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PENNSYLVANIA ACADEMY OF SCIENCE 

MINUTES OF THE EIGHTH ANNUAL MEETING OF 
THE PENNSYLVANIA ACADEMY OF SCIENCE 

\VEST CHESTER, PENNSYLVANIA-MARCH 25 AND 26, 1932 

The eighth annual meeting of the Pennsylvania Academy of Science 
was called to order at nine o'clock, March 25, 1932, in Science Hall, State 
Teachers College, ·west Chester, Pennsylvania, Dr. E. M. Gress, presid­
ing. The academy was welcomed to \Vest Chester by Dr. John C. John­
son, Professor of Biology of the college. At a brief business session, the 
r eports of the secretary, treasurer, editor and of special committees were 
called for. The secretary and editor gave their r eports; the treasurer 
being absent a statement of the finances of the Academy was read by the 
secretary. 

The following committees were appointed by the president: 
Nominating Committee: Robert T. Hance, Chairman; D. S. Hartline, 

Geo. H. Ashley. 
Resolutions Committee : R. N. Davis, Chairman; E . A. Ziegler. 

REPORT OF THE SECRETARY, PENNSYLVANIA AcADEMY 

OF ScmNcE, 1931-1932 

The seventh annual meeting of the Pennsylvania Academy of Science 
was held in Harrisburg, April 3 and 4, 1931. The meeting was presided 
over by Professor D. S. Hartline, President, Bloomsburg. Reports of the 
secretary and treasurer were heard and adopted . Forty-seven papers 
were presented before the Academy at this meeting. 

The evening lecture was given by Dr. H. J. Rose, Director of the 
Koppers Research Corporation, Pittsburgh. H e t old of the by-products 
from the coke ovens in the coking of bituminous coal. 

A trip was made to Indian Echo cave in the limestone formations at 
Hummelstown. A new part of the cave not previously opened to visitors 
was seen by the members of the Academy. 

Sixty-five persons were elected to active membership in the Academy. 
A large percentage of these are members of the American Association 
for the Advancement of Science. 

Upon motion, the president was empowered to appoint a committee 
or committees to consider the matter of dividing the Academy into sec-
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6 PENNSYLVANIA ACADEMY OF SCIENCE 

tions. Accordingly with this thought in mind, the following men ·were 
appointed as sub-chairmen on the program committee: 

Dr. N.H. Stewart, Zoology; Dr. Thomas D. Cope, Physics; Dr. Alex­
ander Silverman, Chemistry; Dr. Joseph B. Reynolds, Mathematics; 1\'Ir. 
Ralph \V. Stone, Geology; Professor D. S. Hartline, Education; Dr. J.P. 

Kelley, Botany. 
The president was further instructed to appoint a committee to look 

into the matter of a depository for our publication, and ways and means 
of establishing an exchange list. This committee is composed of Dr. 
George H. Ashley, Chairman, Dr. T. L. Guyton and the president as an 

ex-officio member. 
Suitable resolutions were presented by the resolutions committee, 

thanking· Dr. Rose for his address and thanking the superintendent o£ 
the Department of Property and Supplies for the use of the auditorium 

in the South Office Building. 
The nominating committee recommended the following as officers for 

the year 1931-1932: 

P1·esident-Dr. E. M. Gress; 
Vice-President-Dr. Samuel H. Williams; 
Sec7·eta7·y-Dr. T. L. Guyton; 
T7·eastwer-Dr. H. W. Thurston; 
Edito1·-Mr. R. W. Stone ; 
Ass't. Secreta1·y-To be selected by the secretary; 
Exewtive Committee-The elected officers and 

Professor D. S. Hartline, 
Dr. R. T. Hance, 
Dr. F. D. Kern, 
Dr. 'E. A. Ziegler, 
Dr. Norman H. Stewart. 

Upon invitation from authorities of \Vest Chester State Teachers 
College, it was decided that West Chester would be selected as the place 
for the eighth annual meeting. 

The time and place for the summer meeting for 1932 was put in the 
hands of the executive committee, who decided to accept the invitation 
of Mr. R. N. Davis, Director of the Everhart Museum, Scranton, and 
make that place the headquarters. The date was August 14 and 15. 

Moosic Lake and Nay Aug· Park were the places of interest visited 
the first day. Moosic Lake is a typical mountain lake and is surrounded 
by an extremely interesting cover of plants. Nay Aug Park bas much 
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to offer in the way of geology and has within its boundaries a hard coal 
mine which is fitted for exhibition purposes. 

In the evening a lecture was given by Professor H. A. Itter, Lafayette 
College, in which he discussed the origin of the drainage system of 
eastern Pennsylvania and New Jersey. 

On August 15, the members visited a coal mine in the northern part 
of Scranton and then visited the famous Archbald pothole, which is 
undoubtedly of glacial origin. It is 45 feet deep and about 35 feet in 
diameter. At present, there are no indications of a stream near the hole. 

At a brief business session, .three persons were elected to active mem­
bership. 

The president appointed the following membership committee: Dr. 
S. H. \Villiams, Chairman, Dr. Robert P. Marsh, Dr. J. A. Foberg, Miss 
Cora A. Smith, Dr. Rodney H. True, Professor Elna Nelson, Dr. Vernon 
Haber and Dr. John T. Gamble. 

The local arrangements committee for the eighth annual meeting at 
vV est Chester, March 25 and 26, 1932, is composed of the following: 
Dr. John C. Johnson, Chairman, Dr. S. C. Schmucker and Dr. Paul 
McCorkle. The entertainment committee is as follows: Professor J. 
Arthur Lewis, Chairman, Miss Thelma J. Greenwood, and Miss Dorothy 
Schmucker. 

Volume V of the Proceedings was mailed to the members in Septem­
ber. This contained 142 pages of papers and abstracts presented at the 
annual meeting in 1931. 

The Academy was represented at the meeting of the American Asso· 
ciation for the Advancement of Science held in New Orleans, by Dr. J. 
Ben Hill. A report of this meeting will be given later. 

During the year the secretary has received three r esignations and 
26 members were dropped from the roll for non-payment of dues. 

T. L. GUYTON, Sec1·etary 



8 PENNSYLVAN IA ACADEl\fY OF SCIENCE 

TREASURER'S REPORT 

111w·ch 24, 1932 

Receipts 

Balance on hand April 1, 1931 ······-··-········"·.-· ········--··--···----·-·-·· $ 510.22 
634.00 

12.00 
. 26 

Dues received April 1, 1931-March 24, 1932 _____ .. , 

A. A. A. S. rebates ............ ......... _ ................. .................. - ---·---·--
Miscellaneous-postage ··-·--·····-----.. --............. _ ... ., ...... _.,_ ........ .. .. 

$1,273.08 
Disbm·sements 

For Proceedings Vol. 5 ..................... ,_ ..... .......... ...................................... $ 635.47 
Stationery -·--.... - ........ ,_ .. , __ , ___ ,_ ..................... - ...... - ................. -........... 48.65 
Secretary's account _, ......................... - ........ - ................................ _ .... , 143.66 
Treasurer's account _.,, ...... _, ______________ ,.,, ... _ .. ____________ , ______ .,_ ..... .. 

Summer meeting 1931 and miscellaneous ............................ .. 
Casl1 in bank -·---.... -... - ................ - ........ _,, ______ , ........ ----·----........ - .. . 

31.50 
25.00 

388.80 

$1,273.08 

(Signed) H. W. THURSTON, 
T1·easw·e1·. 

This report was read to the Academy by the secretary and '"as not 
subject to an audit, this to take place later. 

The editor's report briefly summarized the importance of having the 
papers well prepared and abstracted, and the titles boiled down to the 
fewest possible words. 

The following papers were then presented: 

Study of an Epidemic of Poliomyelitis in Lancaster County, Pennsyh·ania. 
W. G. Hutchinson, Franklin and Marshall College. 

Amphipod Responses to Environmental Stimuli. \Villiam Hudson Behney, Uni­
versity of Vermont. 

Malignancy in a Splenectomized Rat. Clarence A. Hom, Albright College. 
A Thermotropic Gradient Apparatus. l\L W. Eddy and D. I. Gleim, Dickinson 

College. 

Ecological Studies of Serpentine-barren Plants. Edgar T. Wheny, University 
of Pennsylvania. 

The Influence of Visual Fusion on Mental Integration. Charles Selzer, State 
Teachers College, West Chester. 

A List of the Sawflies of the Subfamily Tenthredininae of Pennsylvania. ·Homer 
C. Will, Juniata College. 

A List of the Synonymy of the Subfamily Tentluedininae. Homer C. Will, 
Juniata College. 

Fossil-hunting Groumls in Pennsylvania. Bradford Willard, Pennsylvania 
Topographic and Geologic Survey. 

What Relations May Properly be Established Between the State Academy and 
the Local Science Clubs. Karl F. Oerlein, Upper Darby Senior High School. 
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Valley College. Twinning in a Chick Embryo. Earl Hoover, Lebanon 
Stem Anatomy of Tomato; Lycopersicum esculent7t1n L. Ruth S. Clark, Univer-

sity of Pennsylvmiia. 
The Meaning of the Uncertainty Principle. Enos E. \Vitmer, University of 

Pennsylvania. 
Dust on Lath and Plaster. 
Family Stock Betterment, 

Philadelphia . 

T. D. Cope, University of Pennsylvania. 
with Reference to Left-handedness. Alfred Gordon, 

Address of the President : The Pennsylvania Academy of Science and the Field 
of Research. E. M. Gress, Pennsylvania Department of Agriculture. 

Some Observations on Seed Production on Presque Isle, Pennsylvania. Richard 

V. Morrissey, University of Pittsburgh. 
Further Studies in the Physiology of the Prostate Gland. (By title only). B. 

H. Kettelkamp, University of Pittsbmgh. 
Toy Fishes in the Laboratory. (By title only). William A. Schubert, Univer­

sity of Pittsburgh. 
Chromosomal Lengths in Five Varieties of the Garden Pea (Pismn satimtm). 

(By title only). H. A. Bruce, University of Pittsbmgh. 
Cell Size in Relation to Chromosome Lengths in Garden Peas. (By title only). 

H. A. Bruce, University of Pittsburgh. 
Resnlts of Recent Physiographic Studies in Pennsylvania. Geo. H. Ashley, State 

Geologist, Hal'l'isburg. 
Pennsylvania Fireballs in 1931. Chas. P. Olivier, University of Pennsylvania. 
The Toxicity of 'l'horium to the White Lupine and Its Antagonisms. Rodney 

H. 'l'rne and L. E. Yocum, University of Pennsylvania. 
The Spiracular Circulation in the Dogfish. R. A. Torgesen, J. H. Guy and K. L. 

Kelley, University of Pittsburgh. 
Observations on the Pelvic Musculature of Nectunts maculosus. (By title only). 

Howard K. Wallace, University of Pittsbmgh. 
Additional Hepaticae from Central Pennsylvania. Thomas M. Little, Picture 

Rocks, Pa. 

Colo1· Variations in Castilleia in the Higher Altitudes. John C. Johnson, State 
Teachers College, West Chester. 

X-Ray Studies of Rubber. Paul McCorkle, State 'reachers College, \Vest Chester. 
Some Scientific P1·oblems in Game Propaga,tion. Samuel H. Williams, University 

of Pittsburgh. 
Origin of Pennsylvania Caves. R. W. Stone, Geological Survey. 
Cave Cone1·etions. R. W. Stone, Geological Survey. 
A1·e the Southem Plant Frontim·s in Pennsylvania Advancing or Retreatingf 

(By title only). 0. E. Jennings, Camegie Museum, Pittsbmgh. 
Recent Paleobotanic Investigations near Pittsburgh. William C. Darrah, Car­

negie Museum. 
The Status of Paleozoic Pteridospenns. William C. Dal'l'ah, Carnegie Museum. 
Ecological Notes upon the Flora of an Old Lake Basin . (By title only). LeRoy 

K. Henry, Camegie Museum, Pittsburgh. 
Mycorrhizas of Deciduous Trees. (By title only). LeRoy K. Henry, Carnegie 

Museum, Pittsbmgh. 
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Notes on Plant Indicators of Mull Forest Soil in Northwesten1 Pennsylvania. 
(By t itle only). H. J. Lutz, The Pennsylvania State Forest School. 

H eat Radiation from Metallic Surf aces at Angles. E. Raymond Binkley, West­
ern Resen·e University, Cleveland, Ohio. 

Laboratory Work in Elementary Science. Robert T. H ance, University of Pitts­
burgh. 

Selecting and Training Teachers. Robert T. Hance, Unive1·sity of Pittsburgh. 
Some Character·istics of Pigeon Chromosomes. Robert T. Hance, University of 

Pittsburgh. 

Some Tree Antagonisms. George S. Perry, Department of Forests and Waters. 
Specialization Hazards. Max Trumper, Medical Arts Buildil1g, Philadelphia. 
The Development of a Technique f or Brain and Skull Operations in Young Rats. 

Marcus H. Green, University of P ittsburgh. 
The Digestive Epithelium of the Aphid, Macrosiphnm Pisi. (By title only). 

Forrest ·W. Miller, University of P ittsburgh. 
The Demonstration of Muscle Contraction in Insects. (By title only). B. R. 

Speicher, Uniyersity of Pittsburgh. 

A Ma1·vel in Arithmetic. R. N. Davis, EYerhart Museum, Scranton. 
Matumtion Phenomena in the Mouse. (By title only ) . Paul R. Cutright, Uni-

1'ersity of Pittsburgh. 
The Proper Study of Mankind. (By title only ) . Paul R. Cutright, Uniyersity 

of Pittsburgh. 

David Rittenhouse. M. J. B abb, University of Pennsylvania. 
The Genus Danthonia in Pennsylvania. John M. Fogg, Jr., University of Penn­

sylvania . 
Variations in Color Pattem in the Amphibian, Trit·ums vil'idesccns. (By title 

only ). H . H. Collins, University of Pit tsbmgh. 
ObseHations on the Life History of the Amphibian, T ·ritunts vi?'idescens, in West­

ern Pennsylvania. (By title only ) . H. H. Collins, University of Pittsbmgh. 
Morphological Anomalies in the Amphibian, Trit1t?'us v iridescens. (By title 

only). H. H. Collins, University of Pittsburgh. 
Some Effects of Roentgen Radia tion on the Amphibian, T?·itunts v i?·idescens. 

Pressley L. Crummy, University of Pittsburgh. 
Histogenesis of Blastema Cells Following Amputation of the. Tail of the Newt, 

T 1'itm··us v i1·idescens. (By title only) . Eugene Cutuly, University of P ittsburgh. 
E ffec ts of Captivity on the Salamander, Triturus vi1·idescens. H elen M. Hilsman, 

University of Pittsburgh. 
Seasonal Changes in the Gonads of the Amphibian, T1·it1~Tus vi1·idescens. Helen 

M. Hilsman, University of Pittsburgh. 
The Differential Susceptibility of the Amphibian, T1·itt~1'US viriclescens, to Im­

planted Mammalian Tissues. Henry Idzkowsky, Uniyersity of Pittsburgh. 
Vital Stains in Relation to Differential Sensitivity to Light in the Amphibian, 

T1'it tt1'US vi1'idescens. (By title only) . J. Lorain Jones, University of Pittsburgh. 
The Pigmentary System of the ·Amphibian, T?·itttnts viridescens. K. L. Kelley, 

University of Pittsburgh. 
Some Observations on the Regen eration of Appendages in the Amphibian Tri­

ttwus vit·idescens. (By title only). J ames R. Stiefel, University of Pittsburg~. 
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'l'ransplantation of H eacl Glands in the Vermilion-spotted N ewt, 1'1·itm·us vi?'i­
clescens. (By title only). W alter G. Urban and H. H. Collins, University of Pitts­

burgh. 
Effects of Removing the Thymus Gland from the Domestic Hen. Eugene Miller, 

Bucknell University. 
Observations on the Seasonal Distribution of Pennsylvania B ats. Chas. E. 

:i\1ohr, Reading Public Museum and Art Galle1·y, Reading. 
Cosmopolitan in Botany. (By title only) . F . D. K ern, P ennsylvania State 

College. 
Studies on Apples and P ears Resistant to Fire Blight. (By title only) . E. L. 

Nixon, Pennsylvania State College. 
The Migration of B acillus amylovorus in the Tissues of the Quince. (By title 

only). II. A. ·wahl, P ennsylvania State College. 
Some Problems in the Study of Fleshy Fungi. (By title only). C. S. Parker, 

Pennsylmnia State College. 

A field trip was made to the conservatories of the Pierre Du Pont 
estate at Longwood. Typical plants exemplifying practically all of the 
plant zones 1Yere seen gr owing in this conservatory. The time allotted 
to the Yisit was entirely too little to do justice to the wonderful display. 

On Friday evening, March 26, at 8: 30 p . m., a lecture was given by 
Dr. Elmer 0. Kraemer and the E. I. DuPont De Nemours and Company 
on Present Trends in Colloid Science. The subject was presented in a 
most interesting and instructive manner and was greatly enjoyed by all 
present. 

On Saturday morning, the program of paper reading was continued 
until 11: 30, when Dr. P ennell, University of Pennsylvania, gave a brief 
summary of the plant zones in the vVest Chester vicinity. The address 
and the one given by Professor M. J. Babb on David Rittenhouse were 
of particular interest to a meeting in the vicinity of vVest Chester. 

At a final business session, the following resolutions ·were adopted by 
the Academy: 

Be it ?'esolvecl, That the Academy thanks the \Vest Chester 
State Teachers College and Dr. John C. Johnson for the fine way 
that the meeting has been entertained. We instruct the secretary 
to write a letter of thanks to the Du Pants for our entertainment 
at their celebrated gardens. All who took part in the program 
and thus insured the success of the meeting, and especially the 
speaker of Friday evening, Dr. Elmer 0. Kraemer , are tendered 
our sincere thanks. 

Whe1·eas, Ther e is a marked disposition of public school ad­
ministrative officers to overcome the inflexible salary provisions of 
the present school code, in the interest of necessary expense reduc­
tion, by terminating the t enure of experienced teachers in favor of 
teachers of less experience and lower training, therefore, 
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Be it 1· ol· ed 'J'hflt the Academy recognizes a serious InJury 
to the t a.chin<>' of cience in the public schools caused thereby, and 
1:econunend t:he addiJlg f a flexible provision to the code to permit 
local alary con ra t. during the present financial emergency. 

R.N. DAVIS 

E. A. ZIEGLER 

The membership committee proposed the following names with a 
recommendation that they be elected to active membership. They were 
so elected. 

Alvin S. Alderfer, 1925 Moo1·e Street, Huntingdon. 
Sister Sara T. A1·chibald, Rosemont College, Rosemont. 
Dr. Geo. D. Beal, Mellon Institute, University of Pittsbmgh, Pittsbmgh. 
Lyle V. Beck, University of Pittsburgh, Pittsbmgh. 
Mamice H. Bigelow, 3409 Terrace Street, Pittsbmgh. 
Prof. Irwin Boeshore, Macfarlane Hall, University of Pennsylvania, Philadelphia. 
Harold A. Bruce, University of Pittsburgh, Pittsbmgh. 
Dl'. N. W. Cameron, State T eachers College, ·west Chester. 
Pressley L. Crummy, University of Pittsbmgh, Pittsburgh. 
William C. Darrah, 5620 Rippey Street, Pittsburgh. 
Lawrence B. Derickson, 149 Green Street, Westmont, Johnstown. 
Dr. Robert A. Diehm, 1115 Radcliffe Street, B1·istol. 
Alfred G. Dietze, 38 Cycle Avenue, Uniontown. 
Dl'. E. R. Eller, Carnegie Museum, Pittsbmgh. 
Dr. M. C. Elmer, University of Pittsburgh, Pittsbmgh. 
Dl'. John M. Fogg, Dept. of Botany, University of Pennsylvania, Philadelphia. 
Donald M. Frase1·, 533 P1·ospect Avenue, Bethlehem. 
Dl'. Mont. R. Gabbert, University of Pittsburgh, Pittsburgh. 
A. W. Gauger, Pennsylvania State College, State College. 
Prof. D. I. Gleim, Mechanicsburg. 
Dr. Alfred Gordon, 1812 Spruce Street, Philadelphia. 
Miss Thelma J. Greenwood, State Teachers College, West Chester. 
William 0. Hickok, IV, 25 N. Front Street, Harrisburg. 
Helen M. Hilsman, 1300 Macon Ave., Swissvale, Pittsburgh. 
Henry Idzkowsky, 123 Blackhawk Street,- Pittsburgh. 
William R. Johnston, 505 W. King Street, Shippensburg. 
Dr. T. J. Kean, 1630 N. Sydenham Street, Philadelphia. 
Kenneth L. Kelley, University of Pittsbmgh, Pittsburgh. 
Dr. Elmer K. Kilmer, Main Street, Perkasie. 
Prof. Joseph S. Knappe1·, Albright College, Reading. 
Arthm N. Leeds, 5321 Baynton Sh·eet, Gm·mantown, Philadelphia. 
Prof. J. Arthur Lewis, State Teache1·s College, West Chester. 
Lloyd N. Lewis, Sta1· Route, Ligonier. 
Leo A. Luttringer, Jr., 1203 N . 16th Street, Harrisbmg. 
Nonnan L. Munn, University of Pittsburgh, Pittsburgh. 
Dr. No1·man C. Ochsenhirt, J enkins Arcade, Pittsburgh. 
Edmund A. Pratt, 1600 Arch Street, Philadelphia. 
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George A. Reine1-t, Pine Grove. 
Prof. A. L. Rhoton, Box 403, State College. 
Norman C. Riggs, R. D. 9, South Hills, Pittsburgh. 
Marcus J. Sallinger, 3114 Niagara Street, Pitts-burgh. 
R. J. Schlosser, 1516 Sassafras Street, Erie. 
Frederick B. Schunk, 813 Birch Street, Scranton. 
Marchant N. Schaffner, 224 Peffer Street, Harrisburg. 
Dr. John V. Shankweiler, Muhlenberg College, Allentown. 
Dl'. William G. Shemeley, 1724 Spruce Sh·eet, Philadelphia. 
Prof. A. W. Shively, Huntingdon. 
Dr. S. Barton Sklar, Empire Building, Pittsbmgh. 
George E. Snyder, University of Pitts-burgh, Johnstown. 
Dr. Walter Steckbeck, University of Pennsylvania, Philadelphia. 
Hal'l'y J. Swanger, 20 Maple Street, Leba.non. 
Dr. Herbert S. Warren, 3800 Chestnut Street, Philadelphia. 
Dr. Max H. Weinberg, 6093 Jenkins Arcade Bldg., Pittsburgh. 
Prof. Paul L. Whitely, Franklin & Marshall College, Lancaster. 
D1·. Thos. E. Winecoff, State Game Commission, Harrisburg. 
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The place for the ninth annual meeting was discussed. The only 
invitation was from the State Teachers College School at Slippery Rock. 
It was the opinion of most of the members present that probably Slippery 
Rock would not be a satisfactory place for the annual meeting, but it 
might be utilized for the summer session. Upon motion, it was decided 
to leave the selection of the place of meeting in the hands of the executive 
committee. This was also decided in the matter of time and place of 
meeting of the summer session. 

The nominating committee reported as follows and the secretary was 
instructed to cast a ballot in favor of the nominations : 

President-Samuel H. Vlilliams, University of Pittsburgh. 
Vice President-John C. Johnson, ·west Chester State Teachers Col-

lege. 
Sec1·etm·y-T. L. Guyton, Bureau of Plant Industry. 
Assistant-V. Earl Light, Lebanon Valley College. 
T1·eas1tre1·-H. W. Thurston, Pennsylvania State College. 
Editor-R. W. Stone, Geological Survey. 

(Signed) 
Robt. T. Hance, Chairman, D. S. Hartline, G. H. Ashley. 

The newly elected president was escorted to the chair, and after a few 
r emarks he adjourned the session. 

T. J.J. GUYTON, Secretat·y 

• 
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STUDY OF AN EPIDEMIC OF POLIOMYELITIS 
IN LANCASTER COUNTY, P A. 

BY W. G. HuTCHINSON1 

Franklin ancl Marshall College, Lancaster 

A study of the distribution of poliomyelitis in Pennsylvania will show 
that in years when the disease appears only as endemic throughout the 
State, ·there may be one or more rather localized epidemics. The year 
1929 was not an epidemic year for poliomyelitis in Pennsylvania. The 
total of 197 cases and 56 deaths is not high in comparison with the totals 
of other non-epidemic years. However, during that year there occurred 
in Lancaster County 57 cases or nearly 30 per cent of the total number 
of cases reported for the State. There accordingly seemed good oppor­
tunity for a study of the epidemiology of the disease in this particular 
county. • 

The study has been based upon vital statistics furnished by the State, 
County, and City Departments of Health, supplemented by rather com­
plete information obtained by personal visits to the homes in which the 
disease occurred. Of the 57 cases it was impossible to get information 
in regard to four. The nature of the information secured by questioning 
and by personal observation may be outlined as follows: 

Name, age, and sex of patient. 
Name of attending physician. 
History of the case. 

Date of first symptoms. 
Nature of first symptoms. 
Health of patient prior to the disease. 

Nor mal diet. 
Previous illnesses and operations. 

Date of quarantine and release. 
Condition of patient at time of visit 

to borne. 
Previous poliomyelitis in family. 

Foods. 
Milk. 

Source, method of delivery, pas­
teurization. 

Meats. 
Names of dealers from whom ob­

tained. 

Fl'Uits and vegetables. 
Where obtained. 
Preparation before eating. 

Other foods. 
Where obtaineil. 

Patronage of large city markets. 
Contacts. 

Ages of other children in family. 
Their activities during the sick­
ness. 

Visitors from out of town for pre­
vious two weeks. 

Visits of patient or family out of 
town for previous two weeks. 

Local contacts for previous two 
weeks. 

Church and school attended. 
Occupation of employed members of 

family. 

1 The writer wishes to express thanks for valuable suggestions, advice, and criti­
cism to Dr. D. H. Bergey and Dr. H. F. Smyth of the Department of Hygiene, Uni­
versity of Pennsylvania . 
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Sanitation. 
Water supply. 

If well,-nature of covering, prox-
imity to stables, barns, toilets. 

Garbage disposal. 
Sewage disposal. 
Pet animals and farm animals. 

If any sickness among them-na­
ture of symptoms. 

Insects-especially stable :flies and 
mosquitoes. 

Evaluation of sanitary conditions of 
home. 

Description of neighborhood. 
Residential or slums, etc. 
Proximity to stables, barns, dumps, 

stock yards, etc. 

The information obtained in Case No. 1 ·will be described briefly. 

Case No.1. Girl-2 years. Quarantined May 3. Died May 12. 

On May 1 the first symptoms developed, the child apparently suffer-
ing from a ~ilious attack. On May 3 paralysis of the right arm, right 
leg, and neck muscles developed. 

Prior to the illness the child had been in fair health but was not 
strong. The diet had possibly been deficient in fruit and mille 

Food had been obtained principally from one of the large city mar­
kets. Pasteurized milk was obtained from the same dairy which supplied 
two other cases. 

Two other children in the family, five and seven years of age, were 
well during the sickness. The older one was attending school but was 
kept at home when the nature of the disease became knDwn. There had 
been no out-of-town visitors nor had any member of the family been out 
of town for several months. On lVIay 1 the child was taken to a depart­
ment store where she came in contact with a large crowd. The following 
day, although not well, she was taken to a circus. A physician was sum­
moned that evening. Paralysis developed the following day and death 
followed in nine days. In so far as could be determined no one comino· 
in contact with the child or the family contracted the disease. In fac~ 
the next recorded case was not reported until nearly two months later. 

The city water supply ·was used. Garbage and sewage disposal were· 
controlled by the city. There were no pet animals in the home. A con­
siderable number of stable flies had been noticed, but no other insects in 
any 'llbundance. The general sanitary conditions of the home appeared 
to be poor. The family lived in one of the poorest localities in the city, 
the house being situated very near the city st·ock yards and close to the 
Pennsylvania Railroad. 

Analysis of data. Of the 57 cases reported in Lancaster County, 
seven were fatal. Thus the mortality was about 12 per cent. Of the 53 
cases intensively studied, 23 were urban and 30 rural. Five urban cases 
and two rural cases were fatal. Figures 1 and 2 show the distribution 
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of the cases and the development of the epidemic according to the date 
of onset of the disease. The dates of onset corresponding to case numbers 
are as follows : 

May, 1; June, 2; July, 3-8; August, 9-34; September, 35-46; Octo­
ber, 47-50; November, 51-53. 

The first case in the epidemic occurred near the Pennsylvania Rail­
,road and the city stock yards. The next few cases developed in rather 
,widely separated sections of the city. The spread out into the county 
.followed lines of local travel. There was little noticeable spread along 
the main lines of through travel such as the Pennsylvania Railroad, 
Reading Railroad or the Lincoln Highway. 

The seasonal distribution of urban and rural cases is shown in 
Table 1. The epidemic began in the city on May 1. The second case 

TABLE 1 
Seasonal Di.st?·i.btttion of Poliomyelitis in Lancaster County, Penna.-1929 

U1·ban Rm·al Total 

May 1 0 1 

June ....................................... _ ................. .. - ....... _ 1 0 1 

July .................. ~--.. - .. _ .. _ ................. .. 6 0 6 

August ......... - ........ _ ........................ - ... .............. .. 10 16 26 
September ................... - ....... - ................ _._ 3 9 12 
October ................ - .. _ .. _ .. __ .. _ ......... . 1 3 4 

November ........... --... - ..................... --.. -·- 1 2 3 

Total .............................. - ......... - .. 23 30 53 

developed on June 23. This long interval between cases might suggest 
that there had been a number of ''missed cases.'' The first rural case 
developed three months after the first urban case. Studies of larger 

.epidemics (1) (2) have shown that where the epidemic started it tended 
to die out first, while in sections where cases developed later in the season 
the epidemic might be more protracted. A similar tendency may be 
seen in this epidemic in that the rural outbreak occurred later and more 
cases developed in the late months than in the city outbreak. The peak 
of the epidemic both urban and rural will be seen to be in August. A 
.study of seasonal distribution of poliomyelitis throughout Pennsylvania 
since 1910 shows that the maximum number of cases have usually 
. occurred in September, although occasionally in August or October. 

The disease was found to affect individuals from six months to 2.3 
years of age. Table 2 shows the distribution of cases according to age. 
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The most frequent age was found to be between two and three years and 
the average age was between five and six years. It will be noticed that 
the age distribution for urban and rural cases is somewhat different. 
This probably has little significance, however, in view of the relatively 
small number of· cases studied. The distribution of fatal cases according 
to age is shown in Ta:ble 3. 

TABLE 2 
Age Dist?·ibtttion of Poliomyelitis in Lahcaste1· County, Pcnna.-1929 

U1·ban Ru1·al Total 
Age cases cases cases 

0- 1 0 1 1 
1- 2 2 4 6 
2- 3 8 3 11 
3- 4 3 5 8 
4- 5 3 3 6 
5- 6 0 2 2 
6- 7 2 3 5 
7- 8 1 0 1 
8- 9 0 1 1 
9-10 1 2 3 

10-11 0 0 0 
11-12 2 3 5 

TABLE 3 
Age Distrib·ution of Fatal Cases of 

Poliomyelitis in Lancaster County, 
Penna.-1929 

Age 

0- 1 
1- 2 
2- 3 
3- 4 
4- 5 

16-17 
17-18 

No. of Cases 

1 
0 
2 
1 
1 
1 
1 

U1·ban Rural Total 
Age cas~s cases cases 

12~13 0 0 0 
13-14 0 1 1 
14-15 0 0 0 
15-16 0 0 0 
16-17 1 0 1 
17-18 0 0 0 
18-19 0 1 1 
19-20 0 0 0 
20-21 0 0 0 
21-22 0 0 0 
22~23 0 0 0 
23-24 0 1 1 

23 30 53 

TABLE 4 
Sex DistTibution of Poliomyelitis in 

Lancaste1· Cotmty, Penna.-
1929 

MALE 

Cases Per cent. 

Urban ... _ .. _,,.... .. ...... 15 28.3 
Rural ................... ,...... 10 18.9 

Total .. _ ..... _........ 25 4 7.2 

FEMALE 

Cases Percent . 

Urban .................. ~···- 8 15·.1 
Rural ......... _ .. ___ 20 37.7 

Total _,_ ... _ ......... 28 52.8 
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The distribution of cases according to sex is shown in Table 4. Here 
ao·ain due to the limited number of cases studied, it is likel;r that the 
differ~nce in distribution among rural and urban cases is of little sig­
nificance. However, the sex distribution among fatal cases is rather 
striking. Eighty-six per cent of the fatal cases were males; 14 per cent 
females. This high mortality among males has been indicated in other 
epidemiological studies (2), (3), (4), (5). 

All the cases in Lancaster County during 1929 were among native 
American whites. 

In no case was more than one child in a family sick with the disease, 
although in many cases the other children had been exposed. In a few 
cases there is a possibility of abortive or non-paralytic cases occurring 
in the same family with a quarantined case, but none which were diag­
nosed as poliomyelitis. In one family a child had died of the disease in 
the 1916 epidemic, the father had had the disease when a young man, and 
a second child had a very severe case in the 1929 epidemic. 

There has been little opportunity in this study to make any estimate 
of the incubation period of the disease. In two cases, however, in which 
there could be little question of indirect contact infection, the period 
lllppeared to be not over five days. 

Possible JYieans of Spread. The data obtained from the personal 
visits have been rather carefully analyzed ·with special reference to fac­
tors which might be responsible for the spread of the epidemic. 

Milk Stt1Jply. If the total number of cases is grouped according to 
the source of the milk supply, the groups are found to correlate rather 
closely with the size of the dairy and would appear to have no signifi­
cance in the spread of the disease. 

There appears to be no connection between the use of raw milk and 
the spread of the infection. Of 53 cases, 27 used raw milk and 26 used 
pasteurized mille No instances were found where cases had occurred 
on farms from which milk was sold on milk routes. A few cases occurred 
on farms from which milk was shipped to a large dairy and pasteurized 
before sale. 

The possibility of carriers on milk routes has been considered. The 
data do not seem to indicate any connection with the spread of the dis­
ease. Cases supplied with milk from the same dairy were usually dis­
tributed along different routes. 

In no case where milk was obtained at home was there any history of 
sickness among the cows. 

During July and August especially a number of children suffered 
with ''summer complaint.'' The milk supply was blamed by numerous 
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parents obtaining milk from several different sources. lVIany of these 
cases were not visited by physicians and it was impossible to investigate 
them. These are mentioned simply as possibilities of abortive or non­
paralytic cases of poliomyelitis. A study of the records of reportable 
diseases has not ·brought out a greater prevalence of any disease that 
might be considered ''summer complaint'' than in previous years. 

Watm· supply. No connection between the water supply and the 
epidemic was found. In only one case was a well found to be poorly 
covered and insanitary. 

Food sttpply. It is perhaps important to note that in all but a few 
cases the food supply was obtained chiefly from the large Lancaster 
markets. At the time of the epidemic the majority of food in the mar­
kets was not covered but was so exposed that it could be handled by any 
one. Since the virus of poliomyelitis occurs in the respiratory tract, it 
seems very likely that the disease may have been spread at least in part 
by cou~hing or sneezing in the vicinity of the food or by handling the 
food. In September, 1929, a regulation was put into effect to remedy 
this situation. 

Insects. There seemed to be no definite connection between the 
spread of the disease and the abundance of stable flies, house flies, mos­
quitoes, and other insects. In some cases there had not been as many 
insects observed as during previous summers. Of course information 
of this kind is apt to be most unreliable. 

An examination of Figure 1 reveals an interesting and what may 
perhaps be an important relation to insects. As stated above the first 
case developed in a family living near the stock yards and the Penn­
sylvania Railroad. Six other cases later developed within five blocks of 
the stock yards. Four of these were fatal cases; the other two were 
rather mild cases. This grouping of fatal cases in one particular section 
of the city may of course have been purely incidental. It seems to be 
an outstanding fact, however, that the only five deaths in the city should 
be within five blocks of the stock yards. In one of the two families in 
the county in which there were fatal cases the father of the child had 
been to the Lancaster stock yards a short time before the onset of the 
disease. If insects are associated in any way with the spread of the 
disease, it is very probable that they are only one of the several factors 
concerned. 

Animals. There appeared to be no correlation between the spread 
of the disease and the number or kinds of pet animals or farm animals 
kept by the families. No instances of paralytic symptoms in farm ani­
mals or pet animals were reported. 
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Contacts. Instances of indirect contact infections were found in 
five cases. Two families had been visited by friends coming directly 
from Roanoke, Virginia, where there was an epidemic at the time. The 
friends returned after a visit of two or three days and in both instances 

·~ ~ 

FIG. 1. Map of Lancaster City showing spread of epidemic of Poliomyelitis. 

a child in the family here became sick within a very few days. The 
visitors were apparently in good health and showed no symptoms of 
disease after returning home. Perhaps these cases should be considered 
as carrier contacts rather than as indirect contact infection. 
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In two other cases children had been allowed to play with sick chil­
dren-in one case because the disease had not been diagnosed as anything 
of an infectious ~ature at the time, in the other case because the three 
week quarantine had been removed. In neither case did the child that 
had come in to play develop the disease, but another child in that family 
developed the disease in not over five days after the first contact. 

In one case it was reported that the child had been to a Lancaster 
dentist who a few clays previously had treated a child who '.vas probably 
in the early stages of the disease. 

FIG. 2. Map of Lancaster County showing spread of epidemic of Poliomyelitis. 

Possible contact in crowds could be considered in a number of cases. 
In some instances the individuals had been to public swimming pools 
or to the city parks or amusement parks. There was some possibility 
of indirect contact among cases attending the same church. Some cases 
of indirect contact as have been cited suggest the probability of human 
carriers of the disease. 

As many other similar investigations have shown, some method of 
simple diagnosis of abortive cases and a method of identification of car­
riers must be worked out before the means of spread of poliomyelitis 
can be definitely understood. 
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AMPHIPOD RESPONSES TO ENVIRONMENTAL 
STIMULI 

\VM. HuDSON BEHNEY 

University of Vermont, Burlington, Vt. 

Almost ' every one who has done any aquatic collecting amongst the 
vegetation along the shores of lakes and ponds is familiar with the large 
numbers of small crustacea known as amphipods which are to be found 
there. They furnish an important item in the food of aquatic verte­
brates, especially fishes. As one professional fisherman on Lake Cham­
plain said to me recently, ''When the fish are not biting good I cut one 
open and if his belly is full of those 'bugs' I pull up my lines and go 
back to shore. It ain't no use trying to catch fish when they're eating 
them things.'' These am phi pods are omnivorous, eating vegetation, 
living or dead, the dead bodies of other animals or even those of their 
own number who have died. They live well when brought into the labo­
ratory and placed in an aquarium with living plants and a layer "of 
bottom debris. 'l'heir behavior under various stimuli show a nicety of 
adaptation to their environment which is not always so easily demon­
strated in other forms of animal life. 

The species Eucmngonyx gracilis was used in the following experi­
ments. Another common species, Hyalella knickerbockeri gave similar 
results in those experiments which were tried on both species. As is true 
.0 f many other invertebrates, these animals show a definite_ reactio~ to 
light. When placed in an aquarium with clear water and w1th the hght 
coming from vne side only, they will respond by immediately moving to 
the opposite side of the aquarium. In a series of ten experiments in 
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which 22 individuals were used and a total of 150 readings made with 
water temperatures of 12° to 30° C. from 90 to 97 per c~nt. of the 
individuals moved to the side away from the light. In thiS case tl~e 
source of illumination was a 60W. incandescent la~p placed about_ s1x 
inches to one side of the aquarium, the light passmg through a 4-mch 
heat condenser before entering the aquarium. 

The degree to which the animals are slaves to light is shown by the 
following experiment. A small rectangular battery-j~r a~uarium was 
fitted with a movable shield of heavy black paper. Tlus sluelcl could be 
moved up or down, at the will of the experimenter, so that either the 
upper or lower half of the aquarium would be lighted while the oth~r 
half was clark. The souree of illumination was a 200W. lamp placed m 
a position similar to the 60W. of the previous experiment. Twenty-five 
amphipods were placed in the aquarium which was then ~lled to the 
.top with water. The shield was then moved up or do·wn at mtervals of 
one minute so that the upper and lower halves of the aquarium were 
alternately light and dark. The number of amphipods in the lighted 
half was noted in each instance. In one series of readings of ten trials, 
never more than three amphipods remained in the lighted area, whether 
it was upper or lower half of the aquarium. The average number in 
the liahted area was 1.8 and in the darkened area 23.2. This response 
vvas p~actically an instantaneous one. As soon as the shield was shifted 
the amphipods would swim up or down into darkness. 

"\Vhen 31 individuals were placed in an aquarium with tap water and 
kept in darkness, the greater number of them remained on the bottom 
of the aquarium. This is shown by a series of one-half minute readings 
taken with the aid of a ten W. lamp which was turned on for the few 
seconds necessary to locaJte the amphipods. On the average only 20 per 
cent of the total number of amphipods in the aquarium were in the upper 
half. 

The chemical condition of the water has a marked influence over this 
behavior. ·when 10 specimens were placed in an aquarium under si~ilar 
conditions but with 'foul,' smelly water taken from an aquarium which 
had gone bad, 95 per cent. of the individuals were found in the upper 
half (pH 5.9). Practically all of these were within half an inch of the 
surface. Foul water with other pH values gave similar results but with 
different percentages of the animals in the upper half. Passing carbon 
dioxid through tap water and then placing the amphipods in it also 
resulted in an upward movement. Here a pH of 5.6 found 77 per cent. 
of the individuals in the upper half. After air had been permitted to 
bubble through the water for a few minutes the amphipods. again went to 
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the bottom as they did in the tap water. \Vhen acetic acid was added 
to tap water so that the pH stood at 3.0- the animals again moved to the 
surface so that 82 per cent. were found there. Boiling the water to 
remove most of the dissolved oxygen present did not seem to have any­
effect upon them. They occupied a·bout the same positions that they did 
in ordinary tap water. 

The reactions of the amphipods to light rays on a horizontal plane 
were observed in the various media in which the vertical distribution 
had been studied. The aquarium in this series of trials was illuminated 
by the light from a 60W. lamp placed six inches to one side and passing 
through the heat filter before it entered the test aquarium. The results 
are shown in the accompanying table: 

Responses of E. gracilis to light 

No. of animals Trials Media pH Percentage on 
side toward light 

22 '150 Tap water 7.3 3-10% 
6 9 Foul water 5.9 83% 

38 14 " 7.1 99% 
10 14 " 7.8 65% 
12 13 Water+ CO, 6.0 85% 
12 15 Dil. acetic acid 3.0- 71% 

It may be seen from this table that the usual thing under ordinary 
circumstances would be for the amplripods to keep away from the light. 
A comparison of the results obtained for the various materials present 
in the ·water show that there is a reversal of the behavior toward light 
just as the tendency to remain near the bottom was removed when these 
same impurities were present in the water. 

In an endeavor to determine the reaction of E. gracilis to tempera­
ture, twenty of them were placed in a tall (20-in.) glass cylinder. The 
water in the upper portion >vas warmed by an electric heating element 
while the base was cooled by immersion in an ice and brine mixture. In 
a series of readings the water at the top varied from 25° to 30° C. and 
at the bottom from go to 14° C. The average temperature at which the 
amphipods were found in the cylinder was in the region of 23° C. 

The reactions of these creatures, to the lower extremes of temperature 
are of interest. A small number of individuals were placed in test-tubes 
which were then partially immersed in an ice-brine mixture. As the 
temperature in the tubes gradually dropped the animals became less 
active. This loss of activity became very evident at 6° C. and at 4° C. 
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the swimming movements cease, the animals sink to the bottom but are 
still able to crawl about there. Below 4 o C. they remain inactive. When 
the water is permitted to warm up a few degrees they again resume 
activity at about the same point at which they left off. 

Examination of these reactions shows us the extent to which they 
would prove of benefit in enabling the amphipod to survive in its en­
vironment. It tends to remain out of the direct light where it would be 
observed by its enemies, seeking its food in the shadow of the bottom 
Mbris or of the dense vegetation along shore. When it does become 
exposed it moves away from the lighted area into the shadow again. 
Mechanical agitation of the water, which might be caused by some fish 
moving along looking for food, stimulates the amphipod to swim to the 
bottom and bury itself in the debris where it would be less likely to be 
taken. The reversal of the usual negative reaction to light is of inter­
est. If the amphipod remained negative to light under all conditions it 
would stand less chance of surviving than if it could conveniently change 
its behavior when this was the lesser of two evils. Such extremely 
unfavorable conditions as those described for the various substances 
dissolved in the water, would cause the death of the animaL<; if they were 
not removed to purer water. 'fhe reversal of the usual responses to light 
and gravity now bring· the amphipod near the surface where conditions 
are more likely to be favorable to its continued existence. The contact 
of the water with the air permits the passage of such gaseous substances 
as carbon dioxide into the atmosphere. The same temporarily positive 
response to light would tend to take the animal into more open water 
for a time and thereby increase the possibility of danger from enemies, 
but removing the danger of more certain death from toxic substances. 

Their reaction to temperature would tend to bring· them into the 
shallow water in the summer time where they would be more likely to 
find a plentiful supply of food. It would also take them out of such 
waters and into deeper water when the winter approached and the 
shallow water began to cool and freeze to a greater extent than the 
deeper waters. The point at which the swimming· activity ceases and 
the temperature at which the specific gravity of water changes is approxi­
mately the same. At 4° C. and below when the cooler waters begin to 
rise to the surface instead of sinking, the amphipods lose their ability 
to swim and sii1k to lower and warmer areas. To lose this swimming 
ability at 10° C. might cause the animals to be trapped in the lower 
depths of the body of water. On the oth~r hand if it retained its ability 
to swim as long as the ·water was liquid it might become frozen in the 
ice and destroyed. 
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MALIGNANCY IN A SPLENECTOMIZED RAT 

BY CLARENCE A. HoRN 

Alb1·ight College, Reading 

On December 1st, 1930, a male albino rat weighing 231.5 grams, aged 
lf years, was splenectomized. The rat recovered normally from the 
operation. His weight gradually increased, so that by December 1st, 
1931, he weighed 310 grams. During this period of one year, he ate well 
of a well balanced diet. The behavior of the rat changed considerably; 
instead of being active, he became very inactive, taking very little inter­
est in the other rats in the cage, which were of the same age; some were 
litter mates. He also became easily fatigued during any forced activity. 

Early in December, 1931, an enlargement appeared in the neck 
region, which grew very rapidly. December 18th the growth was 
removed, which weighed 7.3 grams. The tumor ·was located anterior 
and lateral to the left lobe of the thyroid gland. The animal recovered 
quickly from the operation, after which his behavior remained about 
the same. However, the tumor cells ,·vhich still remained at the site 
of growth grew again very rapidly, so that on Jan nary 9th, 1932, the 
growth was again. removed, now weighing 23.6 grams in a period of 
23 days. 

Parts of this growth were transplanted into the omenta and mesen­
teries of a year-old, normal, white male rat weighing 257 grams. On 
February 25th, 1932, the tumor was removed, which in this time grew 
with a much slower rate, weighing 11.7 grams, in a period of 47 days. 
Part of this tumor was again transplanted into the mesenteries of a 
normal male white rat weighing 207.5 grams, nine months old. 

The tumor was diagnosed as a sarcocarcinoma (mixed tumor). This 
tumor is found rarely in humans in the submaxillary gland. 

Discussion: It seems the tumor grew more rapidly in the splenec­
tomized rat than in the normal rat as is evidenced by the increase in 
weight of the tumor in terms of time. In the splenectomized rat an 
increase of weight of tumor of 23.7 grams in 23 days or 1.02 grams per 
day, while the growth in the normal rat was 11.7 grams for a period of 
47 days, a rate of 0.25 grams per day. The rate of growth of the same 
tumor in the splenectomized rat ·was four times greater than in the 
normal rat. 

At the time the tumor appeared in the splenectomized rat, the rat 
was 2! years old, at which time it had lived nearly half of its life, for the 
average length of life of a rat is eight years. If the cancer age of man, 
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which is 35 years and over, figuring 56 years as the average span of life, 
is applied to the rat, the splenectomized rat, as far as age is concerned 
would be more susceptible to malignancy than the normal rat. Again, 
natural susceptibility of the two rats must also be considered in account­
ing for the difference in growth. Otherwise the factors are the same 
for the two animals. 

During the removal of the tumors it was noticed that the necrotic 
materials present in the normal rat was of a thick yellowish-green con­
sistency and many times greater in amount than in the splenectomized 
rat. The necrosis present in the splenectomized animal was of a thin 
serous type and surprisingly small quantities. 

A THERMOTROPIC GRADIENT APPARATUS WITH 
SOME PRELIMINARY STUDIES ON PLANARIA 

PHAGOCATA GRACILIS HALDEMAN, NEWT 
TRITURUS VIRIDESCENS RAFINESQUE 

AND EARTHvVORM LUMBRICUS 
TERRESTRIS LINNAEUS 

BY MILTON 'WALKER EDDY AND DAVID IVAN GLEIM 

Biological Laboratory, Dickinson College 

Animal behavior studies frequently involve thermotropic experi­
ments. The following is a description of a simple thermal gradient 
which can be constructed at small cost, and at the same time giv~ 
reasonably satisfactory results with small aquatic arid land forms. 

G1·~dien~ AppamttiS. The apparatus was constructed of 26-gage 
galvamzed Iron and had a length, over all, of 67 em. and a width of 
20 em. The pan from which observations were taken was 60 em. long 
and 20 ~m. wide, with a depth of 5.5 em. The outer edge of the pan 
was vertical for 4 em., then bent in at an angle of 45° to prevent land 
forms from crawling over the sides. The angular portion of one side 
served as .a mount for the seven thermometers used in securing tempera­
ture re~dmg~. The bottom of the observation pan was given a coat of 
fiat white pamt to increase visibility, and ruled in 10 em. squares. At 
one end was a trough 11 em. long, 20 em. wide and 23 em. deep. This 
trough extended under the pan for 3 em. Beneath the pan were three 
b~ffle plates, spaced 15 em. apart. The one in the middle was 10 em. 
high, the one near the cool end was 8 em. high and the one near the warm 
end was 4 em h' l Tl 'd d · · 1g 1. 1ree s1 es an the bottom of the apparatus were 
enclosed by a wooden case, the fourth being open for the insertion of a 
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g·as burner. The wooden case provided irumlation and retarded the cir­
culation of air. The thermotropic gradient apparatus as illustrated in 
figure 3 shows it assembled for use, while in figure 4 the pan and trough 

FIG. 3. The thermal gradient apparatus assembled and ready for use. 

FIG. 4. The thermal gradient apparatus removed from the wooden insulating case 
to show construction. 

were removed from the wooden insulating cover m order to shovv con­
struction. 

Method of Temperahtre Control. Ice and brine was placed in the 
trough to secure the lower ranges of temperature. This mixture must 
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be circulated, otherwise maximum cooling could not be secured. The 
simplest ,vay to obtain this was by means of a bulb syringe. A tem­
perature of 0° C. was easily maintained at the cool end. Dry ice, as a 
cooling medium, was also used with a mixture of salt and ice, producing 
a temperature of oo C. with the formation of ice at the lower end of 
the gradient pan. No mechanical circulation of the brine was necessary 
when dry ice was used, as this substance caused it to circulate rapidly 
while evaporating. The warm end of the gradent was heated by means 
of a small gas burner. 

For use, it was found best to establish the gradient before the 
animals were introduced. For aquatic animals, water was placed in 
the pan to a depth of 1 em. The trough was then filled with a mixture 
of dry ice, salt and ice, the first being placed on the bottom. About a 
pound of dry ice was sufficient for an experiment of two hours. Enough 
water was then placed in the trough to reach the bottom of the pan 
and a sufficient quantity of salt to keep the trough from freezing. The 
burner was lighted, and in thirty minutes a gradient was established. 

Thermotmpic Res1Jonse of Planaria. The reaction of planaria, 
Phagocata gracilis (Haldeman), to heat, was examined by placing 50 
specimens in the center of the gradient pan and their positions indicated 
on a piece of paper ruled into twelve 10 em. squares, corresponding to 
the squares in the pan. After a ten-minute interval, their change of 
positions was again noted and at subsequent ten-minute intervals of time 
the location of the animals was charted until they came to a position of 
uniform optimum thermotropic response. 

Figure 5, A, shows the positions of 50 planaria at the time they were 
placed in the thermotropic gradient pan. After a ten-minute interval, 
the animals shifted to the temperature gradient as illustrated in (fig. 
5, B). At the end of the next ten-minute interval of time, 43 of the 
animals had shifted into a temperature range of from 1 o to 14.5° C. 
(fig. 5, C). Ten minutes later 5 planaria were found in regions above 
14o C. as shown in figure 5, D, and the majority of those at the lower 
temperatures were between 0° and 9.5° C. Figure 5, E, illustrates a 
similar condition ten minutes later, at which time the experiment was 
discontinued. 

Spring-fed streams from which the planaria were collected, had, 
during the months of January, February and March, 1932, an average 
temperature of 9.5° C., an oxygen content of 8.6 cc. per liter and a 
hydrogen-ion concentration equivalent to a pH of 7.6. Animals kept 
in the laboratory for a month or more at a temperature of from 20° to 
22o C. responded in a manner similar to those just collected. 
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When planada were placed in the pan before a gradient was estab­
lished th y hal a mark d tendency to aggregate ·while the gradient was 
bein formed. TJ1i was esp cially noticeable when the llU111ber of ani­
mals 11 ed in Ute exp riment wa a large as from 200 to 300. The 
aggregations were close and were principally found in regions where 
the temperature had finally reached the range of from 5° to 20° C. Low 
temperatures had a tendency to retard the activity of planaria, loco­
motion being an index. Their speed was considerably slower than 
normal as they approached a temperature of zero. When planaria 
entered the temperature range of the gradient above 30° C., there was 
a marked twisting and turning· of the body, and if they were not able 
to escape from this region death occurred. 

