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PENNSYLVANIA ACADEMY OF SCIENCE 

MINUTES OF THE SEVENTH ANNUAL SESSION OF 
THE PENNSYLVANIA ACADEMY OF SCIJDNCE 

1931-32 
HARRISBURG, PENNSYLVANIA-APRIL 3-4, 1931 

The seventh annual session of the Pennsylvania Academy of Science 
met at Harrisburg, Pennsylvania, April 3rd and 4th. The meeting was 
presided over by Professor D S. Hartline, Bloomsburg, Pennsylvania. 
The following reports were presented : 

The sixth annual meeting of the academy was held in Bloomsburg on 
April 18th and 19th, Dr. Rober t T. ance pre idiu ,._ 'l'he program 
given on these days is given in full iu th fourth volume of the ''Proceed· 
ings" of the academy which wa: pu bli. hed in th fall of 1930. Copies 
of this were distributed to the m mb 1: hip. The acadenty i. indebted 
to the committee on local arrangements for the excellent care taken in 
providing adequate and comfortable meeting places, and for the enter­
tainment given by the people of Bloosmburg. At this meeting 69 per­
sons were elected to active membership and five were so elected at the 
summer session. The total membership of the academy as of January 1, 
1931, is 367. Of this number 216 are also members of the American 
Association for the Advancement of Science. The death of the following 
members during the past year has come to the attention of your secre­
tary: Bishop James H. Darlington, Dr. B. A. Thomas and Mr. John 
Wayman. There were six resignations and 36 names were dropped from 
the roll for non-payment of fees. 

The summer meeting was held at Erie on August 1st and 2nd. There 
was no presentation of papers, the meeting being for field trips. to 
demonstrate the geology of the district and the biology of Presque Isle. 
The meeting was highly instructive and much credit is due to the local 
committee, Dr. 0. E. Jennings, Miss Cora A. Smith, Mr. Philip Hart­
man, Professor Henry Leighton, and Dr. S. H. ·williams, for the excel­
lent planning of the trips. 

Your secretary represented the academy at the meeting of the Amer­
ican Association for the Advancement of Science at Cleveland, Ohio, in 
December, 1930. A separate report of this has been prepared and will be 
presented at the proper time. 

T. L. GuYTON, Secretary 
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REPORT OF MEETING OF THE COUNCIL OF THE AMERICAN ASSOCIA­
TION FOR THE ADVANCEMENT OF SCIENCE RELATIVE TO 

THE STATE ACADEMIES OF SCIENCE, CLEVELAND, 
OHIO, DECEMBER 29, 1930 

Various representatives of the State academies of science met with 
the members of the council of the American Association for the Advance­
ment of Science, and discussed the problems of the academies in relation 
to the association. 

Three papers ·were presented and followed by a lively general discus­
sion in each instance. 

State Academy Libraries and the Interchange of Academy Publica­
tions, by Dr. E. C. L. Miller, Virginia Academy. 

How can the ·work of the various Science Clubs in the State be cor­
related ·with that of the State Academy~ by Dr. John T. McGill, Tennes­
see Academy. 

The Illinois Junior Academy of Science: Accomplishments and Pros­
pects, by Miss S. Aleta McEvoy, Illinois Academy. 

In the paper presented on the libraries, the speaker said that most 
academies were without libraries but to his mind, libraries or some de­
pository for exchange of publications was necessary. In some states, the 
state library was chosen as a depository, others the library of the state 
academy and others maintain their own library. The publications ac­
cumulated by academies were: first, the proceedings of other academies; 
second, copies of books and other publications issued by members of the 
academy ; third, reports of prizes in research ; fourth, exchanges ; fifth, 
bequests; and sixth, purchases. 

In the Kansas Academy of Science which was organized in 1868, the 
authors are charged at the rate of $2.00 per page for publications. 
These are deposited in three state institutions, two-fifths in two institu­
tions, two-fifths in another and one-fifth in the third. The edition also 
included five hundred copies used in exchange. 

The St. Louis Academy of Science which was founded in 1856, has a 
large exchange list. The academy owns its own building and has accu­
mulated a large number of valuable publications. 

In Michigan, the publication is done by the university and the uni­
versity library is the depository for the academy's library. There are 
from ten to twelve thousand copies per issue. Seven or eight hundred 
are used for exchange. The academy has well over one thousand mem­
bers. Each member pays $1.00 fee and also purchases the proceedings at 
about the cost of publication. Only papers submitted at the meetings 
are included in the publication, and only such of these as will pass the 
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editorial board. The publication of the proceedings pays the universit.y 
very well, and the arrangement is a most happy one. The annual cost 1s 
$10,000 to $12,000. , 

In Ohio, the university also is the depostory for the academy s pub­
lications. All volumes received in exchange are bound, catalogued and 
placed in a separate stack. The academy has abo~t 600 member.s. 

Dr. McGill's discussion of the relation of sCience clubs pomted out 
that science clubs all over the state may profitably be affiliated with the 
state academy of science in much the same relation as the state aca~­
emies of science are affiliated with the American Association. None m 
Tennessee, however, are so affiliated, but it seemed to offer a chance for 
a real service by state academies. It was suggested that committees frm:n 
the various clubs be appointed to bring about this affiliation. In :h1s 
paper it was hinted that high school and college scientific clubs m1gl:t 
form the best source of material for such affiliation. In other words.' 1f 
such sources were so affiliated, the members >vould have some orgamza­
tion to turn to after they leave high school or college. It was further 
suO"o·ested that the state academies of science provide room on their pro­
gr:~ for the appearance of representatives of these various affiliated 
sources. 

The matter of the establishment of junior academies of science 
throuo·h the various science clubs in the state as worked out in Illinois, 
was given by Miss McEvoy. Considerable work has been done along this 
line in Illinois, and the junior academy is quite active. The academy has 
its own publication and also has its place on the program of the st.at.e 
academy. At present, one day and one night are given over to the activi­
ties of the junior academy. Each branch of this academy as represented 
by high school clubs, publishes news letters or magazines, and at least 
once each year has some lecturer talk to them on science. It was sug­
gested that this arrangement might well be extended to college groups, 
and that the usefulness of such organizations could be extended by the 
assignment of group problems to various clubs. 

The treasurer then submitted the following report which was referred 
to the auditing committee and later approved by them: 
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TREASURER'S REPORT 

APRIL 1, 1931 

Receipts 

Balance on !Janel April 16, 1930 ---............ ............................................. $ 569.25 
Dues received since last statement --... .......... _,_, ___ ,,,_............................. 590.00 

A. A. A. S. rebates ..... - ................ - ............................................................ -........... 99.50 

Disbw·sernents 

Proceedings ............ ...... , ............................................. ........ .... ...... .. ........................................ .. 
Stationery .... ,, ..................... ............ ...... - ............... - ....... ......... _ _ .. ,_ ................................ .. 
Secretary's account ....... - ........................ ............... ....... _ .. __ .... __ , _____ ,,, . 

Treasurer's occount .... ........................ ............ ....... --................... _ .. _ .. _ ............. .. , .. 
Local committee-Last meeting ............. ........... - ..... _ ..... - ...... ........ ...... _. 
Cash in bank .... -.... ....................................... ... .................... ...... ----~-

$1,258.15 

$ 588.59 
40.00 
72.19 
34.1:0 
13.25 

510.22 

$1,258.75 

Approved-
E. ALFRED WOLF 
LEROY A. BAER 

A~tditors 

H. W. THURSTON, JR., 

T1·easure1·. 

The president then appointed the following committees: 
Nominating Committee-L. K. Darbaker, B . F. Cary and J. C. 

Johnson. 

Auditing Committee-E .. A. Wolf and L.A. Baer. 
Resolutions Committee-R. N. Davis and M. C. Strauser. 
Dr. E. M. Gress then briefly welcomed the scientists to the city. 
The following program was given : 

Friday-Ap1·il 3?·d 

A Study of Boxwood Diseases in the Eastem United States. W. G. Hutchinson, 
Franklin and Marshall College. 

A Preliminary List of the Hepatics of Central Pennsylvania. Thomas M. Little, 
Bucknell University. Lantem. 

A Prelimina1·y Report on the Mammals of Pennsylvania. Charles E. Mohr, 
Bucknell University. Lantern. 

Plants New to the Collections of the Carnegie Museum Herbarium from Monroe 
and Pike Counties, Pennsylvania. LeRoy K. Hemy and Edw. H. Graham, 
Carnegie Museum. (By Title.) 

Total Emissivities of Brass, Aluminum, Copper and Steel. E . Raymond Binkley, 
Lehigh ·University. Lantern. 

Leaf Spot P1·oduction upon Tobacco by a Culture Filtra te of Fusarium affine. 
W. S. Beach, Penn State College Research Laboratory. Lantem. 

Further Notes on the Health of Deer. Norman H. Stewart, Bucknell Univer­
sity. 

P E NNSYLVANIA ACADEMY OF SCIENCE 9 

The Chromosomes of the Mouse. Paul R. Cutright, Univm·sity of Pittsburgh. 
Lantern. 

Is the Flig·ht of the Japanese Beetle Necessarily Restricted to a Few Months 
of the Year~ George B. Stichter, Bureau of Plant Industry. 

Studies in the Variation of the Wasp, ' '77 esp1ila maculifrons Buysson.'' B. 
W. Kunkel, Lafayette College. Lantern. 

Pennsylvania Institutions and the Supply of Graduate and Professional Students. 
B. W. Kunkel, Lafayette College. Lantern. 

Address of the President: Adjustment of Academy Organization to Growth­
Grouping into Sections. D. S. Hartline, Bloomsburg State Teachers College. 

Nocturnal Adaptations. Stanton C. Crawford, University of Pittsburgh, Johns· 
town Center. 

Fossils ancl Fossilization. Bradford Willard, Topographic and Geologic Survey. 
Laot1tca saligna L. in Franklin Co., Pa. E. M. Gress, Pennsylvania Department 

of Agriculture. 
Studies of Lygocli~~m palmatum, with Reference to Values, and Measures to 

Prevent Extinction. D. S. Hartline, Bloomsburg State Teachers College. 
Floating Positions of Homogeneous Square Prisms. Joseph B. Reynolds, Lehigh 

UniYersity. Lantern. 
Culturing Ha ematococcus (Sphaerella). V. Earl Light, Lebanon Valley College. 
Samia Hybrids. Walter R. Sweadner, University of Pittsburgh. Lantem. 
A Study of the Reproductive Systems of the Male and Female (Oviparous) 

Cockleblll' Aphid. Forrest 'iV. Miller, UniYersity of Pittsbmgh. 
X-Ray Experiments Continued. Benj. F. Carey, Tioga Co. General Hospital. 

Lantern. 
Tattooing of New-Born Infants for Permanent Identification. Evan O'Neill 

Kane, Kane Hospital, Kane, Pa. 
The Effects of Dessication upon the Growth and Development of the Mediter­

ranean Flour-moth.'' B. R. Speicher, University of Pittsburgh. 
The Age of the Spawning Groups of the Log-perch, Pe1·cina cap1·odes semifas­

oiata (De Kay) from Douglas Lake, Mich. Homer C. Will, University of 
Pittsburgh. Lantern. 

Animal Ecology on Presque Isle, Lake Erie, Pa. Samuel H. Williams, University 
of Pittsburgh. Lantem. 

On Friday evening the academy was entertained by a trip through 
Indian Echo Cave near Hummelstown and justructed with a dinner lec­
ture by Dr. H. J. Rose, Director, Koppers Research Corporation, Pitts­
burgh, Pennsylvania. He spoke on ''Bituminous Coal, the Cinderella 
of Chemical Industry.'' 

Satunlay-April 4th 

Specific Differences in Regenerative Capacity in Urocleles of the Genus Triturus. 
(To be Tead in title). H. H. Collins, University of Pittsburgh. 

Sex Ratios in Adult Population of T1·it1tr1ts viTiclescens. (To be read in title). 
H. H. Collins, Unive1·sity of Pittsburgh. 

Doctors of Philosophy. The Responsibility of the Graduate School. Robert T. 
Hance, University of Pittsbmgh. 
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Reducing Costs in Small Colleges. Robert T. Hance, University of Pittsburgh. 
Training Graduate Students in Biology. Robert T. Hance, University of Pitts­

burgh. 

Publication. Robert T. Hance, University of Pittsburgh. 
Studies on the Ecology and Distribution of Aquatic Beetles. John T. Gamble, 

Thiel College, Greenville, Pa. 

Evidence of Durability of Building Stone. R. W. Stone, Geological Survey. 
The Nature of Gravitation. R. N. Davis, Everhard Museum, Scranton. 
Changes in the Prostate of Rats Following the X-radiation of the Testes: Ben 

H. Kettelkamp, University of Pittsburgh . Lantern. 
The Effect of F eeding Prostate Substance to Tadpoles. Ben H. Kettelkamp, 

University of Pittsburgh. Lantern. 

Further Studies of the Effects of Ultraviolet Radiation upon the Color Pattern 
of Triturus. E. Alfred Wolf and H. H. Collins, University of Pittsburgh. 
Lantern. 

