:187. 190r,:180. 1908:

90.

Fayette, 1914 (Ludwag); Franklin, 1912 (Ludwig); Hamilton,

1905 (Wilson); Jefferson, 1914 (Demaree); Madison, 1898

(Snyder); Marion, 1905 (Wilson); Marshall, 1893 (Underwood,

Ind. Biol. Sur. 37); Newton, 1913 (Arthur); Orange, 1913

(Arthur); Owen, 1911 (Pipal); Pulaski, 1912 (Ludwig); Starke,

1905 (Arthur); Tippecanoe, 1896 (Snyder).

*127. NIGREDO SPERMACOCES (Schw.) Arlh.

Uromyces Spermacoces (Schw.) M. A. Curtis.

On Diodia teres Walt.

Harrison, 1915 (Fogal).

128. NIGREDO TRIFOLII {Hedw.f.) Arlh.

Uromyces Trijolii (Hedw.f.) Lev.

Caeotnin-us TrifoHi (Hedw.f.) Gra3f).

On Trifoliuni hyhridum L. 1893:58. 1905:1S1.

Hamilton, 1905 (Wilson); Wabash, 1886 (MillerJ.

On Trifolium medium \j. 1S9.3:.">8.

.lohusou, IS90 (Fisher).

Oil Trifolium reixMis L. 1S93:.>S.

Montgomery, 1S93 (Olivo; Tippecanoe, 1888 (BoUey), 1893

(Golden).

n29. NIGREDO VALENS {Kern) Arth.

Uromyces vojeits Kern.

On Carex lupuhna Muhl. 1S93:5.S.

Johnson, 1S9() (Fislier).
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On Carex rostrata Stokfs (Carex utriciilata Boot.) 1905:180.

Hamilton, 1905 (Wilson, type collection of Uromyces valens Kern).

*130. PHRAGMIDIUM AMERICANUM Did.

On Rosa sp. cult. 1893:52.

Putnam, 1892 (Underwood, Ind. Biol. Sur. 48).

On Rosa virginiana Mill. {R. lucida Ehrh.) 1893:52.

Johnson, 1890 (Fisher).

131. PHRAGMIDIUM DISCIFLORUM {rode) ./. F. James.

Aregvin disci ftorci (Tode) Arlli.

Oil Ko.sa sp. cult.

St. .Joseph, 1915 (Emery).

*132. PHRAGMIDIUM ROSAE-SETIGERAE Diel.

On Rosa Carolina L. (?) 1893:52.

Putnam, 1893 (Underwood).

On Rosa rubiginosa L.

Monroe, 1914 (Van Hook).

On Rosa setigera Michx. 1893:52.

Hamilton, 1907 (Wilson); Jefferson, 1914 (Demaree); Johnson,

1890 (Fisher); Madison, 1907 (Wil.son); Tippecanoe, 1896

(Snyder).

133. PHRAGMIDIUM SUBCORTICIUM {Srhnink.) Winl.

On Rosa sp. cult

.

Tii)pecanoe, 1897 (Arthur).

134. PILK()L.\RI.\ TOXK'ODFADKI iHerl.-. A- Rnv.) .irth.

I'ili nldiid hiiriiKS licrl\-. iV: \{i[V.

Oil ToxicodciidroM rndifjiiis (l>. i Kiiut/.c ih'lms nidicdiis \i.] IS93:

.")S. |SU(i:22:;. |S9S:ISI.

I/,i|)(»rlc, iss:; ( .\i-t Inin ; .IcITcrsdii, l'.t|."» i I )cm;iiTc) ; M()iili,nimcry,

IS'.IO (Kisher); Owen, \S\Y.\ ( I Midcrwood ) ; l'iilii;im. IS9.3 (Un-

derwood. Iiid. Hiol. Sur. 31 i; 'ripprcaiiof, IS93 (Golden);

1896 (Snyder).

Commonly but erroneously referred to Uroiinjces Terebinthi

DC bv .\inerican authors.
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135. POLYTHELIS FUSCA (Pers.) Arlh.

Puccinia fusca (Pers.) Wint.

Dicaeonia fuscum (Pers.) Kuntze.

Dicaeoma Anemones (Pers.) Arth.

On Anemone quinquefolia L. 1894:151. 1898:181.

Fulton, 1894 (Arthur).

136. POLYTHELIS THALICTRI (Chev.) Arth.

Puccinia Thalictri Chev.

Dicaeoma Thalictri (Chev.) Kuntze.

On Thalietrum dioicum L. 1893:55.

Montgomery, 1893 (Olive); Tippecanoe, 1912 (Hoffer).

*137. RAVENELIA EPIPHYLLA {Schw.) Diet.

On Cracea virginiana L.

Harrison, 1915 (Kopp); White, 1911 (Bushnell).

138. TELEOSPORA RUDBECKIAE (A. & H.) Arth.

Uromyces Rudbeckiae Arth. & Holw.

Caeomurus Rudbeckiae (A. & H.) Kuntze.

On Rudbeckda laciniata L. 1894:1.52. 1898:187. 1903:145.

Madison, 1898 (Snyder); Montgomery, 1894 (Olive).

139. TRANZSCHELIA PUNCTATA {Pers.) Arth.

Aecidium punctatum Pers.

Aecidium hepaticatum Sehw.

Puccinia Pruni-spinosae Pers.

On Hepatiea acutiloba DC. 1893:50.

Jennings, 1912 (C. C. Deam); Montgomery, 1892, 1893 (Thomas);

Tippecanoe, 1898 (Arthur).

140. TRIPHRAGMIUM ULMARIAE {Schum.) Link.

On Filipendula rubra (Hill) Robinson ( Uhnariu rutint Hill). 1903:

43.

Tippecanoe, 1899 (Arthur, in Barth. N. Am. Ured. 83).

141. UROPYXIS AMORPHAE {M. A. Curtis) Schrot.

On Amorpha eanescens Pursh. 1893:58.

Marshall, 1893 (Underwood, Ind. Biol. Snr. 44).

Purdue University,

Agricultural Experiment Station,

Lafayette, Ind.
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