A 

37 50 
_,.... 8 v J) 

.v-1.------' 

~( ~ ~ 

13.5 18 20 22 26 42 
FIG. 6. A. The path of a newt over a period of twenty minutes. Arrows indicate 

direction of locomotion at minute intervals. 
B. The path of an ea1·thworm during the course of an experiment. Arrows indicate 

direction of locomotion at· minute intervals. 

FIG. 5. Positions of planaria in thermal gradient apparatus. 

A. Positions of fifty planaria upon introduction into the center of the thermal 
gradient pan. 

B. Posi:ions of planaria ten minutes after introduction. The direction traveled is, 
m general, toward the cooler regions of the gradient. 

C. Positions twenty minutes after start of experiment. 
D; Positions thirty minutes after start of experiment. Eighty-six per cent. of the 

planaria had migrated to a temperature range of from oo to 9.5o C. 
E. Positions forty minutes after sta1·t of experiment. The positions are similar to 

those in figure 5, D. 
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Response to Tempemtu1·e in the Newt. Newts, T1·ihwns vi1·idescens 
Rafinesque, are well suited for experiments in this· gradient apparatus. 
The paths of these animals ·were usually plotted for a period of twenty 
minutes, an arrow being used to designate their positions and the direc­
tion of locomotion at the end of each minute interval. Figure 6, A, is 
indicative of their activity. This drawing shows that the newt had an 
optimum temperature range below 21 o C. This had frequently been 
observed in the field. 

Temperature Reactions of the Earthworm. The thermotropic re­
sponse of the earthworm, Lttrnb1·ic1ts ten·estris Linnaeus, can be secured 
by placing a piece of wet filter paper on the bottom of the pan and 
covering with about 2 mm. of water. Figlire 6, B, records an earth­
worm's path, similar in character to results in many corresponding ex­
periments. This shows that a considerable portion of time was spent 
by these earthworms at temperature ranges of from 2° to 20° C. 

This paper is presented primarily to illustrate a thermotropic 
gradient apparatus, its simplicity of operation, the possibility for its 
use in intensive research on small animal forms, in addition to labora­
tory experiments on animal behavior. 

ECOLOGICAL STUDIES OF SERPENTIN•E-BARREN 
PLANTS-I. ASH COMPOSITION 

BY EDGAR T. WHERRY 

Associate Professor of Botany, University of Pennsylvania 

Many areas classified from the agTicultural standpoint as barrens 
support a characteristic and often luxuriant native veg·etation. This is 
particularly true of the serpentine-barrens of eastern Pennsylvania, 
which owe their name to their development over outcrops of the highly 
magnesian metamorphic rock; serpentine. The origin of the barren­
ness of the soils derived from this rock has been briefly discussed by 
Hilg·ard1 and studied in detail by Gordon and Lipman. 2 The agricul­
tural deficiency of these areas was found to be connected not with any 
toxic effect of the magnesium ion, but with the inadequate supply of the 
ordinary nutrient elements, especially potassium and phosphorus, in the 
soils. These authors did not discuss, however, the remarkable ability of 
certain native plants to thrive on serpentine-barrens. 

1 Soils: 36, 1906. 
2 Soil Science, 22: 291, 1926. 
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In connection with the writer's investigations of plant distribution 
in the eastern United States, it seemed of interest to obtain data as to 
the chemical composition of the ash of those growing· in such barren 
situations; and on recommendation of the Faculty Research Committee, 
a grant of funds was made by the Board of Graduate Education and 
Research to aid in doing so. This money was used to defray the ex­
penses of having made a series of accurate analyses of certain soils and 
of the ash of several plants growing on them, the analytical work being 
carried out in a highly satisfactory manner by Mr. Horace J. Hallowell, 
a consulting chemist of Philadelphia. The plants were selected for 
study so as to be representative of important classes, as follows: One 
fern, one conifer, one monocot, one primitive dicot, and two specialized 
dicots. In each case, one sample was collected from a serpentine-barren, 
and another of morpholog·ically similar material from either Piedmont 
or Coastal Plain woods. My thanks are clue to Dr. Francis W. Pennell, 
who has made a special study of the plants of the serpentine-barrens, 
for aid in locating· several of those here investigated. 

The species of plants which grow on the serpentine-barrens have 
migrated there from other g·eological formations in the same general 
region, so the first subject to which attention was directed was the com­
position of the soil in various localities of these plants. The serpentine­
barren soil analyzed consisted of material which adhered to the roots of 
one of the most characteristic species of such areas, namely Moss Phlox 
(Phlox snbnlata L.) collected It miles northeast of Unionville, Chester 
County, Pennsylvania. To represent the soil of Piedmont woods, a sam­
ple was similarly obtained from the roots of Spike Gayfeather (Liatris 
spicata (L.) Willcl.) ! mile south of Croz1erville, Delaware County, 
Pennsylvania. The underlying rock here is gabbro, but the plant 
proved to be morphologically indistinguishable from that growing on 
serpentine a few miles away. Coastal-plain woods soil was shaken from 
the roots of a clump of Moss Phlox identical in aspect to that on the 
serpentine at Chews Landing station, Camden County, New Jersey. 
These soil samples were sifted through a screen with meshes 1 mm. in 
diameter to remove coarse rock fragments and plant debris, and the 
nitrogen and acid-soluble mineral elements were determined by the 
official m~thods of the Association of Official Agricultural Chemists, the 
results bemg presented in Table 1. Subsequent tables give the data as 
to the cm~position of the ash of the. several plants studied, manganese 
and chlorme having been determined by official methods, the remaining 
elements by those recommended in Washington's Chemical Analysis of 
Rocks. 
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TABLE 1 

ACID-SOLUBLE CONSTITUENTS OF SOILS SUPPORTING THE PLANTS INVESTIGATED 

Serpen- Pied- Coastal- Serpen- Pied- Coastal 
tine- mont plain tine- mont plain 

barren woods woods barren woods woods 

K ,O ..... 0.18 0.09 0.14 SiO, ....... .......... ...... 0.08 0.12 0.07 

Na,O ... 0.03 0.12 0.05 N, total .. . .. .... ... 0.47 0.30 0.27 

CaO ..... 0.43 0.20 0.24 N, as NHa .... .. ... 0.06 0.02 0.04 

MgO ... 17.03 0.33 0.26 N, as NO, ...... ... none none none 
Fe,O, ... 8.40 3.01 2.26 pH (colo rim.) 6.0 5.5 5.0 

Al,O, ... 1.32 4.50 1.04 act. acidity ......... 10 30+ 100 
P,O, .... .. 0.32 0.22 0.17 

Formed as they have been under essentially identical climatic condi­
tionS, the acid-soluble portions of the three soils are not markedly dif­
ferent in character, except that particles of serpentine distributed 
through the first yield relatively large amounts of magnesia and iron 
oxide. 

TABLE 2 

COMPOSITION OF THE ASH OF BRAKE (Pteridium latiusculum (DESV. ) MAXON ) 

Cons tit-
uents 

K ,O ... .. ...... ...... 
Na,O ...... .. ....... 
CaO ............ ... .. 
MgO .......... .. ~ 
MnO ··············· 
F e,O, .... ........... 
Al,O, ... _, .. ..... 
P,O, ............ ...... 
so. .. .... _ , ,,, .. 
Cl ..................... 
SiO, ._ ...... .. ...... 
O=Cl ·······-··· 

Sum .................. 

Locali­
ties 

Coastal-plain woods 

Per cent. Per cent. 
of ash of plant 

3.38 0.19 ' 
1.57 0.09 

10.02· 0.57 
6.76 0.385 
0.40 0.02 
1.45 0.08 
2.40 0.135 
2.32 0.13 
2.47 0.14 
0.06 0.005 

69.36 3.955 
-0.01 .... ...~ ..... 

100.18 5.70 

West of Albion, 
Camden Co.,. N. J . 

Serpentine-barren 

Per cent. Per cent .. 
of ash of plant 

10.40 0.685 
2.15 0.14 
7.98 0.525 

14.45 0.95 
0.35 0.02 
0.66 0.04 
1.05 0.07 
2.47 0.16 
1.68 0.11 
1.84 0.12 

57.86 3,805 
-0.40 -0.025 

100.49 6.60 

South of Lima, Dela­
ware Co., Pa. 

Change 

Amount Per cent. 

+0.495 +260 
+0.05 + 55 
-0.045 -·8 
+0.565 +149 

.. ~ ....... , 

I 
-······· 

-0.04 - 50 
-0.065 - 48 
+0.03 + 23 
-0.03 - 21 
+0.115 . ........ 
-0.15 - 4 

-······· ···· ......... 

+0.925 ~ 

Notable features: Ratio, basic to acidic oxides, 1: 3; potash low, silica 
high; result of migration into serpentine-barren, marked increase in 
total ash, potash, and magnesia. 
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TABLE 3-COMPOSITION OF THE ASH OF PITCH PINE (Pinus rigida MILLER) 

Coastal-plain woods Serpentine-barren Change 
Constit-

I 
uents Per cent. P er cent. Per cent. Per cent. Amount Per cent. 

of ash of plant of ash of plant 

K,O ....... .. ··- " 
Na,O · - · ~· .. ··~ ·· 

CaO .... ..... ......... 
MgO ................. 
MnO · -·-~' " '" ' . 

Fe,O, ....... ........ 
Al,08 ... -........ 
P,O, ···-···-·"''''' 
so, ............ ..... .. 
Cl .... ... .... ... ........ 
SiO, ----··'"'"'" "" 

O=Cl .... ---···· 

Sum ...... .. .... -

Locah­
ties 

27.90 0.76 

5.66 0.155 

17.98 0.49 
6.01 0.165 

0.80 0.02 

0.96 0.025 

10.97 0.30 

12.79 0.35 
6.68 0.18 

0.67 0.02 
8.96 0.24 

-0.14 -0.005 

99.24 2.70 

Ats10n, Burhngton 
Co., N.J. 

I 

19.02 0.39 
1.34 0.025 

19.05 0.39 
16.64 0.34 

0.60 0.01 
1.27 0.025 
4.16 0.085 

;t0.74 0.22 
10.42 0.21 

1.44 0.03 
15.86 0.32 
-0.29 -0.005 

100.75 2.04 

Nottingham, Chester 
Co.,Pa. 

-0.37 - 49 
-0.13 - 84 
-0.10 - 20 
+0.175 +106 
-0.01 - 50 

.. c _ .. __ ..... ,._, 

-0.215 - 72 
-0.13 - 37 
+0.03 + 17 
+0.01 + 50 
+0.08 + 33 
__ ..... . ..... _,, .. 

- 0.66 - 24 

Notable features: Ratio, basic to acidic oxides, 3: 1; potash high, 
silica low; result of migration into serpentine-barren, marked decrease 
in total ash and in potash, but increase in magnesia. 

TABLE 4-COMPOSITION OF THE ASH OF CATBRIER (Smilax rotundifolia L ) 

Coastal-plain woods Serpentine-barren Change 
Constit-
uents Per cent. 

I 
P er cent. Per cent . Per cent. 

of ash of plant of ash of plant Amount Per cent. 

K,O ............ _ ..... 29.69 0.615 39.06 0.55 -0.065 - 16 
Na.O ............... 2.22 0.045 4.35 0.06 +0.015 + 33 
CaO ..... .... .. .. .._ , 31.50 0.65 14.68 0.205 -0.445 - 68 
MgO ........ ..... 4.00 0.08 17.01 0.24 +0.16 +200 
MnO ... ...... .. _ 0.82 0.015 0.63 0.01 -o.005 - 33 
Fe,O, ............... 1.59 0.035 0.87 0.01 -0.025 -71 
Al,O, ............. 2.01 0.04 0.40 0.005 -0.035 - 88 
P,o • ... , .... _,,., .. 7.85 0.16 8.94 0.125 -0.035 - 22 
so, ....... ... 14.61 0.30 11.01 0.155 -0.145 - 48 
Cl ........... -........ 0.66 0.015 1.54 0.02 +0.005 + 33 
SiO, ................ 5.64 0.115 1.91 0.02·5 -0.09 - 78 
O::Cl ... . ........ -0.14 ..._, .. _ -0.30 -0.005 ..... .... _ .. . .... -.... 
Sum ................... 100.45 2.07 100.10 1.40 -0.67 - 32 

Locali- West of Albion, Williamson School, 
ties CdC am en o., N. J. Delaware Co., Pa . 

. . Notable features: Ratio of basic to acidic oxides 3: 1· potash high 
s1hca low · result f · · . . ' ' ' . ' o Irugratwn mto serpentme-barren marked decrease 
m total ash and li b t 200 . . ' . me, u a per cent. mcrease m magnesm. 
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TABLE 5-COMPOSITION OF THE AsH OF BLACKJACK OAK (Quercus marilandica 
MUENCH) 

Cons tit-
uents 

K ,O ......... __. ..... 
N a,O ............... 
CaO ........ ~·· ······ 

MgO ................ 
MnO ..... .......... 
Fe,O, ............... 
Al,O, ............... 
P,O, ...... ...... ...... 
so, _ ... , .. , ___ ...... 
Cl ................. ... -
SiO, ....... ,, ,_,,, , , , 

O=Cl .... .... , .. 

Sum ....... -... -... 

Locali· 
ties 

Coastal-plain woods 

Per cent. P er cent. 
of ash of plant 

22.53 0.605 
5.12 0.135 

28.40 0.76 
6.49 0.175 
0.97 0.025 
2.83 0.075 
5.88 0.16 
8.13 0.22 
8.11 0.22· 
0.39 0.01 

11.76 0.315 
-0.08 ...... , .. ,_ 

100.52 2.70 

West of Albion, 
Camden Co., N.J. 

Serpentine-barren 

Per cent. Per cent. 
of ash of plant 

16.65 0.365 
1.37 0.03 

31.24 0.685 
18.84 0.41 

1.08 0.025 
1.00 0.02 
1.92 0.04 
8.32 0.18 
8.79 0.19 
0.18 0.005 

11.41 0.25 
-0.04 .. .......... 

100.76 2.20 

Williamson School, 
Delaware Co., Pa. 

Change 

Amount Per cent. 

:...0.24 - 37 
-0.105 - 78 
-0.075 - 10 
+0.235 +134 

········-·· .. ···········• 
-0.055 - 73 
-0.12 - 75 
-0.04 - 19 
-0.03 - 14 
-0.005 - 50 
-0.065 - 21 
.. ......... _,, ............ 

- 0.50 - 19 

Notable features: Ratio, basic to acidic oxides, 3: 1; potash high; 
silica low; result of migration into serpentine~ barren, decrease in total 
ash and potash, but considerable increase in magnesia. 

TABLE 6-CoMPOSITION m· THE AsH OF Moss P HLOX (Phlox subulata L.) 

Cons tit-
uents 

K ,O .... ... - ..... 
Na,O ....... ..... _ , 

CaO .................. 
MgO .... ......... .... 
MnO ........ ....... 
Fe,O, ............... 
Al,O, ... ... ..... ..... 
P,O, ............ ...... 
SO, ..... ...... .. u ..... 

Cl ........ -............. 
SiO, .... -....... -.. 
0=01 ........... 

Sum ...... _,_ .. _ 

Locah­
ties 

Coastal-plain woods 

Per cent. Per cent. 
of ash of plant 

14.21 0.72-
5.27 0.27 

22.66 1.15 
3.00 0.15 
0.17 0.01 
2.70 0.14 

6.73 0.34 
4.59 0.23 
3.29 0.17 
3.50 0.]8 

34.06 1.73 
-0.70 -0.03 

99.42 5.06 

Chews L anding, 
Camden Co., N.J. 

Serpentine-barren 

Per cent. P er cent. 
of ash of plant 

7.50 0.465 
4.48 0.275 

17.52 1.085 
7.71 0.475 
0,07 0.005 
1.07 0.065 
5.18 0.32 
2.84 0.175 
1.32 0.08 
1.86 0.115 

51.20 3.16 
-0.40 -0.02 

100.35 6.20 

NE. of Unionville, 
Chester Co., Pa. 

Change 

Amount Per cent. 

-0.255 - 35 
+0.005 + 2 
-0.065 - 6 

+0.325 +2.17 
-0.005 - 50 
-0.075 . -54 
-0.02 - 6 
-0.055 - 24 
-0.09 - 53 
-0.065 - 36 
+1.43 + 83 

.. ...... _ .. , .. _,_ 
+1.125 + 22 

Notable features: Ratio, basic to acidic oxides, about 1: 1; result of 
migration into serpentine-barren, marked increase in total ash, magnesia 
and silica, but a decrease in potash. 
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TABLE 7-COMPOSITION OF THE ASH OF SPIKE GAYFEATHER (Liatris spicata (L.) 
WJLLD.) 

Constit-
uents 

K,O .. ~ .. ...... ~·· 

Na,O ...... .... -.. 
CaO .... .............. 
MgO .......... -· 
MnO ........... , .. 
Fe,O, ........ ~ ..... 
Al,O, .. .. ..... .. - . 
P,O, .......... .... _. 
so, ............ --.. 

Cl ................ ..... ... 
SiO, .. ·- ........... 
O=Cl ............... 

Sum ... -........... 

Locah­
ties 

Piedmont woods 

Per cent. Per cent. 
of ash of plant 

16.02 1.355 
0.81 0,07 

17.60 1.485 
5.46 0.46 
0.35 0.03 
0.38 0.03 
1.03 0.085 
2.22 0.19 
4.25 0.36 
3.07 0.26 

49.64 4.19 
-0.67 -0.055 

100.16 8.46 

S. of Crozrerv!lle, 
Delaware Co., Pa. 

Serpentine-barren 

Per cent. Per cent. 
of ash of plant 

9.11 0.735 
1.30 0.105 
6.80 0.545 

19.62 1.58 
0.31 0.025 
0.84 0,07 
0.12 0,01 
1.15 0.09 
4.04 0.325 
0.61 0.05 

56.80 4.565 
-0.13 -0.01 

100.57 8.09 

Williamson School, 
Delaware Co., Pa. 

Change 

Amount Per cent. 

-0.62 - 46 
+0.035 + 50 
-0.94 - 63 
+1.12 +265 
-0.005 - 17 
+0.04 +133 
-0.075 - 88 
-0.10 -53 
-0.035 

' 
- 10 

-0.21 - 81 
+0.375 + 9 

~~-... ~ .. .. ....... 

-0.37 - 4 

Notable features: Ratio of basic to acidic oxides, 2: 3; result of 
migration into serpentine-barren, great increase in magnesia, and mod­
erate decrease in lime and potash. 

TABLE 8~AsH-COMPOSITION OF HAIRY CERASTLUM (Cerast ium arvense villosum 
(MUHL. ) HOLL. & BRIT.) ON Two DIFFERENT SERPEN'l'!NE·BARRENS 

Unionville, Pa. 
Constituents S-ta ten Island' 

Percentage of ash Percentage of plant 

K,O ............................... .. 29.63 1.79 
N a,O ............. ~---·· 4.32 0.26 

CaO -···-.. --.. --.. ·-··· 9.35 3.59 0.22 
MgO -.... ............. , .... ____ _ 19.79 20.72 1.25 
MnO __ , __ ,,_ ... _ ......... .. 0.10 0.005 
Fe,O, -.......... - ............ .. 2.30 0.14 
Al,O, .......... _,.,,_ .... . 18.58 5.98 0.36 
P,O, .. ___ ,,., ................ .. 9.19 0.555 
so, .............. .... ................ . 3.50 0.21 
Cl .. .. , .................. ...... ........ . 7.77 0.47 
SiO, ............ - . .. .... ....... .. 39.85 13.82 0.835 
0 = Cl ............ _ .... _,_ .. . -1.69 -0.10 

Sum .. ........... ... ............. . 99.23 6.00 
Ratio, B: A .... .. 2: 1. 

8 Bull. Torrey Bot. Club, 14: 49, 1887. 
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In this case the plant is endemic on serpentine, so no comparison with 
occurrences on another type of soil can be made, but analyses of it from 
two serpentine-barrens 100 miles apart show that while the amount of 
some constituents varies from one locality to another, the magnesia con­
tent remains essentially constant at around 20 per cent. 

Sumrnary.-Ash analyses have been made of six widely different 
plants growing in serpentine-barrens and in nearby Piedmont or Coastal­
plain woods. In all cases there was a marke 1 incr a 'e in magnesium 
oxide content when the plants invaded the highly magnesian soil of the 
barrens, accompanied by cl1anges in other constituents showing no regu­
larity. The ash of an endemic Cemstiurn from two different barrens 
showed uniformity only in high magnesia content. 

Plants in which the ash-composi­
tion has been studied 

B1·a ke ( Ptm·idi:um latiusmtlu111) ..... 

Pitch Pine (Pinus 1·igida) ... - ..... _ .. _ 

Catbrier (Smilax 1'0tundifolia) ...... 

Blackjack Oak (Qttercns marilan­
dica) 

Hairy Cerastium (C. arvense vil­
losnm). 

Moss Phlox (Phlox subulata) .~ .... 

Spike Gayfeather (Liatris spicata) 

Ratio, 
bases 

to acids 

1: 3 

3: 1 

3:1 

3: 1 

2: 1 

1:1 

2: 3 

Results of migration into serpen­
tine-barren 

Increase 
inMgO,% 

149 

106 

200 

134 

217 

265 

Changes in other 
constituents 

Total ash and potash 
increased. 

Total ash and potash 
decreased. 

Total ash and lime 
decreased. 

Tota.I ash and potash 
decreased. 

Total ash and silica 
increased. 

Potash and lime de­
creased. 

A LIST OF THE SAWFLIES OF THE TENTHREDININAE 
(HYMENOPTERA) OF PENNSYLVANIA* 

HOMER c. "WILL 

Juniata College, Huntilngdon, Pa. 

This list has been prepared from records obtained from specimens in 
the collection of the Carnegie Museum, Pittsburgh (C. M.); from rec­
ords obtained from the collections of the United States National Museum 

*Contribution from the Zoological Laboratory, University of Pittsburgh. 
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(U. S. N. M.); from collections in the possession of the State Depart­
ment of Agriculture, Bureau of Plant Industry, Harrisburg, Pa. (S. D. 
A. Pa.); from the collections of the Academy of Natural Sciences of 
Philadelphia (A. N. S. Phila.); and from records listed in the literature 
(Lit. ) . Those obtained from specimens in the collection of the Carneg·ie 
l\fuseum are based on identifications made by the writer; those in the 
United States National Museum from identifications made, in the main, 
by Mr. S. A. Rohwer; those in Harrisburg on identifications made by a 
number of workers; and those in the Academy of Natural Sciences, 
Philadelphia, are the types of Norton and the elder Cresson. The syste­
matic arrangement of the genera follows closely the classification pro­
posed by Rohwer (1911) .1 The list records six genera and 46 species 
anc1 varieties from the State. 

SUBORDER CHALASTOGASTRA 

SUBFAMILY TENTHREDININAE 

Bivena MacGilliway 

Bi-vena delta (Provancher). Jeannette (H. G. Klages) (C. :M.); Pittsburgh, June 
(0. J\'L); Allegheny Co., June (C. M.); Pa. (2079) (C. F. Baker) (U.S.N. M.). 

Bivena semihttea (Nm·ton). Highspire, May (W. S. Fisher) (U. S. N. M.); Har­
risburg, May (P. R. Myers) (U. S. N. M.); New Cumbel'lancl, May, June (P. R. 
Myers) (U. S. N. M.); Harrisbmg, June (P. R. Myers) (U. S. N. M.); Rox­
boro, May (F. Hahnbach) (U. S. N. M.); Olney, May, June (U. S. N. M.); 
Philadelphia, May (U. S. N. M.); Pa. (2014) (C. F. Baker) (U. S. N. M.); 
Hummelstown, May (J. N. Knull) (S. D. A. Pa.); Rockville, June (J. G. 
Sanders) (S. D. A. Pa.); Delaware Oo., May (A. N. S. Phila.); Swarthmot·e, 
June (A. N. S. Phila.); Philadelphia, June (A. N. S. Phila.) 

Lagiurn Konow 

Lagi.u.m a.t1·ov·iolaceum (Nm·ton). Westmoreland Co., .:[uly (C. M.); Jeannette (H. 
G. Klages) (C. M.); Pittsburgh, June (C. M.); Allegheny Co., (Zarobsky) 
(C. M.); Washington Co. (G. A. Ehrmann) (C. M.); Oak Station, Allegheny 
Co., May (C. M.); Inglenook, June (Champlain) (U. S. N. M.); Harrisburg, 
June (S. D. A. Pa.); Rockville, June (S. D. A. Pa.); Colemanville, July (8. D. 
A. Pa.); Inglenook, July (H. B. Kirk) (S. D. A. Pa); Castle Rock, Delaware 
Co., June (S. D. A. Pa.); Cove, July (S. D. A. Pa.); Penn. (A. N. S. Phila.); 
Philadelphia Neck, June (A. N. S. Phila.). 

Lagi.ll.1-1n peratntm (Dym"). Pa. (2079) (C. F. Baker) (Type, U. S. N. :M.); Pa. 
(1572) (U. S. N. M.); Pa. (2159) (C. F. Baker) (U. S. N. M.); Roxborongh, 
June (U.S.N. M.). 

Lagilt1n tarcltom (No1·ton). Pittsbmgh, June (C. M.); Ligonier, June (C. M.); 
Jeanette (H. G. Klages) (C. M.); Pa. (2014) (C. F. Baker) (U. S. N . M.); 
Glepside, July (C. T. Greene) (U. S. N. M.); Roxborough, June (U. S. N. M.); 
1 

Rohwer, S. A. ''A classification of the Suborder Chalastogasti·a of the Hymen-
optera." Proc. of the Entomolog. Soc. Wash. vol. 13 (1911), no. 4, pp. 215-226. 
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Rnrrisburg1 .Ttme ( hamplaill) (U. . . M.) · Inglenook, .TuJ\e (U. . N. :IlL) i 
Hnntc:r'l:l Run, .July ( . S. N. M.); High pire, ~une ( . D. A. Pa.); Rurris· 
bu:rg, Jwte ( . D. A. .Pn .. ); Inglenook, July (H. B. Ki:rk) (8. D. A. Pn.); I:nglc· 
nook, June (Do.ecke ollection) ( . D. A. Pn.); ~orth umberlnn<1, June 
( . D. A. Pn.); Harrisburg, .Tune (R. B. Kirk) ( . D. A. Pa.). 

Zalagi1~1n Rohwer 

Zalagium cinct1d1t1n (Norton). Penn. (A. N. S. Phila.). 

Mac1·ophya Dahlbom 

Mac1·ophya alba (MacGilliw·av). Pa. (1572) (C. F. Baker) (U. S. N. M:.); Ingle­
nook, June (U. S. N. M.) ; ow 'umberlnnd, May (P. R. Myers) (U. S. N. M.). 

Macrophya albomaculata ( 011-M). Pittsburgh, June (C. M.); Pa. (1572) (C. F. 
Baker) (U. S. N. M.); Jeannette (H. G. Klages) (S. D. A. Pa.); Germantown, 
Phila., June (H. S. H.) (S. D. A. Pa.) . 

Mac1·ophya bilineata MacGillivmy. Allegheny Co. (G. A. Ehrmann) (C. M.); Pitts­
btU'gh, ,Jun (C. if.)· Westmoreltmd Co., July ( . M.). 

Mam·ophv<• co.ssmi(11"G K ·i'Yby . Inglenoo;k, J1me (P. R. Myers) ( . . :r. M.). 
],[aorop71t~a COII{'usa MacGillivray. arrl.ek, Allegheny Co., Jtme ( . M.); Allegheny 

o., Mny ( . M.) · J eruructt.e (H. . Klages) ( . M.); Pitt ·burgh, June ( . M.). 
Macrophya crassicon1.is PI"OVWIChe,·. Pa. (1573) (C. F. Bnkor) (U. •. . ~!.). 
Maoropl111a 6J)inola ( a-11). Pn. (l 572, 2014, 2159) ( . F. Bake1·) ( . • . . ~ .) ; 

Harrisburg, May (P.R. Myers) (U.S.N. M.) . 
Mam·ophya ermns Rohwer. Ingram, June (W. D. Mcilroy, Jr.) (C. M.); Pittsburgh, 

June (C. M.); Pa. (1572). (C. F. Baker) (Type, U. S. N. M.); Pa. (2079) 
(C. F. Baker) (U. S. N. l\1.). 

Macrophya extema (Say). Roxborough, May (U. S. N. M.). 
Mam·ophya fascialis N01·ton. Carlisle, June (P. R Myers) (U. S. N. M.); Gleps"de, 

Jm~e ( . 'r. Gl-eClte) (U. . N. M.). 
Macrophya. fllwicoxis (No·rton). Pittsburgh June ( '. M.); Jen.nnctte (IT. G. 

Klages) ( . M.); Westmoroln.nd o., Mn.y ( . M.); AJlegheJty Co. (C. M.); 
Jcannct.t (If. G. Klages) ( . M.) · Pn. (1573) ( . F. Baker) ( . S. N. 
M.) ; orth East, Pn., .Tune ( . A. Rohwer) (U. S. N. M.); Pa. (1572, 2079, 
1579) (C. F. Baker) (U. . M.); Lindley, Philn., June (Dnccke ollection) 
( . D. A. Pa.); Penn. (A. N. . Philn.); Delr~ware Co., .Tune (A. N. . Phila.); 
Glenside, Mny (A. . •. Philn.) . 

Macropht/iJ, for'Jllosa (KI~~tg). WestmoreiJmd o., July ( . M.); P:t. (2079) ( . F. 
Buker) ( . . ~ . M.); lllglcnook, June (P. R Myers) ( . . r. M.); Roxboro, 
Pluln., June ( . . N. M.); ColemunviUc, July (8. D. A. Pa.) · nglenook, July 
(Dneckc Collection) ( • . D. A. Pa.) ; Bunter's Run, June (Dac•ke oilcctiou) 
( . D. A. Pn.); Glen ide, Montgomery Co., June ( . D. A. :Pn.); Foxbury, June 
(.B:. B . Kit·lt) (S. D. A. Pa..); W eaver, June (Daeclte Collection) (• . D. A. Pu..); 
I:ngleJlOok, July (H. B. Kirk) ( . D. A. Pn.); ortlt Bloom1leld, June ( ham· 
plain) ( . D. A. Pa.) · Harrisburg, June (H. B. Kirk) ( . D. A. Pa.); Clmrter 
Oak, J\mO (J. " · Knull) ( . D. A. Pa.) · arlisle, July (E. Daeckc.) ( . D. A. 

. Pa.); Leltigh Gap, June, July (H. L. V.) ( . D. A. Pn..); Edge Hill, .Tune 
(A. N. S. Phila.). 

Macrophya gonyphora (Say). Pa. (A. N. S. Phila.). 
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?.Iacl"op71JJa i11 atwla (Norto11). Al.leghcny o. ( . M .); risp ( . M.) · Pittsbmgh 
( •. M.); Pn. (1572, 1573) . (C. F. Bnket") (U. . M.) · Inglenoolt, Jun 
( . . I • f.); Arenuttsvillc, May ( . W. Frost) (Lenf miner on .thi.C'IIIO?I.<l 

qu.inqu foli11) ( . . . M.) · orry, May ( . D. A. Pn.); Inglenook, uu.c 
(J. . 'nnll) ( . J). A. Pn.); rmaJttown, May (H. . H.) ( . D. A. Pn.); 
p 01111• (A. N. . P hiln.) . 

Macroplly1, in I rm c1it~ (i\ orton). Duuphln1 July ( . . A. Pn.); ustlc Roek, June 
(!L • . Il:trlo ·k) ( . D .• t:.... Pn.) · t>.nll'Uunore Mny (A. . Philu.); P enn . 

(A . . . Phila.). 
MaurO]IIIt!l' /iiiC<l.UIII(' RollwGI'. Jenmtotte (H. . Klage ·) ( . M .); Pa. (1572) ( . F . 

Bnker) (Parntype, . 'L). 
ill(l rO[IIt1ft" mi:r;la M1u:G-illiv ray. Pa. (1573, 2014) ( . F . Buker) ( . • . . M.). 
Maeropllyn11i{Jm ( 'orlon). Westmoreland o. July ( . :M.). 
J'tfaoropllya ni!Jri$ti.,rtmlt Rollwcr. Harrisburg, JuJte (P. R. 1\fycr ) (Type, U. . N. 

M.) · Ifighspirc June (P. R. Myers) (P:.untype, . M.). 
Maoropllya 71amrosa. ( a1)) . . Allegheny o. (G. A. Ehrmann) (C. M.); Jeannette 

(H. G. Klages) (C. M.). 
Macrophya p1dchella (Klug). Pittsbmgh, June (C. M.); New Cumberland, May 

(P. R.. Myers) (U. S. N. l\1:.); Germantown, June (S. D. A. Pa.); Castle. Rock, 
May (Daeekc Collection) (S. D. A. Pa.); Jack Run, Allegheny, June (A. N. S. 

l'hiln.). 
Mcloi"01!llya 711/IWia/a MncGilli·vn~y. • 1mbury (U. •. . M.). 
J!aeroplly1' sue •iucta Cresson. A.shbou.r.ne, Apl"il (H. L. .) (•. D. A. Pa.). 
lfcurropllyl£ ti/liator Nm·ton . Allegheny ., ( . A. Ehrmll-1111) ( . L); Pittabu.rgh, 

Mny ( •. .) ; Moon Town hip, legheny Co., ( '. M..) · Wa hing ton Co., ( . A.. 
•hrmnnn) ( '· M.) · Jeannette (H. a. Klages) ( '. M.); Ptl. (2014) ( . F. 
nkcr) ( _ . r. ~f.); Highspire, Mny (P. R.. Myers) (U. S. . :M.); Harrjs. 

buJ·g .Tune ( . .R. :Mycr ) ( . . .r • M.) · I:nglenook, July (U. • . . M.) i Micl­
clletown :Mny (• . . .. Pa.); High pir , A1niJ ( . D. A. Pn.) · llnrrisbtng, 
:Mn r ( • D. A. ln.); nrlisle1 May (• . . .A. Pa.); nglenook, Jtm ( . D . .A. 
Pa.) · .r orth :Mountniu, June ( . W . J.) ( . D. A. Pn.); wal'tlunore, June 
(A. N. . Pltilu.); Pa. (A. . •. . Phila.). 

Maol"ol1hya. t1·isyllah11S ( orton). Pittsbnrgh July ( •. J t.); Jctuu1ettc (H. G. 
Klnges) ( . M.) · llcghCJty, June ( . ~L); Laurel Hill, omer et Co., (Hugo 
.Knhl) ( . • . ) ; :u1dy Lake, Mere r Oo., (Hugo Kahl) (C. M.); Westmoreland 

o., ( . :i\£.); Inglenook, Daupltin o., pt. (P.R. Myers) (U. . N. M.); Righ­
piro, Jttne (P. R. Myers) ( . . r . M.) · Hanteburg, .TUlle (I . . R.. Myers 

(U. S. N. M.); Speeceville, July (P. R. Myers) (U. S. N. M.); Jeannette 
(H. G. Klages) (U. S. N. M. ); R-ockville, June (S. D. A. Pa.); Glenside, June 
(S. D. A. Pa.); Perdix, June (Daecke Collection) (S. D. A. Pa.); Inglenook, 
June (S. D. A. Pa.); Riverview, June (S. D. A. Pa.); Jack Run, Allegheny Co., 
June (A. N. S. Phila.); Pa. (A. N. S. Phila .. ); Pa., Delaware Co., June (A. N. S. 
Phila.). 

Macropl1ya trosula (No1·ton). Pa. (1572·) (C. F. Baker) (U. S. N. M.); Carlisle, 
June (P. R. Myers) (U. S. N. M.); Penn. (No. 12474) (S. D. A. Pa.); Pa. 
(J. McF.) (S.D. A. Pa.) . 

Macrophya zab1·islciei Rohwe1·. Inglenook, June (P. R. Myers) (U. S. N. M.). 
Macrophya zonali.s Norton. Pittsburgh, June (C. M.); Jeannette (H. G. Klages) 

(C. M.); Westmoreland Co., July (C. M.). 
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Tentlweclo Linnae·us 

Tenthredo basila?·is Say. Ingram, August (W. D. Mcilroy, Jr.) (C. M.); Pittsburgh, 
June (C. M.); Penn. (No. 12474) (S.D. A. Pa.); Johnstown, August (No. 3227) 
(S.D. A. Pa.): Penn., August (S. Sterling) (A. N. S. Phila.). 

Tenthredo dubius (N01·ton). Pocono Lalte, July (U. S. N. M.). 

Tenthredella Rohwer 

Tenth?-edella ang1tlifem (Norton). Castle Rock, June (Daecke Collection) (S.D. A. 
Pa.). 

Tenthredella antennata (Kirby). Charter Oak, June (H. B. Kirk) (U. S. N. M.); 
Mt. Alto, May (J. R. Stear) (S. D. A. Pa.). 

Tenthredella gmndis (N01·ton). Pittsburgh, June (C. M.); Perkasie, June (S.D. A. 
Pa.); Germantown, Phila., June (H. S. H.) (S. D. A. Pa.); Pa. (A. N. S. 
Phila.). 

Tenthredella leucostoma (Ki?·by). Crisp, July (C. M.); Pittsbmgh, June (C. M.); 
Westmoreland Co., July (C. M.); Jeannette (H. G. Klages) (C. M.); Ligonier, 
July (C. M.). 

Tentlwedella lobata lobata (Norton). Westmoreland Co., .Tuly (C. M.); Allegheny 
Co., (Zarobsky) (C. M.); Laurel Hill, Somerset Co., August (Hugo Kahl) 
(C. M.). 

Tenth?·edella ntfopecta ?'1tfopecta (Norton). Westmoreland Co., July (C. M.); 
Allegheny Co., June (C. M.); Pittsburgh, June (C. M.); Crisp, June (C. M.); 
Jeannette (H. G. Klages) (C. M.); Hartstown, Cra,dord Co., July (Hugo Kahl) 
(C. M.); Tioga Co., (U. S. N. M.); Castle Rock, June (Daecke Collection) 
(S.D. A. Pa.); Roxboro, June (S.D. A. Pa.). 

Tentlwedella rufopedibus (Norton). Pennsylvania (Lit.). 
Tenth?·edella ruma (MacGillivray). Jeannette (H. G. Klages) (Lit.). 
Tenthredella signata (No?·ton). Pittsburgh, June (C. M.); Westmoreland Co., July 

(C. M.). 
Tenthredella verticalis (Say). Castle Rock, June (Daecke Collection) (S. D. A. 

Pa.); Swarthmore, June (A. N. S. Phila.); Delawm·e Co., May (A. N. S. Phila.). 

A LIST OF THE SYNONYMY OF THE TENTHRE­
DININAE (HYMENOPTERA) OF AMERICA, 

NORTH OF .MEXICO* 

HOMER 0. WILL 

Juniata College, H1l?ttingdon, Pa. 

·The Tenthredininae of North America comprise a well-known group 
of insects which have received considerable study. The study has been 
concerned primarily with additions to the fauna and to descriptions of 
new species. 

* Contribution from the Zoological Laboratory, University of Pittsburgh. 
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Th tnli s of t.his group have not lJ en coordinated and unified. 
Tit student end avoring to obtain a knowledge of the Tenthrediniua 
ha. b en confront c1 with a wid ly catterecl literature, consid rable 

1 11 ymy and many point o£ clisag1·eement. 'l'he knowledge of the 
f~una· i: ·now sufficiently advanced and the tructural cbru:acter ade­
quot ly l et nuin d to warrant an attempt to coordinate and unify the 
group. 'rh wri r ha attempt d this organization by p1·eparing a card 
catalogue givitJO' th ref rences found in entomological literature/ by 
makil1g a lis · of the . ynonymy, by changing the nomenclature to con­
form with modcJ'n id a concerning the group, and by giving the distri­
bution of each species. 

The revision of the Tenthredininae and the clearing up of the exist­
ing mass of named species have given rise to many synonyms. In the 
card catalogue there are listed 347 names which are treated as valid; 
while 132 names are treated as synonyms. The present disposition of 
the names of the latter group is presented in this paper. The responsi­
bility for each synonym is indicated in the card catalogue. 

The following is a list of synonyms of the Tenthredininae arranged 
in alphabetical order: 

Allantus ajJlict11S Cresson-Tentlwedella affiicta (Cresson). 
Alla.ntus albomaculatus Norton-Macrophya albomaculata (NOI'ton). 
Allantus ann1tla?·is N OTton-1'enth?'eclo admeta (Enslin). 
A llant1ts at?·oviolaceus N orton-Lagiu1n at?·oviolace1tm (Norton). 
Allant1tS bijasciat1ts Say-Mac?·ophya bifasciata (Say). 
Allantus cestus Say-Mac?·ophya cestus (Say). 
Allantus deject1ts Norton-Macrophya dejecta (Norton). 
Allantus elegant1tlus Cresson-Tenthredo arethusa (Enslin). 
Allantus epinotus Say-Mac?'ophya epinota (Say). 
A llantus extern11s Say-M acTophya extern a (Say). 
Allantus fiavicoxae Norton-Macrophya fiavicoxis (Norton). 
Allantns goniphonts Say-Mac?·ophya gonypho?·a (Say). 
Allant1J.S heraclei Kincaid-Tenth?'eclo alaslcan1ts (Enslin). 
Allant11s incert11S N Ol'ton-M ac?'Ophya incerta (Nor ton). 
Allantus intermedi11s Norton-Macrophya 1'nte?'1nedia (Norton). 
Allanttts intermpt11s NoTton-1'enthTeclo asella (Enslin). 
Allantus limbatns Cresson-1'enthredo associata (Enslin). 
Allantus niger Norton-Macrophya nigra (Norton). 
Allant11s opint1ts Cresson-Tenth?-edo (Labidia) opintus opimus (Cresson). 
Allantus o?·ginalis Norton-1'enthredo (Labidia) originalis (Norton). 
Allantus z1annosus Say-Macrophya pannosa (Say). 
All ant us ?'obust11s Provancher-Tenthredo dub ius (Norton). 
Allantus subnig?·iceps Rohwer-Tenthredo (Labidia) subnig?·iceps (Rohwel'). 

1 In the possession of the labomtories of Entomology, Carnegie Museum, Pitts­
burgh, Pa. 
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Allant1rs tm·dus Norton-Lagi1tm ta1·dnm (Norton). 
Allant1ts t?·isyllabu,s N orton-Macrophya t?'isyllabus (N mton). 
Allantns t1·osnl1ts Norton-Macrophya tms1da (Norton). 
Allantus va1·ius Norton-Mam·ophya varius (Norton). 
Astochus aldrichi MacGillivray-Lanrentia ntbens var. aldrichi (MacGillivray). 
Astochns jl.etcheri MacGillivray-Lmtrentia rnbens var. ntficorna (MacGillivray). 
Bivena •maria MacGillivray-Bivena delta (P1·ovancher). 
Homoeoneu1·a delta (Provancher)-Bivena delta (Provancher). 
H oplocampa montana (Cresson )-Zaschizonyx montana (Cresson). 
Hoplocampa spissipes (Cresson)-Mam·ophya spissipes (Cresson). 
Kincaidia mficorna (MacGillivray)-La1wentia 1·ubens var. mficorna (MacGillivray). 
Labidia doanei Rohwer-Macrophya cloanei (Rohwer). (In part). 
Labidia doanei Rohwer-Macrophya plnricinctella Rohwer. (In part). 
Labidia opimns (Cresson)-Tenthredo (Labidia) opimus opim1ts (Cresson). 
Labidia opimns var. bigemina Dyar-Tenthredo arethusa (Enslin). 
Labidia originalis (Norton)-Tenthredo (Labidia) originalis (Norton). 
Lagi1tm at1·oviolace1tm var. tanlltm (Norton)-Lagi1tm tardnm (Norton). 
Laginrn cinctulnrn (N orton)-Zalaginm cinctulwrn (N Ol'ton). 
Lmtrentia ald1·ichi (Rohwer)-Lau1·entia ntbens var. ald1·ichi (MacGillivray). 
Lmtrentia edwanlsii var. edwanlsii (Rohwer)-Lau1·entia ?'ubens var. edwanlsii (Cres-

son). 
Lan1·entia edwardsii var. 1'1tficorna (Rohwer)-Lam·entia 1·ubens var. ntficorna (Mac-

Gillivray). 
Leucopelmonus annulat?ts MacGillivray-Leucopelmonus conf?tsus (Norton) . 
Macrophya Abbotii Kirby-Zalagiurn cinct?tlnrn (Norton). 
Macrophya albifacies Kirby-Mac1·ophya trosnla (Norton). 
M acrophya bicolomta Cresson-M acrophya fum a tor Norton. 
Mam·ophya califomica (Norton )-Rhogogastem californica (Norton). 
M acrophya e1wythrnia N orton-M am·ophya varins var. eurythmia Norton. 
Macrophya fuliginea N orton-Macrophya j1tliginosa N Ol'ton. 
Macrophya jugosa Cresson-Macrophya j1tmator No1ton. 
Macrophya manra C1·esson-Macrophya fnmator var. mmrra (Cresson). 
Macrophya nidonea MacGillivray-Macrophya vMi1b8 var. eurythrnia Norton. 
Mac1·ophya obaemta MacGillivray-Mam·ophya oregona Cresson. 
Macrophya obnata MacGillivray-Pachyprotasis omega Nmton. 
Macrophya obrussa MacGillivray-Macrophya furnator NDl'ton. 
Macrophya pnlchella var. alba MacGillivray-Mam·ophya alba (MacGillivray). 
Macrophya pwrnila Norton-Macrophya S1tbviolacea Cresson. 
Macrophya samb·uci Rohwer-Mac1·ophya nebraskensis Rohwer. 
Mam·ophya zonata Konow-Macrophya alba (MacGillivmy). 
N eo pus 14-punctat?ts (Norton )-Bivena q1tattmdecirnpunctata (Nor ton). 
Pachyprotasis delta Provancher-Bivena delta (Provanche1·). 
Pachyprotasis nig1·ojasciata Eschscholtz-Pachyprotasis omega Norton. 
Perinenra americana Provancher-Pachypmtasis omega Norton. 
Perineum 7cincaidia MacGillivray-Macrophya fltmator Norton. 
Perineum t1t1·bata Rohwer-Le?teopelmonus conf1tS1b8 (Norton). 
Selandria gentilis Cresson-Zaschizonyx montana (Cresson). 
Selandria montana Cresson--:Zaschizonyx montana (Cresson). 
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Selandria spissipes Crcsson-11facmphya spissipos ( resson). 
Synairema americana Provru•chel~Pac11y1)l'Qta.sis 0111-GOa Norton .. 
Synairema pacifica PrO\'IUlCll ~Macrophya, fumatol' or ton. 
Tenthreclella cynthia ( Ensllu)-TtmUtrcdcUa. bm~ilm· is (Pro,•un her). 
Tenthredella clenotata (Enslin)-Tenthredella basilaris (Provancher). 
Tenthredella lobata maculosa Smulyan-Tenthreclella 1Jwcnlosa Smulyan. 
Tentltreclella rohweri Smulyan-Tentlwedella tricolo1· (Norton). 
Tenthredo aclclencla Cresson-Rhogogaste1·a aclclenda (Cresson). 
Ten threclo atravemts l'vfacGillivray-La7trentia ntbens (Cresson). 
Tenthreclo atroviolacea (Norton)-Lagi111n atroviolaceum (Norton). 
Ten threclo atroviolacea yar. cinct1tl1ts N oTton-Zalagi1c?n cinctnl1t?n (Norton). 
Tenthreclo atroviolacea var. peratra DyaT-Lagi1tm pemtrum (Dyar). 
Tenth?'eclo Barnstonii Kirby-Tenthredella semincbra (Norton). 
TenthTeclo Californicus N oTton-Rhogogastera californica (N oTton). 
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Tenth1·eclo ainctitibiis N oTton-Tenthreclella cinctitibiis cinctitibiis (Norton). 
Tenthreclo cingnlata ProYancheT-Tenthreclella ve1·ticalis var. cingnlata (PTovancher). 
TenthTeclo commata Konow-Tenthreclella perplexus (MacGillivray). 
Tenthreclo concessus N orton-Tenthreclella tricolor var. concess1ts (N m·ton). 
Tenthreclo confusus N orton-Leucopelmonus confusus (Norton). 
Tenthreclo cressonii Kirby-1'enthreclella t1·icolo1· (NoTton). 
Tenthreclo clil1tfa (Cresson )-Lamentia clil1tta (Cresson). 
Tenthreclo clissi.mu.lans Kincaid-Rhogogastem dissim1tlans (Kincaid). 
Tenthreclo clubitat1ts MacGillivray-Tenth?'eclella grand is (Norton). 
Tenthreclo Eclwarclsi Crcsson-Lanrentia rnbens var. edwardsii (Cresson). 
Tenthreclo elegantula oregana Rohwer-Tenthredella elegant1tla obliquata (MacGilliv-

ray). 
Tenthreclo evansii H::urington-Rhogogastem evansi (Harrington). 
Tenthreclo fonnosa Klug-Macrophya formosa (Klug). 
Tenthreclo Harrimani Kincaid-Rhogogastera har1'imani (Kincaid). 
Tenthreclo lateraria Cresson-Rhogogastem latemria (Cresson). 
Tenthreclo lobata Norton-Tenthl'eclella lobata lobata (Nmton). 
Tenthreclo mellicoxa Provancher-Tenthreclella ntfopecta mellicoxa (Provancher). 
Tenth1·eclo neoslossoni MacGillivray-Tenth?'edella cogitans (Provancher). 
Tenthreclo nigricollis KiTby-Tenthreclella semicomis (Harrington). 
Tenthreclo 1WV1ts MacGillivray-Tenthreclella eximia (Norton). 
Tenthreclo obliq1tatus MacGillivray-Tenth?'eclella elegantnla obliquata (MacGillivray). 
Tenthreclo pallicolus var. beulah en sis Rohwer-Tentlwedella pallicola (MacGillivTay). 
TenthTeclo parvula Cresson-Tenthredella coenobita (Enslin). 
Tenthreclo pulchella Klug-Macrophya pulchella (Klug). 
Tenthredo racilia MacGillivra:y-La?tTentia mbens (Cresson). 
Tenthreclo 1'efractaria MacGillivray--La1trentia r1tbens var. ncficorna (MacGillivray). 
Tenthreclo remota MacGillivra:y-Tenth?'eclella signata (Norton). 
Tenth1·eclo 1'1tbens Cresson-Lam·entia ntbens (Cresson). 
Tenthredo mb1·icosa MacGillivray-Tenthreclella rufopedibus (Norton). 
Te11,thredo nh'ftpo.~· " Tortou-1.'en'lh1'c(1e:Ua n~fopeclibit,~ ( orton). 
Tenthredo n tjlp11s ._ ay-1'ent.hrec1e/1a IO'ltcosto•m!l (Iful)y). 
Tenthredo rujopaclll.s Nort-on-1'1J'Jttlwcilclla ntfo1Joeia t•ufopecta (Norton). 
TenthJ-edo simrt.latus [ae.GUiinay-Tc·uthreclcl/a scmmda (MacGillivray). 
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Tenthredo Slossonii MacGillivray-Tenth1'edeUa signata (No1·ton). 
Tenthredo tardus (Norton)-Lagium ta?·dum (Norton). 
Tenthredo terminalis Provancher-TenthTedeUa chaonica (Enslin). 
Tenthredo unifoTmis Kirby-Tenthredella t?·icoloT var. concessus (Norton). 
Tenthredo vittatipes Cresson-Rhogogastera addenda (Cresson). 
Tenthredopsis ammlicornis Harrington-Leucope!monus confusus (Nor ton). 
Tenthredopsis at?·oviolacea (Norton) -Lagium atroviolaceum (Norton). 
Tenthredopsis at?'Oviolacea var. cinctula (Norton-'Zalagium cinctuhtm (Norton). 
Tenthredopsis at?·oviolacea var. ta1·da (Norton)-Lagium ta1·dum (Norton). 
Tenthredopsis confusa (Norton)-Leucopelmonus confusus (Norton). 
Tenthredopsis delta (Provancher)-Bivena delta (Provancher). 
Tenth?-edopsis Evansii Harrington-Rhogogastera evansi (Harrington). 
Tenthredopsis quattTodecimpunctata (Norton)-Bivena quatt1·odeci?npunctata (Nor· 

ton). 
Tenthredopsis ruficoma MacGillivray-Laurentia ?"Ubens var. mficorna (MacGillivray). 
Tenthredopsis semil1ttea (N orton.)-Bivena semil1ttea (Norton). 
Tenth?"edopsis transversa MacGillivray-P,·ototaxonus tmnsversus (MacGillivray). 

FOSSIL-HUNTING GROUNDS IN PENNSYLVANIA1 

BY BRADFORD WILLARD 

Pennsylvania Topographic and Geologic Survey 

INTRODUCTION 

"Where can I find fossils~" How often I hear that question,-in 
my office, while a-field, in conversations with school teachers, scouts and 
their leaders, tourists, farmers, nature lovers,-from people whose in­
terest in geology is such that they wish to gather prehistoric shells for 
themselves or to show to others. Because of this recurring query, this 
paper is written in order that there may be available lists of a few locali­
ties in Pennsylvania where those interested can collect fossils easily and 
in considerable variety and abundance. 

Fossils are not found in all rocks nor in all parts of Pennsylvania. 
Geiu~rally speaking, the rocks of the portion of the State lying south of 
the Appalachian Mountains have f ew or no fossils; either because they 
are so old as to antedate the coming of abundant life to the earth so 
that they never had fossils, or they have been formed under conditions 
such that nothing could live, or they may have been so changed since 
they were formed that any fossils once present are now destroyed. 
However, the remainder of the State is almost entirely underlain by 
bedded rocks which often carry fossils, because, first, these strata were 
deposited in the sea or in fresh water where life was plentiful; and, sec-

1 Published with the permission of the State Geologist of Pennsylvania. 
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ond, subsequent to forming·, these strata have been little altered. The 
fossiliferous rocks of the State are divided into systems, which together 
make up the geologic column. A knowledge of the system names is not 
P.ssential in collecting, but it is important to the geologist. 