Some Physical and Chemical Effects of Forest Fire on Soils. George S. Peny, 
State Forest Research Institute. 

Miasma and Contaminated Water Supply. Major M. J. Blew, Department of 
Public Works, Philadelphia. 

Whm-e Water is a Strong Drink. Max Trumper, Medical Arts Building, Phila­
delphia. 

A Further Report on the Use of Modified Xanthene Compounds in the Diagnosis 
of Mabgnant Neopln tns. Donald . A. Butts, Hahnemann Medical College. 

Effects of Ultl·aviolet J .. igltt ou the Eggs of the Corn Borer, Pymusta m~bialis 
Hubn. Russall E<lward pringer, University of Pittsburgh. Lantern. 

A Reading Program fo1· Get~eral Zoology. Paul R. Cutright, University of Pitts­
burgh. 

The Effect of Adrenalin Chloride on the Maze Behavior of White Mice. W. L. 
Wachter, Lafayette College. 

Some Observations on Common Snakes. S. Irvine Shortess, State Teachers Col­
lege, Bloomsburg. 

Tl1e Food and Economic Value of Pennsylvania Reptiles. H. A. Surface, Sc.D., 
Susquehanna University. (By Title.) 

At the business session, the recommendations given in the presi­
dent's address relative to dividing the academy into sections, were dis­
cussed at some length. It was decided upon motion that the president 
be empowered to appoint a committee to take this matter under consid­
eration and report to the academy at the next annual meeting. 

The president was also empowered to appoint a committee to report 
back at the next annual meeting relative to the matter of publications, 
in particular reference to exchanges and the choosing of a place in the 
state as a depository for exchange publications of the academy. This 
was a result of the discussion of the academy's representative to the 
American Association for the Advancement of Science. 
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The membership committee, of which Dr. E. N. Gress is chairman, 
presented the following names for active membership in the academy. 
All of the names presented were unanimously elected. 

Ransom P. Allaman, 2321 Green Street, Han-isburg. 
John L. Atlee, 37 E ast Orange Street, Lancaster. 
LeRue P. Bensing, 1510 Oak Street, Lebanon. 
George B. Biecher, Palmyra, Box 124. 
Lester G. Bixler, 636 Hill Street, Lebanon. 
M. J. Blew, N. E. Water Works, Richmond Street, Philadelphia. 
Charles IV. Burr, 1918 Spruce Street, Philadelphia. 
Mitchel Canol!, 540 President Avenue, Lancaster. 
Stanley H. Cathcart, 1700 High Street, Camp Hill. 
George G. Chambers, 251 S. 38th Street, Philadelphia. 
Francis R. Cope, Jr., Dimock. 
Thomas D. Cope, 239 Lenoir Avenue, Wayne. 
Lawrence H. Creasy, Catawissa, R. D. No. 1. 
Paul R. Cutright, Zoology Department, University of Pittsburgh, Pittsbur·gh 
John McC1·ea Dickson, 103 W. Middle Street, Gettysburg. 
Sidney K. Eastwood, 301 S. Winebiddle Avenue, Pittsburgh. 
John M. Enburg, 5141 Baltimore Avenue, Philadelphia. 
Frank N. Fagan, Pennsylvania State College, State College. 
Ira 0. Fleming, 200 Susquehanna Avenue, Lock Haven. 
John T. Gamble, 64 Eagle Street, Greenville. 
Marcus H. Green, Albright College, Reading. 
Ivor Griffith, "Rhiwals," Elkins Parle 
William A. Gruse, Mellon Institute, Pittsburgh. 
FlOl'entine I-Iackbusch, Department of Welfare, Han-isburg. 
D. Robe1ts Harper, 3rd, 222 Gladstone Road, Pittsburgh. 
Norman A. H emperley, 328 South Ninth Street, Lebanon. 
Howard K. Henry, 1464 Drayton Lane, P enn Wynne. 
John P. Homiller, Hatboro. 
John P. Jones, Box C, Ligonier. 
Mabel G. Kessler, 637 Church Street, Reading. 
B. H. Kettelkamp, University of Pittsburgh, Erie. 
Marie B. Knaux, 1217 Trevanion Street, Pittsburgh, 18. 
Michael S. Kovalenko, Swarthmore College, Swarthmore. 
Mrs. Leslie H. Lanfear, 5255~ Forbes Street, Squin-el Hill, Pittsburgh. 
Norman McClintock, cjo Koppers Research Corporation, Ligonier. 
Edgar W. Meiser, 611 NDl'th 9th Street, Lebanon. 
Walter Mendelson, 639 Church Lane, Germantown, Philadelphia. 
David R. Meranze, Mt. Sinai Hospital, Philadelphia . 
Arthur L. Michael, Berwick, R. D. No. 1. 
Fon-est W. Miller, 352 N. Craig Stl·eet, Pittsburgh. 
Forrest T. Moyer, 1512 Palm Street, Reading. 
Mrs. Walter M. Newkirk, Radnor. 
James A. Newpher, 3024 Sixth Avenue, Beaver Falls. 
Karl F. Oberlein, 1246 North 12th Street, Philadelphia. 
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Ma1·cus C. Old, Ursinus College, Collegeville. 
A. B. Van Ormer, 1822 Mifflin Street, Huntingdon. 
Paul D. Peterson, Box C, Ligonier. 
Ralph V. Robinson, 7018 Jenkins Arcade, Pittsburgh. 
Alden F. Roe, Institute of Pathology, West Pennsylvania Hospital, Pittsburgh. 
Glenn \V. Rush, 205 S. Prospect Street, Connellsville. 
Gardner T. Saylor, Annville. 
Porter \V. Shimer, 94 Pennsylvania Avenue, Easton. 
N. Eugene Shoemaker, Muddy Creek Forks. 
James Sinden, Department of Botany, State College. 
Benjamin R. Speicher, 352 North Craig Street, Pittsburgh. 
Walter R. S~veadner, Shm·psbmg Station, Pittsbmgh, R. D. No. 2. 
Carl V. Tower, 32 Sixth Avenue, Collegeville. 
Mrs. C. M. Tuft, 1711 Fitzwater Street, Philadelphia. 
Virginia Wallis, Johnsonbmg. 
Dorothy W. Weeks, Wilson College, Chambersburg. 

Edgar T. \Vherry, Department of Botany, University of Pennsylvania, Philadelphia. 
Lawrence Whitcomb, Department of Geology, Lehigh University, Bethlehem. 
Homer C. Will, 4360 Center Avenue, Pittsburgh. 
Bradford Willard, 2308 Chestnut Street, Harrisburg. 
Samuel H. Williams, University of Pittsburgh, Pittsbmgh. 

The resolutions committee presented the following resolutions: 
The members of the Pennsylvania Academy of Science deeply appre­

ciate the cordial welcome they have received to Harrisburg from the 
lo·cal members, and for the delightful outing planned for us at the In­
dian Echo Cave. 

The academy acknowledges its indebtedness to the state officials for 
the use of the auditorium in which the meeting was held. 

.\life thank all those ·who contributed to the success of the meeting by 
takmg a part in the program and especially H. J. Rose, who spoke on 
''Bituminous Coal, the Cinderella of Chemical Industry.'' 

(Signed) R.N. DAVIS 

JVI. C. STRAUSER 

The nominating committee made the following report and upon 
motion the secretary vvas instructed to cast a ballot in favor of each: 

Recommended Officers jo1· 1931-1932· 

President-Dr. E. M. Gress 
Vice·President-Dr. Samuel H. Williams 
Secretary-Dr. T. L. Guyton 
Treasurer-Dr. H. W. Thurston 
EditOT-Mr. R. W. Stone 
Assistant Secretary-To be selected by the secretary 
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Executive Committee--The elected officers and 
Professor D. S. Hartline 
Dr. R. T. Hance 
Dr. F. D. Kern 
Dr. Norman Stewart 
Dr. E. A. Zeigler 
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The new president was conducted to the chair and spoke briefly as 
to his pleasure in being so highly honored by the academy. 

Places for the next meeting were then considered. An invitation 
was given by Dr. John C. Johnson to come to West Chester for the next 
annual meeting. Dr. R. N. Davis invited the academy to come to Scran­
ton for the summer meeting. An invitation was also received to visit 
Bar Harbor for the summer session. The time and place of these meet­
ings was upon motion to be decided by the executive committee. 

The academy adjourned at 12 : 30 p. m. 
T. L. GuYTON, 

Secretary 

STUDY OF A DISEASE OE~ BOX\VOOD IN THE 
EASTERN UNITED STAT.BJS 

BY W. G. HuTCHINSON 

Fmnlclin and Marshall College, Lancaster 

For more than ten years growers of boxwood in the eastern United 
States have been troubled by a disease which affects the plants. The 
symptoms of the disease are: a slight discoloration of the foliage, often 
simply a mottling or reddening, followed perhaps a year later by a more 
complete discoloration and the death of one or several branches or of 
the entire plant. Oftentimes a cankered area may be found at the base 
of the plant or at ~he base of a branch. The damage has been especially 
severe among the old boxwood mazes of Virginia where sometimes large 
numbers of the valuable plants have had to be removed. Similarly af­
fected plants have been reported from all the Eastern States from Rhode 
Island to Georgia and westward to Ohio and Tennessee. 

A laboratory examination of diseased plants usually reveals the 
presence of one or more of the following genera of fungi-lVIacrophoma, 
Volutella, Phomopsis, and Verticillium. The lVIacrophoma and Volu­
tella are found on the leaves and twigs, causing black and pink pustules 
respectively. The Phomopsis and Verticillium have been isolated from 
the basal cankered areas or sometimes from the dead twigs. The Verti-



14 PENNSYLVANIA ACADEMY OF SCIENCE 

cillium causes a green treaking o£ the wood. Plant n1ay also be found 
·which are not infected with fungj, but which have been iujur d by h1-
sects ox· are suffering f l'Olll some adverse enviroumental condition . 

In collaboration with the Office o£ Forest Pathology, United Stat 
Department o.f AO'ricultm·e, th writ r ha tmdertal<en a study of the 
cause o£ this boxwoo l disease. iuce a rather len!!thy series o.f tu ii 
is entailed, only a progress r p rt can be given at the p ·e en t time. 

A study of the Phomopsis and it relation to the dis a e bas been 
undertaken f or the first part o£ the work. Till f tm""u wa. fit·st re­
pol·ted in the nited tate in 1925 on lis a eel plants from \V ashing­
ton, D. C. It ha been found o · asionalJy in various localiti s ince tlHtt 
time. Ill th prb1g of J 030 the writel' vi it cl . v ral nm· rie aud 
estate$ in Virginia Di trict o£ Colttmbia, and ew York Badly eli -
eased plants wer fotmd iu aU but one locati n vi ited. It wa.· found 
that the slow growi11g type- variety nD'ntt·ico a~was more everely 
attacked than any other va1·i ty. E peciall;) on Long I ·land the H ca. e 
seen.tecl to have acquired the nature of an epipllytoti . l\[any pecim n 
of eli ea cd plants from aU the. e localitie we ·e obtaine l 

In. t l.te laborator , ultm· ' r mad upon malt oat and corn meal 
agar from the e diiferent disea ed plants. Phomop i ln1 d veloped in 
culture from over 50 per c nt of the e plants. 'rbi · l omOJ). is ba · been 
co1ni ared with all the species of lJjs genu described in the literature. 
It appears to be identical with PhornotJSis .st1:ctiub, r eported a of com­
mon occtuTence in Europe on "dead Ol' lried ' boxwood tern . 

TJn·e iiffel'ent vari tie o£ BtlXliS l1m~ be n inoculated witl u pen-
ion o£ ;pores from culture of the Phomo sis. '11lte re ults of these 

inoculations cannot be given with auy certainty at the present time. 
The indicatio11s ate, howevcl', that healthy boxwood plants may he wealr­
ened and partially d foliated by iuoct1lation. with the Phomop i . 

PR~JLIMINARY LIST OF THE HEPATICAE OF 
CENTRAL PENNSYLV AN'IA 

BY THOMAS M. LITTLE 

B1wlcnell UniveTsity, Lewisbm·g 

Although fairly complete check-lists of the Hepaticae can be found 
for nearly all of the Eastern States, there is no such complete list avail­
able for Pennsylvania. Porter's ''Bryophyta and Pteridophyta of 
Pennsylvania'' deals almost entirely with the eastern and southeastern 
portion of the State. Various other local check-lists have been compiled 
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in the western part of the State, but no work has been done in central 
Pennsylvania in the vicinity of the lower North and West branches of 
the Susquehanna River. Several years ago .. William C. Barbour, of 
Sayre, did considerable colle_cting along the North Branch o£ the Sus­
quehanna but no check-list was ever published. 

The region to which I have confined my studies lies within a radius 
of 50 miles from the borough of Lewisburg. The area bounded by this 
circle comprises some of the richest territory in the State for biological 
collecting, so it is not at all surprising that some rather uncommon finds 
have been made during this study. 

As the title suggests, the list is only a preliminary one, since it rep­
resents the results of but a single year of collecting. 

The classification of the list follows the system adopted by Engler 
and Prantl in ''Die N a turlischen Planzenfamilien. '' 

MARCHANTIALES 

RICCIACEAE 
Riccia glanca L. Found in the green·house at Bucknell University, March, 1931. 
Riccict So1·ocarpa Bisch. On an island in Susquehanna River at Lewisburg, 

October, 1930. (This species is not recorded in Porter's work.) 

MARCHAN'riACEAE 

R ebo1tlia he1nisplzaeTica (L.) Raddi. Abundantly g1·owing on cliffs all through 
the region. 

Conocephalnm conicwm (L.) Dum. Very profuse in Rickett's Glen and other 
parts of the North mountain region. 

L1mulw·ia cmciata (L.) Dum. In green-house at Milton, April, 1931. 
Ma1·chantia polymm·pha L. Quite common about this region. 

JUNGERMANNIALES 

JUNGERMANNIACEAE ANACROGYNAE 
Riccarclia ping1tis (L.) S. F. Gray. At mouth of spring near Picture Rocks, 

September, 1931. 
Riccanlia 1nulti jida (L.) S. F. Gray. Along Roaring Run, Picture Rocks, Sep­

tember, 1931. 
Metzgeha j1wcata (L.) Dum. On cliff at Picture Rocks, February, 1931. (Not 

recmded in Porter.) 
Pellia epiphylla (L.) Corda. Along lake at Essex H eights, April, 1930. 
Blasia pusilla L. Along Lamel Run, near Pictme Rocks, September, 1930. 

JUNGERMANNIACEAE ACROGYNAE 

Aplozia cren1tlata (Sm.) Dum. Along run at Hairy John's Park, April, 1931. 
(Not recorded by Porter.) 

Aplozia caestipicia (Lindenb.) Dum. On cliff at Picture Rocks, February, 1931. 
(Not 1·ecorded by Porter.) 

Aplozia lanceolata (Scln:ad.) Dum. On rocks by the creek at Muncy Valley, 
July, 1930. (Not recorded by Porter.) 
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Lophozia bicrenata (Schmid.) Dum. On cliff at Picture Rocks, February, 1931. 
Lophozia atten11ata (Mart.) Dum. On cliff at Picture Rocks, February, 1931. 

(Not recorded by Porter.) 
Plagiochila asplenoides (L.) Dum. In deep woods at Woodward, April, 1931. 
Lophocolea cuspidata Limpr. In canyon near Danville, March, 1931. (Not 

recorded by Porter.) 
Chiloscyphus pallescens (Ehrh.) Dum. Along run below Lewisburg, March, 1931. 

(Not recorded by Porter.) 
Cephalozia Lammersiana (Hiib.) Spruce. On bare ground in canyon near Dan­

ville, March, 1931. (Not recorded by Porter.) 
Cephalozia media Lindbg. Quite common all over the region. 
Cephalozia curvifolia (Dicks.) Dum. On rotten logs in canyon near Danville, 

March, 1931. 
Cephaloziella bifida (Schreb.) Schiffn. On cliff at Picture Rocks, February, 

1931. (Not recorded by Porter.) 
.Ade.lanthus decipiens (Hook.) Mitt. On cliff at Picture Rocks, February, 1931. 

(Not recorded by Porter.) 
Calypogeia fissa (L.) Raddi. Dense woods near Picture Rocks, February, 1931. 

(Not recorded by Porter.) 
Calypogeia trichomanis (L.) Corda. Near Glen Mawr along a run, October, 

1930: 
Bazzania trilobata (L.) S. F. Gray. Very common all over the t•egion. 
Bazzania t1·icrenata (Wahl.) Pears. In canyon neat· Danville, March, 1931. 

(Not recorded by Porter.) 
Ptilidium pulchen·imum (Web.) Hampe. On white pine tree at Picture Rocks, 

March, 1931. (Not recorded by Porter.) 
Ptilidium cilia1·e (L.) Hampe. Found at several stations. Very good fruiting 

bodies found at Hairy John's Park. 
Scapania 1mdulata (L.) Dum. Submerged in run at World's End near Forks· 

ville, October, 1930. 
Scapania nemorosa (L.) Dum. On cliff at Pictme Rocks, January, 1931. 
Scapania curta (Mart.) Dum. In canyon near Danville, March, 1931. (Not 

recorded by Porter.) 
Radula complanata (L.) Dum. Cliff at Picture Rocks, February, 1931. 
Parella platyphylla (L.) Lindh. Along run near Woodwar.d, April, 1931. 
Trichocolea tomentella (Ehrh.) Dum. Along run in Hairy John's Park, April, 

1931. 
Lejeunea cavifolia (Ehrh.) Lindh. On cliffs at Pictme Rocks, January, 1931. 

(Not recorded by Porter.) 
Marchesinia Maclcaii (Hook.) Gray. Cliff at Picture Rocks, January, 1931. 

(Not recorded by Porter.) 
Frullania eborascensis Gottsche. Quite common everywhere. 
Frullania .Asagrayana Mont. Cliff near Picture Rocks, November, 1931. 
Frullania Nisqualensis Snlliv. On cliff at Picture Rocks, January, 1931. (Not 

recorded in Porter.) 

ANTHOCEROTALES 

ANTHOCEROTACEAE 
.Anthoce1·os p1tnctat11S L. In spring near Selinsgt·ove, September, 1931. 
Notothylas orbimllaris (Schwein.) Sull. On an island in Susqueha:ma River near 

Lewisburg. 
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PRELIMINARY REPORT ON THE MAMMALS OF 
PENNSYLVANIA 
BY CHARLEs E. MoHR 

B1wlcnell University, Lewisburg 

This report is preliminary in the sense that it represents the first 
attempt since Rhoads (1903) to give a detailed record of mammalian 
distribution throughout the State, and in view of the fact that a more 
ambitious report is anticipated. 

Rhoads' "Mammals of Pennsylvania and New Jersey," is, of course, 
the basis of any mammalogical work in this State. However, since the 
appearance of that classical volume there has been considerable taxo­
nomic revision, and the known ranges of several forms have been ex­
tended to include Pennsylvania. A few collectors have published valu­
able local lists: Todd (1904) for Beaver County, Beck (1924) for Lan­
caster County, Stuart (1926) for Delaware County, Sutton (1928) for 
the Cook Forest, Shoemaker (1929) for Clinton County, and Green 
(1930) for the North Mountain region. Several other naturalists, chief 
among them being Doutt, Poole, and Williams, have made important 
contributions through their field work. Williams has published a popu­
lar manual on Pennsylvania mammals (1928). Shoemaker (1917, 1919) 
has painstakingly recorded the history of our extinct mammals . 

In preparing this report the writer was given valuable assistance by 
members of the U. S. Biological Survey and by officers of the Pennsyl-
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vania State Game Commission, who placed their records at his disposal. 
The present list names 68 recent land mammals native to this State. 

Of these, nine are now extinct: marten, fisher, wolverine, wolf, panther, 
Canada lynx, fox squirrel, elk, and wood bison or buffalo. 

The sequence followed is that used by Miller (1924) who in turn 
followed the main features adopted by Henry Fairfield Osborn in his 
''Age of Mammals.'' The list begins with the most primitive forms 
and ends with the most highly specialized groups. 

Didelphis vit·giniana virginiana Kerr. Opossum. 
The opossum is common in the southern valleys; rare in the higher 

mountains. 127,298 were caught in Pennsylvania during the season 
of 1929-30. 

Parascalops breweri (Bachman). Brewer's Mole. 
This hairy-tailed mole is abundant in the Alleghenies and westward; 

absent to the east. 

S calopus aq~taticu.s aqua.ticus (I.innaeus) . Common Mole. 
The naked-tailed mole is found in abundance east of the Alleghenies. 

Condylura cristata (Linnaeus). Star-nosed Mole. 
This species is rather common, with a statewide distribution. It is 

probably rare in the southwestern corner of the State although there are 
records from Somerset and Washington counties. 

Sorex cine1·eus cinereus Kerr. Masked Shrew. 
This shrew is found throughout the State, although there are few 

records of its capture. At present it is recorded from 12 counties; 
rather wide-spread, but limited exclusively to the mountains. 

Sorex dispar Batchelder. Allegheny Long-tailed Shrew. 
Jackson ( 1928) records a specimen from Lake Leigh, Sullivan 

County; Green took one in northwestern Luzerne County. 

Sorex fwneus fumeus Miller. Smoky Shrew. 
This species is well distributed throughout the State, having been 

taken in 19 counties, although always in the mountains. 

Sorex palustris albibarbis (Cope). White-lipped Water Shrew. f 
Green, in southwestern ·wyoming County, and Shryock, at Mt. 

Pocono, Monroe County, have collected the only specimens of record in 
the State. 

Crypto.fis parva (Say). Least Shrew. 
There are no records except those published by Rhoads: Chester and 

Cumberland counties. 
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Blarina brevicauda brevicat~da (Say). Common Shrew. 
The short-tailed shrew is ubiquitous. 

Myotis lncifugus l1~ci[ugus (LeConte). Little Brown Bat. 
This bat has been frequently reported in western Pennsylvania and 

although there are no published records from east of the· Alleghenies, it 
is known to be one of the most abundant found in the Eastern States. 

Myotis keenii septentrionalis (Trouessart) . 
This bat is reported by Miller and Allen (1928) as being taken in 

Bradford, Centre, Chester, Montgomery and Somerset counties. 

Myotis s~~bt~lattts leibii (Audubon and Bachman). 
This species has been taken at Cornwall Cave and White Sulphur 

Springs, West Virginia, and at Ossining, New York, but not within this 
State as yet. 

Myotis sodalis (Miller and Allen). 
The only record of -this bat in Pennsylvania was made by Vernon 

Bailey, who collected twenty-seven specimens in ·woodward Cave, Centre 
County. 

Lasionyctet·is noctivagans (Le Conte). Silver-haired Bat. 
There are very few published records of this species although it is 

likely rather common over the State. 

PipistTellus s1~bjlavu.s subflavus Miller. Georgia Pigmy Bat. 
This form is found abundantly in the lowlands of southeastern Penn­

sylvania, and probably intergrades with the next species to the north­
ward. 

Pipistrellns sub flavus obscttt·us Miller. New York Pigmy Bat. 
Specimens recorded from Beaver County, by Todd, have been identi­

fied by Miller. It is probably common west of the Alleghenies. 

Eptesimts ft~scus fuscus (Beauvois). Big Brown Bat. 
Despite the fact that this form is distributed everywhere, with the 

possible exception of the highest Alleghenies, there are very few pub­
lished records concerning its distribution in the State. 

Nycteris borealis borealis (Muller). Red Bat. 
This bat is everywhere abundant and it is apparently resident. 

Nycteris cinerea (Beauvois). Hoary Bat. 
The records of this large bat are insufficient to indicate its distribu­

tion in the State. It is probably most common in central Pennsylvania. 
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N ycticeitts humeralis (Rafinesque). Rafinesque 's Little Brown Bat. 
The only record of this southern species is based on twelve specimens 

in the National Museum, collected by Baird at Carlisle, Cumberland 
County. 

Euarctos americamts ame1·icanus (Pallas). Black Bear: 
The bear was formerly distributed statewide and is still to be found 

commonly in the mountainous districts. During the season of 1929-30, 
447 bears were killed in this State. 

Procyon lotor loto1· (Linnaeus). Raccoon .. 
The raccoon is uniformly distributed in woodland. The fur report 

for the State, 1929-30, included 29,528 rac"coon skins. 

Martes americana americana (Turton). Marten. 
This species, formerly common in the mountainous portion of the 

State, has been extinct for more than a decade. 

Martes pennati pennati (Erxleben). Fisher. 
Seton (1926) reports the fisher as extinct in eastern United States, 

except Maine. No Pennsylvania specimens have been reported since 
1900. 

Mustela cicognanii cicognanii Bonaparte. Short-tailed Weasel. 
Data kept by the Bureau of Predatory Animals, Harrisburg, con­

tains 28 records of this weasel, taken between October, 1927, and March, 
1928, from fourteen counties, chiefly on or near the northern border of 
the State: Bradford, Cambria, Crawford, Clearfield, Cameron, Erie, 
McKean, Mercer, Pike, Potter, Susquehanna, Tioga, Venang·o, and 
Wayne. 

In addition Surface has identified specimens from Beaver and Lu­
zerne counties and Green records a specimen from Sullivan County. 

lliustela rixosa allegheniensis (Rhoads). Allegheny Least Weasel. 
Sutton (1930) records the examination of 87 pelts, and sight records 

of two other specimens, of the least weasel between November, 1925, and I 
March, 1929. His 61 records (localities) are from 22 counties, in the 
western half of the State. 

Fourteen additional records in the data at Harrisburg include speci­
mens from four counties not reported by Sutton: Greene, Clinton, Mifflin, 
and Dauphin. 

The total of 75 records shows the least weasel to be most abundant in 
the counties bordering the Ohio state line, but extending eastward t() 
Bedford, Dauphin, and Tioga counties. 
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Mus tela noveboracensis noveboracensis (Emmons). Common Weasel. 
This species is common throughout the State. Game reports show 

that 84,370 weasels were trapped in the State during the season 1929-
1930. The number of the two preceding forms in this total must be 

negligible. 