ABBREVIATED GEOLOGIC COLUMN FOR PENNSYLVANIA 

System Na.mes 

Permian 
Pennsylvanian 
Mississippian 

Commonest Fossils 

l { Coal plants 
r ''Carboniferous''- - .. -......................... Invertebrates 
J Amphibians 

Devonian ........ - ................ _____ ... _ ........... ~ ................... .......... .............. { ~!~ft invertebrates 

Silurian _ ....... _ ................. -....................................... _ .. _ ........ _ .... _ ,.,,_. { ~~~~~~ !nfve~tebrates 

Ordovician __ ........................................... - .............. - .......... -··-·-........... Marine in vertebrates 
Cambrian .............. - ........ ---.. - .. -- ........ - .. ....................... ., ......... _Marine invertebrates 

The kinds of fossils are legion. Most of us are acquainted with the 
coal plants, beautiful, fern-like leaves and pitted stems of which are com­
mon souvenirs of the coal fields. Backboned animals, the mammals, 
birds, reptiles, amphibians and fish, although not usually familiar to us 
as fossils, are well-known in the flesh as our deer, hawks, turtles, frogs 
or trout, respectively. The backboneless animals or invertebrates are 
mostly mollusks and brachiopods that once helped people the ocean 
which long ago covered much of our State. In many ways the mollusks 
resemble those of our seashores today, but strange forms, too, very un­
like most living types, are known. The brachiopods, the delicate bryo­
zoans and the crinoids are common fossils . Besides these there were 
creatures allied to our crabs, lobsters, shrimps and scorpions. Worms, 
to~, were present, but backboneless land animals were very rare, limited 
chwfly to a few insects found among the coal plants. 

Of the several groups of fossiliferous rocks of Pennsylvania the 
Quaternary, Triassic, Ordovician and Cambrian may be here disre­
garded. Although to the specialist all of these systems have here and 
there yielded very interesting and sometimes abundant remains their 
occurrence is too ra ·e for pve. ent mention. 'l'he other three syste~lS, the 
three. pa1:ts of the 'arbonifetoru taken collectively, the Devonian and 
the Silurian, commonly any fo il , a 1 hough ma11y of their strata are 
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barren or nearly so. Let us consider the possibilities of collecting fossils 
fro.m these, beginning with the youngest or uppermost. 

CARBONIFEROUS 

The Pennsylvanian system or Coal Measures proper and the associ­
ated rock groups immediately above or below are fossil-bearing strata 
familiar to any one who lives in a coal-producing region. Plants may be 
collected from the shale ("slate") of mine clumps in many of our west­
ern and southwestern counties, in the Broad Top, and in the Anthracite 
Field. The plants are preserved in fresh-water-formed beds, which to 
the west interfinger with others laid down in the ocean. Often these 
salt-water-formed beds are limestones carrying lamp-shells and clam- or 
snail-like mollusks. Below the Coal Measures, fewer plants are found, 
seldom enough to form workable coal. Conversely, the remains of ma­
rine animals become more plentiful, particularly in western and south­
western districts. Because the Coal Measures are wide-spread and their 
fossils so common, no particular localities will be cited. However, the 
comparative rarity of plant remains in the underlying Mississippian beds 
warrants mention of one place where they may be colleetec1.2 

DAUPHIN COUNTY 

1. Dauphin: 3 miles north along secondary roacl from Route 11, across Peters 
Mountain; mines in Mississippian coal (very unusual); abundant plant remains in 
dumps south of road ascending south slope. 

DEVONIAN 

The surface rocks of north-central, central, and northeastern Penn­
sylvania beyond Kittatinny or First Mountain, save for the anthracite 
basin and its environs, are dominated by Devonian strata. These reach 
northwest into Ohio, north and northeast into New York and New Jer­
sey, and cross the south-central part of Pennsylvania into Maryland. 
The oldest (lowest) Devonian rocks are limestones, sometimes filled with 
small fossils. The Devonian black shales tend to be barren, with local 
exceptions, but the Lower, Middle and Upper Devonian brown, gray or 
buff sandstones and shales are often highly fossiliferous. The red rocks 
of the youngest (Upper) Devonian are generally barren save for local 
fish and plant beds. The list that follows shows some of the more acces­
sible localities where fairly abundant Devonian fossils may be collected 
with relative ease. Localities are confined generally to northeastern 
Pennsylvania and are arranged alphabetically by counties. 

2 In describing each locality the following data are given .in so far as they npply: 
(a) nearest town, (b) nearest state highway, (c) specific location, (d) age of rocks, 

(e) character of rocks, (f) kind or kinds of fossils to be expected. 
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BRADFORD COUNTY 

2. ihc~tinvi/le: .west fro~n Route 14· ~banl;loned iron mines; Upper DevoniiUl 
red Jttunnt•t~; brncJnopods; fish plates {Olits1de a.nuor) luwe also beeu reported bere. 

3. Bw·lmoton: 011 nout ll; old lime klln aml quarry north of l'OUd. ppcr 
· ovonian lilne tone 1 '; broken braehiOJlOd shells iu red matrix. 

4. J,cra?tsvillo : on Route 467, 2 miles south, west side of road· Upper De,•oniun 
r 1 ' Jim tone" in a bnndoned quarry n.s a loeality 3; broken braclliopod shells. 

5 .. JlollrO t> : 011 Route •114 ~vest; ~oa<l uts 1 ruiJ~ w ·t of F1·n.nkli ndn.le · Up pol' 
cvo•llnJI re<l b cls; fish romu1ns fa 1rly abundant m debri thrown out in road 

building. 
6. To1'mt(1a: 011 Route 220 north, many exposures i11 road cuts · pper Devonian 

grny Uldstone; fossil~; sparsely scattered for miles, mo Uy brac.Woj,ods. 
1. Totuallda.: Route 187 n~rtheast nnd out s~de road 1 mil southen t of juuet\•re 

of Rout 187 and •167; quarnes; PP r Devoman red beds· interesting nsso •iation 
of phtnls, fi h, and brnchiopo<ls. ' 

COLUMBIA COUNTY 

. . .Tiloo1~1sbm·o.: nlong ~oute 11; cnst nlo17g no.rtlt side of •·ivor pnrnllel toR. R. is 
I>111Hl tone Rrdga mth qmtrrtcs; Lower De\'Olllllll hmcstoJie · occnsionully fossilifm·ous 
but usuu~y sparingly so~ romttin ~f small pteropod a nd o ·tracod domillnte. 

!J. L '•Ultl . traet ana Oronge~r~llo: on Rou o 339, road cuts· ~fiddle and pper 
'0 \'Oninn brown snJJdstono m1d shale· occRsiomtl os il bnnds n~ at sharp tum en t 
1! miles outhwc t of rnnge,,Ule mostly bracldopods. 

0. R!IP rl : nloug Route 42 southwest to atawissn, many cuts · pper and Mid­
dle Devo!uan, gmy. to br?wn s~ud tone tmd shnle; occasiounl, highly foss ' l.iferous 
bmtds chtcflr bra lnopods m ludmg ome rare form . imilar exposure nlong n. R. 
east of nver. 

DAUPHIN COUNTY 

. 11. Roolv~ille: out Route 1~, 5} miles north of Harrisburg, quarries east of road; 
M1dclle Dcvoman coarse, yel!oWJsh sandstone; large brachiopods and mollusks plus a 
few rarer forms. 

LYCOMING COUNTY 

.. 12. 111ontou?·sville: east of town in sand pits; Lower Devonian weak, coarse 
\~l:1bsh sandstone; abundant, large, well-preserved brachiopods easily collected. Fos: 
sthferous, Lower Devonian limestones also exposed in this neighborhood and east­
ward. 

McKEAN COUNTY 

1~. Shinglehouse (Potter County): along Route 44 northeast, 1·oad cuts; Upper 
Devoman sandstone and pebble beds; brachiopods and mollusks. 

MONTOUR COUNTY 

14. Columbia Co1cnty Line: at Route 11, quarries h f 1 limestone; corals. nort o 1ighway; Devonian 

MONROE COUNTY 

dark ~;ll~,,~~~~11t:711~,~ rou~o 9 :1::uth at bridge over Bro<lbond Creek; i\l[iddle Devoniml 

1 
..11 • · gcs 111 ere · · moderately fossUiferous ''ILri.ous forms 

of bighwr/:~'10~mk.: 1 ~~til? south at juncture of Uoutes 9o nnd l!lO, cut barrks cast 
pods tc ~ N P~Cl D~' on•an g.ray ·an<l tone and shale; ''cry fossiliferous brnclJiO­
D v~l\ian .bedso~b~:.~n 'nrS~n:~•to non-fossiliferous red tmd grny·g•· e~, ppcr 

17· D 1to,·;; F/Jrrtf' ut Wnll a k B d 2 ·1 po uros along ro:\d ov~r 
1 
·u t P cl dn 1111 es south~ast of Bushkill· excellent ex-

Dela.wnre ivcr. L ' ~~ • ~ a >a.n oned ferry lnndiJJg, thence up sb·eam along 
fossils One of ot?r t e\~nmn limc.stone and sandstone with great variety of 

lB D 
1 

•nos ms ru ·tive ollcetmg pia es itt the ounty 
· a.waro Water Gap Vill<tge · t filn 1 · troudsburg n.scenclln · rou e "' nort nvcst across Godft·eys Ridge to 

ttnd hale 
1
'
1 
•ce ·sivel .~ from so,uth, rood .cuts; Low r Do,·onian limes ton , s1u1d tone 

21 nnd 2
2

. ) ' th lo\\er and •mddle member fossiliferou a at localities 
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19. East St?·oudsb~t?'U: south along D. L. and W. R. R., fhst large cut. DangeT­
ous locality,-naTrow C\lt and hea.vy trnvul. Middle Devonian limestone exposed with 
fragments of crinoid stems having stnr-sha.ped centers. 

20. East Stroudslmrg: along Route 209 to Bushkill, several cTeeks descend fTom 
north and e-.·pose Mi(Wle aml Upper Devonian sandstone and shale; usually fossilifer-
0\JS, e pceiaUy in vi inity of va-rious falls · bmchiopods nnd mollu!!kS. Many of these 
localities a.ro pri,•ate property to wltich access for collecting is impracticable. 

21. Godft·eys JUdge: ut ridge end west from North Wntru· Gap (.formerly Experi­
ment Mills), o.bru1doned quanlcs west o£ Route 611 south of R. R. crossing; Lower 
Devonian limestone often highly fos iliferous with ostracods and brachiopods. Over­
lying the limestone a1·e Lowel' Devonian sandstone and pebble beds with large brachio-
pods as casts collected with difficulty. · 

22. NoTth Wate?' Gap (formerly Experiment Mills): nortl1 along N. Y. S. and 
W. R. R., continuous cuts in Lower Devonian limestone, then sandstone, and then 
shale; lower and middle membel's quite fQsSiliferous but preservation unsatisfactDl'y 
in most cases. 

23. Stroudsbw·g: quarry, north side of town; Middle Devonian black shale, 
usually ba1Ten, here almost uniquely fossiliferous with hunch'eds of small brachio­
pods, mollusks (including squid-like foTms), and occasionally other animals, all well­
prcsen·ed. 

24 . l,ro•u'l.~bw·u: on Route 90, 3 miles north of town, west side Brodhead Creek 
valley, 1·ond cuts_; Middle Devonian ''coral t·eef''; multitude of corals, usually as 
woatJto-red·out c:.wities in muddy matrix together with many othel' fossils including 
occn·ionul trilobites. Excellent and easy collecting in road cuts and from rock 
thrown out in road building. 

NORTHUMBERLAND COUNTY 

25. Dewart: on R-oute 1·~. l mile no1·th, abrmcloncd qt•nrry n ross R. R. to east; 
Lower Devonian brown snmlstone · mallY lnrg , well-preserved "br~~ehiopods. 

26. Milton: onst and northeast along Limestone .Ri<lg ; qunnies; Low r Devo­
nian limestone; oe<:asionally smn11 fosills abundant, but chie.f inter st is 'coral 
reefs''. 

27. North1~mberland: northward along R. R. parallel to Route 111; Upper Devo­
nian shales and some sandstone; fossils rare, but occur in bands about 800 feet noTth 
of first stairs to R. R. yards, 400 feet north of second stail's, and 400 feet north of 
this point; remains chiefly small, well-presm·ved mollusks and brachiopods. 

28. Selinsgrove Junction: along Route 14 and R R. south below Shamokin Creek 
.for 6 m.ilcs; os iliferous bed.<> begin soufh of point whore highway tl,mt· cast; Lower 
Devonian limestone clifl's often lughly fossiliferouR; goocl co fleeting n.t old quarries 
nlong R R. outh of bridge across river; M:iddJe and Upper Devonian sandstone nnd 
l!halo, foss!lifcrous. in bands begilllliug opposite rive.r ledge south to Unllowing Run. 
Groat vnnety of mvcrtebmtes fJ'O ill thi complete ection. New Jlighwn.y uttings 
east of R. R. in banen beds. 

PERRY COUNTY 

29. Dellville: west bank Sherman· Creek 5 miles south-southeast of New Bloom­
field; Upper Devonian red to brown sandstone with large lamp shells and blue-white 
fish plates. 

30. Duncannon: northwest along Little Juniata CTeek valley road and R. R. to 
R~ddy tl.J~d ncross_hUis to ~WJ>Ort; many exposures, as at road f~rk north of King's 

[1lls :Eilckory Rtdge, tlle ~rm·rows, nod:h slope Buffalo Ridge, etc.; Middle and 
Upper Dovonian sancl tone tllld lu:tle; large variety of fossils. 

31. Half l~alls Motl!lttaitr~ n.nd Girty's Face: along Route 11, west side of river, 
roo.d cuts for several miles; Micldlo and pper Devonian sandstone; brachiopods and 
mollusks. 

32. J1111tiata J1 alley: along Route 22, nDl'th along east bank above Amity Hnll, 
"first exposure· arc barren red becls, then chocolate, then brown or bull' sandstone and 
shale; Middle and Upper Devonian; often highly fossiliferous north of the -red beds; 
lnm.p-shclls, mollusks, occasional fmgments of trilobites, CI'inoids, bryozoans and 
pterodods. 
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33. bwittla T' allay: also Ronie 22, east Side of river nea.r llalf Falls Mouutn.in 
nt Amity Hall igu, great reel< slide (talus slope); Middle De\'Onian, coarse gray 
sundst ne · l:\l'g brachjoi>Ods. ' 

34 . . r;miat(l. V(l.llc!f: on Route 22, cast side, t mile sontll of Newpot·t Brldg , 
along north bunk o.f brook valley east of road; Upper Devonian s!U\dy sltnle · porous 
bnnu of battered frngmcnts of rlnoids bmehiO]JOds :md bryozon:us etc. 

1 

fl5. J"~tiata Valley : west sid nl. Trimmer s Ro k about i miles southeast o·f 
wpor~ · 1idcllc ~e1•onil11t ll?!ll"C to fine, gray sand tone on ro~cl and along R. R. ; 

abUJJdnnt :l'nnnn, clnc1ly brncluopocls (lnd mollusks. Good colJe ling be11ide t-rack. 
36. Litila ]1[ou11 tai11-: nt mo\mtujn ere t, north from lo ality 42; Lower Devonian 

coat·sc, light brown san_dstone filled with casts of elliptical brachiopods. 
37. Little i\Ioulltatll: ust nml ne-·t to R R. Rnd 110rth from locality 4& along 

trnck to :r.fncy ville; !iddlc nnd pper Devonian brown sillldstone and shale then 
red beds, Jrigllly .fossiU.fet·on$, sandy hale; nbundant bryor,onn 1 rinoid stems, ~tc. 

3 • loloKca: nloJlg roncl 2 mile northwest o£ New Bloomfield, abandoned quaT­
ries; Lower Devonian limc~tonc; nume.roua mul val'ied £os its. 

39. row Blootnfield: southeast along .Route 5 toward Dm1crumon, oecnsionnl 
cut-s· ~~c.l<ll nnd Upper \'Ollian sandstone and slwJe, tlle fot·mer often highly :l'ossil­
ifor.ou m band w•th mnuy barren bods between. A CfiJ•eful senr ·h pr0eurcs large 
vanety. 

4~. New Bl~omfielcl:. east alo1~g R. R. at firs~ ro~d cTossing, sand pit; Lower 
Dovoman beds w1th occaswnal fosstls. Next east 1s M1ddle Devonian greenish shale 
with ostracods. 

41. '/.crrctts Gazl: on. Route 33, north from refreshment staml nt spring towarrl 
Sherm:tndnlc

1 
road ·uts · l\Iiddl nn<l Up]lOr ovollillli gray sandstone with brachiopods_ 

42. S1WJU 11au11rr OatJ: f~om l~oute ~ aeros R. ~-west oppoaito ton(l a.rch bt·idgc 
abnn<loncd quarry between Ji'li'St and L1ttle molmtnms; Mlcldl evonirut blnelt sllale 
and. b1·own to gray ~nnclstonc, the latter moderately fos iliferous; bm hio1 od · 
donunate. 

PIKE COUNTY 

_4_3. Matamoras to Milf~rd: along Route 6; talus at cliffs nDl'th of highway often 
fosst_hfeTous; UpJ?el' J?evom~n bTown sandstone; chiefly brachiopods and mollusks; 
particularly plentiful nnmed1ately north of Matamoras. 

. 44. MillTift to Matamoms: along Route 963, occasional Toad cuts; Upper De­
voman sandstone, Tather inferior collecting, mollusks. 

45. Mtlfonl: on Route ?62, northwest, ledges at McCarthy's Corner and 1± miles 
west thereof; Upper Devoman brown sandstone and shale; many small mollusks. 

POTTER COUNTY 

46. Ea.st Sha?'o?L' 1 mile southeast; Upper Devonian sandstone· abundant in-
vcrtebl·ates and many plants. ' 

. 47. Galeton: on Route 144, south along South Branch Pine C1·eek · Upper De-
voman gray snndstone and slta.le; fish plates plants mollusks ' 

48 H 1 'I ' ' . b d · ?nqyoyu : -, m1 e east along secondal'y road; Upper Devonian sandstone· 
a un ant mvertebrates and a few plants. ' 

4~. Rob1tlattc : j mile west along H. R.; Upper Devonian gTay sandstone and shale· 
nummo\18, rok JL shells. ' 

SUSQUEHANNA COUNTY 

num~rO~u~raw ~il[Ol'(l,: aloug ~onto U, south, and ouR. R. to Wyouting County line, 
llceuli · t~n~s' PP ~ Dcwoman green and ·reel ann<lstO)Ie illld ~lt:llo; occasionally a. 
aud pf:t!/~111m1 °~ m•xodl qua.t"tz pebbles, gray shale fragments tllld broken ftslt bones 

" , te n. • 11SIIa ly poor. 
U ol.D ~~~~q~IG71Cm-na: northeast on Ca cn<lc 'reck nt E1·ie .R. R. b1·idgc fine section · 

pper e' Oluo_n gmy sanclstouo; large brnchiopods iu somo beds. ' ' 

TIOGA COUNTY 
52. Cowanesque Valley. f , f 'l'f . expose Upp . D . · e" oss1 1 erous outcrops m valley but tributary creeks 

ei evoman gTav sandst d h I . ' (" fuscoids ") S ·.:fl • '. . one an s a e; many mvertebrates and sea weeds 
· pecllC locahtles: (a) North Branch Thornbottom Creek imme-
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diately west of juncture with South Branch in creek bottom. (b) Baldwin Creek 
valley. (c) Bill Hess Creek valley along B. and S. R. R. track at curve north into 
valley; highly fossiliferous. (d) Along Yarnell Brook valley 

53. East Cha1·leston: in vicinity of town; Upper Devonian g1·ay sandstone ex­
posed in stream beds and banks; chiefly brachiopods, some large and unusually well 
preserved. 

54. J emason Creek Valley: on Route 249, 3 miles south of Phillips, bank across 
creek from road; Upper Devonian gray shale; brachiopods and others; unusual occm­
rence as yossibly oldest fossils exposed in tl1e county. 

55. J(etmeyville : •reek ' 'alley noJ•thwest of village: Upper Devonian gray sand­
stone; Jmnp·shells. Occasional limy beds hereabout contain cup corals in abundance. 

56. Larttn"6t!<JC 1'oumshizJ: seveTnl stream valleys afford exposures of Upper De­
vonian brown sandstone and shale with numerous brachiopods, mollusks, etc., slabs 
covered with hundreds of shells common. Specific localities: (a) Bear Creek valley, 
along stream and road, fossil cephalopods above old slaughter house. (b) Along 
brook valley ~ mile south of Beeman (formerly Lathwp). (c) Lane Creek valley 
from Tioga Junction east for 3 or 4 miles; highly fossiliferous outcrops in creek, on 
road, and along R. R. (d) Elkhorn Creek valley. 

57. Mansfield: at hilltop 3 miles west on road to Mardin, old iron mines; Upper 
Devonian red, hematitic oolite containing brachiopods. 

58. Mansfield: on Route 111, 6 miles north at Mill Creek, south bank east of 
road and in debris removed in road building; Upper Devonian red beds; many fish 
plates and small, white brachiopods, an unusual association. 

59. Tioga: along Erie R. R. north from station to abandoned highway bridge, 
cuts; Upper Devonian sandstone and shale highly fossiliferous; various, well-pre­
served brachiopods and mollusks dominate. 

60. Wellsboro: town quarry south from village square in hill side; Upper Devo­
ni!UI ~andstone; numerou brnehiopocl . 

61. W cl1sboi·o: along Route 6 en t to 'flog a. River ' 'alley, showing of upper De­
voniAn reel, gray · and brown stratA ebiefty in roa<l r.ut.s: (a) At top of first long rise 
east of Wellsboro, cuts south of ltigbwn,y. (b) Half way between Pitts and East 
Oharle ·ton ossili:ferous hematite, like thnt at locnlity 57, in cttt south side of road 
wltere ltiglnvay hns been straightened. (c) 1~ miles west of Tioga R-iver bridge, 
road forks nt brtmehe of Elk Rtm, nlo11g North Fot·k of which ru·e clifl' ; Upper 
Devonian sandstane; brachiopods. 

UNION COUNTY 

62. Winfield: west of tmvn, large quarry; Lower Devonian limestone; abundant, 
small mollusks (snails) and ostracods, especially in rock faces of northwest comer 
of pit. 

WAYNE COUNTY 

Present information indicates that there are no fossils in this county in the sur­
face rocks other than odd fish plates or f1·agmentary plants. 

SILURIAN 

Our Silurian strata are rather less fossiliferous than our Devonian 
and are more limited in surface distribution. Kittatinny or Blue Moun­
tain, a comparatively narrow band immediately north thereof, and ir­
regular, mountainous strips in central" Pennsylvania are the principal 
regions of outcrop. The system generally begins with nearly or quite 
barren, reddish, gray, or brown sandstone or conglomerate, followed, 
particularly to the east, by red beds which run up into the Middle Silur­
ian. The fossils of these members are limited usually to a few speeies. 
The red Clinton iron ores of the Susquehanna and Juniata valleys ar.e 
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fossiliferous or associated with fossiliferous beds above, among, or be­
neath them. The system is usually terminated by fossiliferous lime­
stones, which, for brevity, are here generally considered under localities 
treating with the Lower Devonian. 

BERKS COUNTY 

63. Solwyllcill Gap: along Rou~e ~20 entming gap 1f miles north of Hamburg; 
coarse gray sandstone of Lower S1lunan; 75 feet north of top of Ordovician shale 
in gre~nish beds are ''worm trails'' ( Arthrophycus). 

COLUMBIA COUNTY 

64. Bloomsbw·g: the town is situated among Silurian strata, partly fossiliferous 
especially those associated with the Clinton iron ores formerly mined here, as along 
Fishing Creek; Middle Silurian brachioiJods, etc., at old mines and in road cuts umth 
of town. 

JUNIATA COUNTY 

. 65. Thompsontown_.· on Ro~.1te _22, 3 miles east, east ,side of road and river; small, 
abandoned quarry; M1ddle S1lunan green shale; a few, scarce, poorly-preserved 
brachiopods. 

MONROE COUNTY 

66. Delaware Water Gap: on Route 611, first sharp turn west at gap entrance· 
Lower Silurian, coarse gray sandstone interbedded with thin, black shale which occa: 
sionally carries fragments of eurypterids. 

NORTHUMBERLAND COUN'l'Y 

67. Watsontown: quarries northeast of town; Middle Silmian, clark brown, soft, 
sandstone and shale; abundant, well-preserved brachiopods, etc. 

PERRY COUNTY 

68. illillerstown: on R-oute 22, 1 mile north, gully up mountain side to east· 
Lower Silurian coarse, light-brown, heavy, sandstone; ''worm trails'' (Arthroph/ 
ens) profuse. 

69. New Bloomfield: on Route 5, i mile east of town, portion of abandoned high­
way south of present road, cut banks at east side; Middle Silurian red shale. frag-
ments of fish plates; unusual. ' 

UNION COUNTY 

70. Lewi~bm·g:. on. seco_ndary road, 1~ miles south, sharp turn west up stream 
valley from nver; S1lnnan limestone in brook bed along road side; abnndant brachio­
pods and corals. 

APPENDIX 

The following references may help in hunting fossils and studying· 
collections: 

Ashley, G. H., A syllabus of Pennsylvania geology and mineral resources, Penn. 
Topog. and Geol. Surv., Bull. G-1, 1931. 

Grabau, A. W., and Shimer, H. W., No1-th American index fossils, vol. I, 1909, vol. 
II, HJlO. 

Schuchert, C., Textbook of geology, part 2, Historical Geology, 1924 (also older or 
abbreviated editions). 

Shimer, H. W., An inh·oduction to the study of fossils, 1920; 
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'WHAT RELATIONS MAY PROPERLY BE ESTAB­
LISHED BETWEEN THE STATE ACADEMY 

AND THE LOCAL SCIENCE CLUBS? 

BY KARIJ F. 0ERLEIN 

UppeT DaTby Senior High School 

It is with some hesitation that I come before you today because I 
feel out of place on a program given over largely to reports of scientific 
research. This paper can lay no claims either to scientific research or to 
new ideas. It is simply the request for a service which the State Acad­
emy can give and which the local science clubs ·would be glad to receive. 
If, therefore, this paper strikes a sympathetic chord it will have served 
its purpose. 

In various States, a movement has grown to affiliate the local science 
clubs, in one way or another, with the State Academy. The problem of 
affi1iating these local clubs ·with the State Academy divides itself natu­
rally into two aspects. The one aspect deals with those clubs found in 
our senior and junior high schools. T·he other aspect deals with adult 
science clubs-those clubs not related to any school such as, for example, 
The Physics Club of Philadelphia. While the adult clubs are important 
and an affiliation with them would be mutually beneficial, it is the high 
school group that I feel more competent to discuss. 

The attempt to form closer bonds between the high school science 
clubs and the State Academies has led to the Junior Academy movement. 

What has been the result of this affiliation in other states? 
The Junior Academy movement has been growing steadily. Prior to 

1919 such organizations were unknown. In that year, however, the 
Illinois State Academy, in attempting to take an active part in the 
science education of the secondary schools, paved the way for the Junior 
Academy. By 1927 the Illinois Junior Academy became not only an 
effective, well organized and a vitally important part of the general 
program of the State Academy, but it was entirely self-supporting. The 
Illinois Junior Academy has been doing pioneer work in this field since 
then. Its success has led other states to consider the movement also. At 
the present time there are Junior Academies functioning in Indiana, 
Iowa, Kansas, Oklahoma, Texas and Tennessee. In North Carolina, 
Ohio, West Virginia, Alabama, Kentucky, New Hampshire and Virginia, 
-definite steps are being considered to organize a junior branch. Mr. 
Astell, research Associate, School of Experimentation, 'reachers College, 
Columbia University, has made an extensive survey of the Junior Acad-
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ne conclud s that the movement has be u hl"hlY succe iul and 
emy. Cl!1· • F 
tl t nutual advantag have re ulted through the R.uulatlOn. 1 or ex-

a 1
1 

· 'l,ex't althou"'ll the Junior Academy i b 1t a little ov 1· a. year amp rn · ' ' < c . • • 

ld 't ]HI. nlread resulted in an int 11 ive mvey of Clenee teaclnng m 
0 . 1 . . £ J, 0 0 

tbnt ~tate. 'l'hi sm·vey catl c1 the reoJ'O'aJJ 1zatwn o · t.Ll ~eu~e sect~ou 
in '1' XJIS. Another illu trntiou: Early efforts of the lllm01 Jun_J.Or 

ea iemy movement are now b ariug :fJ:uit. orne of the boy and "'lrl 
wh wer e n ·o int d with th Junior Academy of fotn· or_ fiv y ar aO'O 
are now nt 1•i1 g he Illinoi high h ol a t a ·hers of SClence and they, 
in turn al' cal'l'yil1g their entlrusia m to tlte vr ent rou1 of bjgh school 

science pupils. . . . 
At the Cleveland meeting of the Amencan Assoc1a.tlon for the 

Advancement of Science definite steps were taken to coordinate the 
ctivities of the various Junior Academies by the appointment of a 

~ational executive committee. This committee, headed by Dr. Ot_is vV. 
Caldwe1J of Iumbia niversity, as chairman, consists of the chairman 
of h j'onior or.rtmization in each state. This is an indication that the 
Junior A Hd my movement has taken on national significance and that 
it has been recognized by the American Association for the Advancement 
of Science. 

In what ways can the Academy of Science benefit the local high school 
science clubs 1 

Article 1, section 2, of the constitution of our Academy mentions 
specifically, among others, these three objectives: 

The diffusion of knowledge concerning the various departments of 
science. 

The promotion of intercourse between those engaged in scientific 
research. 

The assisting in developing and making known the material educa­
tional and other resources and riches of the commonwealth. 

The Junior Academy affords excellent opportunity for the Senior 
Academy to fulfill to even greater extent the objectives as set forth in 
its constitution. 

In 1919 J. L. Pricer, then secretary of the Illinois State Academy of 
Science, stated, ''Education in science is so vital to the general welfare 
of every phase of science that it seems to me that every member of the 
academy should have some interest in the problems of science education 
in the secondary schools. Therefore, I believe that the academy should 
have a permanent committee of three on science education in the secon­
dary schools. It should be the function of this committee to make 
annual reports to the academy on the status of secondary school science, 

• 
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and on occasion to c.all on the academy for cooperation and help in the 
solution of certain problems.'' This expression gave rise to the first 
junior academy of science. If the problems of the place of science in 
education were vital then they are no less important now. 

The modern secondary schoQl program is today crowded with many 
subjects and activities. Each formal object must struggle for its exis­
tence. A modern high school is practically never closed. Pupils arrive 
early to participate in extra-curricular activities, such as band practice 
or monitor service. Pupils leave late in the evening because of a play, 
a club meeting or a Hi-Y dinner. Even the traditional Saturday holiday 
has been broken int<J by activities such as athletic contests, geological 
hikes or nature study strolls. Extra-curricular activities are experienc­
ing the same struggle for existence as the formal subjects. 

Many outside agencies, both desirable and undesirable, attempt to 
influence the school program. One agency wishes more time for its 
particular interests, while another is anxious to see its specific interest 
enlarged. Now, I do not infer that the Academy of Science should 
become an agency of this type. Indeed, science education has more than 
j~stified its place in the American high school program. At the same 
time, the Academy can ill afford to stand by and leave its influence 
entirely to chance. The Academy should adapt measures to encourage 
and foster the local science clubs. The inspirational leadership which 
the Academy can give to these local units is, perhaps, easy to realize but 
difficult to measure. 

Consider also the number of pupils interested in science >vho graduate 
each year from our high schools. What they do, what they will become, 
and what their interests will be, is largely a matter of the training 
received and contacts made while in school. An early contact with the 
Academy, established through the local club, would furnish to these 
scientifically inclined graduates an outlet for their interests which ought, 
eventually, lead to membership in the Academy. 

In our schools, considerable emphasis is now being placed on the 
proper use of leisure time, the preparation for worthy home membership 
and the development of good citizenship. This is, in effect, character 
education. Perhaps the most effec.tive way to develop these desirable 
objectives is through genuine hobbies. Scientific hobbies, especially for 
boys, possess unusual value for this purpose. Here is a real opportunity 
for service. The Academy, by virtue of its unique position in the state, 
can furnish valuable guidance to the local sci&nce club members in select­
ing worthwhile hobbies. 
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, , lwt ar om of h more specHic way · by which the cademy can 
t bl' h clo · r contacts with seconda1·y school cience club Y 

8

1_ J By holding an amtual me tin.; and xhibit arr~nged espe?ially for 
hi .,.b ch ol pupils. 'rhi coulcl b arranged along w1tl om prmrr _me t-
. D vic pi c · of apparatn p ter and e ay , by pup1l of 
wg. ' . . 
affiliated club w ul :t b exlubited. . . . . 

"'· By furni l1i ng lecture rv · c . Tlu would reqn~re makmg _a list 
f lb r of the a aclemy who would vohmt er o-1ve talks mtable 

~or~i:h ·chool group . Affiliated cience club would be fu :ru hed with 
thi. li t !-rom which ·elections could be made at tb convemen e o.f tbe 

lecturer. 
3. By supplying copies of suitable lectures gratuitously to affiliated 

clubs. Dr. Little's lecture, "The Fifth Estate," is an excellent example 

of what I mean. 
4. By supplying book lists. Such lists as recently compiled by the 

American Association for the Advancement of Science are typical. 
5. By helpful bulletins, issued from time to time giving helpful sug­

gestions and keeping the associated clubs in contact with the Academy. 
In return for these many services it is not unlikely that science teach­

ers throughout the State will be quick to realize the advantages of mem­

bership in the Academy . 
Finally, the best way to summarize the entire relationship is to regard 

the proposed affiliation of the local science clubs with the Academy of 
Science as similar to that which now exists between the Academy of 
Science and the American Association for the Advancement of Science. 
There remains, then, only the establishment of the Junior Academy, as 
the final link in a strong chain of integrated effort for science education. 

TWINNING IN A CHICK EMBRYO 

BY EARL HooVER 

Lebanon Valley College 

The egg yielding the twin embryo was incubated for approximately 
72 hours. This was the only embryo that showed any exceptional abnor­
mality in over 500 eggs incubated in 1931. It is possible that the twin­
ning was caused by marked variation in the temperature during the first 
or second day of incubation. 

The twinning progresses caudal cephalad. This assumption is sug­
gested by the presence of a single amnion and incomplete brain develop-
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ment also by the absence of vitelline arteries and optic vesicles on the 
one. The two members have no organic connection although their 

cephalic r egions lie in close contact. 

mesencephalon ---j~~~~ 

dlencephqfon. - - --1-ill­

epiphysie 
opfic cvp 

Fra. 7. Twin chick embryo, dorsal view. 

The bodies r epresent different phases of development the one con­
taining 31 somites and the other 33 somites. This statement is rather 
indefinite due to a possible misinterpretation as to the segmentation of 
mesoderm in the t ail region. Normal chicks at this age have 35 somites. 

The nervous system of the 33 somite member is nearly normal. Brain 
differentiation has progressed normally as f ar forward as the telencepha­
lon which is more flattened than usual probably caused by the 31 somite 
member which crowds the larger and prevents free anterior growth of 
the telencephalon. Normal optic cups arise lateral to the telencephalon. 
Normal auditory vesicles are present, also an epiphysis. 

The brain of the 31 somite member is decidedly subnormal. Brain 
differentiation is not very noticeable and the telencephalon and dien­
cephalon are very rudimentary and no epiphysis or optic vesicles are 
present, but auditory vesicles arise lateral to the myelencephalon. The 
entire brain may be interpreted as lying in a 180° dorsoventral twist; if 
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interpreted in this manner brain differentiation appears much clearer. 
The circulatory system of both members is comparatively well devel­

oped aeh member possessing a heart and au intra- and partial extra­
.mbryonic cir <m la.t ·y y. t m. Omphalomesenteric veins are well devel­
opecl in both m ml er a nd nd ou bl'anehes to both ides of the blu to-

"lll. 'fh 31 omlte lH nber ha no vitelline ar teries but they ar 
normal in the 33 somite body. The latter has also well developed ante­
rior and posterior vitelline veins but they ar e absent in the former . The 
omphalomesen teric veins lie further cephalad than normal in each body 
·which is due to the subnormal caudad progr ession of the cephalic fold . 

The flexion and torsion of each body is incomplete as each member 
crowds the other and prevents positional changes. Torsion in both 
bodies is abnormal and in the larger member it seems to have progressed 
sinistral rather than dextral. Cranial and cervical flexures are subnor­
mal, further flexion would be hindered by the 31 somite body which lies 

' . ,.. . . 
- . . . ·.:_. •' 

FIG. 8. Twin chick embryo, ventral view. 

in clos_e contact, while torsion is abnormal in the mesial region. Due to 
crowdmg ther e is very little flexion in the 31 somite body but torsion 
progresses caudad past the mesial region. 
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The tail fold has progressed normally in the 33 somite chick but has 
not made its appearance in the 31 somite member. The cephalic folds 
have appeared in both chicks and progressed caudad forming subcephalic 
pockets but are subnormal in their caudad extension. 

aortic 
arches 

atrium 

Fro. 9. Hearts of two members. 

A single amniotic fold grows caudad over both members and termi­
nates subnormally in the heart region. A single amniotic fold also 
develops in the posterior and lateral caudal regions but has not made 
any marked cephalic progress. 

Most of the area vasculosa including the sinus terminalis unfortu­
nately was not preserved, however, the bit of area vasculosa that remains 
in the mounted specimen appears normal. 

STEM ANATOMY OF TOMATO, LYCOPERSICUM 
ESCULENTUM L.1 

RUTH S. CLARK 

Depa·l'trnent of Botany, University of P ennsylvania 

The tomato has so recently attained its wide-spread popularity as an 
esculent that it is not surprising its anatomy has not formerly been 

1 This paper is part of a thesis presented to the Faculty of the Graduate School 
of the University of Pennsylvania in partial fulfilment of the requirements for the 
degree of Master of Science. Further details and illustrations can be noted by refer­
ence to the thesis entitled ''Morphology and Anatomy of the Tomato Plant'' (Lyco­
persimtm esculentum L.) With Special Reference to the Internal Phloem. 
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8 udied. 'fhe group to which tl1 tomato belongs boa ts everal econo·mla·­
cally important food plant.· wbo e anatomy l1a~ only lnt ly been tud~ , 

1 til l'ot "to :in 1917 and the egg} !ant 111 1931. It was parttcu-snc 1 a · . ~ « · 
1 ·I to not the ·imilarity, if any to th related plants that the pre -
~ Y tuc1~- wa uucl L'tA k n with special ref renee t o the orig in and dev 1-

oproent o£ tb internal phl em. . . 
The fa t tJmt t h lJ I' eJ cnc of m terJlal phloem ha been noted in many 

£roni1ie d not make it 1 · ea. y to ~i cov r }t. l'lgm. t ha~ its be­
ginninrr in th t ma o in the rather lo~1g trans1tlon_ ar~, or while seen 
cl •arly develop cl in tlt 1naturc st em, 1t most certamly 1 not to b seen 
.iJl t he diar hed t 1 o:t th root. Ther efore by takino- successive tnns­
verse sections of the transition area (hypocotyl) we shall be able to note 
the progress and development from root to stem. 

Let us examine a section at the ground line. Here the elements are 
arranged in diarched manner typically root-like. The protoxylem ele­
ments may be slightly out of the straight line and the phloem areas may 
be showing signs of dividing, but the general aspect is close to root 

structure. 
At approximately mid-height of the hypocotyl, which is from one and 

one-half to two inches in length, great changes can be noted. The four 
bundles are practically if not entirely separated, each with its own ex­
ternal patch of phloem. Then somewhere between these converging 
xylem bundles are seen two (splitting) or four discrete areas of phloem 
--destined to become the internal phloem. As yet they are not fully 
orientated to their position on the inner edge of the xylem elements. 

Just under the cotyledonary outgrowths a transverse section shows 
the elements characteristically arranged as for the mature stem, the ex­
ternal phloem, cambium, xylem, and internal phloem in order, outermost 
in·ward. 

May I recall rather briefly some of the theories which have been 
advanced for the existence of internal phloem. Some writers believe 
that it is the vestigal trace of bundles which were formally complete. 
Other authors consider that this tissue has been built up because of the 
need of additional conduction tissue. This latter view has been adopted 
by Artschwager as the case noted in the growth of the potato-this work 
will be noted below. 

DeBary, one of the earliest workers, believed the internal phloem was 
connected to the external phloem by a narrow band of sieve · tubes. 
These were very tiny celL'! and often escaped notice; however their pres­
ence ~a uses the so-called '' bicollateral'' bundles to be, in reality, con­
centnc. 

Worsdell is the advocate of the vestigal idea of internal phloem. He 
says the now existing plants showing bicollateral bundles originally pos-
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sessed a scattered bundle area such as we typify in the monocotyledon­
ous arrangement. Of this scattered system two series remain-the out­
ermost is complete, the phloem of the second is the only remnant of that 
inner ring of bundles. 

In the work done by Scott and Brebner they see that during the tran­
sition period successive strands of phloem split off and move outward 
with the converging of the xylem elements, and, fusing, form the phloem 
area. These authors consider the internal phloem as an asset because 
of its increased protection, being inside the wood cylinder, and its near­
ness to the pith facilitating communication with this latter tissue. 

While working with the Cucurbitaceae, Holroyd said that cambioicl 
cells develop very shortly after the first splitting of the xylem in the 
hypocotyl enclosing the bundle, so that it might be called a "perixy­
lary" cambial ring. This cambium gives rise to the internal phloem, 
but continues to remain dormant on the sides of the bundles. 

Now according to Artschwager the phloem initials are first to be 
noted internally, the external phloem develops at a latter period. This 
succession, however, is probably true only for the potato. 

In my work on the Lycopersicwn escttlentwn, or tomato, I am in­
clined to think the facts noted are most in agreement with those set forth 
by Scott and Brebner. There is merely a replacing of part of the first 
phloem areas-no secondary initials or cambial action being involved. 
Strands of the external phloem move inward during the transition 
period and become orientated at the center or base of the xylem ele­
ments. Division of the phloem cells themselves accounts for the addi­
tional internal phloem, while the splitting of areas continues the "broken 
ring" arrangement for this tissue. At no time could evidence of any 
cambium be seen. 

THE MEANING OF THE UN·CERTAINTY 
PRINCIPLE 

BY ENOS E. WITMER 

Unive1·sity of Pennsylvania 

The development of quantum theory and relativity theory has altered 
profoundly the philosophic and conceptual background of physics, and 
is exerting a great influence on philosophy in general. An important 
principle that has emerged from the new quantum theory is the Heisen­
berg uncertainty principle. This principle states that it is impossible 
either to assign or to measure simultaneously both the position and the 
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entum of a particle to an t111lim.ited degree of a curacy. In order 
mt 

0~ate th.i p1·.inciple more exactly we must introduce mathematical ym-
'08 . eli f ' 1 d bol.ism. et (x .' z) be the artesian coor nates o a partie e an Px, 

p the com pOll 11 t f i 111 mentum. f /1x, 6y, !1z denote the uncer­
~:rotie in th vnlu or th coordinate , a.nd /1p .. , /1py .6p. the nncel'tain­
tie in tb alue ol' Px Pr p, then the Hei enberg principle states that 

8x 8Px;::: h l 
M8p,.;:::h r (1) 
,iz 8p, ;::: h J 

In these equations h is Planck's constant, which has the value 6.54 x 10-27 

erg sec. 'rhe quantities /1x, 6px, etc., are not to be regarded as errors, 
which could be reduced by improving the technique of measurement, but 
as uncertainties inherent in the nature of things, or, at least, in the proc­
ess of measurement and which therefore cannot be eliminated. 

If m is the mass of the particle under consideration, and Vx, Vy, Vz the 
components of its velocity, then 

p,=mvx l 
p,.=mv,. r 
p, =mv, J 

Since m is assumed to be known 

(2) 

8px = m,i v,, etc. ( 3) 

where 11vx, 6vy, 6vz are the uncertainties in the values of the Vx, Yy, Vz. 

Substituting· eqs. ( 3) in ( 1), 

m,ix,iv,;::: h} 
m,iy 8v,. ;::: h 
m8z8Y, ;::: h 

(4) 

It is seen therefore that another statement of the Heisenberg principle is 
the following. It is impossible either to assign or to measure simul­
taneously both the position and the velocity of a particle to an unlimited 
degree of accuracy. The uncertainties in these quantities must satisfy 
cqs. (4). 

All this seems very strange, of course, because it is contrary to com­
mon sense notions which have been suggested by our every-day experi­
ence. However, in the case of all particles of ordinary size these uncer­
tainties are so small that the~' can be neglected. For example, in the case 
of a particle of a mass of 1 milligram, if we know its position to ··within 
1 ~we have 

Consequently from eqs. (3) 

m = .001 gm 
,ix = .0001 em. 
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D. v = 6.54 x 10-"' emjsec. 

'Ihis quantity is million of tim smaller than the error of th mo t 
refined m asuretnent. But in the case of microscopic part,i~l s, uch a· 
atom proton , photons, and ele~trons, the e uncertainties become i.m­
porta,nt b cause ?'It in eq ·. ( 4) is th n very . mall. 

'rhe new quantum theory i an ind termini tic theory. In o1· ier to 
fully appreciate the igniftc~mce of this tatement we mn t compar th 
new theory with wtonia.n mechanics-the accepted mechanic, befo1· 
the comincr of relativity theory-which wa a cletermini tic theorv. Iu 
Newtonian theory if. the ma e. positions, and velocities o the particl 
in a dynamical y tem are known at any instant of time (and also the 
law of force b tween th par tiel ) , then it i po sible to predict the tate 
o.f the ystem at any future time or to cal u.late "hat the state of the 
y. tem was at any time i.n the pa -t. The a tr n mer io tlti continually 

in th ca eo· the planet and their satellites. 8uch a yst m i call cl a 
deterministic ystem. I1 general det rminism i that philo oph that 
maintains that the tate of t.he un.i ' r at an r t.ime in the future is 
determined by its present state. Omar Kh11yyam tat tl1e idea in the e 

line : 
"And the :first mornb1g of rcatiou wrote 
Wbnt the Lnst Dawn of Reckon.ing shall 1·cad.'' 

Laplace, the French mathematician, gav a definition of determinism 
that is frequently quoted. W may brief! paraphra e Laplac s tat -
ment in the e words: "If a sufficiently powerful intellect knew th pres­
ent tate of the turiv rs , he could predict its tate at auy time in the 
future or calculate its tat at any tim in tu pa t." 

Returning now to the quantmn th o ·y ani til H i.·errberg uncertainty 
principle, we note that it is impo 'ble to d terntine to an unlimited 
degree of preci ion th pre nt tate of the universe, i.e., it i impo sible 
in principle to mea ure to an unlimited clegre of accuracy both tl1e 
positions and the simult~Ln u velocities of the particles that constitute 
the univer e. It is therefore not surpri ing that the new quantum theory 
is iud termini tic, f. or the 11 if" conclitim1 in Laplace's statement cannot 

be fulfilled. 
'!'here are two aspects of he H · e.nberr,. principle, the theoretical and 

the experimental, which have not been eparatecl thus far in tlti di cus­
sion. The theoretical a pect is this. In the new quantum theory it i 
impos ible to assign to a pru.-ticle imulta~eously both a po ition and a 
momentum to such a de.,.rce of accuracy a to violate eq . (1). 
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rimental aspect i the folloWil1"'. It i i.mpo :ibl t meas1m·e 
both the po ·ition 1md he mom ntum of a particl to 

uch a l gr or nc uracy ns to vi late eq . (1). It i · interesting that 
he theoretical ancl xp rimenrtal a }Jects hou.ld a"'ree for_ conceivably 

the h ory might permit n to a i&n value t the. e quantities to an 
ttn.limite d gree of. pr cHon ev n though tl1 mea ur ment to 1 h. a 
degree of precision were impossible in principle. 

If we assume the existence of photons, the experimental aspect of the 
Heisenberg principle can be pr·oved. Heisenberg did this by means of 
his famous thought experiment with a y-ray microscope. (By a thought­
experiment is meant one which is carried through only in thought.) 
The proof is very simple, making use merely of the law of the conserva­
tion of momentum, the formula for the resolving power of a microscope, 
and the formula connecting the momentum and wave-length of a photon. 
This proof ·brings out very clearly the fact that the very act of observa­
tion itself disturbs the system under observation. In the case of macro­
scopic bodies, this disturbance is so small that it can be neglected, but in 
observing microscopic particles, such as electrons, protons, and atoms, it 
becomes important. 

DUST ON LATH AND PLASTER 

THOMAS D. CoPE 

University of Pennsylvania 

':h.is paper deals with the parallel striations often seen on plaster, 
outhnmg the wooden laths beneath. My attention was drawn to this 
phenomenon years ago by a note in Poynting and Thomson's "Heat" 
to the effect that it is probably an instance of radiometer action. The 
areas backed by wood are probably warmer than those not so protected. 
From the supposedly W!lrmer area an approaching dust particle is as­
sume~ to be repelled by a more vigorous bombardment of air molecules 
than It encounters upon approaching the supposedly colder area. More 
du~t ~ettles upon a colder area than upon a warmer one. Hence the 
stnatwns. 

in Observa~.ion_s on ma_ny instances of the phenomenon led to the follow-
g generahzatwns wh1ch were published by the "'rl·t · N t (J 21, 1915). n er ll1 a t~re an. 

Th~ st~riations are surface deposits. They may be wiped off 
Str~atwns are observed only on warmer surfaces of walls '~hich are 

expose on the other surface to out-of-doors or to colder spaces. 
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The steeper the temperature gradient through the wall the greater 
the contrast between striations and spaces between. 

The lighter spaces cover the laths, the darker spaces occur between 
laths. 

Streaks discolored by ·water may be observed on clean walls on the 
areas between laths. 

It follows from the theory suggested above that on the colder side of 
a lath and plaster partition dust should accumulate over the laths, thus 
showing a reversal of conditions on the warmer side. It was inquired 
whether this phenomenon can be observed. The presence of streaks dis­
colored by water raised a question as to whether the deposition of dust 
is in any way influenced by the condensation of water upon the same 
area. 'Experiments designed to find answers to these questions were set 
up. Results were left to the usual course of Nature under controlled 
conc1itions. 

·while these experiments ·were under way, my colleague, Dr. C. B. 
Bazzoni, planned and undertook some rapidly functioning laboratory 
t ests to find answers to the same questions. Through a box with a lid 
of compoboarcl painted with alabastine he conducted a stream of air 
which could be dried, heated, charged with dry powdered lampblack, 
steam, or soot from a smoky burner, any combination of them &t will. 
·warm areas and cold areas were produced on the lid by external heat­
ers. A series of tests showed that in the presence of water vapor depos­
its were formed under the cold areas, the colder the area the denser the 
deposit. The warm areas showed lighter deposits than the areas at room 
temperature. In the absence of moisture figured deposits were not 
formed even under very favorable conditions. 

These experiments and others were described in the J ounwl of the 
Franklin Institute (April, 1920). Speaking· of the deposits Dr. Baz­
zoni says that these figures are "to be referred to local temperature 
differences on the wall surfaces which cause corresponding irregularities 
in the moisture deposition from the currents of damp air flowing over 
them. Areas with a temperature below the dew point of the vapor in 
the air become covered with a water film which takes up the dust par­
ticles from the air by ordinary adhesion. This dust deposit is possibly 
increased through deposition resulting from the checking in the velocity 
of the air current due to the greater surface friction over the wet areas.'' 

The results of Dr. Bazzoni 's experiments seemed so convincing to the · 
writer that when alterations in the building obliged him to dismantle his 
equipment for a time, he did not consider it worth while to continue hiil 
experiments. 
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The excuse for recalling· things done in a former decade is the fact 
that quite recently the whole topic has again been brought before the 
scientific public. In Physics for Ju~y, 1931, P~ofess~r W. J. ~ooper, of 
Battle Creek College, describes a senes of most mgemous. exper1ments on 
the formation of dust streaks on lath and plaster, w1uch he has per­
formed with the support of The \Voocl Conversion Company of Cloquet, 

Minnesota. 
In these experiments sections of plaster on wooden lath were sized 

ancl papered, and the papered surface exposed to soot from the smoky 
flame of a kerosene lamp. It developed tl1at when the papered surface 
was kept warmer than the back, soot deposited in lines on the areas be­
tween the laths. ·when the back was maintained warmer than the 
papered surface soot deposited over the laths. ·when both surfaces were 
at the same temperature soot deposited uniformly, without striations. 
'rhis is a most gratifying laboratory demonstration of the reversal phe­
nomenon for which the author of this paper inquired some years ago. 

Professor Hooper's experiments showed further that backing the lath 
and plaster with an insulating material materially reduced the contrast 
between sooty lines and the lighter areas between them. 

It appears to be demonstrated then that the tendency of dust to set­
tle on plaster walls in streaks over the spaces between the laths is to be 
correlated with the fact that these areas are colder than the areas over 
the laths. 

The part which is taken or is not taken by the water vapor is not so 
clear. Professor Hooper dismisses it as of no effect on the strength of 
three pieces of evidence. The surfaces on which he obtained deposits of 
soot were, he says, always above the dewpoint of the water vapor pres­
ent. An area on wall paper moistened with water at room temperature 
and subjected to smoking received no deposit while the surrounding dry 
area was heavily coated. A section of plaster on lath sized, papered, 
and faced with a sheet of glass and smoked showed characteristic stria­
tions on the glass when the back of the section was colder than the front. 