Mustela vison vison Schreber. Mink. 
This animal is still widely distributed in the forested portions of the 

State. 12,728 furs were sold during the season 1929-30. 

Gulo luscus Linnaeus. Wolverine. 
Rhoads considered the wolverine the rarest animal in Pennsylvania 

in the early part of the nineteenth century, being found even in the most 
boreal localities only as a straggler. Rhoads, and Shoemaker (1919), 
agree that the last wolverine taken in the State was trapped by Joe 
Nelson near Great Salt Lick, Potter County, in 1863. 

Lutra canadensis canadensis ( Schre ber) . Otter. 
The otter is very rare in Pennsylvania and there are few records dur­

ing the last decade. Green reports it being seen in the North Mountain 
region in 1927 and in the Pocono Mountains in 1925. 

Mephitis nigra (Peale and Beauvais). Skunk. 
The skunk is abundant and distributed statewide. 287,758 were 

killed during· the season 1929-30. 

Vttlpes fnlva (Desmarest). Red Fox. 
U rocyon cine1·eom·genteus ( Schreber). Gray Fox. 

Williams ( 1930) finds the gray fox confined to the mountainous dis­
tricts where it outnumbers the red. In the southern counties there is a 
great preponderance of the red fox. In fact, there is a ratio of eleven 
red to one gray in Greene County, while in mountainous Fayette County 
the ratio is eight gray to one red, according to Williams. 

Canis lycoon (Schreber). Wolf. 
Shoemaker (1917) writes of the last Pennsylvania wolf being killed 

in McKean County in 1886. Wolves reported since that time have 
proven to be dogs, coyotes, or escaped wolves. 

Felis cougar Kerr. Panther. 
Shoemaker writes, ''Panther tracks were observed on the ( Couders­

port) Pike by Dr. Rothrock in 1913, in Detwiler Hollow in the Seven 
Mountains in the same year, by several hunters." 

Seton (1925) says, "Shoemaker writes me that even as recently as 
1922, 'a Panther watched the Askey family seated by their open fire-
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place, at Cold Springs, Centre County. The next morning they followed 
the tracks in the snow.' '' 

Regarding its former distribution in Pennsylvania, Shoemaker 
writes, "The woods teemed with them." They were found in great 
numbers in Lycoming and Sullivan Counties. During the years 1820 to 
1845 it is estimated that 600 panthers were killed in Centre County. 

Lynx canadensis canadensis Kerr. Canada Lynx. 
The lynx was probably exterminated by the last decade of the nine­

teenth century. It formerly inhabited the northern counties but oc­
curred as far south, in the higher .Alleghenies, as the southern border. 

Lynx rt~fus 1·u[us ( Schreber). Bob Cat. 
Rhoads, about 1900, found the bob cat inhabiting 54 counties of the 

State. It is still widely distributed in the wilder regions of the State as 
shown by fur dealers' records, which include 190 "wild cat" skins for 
the season of 1929-30. 

Marmota monax monax (Linnaeus). Ground Hog. 
Marmota monax canadensis (Erxleben). Northern Ground Hog. 

The woodchuck is found abundantly throughout the State. The 
northern form is probably common in the northern tier of counties, al­
though the only published record is that of Sutton, for the Cook forest. 

Tamias striatus fisheri (Howell). Southern Chipmunk. 
This form is abundant with a statewide distribution, and intergrades 

with the next sub-species in the higher .Alleghenies. 

Tamias striatt~s lysteri (Richardson). Northern Chipmunk. 
Howell (1929) records this form from Blair, Bradford, Cambria, 

Clinton, McKean, Monroe, and Sullivan counties. It is also reported 
from Clarion County by Sutton. 

Sciurus hudsonicus loquax Bangs. Red Squirrel. 
This squirrel is common south of the Canadian zone where it ap­

proaches the form Sciurus hudsonict(,S hudsonict~s. However, none of 
the latter sub-species has been recorded for the State. 

Sciurus carolinensis ca1·olinensis Gmelin. Carolina Gray Squirrel. 
Sciurus carolinensis leucotis (Gapper). Northern Gray Squirrel. 

The southern form probably occurs throughout the whole lowland 
region of Pennsylvania. The northern form occurs in the mountains its 

' distribution being given as ''the .Alleghenies from West Virginia north-
ward." 'The exact status of these two forms in this State has not yet 
been determined. 
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Scit~rus niger neglectus (Gray). Fox Squirrel. 
Bangs ( 1896) writes, "The northern fox squirrel is one that cannot 

withstand persecution and the clearing and settling of the country. It 
is already becoming very hard to get specimens of this sub-species. Dr. 
H. B. Warren, zoologist of the Commonwealth of Pennsylvania, writes 
me that the fox squirrel is practically extinst in Pennsylvania except in 
the counties of Dauphin and Cumberland. 

This form is extinct now, the fox squirrel that is found in many parts 
of the State today being Sciw·us niger rufiventer, the western fox squir­
rel, which the State Game Commission has used for stocking purposes 
for many years. It is doubtful whether this form ever extended east to 
Pennsylvania as authentic records for Ohio are rare. 

Glaucomys volans volans (Linnaeus). Flying Squirrel. 
Gla1~comys sabrinus macro tis (Mearns). Northern Flying Squirrel. 

The former species is uniformly distributed throughout the State. 
Its nocturnal habits probably account for the few published records. 
The northern species was first recorded by Doutt (1930) from one of the 
Canadian life zone islands of Potter County and has since been reported 
by Green from Sullivan County. 

Castor canadensis canadensis Kuhl. Beaver. 
.After a careful study of records of Pennsylvania beaver, Rhoads con­

cluded that this animal was exterminated from the eastern half of the 
State about 1830, from the headwaters of the West Branch of the Sus­
quehanna about 1840, and ''almost the last stragglers of their race were 
killed in Elk, Clarion, and Centre counties, between the years 1850 and 
1865. '' It is almost certain that records since that time are from ani­
mals imported from other parts of the country. Restocking was begun 
by the Game Commission in 1915. 

l'eromysct~s 'maniculatt~s nt~biterme (Rhoads). Cloudland Deer Mouse. 
Osgood (1909) places the Pennsylvania mountain race of deer mice 

as nearer nt~biterme than gracilis. Osgood records it from Cambria, 
Clinton, Monroe, Somerset and Sullivan; Green, from Wyoming and 
Luzerne; and Sutton, from Clarion. 

Pe1·omyscus leucopus noveboracensis (Fischer). Deer Mouse. 
This species is abundantly distributed throughout the State. 

Neotoma pennsylvanica S'tone. .Allegheny Cave Rat. 
The cave rat is more common than was formerly supposed and is 

found in 17 counties, from Tioga on the northern border, southward to 
Westmoreland in the west and to Berks in the east. Its total absence 
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from the North Mountain as anticipated by Rhoads, is questionable, 
since it is abundant in Clinton and Union and in parts of Lycoming 
County. 

Synaptomys cooperi cooperi Baird. Bog Lemming. 
Howell (1927) records this rare mouse from Cambria, Clinton, Mon­

roe, and Sullivan counties, "but does not include Rhoads' Beaver County 
specimen. The Pennsylvania specimens are probably intermediate be­
tween cooperi and stonei, but approach the former, although Green be­
lieves them nearer to the latter. 

Cleithrionomys gap peri gapperi (Vigors). Red-backed Mouse. 
This mouse is widely distributed although records are comparatively 

few. At present it is known from 15 counties, principally in the north~ 
ern half or the State. 

Microtus chl'oton·hinns chl'oto?'rhinus (Miller). Rock Vole. 
The only records of this rare species are those of Green, from Sulli­

van and southwestern ·wyoming counties. 

Microttts pennsylvanictts pennsylvanict~s Ord. Meadow Mouse. 
This is the most abundant mouse over the whole State. 

Pitymys pineto1·urn scalopsoides (Audubon and Bachman). Pine-woods 
Mouse. 

The pine vole has been recorded most freqliently from the eastern 
and southern counties, although specimens taken from Clinton, Greene, 
and Warren counties indicate a wide range for this species. 

Ondatra zibethica zibethica (Linnaeus). Muskrat. 
The muskrat is everywhere abundant. 

Mus muscttlus rnuscttlus Linnaeus. House Mouse. 
This animal is always abundant near towns. but is often trapped in 

fields and woodlots. Introduced. 

Ratttts norvegicus (Erxleben). Norway Rat. 
Rattus rattus rattus (Linnaeus). Black Rat. 
Ratttts ratttts alexandrinus (Geoffroy). Roof Rat. 

The Norway Rat has a cosmopolitan distribution and has largely 
driven out the other two introduced rats. Anthony (1928) says, "All 
three of the introduced rats display in the three rows of tubercles on 
the molar crowns an unmistakable character. of separation from all New 
World Rats.'' 

Zapus httdsonius hudsonius (Zimmerman). Hudson Bay Zapus. 
Sutton mentions taking several specimens of this northern form in 
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Clarion County, and Green records it from Wyoming County. Preble 
(1899) cites specimens from Butler County. It is to be expected any­
where in the higher Alleghenies. 

Zapus hudsonius arne1·icant~s (Barton). Meadow Jumping Mouse. 
This form is very common in the southern half of the State, some­

what rare to the north, and absent in the mountains where the preceding 
sub-species replaces it. 

N apaeozaptts insignis insignis (Miller) . Woodland Jumping Mouse. 
This inhabitant of the Canadian zone has been reported from only 

nine counties, from the mountains of northern and western Pennsyl-

vania. 

Erethizon dm·satt~m dorsatum (Linnaeus). Porcupine. 
The porcupine is now quite rare in most parts of its range, the moun­

tainous regions of the State,. although it is said to be locally common. 

Lepus ame1·icam~s vit·ginianus (Harlan) . Varying Hare. 
The snoeshoe rabbit is widely distributed in the northern tier of 

counties and is found in the mountains to the southern border of the 
State. Nelson ( 1909) records specimens from nine of the northern 
counties. 

Sylvilagus fioTidanns mallurus (Thomas). Eastern Cottontail. 
Sylvilagtts fioridamts mearnsii (Allen). Mearn 's Cottontail. 
Sylvilagtts tmnsitionalis (Bangs). New England Cottontail. 

These three native rabbits formerly occurred in this State as follows: 
mallurus was the common form of the lowlands; in the mountains, 
above 1000 feet, t1·ansitionalis occurred; while west of the Alle­
ghenies, mearnsii >vas found. There has doubtless been considerable 
mixing of races since the State Game Commission released 80,000 cotton­
tail rabbits for stocking purposes in 1927-28. These rabbits were ob­
tained from dealers in Kansas City and Oklahoma. 

CerV1ts canadensis canadensis (Erxleben). Elk. 
Concerning the elk in Pennsylvania, Dr. vV. J. Knight writes in 

Seton (1927): "Elk County, Pa., was erected in 1843, and was so named 
on account of its wilderness and great droves of elks that formerly and 
then roamed in those wilds. This new county was composed entirely of 
the forest portions of Clearfield, J e:fferson, Warren, and McKean coun· 
ties. In this territory were then about all the elk of Pennsylvania; and 
the slaughter of thein commenced in 1843 and continued annually until 
1852. There was one elk killed in 1862, one in 1866." 
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Several writers credit Jim Jacobs, a full-blooded Seneca Indian, with 
killing the last elk at Flag Swamp, in Elk County in 1867. 

Odocoilet~s vi1·giniam~s virginian us (Boddaert). Virginia Deer. 
Odocoileus virginianus borealis (Miller). Northern White-tailed Deer. 

In speaking of the white-tailed deer, Seton says. "The outstanding 
case of successful restoration is that of Pennsylvania. The first State 
game refuge was created in Clinton County in 1905. In 1907 only 200 
deer were killed in all of Pennsylvania.'' During the last season 26,099 
deer were killed in the State. 

The northern white-tailed deer was formerly abundant in the north­
ern mountainous region, the Virginia deer being restricted to the low­
lands. Between 1920 and 1925, 85 borealis from Michigan were rec 
leased in Elk County. 

Bison bison pennsylvanicus (Shoemaker). Wood Bison. 
Seton, referring to a correspondence with Col. Henry W. Shoemaker, 

says: "He writes me under date of October 27, 1925, as follows: 'As to 
the last Buffaloes in Pennsylvania, the last one in Somerset County was 
killed by Joseph Shank in the glades of that county in 1810 according to 
George W. Grove, a noted local historian of Somerset County; and an­
other was killed in Northumberland County by Frederick Stamm in 
1810 .... 

'' 'The last Buffalo was driven out of Buffalo Valley, Union County, 
in the direction of Lewistown by Jacob Weikert in 1808. Col. Jolin 
Kelley killed a Buffalo at the Buffalo Cross Roads in Buffalo Valley in 
1801; and the last herd of Buffaloes was wiped out in the White Moun­
tains of Union County in (December) 1799.' " 

Finally, we should be stimulated in our mammalogical purpsuits, 
knowing, says Seton, that ''The Pennsylvania Buffalo is practically un­
represented in any museum. The young naturalist can do good service 
by watching excavations that are in progress anywhere in Pennsylvania, 
and especially in bogs. For in these we are likely to find skulls, bones, 
and even complete skeletons of this most interesting species.'' 
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PLANTS FROM MONROE AND PIKE COUNTIES, PENN­
SYLVANIA, NEW TO THE COLLECTIONS OF THE 

CARNEGIE MUSEUM HERBARIUM 
BY EDW. H. GRAHAM1 AND LEROY K. HENRY 2 

During the summer of 1930 the writers spent July and August as 
nature study teachers at Buck Hill Falls, in the Pocono Mountains of 
Monroe County, Pennsylvania. Through the kindness of Mrs. G. W. 
Strattan, of Buck Hill Falls, who is a competent botanist with an inti­
mate knowledge of the Poconos, it >vas possible to visit several localities 
in Monroe and Pike counties on week-end trips and to collect specimens 
of the flowering plants and ferns for the Carnegie Museum Herbarium 
_at Pittsburgh, Pennsylvania. The number of species which proved to 
be new to the Herbarium has prompted the following notes. The first 
part of the present paper, prepared by Edw. H. Graham, lists all the 
plants collected by the writers in Pike County which were new to the 
Herbarium. Obviously, not all of them are rare plants, but the com­
mon species listed may serve to stress the fact that collectors often 
ignore the usual, which after all is more typical than the rarer species. 
In working over the Monroe County specimens, a list of which forms 
the second part of the present paper, prepared by LeRoy K. Henry, only 
the less common species have been noted and a collection made by 0. E. 
Jennings, G. K. Jennings and E. M. Gress in Monroe County from late 
July to early September, 1920, was also studied and the results interpo­
lated. The families and nomenclature are according to Gray's Manual 
of Botany, seventh edition; the genera and species are arranged alpha­
betically. The northern counties of Pennsylvania undoubtedly still hold 
many plants little collected, and further field work can profitably be 
spent there, particularly in the northeast. 

PART I. PLANTS FROM PIKE COUNTY 
BY Eow. H . GRAHAM. 

The following list is composed of those plants, collected in Pike 
County by Edw. H. Graham and LeRoy K. Henry during July and 
August, 1930, which are new to the collections of the Carnegie Museum 
Herbarium. A total of 90 new records is listed. Botrychium ternatum 
var. intermedium and B. lanceolatum var. angustiscgmentatum provide 
new State records in the Herbarium collections, and the occurrence of 
Clethra alnifolia, a coastal-plain species, which was found at the edge 

1 Assistant Curator of Botany, Carnegie Museum, Pittsburgh. 
• 2 University of Pittsburgh graduate assistant assigned to the Carnegie Museum. 

PENNSYLVANIA ACADEMY OF SCIENCE 29 

of Porter's Lake, south-central Pike County, is notable. Among the 
rare species collected may be noted Aspidium sinwlatum, Calopogon pul­
chellum, Rhododendron viscosum, and Campant£la aparinoides. The 
numbers following the names of the plants refer to localities as follows: 

7.3 Roatch Pond, north of Greentown 
8. Nineteen-mile Run, South Sterling 
9. Lake Wallenpaupac 

10. Little Pond Bog, near Greentown 
11. South-central Pike County 

PoLYPODIACEAE 

Aspidi1tm novabomcense (L.) Sw. 
A. sim.ulatum Davenp. 10. 

8, 10, 11. Onoclea sensibilis L. 10. 

A. spinulosum (0. F. Miiller) Sw. 8. 
A. spinulosum var. inte?·medium (Muhl.) 

D. C. Eaton. 7, 11. 
A. Thelypte1·is (L.) Sw. 8, 10. 
Asplen·i?tm Filix-femina (L.) Bemh. 7, 11. 
Dicksonia punctilobula (Michx.) Gray. 8. 

Phegopteris Dryopteris (L.) Fee. 10. 
P. hexa.r;on&pte?·a (Michx.) Fee. 11. 
P. 1.10lypr1<liOides Fee. 8, 10. 
Poly.~ticlnml ac?·ostichoides (Michx.) 

Schott. 8, 11. 
Pteri.s aquilina L. 11. 

0SMUNDACEAE 

Osmunda cinnamomea L. 10, 11. 
0. Claytoniana L. 10, 11. 

0. 1·egalis L. 

0PHIOGLOSSACEAE 

11. 

Bot?·ychi?tm lanceolat1tm var. angustiseg­
mentatmn Pease and Moore. 10. 

B. mmos?tm (Roth) Aschers. 9. 
B. tematum var. intermedi1tm D. C. Eaton. 

9, 11. B. obliqu1tm var. dissectum (Spreng.) 
Clute. 9. 

EQUISETACEAE 

Equiset?tm sylvaticum L. 7. 

Lycopodium clavatum L. 8, 10. 
L. complanat?tm L. 8, 10. 

ARACEAE 

0Tontimn aquatioum L. 7. 

LYCOPODIACEAE 

L. luC'idulu1n Michx. 8. 
L. obsmt?·nm L. 8, 11. 

PrNACEAE 

La?·ix lw·icina (Du Roi) Koch. 10. Pioea 1·ubm (Du Roi) Dietl-. 10. 

Cm·ex m·inita Lam. 10. 
C. 1·etrorsa Schwein. 10. 

JJfedeola vi?·giniana L. 8. 

!1-is ve?·sicolo?· L. 7, 10. 

Calopogon pulchellus (Sw.) R. Br. 
Co?·allorhiza rnaculata Raf. 8. 

CYPERACEAE 

C. t1·ibuloides Wahlenb. 10. 
C. V?tllJinoidea Michx. 10. 

LILIACEAE 

Oakesia sessilifolia (L.) Wats. 11. 

lRIDACEAE 

0RCHIDACEAE 

10. Habena?·ia blephariglottis (Willd.) R. Br. 
10. 

H. lacem (Michx.) R. Br. 7. 
3 Localities 1 to 6, inclusive, are in Monroe County and a1·e listed below in 

Part II . 
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Carpinus caroliniana Walt. 11.. 

Polygonum arifolium L. 10. 

CARYOPHYLLACEAE 

Silene stellata (L.) Ait. f. 11. 

Ranunc.ul11s acris L. 10. 

FUMARIACEAE 

Corydalis sempervirens (L.) Pers. 

DROSERACEAE 

Sarracenia purpurea L. 10. 

CRASSULACEAE 

Penthorum sedoides L. 10. 

Prunus pennsylvanica L. f. 11. 

Apios tuberosa Moench. 7. 

CALLITRICHACEAE 

Callitriche heterophylla Pursh. 

ACERACEAE 

Acer saccharum Marsh. 10. 

HYPERICACEAE 

Hypericum virginioum L. 10. 

0NAGRACEAE 

Circaea lutetiana L. 11. 

Cicuta maculata L. 10. 

BETULACEAE 

Ostrya virginiana (Mill.) Koch. 11. 

POLYGONACEAE 

Rumex acetosella L. 7. 

LAURACEAE 

Benzoin aestivale (L.) Nees. 11. 

RANUNCULACEAE 

Thalictmm polygonum Muhl. 11. 

CRUCIFERAE 

9. Radicula palust1·is (L.) Moench. 10. 

SARRACENIACEAE 

Drosem rotundifolia L. 10. 

SAXIFRAGACEAE 

Ch1·ysosplenium americanum Schwein. 8. 

RosacEAE 

Rub1ts villosus Ait. 9. 

LEGUMINOSAE 

Baptisia tinctoria (L.) R. Br. 11. 

AN ACARDIACEAE 

11. Rh1ts oopallina L. 7. 

BALSAMINACEAE 

Impatiens bifiom Walt. 11. 

LYTHRACEAE 

Deoodon verticillata (L.) Ell. 10. 

VERBENACEAE 

Lobelia infiata L. 11. 

UMBELLH'ERAE 

Hydrocotyle americana L. 7. 

ERICACEAE 

Chiogonese hispidula (L.) T. and G. 
CletMa alnifolia L. 11. 

10. Rhododend?"On visoosum (L.) Torr. 
Vacoinium co1·ymbosum L. 10. 

10, 11. 

Kalmia ang1tstifolia L. 10, 11. V. pennsylvanicum Lam. 10, 11. 
K. latifolia L. 10, 11. 

PRIMULACEAE 

Lysimachia ter1·estris (L.) ESP. 10. Trientalis americana (Pers.) Pursh. 11. 
Steironema ciliatum (L.) Raf. 10. 

Satureja V1tlgaris (L.) Fritsch. 
Scutellaria lateriftora L. 7, 11. 

Chelone glabm L. 7. 
Gratiola virginiana L. 10, 11. 

RUBIACEAE 

Galium palustre L. 7, 10. 

LABIATAE 

10. S. par'l!ula Michx. 11. 

SCROPHULARIACEAF. 

Melampyrum lineare Lam. 7. 

CAPRIFOLIACEAE 

Viburnum alnifolium Marsh. 8. 
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CAMP ANULACEAE 

Campan11la aparinoides Pursh. 11. 

LOBELIACEAE 

Lobelia iJ!,fiata L. 11. 

CoMPosrTAE 
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Achillea Mille folium L. 7. Sericocm·p1ts asteroides (L.) B. and H. 7. 
Anaphalis maTgaritacea (L.) B. anO. H. 

7, 8, 10. 

pART II. PLANTS FROM MONROE COUNTY 
BY LEROY K. HENRY 

Among the plants collected by 0. E. Jennings, G. K. Jennings and 
E. M. Gress in 1920, 300 species were new to the Carnegie Museum Her­
barium, and among those collected by Edw. H. Graham and LeRoy K. 
Henry in 1930, 85 additional species are new. All of these are not listed 
here, but an attempt has been made to list the uncommon or otherwise 
significant species. A total of 106 such new records is listed below. 
Cycloloma atriplicifoliurn and Artcmis1~a ludoviciana, here reported from 
Tobyhanna, are western species locally naturalized eastward. They were 
probably brought to the region in feed supplied the army training camp 
there during the war. It will be interesting to note whether they persist. 
Centaurium pulchellum has only previously been represented in the Her­
barium from York and Lancaster counties. Among the rarer species 
collected may be noted Cheilanthes lanosa, Microstylis unifolia, C1tscuta 
arvense, Gentiana linearis, Carnpanula aparinoides, and Solidago ptt­
bentla. The numbers following the names of the plants refer to localities 
as follows: 

Collected by Edw. H. Graham and LeRoy K. Henry. 

1. Buck Hill Falls and vicinity 
2. Four miles west of Bushkill 
3. Near Pipher's Airport, East Stroudsburg 
4. Near Delaware Water Gap 
5. Marshall's Creek 
6. Wagner's, near Pocono Lake 

Collected by 0. E. Jennings, G. K. Jennings, and E. M. Gress. 

12.4 Tobyhanna 
13. Pocono Summit 
14. Delaware Water Gap and vicinity 

POLYPODIACEAE 

Cheilanthes lanosa (Michx.) Walt. 14. 
EQUISETACEAE 

Equisetum hyemale L. 14. 
4 Localities 7 to 11, inclusive, are in Pike County and are listed above in 

Part I. 
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0PHIOGLOSSACEAE 
Bot1·ychium ramosttm (Roth) Aschers. 1. B. te1·natttm var. intennedium D. C. 

Eaton. 12. 

LYCOPODIACEAE 
Lycopodimn lucidulum Michx. 1. 

NAIADACEAE 
Potarnogeton ame1·icanus C. and S. 1. 

PINACEAE 
Lm··ix lm·icina (Du Roi) Koch. 12. Twws canaclensis Marsh. I, 2. 

ALISMACEAE LEMNACEAE 

Sagitta1·ia Engelrnannia J. G. Sm. 12. Lemna minor L. 5. 

H YDROCHARTIACEAE 
Elodea canadensis Michx. 1, 2. V allisneria spiralis L. 1. 

LILIACEAE 

Smilax herbacea L. 5. S. ?·oseus Michx. 1. 
St1·eptopus amplexifolius (L.) D.C. 1. V eratntm vi1·ide Ait. 2. 

DIOSCOREACEAE 
Diosco1·ea villosa L. 2, 5. 

Cypripediurn acaule Ait. 12. 
Habenaria clavellata (Michx.) 

12. 

MYRICACEAE 
Myrica Gale L. 12. 

FAGACEAE 
Quercus ilicifolia Wang. 12. 

lRIDACEAE 
b·is vm·sicolor L. 12. 

0RCHIDACEAE 
'f{. f)8yCOilcs (L.) Sw. 4. 

Spreng. L vp(J,ris Loeselii (L.) Richard. 12. 
.Wthwostylis unifolia (Michx.) ESP. 

EETULACEAE 
Alnus incana (L.) Moench. 1. 

Cycloloma 
Coult. 

URTICACEAE 

CHENOPODIACEAE 
atTiplicifolinm (Spreng.) 
12. 