It i'i to b r g · tted tl1at Pro.fe or Hoop r apparently clicl 110 try 
his e..'-'})Crimenu in a try atmosphere laden witJ1 dr" dnst. Profe ot· 

azzoni' re. ults r fcnecl to above wanant uch an undertaking. Tl1e 
lack of agl' ment amon" th re u1t of tJ1o r porting 011 the eff ct of 
wat t• va or upon the formation o.f lu striations, makes thi · issue a. 
PfOP r· fiel<l for more extendea and more conclu ive ex.-perirnents. 
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FAMILY STOCK BETTERMENT, vVITH REFERENCE 
TO LE:F'T-HANDIDDNESS 

BY ALFRED GoRDON, 1VI.D. 

Philadelphia 

In .the presence of any given anomaly in structure or function, it is 
highly important to determine whether it is morbid and the result of 
an accident in the life of the individual or whether it is inherent and 
hereditary. In the first case the damage is confined to the carrier of the 
anomaly and will no more be likely to be transmitted through heredity 
than any diseased condition which occurred incidentally. In the second 
case, on the contrary, the condition is inherent and belongs to the group 
of etiological factors that are capable of e.xercising their influence on 

subs qu nt eneration . 
f one draws a parallel betwe n eli ord r. tran nutted to the descen­

dant with tho. pre ent in the a.sc ndan.t almost invariably a similarity 
in he form i found. For xample arrested developm nt in the intel­
lectual domain finds its source in an analogous condition of the ascen­
dants. Various psychic disorders of the psychoneurotic individuals 
origina:te chiefly in similar psychic heredity, demonstrating thus the 
existence of disturbances of the same character in the ascendants. In 
physical heredity one observes a predisposition of an organic character, 
such as cerebral congestion, apoplectiform insults, abnormal impres-
ionability of th cer bral neurone· to oxic faetor and Ulan) oth r 

, pecial abuormal tate ·. 'rhere ar therefore ubstantial rea!:lou:' ~Ol' 
admitting that her dity gen rally p akin•.,., i xpres ed by tran nn ton 
f simila~·ity and mor in the fun lameutal of the latter than in it form. 

If om times ;ve do observe dissimilarity of the trau formation iu l1eredi­
tary characteristic units, ·we are dealing in reality only with apparent 
changes of form but not of basic elements. The l·atter are the source of 
the cardinal hereditary phenomena irrespective of their form. "What is 
commonly called predisposition in morbid functions of a physical, intel­
lectual, moral, emotional or volitional domain, is the predominant feature 
transmitted directly by the fundamental psychopathic or physical dis­
orders of the ascendants. As one of the very many illustrative examples 
of abnormal conditions occurring in several members of the same family 
independently -of external causes left-handedness is presented here as a 
specimen of pbysiological deviation from the generally observed right­
handed function. This peculiarity of course may be acquired by any 
healthy individual when a continuous effort is being made for the acquisi-
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..: f r atet: control of he 1 ft hand. ut ~h ubj ct o·f th 
pOll . . t Jl 1 
tud) i ba cd not on speci~~ tram~ng conu~on .o a ~orma. per ~n 

til iJJci len. oi' a fa-milial tr~ut rep a.tin tt elf m con cut1ve g n-
o~ati 11 nud •r ated by h fun<lam ntallaw of ~1ered~ty. . . 

•rb 1 robl 111 of 1 ft-hand dne. lta been. a. ubJ ct E much disc11 Ion 
amon..,. th inv tio·ator. oE l! · ll tic pr hlen1 . That a hereditary .fa tot 
· found in man cas , there i a.bundanc of proof judginn· from th · 
~. ord in th literatme. Among the striking example att ntion i 
call d. t the rcco ·d by Arm'- ere one rn.ilt"' a _1 ft.-handed woman who 
bro 1..,.ht il1t th worlcll4 1 ft-hand d hild1·en (in E. atlpp. • lg. anat. 
und; hy . Vort;I'. 1. H. , 1909). H. rie bach ob. erved that wb,en o:nly 
the father r only the mother or both are dextroeerebral or s.inistro­
cerebral, the children will also be dextro- or sinistrocerebral respectively 
(Deut.l\'Ied. Wchn. 1919, No. 51). E. Stier (in his book entitled "Unter­
snclmng-en iiber Linkshancligkeit, J ena, 1911") had formulated the fol­
lowing rules in accordance with the large number of his observations: 

1. The transmission of left-handedness from the father is more fre­
quent to the son than to the daughter. 

2. From the mother either to the son or daughter. 
3. From the father through his right-handed daughter to the boy­

grandchild, rarely to the girl-grandchild. 
An analysis of his studies suggests that the influence of the male is 

predominant; that left-handedness is a fine hereditary peculiarity which 
can be transmitted directly and ·what is more important, indirectly to 
the grandchildren or great-grandchildren after having missed some mem­
bers of the family; that in the intermediary heredity the offspring pre­
sent a mixture of the characteristics of both parents; that in the so-called 
neo-morphus heredity the characteristics of the offspring are not derived 
directly from one of the parents. Stier emphatically asserts that every 
left-handed person originates from some left-handed ancestor. 

Other observers also speak of predominance of the male influence over 
the female. From the examination of 17,074 cases in this respect, M. 
Shaefer arrived at the same conclusion (Berl. IClin. W chschr. 1911, 
295 ff.). He claims that left-handedness is more widely spread than it 
is generally believed. Statistics show that 33.05 per cent. left-handed­
ness in male originates from the father and 27.55 per cent. on the 
mother's side. Moreover hereditary left-handedness from both parents 
is met more frequently in the female offspring. Speaking generally 
left-hancleclness is encountered more frequently in females than in males. 
An extremely interesting observation was made by H. Klaelm in the 
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Southwestern section of Germany, especially in \Viirttemberg, namely 
that left-handedness was closely associated with alcoholism of the popu­
lation. He (and Stier concurs with him) concludes that in all such 
cases there is a hereditary degenerative background. (Das Problem der 
Rechtschandigkeit, 1925). 

As to the influence of grandparents, statistics show that hereditary 
left-handedness in either sex alone is more pronounced in female than 
in male offspring (56.68--42.32). A. Schott had the opportunity to 
investigate the influence of hereditary left-handedness in sisters of the 
parents (Ztschr. f. d. ges. N eur. u. Psych. 135; 1931, p. 305). He ex­
amined 2,619 records and found a predominance in the sisters of the 
mother over those of the father. Every investigator in this field of 
knowledge must acknowledge that there is no distinct hereditary type. 

As to the pathogenesis of left-handedness many theories have been 
advanced. V. 0. Verschuer, for example, attaches much importance t o 
the problem of bodily assymetry which is caused by mechanical and 
physiological factors during the process of intra-uterine development. 
( Z. Morph. u. Anthrop., 27; H. 2; 171 ff. ; 1929). There are records in 
the literature which suggest a pathogenesis of brain diseases and brain 
trauma. Besides, we are in possession of records in which left-handed­
ness was associated with congenital anomalies of speech, deafness, color 
blindness, epilepsy, mental deficiency, and other abnormalities, heredi­
tary or congenital, of morphological character, such as assymetries of 
limbs, of ears, face, palate, etc. 

If we add also the above mentioned coincidence with widely spread 
alcoholism in a certain region of Germany, we are led to believe that 
left-handedness is observed chiefly or in the majority of cases in indi­
viduals with a degenerative background. Evidently during the process 
of intra-uterine foetal development the two hemispheres of the brain 
which control in a crossing manner the right and left hand, underwent 
some changes which predominate on one or on the other side. These 
changes are perhaps vascular or cellular or both. Having been produced 
originally in the ancestors, each succeeding generation will inherit the 
cellular and vascular predominance which endow one or the other 
hemisphere with greater crossed controlling power, and left-handedness 
is the result. To translate this thought into embryological language it 
means that the original germ cell which is made up of gametes destined 
to divide and subdivide for the formation of future bodily organs, con­
tains through the fusion Qf two sex cells the special elements for building 
one side of the brain more vascular or more cellular in order tQ render 
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·t . lominant in its future function. It would appear therefor e t hat 
1 P ( · h 1 · ·ll ~- to one n cbnraeteristic unit i pre. ent rn t. e germ-p ~sm 1t m con • .l+lue 
b transmitted ad ·infillllit1tm f rom spe ll'.S to spec1e , f rom race to r ace 

1 thus will remain pure and true to it pecie until tlte individuals 
anc l . . 1 f . b . 
fll'C egregated. 'l'lli i the fundamenta prmc1p e o m erttml e a 

pr ocltdmed by Darwin him.self . . . . . 
'l'b 1• al value of Dan vrn pr rncHple can be fully ap prcctated 1f one 

bear in Inind the influence of lection upon th imp r ovement of allimal 
and v getabl races. A brilliant con fi1· mation o£ this principle i. onnd 
in tll .r n lelian law of heredity with it · dominant and recc ive be­
havior in plants and animals. The latter concep tion i of a very great 
puctical importan •e iu health. ~ well as in tendencie to c:rta~ disease 

01. in morphological abuormah t tes. I t enables us · o pred1ct w1th a cer ­
tain degree of ac urac. ' the po . ibility of dom inant and reces. ive inheri­
tance of c1 r ct ' r abnormalities of structure, of patholo.,.ical tate . 
We observe . .f · example, t hat if a per on suffering from a eli ease that 
ho' 1· ce. ive inheritan , manics a per. on who is health himself and 

in .l1i i11l1 ritancc, all of the children must be heal thy . vVhen a per on 
carrying rudiments of a recessive disease mates in marriage with a blood 
relative who also carries the same rudiments, the result will be disastrous. 
Cons~nguinity of parents therefore entails great danger for the offspring. 
All these observations have been made with respect to various diseases as 
well as to normal characteristics. But if in mating new hereditary fac­
tors arise, improvement of the species is bound to follow. Evolution of 
the stock consequently will follow the impelling force of selection. In 
such a manner the ingredients of an abnormal inheritance pattern of one 
of the conjugal parties are in subsequent generations represented only 
in a small number or not at all. A continuous effort in this direction in 
the following generations will lead to a marked increase of the most 
capable hereditary stocks and progressive improvement of the species 
and race. Selection is and will continue to be therefore the decisive 
factor, as it prevents certain undesirable inheritance patterns of one of 
the marital party from increasing and through the beneficial influence 
of the other normal half maintains the high level of the species. 

It is on the basis of this principle that race hygiene is founded. 
Improvements in the hereditary foundations of human family-stocks are 
feasible, when one considers the fundamental improvement of animals 
under skillful selection and mating, and thus a gradual elimination of 
undesirable characteristic-units will be obtained. Hereditary pathologi­
cal states, physiological abnormalities or defects are governed by the 
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general laws which are identical with those which regulate the transmis­
sion of normal morphological characteristics from the highest to the 
lowest point of the animal scale. Morbid heredity is controlled by the 
same laws as physiological heredity. The knowledge of the laws of 
heredity and of the biological or morphological modifications is of para­
mount value from the viewpoint of eugenics. 

Constructive eugenics is a reality based on strict application of scien­
tific principles. In the following two examples one finds a confirmation 
of only one of the multiple varieties observed in all spheres of human 
inheritance. It concerns a gradual diminution and even disappearance 
of a peculiar trait in the function of the upper extremities which has been 
traced in several generations. 

Family A.-Both great-grandparents were left-handed. There were 
three daughters, left-handed, and one son, right-handed. One daughter 
married a right-handed man and they had two right-handed sons and two 
left-handed daughters. The other daughter married a left-handed man 
and they had three left-handed sons. The third daughter married a 
right-handed man and they had three children: a right-handed son, a 
left-handed son, and a right-handed daughter. The two right-handed 
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l 
'ld married rio·ht-handed individuals, and their children are all c u ren o . • 

. ht 1 decl The followino· o·eneratwn presented all right-handed off-ng -un . o o 

prlng e.· ept one ca. . 
li ro:n.ily .- Grand1 ar nt. are b th l f -handed. 'I'll re was only one 

.1 'ld - d an<rh t r left-banded. 'he mal'l'ied a right-handed ma11. 'rhey 
~ ud 2 1 ft-handed childr n and · one ri <~'ht-lland d. They all married 
ri~ht-handed individua l . 'l' he following generation howecl. a ~·emen­
dou in r ease o£ ri O'bt-hand due In th nb quent generation It hap­
pened tha t t l1 e left-hand c1 n ver marri d. 1l right-! anded brought 
into he wo1·l l xclusively ri<Yht-handed off ~ring. 

THE PENNSYLV AN'IA ACADEMY O:B' SCIENCE AND 
THE FIELD OF RESEARCH 

BY E. M. GRESS 

"Necessity is the mother of invention" is an old saying which is no 
doubt true, but nevertheless pure scientific research and the discovery 
of principles and laws upon which inventions are based is the actual 
foundation of industrial and economic progress of the world. There are 
those who contend that the needs of society, and not the mere desire to 
know truth, furnish the real stimulus for scientific research. 

In the early history of mankind, perhaps the need of practical appli­
cation of scientific principles did precede research in pur.e science. No 
doubt, the fundamental laws of machines, such as the incline plane and 
the lever, were used long before the principles upon which they work 
were formulated into mathematical laws. 

Geometry, as the derivation of the word shows, was doubtless used 
by man for measuring distances on the earth long before it was formu­
lated into a pure scientific subject known as "Euclidian geometry." 
Although primitive and even civilized man made use of practical appli­
cations of scientific laws and principles without thinking of them as 
such, nevertheless as civilization advanced and these applied principles 
of physics, chemistry, agriculture, astronomy and general biology were 
formulated into fixed laws, man became more and more interested in the 
search for scientific truths, not >rith a view to applying them to the 
benefit of mankind but with a desire to know truth for its own sake. 

'\\T'hen Michal Pa mday eli ·overed elecb·omagn tic induction, l1e did 
~lot know tha he had discover d a trntJ1 upon which th great electric 
nuhl try of th world i. · bas l H e licl not even think of its practical 
8J plicatimt in the mo ot· tl! ~ynamo and 1·adio tmn mi ·ion. As Cecil 
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H . D e ch, of the Unive1 ity of Sheffield, tates,- ' His (Faraday 's ) work 
was g uided throughout by the purely tlteor etical conviction of the unity 
of nat ural f orces, which led him to seek fo1· the connection between elec­
tdeity, magnetism, light, chemical action, and even, although at the time 
without succru s, owing to the minuteness of th e eff.ect, which was aft er­
wards found in our own day, with gravitation." 

In 1683, Anthony Van Leeuwenhoek, a Dutch linen weaver by trade, 
discovered the microscopic plants called bacteria. Leeuwenhoek was a 
naturalist by birth and spent some of his pastime in grinding lenses by 
which he made this great discovery. There was no urge by society or 
industry compelling· Leeuwenhoek to search for these tiny organisms. 
Curiosity, or shall we call it search for truth, was the compelling force. 

Stimulated by this discovery, other workers followed along the same 
line, and in 1762 Marcus Antonius Plenciz, a physician of Vienna, con­
ceived the idea that Leeuwenhoek's microorganisms might cause disease 
in man, which led him to further research on bacteria. But the history 
of bacteriology is too fresh in our minds, and the benefit to mankind of 
such discoveries as were made by Ferdinand Cohn, Louis Pasteur and 
many others, too well known for further mention of this new branch of 
botany. Suffice it to say that the discovery of bacteriology was made by 
pure research work without much if any thought at first of its practical 
application to the benefit of humanity. While some of the subsequent 
discoveries in the field of bacteriology were made on the same bases, 
others relating to the subject were sought for because of their supposed 
effect upon health and disease. 

The subject of bacteriology, I think, shows very definitely that pure 
and applied science cannot be divorced one from the other. While most 
of the outstanding scientific discoveries of the world have been made by 
those who had no thought of their practical application to the benefit of 
mankind, yet if the scientific principles thus discovered had not been 
studied and used in productive agriculture and industry, and in the 
preservation of health and the curing of disease, as well as in other eco­
nomic and social ways, their discovery would have meant little to man­
kind. Indeed they would likely have been entirely forgotten. 

Gregor Mendel, who wa.'l stimulated by Darwin's" Origin of Species," 
with which he did not fully agree, carried on his monumental experi­
ment primarily because of his interest in the manner in which new spe­
cies originate. His paper was read in 1865 and published a year later, 
but it was not until about thirty-five years later that its value in genet­
ics and eugenics was discovered by other research workers in that field 
of biology. Little did he realize its value in the field of heredity and 
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its benefit to mankind in solving many of the problems which arise in 

plant and a nimal br eding. . . . 
It is tnt the refor , tha t almost every epoch-malung dLScovery m 

. ci n e was made not becau e of an y urge fron: ~ciety but from a _desire 
t 11 certain scientific facts and t ru th. But 1t lS also true that 1t was 
Jl~ce ary for other r ea ·ch w01·ker to follow up the e di. coveri~ in 

01-d r to urih · develop them and t apply them t o the need of omety. 
In meri a and elsewher e, r esearch in both pure and applied cience 

ha been cat"L"i 1 011 with marked r esults in universities and industrial 
lauo1·ato.rics. nt ·tan ling exampl~ are iound in our own count r y in 
t he ![ellou Institut co1m ctecl with the University of Pittsburgh, and 
in the laboratory of the Bell Telephone Company of New York and the 
laboratory of the General Electric Company of Schenectady. These lab­
oratories r ecognize the value of search for new principles and laws not 
yet discovered, as well as for the improvement and application of prin­
ciples and laws already known to science. Many colleges, universities, 
and industries throughout the world, and especially in America, have 
been engaged in similar work with the result that never in the history 
of mankind has such progress been made in medicine, agriculture, 
physics, chemistry, biology and every other branch of science. 

The discovery and the application of the principles of science to agri­
culture and other industries have given to the world in the last few years 
an abundance of rubber, cotton, wheat and other foodstuffs, the automo­
bile, the radio, the airplane and many other manufactured products. 

Indeed, as we look over the various fields of science, we sometimes 
wonder whether there is anything left for the scientists to do. We often 
teach our geology, biology, physics, chemistry, mathematics, psychology, 
and other science as if in each the last discovery has been made. 

Einstein and others have shown us in the last few years that there 
is still room for r esearch in mathematics. We know a little about three­
dimensional mathematics, but when we try to understand four-dimen­
sional formulae and hear mentioned five, six and seven dimensional 
mathematics, we f eel that our present knowledge of mathematics is quite 
incomplete. 

When many of us studied chemistry and physics, we were taught 
that the ultimate division of matter was the atom. Now we have the 
proton and electron, and are informed that matter and energy are inter­
?onver tible. A .few y •ars ago, we cynically laughed at the alchemists ' 
ldea of the intet ·b angeability of elements, now we calculate the age of 
the earth by the time in which uranium changes into other elements and 
fi nally to l ead by th emission o£ alpha and beta particles. 
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Similarly in the field of biology with its many subdivisions of bot­
any, zoology, genetics and eugenics, there are numerous problems await­
ing solutions. The Pennsylvania Academy of Science, consisting of sev­
eral hundred scientists, every one capable ·of some kind of r esearch work, 
can individually and as an organization, help to solve some of these prob­
lems. 

It is true that our time is pretty fully occupied with the routine of 
teaching or some other kind of work. But there are few of us who can­
not find some time to devote to some kind of research work. A few min­
utes daily given to the study of a bacterium may in a f ew years result 
in the prevention and cure of such a plague as tuberculosis. A little 
thought given at regular intervals may give to the world a method of the 
biological control of some destructive plant disease or insect pest. If 
some physiological chemist were to concentrate his attention on the rela­
tionship of some of our economic plants to the chemical constituents of 
the soil, perhaps we would have another epoch-making boom to agricul­
ture similar to the one produced by the discovery of the nitrifying bac­
teria of the soil and their relation to plant growth. 

Let us not be afraid to do research on seemingly unimportant things, 
for what seems to be a very tr ivial discovery may presently be of great 
benefit to society. The two young r esearch ·workers in the University 
of Manchester who discovered that acetone could be produced by the 
growth of a certain bacterium in wet corn meal, did not know that their 
discovery would be a factor in winning the World War and that in a 
f ew years farmers would find a market for millions of bushels of corn 
because of their seemingly unimportant discovery. 

Never in the history of mankind in an equal length of time, have 
there been so many stimulating discoveries in science as have been made 
in the past quarter of a century. Einstein, Milliken, Jeans and a host 
of other astronomer-physicists have created a new field for research in 
physics and chemistry. The study of the atom, the discovery of radio­
activity and the quantum theory, along with the discovery of the gene 
and the chromosome, give promise of solving some of the intricate prob­
lems of physiology, psychology, genetics and eugenics. 

So intricate are many of the scientific problems awaiting solution 
that it becomes more and more necessary for cooperative work. The 
worker in biology cannot go very far until he needs the assistance of the 
chemist, who in turn must call on the physicist or the mathematician. 
Here is where our organization can be of great benefit to the individual 
worker. 

In the exact sciences and in the industries based upon the principles 
of these exact sciences, the production has been so great that socially we 
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1 V b 11 unable to kc p DJ ace. hall we, a · ·ome have ugg st d caJl 
1a . • 
8 ha lt on . ci nlific r . earch and wa1t for 'OCl ty to catch up or hall we 
. p e 1 up mora l, : ci.al and political progreJ ·. rtainl n one w·oul d 
advocate th. weak<>uir1g f th strong part of a machine to p ut them 
on a. 1 ar with tl1 w ak par t -b t · by far make the weak parts 
. r ug ·r. A.r peot le . tarving becm.1se cientifi.c agl'i ulture ba. pro­
rlu c1 too much wh at l~.r th y fre zing becatl. e r ear ·h ha p l 'O­

ducecl to mu h otton wool and fuel? ertainly thi · lo · not ound 
ausibl. and y t w hll\ b u told that a sup rabundanc of t hese thin s 

i. CliU in"" the d pr . ion with it cons queut want and mi ery. If we 
wi )1 a maclLi.ne to n nl. . moothly auu do uccessfully the thing for w.Wch 
it was made, the scientific laws and principles involved must be obeyed 
so that they will not clash. 

·when Darius Green e made his flying machine and went out on the 
roof of the barn to fly it, he did not give enough thought to the two 
fundamental scientific laws involved, namely, the law of gravitation and 
the upward pressure of the air. Darius met with a t errible crash. We 
cannot expect to meet with success in any activity of life, be it indus­
trial, economic, social or moral, if we do not act in accordance with the 
principles and laws underlying those activities. 

In the field of production, the world has been obeying scientific law, 
but in the field of distribution and consumption the economic, social and 
moral laws have been ignored. We have beeen marketing our agricul­
tural and other industrial products for the benefit of the f ew, many of 
whom have become millionaires, and not to the benefit of every unit of 
society. 

I realize that the law of production is, perhaps, quite exact while the 
law of distribution of manufactured products is not so exact and well 
understood. Nevertheless there are such laws and is it not time that we 
try to avoid the economic and social crashes that have occurred in the 
last two decades, not only within nations but between nations, by giving 
more time, thought and even money on research in order to discover and 
apply the laws underlying the distribution of our enormous quantities 
of wheat and other agricultural and industrial products to the benefit 
of all mankind instead of to the benefit of only a f ew. 

Where are those courses in our colleges and universities which we 
'1 -·ignat d thirLy Y ar: U<l'O n. 'poli i al · uomy " or by t he general 
t l'm 'econ~mi ' ·e th y 1 t in tl1 "porridge pot " of "p ychol­
o~n· a nd , oc1al tnclie 'Y If o, l t u: hope that the ftmdamental prin­
cip les a11d law lMy om out in the near f u ture when the : moke of cou­
ihc ~.f diftet· n e of pini n · has clear ed away, more clearly refi n d an :1 
applicable to th n ds of oci ty. 
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hanging conditions may affect the operation of certain laws. Ev n 
in the exact cien e this is ti·ne. The fact that we can now ucce ftllly 
fly an airplane doe.s not mean that the law o£ gtavitation is no longer 
operating. It does mean, ho\ ever, that other law involv d are better 
understood and are tlsed to overcome the effect of gravitation. The bac­
teria which cause diphtheria, tetnnu , and typhoid feve · are the same 
bacteria and are subjeet to the same conditions of growth and develop­
ment in the human body that exi ted thirty year ago, but we ba' e 
learned other oppo ing conditions o£ growth and multiplication which 
have held them in check and rendered them les injurious. 

In the field of economics the changing conditions brought about by 
iucreased population by improved methods o£ transportation and by 
many other national and international relationships may have rendered 
ineffective some of the .ftmdamental principles of economics. Certainly 
they .have not utterly aru1ihllated all of the e principles. 

As we recall it, the subject o£ economics is ordinarily treated w1der 
the main topics of prodnction, exchange, distribution and consumption. 
Has there been too much cientifi.c thought giveu to the fir t or tQo little 
attention given to th la t tlne V M:aybe om· mon y s~ tern and the 
law which govern it might be a field for more re earcb. If the Malthu-
ian Law, the Law of Diminishing Return , our monetary and credit 

principle·, and other fundamental laws of economics ar 110 longer ad -
quate because of changing ondition of civilization, can we not find 
others that '''ill cause our economic machinery o rnn more smoothly and 
more effectively. 

On December , 1931, Pre id nt Hoover in his me sage to ongr • 
in liscussing the :tepre. ion conditions aid: "W mu t put some steel 
beams in the founda ions of om· credit . tL'U ture. It i our d1ty to ap­
ply the full strength of our government 110t onl to the in1mediate 
phase , but to p1·ovicl secmity again t ltocl\ and the repetition of tl1e 
weakne e which have been proven.'' 

Perhap there are tudents and research wo1·l•er among tl1e member 
of our Academy of cience who can help on tmet these steel beam 
upon economic principles which will stand the test of cha11ging concli­
tions of the fu tu1·e. 

So fru: as I can recall, not one paper ha ever been p1·esented in tJ1is 
field at any meeting of the Pem1sylvania Academy o£ cience. Phy ic. 
chemisti.'Y, biology, mathematics and geology have all oeen repreJ ented 
but little or nothing bas been given on p ychology, the social science. 
and economics. Certainly there are orne worker in these la t named 
subject among our Pennsylvania cientists, and it appears to me that 
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h •re lies a fertile field for research work and that we should make every 
effort to strennthen our academy in thi weak spot. 

~ urthermore, per hap we a. scientists can ev ll assi t in stabilizing 
ndition. by loo~ iug beyond the field o£ physical and economic science. 

May I again quote from Presicl nt H over's me age to Congress ou 
D cember 8? He says in peaking o£ om· national and internationaL 
troubles: ''If we lift our Yision beyond the e immediate em rgeueies we 
find fundamental national gain. e'en amid depre ion. In meetin the 
problems of this difficult period, we have witnessed a l' marka.ble devel­
opment of the en e of cooperatio11 in the community. For the first time 
in the hi tory of our major conomic depre. ions there ha · bee11 u notable 
ab:ence of public disord rs and indu trial conflict. Above all there i 
an enlargement of oeial and piritnalresponsibility among the people." 

omething is ' rong socially when granaries a1·e at the point of burst­
bw with people even in om own wealth) nation crying for bread. ..6 .. re 
tbe moral taudru: :1 of the ag no lonnoer adequate to the needs of om· 
complex civilization or hav w failed in applying them to our intricate 
problems Y Ii it is th lattet· and it doubtless is, then here again mem­
bers of the acacl my, many of wl10m are teachers, can do their hare by 
guiding the youth in the obsel'Vanc of th moral code written on tablet. 
of stone nearJy four thousanl y ars ago, o · to the steel beam in the foun­
dation of our oeial tru.cture uttel·ecl by the g1·eate t Teacher of all ages 
wl~>n He said, "Therefore all things what oever ye would that men 
should clo to you, do ye even o to them: for tllis is th law and the 
prophet ." 

.1: ever in the history of civilization 1Jas there been greate1· opport11-
nlty for re earch in o many field , and never l1as there been greater ne d 
for clear, scientillc thiuking au i analy is than there is today. Sur ly 
a tate Academy of cien e i. of orne value to humauity, else there i: 
no rea on for its existence. Shall we, the member of the Pennsylvania 
Acad my of cience not rra 1 this great opportunity to help olve some 
of the intricate probl ms t hat m·e perplexin"' our tw ntieth century 
civilization. 
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SOME OBSERVATIONS ON SEED PRODUCTION 
ON PRESQUE ISLE, P A. 

BY RICHARD V. MoRRISSEY 

University of Pittsburgh 

This brief paper will indicate some of the types of seeds observed on 
Presque Isle, Pennsylvania's State Peninsular Park, during the summer 
of 1931. Because of the excellent advantages offered in studying a large 
number of ecolog·ical successions in a very restricted area, Presque Isle 
is well adapted for the study of seeds. On the beach associes we find 
such plants as Oakile edentnla, the sea-rocket, Lathyrus · maritimus, the 
beach pea, and others as Artemisia canadensis, sagebrush, and Euphor·bia 
polygonifolia, seaside spurge. 

Oakile edentula produces its seeds in a long pod typical of the 
Crucifers. The seeds are usually produced about the middle of August. 
Lathynts maritimus, a typical legume, produces its small pea-like seeds 
in a pod about three to four inches in length. At maturity, the pods 
open with a slight twist of the valves, dispersing the seeds. However, a 
large percentage of these seeds examined were worm-eaten, indicating 
that very few seeds will produce new individuals. 

On the sand dunes formed by dune grass, Ammophila arenaria, oi1e 
finds the cottonwood, Populus deltoides. Seeds from this tree are cot­
tony and blow about very easily. Strangely enough, these seeds are 
unable to germinate if the seed does not light in a suitable spot within 
a few weeks after it has been dispersed from the tree. We also find 
the sand cherry or plum on the first sandy ridge, forming quite a stand 
near the lighthouse which was the tip of the peninsula about 1865. We 
will refer to this again. 

The year 1931 was a very good year on Presque Isle for seed develop­
ment, and virtually every plant was producing seed in abundance. The 
white pine, Pint~s Strobt~s, has not had a good seed year on Presque 
Isle for a number of years. This year the cones were forming in 
abundance. However, it takes two years for the seeds to develop so 
that the seeds from last year's beginning will not start to grow till the 
fall of 1933. Soil conditions are of major importance for pine and it 
takes about forty years to pile enough humus on the sand for the growth 
of a stand of white pine. 

Lithosperm't~m Gmelini, hairy puccoon, is of particular significance 
because Presque Isle is its only native habitat in Pennsylvania. Its 
seeds are very hard. This is indicated by the derivation of the genus 
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name, Lithosper·mum, meaning stone-seed. Two small seeds are formed 
in the nutlet, and many plants which may be fighting extinction seemed 
to produce an abundance of seeds this last summer. 

Four species of the genus PrUtnus occur here and all were very 
heavily ladened with fruit. The bird, or fire cherry, Prunus pennsyl­
vanica, was hanging so heavy with fruit that all the cherries . could not 
be eaten by the birds, as in former years. Probably there will be new 
cherry trees nearer the site of the parent trees because of the abundance 
of fruit dropping directly from the trees rather than having to be 
carried by birds to distant spots. 

Pnmus pumila, sand cherry or plum, occurs near the lighthouse on 
the high sand dunes, and this year in particular an exceptional quantity 
of fruit could be picked. Attempts have been made to establish this bush 
cherry on other parts of the peninsula by artificial means of dispersal. 

Pn~ntts ser·otina, black cherry, occurs in just about the same habitat 
as the fire cherry, and produced with its companion species, a good crop 
of seeds to make for future trees. 

Prunus americana, wild cherry, occur scattered usually over the 
older portions of the peninsula. 

One of the thicket species common to Presque Isle, having been 
established for many years, is the bayberry, Myrica car·olinensis, a deep 
green leaved aromatic, partially evergreen, belonging to the sweet gale 
family; it was covered with greenish berries. These berries in the fall 
turn a gray, waxy color and it is from this wax that our real Christmas 
bayberry candles are made. However, it takes a very large quantity 
of bayberries to make a little wax, as I learned from experience. 

Another plant which used to be of economic value to many of the 
older residenters of Erie is the cranberry. At one time, it grew abun­
dantly near Cranberry Pond on the peninsula and the berries were 
gathered in the fall for sauce. This last summer, for the first time in 
several years, V acciniurn macrocarpon, was in fruiting condition over a 
rather large area. 

Another plant which is destined to be used as a cover to hold the 
sand is the bearberry, Arctostaphylos Uva-ur·si, which produced a fair 
quantity of red, mealy berries. However, at present, it seems that the 
seed can not be germinated by artificial means, and new stands have not 
been found starting from seed in natural conditions. 

Another plant of particular interest is the blue lupine, Lupin1ts 
perennis. Around Decoration Day, along the depression back from 
Presque Isle Roadway you can see a mat of blue, the flowers of the blue 
lupine. In early summer the characteristic legume has formed pods 
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with about eight to ten seeds inside. As they become ripe, the pod 
twists and spreads in such a fashion as to forcibly eject the seeds as if 
from a gun and by careful observation I have noted some of these seeds 
being sent out at least ten feet. As they were dispersed, a ''click'' was 
heard. From my observations I believe that this was one of the best 
years for this seed, since it produced such large quantities that the Park 
Commission attempted to plant some of the seed on the bay side of the 
peninsula. 

The fruitful efforts of this last summer's production of seed will 
begin to be noticed within five years, providing a severe drought does 
not kill the young seedlings. 

This quantity of seed produced last summer will probably save from 
near extinction many species which were on the wane on Presque Isle. 

FURTHER STUDIES IN THE PHYSIOLOGY OF 
THE PROSTATE GLAND 

B. H. KETTELKAMP 

Unive?·sity of Pittsbu1·gh 

In a paper presented before the Academy last year the effects pro" 
duced by feeding prostate gland substance to amphibian larvae were 
discussed. These effects resembled very closely, but to a less marked 
degree, those produced by the feeding of thyroid gland substance, and 
it was suggested that the recorded acceleration of growth and metamor­
phosis was caused by the presence of iodine in the prostate substance. 
This material, when injected into rats, produces changes in the repro­
ductive capacity and general metabolism which resemble those produced 
by experimental hyperthyroidism. The following is a preliminary report 
on the effects produced by the injection of prostate gland substance. 

Three different preparations of the glands of bulls were used. The 
first of these was a commercial preparation of the desiccated gland from 
which the fat had been removed. The second preparation was made 
from fresh glands which had been carefully trimmed, finely minced, and 
dried to constant weight. The third was a specially prepared protein­
and fat-free substance, prepared in the same manner as that used in the 
experiment on amphibian metamorphosis. 

These three substances were injected into young rats in varying 
dosages over different lengths of time. The results obtained varied with 
the type of substance used and the amount injected. The commercial 
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preparation and the protein- and fat-free substances produced the most 
outstanding results. 

Thirty female rats received injections of the commercial product and 
showed no visible external effects. The body weight was not significantly 
altered. The animals attained full sexual maturity slightly later than 
the controls. They produced normal litters of which 90 per cent. died 
two or three days after birth. Autopsy showed that no milk was present 
in their stomachs. Examination of the mammary glands of the mothers, 
too, failed to show any signs of lactation. After continued injection all 
the females again became pregnant and produced litters which died of 
starvation soon after birth. The effects on male rats were less marked. 
Their body weight was not altered. There was a slight precocious sexual 
development evidenced by the descent of the testes into the scrotum and 
there was considerable variation among the group, but, since it is difficult 
to determine exactly when the testes descend permanently, it is doubtful 
if this precocity is of any significance. The prostates of these animals 
were slightly smaller than those of the controls. Sectioned material 
showed some differences in the secretory condition of the glands. The 
epithelium appeared to be in a less active condition. The cells were more 
cuboidal and the protoplasm did not possess the granular appearance by 
which actively secreting cells are characterized. The tubules also were 
not so completely filled with secretion as those of the controls. Other 
organs showed no effects and breeding tests demonstrated full sexual 
capacity. 

Thirty-five animals from five litters received injections of the whole 
gland which had been minced and dried. Sexual development and fer­
tility ~ere not influenced among the males, and there were no external 
changes which could be attributed directly to the influence of the prostate 
substance. Microscopic examination of the male reproductive organs 
failed to show any definite changes. The prostate glands apparently 
were not affected. Of this group of animals 19 were females. Seven 
were used as controls and 12 received injections. Examination of serial 
sections of the ovaries showed a marked reduction in the number of 
Graafian follicles. The average number of follicles in all stages of devel­
opment in the controls was 131 while that of the experimental group was 
only 91. This difference would not be due to a difference in age since 
there was a difference of only eight days in the age of the litters, and 
they were all killed within the same week. 

Twelve animals received injections of the water soluble, protein- and 
fat-free substance. 'fhese animals showed marked changes in reproduc-
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tive activity and a]so in exte1·na,l app arances. Th .female were ren­
dered completely terile. R peated a.tte1npts o mate he injected females 
with t he injected mal s and also ·with normal males fa il d to eff ct a 
fer ilization. Males, lilcewi e after prolonrred injection wer e unable to 
effect a f rtilization with normal f male . The terility o£ the male wa 
probably cau ed by the eneral emaciat ion of the body which was much 
more noticeable in them thau in the female . Body weight wa markedly 
altered. The averaJ»e weight of the control after two we ks' injection 
wa.· 112 gram ancl that of the exp rimental group wa 116 gtam . 
Twelve weeks later the control ·weighed 20 O'l'aJD , nn incl'ea e of 79.4 
per cent. and the experimental animal weighecll49. rrrams, an increase 
of only 29.8 per cent. Dimesis wa.s d crea. d 0 per cent. witltin eigh 
hour· after inject ion with prostate sub tance. rystals which have been 
assumed to be cxcr ted urea, formed in abundance after the urine had 
.. tood for R short time. Although th.i pha ·e o the experun nt has not 
been completed a.n<lneed rechecking the re5Ll.lt are sugge tive. 'J1h 
rate of heart beat was increased iar above normal, and th re cPiratory 
rate ·wa incl'ea e :t almo t 40 per cent. 

From the effect produced by injection of prostate ub tance it is 
higl1ly . t10'0' tive that the gl imcl i f-unctionally r lated to the thyroid. 
'l'lte r c ·ult obtained from f ding th gland to tadpole· trive additional 
evidenc of tbl rela,tionship. Moreover, it is definitely known that 
prosta te hypertropl1y among men is often associated with de:fec1;ive 
ltyroid function. 

Inhibition of mammary £unction in those rats which r eceiv d injec­
tion of tlt commercial preparation i undoubtedly a direct effect pro­
duced by the gland material. It i probable that the pro tate, together 
with the hol"lllone of the interstitial ti ue of the testes, normally inllibits 
the ievel pment of the mammary glands in the male. Development of 
the brea ts in eunuchs may be cau eel by the r emoval o£ the inhibitory 
substance of the prostate which atrophic in those ca e. , and not by the 
removal of the testicular ho1·m.on , a ha been previou ly supposed. I t 
is po sible t11at the interstitial tissue compen ates f or the l'emoval of the 
prostate by secreting an additi011al amount of the hormone which pre­
ve.nts the mammary development of pro tate tomizecl animal . Mam-
mary gland development has be n observed, however , in a few case 
following pro tatectomy, but tl1e number o£ ca es i too mall to be con­
clu ive. 

'l'he r eduction of the uumber of fo1licle in the ovarie is ignificant. 
Tlli reduction i thou(J'ht to be cau. ed by an inhibitory influence exertec1 
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by the prostate substance. In these females, although the production 
of ova was inhibited, ovulation was sufficient to produce normal litters. 
In females which rec·eived the protein- and fat-free substance sterility is 
thought to have resulted from a prolonged inhibition caused by the more 
concentrated and active substan{le. Cessation of ovulation and men­
struation are known to accompany thyroid disturbances in women. In 
view of these results it appears that the effects produced are similar, if 
not identical, to those produced by hyperthyroidism. 

The effects on metabolism are significant and are also similar to those 
produced by hyperactivity of the thyroid. Previous investigators have 
attributed accelerated heart beat and respiratory rate following prostate 
injection to intravascular coagulation. It is more probable that the 
results of prostate injection di'ffer from those of thyroid injection in 
degree only, since increased nitrogen metabolism, loss of weight, repro­
ductive disturbances, accelerated heart beat and respiratory rate, and 
increased blood pressure can be induced experimentally by repeated 
injections of thyroid material. 

TOY FISHES IN THE LABORATORY 

WILLIAM A. SCHUBERT 

'Zoological Laboratories, University of Pittsbt~rgh 

Of all living animals ordinarily found in the laboratory, living· fish 
in balanced aquaria seem to receive the most attention and of the fish 
world the toy fishes, particularly the tropical toy fishes, because of their 
gaudy colors and unusual activities coupled with a ready fecundity, are 
the most popular; the more so because the student can so easily maintain 
these same forms in an aquarium in his own home. There is no doubt 
that the balanced aquarium is an ornament in any home and a beauty 
spot in any laboratory, and beyond question most laboratories can well 
stand a little beautifying. 

The term Toy Fish is applied to a group of small fish made up of 
many different families suitable to the small aquarium of four or five 
gallon capacity where they thrive and seem perfectly contented. The 
tropical forms are very numerous and extremely attractive. Among 
these we have both ovo-viviparous and viviparous fish. Here we have 
the Lebestes reticulatus, the Guppy, one of the most colorful little fish of 
the tropics; the Xiphophorus helleri, commonly called the sword tail; 
the Platypoecilus rnaculatus in many varieties; and a host of curious nest 
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builders that :float their eggs at the surface and give both eggs and fry 
tha· utmost attention; similarly members of the Cichlidae, the Hemi­
chromis bimaculatus, the Cichlasoma facetum, the Pterophyllum, and 
others that lay adhesive eggs on plants and crockery. Both adults car­
ing for the eggs and young, there is no sight in the aquarium more 
pretty than the parents surrounded by a dense mass of tiny fish, to the 
number of three or four hundred. 

Once student interest is aroused in the care and breeding activities 
of fish, numerous avenues for well-directed scientific endeavor present 
themselves. There are aquatic ecological relationships that in many cases 
are not well understood, the periodic appearance and disappearance of 
particular types of protozoa; disease and its control. Often strange 
forms appear. In one of my tanks I have found as many as forty 
fresh water medusae, the adults of which have not as yet been studied. 
Another tank is at times overrun with Bryozoans. 

Such problems call for more study and scientific information so that 
the student may be led along with increasing powers of observation and 
fitness for further scientific work. Here, then, is a field of popular 
scientific education that should not be neglected. 

But further than elementary interest and education, the toy fishes 
are excellent material for experimental biology-material that by the 
very nature of the aquatic medium supplies a uniformity of environment 
much more nearly natural than can in most cases be supplied for ex­
perimental animals. Some forms have been used in studies in genetics 
and morphology, but what has been done, has not been popularized. 
The Betta family, the so-called Fighting fish, offers many color varieties 
that might be worked genetically, and since the parents care for the 
young nearly all may be reared without fear of parental cannibalism. 

In the Cichlid family we have a ready and cheap supply of embry­
ological material, as these fish will spawn every ten days or every two 
weeks, laying as many as three or four hundred eggs or even more the 
whole year around. For embryological work the nest builders are better 
in that the eggs are :floated at the surface and therefore can be removed 
as many as desired at a time, and if the eggs are not killed they may be 
put back again for future study. Development is rapid, after 24-48 
hours the young emerge and in three or four months are mature. With 
spawning so frequent and S9 many eggs produced there is no reason why 
the young may not later be used in cytological work. 

Many of these fish should be suitable morphological material for re­
generation work. Since many types are sufficiently transparent to make 
most of the organs visible, this is particularly so in the young. 
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Of course breeding fish is not so rapid since three or four months are 
necessary for maturity and hence will not replace Drosophila or 
Habro.bracon in genetics, but if the present information is popularized 
there 1s a host of amateur aquarists with all the patience in the world 
ready to take up the work. 

In view of the facts, that these tropical toy fishes are probably suit­
able material for so many phases of scientific research, and at the same 
time so interesting to students and all who know them, it is surprising 
that they have been comparatively neglected and left in the hands of 
amateurs. 

CHROMOSOMAL LENGTHS IN FIVE VARIETIES OF 
THE GARDEN PEA (PISUM SATIVUM) 

HAROLD A. BRUCE 

Zoological Laboratories, University of Pittsburgh 

The close relationship between adult characteristics and their chromo­
some carriers is still not so definitely determined as to reduce interest in 
experiments of that nature. The possibility of obvious genetic differ­
ences being linked with morphological differences may be determined by 
a study of the chromosomes during the metaphase stage of mitosis and 
with that in mind the following investigations were made. 

It was deemed advisable for this purpose to select a plant because of 
the relatively great number of mitoses found in the growing root tip. 
The common Garden Pea offered not only a workable cell cytologically 
but also was an easily accessable species with a large number of varieties. 
Five varieties were chosen (Little Marvel, Nott's Excelsior, Improved 
Telephone, Alderman, Prince Edward) and these were all started at the 
same time under the same environmental conditions. All tips were cut 
when approximately two centimeter·s long and all were fixed in B 15 
embedded in paraffin, sectioned at 10 micra, and stained in iron haema~ 
toxylin. 

The cells drawn were all in the metaphase with the fourteen chromo­
somes lying exactly or very nearly in one plane of focus. All drawings 
were made at table level with a Zeiss 15 x compensating ocular, a Koristka 
1(12 ~· A. 1.36 obj~ctive and a Zeiss camera lucida, giving a total mag­
mficatwn of approximately 2700 diameters. 

For each variety five tips were selected, and from each of these five 
cells were drawn; making in all, one hundred twenty-five drawing~ for 
the five varieties. Each individual chromosome was measured and the 
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total chromosomal length computed. The average total chromosomal 
length for each variety was then secured. 

The graph Figure 10 shows a marked variation between the average 
total chromosomal lengths of the varieties Improved Telephone and 
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FIG. 10. Showing the total chromosomal length of five varieties of Garden Peas and 
also the high and low extreme of each variety. 

Alderman. Here the difference in total length, considering all values in 
millimet rs, is 19 making th Improved 'l'el phone va1·.i t' have aboTlt ten 
per cent. lono-ex chromosome than the Ald rma.n. The other thr e varie­
ties ott's E.-celsior . rinc Edward and Little 1la1·v 1 "hi h lie 
between th s t'NO >.-trem , de r nse, H to total len()'th in the onler 
named. The outstanding difference is between the twO greatest total 
length varieties in which the Improved Telephone has over six per cent. 
more chromosomal lengih than the Nott's Excelsior which difference is 
more than half the difference of the two extremes. 

In any study of averages there is a tendency to draw too rigid con­
clusions from those means without giving due consideration to certain 
extreme members of each average. To avoid as much of this error as 
possible the graph also shows the extreme long and extreme short chromo-
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somal length of the tips from each variety. This shows an overlapping 
of the high of one with the low of another and in the case of all but the 
Improved Telephone this condition is pronounced. 

As is noted in Figure 10 two of the varieties under consideration are 
bush peas and the other three are pole varieties. Although it is as yet 
of uncertain unscientific value it is interesting to note that the chromo­
somal length is apparently in no way definitely connected with the tall­
ness or dwarfness of the plant. As is shown in the graph both the longest 
and shortest chromosomal lengths are of peas of the tall varieties. 

CoNCLUSIONS 

1. The Improved Telephone '!"ariety has a much greater total chromo­
somal length than is shown by any of the other varieties. 

2. Although there is an overlapping of the highest with the lowest 
among the varieties, this in no way overshadows the individuality of the 
varieties. 

3. Chromosomal length is not definitely associated with the plant 
height. 

CELL SIZE IN RELATION TO CHROMOSOME 
LENGTHS IN GARDEN PEAS 

HAROLD A. BRUCE 

Zoological Laboratories, University of Pittsb!wgh 

The relation of cell size to body size and of the nucleus to the cyto­
plasm has caused considerable discussion in the past. Considering the 
former, Boveri ( '04) found that epithelial cells and bone corpuscles from 
human dwarfs and giants are of the same size as normal individuals. 
Conklin ( '02) first clearly indicated that the size of the nucleus was 
affected by that of the cytoplasm. Wilson in regard to the karyoplasmic 
ratio states that this belief was undoubtedly carried too far; but there 
r emain well-determined facts concerning· this ratio that are of interest 
for many cell problems. 

1u a study of the effect of cellular environment on chromosome size 
in Ascaris, Hance ( '27) shows that the length of the chromosomes is 
very slightly shortened during the early cleavage divisions, while the 
area of the equatorial cross-section of the cells becomes enormously re­
duced. 

In this comparison of chromosomal length ·with cell size, the same 
llla terial was used as previously in the ''Chromosomal Lengths of F'ive 
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Varieties of the Garden Pea." This experiment involved the determin­
ing of the size of the cells and then comparing the cell size of each with 
its already known total chromosomal length. In the figl!.res given the 
chromosomal length is in millimeters and the area of the cross-section of 
the cell, measured by a planimeter, is in square centimeters. 

The cells were grouped in classes varying in total chromosomal 
length of five millimeters and the average cell area of all cells falling in 
each class is charted on the graph (Fig. 11). The 125 cells considered, 

fell in twelve classes varying in chromosomal length from the 135-140 
mm. class to the 190--195 mm. class with the median clasE! 160-165 mm. 
From the graph which also records the number of cells in each class, 
one can see that more than three-fifths of the total number of cells fall 
in the middle four classes with a considerable decrease in the number 
of cells in each end group. 

It is interesting to note that the four middle classes which compose 
the great number of eel~ (between the two heavy broken lines on the 
graph) show a gradual increase in cell size with chromosomal length. 
The average of the cells in each outside group was taken and (as shown 
by the light broken line) it was found that the cell size was smaller 
with the shorter chromosomal length. Although this difference, which 
was not nearly as pronounced as in the central region, must be noted, 
it should not be given too much consideration because of the fewer 
number of cells which possess a great variation of chromosomal lengths. 

SuMMARY 

In general there is a gradual increase in cell size with chromosomal 
length. This "increase is much more proportional in cells with a total 
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chromosomal length near the median. Although the variation of cell 
size in the two extremes is apparent, it should not have too strong an 
influence on the previous conclusions because of the much smaller 
number of cells composing these groups. 

BIBLIOGRAPHY 

Conklin, E. G., Cell size and nuclear size, Jour. Exp. Zool., Vol. II, 1912. 
Hance, R. T., Parental chromosome divisions in Ascaris, Jour. Morph. and Physiol., 

Vol. 44, no. 1, June 5, 192-7. 
Wilson, E. B., The cell in development and heredity, The Macmillan Co., 1925. 

PHYSIOGRAPHIC STUDIES IN PENNSYLVANIA 

BY GEO. H. ASHLEY 

Topographic and Geologio Survey, Harrisburg 

[Abstract] 

Pennsylvania, long the Mecca of physiographers, has in recent years 
been the scene of many physiographic studies which have materially 
modified a number of early conclusions. 

It has long been recognized that in a broad way the physiographic 
f eatures of Pennsylvania are the result of recent uplifts and stream 
etching of an old plain of erosion cut in a great thickness of rocks of 
different character, folded into different attitudes, and modified by crus­
tal warping, faulting and glacial action. During Paleozoic time, Penn­
sylvania was an inland sea in which a great body of sediments was 
deposited, the thickness ranging from around 30,000 feet at the east to 
8000 feet at the northwest. At the end of Paleozoic time these rocks 
yielded to pressure apparently from the southeast and were shoved west­
ward with crushing and metamorphism in the southeast part of the 
State, folding and faulting in a broad belt from the South Mountain to 
the Allegheny Mountain and slight folding west of the Allegheny Moun­
tain. It is assumed that in time the tops of these folds were worn down 
to a plain now called the Schooley peneplain1 reflected in the present 
level tops of the mountains. This process was disturbed during Upper 
Triassic time by crustal fracturing and block movement with deep sedi­
mentation and igneous flows (trap) affecting a belt of land in southeast­
ern Pennsylvania. A surface just touching the tops of the mountains 
of today would rise fairly uniformly from about 400 feet at Philadel-

1 Davis, Wm. M., The geologie dates of origin of certain topographic forms on 
the Atlantic Slope of the United States: Bull. Geol. Soc. Am., vol. 2, pp. 566. 
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phia to 3200 feet A. T. in southern Somerset County, indicating the ex­
tent of subsequent uplift. 

It has long been assumed that the surface (Schooley peneplai~) from 
which the present imaginary mountain-top surface was derived was of 
pre-Cretaceous Age. Recently the writer has concluded that the 
Schooley peneplain was not older than late Miocene. 2 Furthermore, 
Professor J ohnson3 has reached a conclusion, with which the writer 
agrees, that the Schooley peneplain was not the first peneplain of this 
region but may have been one of several and that, following one or ~ore 
of these earlier stages of peneplanation, sinking from the east permitted 
the laying down of Cretaceous or Early Tertiary deposits over all of 
eastern Pennsylvania and probably all of central Pennsylvania and that 
the southeastward drainage system of Pennsylvania became established 
on this blanketed surface following its uplift. Later as the continued 
uplift of this surface permitted down-cutting and removal of the post­
Paleozoic deposits, there came a series of partial adjustments to the 
underlying structure with much stream capture and diversion, resulting 
in a general way in the drainag·e of pre-Glacial time, which differed but 
slightly from that of today. As a result of this readjustment the lower 
Susquehanna is thought to have tapped and diverted first the ~ead 
waters of the ancient Schuylkill and later the head waters of the ancient 
Lehio·h (now the North Branch above Pittston). The lower Delaware 
is th~ught to have diverted the head of the Raritan to secure its present 
valley above Port Jervis. The capture of the upper North Branch may 
have come after the uplift of the Schooley peneplain as predicated upon 
the Wind Gap having been in the line of the ancient drainage. 

On this theory part of the present southeastward flowing drainage 
dates from early T·ertiary or Late Cretaceous time while other parts of 
the drainage are of later age, some of it of very recent post-Glacial Age. 
The whole subject is still in the conjectural stage and theories proposed 
today will be the subject of further study and (esting and may be aban­
doned for other theories later on. 