Boehmeria cylind?·ica (L.) Sw. 14. Pilea pmnila (L.) Gray. 4. 

PoLYGONACEAE 
Polygonum prolifimtm (Small) Robinson. P. tenue Michx. 14. 

12. 
CARYOPHYLLACEAE 

ptellal'ia gmminea var. latifolia Peterm. 
1. 

RAN UN CULACEAE 
Ranunculus aquaticus Yar. capillaceus 

DC. 1. 

N YMPHAEACEAE 
Ny1nphaea advena Ait. 12. 

DROSERACEAE 
Drosem ?"otunclifolia L. 12. 

CRUCIFERAE 

12. 

Erysimum cheimnthoicles L. 12. Raclimtla nastu1·tinm-aquaticum (L.) Er. 
and Rendle. 14. 

Pnmus vi1·giniana L. 2. 
Pyrus americana (Ma1·sh) DC. 
P. arbutifolia (L.) L.f. 14. 

Amphicarpa monoica (L.) Ell. 
Apios t1tbe·rosa Moench. 1, 3. 
Cassia nictitans L. 14. 

ROSACEAE 
P. melanocm·pa (Michx.) Willd. 12. 

12. SangnisoTba canadensis L. 12. 

LEGUMINOSAE 
5. Desmoclium panimtlatum (L.) DC. 3. 

Vicia angttstifolia (L.) Reichard. 1. 
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EUPHORBIACEAE 

E 11 phorbia hirsttta (Torr.) Wiegand. 

Vilis aestivalis Michx. 14. 

TILIACEAE 

Tiz.ia Michauxii Nutt. 14. 

HYPERICACEAE 

Hyp ericum Ascyron. L. 14. 

AQUIFOLIACEAE 
1. Ilea; nwnticola Gray. 12. 

VITACEAE 
V. bicolo1· LeConte. 1. 

MALVACEAE 
M 11lva moschata L. 12. 

LYTHRACEAE 
Lythmm Salica1·ia L. 14. 

0NAORACEAE 
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Ch·caea Alpina L. 1. 
Ludwigia palust1·is (L.) Ell. 13. 

Oenothem fruticosa var. hiTS1tta Nutt. 
13. 

Cicuta bttlbifem L. 12. 
Hyclro cotyle americana L. 14. 

Cltamaeclaphne calyculata (L.) 
12. 

Chimaphila maculata (L.) Pursii. 
C. tt?nbellata (L.) Nutt. 14. 
Kalmia angnstifolia L. 12. 
Lyonia lig1tstrina (L.) DC. 12. 

UMBELLIFERAE 
Pastinaca sativa L. 1. 

ERICACEAE 
Moench. Rhocloclencl?·on canescens (Michx.) G. 

Don. 13. 
14. V accinium at1·ococcum (Gray) Heller. 

12. 
V. canadense Kalm. 12. 
V. ovalifolium Sm. 14 . 
V. pennsylvanicum L. 12, 13. 

PRIMULACEAE 
Stcironema ciliat1tm (L.) Raf. 14. 

EO RAGIN ACEAE 
Lappttla echinata Gilibert. 12. 

GENTIANACEAE 
BaTtonia virgmwa (L.) ESP. 14. Gentiana lineaTis Froel. 12. 
Centauri111n pnlchellttm (Sw.) Druce. 1. 

AscLEPIADACEAE 
Asclepias phytolaccoides Pursh. 1. A. tube1·osa L. 3. 

Cuscnta arvense Eeyrich. 12. 

Galeopsis t~tmhit L. 1. 
Lycopus americana Muhl. 14. 
L . mtifionts Michx. 13. 
L. vi·rgin·ic1~s L. 14. 

Gratiola vi1·giniana L. 2. 
Gemrclia setacea Walt. 14. 

PLANTAGINACEAE 
Plantago aristata L. 12. 

Lonicera canadensis Marsh. 1. 
TTiost e1t1n pe?·foliatum L. 14. 
Viburnum clentatnm L. 12. 

Campamtla apm·inoicles Pursh. 

CONVOLVULACEAE 

C. G1·onovii Willd. 1. 

LABIATAE 

Pycnanthemurn incan1tm Michx. 14. 
P. pilosum Nutt. 14. 
P. vi1·ginianum (L.) Durant and Jack­

soiL 14. 

ScROPHULARrAcEAE 
Chelone glab1·a L. 1. 
Ve1·onica vi1·giniana L. 14. 

RUBIACEAE 
Galium lanceolatum Torr. 1, 3. 

CAPRIFOLIACEAE 
V. Lentago L. 12. 
V. nttclltm L. 12. 
V. pubescens (Ait.) Pursh. 

CAMPANULACEAE 
14. 

14. 
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COMPO SITAE 

Artemisia ludoviciana Nutt. 12. 
Eupatorium aromaticmn L. 14. 
Gnaphalium uliginosum L. 1. 
H elenium autumnale L. 14. 

Inula Helenium L. 4, 6. 
Milcania scandens (L.) Willd. 5. 
Solidago pub emla Nutt. 13. 

TOTAL EMISSIVITIES OF ALUMINUM, BRASS, 
COPPER AND STEEL 
BY E. RAYMOND BINKLEY 

Lehigh University 

The total relative emissivities of aluminum, brass, copper and steel 
were measured from 100 to 500° C. To obtain these measurements at 
such low temperatures required a special type of total radiation pyrom-

eter; shown in l!.,ig. 1. 
The pyrometer is of the fixed focus type, consisting of a tube 20 

inches long and 4 inches in diameter. The concave mirror has a focal 
length of 4 inches, the reflecting surface copper gold-plated, gold being 
used because the reflection coefficient for gold at long wave-lengths is 
nearly constant, viz., 0.98 and since the radiation at these low tempera­
tures consisted mostly of the long wave lengths. 

Pot. 
fi~. 1 

A water cooled shield was placed at the open end of the pyrometer 
tube; the opening in it was made one inch in diameter which resulted in 
a fixed focus pyrometer. Then all the radiation included within the 
dotted lines as shown in the figure would be converged by the mirror 

onto the sensitive thermopile. 
The thermopile consisted of ten copper-constantan junctions, placed 

within a circle of i inch in diameter, connected in series with ten similar 
junctions and separated about one inch from the first group. These 
latter ten junctions were shielded from all radiation and served as the 
cold junctions~ The hot junctions were coated with camphor black to 
absorb the total radiation converged by the mirror. 
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The e.m.f. generated was measured by a sensitive galvanometer. 
Diaphragms were placed equidistant apart within the tube to prevent 
the radiation not included within the cone of rays from reaching the 
thermo element. The pyrometer was calibrated by a camphor blackened 
surface assumed at 98 per cent. black body. 

The surfaces to be measured were placed about 4 inches in front of 
the pyrometer. These surfaces were 6" x 4" xi" and to obtain uniform 
heating were fastened upon a copper plate 8" x 6" xi" ; this plate in 
turn was heated by a. heating element which consisted of a piece of alun­
dum insulating material wound with Nichrome resistance wire and con­
nected to 220 volts, A. C. A thin sheet of mica insulated the copper 
plate and the heat~r. ~he temperature of the surface was obtained by 
means of a thermoJunctwn placed on it. 

Temperatures indicated by a radiation pyrometer calibrated against 
a black body are called apparent temperatures (S), and the true tem­
peratures (T) measured by the junction on the metal surfaces. The 
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1'~------~------~-----=~~n-~~-----. 
LJ cA- Boa)' .t/ne 

.stee 

relative total emissivity (E) is given by (S4 -T 0
4 )/(T4 -T0

4
), where T 0 

is room temper atm·e. 
l~'igtu·e 2 ~ ilow. t h curves obtain d by plottu1g the trn t mp r atur s 

again t the apparent temp ·atures for each sul'face au l F ig 3, the re­
sult as calculat d by the quation: E == ( • - T0~) / (T" - T04 ). 

'rhe teel copper and bras were oxidized aud the emissivities for 
each r maiued airly constant throu .,.hout the temp rature ra11ge, copper 

~varying mo t. Thi wa probably due to the color of the oxide changing 
as the t emp erature d cr ascd. lumimun however vari d cont inuou ly 
over the range mea tu·ecl, although it tuface va.~ observed to remain 
unchanged. 
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LEAF SPOT PRODUCTION UPON TOBACCO BY 
A CULTURE FILTRATE OF FUSARIUM 

AFFINE1 

BY w. s. BEACH 

P ennsylvania State College 

37 

In 1921, Slagg (1) described a disease of tobacco characterized by 
leaf spotting, stem browning· and damping-off of young plants. The 
causal organism was found to resemble closely Fusarium affine Faut. & 
Lamb., and in the present paper this parasite is considered under the 
same name. 

Fusarium affine attacks not uncommonly the seedlings of cigar-filler 
tobacco, Nicotiana tabacum Linn., in Lancaster County, Pa., but is rarely 
seen on the crop transplanted to the field except occasionally on the 
lowermost leaves. Nicotiana rustica, which is being bred and selected at 
Lock Haven, Pa., by the United States Department of Agriculture for its 
high nicotine content, is much more susceptible to Fusarittm affine than 
the cigar-filler tobacco. On some plants of N. rustica grown in Phila­
delphia County, Pa., during the dry summer of 1930, new infections 
continued to develop following each fall of rain and some of the upper 
leaves of blooming plants became spotted, while adjacent plants of N . 
tabacwn showed mere traces of infection near the soil. 

On N. !'1tstica spot production appears to be the more characteristic 
disease phenomenon. At first the spots are more or less circular, dusky 
green or olivaceous blotches appearing on either surface of the leaves· 
later, as the affected tissues die, the central portion of the spots becom~ 
tan, or sometimes somewhat ashen, especially on pressed specimens. The 
epidermal surface on close inspection is seen to be more or less etched 
and wrinkled, and this aspect is also more conspicuous on pressed speci­
mens. The ashen appearance is probably due to air entering the some­
what disintegrated tissues, Fig. 4 A. 

Under very damp seed bed conditions, it has been observed that the 
wide distribution of the fungus often causes the surface of an extensive 
part of the foliage to exhibit a slightly etched appearance although the 
extent of mycelial distribution does not appear to coincide with the af­
fected surface. This observation suggested experimental work to see 
whether the mycelium produced or excreted any substance which tended 
to a~ect the outlying leaf epidermis by being spread about through the 
medmm of rain water or dew. It seemed as if the phenomenon here 

· 
1 Pub~ication authorized by the Director of the P ennsylvania Agricultural Experi­

ment Stahon as Technical Paper No. 527. 
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FIG. 4. A. Pressed specimen of a leaf of Nicotiana rustica showing natural in­
fection spots of Fusm·i1tm affine. B. Etched spots on a leaf of Nicot{ana rustica 
produced by the action of a culture filtrate of Fusari~tm affine. The two spots with 
light center exhibit killed leaf areas. In this instance the filtrate was applied to 
needle wounds but the leaf movements caused the drops to flow aside. C. Infection 
spots of Fusarium affine on a fresh green leaf. 

might be similar in action to what Young and Bennett (2) have reported 
for Fttsarium oxysporium in the potato plant. These authors found evi­
dence that wilting is not due to a mechanical plugging of the vascular 
tubes, but is due to certain products of the fungus acting on the host 
tissue. 

Experimental procedure with F'usarium affine consisted in growing 
21-day-old cultures on test-tube slants of potato-dextrose agar, and then 
flooding the fungal growth with 5 ml. of sterile water. After the water 
had been in contact with the growth 24 hours, it was passed through a 
coarse or V grade Berkefeld filter, sterilized apparatus being utilized. 
Drops of the filtrate ·were then placed with a pipette upon series of de­
fined areas of the leaf surface of healthy potted plants of Nicotiana rus­
tica. The plants were covered with improvised bell jars consisting of 
large inverted street lamp globes with plates of glass laid over the upper 
openings. These inclosures were equivalent to bell jars 10 inches in 
diameter and 20 inches high and had the distinct advantage of making 
the experimental plants accessible from the top. If the drops of filtrate 
dried up, more could be applied to the same areas with very little dis­
turbance. Complete inclosure was continued three days, and then the 
glass plate was pushed aside a bit at a time making the change from 
near saturation to room humidity gradual. Complete removal of the 
glass plate was accomplished on the fifth or sixth day. The lamp globe 
was left in place to reduce air currents and hence the spread of foreign 
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organisms, and this was also in part the purpose of the gradual removal 

of the glass plate. 
The drying of the filtrate usually left on the treated leaf areas slight 

incrustations which in a portion of the cases were removed by swabbing 
with a dampened piece of absorbent cotton. At the time of the complete 
removal of the glass plate, it was possible to detect the most of the 
treated epidermal areas by means of a faint etching even though the fil­
trate incrustations were swabbed away. In many cases there was no 
further change discernible, but in a considerable proportion the vivid­
ness of the etching increased. Then followed a mild ·wrinkling of the 
epidermis and finally after 10 to 18 days it became apparent that the 
leaf tissue beneath was dead on account of collapse and drying. There 
was a striking similarity between the dead spots thus produced and those 
resulting in nature from the infections of Fusariwrn affine, Fig. 4. In 
testing the power of the culture filtrate to affect the epidermis and the 
underlying leaf tissues, four series of experiments on different dates 
were conducted, and in these altogether 84 leaf areas were treated. 
From this number there resulted 15 killed areas or definite spots, while 
upon many of the balance more or less discernible etching was present. 

As checks, a corresponding number of leaf areas ·were treated with 
drops of tap water under similar conditions. On these checks there was 
no apparent change except for three spots like those produced by direct 
sun rays through water drops and markedly different in character from 
those produced by the culture filtrate. It may be added that in the case 
of the leaves treated with the filtrate there were also two spots apparently 
produced by sun rays. 

Microscopic examination of the tissues affected by the filtrate, not 
only in the case of the killed areas but also in that of mere etching, 
showed an absence of Fusarittm affine and likewise other parasitic fungi 
and bacteria known to affect tobacco. Elimination of occasional traces 
of saprophytes was not successful even with an effort at aseptic condi­
tions, but the occurrence of saprophytes was scanty and not indicative 
of causing the described effects. Failure to exclude all foreign organisms 
may allow some basis for criticism of the results, but the following 
points on the other hand give support to the conclusion that the culture 
filtrate caused the effects: (a) there was a general absence of both para­
sitic and non-parasitic spotting on the experimental plants except where 
the filtrate was placed and the few spots apparently caused by sun rays, 
(b) the spots produced by the filtrate were very similar to those caused 
by Fusa1"ium affine, and (c) there was the absence of those organisms 
known to parasitize tobacco. 
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It appears possible that changes and improvements of technique may 
increase the proportion of treated areas showing definite effects, espe­
cially the use of younger cultures or those grown in liquid medium. 
Fusarium affine grows slowly in culture and two to four weeks elapse 
before a solid medium is overgrown. Precipitation and concentration of 
the potent substance offers a further line of experiment. 
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"IS THE FLIGHT OF THE JAPANESE BEETLE NEC-ES­
SARILY RESTRICTED TO A FEW MONTHS 

OJJ' THE YEAR~ 
BY GEORGE B. STICHTER 

Bureau of Plant Industry, Pennsylvania Department of Agricultu1·e 

The Japanese beetle (Popillia japonica Newm.), a dangerously in­
jurious insect pest new to and not heretofore widely prevalent or dis­
tributed within the United Stat'3s, has now established itself in parts of 
the States of Massachusetts, Rhode Island, Connecticut, New York, New 
Jersey, Pennsylvania, Delaware, Maryland, Virginia, and the District of 
Columbia. 

Since its first appearance in the United States in 1916, it has multi­
plied and spread at an astonishing rate steadily in all directions, so that 
now it infests in greater or less degree the territory just outlined. 

As the beetle is now an insect of economic consequence in Pennsyl­
vania, especially in the Philadelphia metropolitan area, and its spread 
by both natural and artificial means is of vital concern to the uninfested 
States, the grave question arises: if or when the beetle gains a foothold 
in our semi-tropical States, such as Florida, whose extreme southern 
point is almost tropical (latitude 24i 0 N.), Texas, whose extreme south­
ern point is 26° N. latitude, or in any other State where there is no win­
ter, will its flight be confined to but four months of the year, as is the 
case in the Philadelphia area, latitude 40° N. ~ 

The complete seasonal cycle and life-history of the beetle is as fol­
lows: The average incubation period of the egg is from two to three 
weeks, at the end of which time there emerges a small white larva. The 
larval stage is divided into three substages, the first, second and third 
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insta . , each enninating in the moulting of the skin carrie~ through 

th riod just end d. 'r J1e fu·st two instars extend over a perwd of ap-
]J . . "d" h l proximately three to fiv~ . weel;: but the third. mstar perw. IS t e usua 

one for hib rnation., wluch sta"'e usually termmates early m the follow­
ing June, when the insect pupates. The pupal stage takes from one to 
three weeks. The total life-cycle of this insect outside is approximately 
one year in the vicinity of Philadelphia, ~ost of "~hi~h time is spent i~ 
the soil as egg, larva, or pupa, but the hfe-cycle mside greenhouses IS 

apparently shorter, as adult beetles have been found inside greenhouses. 

early in November. 
It is now possible to obtain adult beetles in the vicinity of Philadel­

phia every month in the year, as follows: outdoors, early June to late 
October; inside greenhouses, every month. The greatest numbers are 
found inside greenhouses during the fall, winter and spring, especially 
from January to April, inclusive. Few are found on cloudy or stormy 
days. They severely damage leaves, blooms and roots of plants. Some 
flowers are so badly damaged as to be unmarketable. 

If it is possible to find beetles in their four stages throughout the 
year in the vicinity of Philadelphia, outside and inside greenhouses, and 
under natural and artificial conditions; what situation will confront us 
if or when the beetle reaches our extreme Southern States~ Will they 
produce one, two, or even three generations a year, overlapping one· 
another, with both the larvae and the adults feeding at the same time, 
one below and the other above the ground-on the foliage, blooms, fruit 
and roots of trees, and on the leaves, vegetables and roots of plants at 
the same time~ If such feeding is continued year after year on trees, 
death of the trees will unquestionably ensue. 

As far as the climate is concerned, the beetle may find in other parts 
of the United States more favorable conditions than in Pennsylvania or 
other parts of the presently infested area. No condition of heat has 
been noted which has been injurious to the eggs or larvae, provided the 
soil is moist. The hot and dry summer in Pennsylvania in 1930 held in 
check depredations by certain species of insects, of which the Japanese 
beetle is conceded to be one. 

Beetles were found earlier in the season outdoors in 1930 than ever 
heretofore, but they did not increase in numbers so rapidly early in the 
season as in past years, and they were slower in getting on the wing·, due 
no doubt to the prolonged dry spell. 

The beetle's flight activity is confined almost entirely to hot and sunny 
days, although it may, when its numbers are greatest during the season, 
be found on hot and cloudy days. It is, however, not found on rainy 
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days. Thousands have been found on plants, evidently feeding during 
and directly after severe storms. Its flights are apparently short and 
erratic both with and against the wind that may prevail. 

Be~tles have emerged from flower pots in private dwellings from 
early in January to the summer season. The plants had either been 
purchased from florists who had bought them from infeste~ greenhouses 
or from greenhouses located in badly infested areas. Agam, the plants 
may have been potted in badly infested localities by the own~rs. . 

It is well known that many if not most of our more senous msect 
pests are not indigenous to this country, but have been intro~uced 
through human agencies into this country. The ,Japanese beetle IS an 

outstanding example of this. 

LITEHATURE CoNSULTED 

United States Department of Agriculture Bulletins 
Pennsylvania Department of Agriculture Bulletins. 
New Jersey Department of Agriculture Bulletins. 
Reports of Japanese Beetle Quarantine Office, Philadelphia. 

THE CHROMOSOMES OF THE MOUSE 
PAUL R. CuTRIGHT 

University of Pittsburgh 

Chromosomes are only fifty-six years old. Although they appeared 
in the figures of Schneider ( 1873) they were first adequately described 
by the botanist, Strasburger, in 1875. It is interesting to note that 
Charles Darwin knew nothing of chromosomes, and in spite of the prodi­
gious amount of writing done by him, there is no reference to them, and, 
in only a place or two, do we find statements relative to the cell. 

Since the time of Strasburger the chromosome literature produced 
has been sufficient to warm the heart of the most ardent of bibliophiles, 
if it were convertible into biography, history, and fiction. In 1884 and 
1885 Hertwig, Weismann, and Strasburger concluded independently and 
almost simultaneously that the nucleus was the vehicle of heredity and 
from then on cytologists from every part of the world turned their micro­
scopes on the deeply staining interior portions of the cells and assidu­
ously maintained the focus for year after year. It is only recently that 
the cytoplasm came into existence. The idea that the nucleus played a 
part in heredity acted as a thigmotropic irritant that touched every 
cytological investigator and the irritation is still much in evidence to-day. 
As a matter of fact, it is this study, more than any other, which can be 
said to characterize the work of our modern period. 
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After an era of more or less intensive study covering some fifty odd 
years, what can we say definitely about chromosomes 1 Practically all 
of our knowledge is morphological and all else is a matter of deduction. 
The chromosome number has been reported for a large number of animals 
and runs all the way from two in one of the round worms up to 208, a 
questionable count which has been given for a certain species of crayfish. 
In the house fly the number is 12, in the rat it is 42, and in man 48. 
The number for all forms, within limits, is constant. We know that the 
individual chromosomes have a more or less definite size and shape in 
each species. We know the exactness of division in mitosis and the 
presence in diploid groups of paternal and maternal homologues in 
synapsis and we know of their disjunction in reduction division. We 
are relatively certain that identical twins, which are practically mirror 
images of each other, owe their great similarities to identical sets of 
·chromosomes. Literally millions of chromosomes have been counted, 
measured, and drawn. We know the morphology of the chromosomes 
and from this knowledge we deduce, as did Hertwig, Weismann, and 
Strasburger in 1885, that they are the vehicles of heredity; at least we 
know of no other satisfactory vehicle. 

It is unfortunate that a great many people have gone to extremes as 
a result of the discoveries and insist upon a sort of omnipotence for the 
·chromosomes. They declare that they are responsible for everything 
from strabismus to house-maid's knee. On the other hand there is 
another group that is equally rabid in favor of the environment as a 
molder of physical and mental characteristics. The consensus of opinion 
among those most qualified to judge is that both are powerful agents but 
that heredity is probably the more so. 

Although our knowledge of chromosomes is not meager, there is much 
that we do not know; many questions remain to be answered. In closely 
related forms may the chromosomes be considered as having the same 
genetic make-up~ Why are the chromosomes of different sizes in differ­
·ent cells¥ Is there any easily recognizable type number, in mammals, 
for example and, if so, can deviation from this be explained on the basis 
·Of an end-to-end fusion or to a breaking up (transverse fragmentation) 
·of one or more of the chromosome pairs¥ Do related species have similar 
chromosome complexes because they are inherited from a common ances­
tor? Do the chromosomes represent directly or indirectly the physical 
nature of the genes? Is there a shifting of chromatin within the chromo­
:somes, or between non-homologous chromosomes, which would greatly 
affect the arrangement of genes without altering them in a quantitative 
way, and would this be sufficient to account for new species and the 
·evolution of new forms 1 
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.About a year ago I began a study of the chromosomes of the mouse­
with the idea in mind of throwing some light on one or more of the 
questions just propounded or of attempting to answer others which 
would arise as the work proceeded. 

Numerous investigators have already worked on the mouse but their· 
efforts have been confined almost entirely to spermatogenesis, although 
a few have attempted a study of oogenesis. The haploid chromosome 
number reported has varied all the way from 12 to 20 and no diploid 
count was made until 1926 when Cox reported the number as 40. 

During the past "few months I have studied spermatogenesis rather 
thoroughly and have made considerable progress with a study of the· 
somatic chromosomes as found in the mouse embryos. .As soon as this. 
is completed I hope to include oogenesis ana then make comparisons 
between the three tissues. 

I have been able to count forty chromosomes in several spermata-­
gonial cells and this number coincides with that reported by Cox and 
Painter. These are rather short, heavy rods and in only the longer ones. 
is there any bending or hooking and even in these it is not pronounced. 
When an alignment was made twenty pairs were distinguishable; in 
nineteen of these the elements of each were practically identical, but the 
twentieth consisted of a long rod and a very short one. The long one is. 
evidently the X-chromosome and the short one the Y-chromosome. The 
forty chromosomes then consist of nineteen plus an X, which came from. 
the female parent, and nineteen plus a Y which came from the male 
parent. The X-Y combination, in mammals, results in a male. Later 
on from· a study of the ovary we expect to demonstrate the presence of 
the 2X combination, with the absence of the Y, resulting in a female. It 
is generally accepted that the X and Y-chromosomes are the main agents 
in sex determination, although the work of other investigators, particu-­
larly that of Riddle, has thrown some physiological monkey wrenches 
into the machinations of the theory. 

ln the primary spermatocytes twenty elements have been counted in 
cell after cell; these elements are seen to be double and resemble some­
what an enlarged diplococcic bacterium. One of these diplococci is made 
up of a large half and a small one, and here again is undoubtedly the 
X-Y combination. 

If we are correct in our assumption we should expect to find, in the 
division of the first spermatocyte, the large element, or X-chromosome, 
going into one of the secondary spermatocytes, and the smaller one, the 
Y, going into the other; and this is exactly what we do find. In other 
words in half of the sperms ultimately to be formed there will be an X 
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:ancl in th other half t here will be a Y. The morphology and behavior 
-of the ex chromosome of the mouse, then, i . imilar to that described 
by P aint r for othel' mammals, including man. 

Previ us inve ti<l'ators have been unable t locate many secondary 
:spermatocytes. Only two counts were made by Cox. I have found sev­
eral that could be drawn without difficulty and all of them contained 
twenty chromosomes. In two of these there was an odd-shaped, elon­
gated chromosome. With only this amount of material I hesitate to 
·conclude that this is the X-chromosome. 