The actual topography of today is believed to elate from the begin­
ning of the uplift of the Schooley peneplain (in Late Miocene time?). 
A few points, such as the Elk Hills in Susquehanna County, the west 
end of North Mountain in Sullivan County, and Blue Knob in Bedford 
County, may be remnants of areas not completely reduced at th~ ti~e 
of the Schooley peneplain. There has been much study to determme, 1f 

2 Ashley, G. H., Age of the Appalachian Peneplain, Bull. Geol. Soc. Am., vol. 41, 

pp. 695-700, 1930. 
s Johnson, Douglas, W., Stream sculpture of the Atlantic Slope. N. Y., 1931. 
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possible, whether the uplift of the Schooley peneplain was interrupted 
by many long stops, during each of which partial peneplains were devel­
oped. There certainly was one such partial peneplain, to which Camp­
bell long ago applied the name Harrisburg. 4 Mrs. Knopf has thought 
that there were at least four erosion plains between the Schooley ("Kit­
tatinny") and the Harrisburg,5 ranging from 200 to 300 feet apart ver­
tically. The second, third, and fourth hypothetical peneplains she has 
named the Mine Ridge, Honeybrook, and Sunbury respectively. While 
such pauses would seem likely to have occurred and while there are many 
ridge tops that seem to substantiate such a conclusion, the writer prefers 
to leave the matter open, as it seems possible to explain the various ele­
vations of long ridge tops by differential erosion on rocks of varying 
hardness, thickness, and attitudes. This does not apply to the Sunbury. 
It now appears that the hilltop surface at about 540 feet noticed by 
Campbell at Harrisburg is part of a younger and lower peneplain than 
the surface which he had in mind elsewhere and which agrees with the 
Sunbury of Mrs. Knopf. This older surface the writer has called the 
Allegheny peneplain because of its fine development on the divides of 
the middle Allegheny region. Mr. Campbell has recently proposed to 
call it the Chambersburg peneplain from its fine display on a long ridge 
west of that town. This peneplain is believed to coincide with the hill­
top surface of all of western Pennsylvania and much of northern Penn­
sylvania (west and north of Chestnut Ridge and its extension), with the 
upland at about 1300 to 1400 feet A. T. north of Williamsport and 
Muncy and with many hilltops throughout central Pennsylvania, the 
surface declining from 2100 feet in McKean County to 1300 feet in the 
Pittsburgh area or to 500 feet in the South Mountain area of southeast­
ern Pennsylvania. 

Below this well preserved hilltop surface there appear to have been 
two other slightly developed hilltop surfaces. One of these is the sur­
face of the concordant hilltops of the Harrisburg area at about 520 feet 
above sea-level, a surface which rises northward less rapidly than the 
higher Allegheny peneplain. The other surface is best developed on 
limestone and is thought to correlate with what has been called the Som­
erville peneplain. This lower plain is the one at 400 feet at Harrisburg 
and in the Lehigh Valley north of the river from Allentown and Easton. 
The earlier of these two plains is thought to be of early Pleistocene age 

• Campbell, M. R., Geographic development of northern Pennsylvania and south· 
ern New York, Bull. Geol. Soc. Am., vol. 14, pp. 277-296, 1903. 

5 Knopf, E. B., Correlations of residual erosion surfaces in the Eastern Appa­
lachian Highlands: Bull. Geol. Soc. Am., vol. 35, pp. 633-666, 1924. 
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and the Somerville to be about of tlle age of the Illinoian ice advance, 
as it seems to col'.l·espond with riv&' terr ace.'> on the Susquehanna th ought 

to be of that age. 
Within the glaciated area the whole face of the earth s surface l~a 

been changed. It is now elearly r ecognized that at lea t th1·ee glac1al 
advances entered P ennsylvania. The Illinoian advance r eached ab~ut 
50 miles beyond the morainal edge of the Wisconsin or Labt•ador 1~e 
advance in ea tern P ennsylvani.'L, though only a lit tle beyond the W~­
consiu advance in we tern P ennsylvania. The still earlier advance 1s 
only dimly suggested by cattored erratics on high hil~ and is tho~ght 
to have extend c1 beyon d the illinoian ice. I n the glac1ated area nvers 
wer e diverted to new courses, lakes, water-fall and wamps were 
formed, and the toj)ographic t·elief o£ the land materially changed. . . 

Frankly the whole subject of the pl1y iography of Pennsylv~ma JS 

undergoing intensive study with the discovery and accumul~tion of 
many new fnc.ts leading to the replacement of some of the old 1deas by 
new conjec ure o1· theories; but tJ1e solution o£ many of these problems 
interest and stimulate observation a. to pre ent some of the modern con-
1 till in the futme. This paper was pre ented quite as much to aro\1 e 

elusions. 

PENNSYLVANIA FIR. i BALLS OF N \ TEMBER 
23, 1931 

B Y Qru.s. p. OLIVIER 

Flower Obser-vatory , U1~ive?· ity of Pe-nnsylvania 

n the eveni ng of Jovember 23, 1931, two brilliant meteors or fire­
ball wer e een from tlle vicinity of Philadelphia. 'rhe oue first r -
ported to th e writer was seen at 9 : 15 p. m.. Reque t for obser vation 
wer e promptly pub1ished in the local papers, and as a r esult about one 
hlmdrecl lette1·s wer e r eceived. .At once it became ap}lnrent that at 
l east two bright object s had appear c1 early that evenin • t he fu·st at 
7: 38 p. m. As the new pape1· req_ue t had been fQr the 9 :15 fi:·eball 
many who w1·ote clid not t rouble to m ntion the time of ob ervation, o 
for some reports it is impossible to know which i intended. . 

Though the objects were in the outhern . ky as een from P Jnla­
delphia, no reports wer e r eceived f rom Maryland and none from mo~e 
than a iew miles west of Philacl elphia. Observ r s were concentrated lU 

one area so that the azimuth an"'le wer e nearly all in one quadrant. 
This makes the most unfavorable condition fo1· a olution. Out of a 
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hundred replies a bare half dozen tried to refer the path to stars the 
ideal reference points, and some of these obviously misidentified the 
constellations. 

The writer spent several days of hard work on these data, for from 
the number of reports it seemed a great pity that no good solutions 
could be found for heights and orbits. The actual results are liable to 
far larger pro'bable errors than usual. 

For the fireball of 7: 38, it is certain that from Philadelphia its path 
was from east to west in the southern sky, the angle with the horizon 
averaging about 25°. It was a brilliant object, and took several seconds 
to complete its course. It ended about 15° west of south as seen from 
Philadelphia, probably over Fairmount, Maryland, on the eastern shore 
of Chesapeake Bay. The data are too contradictory to enable us to 
derive heights in which we have confidence, though the fireball probably 
disappeared not less than 40 miles above the ground. 

The 9: 15 fireball was even brighter, and we have more observations 
for it. Direct methods of solution again falling clown, due to contra­
dictory data, a rough trial and error method was used, and heights were 
finally determined. It also was in the southern sky, passing from east 
to west. The angle was, however, steeper, and the end point lower, 
probably about 15 miles high, over Quantico, Virginia. The beginning 
point was over the Atlantic, well over 100 miles high. Several observ­
ers estimated that the apparent diameter of this fireball was about 
one third that of the Moon. It took probably three seconds to travel its 
visible path. No appreciable train was left. Both of the fireballs are 
said to have taken a sudden dip at the end of their courses. 

The main reason why excellent results did not come from these scores 
of reports is that most persons have little idea of angular measurement. 
Also they do not know ahead of time what observations are needed. It 
is obvious that if perfect observations of the beginning and end points 
are made at two stations, a perfect solution can be found, based on the 
familiar theorem that any triangle can be solved if we have the base 
and two adjacent angles. 

The main purpose of this paper is to call to the attention of persons 
intereste'd in science the importance of making accurate observations on 
all really brilliant fireballs. Only by such cooperation can astronomers 
obtain data necessary for solving problems connected with them. Data 
needed are: the angular coordinates, expressed as altitudes and azimuths 
of the beginning and end points of the path; or, better still, the path 
plotted on a star map. Of course the observer's station and the hour and 
minute of the fireball's appearance must be given. Other less important 
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d t . . leu"' th of time of vi ibility of the fir eball and of its train ; it. 
c:l;. ,ars~~pe, apparent . ize iu a~~ul~r ~mit , ~rightue compared to 

:Moon or planet, and any pecnliarl t le m. lt J_UObion. nia i now 

TJ F low r Oh rvatory of the mver 1 y of p Jill ylva 
1e . M · t-.c d ·erv as cl -

the headquarters of t he Amerlcan eteor ocre.J aJ~ . • ·. ates 
' t . f or all uch observations made along the tlantlc seaboar d t 

~osl or; Y<ork to Florida inch:t ·ive, bu xe1uding lew England for 
.~.rom r ew 
\\ hich Rarvat·d b en a tory er ve . f tlte 

'VIr t earn tly request the cooper ation of every m ~1b l' o . 
e lmo . . "adeU'Y of ci uce in making a sncce s of tlu . ext n lVe 

enn y :vama " '· h ·u· t 
work both by l·epor ting and by urging ot her to r port when a rl llln 

fit ball i e u. 

THE TOoL: I C T 
LUPINE 

:B'T R I\{T 
ND rrs A T 

WI T]i, 

RoDNEY H. TBUE .U.'l> L. E . Y o m { 

Un·wersi.ty of Pennsy'l:vallia 

[ A'bst9·act ] 

Thorium has a toxicity appro:x imat ly lual to t~at ?f H and 

B 11
. ·ons Ca ion tron~rly ant~"'onize t.h Thol'lum lOU. Mag-

ry mm 1 · • • ·t' 1 beta 
. . have Uttle or no autagonistlc act.l.ou. Alph a par lC es, 

ne mm lOD· · · • ntration 
ancl gamm.a r ays eem to hav . no 1l.armfnl actwn m con . ' 
h re \1 'eel althou(J'h lmown to be f r a 111 the plant. 

ffiA. ULA.R CIRCULA.T T - I 

BY R. A. TORGESON 1 J · H. G Y K. Is. KELLEY" 

ZoologicliL La'boratori11s, ni,v rsi"ty of Pitts1mrg11, 

F' 

The circulation of th spirael in tlJ dogfHt has n v . been fully ~o~ 
clearly described, and it is the p urpo ·e of thi paper to attempt t a 
d .· t' on The spiracl is a structure located dol·so-caudad o . t h ye 
. Cl ~;lp ~ogflsh. Thi structure is pr nt in nlO; t Elas~obranch fi hes 
:Ut ~:rie considerably a to orm and 1 ca ion in th different gene ·a 
of the cla . F or ex·a.mple, t ile hammer head 'harlt, Spl~'lJ1'11a t Jtcle . m 

b·. ti' . "' olfactol· ~· and . piracular uruts located 1 th to have a com ma on o L . ,, 

lateritl lobes of the head. . . . in both the afferent 
Upon observing the equally in ten e l1lJectlon ma . 

and the ffer ent hyoidean arteri s we wel·e l c1 to l)eh eve that t h primary 
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.circulation in the spiracle was not through a capillary plexus as had been 
generally accepted but that the true circulation is through anastomosing 
branches. 

Our observations were conducted on 44 commercially injected Squaltts 
acanthiaB, six commercially injected Sq1talus sucklii, and one prepared 
Sphyrna tttdes. The spiracles were removed from the animals and dis­
sected under the binocular microscope. This technique was supple­
mented by a process of tissue clearing with glycerine. The glycerine 
treatment made further microscopic dissection possible and also cleared 
the tissue sufficiently well to make whole-mount projection slides. The 
projection of these slides afforded an excellent method fQr studying and 
photographing the actual relationship of the blood vessels. The presence 
of an injection mass supplemented by the previous fixation of the avail­
able material proved detrimental for making histolQgical studies. 

The spiracle is a structure opening from the dorso-lateral surface of 
the head to the roof of the mouth, with an ectodermal lining. The sur­
face is increased by a fold which is supported by two cartilages, moved 
by a constrictor muscle, and innervated by a brauch ·of the glosso­
pharyngeal nerve. Directly below the dermis on the dorsal surface of 
this fold lies the "capillary plexus" uniting the afferent and efferent 
hyoidean arteries. 

The afferent hyoidean artery arises from the cranial portion of the 
first branchial loop and continues craniad to the spiracle giving off 
numerous muscular and cutaneous branches along its course. After 
entering the spiracle the afferent artery gives off branches which continue 
dorsad and rebranch. The major portion of the efferent system arises 
from the union of these secondary branches. The remainder of the 
system has its origin in the true capillary plexus. The efferent artery 
continues cranio-mediad to its junction with the internal carotid artery. 
The tissues within the fold are supplied by a small artery which arises 
from the medial portion of the efferent system. 

A microscopic examination of the spiracular fold revealed the pres­
ence of a combination of two types of circulation, one through a system 
of anastomosing branches and the other through a true capillary union. 

The anastomosing branches were found to be completely filled with 
and unharmed by the injection mass whereas the capillary plexus were 
either broken down, practically devoid of inj ection mass, or filled with 
blood. 

Summarizing our study we find first, the primary union of the affer­
ent and efferent hyoidean arteries is by means of the anastomosing 
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branches. Second, the true capillary plexus is entirely secondary to the 
anastomoses. Third, the presence of two supporting cartilages, a con­
stricting muscle and a branch of the glosso-pharyngeal nerve substantiate 
the use of the term vestigial gill as applied to spiracular structure. 

SOME OBSERVATIONS ON THE PELVIC MUSCU­
LATURE OF NEOTURUS MAOULOSUS 

HowARD K. WALLACE 

Department of Zoology, University of Pittsburgh 

An examination of sever al laborato;ry manuals and textbooks in u e 
iu comparative anatomy courses r e·vealed a num ber of inadequ~te and 
inaccurate deseriptions, omissions, and some conflicting termmology 
which cau e conf usion among -tudents when attempting to identif-y the 
pelvic muscles of Nectm·1ts ntaC'Itlo 1£ . In the hope of contr ibuting 
·omething to help clear up thi itu ation t he writer undel'took a study 
of original sources supplemented by di' ectjons. 

'rhe p r esent tatus of these mvestigations :is UDlill!lJ:ized below. . A 
li t of muscles of the pelvic girdle and thigh is given togethe1.· w1t h 
synonyms and general obser vations \ hich the write:· fee~ will aid the 
teacher in determining identities. The n r ·t name g1ven 1S ba ed on the 
work of Wilder (1912). The synonyms are taken from various texts 

and manuals (see Bibliography). 

Puboischiotibialis j ischriotibialis; gracilis; semitendinosus; semitendino­
sus and sartorius combined; rectus femoris. 

There should be no dfficulty in identifying this muscle. It is usually 
described as being marked at about its ncidcUe by a tendinous inscription 
at which point the nbers of the caudalipuboischiotibialis are inserted. 
It is the most caudal musde on the ventral surface of the pelvic girdle. 
It inserts on the tibia. Distal to the raphe a bundle of nbers becomes 
separated ·off from the main mass of the puboischiotibialis and extends to 
its separate insertion on the fascia of the plantar (volar) surface of 
the foot. This bundle, the semimembranosus, is described in some 

manuals as the ischio:flexorius. 
Kingsley (1907) erroneously describes the puboischiotibialis as in-

sertinO' on the distal end of the femur. Hyman (1922) describes the 
femor~fibularis as arising on the distal portion of the puboischiotibialis. 
This is not correct as the muscle has direct attachment to the femur. 
The dorsal portion of the puboischiotibialis, undifferentiated, is de-
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scribed by Wilder (1912) as the ischio:flexorius of other authors. Hyman 
(1922) describes the portion of the puboischiotibialis distal to the raphe 
as the gracilis. Noble (1922) homologizes the puboischiotibialis with 
the combined sartorius and semitendinosus in the frogs. 

Puboischiofemoralis externus; combined pectineus and pubofemoralis 
brevis; adductor; vastus intern us; adductor magnus, caput 
dorsale. 

This large muscle arises from along the entire median line of the 
ventral surface of the puboischiadic plate. It has the form of a triangle 
with the apex extending laterally to insert along the distal two-thirds of 
the femur. The posterior (caudal) half of the muscle is covered by the 
puboischiotibialis. The muscle appears as though it might be divided 
into three portions. This condition has led to a number of different 
descriptions. 

Adams (1926) names a posterior deep slip of the puboischiofemoralis 
externus the adductor femoris. Noble (1922~ describes the adductor 
femoris as an element which is completely fused with the pubotibialis. 
Kingsley ( 1907) describes the adductor femoris as lying beneath (dorsal 
to) the gracilis with somewhat similar origin and insertion. Noble 
(1922) homologizes the puboischiofemoralis externus of the salamanders 
with the adductor magnus, caput dorsale, of the frogs. 

Pubo·tibialis j sartorius; vastus intern us; adductor magnus, caput ven­
trale ; gracilis. 

This muscle arises .by a tendon from the pubis immediately in front 
of (cranial to) the acetabulum. It lies between the puboischiofemoralis 
externus and internus at its origin but distally its posterior border be­
comes the puboischiotibialis. It inserts on the tibia proximal to the 
insertion of the puboisc'hiotibialis. 

Smith (1927) calls it the sartorius. Kingsley (1907) calls it the 
vastus internus. Noble (1922) describes an element called the adduCtor 
femoris as completely fused with the pubotibialis. He homologizes the 
pubotibialis with the adductor magnus, caput ventrale of the frogs. 

lschiofemomlis; combined gemellus and obturator internus; adductor 
femoris. 

''This small muscle arises from the outer margin of the tuberosity of 
the ischium and lies in the same plane as the skeletal plate, being covered 
ventrally by both puboischiotibialis and the posterior portion of the 
pUJboischiofemoralis externus. The fibers of this muscle converge from 
their origin and form a tendon, which inserts into the crista lateralis of 
the head of the femur."-Wilder (1912). 
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Th ' scl i no mentioned by either mith (1927) Hyman (J9"'2), 
,.r:.

1 
m1

11 
(1907). fJ.'h de cription of the adductor femoris by dam 

or .l.UJ1gs ey • · · bl (1922) 
(1926) mio-h be int rprete i a· ref rring to thi mn cl . I o e · 

h . l ·, es t il 1. cbio emoralis with the combined gemellu and obttu·ator om() g11. · 
internus of the frogs. 

Jschioca,udal~ j ileo-caudalis; ischiofl.exorius .. 
This is the most medial of the three ta1l muscles. No difficulty is 

experi nc d in c1 t rmining its identity. . . . . 
1 1 Kinrr ley (1907) nante thi ·muscle the ileo-caudali . Tlu. m~1 c e ; 

. tly he i chio:Bexorin of. ble (1922) 1 and is homo.loo-lz c: b) 
~~~~n~~helcombine mim mbrano u. gra iii. · twl.jor an 1 mmor of th 

frogs. 
'f l".. rrifo:rmi . femoro-caudal. Ca1telctl1:·emm·a IS, pj . d li b · hiotibiali £.rom 

Tbi. musde al'i e in common WJtll t he can a pu OlSC d ?4tl 
tl 'de of the baemapophyses of the (usua1ly) 22nd 23rd. an - J I 

v:rte~rae ancl i illS rted hltO the haft f th 'em n· ju ell tal to t Je 

crista lateralis. . . b ( f this 
Kin sle (1907) erroneously describes the semimem ranosus o . 
. g dyof other authors) as beiJ;lg a part of the femor~-cau~ahs. 

~:~~~ ~~922) homologizes the caudalifemoralis with the pynformls of 

frogs. !i! • • eri1b•·ano ·u . ·Rudal rural. 
l z..i 1~00'i-~chiotibiaU. ' pyl'u.Ol'IDJ ; num ~: ' . . · 

anc a rp 1 . m· common ·with th caudalifemorah and l geu-
Th.i . mu c e art e . . . . Lis t th . he 

• 1 ie cribecl as in erting into or on th p·ubol hlotibl? a ~ rap . 
r~~ authOl'S xphriu th pre ence of the raph by a · ummg tha~ It. erve 
a~ an in erti n . o . th caudHli.puboiscb.iotibinli find tha~ tlu ~lU cle 

al . . on til raphe but ometimes to one Jd f lt aud 
do not way ill · · tly 

i11 other u ·odele: clo ely r elated o N ct~w~ the~·e 1.S apparen . ' 
hat h r ent th caudalipu'boi hiotibiaJJs m ertmg u the fasma 

~10 ra~ e P I: ~.: tib' li In £rectur a h avy fa cia i a tachecl 
uwestll'lg the pub 1 CJ.UO 111 S. . b' d' t ] e 
to the dorsal sul'face o£ this raphe and s em to ·erve ln. m lng I 

Ptlboischiotibialis clo:e to t.h femur. .· £ , . 'mith (1927) cor-
Adams ( 1926) calls tbJS m u cle the p yu r ml, . . . . . , . 

. 1 . l as the caudali uboi luotibJall . Ihe111 m tl d cr1be t us mu c < 
rec : .· t' of the other two taU mu cles this au hor in Ol't'ectly call 
th e cn~ tou . '1 al o d crib . tlle semimembrano. u but 
' t th emnnembranosu . le < , • 'b'al' 1 

· 1 . part of the puboisch10ti 1 1s tbj time corre tlyl in another p ace, as a . 07) name 
l' ·h . as es to tb.e plantar urface of the foot. King 1 Y (19 

w uc p . b . 1 . t'b' li th pyriformis as doe Hyman (1922). the caudahpn 01 c uo 1 1a. · 
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Noble (1922) homologizes this muscle with a muscle of the same name in 
the frogs. This would se.em to make the use of the name pyriformis 
given to this muscle by many authors incorrect as Noble homologizes a 
muscle by the name pyriformis in the frogs with the caudalifemoralis 
of the urodeles. 

Pttboischiofemoralis intern us; rectus intern us; iliacus; pectineus. 
In order to see this muscle in entirety the girdle must be removed 

from the body. It arises from the dorsal surface of the pelvic plate, 
part of its fibers arising in the puboischiadic fossa. The ilium divides 
the mu cle into two geuru:al portiOJ , the anterior or cranial portion 
curving arounc1 the cranial b tder of the ilium and the po te:rior o1· 
caudal p t·tion curvin.<l' around the caudal borcl r o:f the ilium. d ii­
tio.na I fib r arise on th lat rat tll'face of th base of the ilitmt. The ·e 
thr e portions alJ com too- thet· to form one head which j · in erted alan• ... 
the ·llaft o'f the femu l' a. far a the condyle . ie" eel from tl1e v ntral 
· tu·fac pa 't o£ the crauial portion is •n lyiJ1g along I'll •ranh1l ide of 
th pubotibiali . 

ilder (1912) consider the tibel' a1i ing from U1 outer . urfacc of 
th ba of th ilinm as the lik ly homoloo-ue of the iliofemorali found 
in certain urod l . mith (1927) c011 iders this tl1e gluta n miJ1imt1 . 
Hyman (1922) de cribe. tlP iliofemoralis a bein..,. s.ituat d b tween til.' 
ilioex en ol'ins an.d tbe puboiscluo~emoralis in emu . 'I' his is in 1' ality 
the iliotibiali. and insert, on the tibia iu. t ad of th • femur ns described 
by Hyman. Kingsl y (1907) mune the puboi clJiofemoraH :inter1111, 
the re tu int rn1:. mith (19 ... 7) calls the pubois hio£ morali in r­
na. · tl1 pectin u aud de cribe it a arisin.,. .from the antedo:r bord r of 
the i cbiopubi plate. This d cl'ipti n o th mu le i · jncompl. t (n~-
fel' to the description above). oble ( 922) homologizes this nmscl 
witl1 the combined iliacl1S xternus, ilia 1.1 inter1ms pectin u 1 an I a~­
ductor lo11gus of the frogs. 

Iliotibial is j iliofemoralis; rectus extern us; rectus femoris. 
This is the most cranial of the three iliacus muscles. It arises on the 

base of the ilium and is inserted on the tibia. Part of its fibers may 
arise in common with the cranial portion of the puboischiofemoralis in­
ternus on the dorsal surface of the pelvic plate. 

This is the rectus extern us of Kingsley ( 1907), the rectus femoris of 
Smith (1927). It is not mentioned by Hyman (1922), the author 
probably considering it as part of the ilioextensorius, unless the ilio­
femoralis, described as inserted on the femur, is considered to be the 
iliotibialis. Noble (1922) homologizes this muscle with the tensor fascia 
latae of the frogs. 
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Ilioextensoriusj glutaeus maximus; rectus femoris; vastus externus; 

iliotibialis. 
This is the middle one of the three iliacus muscles. It arises by a 

narrow tendon in common with that of the iliofibularis from the base of 
the ilium. It ends in a tendon which passes over the kllee and divides 
into a tendon and an aponeurosis. The aponeurosis, in the form of a 
fascia, invests the muscles of the lower leg and the tendon inserts on the 
tibia. Adams (1926) does not describe the tendinous insertion. Kings­
ley ( 1907) describes it erroneously as inserting on the fibula. 'I' he de­
scription by Hyman (1922) is very generalized and is probably intended 
to include the iliotibialis and the iliofibularis. Kingsley ( 1907) and 
Smith (1927) name this muscle the glutaeus maximus. Noble (1922) 
homologizes this muscle with the combined cruralis and glutaeus of 

frogs. 
Iliojib1tlaris j ilio-femoro-fibularis; f emorofibularis; biceps; glutaeus me­

dius; semimembranosus. 
This is the most caudal (posterior) of the iliacus muscles. It arises 

in common with the ilioextensorius and inserts on the fibula. It is con­
sidered by some authors as one of the heads of a muscle, the biceps, the 
other head being considered the femorofibularis. In N ecturus these two 
muscles, which are considered as heads of the biceps, are entirely sepa-

rate from one another. 
This is the semimembranosus of Kingsley (1907), not described by 

Hyman ( 1922), the glutaeus medius (inserting on the femur) of Smith 
(1927). Noble (1922) homologizes it with the iliofibularis in frogs. 

Femorojibula1·is; ilio-femoro-fibularis; biceps, iliofibularis. 
This muscle arises on the shaft of the femur near the insertion of the 

caudalifemoralis and ischiofemoralis and inserts on the shaft of the 
fibula. It is sometimes described as one of the heads of a muscle, the 

biceps (see preceding muscle). 
It is not described by Adams ( 1926) and Kingsley ( 1907). Hyman 

(1922) describes this muscle as arising on the gracilis (pubioschio­

tibialis). Noble (1922) does not list this muscle. 
The first anatomists to describe the musculature of Necturus were 

Europeans. Beginning early in the 19th century, they followed one of 
two general schemes of nomenclature. The first, and probably the 
oldest, was to homologize the muscles of Necturus with those of man. 
The second was based upon the use of origins, insertions, appearance, 
action, and similar characteristics as a basis for naming the muscles. 
Noble (1922) has pointed out the weaknesses and mistakes of these 
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earlier anatomists which render their work unacceptable in the light of 
present day knowledge. These weaknesses and mistakes might be sum­
marized as follows : 

(1) Necturus was accepted by some as the most primitive of the 
urodele amphibians and the general nomenclature for the group was 
based upon this assumption. This was an incorrect view and led to 
inaccuracies. 

(2) l\{uscles of Necturus were homologized directly with those of 
man. As Noble has pointed out this is not tenable in the light of modern 
conceptions of homology. The muscles should be homologized with a 
primitive condition from which Necturus has evolved and that primitive 
condition homologized with a primitive condition from which man has 
evolved. Noble ( 1922) describes this primitive condition of the urodeles. 

(3) The range of variation within the urodeles has not been under­
stood and certain muscles in the thigh of salamanders have not been 
recognized as distinct from others. For example: Wilder (1912) does 
not mention the adductor femoris which Noble (1922) describes as com­
pletely fused with the pubotibialis, and which is found in various stages 
of separation in other urodeles. 

( 4) Mistakes have been made in determining the innervation of 
muscles or nerves have not been taken into consideration at all. 

The writer's dissections of different genera and species ( Cryto­
branchus alleganiensis, N ecturns maculosus, Trit'grus torosus Tritunts 
viridescens, Trihtrus dorsalis) show a marked degree of similarity be­
tw~en appendicular muscles. The nomenclature and descriptions of 
W1lder (1912 ( have been found to be quite satisfactory in identifying 
muscles of the different animals listed above. Noble (1922) uses a group 
of names very similar to those of Wilder (1912) and suggests that these 
terms be used until his homologies have been accepted at which time 
terms homologous to human nomenclature can be adopted if it be so 
desired. 
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ADDITIONAL HEP ATICAE FROM CENTRAL 
PENNSYLVANIA 

BY THOMAS M. LITTLE, A.B. 

Pictu?'e Rocks, Pa. 

In the proceedings of the Academy for 1931, I published a paper 
entitled Preliminary List of the H epaticae of Central P ennsylvania, 
which consisted of 42 species collected in the vicinity of Lewisburg, Dan­
ville, and Picture Rocks. This year most of the collecting has been done 
near Picture Rocks and 12 additional species for this r egion have been 

found. 
The new species found in this r egion are as follows : 

MetzgeTi<' conj!,tJo;ta Lind. Branch No. 2, Roaring Run, Picture Rocks. 
Aplozia (J nngonnan?titt) Tipa?'ia Tayl. Pond between Picture Rocks and Tivoli. 
Lophozia. il! 1tClloJ'i. ( ""ees.) Dumor t. Quite common on shaded b anks all over 

region. 
Lophozia vent1·icosa (Dicks) Dumort. On stumps along branch No . 1, Roaring 

Run, Picture Rocks. 
Sphenolobus execetus (Schmid) Steph. Miller woods, Picture Rocks. 
Lophocolea alata Mitt. Along two runs b etween Pictme Rocks ancl Glen Mawr. 
Lophocolea bidentata (L.) Dmnort. Branches Nos. 1 & 2, Roaring Run, Picture 

Rocks. 
Cephalozia se?Tifiom Lind b. (C. catemdata (Hiibn.) Spruce) Fomey Hollow, 

Picture Rocks. 
Odontoschisma den1ulatmn (Mart.) Dumort. Quite common on logs a ll over the 

region. 
Cololejeuneae B iddlecomiae (Aust.) Evans. Branch No . 2, Roari11g Run, Pic-

ture Rocks. 
L ejeunea patens Lindb. Pevine Hollow, near Huntersville. 
J1tbula Pennsylvanica (Steph. ) Evans. Growing very profusely on Roaring Run 

and its branches. 

Besides these new species there were found new stations for many of 

the hepatics in last year's list: 

Mcta-gorim~ f m·cata (L.) Dumort Along run ltbo,·e 'l'ivoU. 
Pc1H<' C1JiZJ7111Jll(' (L.) ordn. Along ncurly nil t he n ms above 1,000 .f l, nllilnde . 
.J.ploJOria cacsti~ici,a. (Lind .) Dumort. Bru nch "'o. 1, R onritlg R1m, i •ture Ro ·ks . 
..d.plosia. Zanccol<,tc~ ( clmHl .) Dum. • orn y Hollow, Picture Rocks. 
Plagioclli l<' aspl&ll oidell (L. ) Dumor t. Profuse. nlon Ronril1g Ihm nnd it 

branches. 
Cephalozia mwvifolia (Dicks.) Dum. 

Valley. 
Calypogeia trichomanis (L.) Corda . 

region. 

Quite common all through Mnncy Creek 

Common in deep woods throughout the 
• 
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Scapania nemorosa (L.) DuP-1. Common on shaded banks of streams. 
Radula complanata (L.) Dum. Along run near Tivoli on trees. 
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PaTella platiphylla (L.) Lindh. On trees along Roaring Run Picture Rocks 
Trichocolea tomentella (Ehrh.) Dum. Profuse along Roarin~ Run. . 
Lejeunea cavifolia (Ehrh.) Lindb. Profuse along run and pond near Tivoli. 
Frullania Asagmyana Mont. Profuse along Roaring Run. 
Frullania nisqualensis Sulliv. Was re-examined and found to be a mis-identi­

fication. 
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COLOR VARIATIONS IN CASTILLEIA IN THE 
HIGHER ALTITUDES 

BY JOHN C. JOHNSON 

State T eachm·s College, West Cheste1· 

(Abstmct) 

. Studies on the genus Castilleia of the family Scrophulariaceae in the 
higher Colorado Rockies seem to show an increasing brilliance in color as 
one ascends in altitude from about 9,000 to n early 12,000 feet. Color 
variation in any species of this genus is considerable at any altitude but 
seems definitely to increase in brilliance with elevation. Other infh~enc­
ing fact~rs are do~btless the thinner air, cooler days, colder nights, and 
more ramfall at higher altitudes. 
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SOME SCIENTIB~Ic PROBLEMS IN GAME 
PROPAGATION 

BY SAMUEL H. "WiiLLIAMS 

Department of Zoology, University of Pittsburgh 

(Abstmct) 

The propagaJtion of game birds and animals by the thumb and rule 
method without regard to numerous factors of an important nature, 
threatens to preclude the possibility of gross production. 

The importation of breeding stock Dpens the way for the concentra­
tion of numerous diseases, ectoparasites and endoparasitic worms, unless 
intensive quarantine regulations and detailed studies, experiments deal­
ing with nutrition and causative lethal organisms, are considered. 

ORIGIN OF CAVES 

BY R. w. STONE 

Pennsylvania Geological Su?·vey 

This paper is printed in full in Pennsylvania Geological Survey 
Bulletin G. 3, Pennsylvania Caves, issued in August, 1932. 

CAVE CONCRETIONS 

BY R. w. STONE 

Pennsylvania Geological Snn:ey 

Balls and ellipsoids of travertine which will here be called cave con­
cretions have been found in four of Pennsylvania's 80-odd caves. These 
are Hipple Cave at Waterside, Bedford County; Wm. Penn Cavern, 4 
miles west of Huntingdon; Historic Indian Cave at Franklinville, Hunt­
ingdon County, and Alexander Caverns, near Reedsville, Mifflin County. 
The concretions occur mostly loose in nests or pockets on the floor. 

In Hipple Cave the concretions are in a dry, rimstone pool and cover 
an area of several square feet. The rimstone is a sinuous wall of tra­
vertine about 3 inches high on two sides of a roughly triangular pool. 
The limestone roof is barely 1 foot above part of the pool. See Fig. 12. 

Some of the concretions are free and some are partly imbedded in 
clay. Most of the concretions are less than one inch in diameter, but 
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some ~re nearly as large as a tennis ball. Their shape ranges from rudely 
sphencal to ellipsoidal, or diskoidal with one side domed and the other 
fiat. An occasional concretion is about 2 inches long and 1 inch in diam­
eter, with circular cross-section and well-rounded ends. See Fig. 13. 

FIG. 12. Cave conc1·etions in rimstone pool, Hipple Cave, Bedford County, Pa. 
The rim stone is marked with nrrow. The larger concretions are about 3 inches in diameter. 

All are light weight and porous, and the surface is like miniature 
cauliflower structure. Some are distinctly rougher on the ·domed upper 
surface than on the flatter lower surface. 

Cross-sections of a :few concretions reveal concentric structure and a 
~ucleu~ of foreign material. An elongate concretion has a 3/4 by 3/16 
mch p1ece of stalactite at its nucleus. A diskoidal concretion 3 inches in 
diameter and 1 inch thick has a chip of black limestone at the center. 

Being in a rimstone pool, these concretions developed in standing 
water .. The area of the pool was 3 or 4 square yards, so large that water 
droppmg from the small stalactites a few inches above could not have 
disturbed the water of the pool. 

At Historic Indian Cave there is a small channel in the limestone 
traversible only by crawling, in which travertine concretions lie in ~ 
shallow rimstDne pool. These are like the ones found in Hipple Cave, 
mostly 1 inch or less in diameter, and rough surfaced. One has a rough 
an~ convex base, and a knobby top. They were formed presumably in 
qmet water. 

At Alexander Caverns, likewise in a channel just big enough for a 
man to crawl through, there are several shallow pockets in the floor 
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which contain concretions. These, however, instead of being scattered 
about, lie close together, in contact ·with each other. Most of them are 
i to i inch in diameter, roughly spherical, and with miniature cauli­
flower surface. Most of them are not round enough to roll well. :Some 
of them rest in pockets shaped like honey comb. It would seem that 
after these concretions developed there was not enough mineralized \Yater 
for their further growth, but just enough in the little basins to form 
scptae around the underside of the concretions. If there is a foreign 
nucleus in these concretions in Alexander CaYerns, it is so small as not 
to be readily detected. 

These concretions developed seemingly in quiet water. 'l'herc are no 
stalactites above the pockets and the \\Titer sHw no evidence of dri l;ping 
or running water. 

FJG. 13. Travertine concretions from Pennsylnwia caves. Natura l srnle. 

'J'h lurgest con r tlon show couct>utrl· ·tructnre anrl n piC'cc of stnlactitL' in the 
ccnt!!r. Tho Ullfllli'UlOSt concretlou shows the rough surface. The smooth onl' in the 
uvper !!!it cprner Ia d •n · CIIYC OH)' X fi'Olll "m. Penn CaYern and shows n polisllt.'<i spot 
( llglltJ on the UI>IICr surto • . A crt).lf$ I!CCtlou of a simil~1r m_w fro~n the same <;'!'"'' with 

11 pro ctlng collna· Is next bcl.ow. l' hc smn llcst concretwn 1s tnncal of those "' "~lex­
an<ler Cn,·GrLL 
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~h . struct~re o£ concr tion £rom the c thr ee cave , r veal d by Cl'OS ·­

se t10mng a few of them is rouO'hly con ntric tl1in Jay r of minute 
cry tals. ome layers ar r <>·ttlar one are wavy; the next ucc cdinn· 
lay r may bridge ratlt r tha11 acco ·d with th wave . In a cliskoidal con~ 
cr?tion the nucleu may b off-cent r the layer in th lower half being­
th~l1n r tltan tho e above the nucleus. Becan ach ucc ssiv layer 
tall d to fi!J completely the pace b twe n tl1e cry tal on which it re t 
tb con ·r tion. are porou .. 

In \\ m. Penn a vern tw 011cr ti n of a liffereu t t.) p ,vere found. 
ne i an oblate dUt inch in diam t r and r.: incl1 thick with a 1uooth 

ft·o. ted . nrfac . n to1 and bottom tl1er is a inch pot witJl a bjg]l 
poll h · al o part of the rim i hio·hly poli heel. The otl1 r concretion 
front, hi .· cav i the ame sbai e, sli..,.htly ·maller, ha a d ply fro tccl 
· ur.fac Hnd a collar or thin proj cti.u"' band of mall ry ·tals aro1md the 
ert•eater diam t r. cro. - ection of th.is ·mailer concretion how. that 
it i d ll e cave onyx, tl'a n ·J uc nt in thin cone utric band around a 
mj11ute nucl us o£ oft y Jlow clay-Jik material. Th e di k of our e 
will not roll e: 'C pt ou ed..,.e. 'I hey we1·e form d on the floot of a grotto 
wb 1' w<tt r wa dripp"in<r t·npidly . 

. 'rh.e poiu o.f thi pap r i tl1a He. ·~ l1a rcceutJy pnbli ·h cl a cle­
·ci·~ptiou of av ·oncr tion whi h he calls 'cave peads 'au 1 a cribed 
then· :hap to mov ment by disturbanc · £ tlle water, perhap 'mplyit1oo 

that th Y w re roll d. David on and McKinstry~ ha' e conelucled that 
rollin of the pnr icle i · not nee sary to fOI'lll rounded calcite conct _ 
tion ·. Thi paper give fur h r vid nee that cave concretion w 11-
round 'I a w~U a di koidal "'l'OW in quiet water. Tlle ability o:l;' ~rystal 
Cl'l'Owth to ra1. e a. rock f1·arrm u.t a •ainst gravity by developino- on th 
lowe1· a well a the upper id i d monstrated. 

"\"\1]1 ther bacteria aid d in h dev lopm nt of th e concretion found 
in Pennsylvania ca es ba 110t been tudied. All of the concretiOJ were 
found .far unclergr 1.md (100 to 500 feet from th cave mouth) in ab ·o­
lnte dark, and wh re th temperature rru.1o- from 50° to 60° }!..,_ 

1 Hess, Frank L., Oolites or cave pearls in the Carlsbad Cave1·ns: Proc. u s 
Nat. 11Insenm, vol. 76, art. lG, pp. 1-5. · · 

• 
2 .Dm·i?son,_ S. C., and McKinstry, H. E., ''Cave pearls,'' oolites, and isolated 

mdnswns m Yems: Econ. GeoL, vol. XXVI, No. 3, pp. 289-294, May, 1931. 
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RECENT P ALEOBOTAN·IC INVESTIGATIONS NEAR 
PITTSBURGH, PENNSYLVANIA 

BY WILLIAM c. DARRAH 

Ca1·negie Muse1l'm, Pittsburgh, Pa. 

Most of the great contributions to the study of fossil plants of the 
Carboniferous age in America have been made on mater ial from Penn­
sylvania. But in our State the work has gone untouched for half a 

century. 
Ther e has be n a long-staudin"' need fo · a compl t '' typ u es-

sion'' of pper Carbonifer ous floras that could be u sed a a taudar d 
with which all other c ntempo ·aneous floras mlr.h be compar d . 'ncb 
a typ e-succession sh ould p ractically coincid wit h the tJ p ction or 
"'eograpJ1jc area by whi ch geologic and stt'atigl'll})hic cou ela tion is con­

v entionally made. 
The Upper ar bouif rom; eriocl was r enamed " P enn ylvauia11 ' by 

H . . Williams becau t ills great period of coal-f ormation i best and 
t ulle t r epre n ted in cllllsylvania. A glau nt the names o~ th 
formations r eveal the localities wher e the rock were fi · t studied­
Pottsville Allegheny, onemauoob , and Mononn-ahela, on top oi' which 
re ts the Dunlmrd (P el·minn) in '\ asbingtou an d reene count ie . The 
1 wer 'arboni£erou or lVIi issippian i divided into P ocmJo and l\IJ:au h 
Chunk. Thus the entire extent of the arboni ferous and Lower P ermiru1 
was :first studied in P enn ylvani11 , al}d if we al'e decidi noo up n type ec­

tions, we must choose those at home. 
Carnegie Museum has begun paleobotanic work on local floras to con­

tinue the accumulation of material which will lead to a completion of a 

sati factory t pe succession. 
About :fi£ty year ago L o L esqu ereux :fini.<;h ecl the th it' l volume o£ 

l1i ' oal Flora and Atlas" published by th e P enn yl •ania e ond Geo­
logical tl ·v y . tu dy continued the work b gun tmder the Fir. t 
Stu·vey in 1 5 . In conuection with thi attempt two Pem1 ylvanians 
hould not go tmmentiol ed , 1\u·. R. . Lacoe, of Pj ttstou and the Hou. 

I. F. Mansfield . Both of the, e mer1 sent 1rundrecls of rare pecimen · to 
L e quereux and it is to them that the credi t should ooo for r evealing how 
r ich our own loealitie: l'eally ·were. Man.·fi.elcl' · material wa collected at 

annelton in Beaver ounty and Lacoe' hiefly from the nthracite 
ar ea. Lacoe 's priceless collection i · one of t he hief ac e sions i u he 
Utrit ed S tates National Mu eum. Le ·quereux's nttention wa r ath er un­
avoidably directed to the Productive Coal ' ea til' and the An thraaite 
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series because they were commercially developed and good specimens 
were abundant. Consequently these regions received a greater share of 
study than all the others combined. 

At the same time Fontaine and I. C. White published the Dunkard 
~ermian Fl~ra which also appeared in the report of the Second Geolog­
Ical Survey m 1883. Both this work and the Coal Flora are obsolete re­
quiring constant revision and care when used, but they stand as the basis 
for all other work on Paleozoic plants in America. 

_During the early years of the twentieth century, David White, of the 
Umted States Geological Survey, r eported on the Pottsville floras, chiefly 
as exposed on the K anawha River in West Virginia. In this exhaustive 
research he completed, in a modern sense, a type succession of earliest 
Pennsylvanian floras. Later in a lesser and rather incomplete manner 
he reviewed the Allegheny floras (next above the Pottsville). Her~ 
really concludes a summary of what has been done previously in the 
g·eneral _type areas, thereby leaving unaccounted for well over half of the 
total thickness of the Carboniferous formations. 

At present we ~re at~empting· a comprehensive floral survey of only 
the Co_nemaugh series whiCh represents the interval between the Freepor t 
and Pittsburgh coals. The total thickness is 600 feet and within this we 
have made collections at 14 horizons. The lowest horizon which bears 
fossil plants in western Pennsylvania is the Mahoning member, composed 
of_ sandstones and shales interspersed with a couple of insignificant coals. 
Eighteen thousand specimens have been gathered and labelled in the 
field a_s to vertical and horizontal position. This number is made up of 
m_atenal collected at a dozen localities within a twenty-mile radius of 
Pittsburgh and a preliminary study of them reveals several surprisino· 
facts. T_he flora contains 56 species of typical upper Carboniferou~ 
plant~, ':"Ith most of them reported in the American Allegheny floras and 
a maJonty common to Europe as well. 

The great majority, in f act almost 92 per cent, are fern-like but 
most of them doubtlessly will prove to be seed-bearing and therefore 
n~t ferns at_ all. The remainder, about 1500 specimens, is composed of 
gia~~ scourmg-rushes, seeds, lycopods, and primitive, more or less 
comfero_us trees called ''Cordaites.'' Because of their special value in 
correlatiOn we will consider only the fern-like plants in more detaiL 

T~e early students classified fossil plants on mere carbonized im­
pressiOns and we speak of types based on such remains as ''form­
genera." The form-genus Pecopteris is represented in our collections 
by ~4,000 specimens of which 9,500 belong to one species (P. rniltoni 
A1·t~s sp.). The others referred to the same genus are separated in 
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more than a dozen species. All of them are identical with forms in the 
Radstockian division (uppermost Carboniferous) of Great Britain, and 
are also similar to those plants at the boundary of the Westphalian and 
Stephanian series on continental Europe which are. also upper Carbo­
niferous. The Stephanian is so poorly represented m England that .we 
cannot make a rigid comparison of our material with the Radstock1an 
which is at least in part, Stephanian. Several of the Pecopterids range 
well into the Permian above, and they may suggest an age for the 
Mahoning considerably younger than has been generally . anticipated. 
Even so a number of recent finds in western Pennsylvama have cast 
addition~l doubt as to the validity of the present delineation of Upper 

Paleozoic formations. 
While collecting fossil plants at the Clarksburg horizon near the top 

of the Conemaugh a small branchiosaur was uncovered. This unex­
pected eli co ery n cans that a tn ical salamander-lik~ amphibi~n (a 
stegocephalian) hitherto only lmown in Lower Perm~an depos1ts of 

i r an ee ermauy oncl z choslo'i•alria has been found m rocks always 
r n-arcl~d as P enn ylvan1an. The plant fossils associated with it add 
litt le i n fa, or of callina the bed Permian, but the abundance of a 
pee 1uar f •n-Like plant call d Odcmtopteris maori .Le.squer eux, is note­
·worthy. Tbi plaJlt, althouo-h it h a · been found w1thm t~e Conemaugh 
before i ·haracteri tic of mu ch higher strata. The d1scovery of a 
erre trial ver tebrate wi thin lri .rormati011 is not the fir&t. In 1908 Dr. 

P. E. Raymond, formerly of Carnegie Museum, collected a nu:nber of 
bones in the Red Beds near the Ames limestone about the m1ddle of 
the Conemaugh formation. The remains were sent to Professor Case, 
who referred them to characteristic Permo-Carboniferous genera of 
Amphibians and Reptiles. In the case of Branchiosaurs, h?wever,. we 
are dealing with a more diagnostically valuable group of ammals smce 

they appear to be strictly P ermian. . . . 
The Red Beds just mentioned are brought m the d1scuss1on also. 

This is the first reoccm·reuce of deposition of red sediments since the 
Mississippian (Lower Carboni£ rous) Period, and several geologis~s 
would divide the P ermian f r om the P ennsylvania at the bottom of th1s 
red horizon. Instead of finding a series of barren :red shales and clays 
indicative of arid conditions, we have been able to locate sixteen species 
of typical Carboniferous plants, most of them of fern-like appearance. 
Such a meager flora based on a small number of specimens cannot be 
used in determining the age or environment of deposition. 

The study of local fossil plants has accomplished more than the 
accumulation of a floral list which by its composition can be given an 
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approximate age. To systematic and morphologic paleobotany, we have 
three contributions to offer. 

Among the Mahoning specimens were five fragments of a species of 
Pecopteris which exhibit frond dichotomy near their apices. The five 
specimens were collected at various levels within a vertical distance of 
35 feet. We believe this is more than a teratological form. It may 
prove to be simply a form or variety, but with a vertical distribution 
representing many, maybe a hundred years ' duration, it hardly repre­
sents an accidental variation. A similar habit is known in numerous 
species of existing ferns, but here in this case we are still up in the air 
as to whether it is true-fern or seed-fern. 

For years Neuropteris, another common type of form-genus based 
on leaf impressions, has been believed to possess a deciduous or caducous 
habit, shedding its pinnules sometimes before maturity. The full-sized 
pinnules have always been found isolated or detached and when a 
specimen is recovered with pinnules in place, the fragment is quite im­
portant. In our collections are a number of bare spiny-stemmed 
specimens which were doubtfully classed as rachis-impressions, but the 
thorny aspect made it unsafe to attach much weight to the diagnosis. 
One afternoon recently, a small collection was prepared for cataloguing, 
and in it was a specimen of Neuropteris (N. Scheuchzeri) with rather 
immature pinnules attached to a frond-rachis identical in configuration 
with that of the naked thorny imprints of uncertain position. The real 
find to be hoped for in this connection is a specimen with only half of 
the pinnules shed. However, we have a series to show that an abcision 
layer is formed which cuts the pinnule off near the departure of the 
midrib from the rachis. Naturally we have demonstrated the case for 
only one species and although several related to it are probably also 
caducous, at least a considerable portion of the genus did not shed its 
pinnules. 

The third notable find is a case which might be duplicated at any 
time but it is only the third such on North America. Seeds were found 
in organic attachment with foliage of Odontopteris maori, the form men­
tioned in association with the branchiosaur. "'We have six examples 
collected at Rennerdale, Allegheny County. The seeds are small, ovoid, 
apparently winged bodies not unlike isolated seeds referred to 
Samaropsis and Carpolithes. In size they consistently measure 3 x 3.5 
mm. and are borne near the margins of unmodified pinnules on the 
upper surface. Isolated seeds would undoubtedly be called a species of 
Carpolithes, that genus which should better be called the burial ground 
for fruits of uncertain relation. 
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A great number of other statements m~gh~ be mad~ about petrified 
plant material, museum display, a populanzatwn of th1s :neglecte_d field 
but I have simply tried to show the recent developments m the ~lCh, al­
most untouched, field of local paleobotany. The great n~ed 1s more 
material. Museums have been content to purchase spemmens from 
classical and now practically exhausted localities. There is a real op­
portunity for those in almost any portion. in Pennsylvania to collect 
scientifically valuable specimens of Carbomferous ~lan~s, and t~ereby 
add to the common store of geological an<l paleontog1eal mformatwn. 
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THE STATUS OF PALEOZOIC PTERIDOSPERMS 

BY WILLIAM C. DARRAH 

Carnegie Museum, Pittsburgh, Pa. 

It was not so long ago when every o.ne familiar ""th, the vegetation o£ 
Carboniferous tilne. marvelled at this veritable age of fern . The lead­
ei'S in paleobotany uuJ1 ita tingly cla. ·ified . uch planil into families and 
ometim e'' n enera of existin<r fern. and author· of text-book· :in 

geology expounded at length on the abundance of Marattiaceous tree­
fern of a tropical aspect during the Paleozoic Era. The similarity of 
the Carboniferous ferns to the living but almost extinct family of trop­
ical Marattiacea.e was so obvious that the comparison went unques­
tioned. 

The scarcity of fruiting specimens did not impress any one in particu­
lar until 1883 when .Stur suggested that at least some of these fern-like 
imprints might not represent ferns at all. In 1899 Potonie created a ne>Y 
·ystematic group called" Oycaclofillicales" to include some terns showing 

microscopic t1:uctm:es intermediate between those of Ferns and Cycad . . 
In 1903 and 1905 Oliver demonstrated the seed-beat·ing habit of Ly­
ginoz>teds and for this new group coined the name "Ptet-idospe?·-ma.e." 
About the arne time David White reported o.n the seeds of .Aneinnites 
found in West Virginia, Kiru ton discovet·ed seeds attached to Nen­
?·opte-~ is, the form fu: t questioned by Stur · and, Dick.~on1:tes pluclo:eneti 
wa. proved to be pteridospermic. More m-pri. ing than .any of the. e 
wa.. Winifred Golching di covery of the eed-habit in a Devonian spe­
cies (" EospemtatoJ>teri ") from chohat·ie ounty, New York. This 
attested to the great a.nt:iqu:ity of the newly formed group and ad ]eel 
more difficultie :in theorizing on their evolution. 

'.J.1he inhe1·ent difficulty in settling their . y tematic po "tion i the 
careity of actual data regarding Pterido p rm . The :tirect evidence 

is limited to a dozen clliierent seed-bearing specie all exc pt one of "lrich 
are very imperfectly known, althoun-b uch a great accumulation of in­
clli:ect information ha piled up that suspicion ha b · n ca on ev ry 
known frond-genu of arboniferous age. I11 . ueh fot·m a. Nem-opt ri. · 
a.nd Alethopteris the proof did not come a a hock, but when a ty1)ical 
cyatheid pecie of Pecopteri was demonstrated to be seed-beuiug, t he 
last stro.nghold of those who championed the ex:istenc or abnnclauce of 
Ma.rattiaceae in Paleozoic time was put in a dangerous po ition. 

A few yero.•s ago Halle reported on five eed-bearing forms from 
Shansi in China. One of the e wa Pecopte1•is 'W01IYVi, almost identical 
with P. 1nilton•i whlch. ha long been regarded a 1·eally 1\tfarattiaceou . 
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The sporophyte of Pteridosperms is so typically fern-like that we 
are forced to link them somehow with true ferns. The resemblance is 
more than superficial, for when the microsporangia were discovered in 
1905 these were the very structures accepted and unquestioned as the 
sporangia of Marattiaceae. However, one would hardly expect the mi­
crosporangia to ex"hibit much modification, but when we turn to the mega­
sporangia which have to form the seed-structures, there must neces­
sarily be an enormous change. 

Dr. Benson suggests that the ovule of the Pteridosperm is simply a 
transformed sorus and the peculiar integument a sterilized peripheral 
synangium. Oliver's view differs in that he believes the integument had 
its origin as a new structure unrelated to anything else and contem­
poraneous with the origin of the seed. It is more likely a transformation 
of sori which has taken place many times rather than only once. 

Naturally when the seed-habit of this long-lived Paleozoic plant stock 
was thoroughly demonstrated, systematists and taxonomists placed them 
within the spermatophyte phylum, thereby squeezing them into the too 
dogmatic, four-divisional, plant system. Oliver and Scott proposed that 
their new group be coordinate with Gymnosperms and Angiosperms. 
Scott later suggested that the Pteridosperms were really Gymnospermous 
and of no greater than ''class'' value. Finally in 1906 he defined the 
characters of the Pteridosperms and elevated them to a position inde­
pendent of Gymnosperms. Nathorst incorporated them with the living 
and fossil Cycads (Cycadales and Bennettitales) and instituted the Cy­
cadophyte phylum to include them. The relationship of seed-ferns to 
any Gymnosperms other than Cycads, is more remote and obscure al­
though some of the Paleozoic Seed types are known to have been borne 
on the Pteridosperms in one case and on Cordaites in another. 

Recently Seward in his ''Plant Life Through the Ages'' treated the 
seed-bearing ferns as a separate isolated Phylum midway between the 
Pteridophytes, or ferns and their allies, and the Spermatophytes, or true 
seed-plants. This new position was indicated by the name Pteridospm·­
rnophyta. Whether Seward's view is ultimately adopted or not has little 
bearing on a discussion of the group now. No one up to this time has 
emphasized their proximity to ferns but instead their undoubted seed­
nature. In Bower's study on the Ferns, he speaks of the growing Pteri­
dosperm flora which was "probably derived from some more or less fern­
like ancestry, but being actually seed plants, they are not to be included 
under the Filicales'' or true ferns. This is not an extremist's view be­
cause they positively are not ferns, but they are not far removed from 
their former fern connections. 
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A summary of the available evidence seems to infer that the Pterido­
s~~rms of which we have actual record are not very closely related to 
hv~ng Cycads .. It :vould be obstinate to crowd out the morphologic data 
~hiCh actually mdiCates some undoubted relationship to Cycads, but the 
di~erences between them are great ones. There are those who would 
bndge any g·~p by the fossil Cycads (Bennettitales) but Chamberlain 
has shown this to. be quite. impossible. The living and fossil Cycads do 
not represent a lmear senes but divergent branches from some totally 
~nknown. ancestral stock. Certainly it is easy to construct a hypothetical 
mterm~diate ,between a Marattiaceous fern and a Cycad, which, at the 
same t1~e, would resemble a Pteridosperm, but in the present state of 
uncertamty as to Paleozoic ferns, we have no right to· construct such a 
plant. T~ere ar~ many who deny the existence of any genuine member 
of. Maratt1aceae m the Carboniferous. To be more cautious, it can be 
sa1d that undou?t~d remains of Marattiaceae first occur in the Tertiary 
-maybe fifty m1ll10n, years later than Paleozoic time. 

In the majority of Pteridosperms whose seeds are actually known the 
degree of seed specialization is little more advanced than a modific~tion 
to p~event t~e megaspores from falling out of the sporangium. How­
ever m eertam forms the case is not nearly so simple. In such a light 
are hardly justified in extending the use of the name '' Pteridosperm~~ 
beyond the limits fixed by actual records of seeds in attachment. If we 
br~aden usage to include all those plants which look like ferns and 
whiCh. could theoretically bear seeds, it is easy to picture ancestries and 
~vo~utwns, but a loose description of the seed-fern complex could only 
lnvite trouble. 

. Several_ hundred valid types of detached seeds are known in Paleozoic 
~Im_es; o~v1~usly each belongs to a separate kind of plant and the ma-
JOnty Will likely be proved to be Pteridosperms but unti"l th t' . , e connec IOn 
of each seed lS definitely known, we cannot finally fix the boundaries of 
the ~ee~-fern grou?, neither can we make great and well-sounding gen­
eralizations about Its extent. 

The point in all this is that only fifteen seeds are actually known at­
tac~e~ to fern~like fronds. These belong to ten genera of eight alleged 
~amihes. In t~me they _ran~e through five major geologic periods, that 
Is, from Devo~Ian to Triassic, thereby extending into the ag·e of reptiles 
(_early Mesozmc) · Geographically they also have a considerable distribu­
tion, havi~g been noted i~. Europe, Asia, North America, and possibly 
South Afnca .. The surpnsmg complexities and limits of this g·roup are 
suggested agam by the placement of the seed on the frond They . . . m~ 

appear termmal, margmal, or on the mid-rib of a pinnule; further, they 
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may be on the upper or on the lower surface. Obviously not more than 
two or three examples of any one arrangement are known. 

It is wisest at present to consider the Pteridosperm~ as a s~parate 

Possibly even a phylum, but we cannot deny thmr fern-hke an­
group, h'b't" th nfold cestry or relationship. They look like ferns, even ex ~' I.m~ e u -
ing crozier in young fronds, called in modern ferns circmnate ven;:-
t . '' The only structure in the seed-fern group not referable to so e 

lOU. . lf . 
di:fied characteristic of a true fern is the seed Itse . 

mo After every one agreed that these peculiar extinct plants were Sper­
matophytes, because they bore seeds, several discoveries in other contem­
poraneous groups were published. First some lycopods, very ?bscurel~ 

lated to modern ground-pines were shown to have approximated 
::ed-habit, and, soon after, some giant s~ouring-rushes were proven to 
have attained a similar degree of adaptatiOn. . 

I believe that none of the seed-ferns of which we ha~e de:fimte knowl­
edge could have given rise to a typical Gymnosperm either of a C~cad 
or of a conifer type. The Pteridosperms probably represent t~e ~ulmma­
tioli of a fern development which tended to produce seeds-a similar pro­
duction having been attained by at least three other contemporaneous 
unrelated groups. 

" h t I·n evoluti'on,'' not the deciding factor for The seed is a c ap er 
higher plant position. 
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ECOLOGICAL NOTES UPON THE FLORA OF AN OLD 
LAKE BASIN 

BY LEROY K. HENRY 

Carnegie M'useum, Pittsburgh 

Dut·ina the u.mmer or 1931, while botauizing in the vicinity of Deer 
Pond Wading River, L. I ., t he w.riter f ound an old kettle-hole lake basin 
filled with vegetation. 'r hi "sunken lake" a i t i popularly called lies 
about one mile outhea t of Deer Pond in the 1niclst of th den e crub 
oak tmdergrowth a11d cattcrecl pi tch pines of the 1 ine-barrcn habita t. 

ince kettle-hole lake are rather conunou in his glaciated ectiou of Long 
Island i t Dk'ty not be uuu uaJ to find one that has been filled wi th plant 
life. This f ormer lake bed i about 590 feet in circumfel' nc aud lHl a 
gr adual slope on all ides with approximately a one-hundred foot ar ade 
on t he outh and southeast. 

The normal pine-barren vegetation surrounds this former lake bed 
whose vegetation may be divided into four zones. 

The first zone comprise tho e plants that grow on the loping sides. 
Young p i tch pines and youna post, scarlet , black, atl<l white oaks t o­
"'eth r with black ·cmb oaks are mixed wi th bayberry, My·1'ica ca1·o­
lvniatnaJ weet fern, My1·ica asplenifolia,· and ericaceous hrub : L yon11:(L 
rna1·i<ma, Le1wothoe axilla;ris, and Gaylu.ssacia baccata. Among the e 
plant that grow near the ba e of the lopin-"' bank are : bracken fer u, 
Pte1·is aq'~tilinai iuterruptecl fern, Osmtmda Zaytow1:a1W·i mar h shield 
fern, A pid~1tm ThelY?Jteris; gr eenbrier, ?m'lax gla1tC<t ; pearly everlast­
ing, A naphaUs ma1·r;w·itacea ; golden a ter Clwysopsis a:L"l'lla?·is, and 
Etvp(ttorilzt-m sesS'ivifoZitwrn. 

The second zone occupies a gently sloping area that varies in width 
from two to four feet. Many small white pebbles are scattered about on 
this former shore, iudicating the one-time action of waves. The major 
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par o£ thi area i covered with a mat o£ dewben y vines, R1tb1~s hi p·i­
c7.1t-S, and cattered specimens of bu rle weed, lfiJcOplt-· ·urnijlorn , and 
w et gold Dl'Ocl olicla.go od,om. u the northwest ection of hi zone 

i. a large colony of mar tweed · : Polygonwm Ca.1'e'IJI: and hyd;rop·izJe·roides. 
In the third zone, water ·willow, D ecodon vert·icilla.ta, and scattered 

specimens of marsh St. John's wort, Hypericum virginicum, for'm a 
fringe or narrow strip of vegetation about the center of this kettle-hole 
depre ion. 

ll of he plan t that grow in th central portion of this clepre . ion, 
compose the fourth zon . Thi · area i cover ed with a d n e 0 '1'0" th of 
leatller leaf, Chwnwedaplme alycnluta., growing upon a mat of . pharr. 
nrun mo . . Upon the higher tuft. of sphag-num ar e ·ev ral bu he of tlte 
black-fruited blueberry, Vaccinium atrococcum; the chokeberry, Pyrus 
arbutifolia; one specimen of poison sumach, Rhus Vernix ; a clump of 
swamp blueberries, Vaccinium corrnybosum; several young red maples, 
Acer rubrum; and pitch pine trees, Pinus rigida. The pitch pines are of 
all sizes, varying from old trees that have been killed by forest fires to 
young ones six to t en feet high. These burned pines were about one foot 
in circumference, which seems to indicate that the pines came into the 
area upon the higher tufts of sphagnum during the swampy period and 
before the appea,rance of the leather leaf. Since it is kn<lwn that pines 
grow very slowly, the size of these dead trees will convey some idea of 
the length of time since they migrated into this former lake basin. 

The vegetation of the fourth zone o~ the kettle-hole proper represents 
the bog stage in a hydrosere. It is an advanced bog stage and may be 
looked upon as the last of the hydrophytic stages and the beginning of a 
mesophytic habitat. 

The soil beneath the sphagnum is loose, wet and shakes when one 
walks over it. The water must be only a f ew inches below the surface as 
indicated by its presence around the base of the moss after a week of 
rainy weather. The presence <lf the young red maples and pitch pines 
seem to indicate the beginning of the forest associes, i.e., the first step in 
advance of the bog associes. It is probable that the water table of the 
region lies very near the surface of this bog, so that it may never be en­
tirely converted into dry land but remain indefinitely in this arrested 
stage. The survey of this empty kettle-hole lake shows how plants do 
convert and are gradually converting our present lakes into swamps and 
these latter into forests unless thwarted by the activities of man. 

PENNSYLVANIA ACADEMY OF SCIENCE 121 

MYCORRHIZAS OF DECIDUOUS TREES 

LEROY K. HENRY 

Carnegie Museum, Pittsburgh 

. It is now generally accepted that mycorrhizas take the place of root 
hmrs of forest trees and shrubs. These mycorrhizas are structures re­
sulting from the association of mycelia of a fungus and the small root­
lets of the trees. 

O_ne of_ the prevailing types found in woodlots is ·ectotrophic (Fig. 
14), m which the fungal hyphae form mats of interwoven tissue around 

FIG. 14. Microphotograph of cross-section of Endotrophic Mycorrhiza from Py1•11s 
coronaria showing an external mat of fungal tissue. 

the rootlets and also penetrate between .the cortical cells by dissolving 
the middle lamella. In general, the external form of these ectotrophic 
mycorrhizas is "coralloid," i.e., short coral-like clusters of rootlets. The 
formation of the fungal mat around the root prevents further growth in 
length. Then the lateral root develops more rootlets which in turn are 
invested with fungal hyphae. This process produces the short, stubby 
roots which resemble a coral formation. It is thought that infection of 
roots depends upon the chance proximity of the spore of a fungus that 
is able to form a mycorrhiza and the rootlet of the particular tree species 
with which it is able tD associate itself. Since there are no root hairs on 
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these infected roots, it seems evident that the mycorrhizas assume the 
function of absorbing water and nutrient salts for the trees. 

Another type, endotrophic (Fig. 15), is also common ?n forest trees. 
These are entirely within the root cells. They may be m the form of 

Microphotograph of a cross-section of Endotr.op.hic ]11:ycorrhiza from Vac-
~~~. h t ll 

cinium vacillans showing individual hyphae w1thm t e roo ee s. 

individual hyphae, or as granular bodies in the central part of the cells, 
or as intricate masses of hyphae that coil about one another. The gran­
ular form is thought to represent a digestive stage where the root cells 
are utilizing the fungal hyphae as sources of nutrition. The ex~ernal 
form of the endotrophic type appears either as simple rootlets sh~htly 
swollen at the tips, or as short sausage-shaped constrictions borne sm~ly 
or in a series. Infection is supposed to occur through the r.oot hairs 
which are always present upon roots infected with endotrophlC mycor-

rhizas. f h 1f 
In regard to depth in the soil, these mycorrhizas vary rom one- a 

t five inches beneath the forest litter. Often they are merely be_neath 
t~e layer of partially decayed leaves, but the majority are located m the 
layer of well decayed plant parts, the humus. The greater number. of 
mycorrhizas are grayish in color, but some are yellow and some, purplish. 

In making this study, collections of roots were made each month f~om 
September to June, and mycorrhizas were found among each collectiOn, 
so that it would seem appropriate to say that they occur throughout the 
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year. McDougall (1914) believes that they die off in the fall and new 
infections occur in the spring. In the winter months many dried and 
shriveled mycorrhizas we.re observed, but there were always some that 
remained in the normal active condition. 

Since both types of mycorrhizas occur in the same habitats and often 
in the same roots, Raynor (1927) states that Melin believes that the 
endotrophic type may be the initial stage in a ''squeezing out'' process 
caused by enzyme activity of the root cells. The third type, ectendo­
trophic, w)lich is a combination of the two previously mentioned types, 
may be an intermediate stage in this gradual "squeezing out" process. 

The writer has observed a similar condition among mycorrhizas from 
a Hawthorn shrub. Collections made in May showed endotrophic infec­
tion with small broken hyphae and large granular masses within the 
root cells. Another collection made in October showed a dense mat of 
fungal tissue with mycelia between the cortical cells and several granular 
masses within the outer cortical cells. This ectotrophic condition was 
even noticeable with a hand lens when the collections were being made; 
however microscopical sections showed that both types were present. 
Microscopical slides prepared from rootlets of I~ed Oak also proved to be 
of the ectendotrophic type. 

Sections of a mycorrhiza cut in a series from the tip to five milli­
meters beyond, disclosed infection in all sections. In the ectotrophic 
type mycelia occurred at the tip of the root in the form of a fungal 
mantle around the outside, while, about two millimeters from the tip, 
l1yphae began penetrating between the cortical cells forming the char­
acteristic radially elongated cells. In the endotrophic type the hyphae 
and granular masses occurred near the tip as well as five millimeters or 
more back of it. This would indicate that infection is not localized at 
any one place on the rootlet, but arises wherever the germinating fungal 
spore and the root happen to come into contact. 

The soil around the trees under observation, when tested with a La 
Mott Soil Teskit, gave an acid reaction, i.e., a pH of 5.0 Since it is well 
known that fungi demand an-acid substratum for best development, some 
lime was worked into the soil around two of the shrubs that had shown 
ectotrophic mycorrhizas. The lime was applied in June, at the rate of 
two ton per acre, and scattered evenly beneath the entire canopy of each 
shrub. In the fall, September, 1931, collections of rootlets were made 
and sections cut and strained. In these sections only endotrophic infec­
tion could be .found. There were either broken up hyphae or granular 
masses within the cells. There was no indication of ectotrophic mycor­
rhizas, although roots from control shrubs were of that type. When the 
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collections were being made, some ectotrophic types were observed on 
the older rootlets, many of which were black and shriveled. The pH 
value of the soil now proved to be 7.0 or neutral condition. It appears 
that the lime by neutralizing the soil halted the normal development of 
the existing mycorrhizas and prevented new infection from taking place 
during the summer. T~e endotrophic condition indicates that, after the 
external mat of hyphae had been destroyed or hindered in its develop­
ment the root cells by enzymatic activity were digesting these remaining 
inter~al hyphae which are probably rich in nutrient material. . . 

. Trees and shrubs of a woodlot located in Butler County, five m1les 
north of Zelienople, Pa., were investigated and found to be infected with 
ectotrophic, endotrophic, and ectendotrophic mycorrhizas. 

Ectotrophic Endotrophic 
Alnus rugosa Cornus florida 
Ostrya virginiana Prunus serotina 
Carya alba Acer ntb1·um 
Carya glabra Azalea nndifiora 
Carya ovata Benzoin aestivale 
Corylus amm·ica.na Carya cordiformis 
Carpinus caroliniana Ulmus fttlva 
Hamamelis virginiana Amelanchier oblongifolia 
Castanea dentata Jugla.ns cinerea 
Quercus alba Tilia americana 
Quercus vel1dina Ectendot1·ophic 
Quercus coccinea Fagus grandifolia 
Cornus paniculata Querctts rubra 
Crataegus Crus-galli .Viburnum acerifolium 
Crataegus pruinosa 
V accinium stamineum 
Pynts coronaria 

Crataegus macrosperma 

Surely further collecting and microscopical observation will add to the 
list of ectendotrophic mycorrhizas and to the list of trees and shrub har­
boring mycorrhizas. This widespread occurrence of mycorrhizas seems 
to indicate that they must be of some importance in the physiological 

functions of forest trees and shrubs. 
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NOTES ON PLANT INDICATORS OF MULL FOREST 
SOIL IN NORTHWESTERN PENNSYLVANIA 

BY H . J. LUTZ 

The Pennsylvania State Forest School 

I e m almo t axiomatic that for t ·ve..,.etation 1·efiect · in its cam­
po it ion the climatic and edapllic condition . of it environmen t. 'l'hi 
xpre ion o£ the euvirOllm n tal co.ndition_s i clear ·t wl1e11 the veo·eta­

tion is of climu cJ1ara ter. T h indicator si <Ynificauce o£ t b.e second­
<Yl'owtb for t which in o many part of the a tern United tates have 
r plac d t.he ori ..,.inal climax or n aJ'·Climax tancl appear to be less 
cl ar . 'l'lt is mny be largely e:\.-pla Lned by that fact that ncb cond-
0Towth tand a1·e commonly in a tate of flux; t h y clo not rep r es ut a 
f ul l e).-pr ion of the ·i e factor . The influ n e o£ th . ite factor on 
t b v g •tation i cumulative in ffect ru1d h ir full in J rint i vi ible onl.) 
in th . ncces ionally mann conmnmity. 

'rb w ·it r bell v h r a onabl o >..-peet t ha t t r sp ci , due partly 
t their r 1 a ti v ly lon"' life ( comm onl· 200- 300 or n. or ye~u·s) and th il" 
.haQit of compara tively deep r ootin()' ar ch iefly valuable a indicator of 
broad nviroumen.ta l cliff r 11, e ·, .g., ·limati or xtreme edaphic con­
clition . n the other hand, . ln·u bby an d herbaceous speci , pa r ticu­
larly Ute latter, may hav ·on ·ider ab.l e valu e as indicators of tb type of 
lmn.w lay r and urface oil nuder fo-r .t tan . . hould be ta ted 
ha t y tlll 00 t r ee eedling · may al. o b XI t d to play an imporbm t ro le 

in indicator veg tati n. v i tb increa i n a"' their indicator ·value, o 
far a u rfac soil an l lrum ns c nditions are concern d, probably de-
crea H erbac on. p ci s du e partly to t h it· 1·elativ ly ·hort life and 
up er ficial l'Ootinoo, are more . en ·itive t ltau tt· es to radual chan"'e in 

the h uum. lay r or mil r al oil. I n con ·id ring herbaceous pecie · a 
indicatoJ· annual · may at fi r t appear to have oTeater value than p er n­
uja l . Tb difficult~ in u. in•• annuals howevcc, is t hat t h ir occm'l" nee 
i t o l iabl to be influenced by abnormal comli tiot i.e., u n usual condi­
tiOll 1 er. i ti11"' only for a y ar or o. nnual are uot tm e.cpres. ion of 
the a ver a..,. conditions of ite over an ex eucled p eriod of time to t he am' 
.·tent t hat p rennials are. For exampl , au abnorma lly warm, or cold 
r wet, or dry year may all f or th a quite differ nt annual veg tatiou 

than de, •elop on the ame ite tmder 11ormal or avera c• conditions. Fur­
tbe.r th element of chanc op rat e t ron,.,'ly in determining the develop­
ment f annua l vegetation - more tronal han in per ennial veg tat iou. 
For tb.e e r n ou the p r nnial h erbac ou and peren.nial ln·ubby vet•e-
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tation seem to hold out greater promise to the student of indicator plants 
than do either trees or annuals. But we must not lose sight of the fact 
that occasional tree species, because of shallow rooting and sensitivity to 
edaphic conditions, may likewise supply useful information. 

Differences in edaphic conditions, particularly differences in humus 
layers, which, although definitely influencing rate of tree growth, are 
not sufficiently marked to call forth variation in tree composition, may 
call forth rather marked variations in the herbaceous vegetation. In 
other words, the lesser vegetation may serve as an indicator of quality 
class (site class) within a given forest type or association. 

During the summers of 1930 and 1931 the writer, while instructing 
in the Pennsylvania State Forest School camp near Ludlow, Pennsyl­
vania had an opportunity to observe the relationship between the occur­
rence of certain forest plants and that of mull forest soils. Since the 
most productive forest soils in northwestern Pennsylvania are of the 
mull type it seemed worth while to record those plants which appeared 
to have indicator value. 

There has recently appeared an excellent paper by Romell and 
Heiberg1 which clearly describes the mull type of forest humus layer 
and, .going even farther, defines the various kinds of mull. These authors 
define forest mull as, ''A porous, more or less friable humus layer of 
crumby or granular structure, with diffuse lower boundary, not or only 
slightly matted." The mull type in the areas considered by the present 
writer appears to be the grain mull of Romell and Heiberg. The general 
climatic and topographic conditions within the region under considera­
tion are set forth in an earlier paper by the writer. 2 

The herbaceous species characteristically growing in the mull soil 
areas near Ludlow, Pennsylvania, are: Dicentra canadensis (Goldie) 
Walp., Dentaria diphylla Michx., Hydrophyllum virginianum L., 
Arisaema triphyllum (L.) Schott., Carex platyphylla Carey., Ery­
thronium americanum Ker., Hepatica acutiloba DC., Viola rotundifolia 
Michx., Viola canadensis L., Caulophyllum thalictroides (L.) Michx., 
Botrychium virginianum (L.) Sw., Panax quinquefolium L., P. trifolium 
L., Galium triflorum Michx., and Allium tricocc~tm Ait. The following 
~pecies also may possibly have some indicator value: Osrnorhiza Claytoni 
(Michx.) Clarke, Podophyllum peltatum L., Actaea alba (L.) Mill., 
Mitella diphylla L., Trillium erectum L., Tiarella cordifolia L., and Poly­
gonatum biflorum (Walt.) Ell. 

1 Romell, L. G., and S. 0. Heiberg, Types of humus layer in the forests of north­
eastern United States. Ecology, 12: 567-608. 1931. 

2 Lutz, H. J., The vegetation of Heart's Content, a virgin forest in northwestern 
Pennsylvania. Ecology, 11: 1-29. 1930. 
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The herbaceous species which appear to stand out most clearly as 
indicating mull soil are: Dicentra canadensis, Dentaria diphylla, Hydro­
phyllum virginianurn, Arisaema triphyllum, and Carex platyphylla. 
Other species having high indicator value but of rather limited distribu­
tion are Panax quinquefolium, P. trifolium, and Allium tricoccum. 

It is of interest to note that Romell and Heiberg3 also list most of the 
above species as occurring on mull forest soils in the northeastern United 
States. · These investigators, however, commonly encountered Dicentra 
Cucullaria (L.) Bernh. and Dentaria laciniata Muhl. associated with · 
Dicentra canadensis and Dentaria diphylla. The writer did not en­
counter this combination of species within the region studied in Penn­
sylvania. It seems reasonable to suggest that Dentaria Cucullaria and 
D. canadensis as well as Dentaria diphylla and D. laciniata may properly 
be considered as ecological equivalents. 

The tree species characteristically growing on the mull soils which 
were studied near Ludlow, Pennsylvania, are: Fraxinus americana L., 
Prunus serotina Ehrh., Acer sacchantrn Marsh., and Fagus grandifolia 
Ehrh. To a lesser extent one also finds Betula lenta J..~., and B. lutea 
Michx. 

In discussing specific indicator vegetation it is quite necessary that 
its local or, at best, regional application ·be appreciated. A species which 
has high indicator value in one locality, or region, may be practically 
valueless in another. Failure to recognize this fact probably accounts 
to some extent for the difficulties in which students of indicator plants 
frequently find themselves. 

HEAT RADIATION FROM METALLIC SURF ACES 
AT VARIOUS ANGLES 

E. RAYMOND BINKLEY 

An investigation of Lambert's cosine law was made of the metallic 
surfaces of nichrome, steel, copper, brass and aluminum from 100° to 
500° c. 

The apparatus, shown in Fig. 16, described in the Proceedings of the 
Academy, Vol. V, 1931, consists of a total radiation pyrometer and an 
electric heater. 

Lambert's law states that when the emissivity of a metallic surface 
is measured in a direction normal to the surface, the emissivity should 

s Loc. cit. 
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FIG. 16. Pyrometer. 

remain unchanged if the surface is turned through various angles from 
its first position. Thus when in its normal position, as seen in Fig. 16, 
only heat radiated from a certain area of the surface--that included 
within the dotted lines (aa')-is measured by the pyrometer, but as the 
surface is turned at an angle to its first position the area of the radiating 
surface is increased, as well as the angle included between the surfa_ce 
and its normal position. Since by Lambert's cosine law the total emis­
sivity is proportional to the area of the radiating surface and the cosine 
of the angle through which the surface is turned, as the area is increased, 
the val.ue of the cosine decreases from 0° to 90°, the total emissivity 
remains constant. 

It is the purpose of this paper to give the results of a study of that 
law for the above named metallic surfaces, all of which were oxidized 
except polished aluminum, and which results are shown in Fig. 17. 

The relative total emissivity of the surfaces was calculated by means 
of the following relation, derived from the Stefan-Boltzman law: 

ro(T.4 -T/) 
E=ro(Ta4 -Tr4 ) 

where ro is a constant, T ., the temperature indicated by the pyrometer, 
Ta, the temperature of the radiating surface obtained b! a thermojun_c­
tion, and T r, the room temperature, all temperatures bemg expressed m 
absolute degrees. . 

Consider first the curves of oxidized brass labeled I to IV, whiCh 
show the relative total emissivity to remain constant to angles of about 
65 °, higher angles showing a gradual falling off. T~e curves fo~ l?':er 
temperatures are similar, except that values of relative total emiSSIVIty 
decrease with lower temperatures. 

The curves for all other metallic surfaces showed similar decreases 
in relative total emissivity with lower temperatures, and thus only one 
curve is given for the other surfaces. 

• 
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FIG. 17. Variation of the Cosine law. 

Oxidized copper shows a constant relative total emissivity up to 
angles of 50°, but nichrome and steel indicate a decrease from zero de­
grees. 

Aluminum, on the other hand, shows a constant emissivity up to 
about 60° when a rise in emissivity was noted, and likewise for polished 
aluminum. This effect is similar to that of magnesium oxide given in 
the Smithsonian Tables (values for aluminum not given) and probably 
due to aluminum hav!ng a low emissivity. 

LABORATORY WORK IN ELEMENTARY SCIENCE 

ROBERT T 0 HANCE 

Zoological Laboratories, University of Pittsburgh 

A student to graduate from the usual College of Liberal Arts must 
have on his record, if not in his head, at least eight credits in a labora­
tory science. With a broad gesture of liberality it is indicated that these 
credits may be in botany, chemistry, geology, physics, or zoology or any 
mixture of this lot. The pedagogical assumption behind this require-
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ment naturally involves the supposed value of first-hand contact with 
the material side of the subject and a bowing to the wide-spread feeling 
that those things that we handle we know. Those of us who have stayed 
with our subjects sufficiently long to get away from the type of work 
that was considered good for our souls know that indeed we never 
really learned anything until we stopped talking about it and did it. 
It is doubtful whether any one could pass the automobile driving test 
after a series of illuminating lectures without the practice of actual 
driving. These points are so self apparent that it seems silly even to 

discuss them. 
There are, however, an increasing number of laboratory teachers who 

are commencing to believe that not a few people might enjoy and be 
able to grasp the intricacies of automotive control without particularly 
caring to put this information to use. The ailing human is a more 
cooperative patient when he understands the principles of his treat~ent 
even though he thoroughly recognizes his complete inability to mampu­
late his own cure. Many teaching methods become traditional because 
in the hands of the originator they produced splendid results and there­
fore are assumed to be able to repeat in other hands, in any locality, 
and with a totally different student group. The laboratory instructor 
who is honest with himself cannot help but be irked at times by the lack 
of enthusiasm of his class and by the comparatively little that they seem 
to get from the time put in. If the instructor is unusually honest, he 
begins heretically to wonder whether the time spent by himself and the 
students, the cost of the material, and the equipment in the end add up 
to the informational sum that they should. The time and the money 
are not as important as the result. 

The first possibility that suggests itself naturally involves the sub­
ject material. Can interest be sustained by redefining the goal and 
courageously recognizing the bumps and holes in the road leading to 
it ~ A traditional path, however, is always a hard one to resurface, but 
in biology the battle for the recognition of the relative virtues of type 
and principle methods and the materials and the sequences to be used 
in each rages back and forth. No decision has been even neared except 
in the minds of the advocates of the various systems. This, biologically 
viewed, is satisfactory enough since it is the teacher who puts over the 
system rather than the reverse, our common city school practices to the 
contrary notwithstanding. There can be little question that our course 
outlines still smack too much of the past history of our subjects when 
the work was laid out of those who planned to become professionals in 
our fields. Some of the changes of emphasis that may be introduced into 
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biology have been suggested in another paper (P. R. Cutright, The 
Proper Study of Ma.nkind) given today and need not be reviewed here 
beyond pointing out that the more specifically human application that 
is made of biological material the more interest is involved. As much 
biology can, for example, be taught through a study of the human cir­
culation by means of blood counts, blood pressure, and heart beats under 
n variety or conditions a can be di ect ing the water vascular sy tem of 
the tarfish and in ou1· e:.\.-petieuce the interest is bound to be higher . 

Admitting that intel'e t may be timulated thl'ough more intelligent 
.'el ction of illu trative mat erial thm·e still r emain a group and one of 
con iderable numbers to whom ucb experience. are m .d perhap should 
be of cul tmal rather than of practical benefi t . 'r l1i crronp can we are 
b ·~.inning to believe in Pit bm·gh, be more adequately ·erv d and inter­
e ted by the lecttll'e-dl cnssion-demon tratiou sy tem thm1 by any metb.o l 
im olvincr the more tedious traditional laboratory technique. Such 
t hou crhts are obviou ly limi ted to -the el mentary phase of the subject 
in ce tho e who go on do so beca1.1 e of a very defi nite inter e t in th 

kind of experience offered in the laboratory. Some concession to the 
1 o ibilities of the non-laboratory cieuce couT e hn be n made during 
t he past two year at he Uni cr ity of Pittsbu ·gh through the admis­
. ion of general tudeut to the 1 ctu ·es of the various introductory 
course in th ci n e . 'l'hi ha pr oved neith01· very popular nor , a. 
far a I can see, sa ti factory for he student ince the lecture must of 
necessity be tied in with the laboratory work. Furthermore these stu­
dents lack the personal contact with th in tructor that the laboratory 
tudents have. A course ·hould be planned for their 1 eciflc needs in­

volving not merely attendance at lecture · but al o meeting at period 
cone ponding in length to the laboratory ses ions where, in mall groups, 
int imate di. c:us ion of the problem. in"i10lved would be pos ible. I be­
lieve particularly in the value of es ay wd ting o1· of t uden t given lec­
tm·e on the subject of the moment. Before any one au adequately 
wri te or talk on a &iveu topic l1e mu t have au adequate grasp of it a 
condition uot so n c · ary f or the sucee f nl passin" of a modern com­
pletion type of cxa.miua ion. We mnst r evalne our laboratory work 
from the ide o.f it re nlts on new types of tndent . . Profes iontll stu­
dent , the pre-medic, the pre-dent, and the educational novice ar e re­
quired to take the labol'atory work in the various . cicnces. The e group · 
will be with us for a long tim.e if not p r rnanently. 'l'l1e other group to 
whom the con-tent of a ci nee is of cnltnrn.l intere. t only can, it woul i 
eem, be better eared for by a y tern that will h-aw ou t personal 

initiative than by· t h pr e. nt one tllat bore ·o many. In par t ial 
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recognition of these considerations the Curriculum Committee of the 
College at Pittsburgh have within the past month presented ~o the 
faculty the proposal to create a new study distribution fi~ld in. whiCh no 
requirement of a laboratory science would be made. It IS of mterest to 
note that there has been more objection to this suggestion from those 
representing the humanities th.an from the. science group who in general 
favor it. The plan seems to me to be less a nervous response to the spirit 
in the educational air that the college must be housecleaned and turned 
upside down in the process than to a growing feeling that the conditions 
indicating the value •of the laboratory for the specialized students of 
earlier generations does not have equal merit for the general student of 
today of whom we are getting increasing numbers. 

SELECTING AND TRAINING TEACHERS 

RoBERT T. HANCE 

Zoological Laboratories, University of Pittsburgh 

In these days of shrinking budgets and dirth of vacancies the prob­
lems of placing our young Doctors of PhHosoph~ in des~rable or, f~r 
that matter, any kind of positiDns forces us to give attention to c~rtam 
phases of our responsibilities that have not received adequate considera­
tion heretof·ore. The demand for even partially trained teache-rs has 
been so large as to absorb alike our good, bad, or indifferent candidates. 
It has also saved us from the necessity Df making unpleasant and un­
comfortable decisions concerning our students with the consequence that 
many misfits are now holding teaching positions. These men are per­
haps not so much to be blamed as are those whose kindliness got the 
better of their judgment. .As teachers we should learn that we have a 
double loyalty. The first is to our profession into which we should not 
want to induct any but those who may best carry on its ideals. The 
second is to the individual who should be directed into the field that his 
talents best fit. The latter is not always so easy but after a reasonable 
experience of a year or two with a beginning teacher we should ~e a?le 
to predict with some certainty his likely success. If the prognostiCatwn 
is not good then it is but kindness to tell the individual concerned ,and 
thus to give him time to find himself in other fields. 

But how shall we select our novitiates 1 Since we shall probably 
never have a purely mechanical method of appraisal we must fall back 
on the personal estimate. This naturally requires contact with the 
candidate and all the letters of recommendation that may be written 
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cannot equal a short interview. While t lli · is cOUUJlon practice for th 
filling of more important position it is not o usual it1 the election of 
those who are to be trained to fill these places. A good undergr-aduate 
record is a promise and a necessary on of continued good work in the 
graduate school, but an able student does not necessarily make an attrac­
tive teacher. Knowle~ge of .one's field ha been the prime requisite of 
a college teacher up to the present time but whether the technically 
proficient individual CDuld by virture of his personality impart his 
information to others has ll'Ot been considered to the extent it should be. 
.Almost any normal person can learn the facts of any subject but the 
attributes that make him a well-loved teacher are born in him. It is not 
fair to let those who obviDusly lack these traits go on. Thoug·htfulness, 
consideration for others, sympathy, cooperation, neatness and cleanli­
ness are characteristics that soon show up in the individuals of a large 
graduate group and are of equal importance with IQ. Not many of 
these desirable traits will appear in an interview but their substrata will 
be fa~rly recDgnizable. It is not hard to tell whether the prospective 
student is or is not a gentleman even though the qualities of such be 
widely varied. Starting with gentlemen the future is hopeful. 

The training of ·our hopeful is simple as far as subject material is 
concerned, but it seems to me that it is becoming increasingly important 
to train by example, by Word of mouth if necessary, in social customs. 
These in themselves may seein insignificant but their lack may close the 
door of opportunity to an otherwise able youngster. .An authority in 
any field may lose much of his effectiveness as a teacher if he is seen us­
ing his knife as a spoon. Furthermore, the teacher who merely teaches 
the data of his science does only half a job. The thousand and Dne 
other things that tie in with his subject are the matters of importance 
to the students and represent the true culture of the teacher and of the 
world. We dD not like to talk about such things but they are important 
and are certainly neglected. Not only should these graduate students of 
ours be trained in social usage but also to discriminate between the im­
portant and the unimportant, so that their class teaching may have the 
breath ·of life in it and so that their literary efforts may develop the 
drama rather than the soporific side of their work. These are sides Df 
a graduate student's training that have usually been left to the in­
dividual to discover for himself. Since these phases of education seem 
. o remote £rom the attu inment of a mn tery of tJ1e inuncdiat :uhject 
tl1e tudcnt, as often a not, ails to discover them a i videnced sD 
f1·equently in the mtint l'e tin"' Pl'e entatious of fR.. inatincr . ubj ct­
mattcr in ci ntific meetin.,. ·. If we succe d in ev n partiall helping 
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our graduate students to discover som€ of the cultural side of their pro­
fession we shall be able to pass them on with praises that hold nothing 
in reserve and can rest assured that good teaching will go forward. 

SOME CHARACTERISTICS OF PIGEON 
CHROMOSOMES 

RoBERT T. HANCE 

·zoological Laboratories, University of Pittsburgh 

The interest in avian chromosome's arises from th€ sexual hetero­
zyocity of the female coupled with the reports of occasional sex reversals. 
Add to this the physiological work of Riddle tending to show that sex, 
in pigeons at least, is a function of miltabolism as well as of the chromo­
somes and we have sufficient stimulus for the cytological investigation of 
material that is not too favorable for study. 

The present report is preliminary in a series of studies on certain 
pigeon and dove varieties and crosses that it is hoped will bring to light 
the chromosome situation in these birds that have been the subjects of 
so much important physiological and genetic work. My material has 
been secured and preserved under the best conditions from the flocks 
of Dr. Oscar Riddle of the Carnegie Institution of Washington. 

The chromosomes of the pigeon are greater in number but rather 
more favorable for study than are those of the domestic fowl.· The 
metaphase plate show the chromosomes in much the same size variations 
as was found in the chick. The number of chromosomes will perhaps 
always be difficult to determine with accuracy although the Japanese 
student, Oguma, reports 62 as the typical male number. My counts on 
material that is as well preserved as Oguma 's have seldom risen much 
over 50 and in the few cases in which 60 or more chromosomes were 
found fragmentation was rather clearly indicated. As in the case of 
the chick the male pigeon has two chromosomes longer than the others 
while the f emale has but one of equivalent length. These observations 
agree with those of Oguma and it seems very likely at present that 
these longest chromosomes are the ones associated with, if they are not 
the actual determiners of sex. 
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SOME TREE ANTAGONISMS 

GEO. S. PERRY, Research Forester 

Pennsylvania Forest Research Institute, Mont Alto, Pennsylvania 

In the natural forest the casual observer sees only disorder and a 
haphazard arrangement of numerous kinds of trees, shrubs and lower 
plants. The fmester and botanist, however, recognize certain charac­
teristics such as demands for light, moisture, and soil fertility ; or 
ability to resist wind and snow pressure, recover from fire, or with­
stand frost, as determinants which account for forest types and other 
plant societies. .Another such factor about which speculation exists is 
the effect of plant secretions or toxins. Do they occur in nature to the 
extent that the forest structure 1s influenced thereby 1 What trees 
secrete or throw off toxins? 

The walnuts have been definitely proven guilty of secreting root 
toxins. 1 The Mount .Alto State Forest Nursery adjoins a plantation of 
black walnut on one side. Here at one time coniferous seedlings were 
severely damaged, and some of them killed, as far as thirty feet from 
the bases of the walnut trees; but after a ditch was dug and the roots 
cut which ran out under the nursery beds, the injury disapp"eared. 

White Pme and Black Locust. Theoretically these trees are per­
fectly adapted to grow in association, but practically their mixture 
shows many disadvantages. It is logical that the light foliage of locust 
appearing late in spring and falling early in autumn would favor rather 
than hinder development of the fairly tolerant white pine. The fixation 
of nitrogen by the locust should be beneficial, and the intermixture of 
easily decomposed locust leaves with their high mineral content should 
hasten decomposition of the rather inert and abundant fall of white 
pine needles. Yet in practice the locust either falls a prompt victim to 
borer attacks, or grows slowly and is shaded out on the poorer soils, 
while ·On better sites it surpasses the white pine and becomes wide crowned 
and limby. Mnst difficult to explain 1s the poor growth and high 
mortality of pine under the thin shade cast by locust. 

The data in Table I were secured in a 22-year-old plantation of white 
pine near Mont .Alto, Pennsylvania, on an alluvial bottom with a fine 
sandy loam soil. Scattered black locust trees of natural origin occurred 
rather regularly through the stand. The locust trees were twenty years 

1 Haasis, F. W. Forest Plantations at Biltmore, N. C., Black Walnut Planta­
tion, U. S. Forest Service, Appalachian Forest Expt. Station, Asheville, N. C. 1924. 

Pa. Forest Research Institute. Guide to Forestry Studies and Demonstrations, 
Pa. Dep 't. of Forests & Waters Research Bulletin 1, page 75. 1930. 
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or less in age, but generally crooked and limby. The data were taken 
by choosing rows of pine at random and measuring the height and 
diameter of all trees living and dead, together with their distance from 

the nearest black locust tree. 
The above facts on the form of the white pine indicates that the 

locust interferes with the development of the pine by limiting the water 
which the tree can absorb. It is not possible to state certainly whether 
this is brought about (1) by the locust being more efficient than pine in 
securing water from the soil when a deficiency exists, or whether (2) 
the black locust is an example o:f another J3orgia of the forest, which 
poisons the drink of its mess-mates by means of some toxic excretion 
or effluvia, that may interfere with the processes of absorption. White 
pine is usually considered very capable in respect to satisfying its 
water needs. On the area described below and covered by Table II, the 
pine was able to survive the drought and also eliminate its competitors 
upon the dry and rather sterile knolls, but on the moister sites with 
deep, fertile soil, the white pine has been practically exterminated. This 
supports the second hypothesis that the black locust resembles black 
walnut, and possibly white ash, in secreting tox-in-s inimical to some o:f 
its aggressive and shade tolerant associates. 

Adjacent to the Lincoln Highway just west of Caledonia Park, 
Franklin County, Pennsylvania, is a mixt planting of white pine, white 
ash and black locust established in 1907. The mixture was made by two 
row strips, with spacing about 4 x 4 :feet. It is located near the bottom 
of a north slope where moisture conditions are good except in times of 
extreme drought. The site was once for the most part a succession of 
log houses, dooryards and gardens. Except for two stony knolls which 
were probably used :for pasture, and certainly never cultivated, the 
whole area was then in excellent tilth. The soil is deep and :fertile. The 
white ash made uniformly good growth on all sites except the unculti­
vated knolls. On these drier, sterile, and more acid soils, the white pine 
has ousted all competitors and shows excellent form and vigor. On the 
better soil the pine always languished, but the drought of 1930 was 
calamitous. Trees had dwindled away :for years, but 75 percent of all 
that remained were unable to survive the dry weather of that summer 
and were cut out during the winter that :followed. The locust was al­
ways unthrifty and suffered from its insect enemies. A number of the 
few better white pine trees that persisted in 1932 were measured, as 
heretofore described, and distances taken to the nearest surviving locust 
tree. Only pine trees in rows adjacent to rows of locust were considered, 
since the white ash was probably the more potent competitor of most 
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pines in the rows next to it. Furthermore, no pines were measured 
that were closer to an ash or other tree than they were to a locust. 

TABLE II 
GROWTH OF WHITE PINE IN MrJCTURE WITH BLACK LOCUST* 

Distances to Nearest Blaclc Locust Tree (ft.) 

3 or 3 to 5 to 7 to 9 to 11 to 13 to 15 or 
less 5 7 9 11 13 15 more 

Average height of 
Pines (ft.) . . .. ... . ... .. ~o . .. . .. 23.0 22.4 26.8 26.6 30.5 28.7 33.5 33.9 

Average D.B.H. of 
Pines (in.) .............. ..... ....... 3.47 3.45 4.34 4.13 5.13 4.01 5.31 5.25 

Form coefficients for 
living trees ..................... 795 779 741 772 713 858 757 774 

(Height) 
D.B.H. 

* The crowns of the locust trees only extended out about eight or ten feet from 
the bole. The form coefficients average 760 for trees within 11 feet of the locust 
trees, while at a greater distance the average is 796. 

Table II upports the con lusion that black locu tis not au adv" able 
tl:e for mixture with white pine, ith r a to effect upon the pine o~· 

benefi t to itself; inee on the area overed by the table, only Jive percent 
of t h orin-inally planted locu.-t l1ave nrvived and t hey ave gener ally 
pitiable pecimen . 

I n order to f urther test t h influenc of hardwoocl on as ociated 
white pine and make com pari ·on of black locu t with other t r ee , data 
" ·ere taken in th ame pine p lantation covered by Table , but for tulip 
poplat la1·o-e-tootb a p en and red maple. Com1 arable measlU'ement 
ar mnmariz din Table III and clemou t rate llat these hardwoods l1ave 
no n h unfavorable effect on the d v lopment of white pine as does the 
loeu -t. 

I n a nearby mix plan ting of white pine and black walnut, siroilat· 
mea . urements were made on 60 white pines, and the .data analyzed in 
'l'a ble IV. 'rllese tabl es ·how the abnormal stockiness o:f white pine 
when influenced by t he wah ut or black loctl t and by contrast the lack 
of this effect from a sociation with a ll u, tulip poplar ru1d ·ed maple, 
1 ·pi th .fa1· heavier hade of the latter t r ees as compare 'l t o bl a k 
Joe l t and waLnut. 'l'h e data str ongly indicate the ecretion b. the l ocu: t 
o:f orne a ·tiv principle or toxic ubstance which interferes mor or less 
wit.h the metabolism of white pine. 
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TABLE IV 
GR.OWTH MADE BY WHITE PINE IN ASSOCIATION WITH BLACK WALNUT 

Distances to nearest walnut trees (ft.) 
Captions Less 3 5 7 9 11 13 15 than and and and and and and and 3 4 6 8 10 12 14 16 --- - --r---Number of pines measured_·-····-······· 11 20 20 1 3 2 2 1 

Average heights attained by liv-
ing and dead pines (ft. ) * •... ...... 15.2 19.1 22.6 26.0 29.7 27.0 29.5 24.0 

Average heights attained by liv-
ing pines (ft.) -···-· .. ········-.. ·"··············· 15.9 19.7 24.1 26.0 29.7 27.0 29.5 24.0 

Per cent. of pines dead (%) .. .. ....... 27 30 30 0 0 0 0 0 
Mean D.B.H. of pines living and 

dead (in.) --····-··· .. · .. -···-·····-··-·········-- 2.5 3.2 4.5 5.3 6.5 3.4 6.2 3.1 
Mean D.B.H. of living pines (in.) 2.7 3.4 4.9 5.3 6.5 3.4 6.2 3.1 
Form coeffi cient for living trees 

(Height) 707 695 590 588 548 953 571 929 --- ** D.B.H. 

*A large number of short and very stocky dead pines were recently cut out of this stand . 
Most of them stood near walnuts, and would have strongly emphasized the toxic effect . 

** Higher form coefficients indicate thrifty and favorable growing conditions. The average 
form coefficient for pines within ten feet radius of the walnut trees is 626, while for those further 
away it is 818. · 

SPECIALIZATION HAZARDS 

BY MAX. TRUMPER, Ph.D. 

Consulting Medical Chemist, Philadelphia, Pa . 

In approaching the subject of the hazards of specialization I feel it 
not only fitting but obligatory to pay tribute to the Pennsylvania 
Academy of Science which presents to its audience of specialists a pro­
gram so varied in .scope as those we have heard and which are still 
before us. The subjects cover the fields of botany, zoology, physics, 
a t1·onomy, chemistry, pathology, medicine, physical geography, forestry, 
r hy iology, geology, toxicology, mathematics, education and still other 
branches of cience. Our Chairman has expressed the hope that the 
list be extended to include the social sciences. The value to one special­
ist of hearing from the specialist in some neighboring science is great 
indeed and will help to overcome the scientific isolation which, as I shall 
try to show, becomes a real hazard of specialization. 
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Specialization assumes that knowledge is divisible. It goes further 
and so walls up the divisions which it has created, that few who have 
entered the precincts of a specialty can climb or even see over the divid­
ing walls into the grounds of a neighboring specialty. As a result :ve 
often have scientific isolation-with an accumulated mass of unused m­
formation, and a viewpoint distorted because it has not been correlated 
with adjacent knowledge. 

With the rapid growth of scientific knowledge, more and more 
specialties have been created. Think of the world which knew but two 
sciences-physics and metaphysics. How infinitely simple it seems now 
in comparison with the science of to-day which has become divided into 
a multitude of sciences, each one of which has its many specialties. It 
has been stated that we now need abstractors of abstracts and reviewers 
of reviews. During the past :five years our National Research Council 
has published a bibliography of biblographies on chemistry and chemical 
technology. A recent bibliographical survey of vitamins contained ap­
proximately 1~,000 references. This flood of researches has brought 
with it intense specialization within specialties and consequent greater 
isolation. 

Let us take up the subject of chemistry. The advances in the 
manufacture of synthetic chemicals on a commercial scale have been 
rapid and spectacular. This continuing creation of new organic com­
pounds, some of which are promptly used as industrial chemicals, ex­
poses the chemist in the laboratory and the factory to hazards the nature 
of which we do not understand. Before the World War we depended 
on research in Germany for toxicological data in industry. Now that 
the universities in that country can no longer afford to continue their 
thorough and elaborate animal experiments on the new industrial 
poisons, these data are no longer available. In this country, instruction 
on the fundamentals of toxicology is seldom given to students of chem­
istry. We have been too busy with the more immediate problems of 
manufacture, of making the new products commercially profitable. In 
the meantime our chemists are being exposed to fumes and vapors of 
unknown or uncertain toxicity. Thus the chemist who contributes mate­
rially towards the advances ·in modern civilization may also be the :first 
to suffer from the harmful effects born of the progress which he has 
made possible. 

One of the gas hazards to which many industrial chemists will :find 
themselves exposed is that of synthetical methanol. Owing to its low 
cost, many industries will use this methanol for the first time. Other 
industries, whose chemists have been familiar with the danger of crude 

PENNSYLVANIA ACADEMY OF SCIENCE 143 

methanol may now welcome synthetic methanol because it has no im­
purities. But herein lies a new danger-synthetic methanol cannot be 
readily identified by its odor. Crude wood alcohol contains much 
acetone, some ethyl methyl keton , methyl and dimethyl acetate, furfural, 
allyl alcohol and other tlb tance which give it a very disagreeable odor, 
which acts a a warni tl<" llO'ent. Such a warning is absent in the 
synthetic product, making it all the more insidious. The chemists in 
industry should be on guard and scrutinize these synthetic chemicals 
used in large quantities to ascertain their possible toxicity before many 
of their fellow workers shall have been exposed. This is of especial con­
cern to industrial chemists in this State. Pennsylvania which ranks 
high in the number of industrial chemists employed, has no legislation 
for compensation in the case of occupational disease or industrial poison­
ing. Workers in Pennsylvania are without the legal protection afforded 
to our fellow citizens in Massachusetts, Connecticut, Wisconsin, North 
Dakota, California, New York, New Jersey, Ohio, Illinois and Minnesota. 
'When a new chemical of possible toxicity is introduced in industry, we 
have to learn its effects by the trial and error method and often at the 
sacrifice of life. It is therefore important for the chemist to go beyond 
his specialty and obtain a knowledge of the fundamentals of toxicology. 

Let us now consider a problem being investigated by the specialists 
in engineering. The United Gas Improvement Co., of Philadelphia, is 
studying the use of natural gas with the view to mixing it with manufac­
tured gas. The engineers are primarily concerned with reducing the 
costs of manufacturing gas to the lowest possible level. But they must 
look beyond their own specialty. An important feat~re of the problem 
of manufactured gas is the carbon monoxide content. Manufactured 
gas on the average contains from 15 to 30 percent of carbon monoxide. 
It costs more to manufacture gas with low than with high carbon 
monoxide content. In large cities the public has accepted as inevitable 
the almost daily fatalities from carb<?n monoxide in the escaping gas. 
We have grown callous to this hazard. It is interesting to recall that 
when it was first proposed to supply gas in Philadelphia about 100 
years ago, a number of the leading· citizens protested because of the 
danger involved. It is rather curious to note that one of the signers 
of this protest afterwards became the Chief Engineer of the Gas Works. 
Illuminating gas containing more than 14 percent of carbon monoxide 
is prohibited in many cities of England. Natural gas contains prac­
tically no carbon monoxide. Therefore its admixture to manufactured 
gas would decrease the carbon monoxide content. Should not this fact 
so important to the public health, weigh heavily in favor of natural ga~ 
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to be used in as high a percentage as present installations will permit~ 
(Incidentally, Philadelphia statistics concerning deaths from manufac­
tured or illuminating gas are difficult to obtain because they are not 
distinguished from deaths from carbon monoxide poisoni~g or fr.om 
'other sources such as automobile exhausts). This problem IS becommg 
increasingly important with the use of gas heaters in private hom:s·. I 
use this subject to illustrate again the hazards involved when speCialists 
in only Dne field-in this case engineering-handle a given pr?b~em .. 

The previous illustrations demonstrate the hazards of speCiahzatwn. 
But expanding knowledge often extends the borders of a specialty .until 
they include the territory of a neighboring specialty. An. example IS the 
case of bacteriology; Until within recent years bacterwlogy was ~e­
cidedly orthodox in following the teachings of Pasteur. Now we reahze 
that bacteriology must concern itself with the environment as well as 
with the host. Research in bacteriology has shifted definitely to the 
biochemical field. In the past few decades the potability of water was 
determined largely by bacteriological examinations. To-day it is almost 
impossible to determine where bacteriology ends a~d chemistry ~egins. 
The bacteriologist now determines the hydrogen-IOn concentratiOn of 
water as well as of the media on which the bacteria are grown. In my 
studies of Schuylkill water, I was interested to find that when the bac­
terial count was lowest the chemical pollution was greatest. In other 
words the chemical pollution was sufficient to interfere with the growth 
of the bacteria in our river water. For this reason studies limited en­
tirely to bacterial counts are misleading. The healthfulness of the water 
may be affected by its inorganic as well as by its o·rganic cons~itue~ts. 
Thus chemical analysis Df water has largely supplemented bacterwlog1cal 
studies. At the University of Arizona, for instance, recent investiga­
tions on the local supplies of water report abnormally high amounts of 
fluorine, that is, from five to twenty times the amount ordinarily found 
in the potable water of that region. This excess of fluorine causes .a 
so-called mottling of teeth in which the surface of the enamel IS 

corroded and secondarily stained yellow, brown or black. The teeth 
lose their normal·translucency and are structurally weak. I have not 
seen any bacteriological reports on this water but I am inclined to be­
lieve that its bacterial content would be exceedingly low, for the reason 
that fluorine is an excellent bactericide. In fact the chemist uses 
fluorine whenever possible for preserving liquids in the laboratory from 
bacterial contamination. Thus from the old orthodox point of view, 
the potability of this water would have been accepted without question, 
but now that the chemical constituents in our water supplies are re-
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ce1vmg serious consideration, this water, because of its high fluorine 
content is no longer considered potable. 

Water potability problems are shifting in the East to a control of 
the industrial trade wastes, while in the irrigated areas of the West, at­
tention is being centered on the chemicals which may be leached from 
the soil during the long passage of water through the canals and ditches. 
Such soil chemicals may accumulate in the food grown in that region 
and may result in harm to man. (Schofield and Willcox, Science, 71, 
542, 1930) found a definite relationship between the boron content of 
oranges and the boron content of the drinking water. The potential 
danger of boric acid as a food preservative has long been recognized in 
this country as well as in the leading nations of Europe. The fact that 
boric acid is used as an eye lotion has helped to create an impression of 
harmlessness. Boric acid is largely eliminated by the kidneys and its 
action is more harmful to individuals having renal or kidney 'mpair­
ment. When a small quantity of boric acid is absorbed there is no 
immediate toxic effect but when taken for a long time the accumulative 
effects become apparent in the deranged digestion, loss of weight and 
damage to the kidneys. Here again in the problem of water pollution 
we see how closely interwoven are the facts of toxicology with those 
of geology and agriculture. 

In concluding, I hope that I have not given the impression that I 
would belittle in any sense the orthodox specialist in any science. With­
out him we should not have reached the present state of human knowl­
edge and to him we must look for future progress. But my aim has 
been to point out some of the hazards of specialization with the view of 
emphasizing the essential unity of science. A knowledge of the funda­
mentals of a neighboring science gives one perspective and it prevents 
lopsidedness. We have had to divide science into branches in order to 
bring them within the possibilities of individual human endeavor but 
such divisions should not be permanent. This specialized knowledge 
needs to be reassembled and integrated-we must reconstruct the whole 
from its parts. 
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THE DEVELOPMENT OF A TECHNIQUE FOR BRAIN 
AND SKULL OPERATIONS UPON YOUNG RATS 

MARCUS H. GREEN 

University of Pittsb~wgh 

In undertaking a study of the rOle of bones of the skull in determi~­
ing the size and form of the brain, the young rat was sel~cted as ex~eri­
mental material. The first problem was that of developmg a techmque 
for removal of rather large parts of the skull in such a manner as to 
make possible rearing the operated young to maturity. . . 

The craniectomy performed involves the removal, in one piece, of a 
part of the temporal, parietal, and a small caudad piece of the fron:al 
bone. Only the right-hand side is operated upon; the left-hand side 
serves as a control. 

All instruments and apparatus that will eventually come into con­
tact with the rat during the operation should be sterilized for twenty 
minutes in a hot water or steam sterilizer. 

Anesthetization of very young rats is quite difficult, for the eye re­
flex cannot be employed and cardiac and respiratory rates are hard to 
determine. The young rat is placed beneath a bell jar with a wad of 
cotton soaked with ether. It is left there until insensible to agitation. 
This period of anesthesia lasts until the sutures are ready to be plac~d. 

Immediately succeeding anesthetization, the animal is bathed with 
95 per cent. alcohol. If depilitation is necessary, an equal mixture by 
weight of barium sulphide and white flour with enough water added. to 
make it into a thick paste is smeared over the skin and scraped off With 
a scalpel. The paste should not be left to dry on the epidermis because 
the epidermis becomes hig·hly irritated when the depilator is scrap~d off. 

The animal is grasped from beneath by the left hand and oriented 
from that position. The one blade of a fine pair of scissors is inserted 
between the skin and skull, in the middorsal line in the region of the 
axis. It is pushed craniad until the tip of the blade reaches a limit 
described by a line drawn between the two eyes. One continuous cut 
then lays open the skin. A series of small cuts frequently cause ragged 
wounds. Since the skin is very loose it can be easily retracted until the 
parietals, upper part of the temporals and frontal bones appear. An 
incision is made with a sharp needle in the parietal bone at the 
juncture of the longitudinal and · occipito-~arietal. sutures. . The one 
blade of the scissors is inserted through thiS openmg, and IS pushed 
craniad and parallel with the longitudinal suture between the skull and 
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meninges of the brain to the afordescribed boundary. The next incision 
is made with the same technique but at a right angle, to the right-hand 
side of the former incision, starting where the first incision was made 
with the needle. This second incision extends ventrally along the side 
to the upper part of the temporal bone. 

If a portion of the cortex of the cerebral hemisphere is to be extir­
pated, the meninges are incised along the lines of the bone incisions, and 
raised along with the bone by tweezers. The cortex is then removed by 
a very narrow scalpel. 

If the piece of bone mentioned in the introduction is to be removed, 
another incision is made connecting the most craniad end of the longi­
tudinal incision and the most ventral end of the lateral incision. Re­
moving the meninges along the lines of the bone incisions will produce 
a well-pronounced craniocele. In case of a craniocele, great care must 
be taken to prevent any mechanical injury to the distended brain. 

A second dose of anesthesia is now administered with an ether cone. 
The edges of the incised skin are now pulled together and sutured 

with black or white silk thread. An interrupted, straight-across stitch 
is employed so that if one strand should be severed it will not loosen the 
others. The stitches should not be pulled too tightly or a protruding 
scar will result. 

The sutured wound is washed with 95 per cent. alcohol and swabbed 
with a tincture of iodine solution. The animal is never bandaged since 
this would interfere with attempts to suckle, and is not necessary to pre­
vent infection, for I never had any rats become infected through the 
wound. Never place the operated young upon cotton, for the strands 
of cotton frequently become entangled with the wound and pull it open. 
The operated young are placed upon paper in their cage and kept warm 
by heating the cage with an electric light. Never place the rats with 
their mother immediately following the operation. 

Great difficulty is attendant upon raising the young clue to canni­
balism in the mother. Various, highly-odiferous chemicals were at first 
used to try to dispel the odor of blood, but to no avail. F. V. L. Turner 
thinks that in fowls cannibalism is due to the appearance of blood rather 
than the odor, and suggests the use of ruby-colored illumination. I 
shall try this method in the near future. A muzzle has been devised by 
me for the mother rat which is only removed when she is placed in an­
other cage for feeding. It is composed of the tip of a finger of a glove 
with the upper and lower halves extended caudad over the head to a 
region behind the shoulders and below caudad to the region immediately 
behind the forelimbs. A strap which passes through a loop in the top 
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and one in the bottom of the extended muzzle is pulled tight behind the 
forelimbs and the same immediately behind the head. The mother rat 
is unable' to remove this and soon becomes adapted to it and feeds her 
young. The buckles have been fashioned from wire since I could find 
none small enough to suit the purpose. 

THE DIGESTIVE EPITHELIUM OF THE APHID, 
MACROSIPHUM SANBORNII 

FORREST w. MILLER 

Zoological Labomt ories, University of Pittsburgh 

The stomach or mid-intestine of Macrosiphum sanbornii is located in 
the anterior r egion of the abdomen extending from about the first to the 
fourth segment. It is bulbous in nature becoming abruptly wide in the 
anterior end and slowly tapering into the hind-intestine at the posterior 
end. In the anterior end, where the oesophagus joins the mid-intestine, 
is located the cardiac valve. This valve is a projection of the oesophagus 
into the lumen of the mid-intestine. This projection extends inward for 
about one third the length of the lumen and then folds back upon itself . 
and becomes continuous with the wall of the mid-intestine. The cardiac 
valve prevents the back flow of juices into the oesophagus and also aids 
in forcing the contents of the mid-intestine into the hind-intestine 
(Weber, 1930).1 

The digestive epithelial cells form the inner cellular lining of the mid­
intestine and the cardiac valve. In the mid-intestine, these cells are 
oblong in the anterior and posterior ends, and more rounded toward the 
middle region. They contain large deeply staining nuclei. These epi­
thelial cells, however, do not come into direct co.Jftact with the juices of 
the lumen, but are separated from it by the intima, a non~cellular layer. 
This layer, in the region of the cardiac valve, is often pushed away con­
siderably from the epithelial cells, thus forming a reservoir for the secre­
tion. The secretion from the epithelial cells in the region of the cardiac 
valve is stored here for a time and slowly fuses through the intimal wall 
into the lumen of the mid-intestine. Underlying these epithelial cells is 
the basement membrane. This is a non-cellular layer and contains the 
trachea and nerves. Immediately outside of the basement membrane are 
located the muscle fibers. These are very few· in the region of the mid­
intestine. (Figure 19, A.) 

1 Weber, H. B iologie der He71lipteren. J. Springer, Berlin. 1930. 
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FIG. 19. Digestive epithelial cells of aphid, Macrosiphum Sanbornii. 

As mentioned above, the digestive epithelial cells &re large and con­
tain de ply . taiuino- nuclei. The cytoplasm also takes a deep stain 
although som what li <>"hter than that of the nucleus. The stages of 
activity of each individual cell may be described as follows: 

1. The cell tain. nniformly in color, the blue staining granules being 
equally di tributed t:hr ougllout the cell. The nucleus is dark, deeply 
stained, an i .till a larg par o.f the cell. At the apex of the cell there 
may appear a few very li"'ht ar eas, the secretion vacuoles. (Figure 
19, C. ) 

2. The cell becomes oblong in shape and the apex becomes more pro­
nounced. The nucleus, however, remains the same size. The number of 
clear secretion vacuoles at the apex of the cell has become more numerous. 

3. The cell reaches its maximum volume, cell wall at the apex rup­
tures, and the secretion flows into the lumen of the mid-intestine. Fig­
ure D. ) 

4. The cell in the resting stage. (Figure 19, B.) 2 

2 Hereafter these stages of cell activity will be referred to by the numbers given 
above. 
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If one examines a longitudinal section of a specimen which has been 
feeding normally, the above mentioned stages may be seen. These cells 
in the different functional stages will be grouped in a band which covers 
about one-half of the length of the mid-intestine. The cells not found 
in this band are in a resting stage. The cells in the most posterior,8 that 
is, the nearest to the entrance of the hind-intestine, are in the stage indi­
cated in (1 ) . (Figure 19, C). The cells are :filled with granules and few, 
if any, secretion vacuoles may be found. The cells at the most anterior 
border of his secretion band are in the stage indicated in (3 ) . (Figure 19, 
D ) . The cell wall at the apex of these cells has ruptured and the secre­
tion is expelled into the lumen. The cells between these two extremes 
are in the stage indicated by (2). These cells at the apex are :filled with 
clear secretion vacuoles. 

When several specimens are examined it will be noticed that this 
band of active cells varies a great deal in its position. At times the 
entire band of cells may appear at one position and again it may be 
divided and be confined to the extreme anterior and posterior ends of the 
mid-intestine. Weber (1930) reports of a similar condition in Aphis 
fabae. Thus it would appear that all the cells of the mid-intestine do 
not function at the same time, and that there is in addition a non-func­
tional stage during the cycle. 

In order to study the nature of the above phenomenon the following 
experiment was carried out : 

Several specimens were removed from the host plant, placed in a 
moist chamber at about 20° C., and kept there without food for a period 
of ten hours. The mid-intestine of these specimens when sectioned and 
stained showed that the lumen was completely empty of food juices and 
the epithelial cells were in the resting stage. Others of these starved 
specimens were replaced upon the host plant and allowed to feed for 
periods of 2, 5, 10, 20, 35, 60, 80, 105, and 120 minutes. These forms 
were sectioned and showed the following : 

2 minutes: The cells of the cardiac valve region have started to func­
tion. Most of the cells are in stage No. 2. No secretion 
has as yet been expelled into the lumen. 

5 minutes: The cells in the most anterior wall of the mid-intestine show 
signs of activity and are in stages one and two. Cells in 
cardiac valve in stage No. 3. 

10 minutes: Cardiac valve epithelial cells throwing off secretion vacu­
oles. These cells are now entering the r esting stage. 

s Anterior and posterior are here used in a morphological rather than physiologi­
eal sense. 
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The cells of about the anterior one third of the mid-intes­
tine are now functioning. 

20 minutes: Act~ve cells co.n:fined to the central region of the mid-intes­
tme. Cardiac :ralve cells till in tbe re tina stage: 

35 minutes: Cells at the postenor ~alf of tl1e micl-int tin.e in tages No. 
2 and No. 3. Cardiac valve eells in ta"' l o. 1. 

. ~t the. thirty-eight minute period the cells at the posterior end of the 
m1d-mtestme are again in the resting stage. The cells of the cardiac 
valve region are in the stages No. 2 and No. 3, and the cells of the 
anterior region of the mid-intestine have started to function for a second 
time since the starvation period. During the time interval from 35 min­
utes ~o 70 minutes, the epithelial cells pass through the several stages 
mentiOned above. Thus in a period of 35 minutes all of the cells will 
h~ve passed through one complete cycle. As was seen above each indi­
VI~ual cell requires about ten minutes in order to pass through the three 
active s.tages mentioned above and during the following twenty-five min­
ute penod the cell is in a resting stage. 

SUMMARY 

1. Ther e a1·e t lu·ee stag s o.f activi y which a.l'e chara teri tjc of the 
functioning epithelial cell. 'l'he e stage ue followed by a r est period. 

2 .. In a normally feeding individual the per iod of activity for each 
cell 1s about ten minutes. The r est period, which follows is about 
twenty-five minute in len•Yth. ' 

3 .. All the cells do not function at the same time, neither do they 
functwn at random as in most insects. · 

4 .. This active period for each cell passes rhythmically from the 
anterwr to the posterior region of the mid-intestine. 

TECHNIQUE 

All specimens were killed and :fixed in formo-aceto-alcohol. Clearing 
was done in xylol and cedar oil after dehydration. Sections were cut 
from 8 to 10 microns. Both longitudinal and cross-sections were made 
of all material. Delafield's haematoxylin and eosin were used for 
staining. 
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THE DEMONSTRATION OF MUSCLE CONTRACTION 
IN INSECTS 

B. R. SPEICHER 

Zoological Labomtories, University of Pittsburgh 

Mru;cle contraction among the members of the Arthropoda is regional 
and linearly progressive along the length of the muscle bundles. Each 
region of contraction is separated from its fellows by a~ area o~ ~elax~d 
tissue (Dalgren and Kepner, 1908). Without appropriate stamm? ~he 
alternate banding of contracted and relaxed tissue is difficult to distm­
guish. The writer, in staining sections of the braconid wasp, Hab:o~ 
bracon juglandis Ashmead, has noted that Mallory's triple connective 
tissue stain is well suitable for the demonstration of this method of mus-

cle contraction. 
Wasps, killed in fixative, die with their muscles in a state of contrac-

tion. When stained with Mallory's the muscle bundles present alter­
nate bandings of red and blue, corresponding to the contracted and re­
laxed portions (Figure 20, A). The contraction extends throughout the 

A B C D 
FIG. 20. Inseet musele stained with Mallory 'a triple eonneetive-tissue stain. Dark 

areas represent red, light areas blue staining. A, eontraeting muscle; 
B, relaxed; C, muscle approaching tetanus; D, muscle in tetanus. 

length of the muscle to the tendons of insertion. Muscles presenting the 
striated appearance include all those activating the ambulatory appen­
dages, the segmental sclerites and the genitalia. Only the large indire?t 
wing muscles remain undifferentiated; these appear uniformly blue m 
color. 

Wasps anesthetized before fixation demonstrate the muscles in a re-
laxed condition. Such forms when stained show all of the muscles 
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stained a uniform blue (Figure 20, B). Comparjson of these sections 
with tho e of contracting muscles indicates that th blue areas of the 
latter corre pond to relaxed and the red areas to contract ~ por ion of 
muscle ti ue. 

The ar a. of mu cle contraction are u ually C01lfiued to even band · 
Cl'OS ing t he muscle buncU , but in ection orne may app ar cutting 
acres the bundl i n a dia•>- na l or otherwise irr gular ma.1me1·. Thl. 
fact sugge t that, although all nm cle fiber in a bundle rec ive th a:me 
impul e, in some th r ceptiou of t he in1.pul e or the r action to it may 
be somewhat delayed. 

In a few of the wa p. ction d, it wa noticed that a number of m11S­
cles show the contracted (r ed) band mu h broader than u.·ua l ; thi con­
dit ion may ven grade il1 o lar o-e red l'\ r ea but light ly broken up by 
blue portions (Figm·e 20, ) . uch a coudHion i a tuned to demon­
strate a condit ion o£ part ial t tanus. P o ibly a th contracting mu -
cle, r eceiving continual timuli, approaches exhaustion, tJ1e red ar eas 
widen and eventually merge. 

'£he condit ion of complete tetanu was observed in a numb r of form$ 
killed in fixative. In. tead of r e.-ional cliff rentia ion of color the mus­
cle bundte. tain an unbroken r ed along the nth·e length. This indi­
cate contraction along the entire length, a cha.racteri tic of tetanus. 
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A MARVEL IN ARITHMETIC 

BY R. N. DAVIS 

Director of Everhart Museum, Scranton 

The purpose of this paper, aside from a little entertainment, is to 
show the wonderful conciseness of the exponential system as compared 
with the common or Arabic notation. 

V\Tha i t he g1· at t l 'I.Utnb r that can b expr ed by three ligures 
In the commo11 ystem 999 i t he con et au wer . I we are allowed to 
u e som of the n ines as expon n we get remarkably great values. Let 
u write it 999• I t would b po . ibl to rai e 99 to t he ninth power by 
actual mult iplication but it w nld b a laboriou proce . v e could ap-
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proximate the value by means of logarithms .but i: will be .easier and 
as satisfactory to increase the 99 to 100 and raise this to the nmth power 
which would be expressed by (1) with eighteen zeros. attached or o~e 
quintillion. Of course this is greater than 99 to the nmth power but It 

is an approximation. 
If we write our number 999 we get a much greater val~e. Le~ us 

approximate the value as before and we have 10 to the nmety-m~t~ 
power which would be expressed in the Arabic system by (1) Wit 

ninety-nine zeros attached. 
If one of our nines is the exponent of another. exponent we. get some 

remarkable results. Let us write (99
)

9
• Expandmg the part m p~r~n­

thesis with the nine changed to 10 we have one billi~n. ~his one billion 
raised to the ninth power is expressed by. (1) with ei~hty-one zeros 

exed We could write this number but It defies readmg. ann . . d t 
Finally let us write 9<9"l. To approximate th1s value we nee. .o 

make two changes and have 10no•J. The value in this parenthesiS. lS 

one billion and we might write the number 101
•
000

'
000

'
000

•• If we ~r1te 
this number according to the Arabic system we must wnte (1) w1t~ a 
billion zeros annexed. To merely write such a number would ~eqmre 
a thousand volumes of a thousand pages each, forty figures to a hne and 

twenty-five lines to a page! ! ! 

MATURATION PHENOMENA IN THE MOUSE 

PAUL R. CuTRIGHT 

Department of Zoology, University of Pittsbu1·gh 

Sexual reproduction involves the union of two highly specialized 
cells, a sperm and an egg. In order that these cells may. uni.te ~t the 
time of fertilization it is necessary that they undergo certam s1gmficant 
changes in size, shape, and content. Particularly is th~s true of the 
sperm. These changes are mainly concerned with a ripemng or matura­
tion of the specific gametes and with a reduction of the number of chro­
mosomes to one-half the original number. 

The maturation phenomena of the mouse resemble ~ho~~ of many 
other forms, although, as is usually the case, certain pecu:mntles present 
themselves. Some of these peculiarities have not previOusly been de-

scribed. 
Since the spermatogonial divisions in the mouse are comparable to 

those of other forms they will be passed over with the single brief state­
ment that forty chromosomes may be counted in the metaphase. 

I 
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The interphasal nucleus of the primary spermatocyte is characterized 
by a reticulum similar to that in the spermatogonium and by a large 
chromosome-nucleolus completely enveloped by a vacuole which was not 
present in the spermatogonium. This body persists throughout the 
growth period. As the growth period is initiated the reticulum resolves 
itself into a number of elongate beaded leptotene threads. That there 
is not a single attenuated spireme is difficult to establish but a close ob­
servation of the nuclear content reveals here and there the free end of 
a thread. As the prophase continues the leptotene threads become 
shorter and thicker and during synapsis there is a side-by-side union of 
the homologous chromosomes to form bivalents. The beads or chromo­
meres of each member correspond with those of its homologue in size, 
shape, and position. In two different nuclei at this time a relatively 
short three-chromomered element >vas seen paired with a shorter one 
having only two chromomores, one at each end. In the light of subse­
quent findings the former is interpreted as having been the X-chromo­
some and the latter, theY-chromosome. At this stage the chromosome­
nucleolus is still a conspicuous landmark and retains its staining ability. 

The chromosomes now condense still further and there is a gradual 
metamorphosis through a pachytene condition to diakinesis. The trans­
formation has involved a reduction in the number of chromomeres, but 
in every case the reduction has been the same in each member of the 
bivalent and has been effected apparently through an actual fusion or 
coalescence of chromomeres. 

By the time diakine i is reached the bivalents are short and heavy 
and clearly visible. They tend to take up a peripheral position near the 
nuclear membrane and assume a great variety of shapes. The most 
characteristic of the e forms are rings, V 's, and cross-shaped figures; 
there are also Y's, hexagonal, and diamond-shaped forms. The nature 
of the union of the two members of each bivalent would seem to be highly 
significant. In: every observable case the first chromomere is seen to 
unite with the first chromomere or the second chromomere with the sec­
ond chromomere. The first chromomere was never seen to unite with 
the second or the third. This definitely establishes allelomorphism of 
chromomeres in a mammal. 

There was no indication at any time of longitudinal division or split­
ting of the individual members of the bivalents to form tetrads. In 
spite of our failure to observe any physical separation cytological evi­
dence at hand indicates that the bivalents are always quadripartite in 
structure even though the condition is invisible. 

~.- ---
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The chromosome-nucleolus during diakinesis was as much in evidence 
as formerly but was seen to divide into equal parts. These parts were 
of approximately the same size and resembled very much the two. largest 
autosomes seen in the spermatogonial metaphase. Alter considerable 
amount of observation of this body in the various stages of its transfor­
mation it seems highly probable that the chromosome-nucleolus really 
consists of the aforementioned autosomes. 

During late diakinesis a further concentration of the chromosomal 
material takes place and there is a gradual transformation into the form 
of the bivalents as seen in the metaphase. 

There are twenty distinct chromosomal elements to be seen in the 
metaphase. It has been found that the usual technique stains these 
densely compact bivalents so deeply that their double nature is obscure; 
in lightly stained preparations, however, this condition is readily dem­
onstrated. One of the twenty members has been formed by a union of 
the X and Y chromosomes and is readily r ecognizable due to the dis­
parity of size in the two members. In reduction division the bivalents 
assume distinctive shapes that soon become recognizable. Some are 
club-shaped, some diamond-shaped, and several are hat-shaped. The X 
and Y chromosomes were distinguished in several cells; one large com­
ponent, the X, is seen pulling away from a smaller component, the Y, 
as they separate to go to the poles. 

The secondary spermatocytes are approximately one-half the size of 
the primaries. No prophases of this stage were noted due to the diffi­
culties encountered with the material but in the metaphase twenty small 
ovate chromosomes were counted. An attempt was made to locate the 
X andy in separate spermatocytes but the material was not sufficiently 
favorable for the thorough study of the secondary spermatocytes. Since 
these two elements have been traced through synapsis and diakinesis and 
their separation has been witnessed in the fi~st meiotic division it would 
seem that there is sufficient evidence to warrant the assumption that one­
half of the secondary spermatocytes should contain the X chromosome 
and the other half the Y chromosome. 

The spermatids are recognized from the secondary spermatocytes by 
their smaller size, their lack of stain, and their position nearer the 
lumen of the tubule. As the spermatid inaugurates its transformation 
into the gamete it elongates and condenses. This elongation and con­
traction is continued until the mature gamete, or spermatozoon, is 

formed. 
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THE PROPER STUDY OF MANKIND 

pAUL R. CUTRIGHT 

DepaTtrnent of Zoology, UniveTsity of Pittsbu?·gh 

Alm · two centurie ago Al xancler op said '' 'l'he prop r ·tndy 
£ ma11ldnd i man." onsid rin•• the wjd - pread iutere tin archeolO"'.Y 

and anthro1 ology which i atte t d to by lL la1·ge numb r of expedition 
annually to all corn rs of the glob " mu t conclude that th tudy oi' 
mankind to-dny i even mor prop r than it was iu the time of Pope and 
hi cont mporarie . o k en is thi int re t that the new pap r reco -

'z it find the tmday up1Jem nt ca-ry fnll pag on ucili subjects 
a. ' Th Peking Man' ' Di ·overie · in Yt1catan" uncl "Sen ational 
Find in 1\{ ·opotamia . ' N'tunero\1 books have bee11 publish d whicl1 
d al with every pba:e of man's prehlstor both )mown and problemati­
cal. Th r sult of the e tudie have v n b eu carried into fiction and 
the moviniY pictures. 'l'h anclertlwloi 1 yp of cave ma11 carrying a 
wicked cud,.el and ·wearing nothing bu a leopard skin and a cru l mile 
has b ome a, familiar figUI· . 

Anthropological studies have not dealt entirely with the past, how­
ever. The races of men as they exist to-day are well known and there 
are only a few inacc ibl people who have not been subj ted to 
cranial ~nea LU' ment and lhl"'Ui tic demon tl'atious. We . v n know 
that ertniu tlL L' titious outh .Afl'ican · kill their babie if the upper 
t tl1 app ar befor the lower aml her and there in he wodcl the father 
iJnm diately aft r the arrival of hi child, takes to his bed "hile th 
mother olJcitou ly cm·e for him in hi great anguish. 

In an entirely different way medical scientists have made huge strides 
in the study of man that have worked a revolution in the conditions of 
life. The plague and pestilences of the Middle Ages, typhus fever , and 
cholera have disappeared from civilized countries. Scarlet fever, 
typhoid, and diphtheria are going the same road. The death rate has 
leer a: d to only three-fifths o what it wa half a c nttu·y ao-o. 

It would e min tl'te face of all the. e anthropoloooical inve tigation 
a IYl'O . exagg ration to a). that man as a whol i colo sally irrnorant of 
him e1 f. It i none tl1e 1 s true hat he i. misera:bly inform d, as well 
a. mi informed in regard to hi wn m cha-pi n . Hi failure to learn 
about the functions and behavior of his various organs has not always 
been prompted by the reticence that characterized the mistress of a 
ladies' seminary who said that it was, "not quite respectable for persons 
to know about their insides.'' 
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Half a century ago there was a great scarcity of information relative 
to the action and interaction of our vital structures. To-day there is a 
wealth of material easily obtainable. The anatomy and physiology of 
man are well known and we are amassing more and more data in regard 
to his heredity, the nature of his immunity, and the possible causes of his 
evolution. Unfortunately the dissemination of this knowledge has pro­
ceeded very slowly; in many instances it seems to have proceeded not at 
all or to have proceeded only after a certain amount of pressure. It is 
co~mon knowledge that many people object to vaccinations and anti­
toxins in spite of the fact that the diseases involved have been practically 
eliminated by these bacterial agencies. As a matter of fact the only 
really popular physiological pastimes of our modern era seem to be 
eighteen-day diets and tropical debates on the moral propriety of con-

traceptives. 
It is my contention that an adequate knowledge of one's own mecha-

nism is as essential to success and happiness, and perhaps more so, than 
any biological knowledge. Since each individual has to put up with 
himself, and rub shoulders with many other similar individuals, over a 
period of three score years and ten, what could be more valuable than a 
knowledge of what makes the wheels go round~ It is a comparatively 
simple process to secure a divorce from a neurotic spouse, but a divorce 
from one's self has never been arranged, Dr. Jekyll's experiment to the 
contrary. And it would be just as much of a problem to divorce entirely 
a dyspeptic stomach or bilious liver. That being true, the more thor­
oughly we know ourselves the more amicably should we be able to live 

with ourselves and with others. 
This brings us to the point of this paper. What subject-matter in a 

general course in zoology is most needed and most desired by college 

students~ 
It is no ·secret that students and professors .often get along with the 

same tender spirit of fellowship that exists between a mongoose and a 
cobra. This state of affairs is due to a multiplicity of causes not the 
least of which is the subject material presented. We cannot expect the 
Cinderella formula to function overnight but there would certai~ly be 
an immediate improvement in the teacher-student relations if the former 
kept before him at all times the question, "What in my field do students 
most need~" It should be· kept in mind too that the majority are satis­
fying a graduation requirement and do not intend to follow a biological 
career. The requirement is stipulated in the hope that they w1ll receive 
a rather broad cultural outlook in this field and that which will best fit 
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them for sane living. If a biological career is their choice there will be 
sufficient opportunity in other courses to secure the more detailed infor­
mation which is all too frequently included in the general course. 

It goes without saying that a general acquaintance with the animal 
kingdom is necessary. A background which includes a study of the 
major phyla with representative types serves as a skeleton upon which 
all future studies may be fastened. This material should be given during 
the first part of the year. The question is, "How can it be most advan­
tageously presented to meet the needs of the majority of the students''? 
Opinions will vary of course, but it is my belief that the most satisfactory 
method of presentation should include comparisons of the various forms 
with man himself and should emphasize the economical aspects of these 
forms which intimately affect man, either negatively or positively. 

In a study of Protozoans it is customary to emphasize the structure 
and behavior of such forms as Amoeba and Paramecium. By means of 
these peculiar microscopic forms the students receive an introduction 
into a world where everything is new and adjustments are not easily 
made. They find it difficult to incorporate into their vocabularies such 
foreign terms as fission, cilia, pseudopodia, and protoplasm. These 
words mean but little to them in the beginning. They take on a real 
significance however if it is explained that we possess in our bodies cer­
tain cells, the white blood cells, that are almost identical with the Amoeba. 
These policemen of our bodies divide by fission just like an Amoeba and 
on occasion they can be seen throwing off pseudopodia just like an 
Amoeba. In our nasal passages and in our windpipe are many cilia very 
similar to, if not identical, with those on Paramecium, that are constantly 
in motion sweeping out the dirt and dust that would otherwise accumu­
late. And it may be pointed out that the protoplasm they have observed 
in these unicellular forms is practically identical with that in any cell 
of our bodies. 

The real interest in Protozoans is manifested, however, when the 
pathogenic forms are discussed. Malaria, sleeping sickness, and other 
diseases that attack man hold their attention and they are intensely inter­
ested in the effects of the malarial parasites, their transmission by the 
Anopheles mosquito, and the prevention and treatment by quinine. 

The subject of worms never seems to hold an appeal and when 
Maggie rather vehemently classifies Jiggs as a worm she unintentionally 
reflects the prevalent attitude toward these lowly creatures. A pro­
longed discussion of reproduction, excretion, and axial gradients of the 
worms before a class does but little to raise their prestige. The students 



160 PENNSYLVANIA ACADEMY OF SCIENCE 

react to this in a manner that could best be described as submissive. 
How different is the response, however, when the discussion changes to 
tapeworms, hookworms, Trichinella, and other parasitic worms that are 
so inimical to man. Their interest is not due to the fact that these forms 
are worms, far from it, nor from the fact that they are parasites. Their 
interest is aroused because these parasites are human enemies. A tape­
worm is one of the most repulsive members of the animal kingdom we 
are likely to encounter but students are eager to know how we get them, 
what they do to us, and how we may get rid of them. 

The earthworm is always dissected in a general course in zoology and 
its anatomy studied in detail due to the fact that it is a typi~al inver­
tebrate and most of its systems are in an early stage of evolutiOn. The 
students accept the early assignments on the earthworm as necessary 
evils and comply with as much grace as their individual natures possess. 
As the work proceeds and comparisons with man are introduced the 
angleworm is viewed in an entirely different light. Students can be 
made to see that the digestive tract is made up of somewhat the same 
parts and performs the same functions as our alimentary tracts; that the 
nephridia, or kidneys, are practically identical with the tub_ules that go 
to make up our much more highly complex and compact kidneys; th_at 
the mode of respiration is like ours with the exception that the m~lSt 
membrane necessary is on the outside of their bodies instead of bemg 
internally located as is the case with our lungs; and that the ~lood and 
circulatory organs have many points in common both an~tom!Call~ and 
physiologically. It is a far cry from a segmented Annehd to a highly­
specialized Primate but by means of a vivid comparison_ the ea~thworm 
can be transformed from a creature devoid of all attractiveness mto one 

which possesses at least a singular significance. 
Practically any phase of invertebrate or vertebrate zoology can :hus 

be brought home to the students in a fashion that will hold and stimu-

late their interest. . 
As the second half of the year's work is initiated we propound agam 

the question as to the student's greatest need. We are more tha~ ever 
convinced now that his greatest need consists in a k~owledge, o~ his own 
mechanism; his own insides respectable or otherwise. Isn t It rather 
paradoxical that college graduates should be able t~ talk French fluentl~, 
recite the poetry of Swinburne at length, work highly complex che~m­
cal formulae, and at the same time be totally ignorant of the mechams~ 
of heredity in their own bodies and the action of enzymes upon food m 
their alimentary canals. As a matter of fact some college graduates do 

PENNSYLVANIA ACADEMY OF SCIENCE 161 

not know there is a mechanism of heredity and to them the word enzyme 
is a term far removed like relativity or cosmogony. 

In a test given recently to a large group of entering freshmen it was 
discovered that at least a third of the class had no idea whatsoever as to 
the functions of the liver and to the remainder it was only an organ that 
aids in digestion. One youngster replied that the liver, "is part of the 
excretory system which secreted bowel." Not a single member of the 
group was able to define a hormone and only a few knew that chromo­
somes are associated with heredity. Many were unable to cope with such 
every-day words as vitamins, vaccination, and calorie and surprising as it 
may seem at least a fourth of the group could not give an intelligent an­
swer to such questions as, ''Why do we eat~'' ''Why do we breathe air~'' 
and '' \Vhat are our kidneys for~'' 

Would these students be better served if we insisted that they learn 
the phylogeny of the vertebrates, the classification of the insects, and the 
anatomy of some typical mammal or would ·they be better prepared to 
face the issues of life if they were able to discuss intelligently some of 
the physiological questions just advanced. 

In regard to the subject of sex there is perhaps more need for educa­
tion than in regard to any question which is intimately concerned with 
ourselves. At the present time we are limited by modern conventions 
and prejudices so that our college instruction in this case is only a veneer 
and a very thin one at that. A great need exists and it is only a matter 
of time until the instruction will be a part of the regular curriculum of 
most colleges and universities. 

It is our sincere belief that college students need sound scientific di­
rection in many of the ways already indicated, and in many others of a 
like nature, and that it is the duty of the zoologist to give them this direc­
tion. With changing conditions it is time that a permanent moratorium 
be declared upon some of the time-aged zoological procedures. 

DAVID RITTENHOUSE 

M. J. BABB 

Professor of Mathematics, University of Pennsylvania 

[Abstract] 

The two hundredth anniversary of the birth of David Rittenhouse, 
April 8, 1732, will be celebrated this year by an exhibit of Rittenhouse 
material, including the famous orrery, a large number of his surveying 

• 
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compasses, transits, zenith sectors, etc. made by his own hand, togeth~r 
with portraits by Peale and Trumbull and others at. th: Pe~nsylvan:a 
Historical Society, April 4th to the 23rd. A subscr~ptwn ~mner. w1ll 
be given on Friday evening, April 8th. A large public meetmg '~1ll be 
held on Saturday afternoon and a long list of papers will b~ read u~ the 
evening at a public meeting of the Rittenhouse Astronomical So~Iety. 
Rittenhouse was a member, officer, and later succeeded Franklin as 
president of the American Philosophical Society, was a fellow of the 
Boston Society of Arts and Letters, and also of the Vir~inia Society of 
Arts and Letters, and a foreign member of the Royal Some~y of London. 
He had the degrees of M.A. from Pennsylvania, 1767, Prmceton, 1782, 
-William and Mary, 1784, and Doctor of Laws, Princeton, 1789. He w~s 
from 1780 to 1782 Professor of Astronomy and Vice Provost of the U~l­
versity of Pennsylvania. It was he who first ?ut spider threads m 
telescopes and invented the collimating telescope m 1785. H e serve~ as 
member of the legislature, as a member of the Constitutional ConventiOn, 
State Treasurer, First director of the Mint, as well as a member of the 
Committee of Safety, the Council of Safety, and the Bo~rd of War dur­
ing the revolution. He was recognized as after Franklm the most ab~e 
man Pennsylvania had produced, and it is to be noted that Pennsylvama 
did not produce Franklin. 

VARIATIONS IN COLOR PATTERN IN THE 
AMPHIBIAN, 1'RITURU8 VIRIDESCENS 

H. H. CoLLINS 

Zoological Labomto1·ies, University of Pittsb~wgh 

The normal color pattern has been described by Collins and Adolph1 

as follows: . 
"The adult Diemyctylus (Triturus) viridescens Rafinesque IS 

ordinarily described as the 'vermilion-spotted newt.' -'!'- number of small 
but brilliant spots are arranged linearly along each Side of the dorsum. 
The dorsum is greenish gray, while the ventrum is predominantly yellow 
(fig. 1). This contrast between dorsum and .ventrum .is the n~ost con­
spicuous feature of the skin-pattern; such a differe"?-ce 1s. usual m ve:te­
brates of all groups, and seems to be fundamental m ammal co~oratwn. 

''The ventral surface of the body is uniformly and contmuously 

1 Collins, Henry Homer, and Edward Frederick Adolph. Th~ r egulation ofr skin 
pattern in an amphibian, Diemyetylus. Jour. Morph. and Physwl., Vol. 42, No. 2, 
1926. 
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colored lemon-yellow. Scattered throughout are numerous discrete black 
spots, which may be round, oval, or elongate in outline. The transition 
between the yellow ground color and each black spot is sharp and never 
gradual. 

''The dorsal surface of the body is pigmented like the ventral surface, 
except that in addition a uniformly distributed but discontinuous black 
pigment covers the entire area. Instead of yellow, therefore, the pre­
vailing hue varies between olive-gray and reddish brown. The combina­
tion of the continuous yellow and the minutely d.iscoutilmou · black giv 
the olive effect, but the colo1· of th blood in the kin mlly l10w uffieiently 
to modify this to browui lt o1· t·eddi. h. pot. of l n bJack a1·e nearly 
alway· pre ent iu about the ame eli tl'ibutio11 a on the ventrum. In 
additiou to thi , the vermilion_ pots are present on the dorsum. Each 
of th e is urrounded by a con picuous ring of black, which has a thick­
ne of about one-third the total diameter. The vermilion or red pig­
ment is very similar to the yellow pir•ment in its minute appearance 
and continuity. Only the black pigment is obviously discontinuous, 
each unit being a single cell or melanopl1ore. '' 

In the course of collecting several thousand specimens during the 
past few years, the writer has had an unusual opportunity to observe 
variations from the normal pattern as above described. The variations 
observed in a collection of 2400 specimens taken at Seaton's Lake in 
Pebruary 1932 may be taken as fairly typical. 

A few individuals were ·observed in which the red pigment, nm:mally 
in the form of large spots, occurred as numerous mall poin ca~tercd 
irregularly over the whole dorsal surface. The spot which happened 
to be in the normal position although excee lingly mall, were surrounded 
by diffuse black rings. This would seem to indicate that the formation 
of the marginal black ring·s is not wholly due to the presence of red 
pigment, since red spots in abnormal positions on the dorsum have mar­
ginal rings either imperfectly developed m· u nally absent. Red spots, 
out of normal position are, as a rule, in contact with a mass of black, 
but not in the center of the mass a ar th :normal r d spots. 

In the lot of 2400 specimens, four were found devoid of red spots. 
In other words these four animals were lacking one of the chief diagnos­
tic characters includetl in the description of the species. The closely 
related southern species, Triturus rneridionalis, is normally without red 
spots. 

In one case the pigment in one red spot on each side of the body was 
drawn outin a broken line similar to the normal arrangement of the red 
pigment in another closely related species, Trit?wus dorsalis. 
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OBSERVATIONS ON THE LIFE HISTORY OF TI-:IJi~ 
AMPHIBIAN, TRITURUS VIRIDESCENS, IN 

·wESTERN PENNSYLVANIA 

BY H. H. CoLLINS 

Zoological LaboratO?"ies, Univ e1·sity of Pitts1nwgh 

In the region of vVestern P ennsylvania the vermilion-spotted newt is 

aquatic in habit in the adult stage. 
The young hatch out from eggs laid during the spring breeding sea-

son. They r emain in the water during the spring and summer but leave 
the water in the fall following the loss of gills which occurs at the time 
of metamorphosis. The young immediately following· metamorphosis are 
very markedly negatively geotropic. This negative geotropism is prob­
ably the the major factor involved in their leaving the ·water and migrat­
ing upward and away from the ponds in wh~ch they pass their larval 

stage. 
After living for a period of from three to four years on land, the ani-

mals return to water where they remain for the rest of their lives. This 
sequence of terrestrial and aquatic stages is characteristic of mountain­
ous regions within the range of the species. However, Noble has found 
that in ponds on Long Island the land phase is omitted and the entire life 

cycle is passed through in the water. 
In all the regions in vV estern P ennsylvania r anging from Erie as far 

south as Seaton's Lake near Uniontown, a distance of about 220 miles, 
the aquatic populations studied were without exception composed en­
tirely of adults, and during the spring and summer of pre-metamorphic 
larvae as well. There was no evidence to indicate that in this region, in 
sporadic cases, the entire life cycle might be passed through in the water. 

The populations studied on Presque Isle were of especial interest in 
this connection, because here we do not have the typical mountain habitat 
and environmental conditions are in some respects comparable with those 
on Long Island. H ere as in the more mountainous regions the aquatic 
population is composed of adults and of pre-metamorphic larvae. Con­
ditions may be sufficiently unlike those on Long Island to account for 
the marked dissimilarity in the life cycle, as regards habitat preferences. 
On the other hand, it may well be that this habitat preference has become 
hereditary in the typical mountain forms and persistent in their descen­
dants, occurring at the present time on Presque Isle. 

One of the most puzzling features of the life cycle of Triturus is the 
great scarcity of land forms in the immediate vicinity of ponds where the 
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ad~1lt pop~ntion are v ry den e. The writ r obs l'vation. on this 
potn~ are _m accordanc with tho e of variou · inv stigator: who ha--.re 
~tudl cl tlu. ge~u .. Th o-re~t rarity of land orm · urr,..,.e ts the possibil­
:ty th~t the e~tn·e life cy~l 1 counJled to the aquatic habitat. Howev r, · 
mt~nstve stt1d1es of aquat1c pOJ ulation indicate that such i not tlte ca · . 
~his land pha e of th life ·ycl pre ent a problem w ll wm:th inve tiga­
tiOll.. It may be added that on Presqu I ·le wh -r onditiou · are mo t 
a yp1eal for ~he ~onnt~in form of 'rri turu , land aniJnnls are very abnn­
lant at ce1~am _times of the y nr. Thi may be due to the re tricted Janel 
ar_ a ·e u1tmg m a concentration o£ the land populatio11 w1l.icl1 otherwi e 
llltgl1t become ·eatter d over a much larger re.,.ion. 

MORPHOLOGICAL ANOMALIES IN THE AMPHIBIAN, 
TRITURUS VIRIDESCENS 

BY H. H. COLLINS 

Zoological Laboratory, University of Pittsburgh 

Fo~ the past several years the vermilion-spotted newt has been col­
lected m large _numbers for use as research material in experimental mor­
phology. D:umg this time, several thousand specimens have come under 
the obs:rvatwn of the writer and a number of interesting morphological 
anomalies_ have been recorded. The variations found in a collection of 
2400 spemmens taken at Seaton's Lake, near Uniontown, Pa., in Febru­
ary, 193~, may be_ taken as fairly typical of the population as a ·whole. 

In this collectwn the following anomalies were observed: 
1. ~ female in which the second digit of the right hand was bifur­

cated (mcomplete reduplication). The second and third dio·its normally 
long and slender were short and blunt. The other app~ncl~o·es were 
normal. '"' 

. 2. A female, ·with a partial fusion of digits three and four of the 
nght foot. The digits of the left foot which are normally long and slen­
der were short and blunt. 

. 3. A ~emale exhibiting a complete fusion (with the exception of a 
shghtly bifid end) of the second and third digits of the left hand. All 
other appendages normal. 

4. A female with a regenerating tail. The tail had been r emoved 1 
~nm. caudal to the cloacal opening. The regenerated portion was normal 
m form an~ 1.5 em. in length. Pigmentation of the regenerated portion 
was a blackish-gray, much denser at the level of the spinal column, tlwn 
along the dorsal, ventral, and terminal margins. 
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5. A female with a pronounced bifurcation of the third digit of the 

right foot. 
6. A male with an irregularly bifid tail. 
7. A male with right forearm about twice the diameter of the left. 

The hands were approximately the same size. 
8. A male with a supernumerary digit, arising from the right arm, 

near the elbow. The hand was much distorted. This same specimen had 
a complete duplication of the foot on the same side. 

9. A male with a regenerating tail. Had been removed about midway 

and had regenerated about 7 mm. 
10. A male with marked lateral undulatory twists in the tail. The 

fixed form of the tail was much like that assumed when using the tail in 

swimming. 
11 A male with third and fourth digits fused almost their entire . ' 

length, slightly separated at the tips. 
12. A male with a markedly irregularly malformed right hand. 
13. A male with digits three and four (normally long and slender) 

represented by first joints only. . 
14. A male with the third digit of the right hand bifurcated and w1th 

a much deformed, shortened, and twisted right foot. 
15. A male with tail amputated about midway. About 5 mm. of re-

generated tissue. 
16. A male with left hand deformed. The two normally long slender 

digits, much shortened. 
Two anomalies in addition to the foregoing· have been observed by the 

writer in previous collections : 
First, the presence of large lumps variously located on the dorsal 

aspect of the body. These lumps have a rough surface and may have a 
diameter as great as half or more of that of the body. They give the 
animal a much distorted misshapen body form, suggestive of rickets or 
acromegaly in man. Under the skin, the lumps are made up of dense 
masses of rounded bodies, having some·what the appearance under low 
magnification of a mass of amphibian eggs. The nature of this tissue is 

now being studied. 
A second malformation is seen in the fixed lateral flexures in the 

spinal column. Specimens may be bent almost double with three or more 
major flexures along the length of the body. This condition appears to 
be correlated with a heavy infestation of parasitic trematodes within the 

brain cavity. 
There is a marked contrast in the frequency of occurrence of mor-

phological anomalies between this species of Amphibian and mammalian 
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form . In th eour e of hjs work on d er mice o the g nu Peroruyscus 
ome year ago, the writer had th oppo1·tnuity to look over several thou­
and li in(l' pecimen of this mall mammal. Most of the types of mal­

formation clescribed .for 'lrituru have never been ob · rved by the writ r 
in Peromy ·cu · and the case of misshapen han :1 and feet ' hich did 
occur were very rare. 

'l'lle much hi.,.her perceutag o£ anomalie may perbap indicate that 
the p nta.daetyl pattet·u i. 110 a .fixed and , tabl in the amphibiau a in 
the mammalian type. It is to b recalled that the Amphibians wer t h 
fir -t ve1·t brate to develop thi type o.f limb and that Ttituru a, one of 
tl1 urodeles is one of the more priuritiv forms. 

One i al o remindecl in tl1i connection of the fact that the mam­
malian embryo develop h1 an nv-ironment in which conditions are rela­
tive! on taut. The amphibian embryo, on the contrru·y, i expo. ed to 
fl.uctnRtiJlg temperature· and other changin"" environmental condition . 
1VIajor flu • nation in eonclitions approaching or transcendin"' the normal 
l:iJnits of t 1 ration on the part of the em b ·yo, ma:J prove to be au impor­
tant factor in the production of the anomalie ob erved. 

SOME EF]j~ECTS OF X-RADIATION ON THE AMPHIB­
IAN, TRITURUS VIRIDESCENS 

PRESSLEY L. CRUMMY 

University of Pittsb1trgh 

It ct f ultra-violet radiation on the pigment pattern of T1·itu­
?"'t. -ui'l'id cens wa . tudi d 'by ollin and Wolf ('31). They .found 
chara ·t ri t.ic change. that were due to ultra-violet radiation. These 
chan<>' involv l, chi fly, a migration o£ the red pigment which i con­
centrntecl in pot. on the dorso-lateral surface of the animal. 'lhe black 
pigm cell Ol' m lauophores were also caused to uudel'"'O a rearrange­
men . Th . · re ults suggested a study of the effects o£ X-1·adiation on 
the pi"'ment pattern o£ the same animal. It was thought that tl1e 1no1·e 
rapid vibrations of th ""-l.'ays mio-ht cau e a o-reater change in the ar­
ran.,.ement of m lanophor than clid the ultra-violet rays. This lry­
poth i wa ·upported by the work of L vine ( '31) on th lanrae of the 
amphibjan, Ran<£ cZa1nitens. 

. eri of experiments was tarted to te. t out this idea. .As wa 
expected X -radiatiou did bring about changes in the pigment pattern. 
Her again, the l' d pigment ' ·a most susceptible but cout~·ary to ex­
pectations the melanophores },o,ved little respou e. Tho e .dosage 
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which were most effective in causing pigmentary changes were lethal in 
their action. Had the irradiated animals lived for a sufficiently long 
period of time the melanophores might have shown considerable change. 
The dosage which was most effective was that given when the X-ray tube 
was operating under a potential of 76,000 volts. 

In the experiment to be discussed in this paper a one-half millimeter 
aluminum filter was used. The above dosage was given in three expo­
sures, of twenty minutes each, at intervals of seven days. Ten experi­
mental animals and ten control animals were used in the experiment. 
The experimentals were placed at a distance of thirty centimeters from 
the target during irradiation. 

Nineteen days after the first exposure, one of the experimental ani­
mals began to show a breaking down or dilution of the red pigment. 
Within a few days several more began to show the same disintegration 
of red pigment. Seven days after the first noticed disintegration or 
dilution of the red, one of the experimental animals died. At that time 
it showed a marked dilution as well as a migration of the red pigment. 
Within twenty-one days from the first exposure to the rays all of the 
experimentals had died. During this time the controls remained healthy 
and active, with no change in pigment pattern. Sixty per cent. of the 
animals showed the above mentioned dilution and migration of red pig­
ment at and just before the time of death. The other forty per cent. 
also showed dilution and migration of red pigment but only to a slight 
extent as compared with the others. 

The red pigment in the normal pattern of the Triturus is concen­
trated in spots which are lined up in a single row on either side of the 
mid-dorsal line. These red spots are surrounded by black rings formed 
by concentration of melanophores. Other melanophores are scattered 
over the body, some of them being concentrated in black spots. The 
normal pattern is illustrated by figure 21, A. The manner in which the 
red pigment begins to break down and scatter is illustrated by figure 21, B. 
This is the type of dilution shown also by the animals which died before 

· the red pigment became ·wholly broken down. 'One of the later stages 
in the disintegration of the red pigment is shown in figure 21, C. Here 
migration and scattering of the piginent is to be found. Prequently the 
reel pigment became almost entirely obliterated before the animal finally 
died. Kelly ( '32) describes migration of reel pigment due to the abnor­
mal disturbance caused by a wound in the dorso-lateral surface of the 
animal. This type of migration differs markedly from that clue to 
X-radiation. 

- ---_ -·-
----~ 
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FIG. ·21. Photomicrographs of effects of X-mdiation on Triturus viridescens. A. 
Normal spot. B. Disintegrate. C. Migration. D. Melanophores. 

E. Normal liver. F. X-rayed liver. G. Normal intestine. 
H. Irradiated intestine. 
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I am at pr ent unable to mak a definit . tat m nt concerning the 
final fate of t he r ed pigment aft r X -radiatio.u. Histoloooical examina­
tion of the melanophores shows no de:fiuite change in their not·mn1ly 
expanded or contracted tate. Figur 2 , D i a 1 h tomLcrogr aph howiu..,. 
m lanoph ores in their normal co11<lition. 1: ' 11 t iu iications seem to 
be that they make no response to X-radiation. · Future work may re­
veal definite changes from their normal condition. 

Post-mortem examinations revealed frequent changes in the appear­
ances of the liver and the intestine. The intestinal wall also seemed to 
be thinner than normally. Histological examination of the livers and 
intestines of irradiated .animals showed marked degeneration in both 
cases. A section of a normal liver is shown in figure 21, E. In the normal 
liver one is able to observe a compact double layer of cells around the 
out l' inar gin. When examining a section from a11 -r ayed liver a. 
illustrated in ·figlll'e 21 F , on fine t hat tb cor i al region ba. become 
ln·oken down. cross- ection o£ tit normal inte tine h w the u ual 

· pithelial lining made up of til orlinarr .·imple columna r epithelial 
cell . . Figure 21 ltow a ction of t-he nol'mal intestine. In figur 21, H 
one se t hat the b:radiat d intestine shows no pith Jial l il1il1"'. It 
eems to l1ave been broken d O\\ n au d was p r obably shea ·ed off from th , 
u b-muco a. 'rhe cell wall of. th sub-mu a em al. o to have been 

broken down. The general appearance of the sub-mucosa in the irradi­
ated intestine is a synctium rather than a tissue made up of distinct 
cells. 

It is well known among X-ray workers that the most active cells are 
the most su ceptible to irradia tion . 'l1his is w 11 iemoustrated 'by the 
effect on the epitheliu m of the intestin which i. active in ab or ption and 
ecretion. The activity or the ell·, bowev r, vonl d hardl) x.plail1 t h 
frect of in acliation on the •or tical c lls of the liver. i. ological ex-

amination of other ti nes will tmdoubteclly ~· v al many remarkable 
hanges. 

The few effect of X -radjation ou 'rritul'llS U ·ted in this paper ar 
indicative of an enormous :field of r .·cm·ch . gr eat deal is yet to be 
learned about the action of X -rays 011 liviu O' ti u . Th amphibian 
T1·it1wtts vi?-iclescens, pt·oves to be a ver y c nveui n t anl atisfactor; 
so1.u·.ce of reseuch material f or t11e stndy of tbi a t ion. 
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HISTOGENESIS OF BLASTEMA CELLS FOLLOWING 
AMPUTATION OF THE TAIL OF THE NEWT, 

TRITURUS VIRIDESCENS 

EuGENE OuTULY 

Zoological Laboratories, University of Pittsburgh 

Following amputation of the tail of Triturtts viridescens sections in­
cluding normal and r egenerating tissues were removed and fixed at in­
tervals of 24 hours; they were cut at from 10-12 micra m'ounted and 
stained with Mallory's Triple Stain. Studies were made only on' tails 
which had regenerated for from one to seven days. 

The lead in active regeneration is assumed by the epidermal cells 
which surround the wound area. Large mounds of these cells form at 
the circumference of the wound. Soon after some of these cells are see~ 
coming into the wound area. After two days the wound is completely 
covered with epidermal cells from normal epidermis. These cells have 
responded to a disturbance of equilibrium by r esuming their natural 
function of covering surfaces. 

Shortly before epidermal cells have completely covered the wound, 
a mesenchymatous matrix can be seen in regions beneath the epidermal 
cells. Usually the matrix can be seen first where epidermal cells and 
connective tissue are in contact. The origin of this matrix has not yet 
been determined, but its resemblance to the intercellular substance of 
embryonic connective tissue would lead one to postulate its genesis from 
connective tissue. This view finds some corroboration in the generally 
accepted opinion that cells are assimilative and secretory agents con­
cerned in the formation of undifferentiated ground substances. The 
fenestrated appearance .of the matrix, characteristic of embryonic con­
nective tissue, might lead to the assertion that dedifferentiation of nor­
mal connective tissue into an irregular network of interlacing fibers hav­
ing a fenestrated appearance approaches the embryonic condition. 

Concomitant with the appearance of the mesenchymatous matrix 
there is a proliferation of cells whose outlines are indistinct. As stains 
which would show from what tissues these small cells arise were not used 
in this study, only a conjecture based on later studies will be made in 
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deriving these cells from connective tissue. Since other workers have 
found that these small indifferent cells may be the anlagen of many 
types of tissues, they have been called blastema or formative cells. 

After three days the mesenchymatous matrix is well-defined. vVher­
ever connective tissue has been cut, a matrix appears at the cut surface. 
Delicate focusing on the matrix shows it to contain many of the small 
blastema cells. It may be said with some degtee of assurance that blas­
tema cells probably first arise from connective tissue, and that these, in 
turn, secrete an intercellular substance, the mesenchymatous matrix. At 
the end of four days blastema cells can be seen definitely arising from 
connective tissue. They enter into the formation of a matrix and for a 
time are lost to view. About this time the matrix becomes filled "·ith 
many blood cells. 

In the three or four clay stage the formative cells within the mesen­
chymatous matrix become differentiated. During the process of differ­
entiation they grow considerably and come to be comparable in size and 
shape with normal connective tissue cells, rather than blastema cells, 
although these terms are often used synonymously. Blastema cells con­
tinue to differentiate within and to leave the mesenchymatous matrix as 
embryonic connective tissue cells which migrate to or, in some way not 
yet observed, arrive at regions just beneath the epidermal cells, forming 
a layer closely adherent to the regenerated epidermis. 

The fate of blastema cells has not yet been determined. Korschelt 
(1927) believes that they may give rise to many types of tissues, such 
as: muscular, skeletal, and various supporting tissues, not only of the 
bod;y, but also of the nervous system. Studies are now in progress to 
determine experimentally the fate of blastema cells. 

EFFECTS OF CAPTIVITY ON THE SALAMANDER, 
TRITURUS VIRIDESCENS 

HELEN M. HILSM AN 

Department of Zoology, University of Pittsbu?'gh 

When Triturus viridescens are kept in the laboratory for any length 
of time, they show certain characteristic modifications which may be re­
garded as effects of captivity. Very soon after collection the animals 
lose their secondary sexual characters even during the breeding season, 
and, as a rule, refuse to breed in captivity. They often crawl out of the 
water and remain until the skin is dry, a reaction which rarely occurs 
in nature. 
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Another change in behavior is the loss of the feeding reflex in some 
specimens, and this group of animals shows marked effects of inanition. 
The masculature is so reduced that the salamander is "bony" and often 
has curvatures in the back and tail with a reduction in body length. 
The skin becomes thin and flaky, tearing easily when the animal is dis­
sected. Even the internal organs show reduction, the spleen, meso­
nephroi, liver, intestines, and lungs are reduced in the order named. 
Frequently the organs are covered with minute blood vessels indicating 
resorption. The gonads remain o1'1ly as small ridg·es and the gonoducts 
as thin threads with few convolutions. No organ, however, is entirely 
resorbed as there always remains some remnant of it. There is not so 
much a reduction in the number of cells as in the cell size. These data 
agree in general with previous work on the effects of starvation. 

The secondary sexual characters once lost rarely reappear in the lab­
oratory. This fact may be directly correlated with the chang·es in the 
testis. The testis becomes enlarged to at least three times the size of the 
normal. It loses the bilobed arrangement of anterior spermatogonial 
and caudal sperm lobes. The gonial material has become displaced over 
the entire surface of the testis as a cortex and the sperm lobe has been 
crowded into the center. The characteristic cyst structure is unchanged 
and the three elements of germinal tissue, nutritive cells, and connective 
tissue sheath are present in their normal proportions. The spermato­
genetic process is unchanged and the sperm are formed normally, but 
after their formation they undergo degeneration. Degeneration gran­
ules may be observed among the central sperm cysts. 

The gonoducts are less sensitive to laboratory conditions and only 
show marked effects after one year's time. They become thread-like 
with a decrease in length. The lumen is not always evident and there 
are only a few convolutions. H<nvever if the animals are examined after 
3-6 months the ducts are normal regardless of the large size of the tes­
tis. In other words, the changes in the gonoducts may be a secondary 
effect due to changes in the testis. 

The fat body in this group of salamanders is extremely variable; it 
may be either large or small. However, in the stock animal!,'! the fat 
body is always pale yellow in color in marked contrast to the bright 
orange color of that organ in freshly collected specimens. 

Some of the factors which may be, in part, the cause of changes in 
the captive salamanders are: 

1. Food, which may be different from the food of the salamander in 
nature. 

2. Chemistry of the water-frequent changes of tap water. 
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3. Crowding. 
4. Temperature-too high in the laboratory. (Fisher, E., 1929.1

) 

To summarize: • 
1. There are marked changes in the salamanders after prolonged 

captivity. 
2. The secondary sexual characters soon disappear. 
3. The testis becomes enlarged, accompanied by a concentric arrange­

ment of the tissues. 
4. The gonoducts atrophy after the salamanders are kept in the lab­

oratory one year or longer. 
5. Some of the salamanders lose the feeding reflex and suffer from 

the effects of .inanition. 

SEASONAL CHANGES IN THE GONADS OF THF. 
AMPHIBIAN, TRITURUS VIRIDESCENS 

HELEN M. HILSMAN 

Department of Zoology, University of Pittsbu1·gh 

It has long been known that Tritun~s vin'descens has both a false 
breeding season in the fall of the year and a true breeding season in the 
spring. The normal sexual reactions are present in both seasons but 
egg laying occurs only in the spring. The question arises whether the 
false breeding season is interrupted by the winter or if there are two 
spermatogenetic cycles corresponding in time to the breeding seasons. 
The present study of the annual germ cell cycle was undertaken in order 
to throw some light upon the inter-relationship between the true and 
false breeding season. The present report is confined to a study of the 
germ cell cycle in the male. 

NORMAL STRUCTURE OF THE TESTIS 

The testis of Triturus viridescens is made up of two lobes. The ante­
rior or spermatogonial lobe contains spermatogonia and stages in 
spermatogenesis up to the metamorphosis of the sperm. The caudal, or 
sperm lobe, contains the cysts of ripe spermatozoa. The structural unit 
of the testis is the cyst, always composed of three parts, the germ cells, 
the nutritive cells, and the enclosing sheath of connective tissue. These 
three structures maintain their identity throughout the spermatogenetic 
process. The cysts are spherical and terminate the numerous divisions 

1 Fisher, E. The Effects of Temperature on the Salamander T1·iturus virid~scens 
(Masters Thesis, University of Pittsburgh) . 

• 
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of a much branched collecting duct. As the cysts originate with one or 
two spermatogonia, the succeeding cells are the result of many divisions 
of the primary spermatogonium. The divisions occur simultaneously 
so that the cyst contains cells of only one stage in development at a time. 
However other cysts of the testis may be in more advanced stages so 
that there exists a succession of developmental stages in a sing·le testis. 

SEASONAL CHANGES 

In contrast to the current idea of only one annual sexual cycle, I 
find two complete spermatogenetic cycles in · the observations on the 
seasonal changes. The first is a short cycle in March and April during 
the active spring breeding season, and the second cycle begins at the 
close of the spring season and is not completed until October the time 
of the false breeding season. During the false breeding seaso~ some of 
the sperm are de~osited in spermatophores and during the winter the 
r~mainder of the sperm are stored in the ducts, leaving a large evacua­
twn. area and gonial material of only primary and secondary spermato­
goma. In February there is an increase in gonial materiaL 

In March and April the testis contains all stages in spermatogenesis 
from ~rimary spermatogonia to mature spermatozoa. The gonial lobe 
occupies about half of the testis and the sperm lobe contains loosely 
packed sperm bundles and a small evacuation area. This cycle is 
characteriz~d by its gradual metamorphosis of spermatids in only a few 
~ysts at a time. The fact that all stages in spermatogenesis are present 
m March and only primary and secondary spermatogonia in February 
~roves that this is an independent cycle during· the acti~e spring breed­
mg season. 

At the close of the spring breeding season all of the sperm that were 
not .discharged undergo degeneration and the testis at this time is made 
up exclusively of gonial materiaL In May there are only primary and 
secondary spermatogonia in the gonial lobe. These proliferate rapidly 
and in June the testis is much larger and contains a few primary sper­
matocytes in addition to the primary and secondary spermatogonia. 
. Beginning in June the whole tesds acts as a unit, all the cysts being 
m about the same stage of development. The testis in July contains an 
abundance of primary spermatocytes which is one stage in advance over 
the condition in June. The August testis shows a still greater advance 
as loose cysts of spermatids and stages in metamorphosis are the most 
abundant. 

Although the entire testis is still composed of gonial tissue a new 
gonial lobe of primary and secondary spermatogonia is begin~ing to 
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form. These cells increase in number gradually but do not enter into 
a new stage of development until March. Metamorphosis of ~he en.tire 
testis is completed in September but the sperm are not packed mto tight 
bundles until October. Some of the sperm are deposited in spermato­
phores during the false breeding season, leaving. a small evacuation area. 
From November through February the remamder of the sperm are 
evacuated and stored in the ducts until spring-. The testis at this time 
is composed of a gonial lobe containing only primary and secondary 
spermatogonia. The sperm lobe is reduced and there is a large evacua-

tion area. 
From this stage we again enter the Spring breeding cycle; and, in 

conclusion, the spring cycle is characterized by gradual development of 
sperm in only a part of the testis at one time and the second ~ycle 
is characterized in the development of sperm by the metamorphosis of 
the entire testis which acts as a unit. These two spermatogenetic cycles 
correspond in time to the fall and spring breeding seasons. 
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THE DIFFERENTIAL SUSCEPTIBILITY OF AN 
AMPHIBIAN HOST TO IMPLANTED 

MAMMALIAN TISSUES 

HENRY IDZKOWSKY 

Zoological Laboratories, Vnive1·sity of Pittsburgh 

Adult albino rat testicular and thyroid tissues and ossifying carti­
lages of new-born rats were implanted subcutaneous!! into t~~ lateral 
body wall, and freely into the peritoneal cavities of Tr~turus v~ndescens. 
At intervals one to three months after implantation, the lateral body 
walls were ;emoved with the implanted tissues, prepared, and stained 
with Delafield's Haematoxylin and Eosin. Intraperitoneal thyroid im­
plantations were removed with their host attachments and treated 

similarly. 
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The- hi toloaical st ructure of implanted testicular ti e could not 
be . tucli d due to the extremely rapid eli integration of these tis ues after 
they were implanted. T he implanted tissu become a mucous-like mass. 
The area of implantation wa outiuuall.y :filled with liquid disintegra­
t ion produ t until the bo b di d 24 to 100 hour after tbe implantc'l.­
tions wer e mad . 

Th)rl'oid tis ucs when implanted had no appar ent injurious effect on 
the ho. ts. ImplantA.tions did however, effect au irritability when t he 
b.osts were expo d t br ight lic•ht after havin& been kept in darlmess. 
Tl ere w re no other bauge e.g. changes o.f pigmentation. 

The liver of the host showed a mark d. nffinity t ward intra-perito­
neally implanted th~ roi ti ue. 'rher wa alway an att.aclunent of 
the implant either dn·e tly with the Uv r or by a microscopically mall 
me ent ry to the liver epit llelium. Hi to]o<Pical ection . how that 
wher t ile connection is a dit· ct one with the liv r, the hepatic cell ad­
jacent to t l1e thyroid appear to have b n broken down and to have 
dedilf r entiated. In some cas the implant was also attached to the 
s ro a of the tomach by a short me entery. 
Histologicall~r t he huplanted thyroid ti ·ne structures were som what 

alt r d. The implants are characterized by a hypertrophy o.f connective 
tissue which encr oa hes upon the follicles. 'r here is a r educed amount 
£ colloid present in the follicl remalUmg. The implants ar e also 

characterized by aggregations o£ amphibian rythrocytes within their 
blood v els. These chang occuL· clw:in..,. a post-operative period of 
two mont ll . The histological tnd of this imtlant d ti. ·ue m to 
warrant the conclusion that it is alive. 

Objective examination show t h.at when hu.m ri or f mur of new­
born rat are implant c1 the llo t . u.ffer uo d trunental chano·es. 

Internally th ho t react. to subcntan ous implantations by com­
pletely encapsulating the for i..,.n t i: . ue with connectiv ti . ue heath 
which 1·iginate in th intra-musqular conn ctive ti ·u of the hosts. 
The . h ath are fused with the peri ·hondrial connective tis ue of the im­
plants. I n some c1 s where 1 erllap the epi iermi ha been doubled 
under it elf at th u1cisi 11, th pidermal cell prolife1·ate inwardly and 
attempt to Ul'l'Olmcl the enca}) ulated tissue. 'l'his invading cell ma , 
which i 3-4 cells in thickness in the epidermi , becomes 12-14 cell in 
t ltickue .- at it. point o£ O'rowt b tlu·o1.1gh the clermj , and in tit 1' gion 
of growth about the implant . 

Intra-peritoneal implantations are secured by means of mesenteric 
attachments to the articular cartilages of the implant. These support­
ing mesenteries carry with themselves blood vessels which branch and 
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anastomose throughout the perichondria of the articular cartilages and 
apparently connect with the forming Haversian canals of the implants. 
The latter statement is suggested by the fact that if the implants with 
their attachments are fixed in a 10 per cent. formalin solution, the net­
work of blood vessels cannot only be readily demonstrated but also the 
discolored blood pigment can be seen to extend part way into the shafts 
of the implanted tissues. 

Ossifying cartilage when implanted presents a puzzling problem con­
cerning its viability in this new environment. Tissues implanted for as 
long a period as four months maintain their normal histological struc­
ture which is apparently that of living tissue. It was incidentally 
noticed that there were no changes of the gross anatomy of the implants 
nor were there any detectable evidences of growth on the· one hand or 
resorption on the other. 

VITAL STAINS IN RELATION TO DIFFERENTIAL 
SENSITIVITY TO LIGHT N THE AMPHIB­

IANS, TRITURUS VIRIDESCENS 

J. LoRAIN JoNES 

'Zoological Labo?·atories, Unive?·sity of Pittsburgh 

Specimens of Triturus viridescens of approximately the same size, 
same color pattern, and of the same sex were placed in vessels contain­
ing various basic dyes of a concentration of 1: 500,000. Some of the 
dyes such as neutral red, methylen blue, and nile blue sulphate which 
were non-toxic produced very satisfactory r esults. Within five or six 
days the animals were very heavily stained. Other dyes such as acridine 
red, acridine yellow, rhodamin, pyronin 2g, cotton blue, capri blue, and 
victoria blue proved to be very toxic-death of the animals resulting 
within two hours. 

Animals were also placed in various food dyes. Some of them such 
as amaranth, ponceau sx, ponceau 3R and erythrosine produced fatal 
results within a few hours. Specimens did not take up any of the stains. 
In other food dyes such as brilliant blue, fast green, and light green, 
animals remained for a period of five or six days; it was observed that 
only a very slight amount of the dyes were taken up by the animals. 

To all of those toxic dyes of the same concentration, except food dyes, 
a small am~unt of sodium bicarbonate was added. It was noted that 
these dyes did not show any toxic effects upon a second series of animals 
of the same physical characteristics. The staining process was com-

-

- ~--.--. 
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pleted within two days. When a small amount of sodium bicarbonate 
was added to neutral red, methylen blue, and nile blue sulphate which 
were non-toxic under normal conditions, the staining process was re­
duced from five or six days to three days. It rendered toxic dyes non­
toxic and hastened the staining process for the non-toxic dyes. 

Stained individuals were removed from containers and placed in a 
vessel containing tap water for several days to r emove the excess stain. 
Dyes such as brilliant blue, fast green, and light green did not r emain 
fixed in the specimens after they "\Vere placed in water. 

The stained animals were next placed in a vessel in which the water 
was kept at a uniform temperature by adding ice. They were exposed 
to a very strong artificial light of an intensity of 200 watts for a period 
of two hours to determine the photo-sensitizing power of the dyes upon 
them. 

The red dyes had the strongest photo-sensitizing effect. Animals 
died after one hour of exposure. In the various other dyes, animals 
became less active as compared with unstained controls and returned to 
normal conditions three hours after exposure. There were no ill effects 
of dyes upon the individuals that were not exposed to artificial light. 
The dyes which gave satisfactory results are arranged according to their 
photo-sensitizing powers as follows: neutral r ed, acridine red, acridine 
yellow, rhodamin, pyronin 2g, nile blue sulphate, methylen blue, cotton 
blue, capri blue, and victoria blue. 

CoNCLUSIONS 

1. Some of the food dyes proved to be very unsatisfactory as vital 
stains because of their acidic property which render ed them toxic; other 
food dyes which were non-toxic did not remain fixed in the specimens 
after they were placed in tap water. 

2. Dyes which were toxic in a very dilute concentration were r en­
dered non-toxic by the addition of sodium bicarbonate. 

3. The time r equired to complete the stainino- process in t he cas of 
t hose dy which wer e no1·malJy non-toxic and to which sodium bicar­
bonate wa added was reduced from five or six clays to tlu·ee clays. I n 
the ca e of other dy which were r ender ed non-toxic by the sodium 
bicarbonate, the t ime required to complete the staining ptoce. wa. wo 
days. 

4. Red dyes such as neutral red and acridine red showed the strong­
est photo-sensitizing effects. 

5. Other dyes r educed the activities of animals. 
6. Animals which were not exposed to lig·ht showed no ill effects of 

dves. 
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THE PIGMENTARY SYSTEM OF THE AMPHIBIAN, 
TRITURUS VIRIDESCENS 

K. L. KELLEY 

Zoological Laboratories, University of Pittsburgh 

INTRODUCTION 

Much work and more speculation has been done on the pigmentary 
systems of Amphibia. Most of the work has been limited to Anura and 
to such urodeles as the Colorado Axolotl and Necturus. W1th the ex­
ception of Rogers ( 1906) and of Collins and Adolph ( 1926) apparently 
little work has been done on the pigment of T1·itttrus viridescens. It 
may be pertinent, therefore, to bring together most of the material bear­
ing on this particular phase of the general problem of pigmentation be­
fore elaborating the author's experiments to date. 

Hogben (1924) postulated three pigmentary effectors in Amphibia, 
viz., epidermal melanophores, dermal melanophores, and dermal xantho­
leucophores or interference cells. In addition he speaks of such deep­
seated effectors as the retinal pigment cells and the internal melano­
phores. 

Many theories have been advanced to explain the darkening and 
lightening of the skin. Two of these seem to have the greatest follow­
ing. The first dates to v. Wittich (1854) who considered the changes 
due to amoeboid movements of the melanophores. Consequently these 
changes have been called "contraction and expansion" of the melano­
phores. This view has found Support in the work of Bimmermann 
(1878), Carnot (1896), and Hooker (1914). 

Opposed to this concept have been the findings of Lester ( 1858), 
Muller (1860), Kahn and Leiben (1907) and Dawson (1920). These 
investigators have postulated rather than amoeboid contraction and ex­
pansion of the melanophores, the aggregation and dispersion of melanic 
granules within the cells themselves. Hogben (1924) while inclining 
toward this view continues to use the terms "contraction" and "expan­
sion'' as did the previous workers. 

Collins and Adolph (1926) found that darkness and cold caused an 
''expansion'' of melanophores and pituitrin a ''contraction'' of melano­
phores. The effects of light and darkness, of heat and cold, has been 
substantiated by other workers with amphibian and piscian materials. 
However, the effect of pituitrin injections and feeding was contradictory 
to that observed by Allen and Swingle, Krogh, Hogben and Winton, 
Noble and recently by Lundstrum and Bard. 
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Yellow pigment is diffuse and does not migrate into a wound area 
but "appears suddenly in situ." (Collins and Adolph, 1926). This pig­
ment _has been analyzed for other amphibian forms and found to contain 
carotm and xanthophyll (Palmer, 1924). 

. Red pigment often breaks down into small spots which vary in color 
from lemon to oraJJ.ge yellow. It also has been described as passinO' 
toward . wound ar as. Collins and dolph considered this a purel; 
mecl_1amcal proce of migration and felt that it occurred only in reo·en-
e.ra tmg or pathological conditions. o 

METHODS AND MATERIAL 

In order to check on the effect of darkness and low temperature on 
:he melanopbore., the author kept animal in the ic box for period of 
fro~u one week to ~ghty ~ays. All show cl increase in melanic pigmen­
ta~lOn after a week m he Ice ~ox_. Tlte aJUm.alleft for the longest period 
(eighty clays) was at the beg·mmng of the expel'iment a light olive green 
hue and the melanophores showed few tellat proce Observation . 
~aken weekl~ with the binocular microscope showed a gradual darken­
mg of the Pl~~ent of the dorsum and an increase in le.ng th attd density 
of the ~enclr1t1c p~·oce s of the melauophores. During thi treatment 
the ammals r~1~a111 ~ 1 ealthy, although they ate le. :frequently and 
sm~Uer q~antltl ofl food than control kept at room emperatur in 
ordmary light. 

1\ifaJJy animals kept in t he laboratory for e:xper.imental work lighten 
and ~he author ob. ·erYed tl1at ucce, ful pituHary removal re ulted in 
the bghtest olored animal i:n this group. Iutrape1·itoneal inJ'ectio f 

t 
. . . ns o 

an er1or p1tmtary extract resulted in emaciated animals when 1 . ] . . arge 
c ?se~ were giVen but no effect on the melanophores was observed. Post-
p~tmtar~ ext:'-'a~t injected intraperitoneally, however, caused darkening· 
of ~he skm vnthm four to twenty-four hour~. Examined at this time the 
a~Imals showed numerous dendritic processes heavily filled with mela­
mn gr~nules. The controls kept under the same conditions showed no 
clarkenmg a~d the m~l~nophores were rounded and comparatively small. 

P~thologiCal cOI:ditwns freq~ently Sf;em to cause a general fading of 
the. pigment. In eight such ammals observed during the course of ex­
penments, there appeared to be not only a disappearance of the melanic 
granules but also a dilution of the yellow and red units. 

. In large ventral skin removals the wound healed by inpushing of the 
epidermal la~ers followed by the dermal growth beneath. Such wounds 
appeared blmsh gr~y after a week and after four weeks melanophores 
had begun to establish themselves as definite black masses. Yellow pig-
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ment did not appear for some time but later appeilred near the margins 
of the wound and within a few days to a week was spread over the entire 
regenerating· surface. 

-w-ounds of the lateral surface vvere usually sufficient to cause a 
streaming of the adjacent red spots toward the denuded area. The 
black ring surrounding the red spots usually broke down and the red 
streamed from spots at as great distances from the edges of the wound 
as 5.5 and 5.9 mm. The red streamed into the wound in many cases 
while in others it seemed to disappear without reaching the regenerat-

. ing area. 
Grafts often had the same effect but in three cases red spots 1.1 mm. 

from the edge of the graft remained unaffected by the graft. Restream­
ing of the red from a graft back into the original spot and the gradual 
reformation of the spot with its ring was observed in two cases: one 
when the affected spot was 1.5 mm. from the edge of the graft, the other 
at a distance of 2.3 mm. 

Tissue cultures have so far given very contradictory results as re­
gards the action of melanophores. 

DISCUSSION 

Noble (1931) believed the color of Tritnnts viridescens is due to a 
combination of elements; the olive green effect of the dorsum being the 
result of dermal melanophores showing through overlying guanophores 
and through the still more superficial chromatophores which contain the 
yellow and red pigments. 

The ventrum appears yellow due to a lack of underlying melanin 
which appears only in spots on thiS surface. 

The factors which control color change have not been completely 
determined but the author wishes to suggest a possible metabolic connec­
tion since melanin and granin are not end products of excretion but 
possible products in the chemical steps involved in such reactions. 

The red pigment may on further analysis prove to be intensified yel­
low since chemical analyses have indicated the presence of carotin and 
xanthrophyll in both. Quantitative analyses remains yet to be accom­
plished. 

SuMMARY 

1. Pigment of Tritttrus viridescens consists of three separate units, 
viz., deep dermal melanophores, crystalline guanophores and outer der­
mal chromatophores or xantholeucophores. 

2. Satisfactory explanation of melanophore changes will include a 
consideration of metabolic differences. 

PENNSYLVANIA ACADEMY OF SCIENCE 183 

3. Red pigment spots may be affected by wounds created at relatively 
great distances from such spots. 
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SOME OBSERVATIONS ON THE REGENERATION OF 
APPENDAGES IN THE AMPHIBIAN, TRITURUS 

VIRIDESCENS 

J "AM:ES R. STIEFEL 

Zoological Labo1·ato1·ies, Unive1·sity of Pittsburgh 

D m·ing February, 1931, several ·p eimens of T ·l'·it1wus cl01·saUs whose 
hum ri had been bar d from the lbow joint to the shoulder, apparently 
due to the nibl1Jing £ oth r animals, were not d in a tank containing 
about thirty animals. 'l'he forearm wa entirely nti sing and the flesh 
bad been removed from the humerus, 1 aving it bare from the elbow to 
t.h houlder. The e animals ·were egregated to see what attempt, i£ 
any they would make at a r toration of the missil1g limb. 

At the am time that the. e animals were noticed, operations were 
perform d on a numb r of animals of tbe am specie to t t the time 
requil· d for normal r egeneration o£ the limb, to take place. 1'he right 
fore-limb wa amputat d at a poil1t midway b tween the wrist and the 
elbow. These wound healed an.d the "black tip" o£ reg nerltting tis­
sue wa apparent within two day after the operation. In tl1e case o 
the au.imaJs with the humeri exposed no reg ueration wa apparent for 
a period of two weeks, at the nd of which time the humeri were ex­
truded. From the time o.f the xtru. ion of the. e bones, re..,.eneration 
was very rapid. Within fom· weeks after the start o£ regeneration, ill · 
process had gone on to the point where digits were tarting to forn1, 
which was a much more advanced state of regeneration than that at­
tained by the animals operated on at the tim that the· pecial ca t>.s 
were n.otecl. In considering thi thne the fact must be noted that the e 
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animals with the humeri exposed showed no outward signs of regenera­
tion during the two-week period in which the bones were still in place, 
while regeneration was steadily progressing in the case of the normal 
animals. These observations sho·wed the animals with the humeri ex­
posed as having regenerated their fore-limbs from the shoulder to the 
point where digits were forming within a period of four weeks while 
those having their limbs amputated at a point midway between the wrist 
and the elbow had not reached this stage of regeneration after six weeks. 

The observations noted on these chance discoveries prompted the 
planning of a series of experiments to show whether or not this appar­
ently accelerated regeneration was a standard regenerative procedure 
for this species, and also if it would apply equally as well to Triti~rus 
viridescens. 

\Vith this idea in view a total of six experiments were carried 
through, one involving TritH?'US dorsalis, and five involving Triturus 
viridescens. The one experiment involving the T1·iturus dorsalis was 
worked out for the purpose of establishing the reliability of my former 
observations, and after this point had been cleared up the work ·was con­
fined exclusively to Triturus viridescens. These experiments cover a 
period of ten months, from June, 1931, to March, 1932. 

In preparing the animals used in these experiments, the fore-limb 
was first amputated at the elbow and the tissue then removed from the 
humerus from this point to the shoulder joint. Some variations in re­
generation were noted at first, which later proved to be due to the fact 
that the muscular connection between the humerus and the scapula was 
not completely destroyed. This variation was later eliminated by the 
expedient of running a hot needle around the bone, thus insuring the 
severance of all muscular connections between the exposed bone and the 
body but leaving the joint ligaments in place. 

After the performance of this operation the wound areas assumed a 
characteristic ''fuzzy'' appearance which was presumably due to the 
action of the water on the lacerated tissue surrounding the bone. About 
one week later this appearance was altered, the wounds showing signs 
of closing up. This process was followed by the appearance of a bulge 
around the humerus which persisted until the bone was lost. The for­
mation of this bulge has been interpreted as meaning that very likely 
some regenerative processes were going on within the shoulder of the 
animals, but no outward signs of regeneration were visible in any case 
until the time when the humeri were extruded. In contrast to this be­
havior the controls, whose fore-limbs had been amputated at the level of 
the body, had completely healed and started to regenerate quite defi­
nitely within three to four days after operation. 
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The bones in the experimental animals were found to be extruded 
within an average time of twenty days after operation. This twenty 
day period between the time of the operation and the time when the 
bones were extruded mean'S, with allo·wances made for the beginning of 
the regenerative process in the control animals, that the controls had a 
start of approximately seventeen days over the experimental animals in 
their regeneration. Gross observations taken on one hundred eighty 
animals showed this accelerated growth to continue until the time when 
the experimental animals had compensated for the time lost while the 
humeri were still in place. After overtaking the controls the rate of 
regeneration slowed down until the experimental animals were found to 
be regenerating· on even terms with the controls. From this point on 
the two sets of animals were found to regenerate at approximately the 
same rate. 

Average measurements taken on forty animals, twenty experimental 
and twenty control, showed after two weeks from the time of operation 
no regeneration in the experimental animals but a plainly noticeable 
amount of regeneration in the control animals. The extrusion of the 
humeri of the experimental set took place within a period of from two 
to five weeks after the date of operation. The majority of the humeri 
were extruded, however, during· the early part of this period, only one 
being lost during the fifth week. At the end of the fifth week measure­
ments were taken which showed the average regeneration of the experi­
mental group to be 1.34 mm. and the average regeneration of the control 
group to be 1.3 mm. Two weeks later regeneration of the experimental 
group was 2.34 mm. and that of the control group 2.82 mm. 

These measurements substantiate the gross observations previously 
made. Here we find a group of animals which showed no evidences of 
regeneration in the first two weeks following operation, practically 
equalling, at the end of five and seven weeks respectively, the regenera­
tion of a series which had been regenerating for two full weeks before 
this experimental group showed any signs at all of regeneration; hence, 
we must admit the existence of an extremely rapid rate of regeneration 
immediately following the extrusion of the humeri with a subsequent 
decelleration until we find, at the end of five and again at the end of 
seven weeks, regeneration proceeding at the same rate in both groups. 

No attempt has been made as yet to determine the cause of this ac­
celeration of regeneration following this particular operation. The 
experiments mentioned in this paper were planned only with the idea 
of definitely establishing the existence of this difference in rate of re­
generation. 
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TRANSPLANTATION OF' HEAD GI_;ANDS IN THE 
VERMILION-SPOTTED NEWT, TRITURUS 

VIRIDESCENS 

WALTER G. URBAN AND H. H. COLLINS 

Zoological Laboratories, Unive?·sity of Pitt sburgh 

In the vermilion-spotted newt, Trit1tnts vi1·idescens, the males are 
readily distinguished from the females by the presence in the former of 
dense masses of black pigment, the so-called nuptial pads on the ventral 
aspect of the hind limbs and by the broad ruffled tail fins. In addition 
to these temporary secondary sexual characters, the males are furt~er 
distinguished from the females by their possession of head ~lands ':'h1~h 
are permanent structures. These head glands appear as mmute pits m 
the integument, directly caudal to and at the level of the eyes. The 
number of pits varies from three to four on each side. In the females 
the glands are rudimentary or absent. The pits are lined with simple 
saccular glands which open by small ducts. They function during the 
breeding season by secreting a substance which attracts the female and 
causes her to collect the spermatophores which are deposited in the water 

by the male. 
Although in vertebrates in g·eneral thus far studied, sex is deter-

mined, as a rule, at the time of fertilization, the development of the ex­
ternal secondary sexual characters distinguishing males from females 
has been shown in a large number of cases to be controlled by hormones 
produced by the germ glands, ovary, and testis. The ovary in some 
forms appears to exert an inhibiting effect. However, there is some evi­
dence to indicate that secondary sexual characters as, for example, the 
type of spur in the domestic fowl is determined long before the germ 
glands became functional, possibly at the time of fertilization. 

The ease with which areas of integument may .be transplanted from 
one individual to another in the vermilion-spotted newt suggested this 
method of studying some of the factors responsible for the development 
of the head glands in the male and their suppression in the female. 

The head glands, together with a small area of surrou,nding integu­
ment were excised from one side of a male donor and grafted upon a 
femaie host in a wound bed made by removal of an area of host integu­
ment equal in size to the graft. The grafts were located about midway 
between the pectoral and pelvic regions, near the dorsal median line. 
In this position the grafts were less likely to be disturbed by movements 
of the animal after recovery from the anaesthetic and were in a con-
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venient location for observation. In order to rule out the possibility 
that any changes observed might be due to shock of operation and trans­
plantation, a control series of operations was included in the study. In 
the control experiments, the head glands and adjacent integument from 
the opposite side of the donor were transplanted to male hosts. A total 
of one hundred and twenty-five animals were used in the course of the 
experiments. 

The head gland grafts on the male hosts persisted without change for 
a period of about two months. After this time the grafts began to lose 
their yellow pigment and gradually became grayish white. Following 
loss of the normal color the pits became closed. When examined histo­
logically, the glands appeared normal four weeks after operation. In 
the course of three months the glands underwent involution to some ex­
tent but appeared functional. Later the grafts were invaded by 
lymphocytes and connective tissue and the glandular epithelium gradu­
ally became atrophied. 

The head gland grafts transplanted to female hosts became attached 
quite as readily as in the males. However, gross changes, including 
shrinkage in size and loss of pigment, began much sooner than in the 
males. The grafts gradually disappeared while persisting in the males. 
Sections of the grafts taken thirty-two days after operation showed ad­
vanced stages of degeneration of the glandular epithelium. Most of the 
head glands had disappeared by this time. 

The much more rapid atrophy of the head glands on the female hosts 
appears to indicate an inhibitory effect of the ovary. The differential 
rate of resorption of the integument surrounding the glands needs 
further investigation of the possibility of the existence of "sex antago­
nism'' between the tissues of the male and female. 

EFFECTS OF REMOVING THE THYMUS GLAND 
FROM THE DOMESTIC HEN 

EUGENE C. MILLER 

Bucknell University, Lewisburg 

It is extremely amazing to observe the products of a domestic hen 
which has been deprived of only one of her many ductless glands­
namely, the thumus. At present, little is known concerning the func­
tion of this particular gland. Although it has been previously "hinted" 
that the gland is essential for the production of calcium, no definite func-
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tion has been assigned to it. Thus it was the function of this organ in 
which the writer is particularly interested. 

These glands are located in the neck of the fowl, ar~ing from the 
old gill clefts, and degenerating some three o~ fo~r ce~timeters :award 
the heart, thus appearing as rather long, cylmdncal tissues wluch has 
in its structure a very distinct cortex and medulla. 

The actual experiment was run on two healthy laying ·white Leg­
horn hens. The hens at the time of selection were one year old and 
fully developed. Let us call these hens A and B .respecti:ely. From 
A the glands were removed with a tenique that did not d~sturb other 
organs located in this particular r egion. B was not depnved of any 
of her native makeup. She served merely as a control. 

In approximately a month's time A showed a distinc~ deviation f~·om 
the normal hen in several respects. She almost immediately went mto 
a complete molt with her egg production dropping some 75 per cent. 
from the normal hen B. The first several eggs received were appar­
ently normal; however, from that time until the present date, no normal 

eggs have been laid by A. . . 
The first egg showed a slight decrease in size together with an Irregu-

lar distribution of calcium in the texture of the shell, the contents of 
the egg being apparently normal. Thirteen days after the. previousl! 
described egg was laid, another specimen was obtained. This egg devi­
ated considerably more than the first one from the normal eggs th~t 
were being obtained from B. Although the egg had a volume ~pproxi­
mately the same as B's, the shape and shell texture were very different. 
The egg contained a very small yolk with an increased amount of albu­
men. This was the first disturbance of the ovary, as sho·wn by the e~g· 
produced, that was noted by the writer. T~e egg ha.d a very defimte 
pointed appearance at its one pole, together with a considerably flattened 
surface throughout the center of the egg. Both ends of the egg show.ed 
evidence of an irregular calcium deposit that was considerably heavier 
at the poles than throughout the center. . . . 

The third egg obtained from A is of particular interest, for ~t mc~I­
cated not only a remarkable decrease in size, but likewise a defimte di~­
turbance in its ovulation processes. In volume, it had only approxi­
mately half that of the normal egg. Upon close ex~mination. it was 
found to be completely deprived of a yolk and contamed nothmg but 
albumen. The shape was likewise very amazing. In an analogy it re­
sembled very closely a short ''sausage.'' The diameter of this specimen 
was approximately the same throughout its length, which had a distinct 
oval appearance with a definite constriction near each end. Although 
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it had a shell it portrayed an irregular calcium deposit and as a result 
was very fragile. This was the last egg laid by A that had a firm shell. 

The fourth egg, which was laid by A 17 days after the third one, is 
probably the most abnormal egg received by the writer to date. The 
volume of the gg wa two-third that of th normal <~'g. 'l'he unusual 
feature f t ll.i p e imen wa: tha t it contained wlHtt nlight be termed a 
"tail" at the malle1· end of t.he "'g . It had no defini t e shell, being 
merely el\Y loped in a of t. eml-permeable membrane. The ' tail" wa 
solid, having a semicircular appearance and a cartilage-like texture. It 
measured 3.7 em. in length. 

Specimens 5, 6, and 7 were of a similar shape. Each was successively 
smaller than the previous one. All three contained only albumen. 

From these brief observations it can be readily seen that this par­
ticular gland has a specific function in the domestic hen. This function 
is stron<~'l) indicated in the marked decrease in egg production, size, and 
calcium cr tion , change in shape, etc., which is immediately detected 
w 1 n t he ·~lan l :is removed. 

THE SEASONAL DISTRIBUTION OF BATS IN 
PENNSYLVANIA 

BY CHARLES E. MOHR 

Reading Public Museum and A1·t Gallery 

In addition to doin O' on i lerabl oil cting during the ununer as a 
mcmb r of U cting paTties fr om the Reading fuseum, I have visited 
be.tw n Tov mber 1930, and March 1931 all o£ t he cave , about 

i "'ll t~-, known to th e P enn ylvania Topographic and eologic Survey. 
'rl . e cave. ar e ctll li. ted and de crib cl in th e econd edit ion of a r epor 
f that 'urvey "Pem1 ylvania. aves, " by Ralph W. tone. I bave 

found bat in 7:.. p r cent . of he caves of the State, aud in the followin"' 
acco-uu t I ·will use the t erm "bat caves" to describe tlu group. 

'rh 11 ting in Berks ounty was done under the direction and 
with the active participation of Earl L. Poole, whose forthcoming bul­
letin, "Mammals of Berks County," contains the most detailed studies 
found in any Pennsylvania list. 

The present account describes the distribution of the thirteen species 
of bats known from the State, giving special attention to data on migra­
tion and sexual segregation. 

Published records of careful observations by well-known naturalists 
have definitely established the fact that some of the tree-dwelling species 

- ~- --- . 

- - ---==---~-.; 
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of bats are migratory. Such species retreat southward to avoid severe 
climatic 'conditions, while the cave-inhabiting species hibernate in cav­
erns where there is little fluctuation in temperature. 

Formozov, in Russia, has made important observations of the migra­
tions of tree-dwelling bats and notes that the migrations coincide with 
that of some species of insectivorous birds, and that the speed of their 
migration, 30- 60 kilometers a day, corresponds exactly with that of 
many of the smaller forest birds. 

I have noticed a striking sexual segregation in many species in Penn­
sylvania, both in summer and during hibernation. Counts of consider­
able series of specimens of different species have usually shown a pre­
ponderance of males ranging from almost 60 to more than 90 per cent. 
I have not found any groups, of more than a few individuals, composed 
of one sex only, except breeding colonies of females, which are often 
found in early summer. 

As there is insufficient data on the sex ratio of the young of bats to 
warrant a conclusion that the ratio is other than 1: 1, it is logical to 
believe that a dissociation of the sexes commonly occurs after the mating 
season. Such segregation does not seem to indicate simply that the 
sexes separate but that they fly to different and perhaps quite distant 
faunal areas. More detailed data are included under the discussion of 
the different species. 

TROUESSART's BAT: Myotis keenii septentrionalis (Trouessart). 

During the summer Trouessart 's Bat is very nearly as common as 
the Little Brown Bat in Pennsylvania. Collections in Berks and Centre 
Counties totalled 159 of the former, and 178 of the latter. A series of 
141 specimens of this species taken in Berks County in August and Sep­
tember, 1931, totalled 116 males, or 77 per cent. of that sex. 

The bat becomes comparatively rare in winter and I have found it 
in just ten caves, all in southeastern Pennsylvania except two, Boyer 
Cave, Snyder County, and Dulany Cave, Fayette County. In no cave 
were more than half a dozen specimens found. 

LITTLE BrrowN BAT: M yo tis lucifugHs lucifugus (Le Conte). 

The Little Brown Bat seems to be abundant throughout at least the 
southern half of the State. I have found it in 43 per cent. of the bat 
caves of the State and have found more than 100 specimens in Dulany 
and Woodward Caves, and approximately 5000 in Aitkin Cave. 

In this last cave a study of the sexual segregation showed among 406 
specimens the slight excess of males of 56 per cent. This was the lowest 
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percentage found in any COUJ t . In W oodward Cave a count of 113 bats 
of th is specieJ, all that could be r ached, howed a preponderance of 
ma1es of 6 p er c nt. con ction of 157 Little Brovvu Bats made in 
Berks onnty dm·ing August and Sep tember, 1931, howed the rema1·k­
able total of 14 males, or 94 per cent. of that sex. 

SoCIAL BAT: Myotis sodalis Miller and Allen. 

The original Pennsylvania specimens of the Social Bat came from 
Penn's Cave, and Todd took specimens in Bear Cave which he identified 
as Myotis l1~cifugus ·l1tcif1tg1ts. These records, in addition to my own, 
follow. A significant feature of the occurrence of this species is the 
presence of conside1·able bodies of water in the caves where it is most 
abundant. It has not yet been taken in summer in P ennsylvania. 

Locality 
Penn's Cave, Centre County 

0 ccunence 
2000 

0 bservations 
Hanging over large stream 

Bear Cave, ·westmoreland Count y 

Aitkin Cave, Mifflin County 
Hipple Cave, F aye tte County 
Dulany Cave, F ayette County 
Stover Cave, Centre County 
Woodward Cave, Centre County 
Historic Indian Cave, Huntingdon Co. 
New Paris Caves, Bedford County 

' 
500 
500 

4 
3 
1 
1 

skulls 

5 specimens in Camegie Mu­
seum; several streams in 
cave 

Consider able water in winter 
Hanging over large stream 
Small sti·eams in cave 
Small pools of water 
Water at a lower level in cave 
Pools of water 
Series of underground caverns, 

many water filled. 

A count of 781 specimens of Myotis sodalis in Penn's Cave on April 
10, 1932, totaled 624 males and 157 females; a preponderance of males 
of 79 per cent. 

LEAST BROWN BAT: 1l1yotis s1tbulatus leibii (Audubon and Bachman). 

Though described eighty years ago, only eight specimens of this rare 
bat have been listed by Miller and Allen. I have taken 12 specimens in 
Pennsylvania, as follows : 

Locality 
Woodward Cave, Centre County 

Aitkin Cave, Mifflin County 
Stover Cave, Centre County 

Dulany Cave, Bedford County 

Speci1nens 
3 5jl 

Date 
Jan. 28, 1931; J an . 31 and March 

20, 1932 
Dec. 13, 1931; Jan. 9, 1932 
Jan. 31, 1932 ( 4) ; Feb. 21, 1932 

(2) 
Feb. 14, 1932 

This collection of 12 Least Bats reveals a number of interesting facts. 
In the first place, Woodward and Aitkin caves are just 11 miles apart, 
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across the Seven Mountains, while Stover Cave lies practically on the 
line between ~he two but is closer to Woodward. Eleven of the speci­
mens came from these three caves. 

These caves are peculiar in that they are located in, or just at the 
edge of, heavy hemlock woods. They are all at altitudes a little over 
1000 feet above sea-level, and quite close to mountains that rise to a 
height of 2000 feet. The other specimen was taken in Dulany Cave, at 
an altitude of 2600 feet. 

SILVER-HAIRED BAT: Lasionycteris noctivagans (Le Conte). 

The Silver-haired Bat is known from five counties: Berks, Cumber­
land, Lebanon, Philadelphia, and Westmoreland. Not more than two 
specimens are known from any locality except Germantown, Philadel­
phia, where ·witmer Stone and S. N. Rhoads collected ten. 

Merriam found the Silver-haired Bat the most abundant species in 
Lewis County, in northern New York, and with two companions, shot 
more than 125. He noticed a remarkable dissociation of sexes, for out 
of 85 adult specimens ·which he killed during the summer of 1883, all 
but one were females. Although he visited different localities and 
hunted in the morning as well as at night, he failed to find any males. 

Murphy and Nichols report the finding of Silver-haired Bats "hiber­
nating in sky-scrapers, churches, wharf-houses, and the hulls of ships in 
New York City and Brooklyn, during the months between December and 
March.'' Accordingly, since this species is known to be migratory, they 
attribute the presence of these bats to the southward movement of indi­
viduals from a more northern faunal area. 

GEORGIAN BAT: Pipistrellus subflavus subfl-avus (F. Cuvier). 

This is the most widely distributed form in the State, being· found 
commonly everywhere in the summer, and hibernating in 83 per cent. 
of the bat caves. Typical specimen'> of this sub-species are rather rare, 
although many specimens approach this form. Intergradations of the 
two forms are numerous in Pennsylvania and Poole groups the Georgian 
Bats as follows: 

Pipistrelltts 
Pipistrellus 
Pipistrellus 
Pipistrellus 
Pipistrellus 

subfiavus subj{avus, 
subflavtts subfl-avus, 
sub flavus, a typical. 

typical. 
atypical. 

subflavus obscunts, atypical. 
sttbflavus obsctwus, typical. 

The majority of P ennsylvania specimens fall in the three atypical 
groups, but there are typical specimens of the southern form from Baker 
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Caverns, Dulany and Woodward caves, and from Hopewell, Berks 
County. 

DusKY GEORGIAN BAT: Pipistrellus Sttbj{avus obscurus Miller. 

. The series o~ Pipistrellus collected by Todd in Beaver County are, 
With one exceptwn, typical of this form. I have found typical speci­
mens at Woodward Cave and Poole has taken it at Hopewell. The 
atypical form is the more common, however . Collections are still too 
small to draw conclusions on the distribution of the Georgian Bats in 
Pennsylvania. 

Bra BROWN BAT: Eptesicus /ltscus fuscus (Beauvais) . 

This species is conspicuously absent from caves until late November 
or even December. I have found the Big Brown Bat hibernating in 52 
per cent. of the P ennsylvania bat caves, but only in the Centre County 
caves have I found them particularly numerous. 

RED BAT: Lasiw·us bo1·ealis borealis (Muller). 

~ can find no indication that the Red Bat is a resident in Pennsyl­
vama, and as I have yet to find it in any of the eighty caves of the State 
I am skeptical of cave records not verified by specimens. ' 

In Pennsylvania all the Red Bats, for which there is data, have been 
taken between April 12 and November 4, 85 p er cent. being collected in 
the period July to October, and 60 per cent. in the two months August 
and September. 

There are speci~nens from the following counties: Beaver, Berks, 
Centre, Chester, Clmton, Cumberland, Dauphin, Delaware, Erie, Indi­
ana, Lancaster, I.1uzerne, Philadelphia, Sullivan, and Westmoreland. 

HoARY BAT: Lasiunts cinereus (Beauvois). 

There are specimens or published records of Hoary Bats from ten 
loc~lities, in as many count ies in P ennsylvania; . Centre, Clinton, Dau­
phm, Dela'~:are, Lancaster, Luzerne, Northampton, Philadelphia, Sulli­
van, and Twga. Also there are two unquestioned sight records from 
Berks County. The data on most of the specimens is so incomplete, how­
ever, that we can get little idea of seasonal distribution or sexual asso­
ciation. Single specimens have been taken in March, May, October, and 
December, and five in August and September. 
. While_ it is definitely established that the Hoary Bat is migratory, 
rt seems likely that the lowlands of southeastern Pennsylvania lie within 
its winter range. One specimen was taken December 5 1890 at Col­
ling·sdale, Delaware County, Pa., another on January 1,' 1910, 'at Cape •· 
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May, N. J., and DeKay mentions one taken December 12, 1841, pre­
sumably on Long Island. 

SEMINOLE BAT: Lasiums seminolus (Rhoads). 

On September 12, 1931, Samuel Wishnieski shot a Seminole Bat fly­
ing over a dam at Hopewell, Berks County. This was the first record 
for Pennsylvania and extended the known range of the bat more than 
five hundred miles, since the previous northern limit had been Planters­
ville, on the coast of South Carolina. Poole's identification of the speci­
men was verified by Miller. 

The Seminole Bat was one Of a series of bats shot by a museum col­
lecting party, eight Red Bats being taken the same evening. The bats 
began to fly while there was still considerable light but were probably 
100 feet high and well out over the dam. Wishnieski rowed out to the 
middle of the dam and while standing in a rowboat shot three Red Bats 
and the Seminole Bat, all flying at a considerable height. 

EvENING BAT: Nycticeius humeralis (Rafinesque). 

There are 12 specimens in the National Museum which were collected 
by Baird and bear only the data "Carlisle, Cumberland Co." On June 
21, 1906, H. A. Surface, state zoologist, received a specimen of the Even­
ing Bat from Buckingham, Bucks County. The report on file in the 
United States Biological Survey states that Surface verified the record, 
probably at the Survey's request. 

I do not see any reason to doubt this record, and I believe that inten­
sive collecting in southeastern Pennsylvania during the summer will re­
veal more specimens. It has been taken on several occasions in Wash­
ington, D. C., and at least four .times in Maryland. 

BIG-EARED BAT: Corynorhinus 1·ajinesquii rafinesquii (Lesson). 

Harrison Allen wrote that S. F. Baird received specimens of a Long­
eared Bat from Meadville, Crawford County, Pa., but that the specimen 
later was lost. 

Rhoads doubted the record and placed the species on the questionable 
list. I am inclined to credit the record, since the range of the Rafinesque 
Lump-nosed Bat, as it is sometimes called, includes western Virginia, 
Kentucky, southern Indiana, and Illinois. Strag·glers may still wander 
as far east as Pennsylvania, during migrations or as the result of severe 
storms. 