In the embryos figures occur abundantly everywhere. They are most 
numerous in the nervous tissues where an unusual amount of activity is 
taking place in those cells lining the ventricles of the brain and the spinal 
canal. However a surprising number of metaphase plates may be found 
in the connective tissues and the blood cells. .As a matter of fact the 
most remarkable feature noted up to the present is the extremely large 
number of cells undergoing division in every part of the embryo. The 
possibility of making diploid counts here as compared with the sperma­
tagonia is much greater. There is a wide variation in the size of the 
chromosomes in the different tissues. Blood cells are the largest and 
they contain the largest chromosomes; the cells of the connective tissues 
.are smaller and the chromosomes are correspondingly smaller ; and nerve 
cells are smaller still with a resultant diminution in size of the chromo­
.somes. There has been no satisfactory explanatio~ for this. Enough 
work has been done to convince me that the reduction or increase in size 
.occurs equally in all the chromosomes. 

ADJUSTMENT OF ACADEMY ORGANIZATION 
TO GROvVTH 

BY D. s. HARTLINE 

Bloomsburg State Teache1·s College 

My Fellow .Academicians : 

Please let me again express to you my very cordial thanks for the 
{)pportunity for study and service you gave in honoring me with the 
Presidency of this .Academy. 

The complete surprise, and the happy contacts that I could not other­
wise have experienced, are particularly gratifying to me. 

.As expression of my keen appreciation I would like in this presiden­
tial address to share with you: some of the results of some of my studies 
made in the hope of contributing something towards preparing the way 
for the .Academy to take a next step in the course of its normal growth. 
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You will recall that the medallion stamped on the "Reports of the 
Smithsonian Institution" bears the motto, "For the Increase and Dif­
fusion of Knowledge among Men.'' 

You will place alongside of this the words from our own Academy 
Constitution Article 1, Sec. 11, ''The object of the Academy shall be 
scientific research and the diffusion of knowledge concerning the various 
departments of science.'' 

In furtherance of this diffusion of knowledge, to make sure that this 
one of its prime objects shall be a·ccomplished, the Academy has made 
itself peripatetic. And at all the places to which I have gone with the 
Academy for its meetings, I have seen a nice company of laymen who 
listened with keen interest, and with enthusiasm expressed satisfaction 
over having had opportunity to learn of what was being done. Further, 
in each case the membership from that community was materially in­
creased because the Academy came there. At Bloomsburg, last Easter, 
ten new members were added to the body. From this point of view then 
is "diffusion "-by increasing membership to share our findings with us. 

That there is ''increase in knowledge'' is increasingly evident from 
the number, variety, and quality of papers, always announcing some new 
findings. 

A more detailed consideration of these two phases of our activities 
may lead us into thinking that will bring us clearly to a next step. 

The science of education has long been talked about. We have come 
along with it at about the same rate and in much the same way we did 
in the organization of all other branches of science. The digging out of 
new raw material has gone on apace; its value, and its organization into 
a scheme embodying other values that will make it a tool, and thence 
systems of tools, for working out larger values for greater living, has. 
gone about as fast as we go. But for so vast a thing it is only a begin­
ning. All our institutions are outgrowths of it, and therefore, inter­
ested in further growth, and in other growths, from it, even before it 
has become truly a science, and while it is being slowly shaped into a 
true science. The work of such men as Socrates, Froebel, Herbert 
Spencer, G. Stanley Hall, and the great host of eager, achieving con­
temporaries, has only made it evident that here is a vast store of raw 
material that needs to be worked over for the "increase of learning." 

It bothers us whose special business it is to provide for the "diffusion 
of knowledge" and whatever goes with it-that is, it perplexes us teach­
ers in the schools organized for carrying on the fundamental processes 
of education, to learn from the laity, our clientele, that we are not doing 
the thing right! That we are loading down the child with adult knowl-
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edge till childhood is at the point of being crushed! That our schools 
attempt to teach the children everything that the adult knows as fast 
as he learns it and so are wiping out childhood's dreamy wanderings 
through the recapitulation of racial experiences, extending to us from 
the Dawn of Earth life, worked from the same urges, by the same powers 
and qualities that characterize our present goings, doings and winnings, 
but of proportions fitting the child. And we are urged to shape-up a 
school-education program that will give child's education at child's age 
and a program that will lead rationally into adult learnings, thinkings, 
knowings and behaviors, in adult life. By trying to do both in the 
period of childhood we are doing neither well and carrying on hurtful, 
not helpful processes, and fooling them and ourselves, partly, into think­
ing they are getting fitting education when they are only doing not­
understood stunts, and only getting diplomas and degrees, and education 
not at all. 

Do we teachers know so little about the nature of knowledge, of the 
process of learning, and of the reaction of the developing the growing 
mind to these~ Shall we have some research into this~ Shall we push 
ahead with new motives, greater powers, finer equipment for further 
studies into the old inquiry-'' What knowledge is of most worth~'' 
When is it~ How teach it so that the worth will be evident~ 

We have just passed through a great World War. Have not we 
taught for lo! these many years ''Peace on Earth, good will to men''~ 

We are still in a business and industrial depression. Lots to do but 
willing workers unemployed, bins and granaries filled to bursting, but 
anxiety, starvation, bread lines, and dole! What is education for~ 

We are not yet through a period of severe drouth. So are we still 
destroying forests! Can't we learn and teach the relations between 
forest and water supply so that learning, knowing, will determine con­
duct~ So that we will quit praying for rain to an offended God who is 
punishing us by withholding, but appeasing His wrath first by ''praising 
Him''~ 

Can we handle the teaching-learning process so that the adult will 
want to continue learning what he couldn't learn in youth, and this 
without the bribery of degrees~ 

prominent and highly sttcc ful Nature writer, a ]Jrince of story 
t _Iers, a teach r , tells · h.i on him. elf. He had a little niece who pleaded 
~VJth t. n ·I to t ll her a ory. "Yes Mollie." Tl1e little lassie climbed 
ruto hJ,_ lop 11nd b · proceeded. 'l'he teaching-learning proc with adult 
and clnkl ·t · ctor Tl · £ h . ' ' s was on . 1e gr1p o t e tory drew 1n ttl\'11 a laun-h 
8 shudd r a cry of l'elie£, a ob of pity, a shout of exultation. She ;at 
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awhile in thoughtful silence, then jumped from his lap and started to 
va~k away. 

" ifolli didu t you enjoy the story?" " yes, U.ncle! But, Uncle, 
please don't put the story into your book.'' "Why not, Mollie?" "If 
you do ''' e will have to study it in school and that will spoil it all.'' 

s the1·e . ometbing w1·ong with teach r , teaching ch ol . j)!fiO'ht we 
investigate eff cts of teacher-leal'lling on the lev loping mind V Modes 
.0£ pr sentat.ion y What's the matter with teacher., schools scuool-books 9 

1. o with the pupil, an.d U1 environment from which he comes, and th 
.heredity with whi h he comes What i learning for 7 

The aO'e-olcl tend ncy to humanize animal , plants, tar. thiu"' en­
-erally, animate and inanimate, bl'OU<>'ht on, among other , the int re tiuoo 
.contro"ersy -..igorous1y waged on the one side by tb pl·ot stant, Jolm 
Btu·l.·on"'h , power.fully baclted up by our '"!'eddy" Roo velt, theu. 
Presid t , and other ; and on the other ide, by the defendants, inners, 
v'\ m. J. Long E. 'l'homp ·o11,- ton, . '. . Roberts, and other.. It wa 
brought to high tide in the very int re ting and highly useful books by 
J ame Harvey Robinson, "Mind iu tll iaking " "Humauizing Kno,~l­
·edge," and it now bear at floocl, Well ' ' utline of History,' Van Loou'. 
11 The 'tory of Mankind, ' "l'he tory o:f the Bible, " Durants "The 
Story of Philosophy,'' Dor y ''Why ~ e Behave Like Hrunau Being. ,'' 
.and a host of others. And it has gone tlu·ough the stages, humanizing, 
p~pula:rizing, vulgarizing, and maybe others. Said either way is up or 
down according to your own outlook upon the matter. You will recall 
that R. T. Hance in his presidential address last year, in happy vein, 
aud none the less effectively, set before the body the fact that the Acad­
-emy has some work on its hands if it means certainly to come to complete 
.success in fullil1ing its second object, "cliffu:ion of kuowl lge." 

When you see keen, alert men and women drow iug through the 
1·eading of one paper, an exceedingly interesting one, and in the very 
.next, mayhap not so intere ting, the ame 1 eople following with ab orb­
ing charmed attention, plea d, active interest, and jumping at the 
chance for exp1·ession ~hen li cu ·, iou is called for; when you hear 
Academy n1embers say they lost time itting tlu·ough a pape1· b cause 
't wa so technical that they could not understand, but did it through 
because of waiting for the next, since that was in their field and they 
knew they could understand; when the lay members and g·uests say that 
they were much interested in some paper because they could understand 
and not in others because the language was beyond them, then it is clear 
that the "diffusiou" .is not very thorough, and it may be that the Acad­
emy has some work to do in the way of appropriate change. 
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f tl'lis is tru of t11e cademy as m1 ducationul iru titution, it is till 
mo ·e likely t be tru of the in titutions in the :fi ld of ]n~blic duc~tion. 

B t it is to be . aid for both the caclemy and the chool that ·c1ence 
ha i":s p cial la.un-uag :for the -very definite pmpo e of expre sing 

tely Couveni ntlv xactly ·what th t ·m ·were made to hold. It acmna. , ·J ' • 

mukc ·word that · mlong to the w rk r 111 allOtll · fi ld, but th y 
:ay very conve1'li n and concis . for th . pec)ali t that t1 ld: T~an -
1 ion into p pular 1?10guan-e m1 ~ht not nly take w rl;: and tune from 
t~ p eciaJist that l1e an ill afford to "'ive but ne~e · itate muddlin_"' 
lu· ugh a lot of v rb ity r chatt r that would 11ot m the end make 1t 

al ar. hysics math matic chemi try, and all oth r w U or"'a1:rized 
sci uce 1n· r plete with illustrations. glauc at som w 11-worn tool , 
"rr " "1021, ' "Eozoon, ' "JJhotosynthe. i " will malt the point •1 ar. 
Ein tein'. quation, xpr ssing 'the basic law of the uu:i:v r. ,"brought 
ba k to Am rica. vrith loucl a claim from a "4000 mile journey" to the 
'Worlds r at. t 'l'hiuk r, may b a little more dt1bi u to mot of u . 

For the work of diffustion this may be a fruitful field of study, offer­
ing many problems, material for many papers and discussious for some 
Academy members whose work is especially in the field of public educa­
tion. 

Since every well orgauized science has its own body of technical 
terms, such work may well contribute both to bringing education to such 
scientific organization and to ''diffusion of knowledge.'' 

But the most needed work, to get the various phases of science to 
function in public education as they should in a scieutific age, when 
more and more '' scieuce'' is ''remaking the world,'' to borrow Slosson 's 
phrase, is the selection of well co-ordinated material for the purposes of 
education; material that is fundamental, that (1) comes within the 
category of knowledge possessed by the educated, (2) that leuds itself 
well to the right educational procedure at the various development levels 
aud (3) will be seen and understood as being fit, as having its own place 
at its right level of educational experience and achievement. This selec­
tiou of science material for educational service has not very generally, 
in our set-up for educational functioning, been made by science workers. 

Science men aud women have not shown sufficient interest or have had 
no chance. The selection of science subject-matter for educational service 
has been too frequently made by those whose chief concern was expedi­
ency, or collateral interests. The educational needs of the candidates 
for education and the teaching-learning qualities of the subject-matter 
have been too much subordinated. In my view the role played by scieuce 
in public education is quite chaotic, quite unscientific, because misplaced 
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in the curriculum and mishandled in the application. This is a fruitful 
field for study and discussion in such an institution as this. This body 
cannot determine, but it can study, help furnish the matter, and a group 
of its members point the way of application to this great opportunity 
for ''diffusion among men.'' 

While this address was in preparation and practically finished, I 
read my copy of the weekly journal Science, the official organ of the 
A. A. A. S. I came upon the annual address of Vice-President Riley, 
Chairman of Section F-Zoology, of the Association, and professor of 
zoology in the University of Minnesota. Its title is "Some Present-Day 
Problems of Zoology Teaching.'' Many of you, no doubt heard it. I 
wish I had been so fortunate. Since I was not, I am glad for the oppor­
tunity to read it. In the introductory part of this trenchant survey of 
the situation Prof. Riley says : ''There is another aspect which is a very 
live problem in educational work, but which we are inclined to give cant 
attention. I refer to the ever-growing cornplaint regarding the teaching 
of the sciences." 

This is the triple A of S. ! Since the facts are as they are, I am glad 
it came from there and was encouraged to go on, for I frankly confess 
that I felt the same temerity about giving this study before this body 
that he confesses. The weakness is wide-spread-general. It is an 
encouraging sign to have the thing widely recognized. 

Science teaching, rightly done, is necessarily expensive. \Vrongly 
done, as is too often the case, it is yet more expensive because so near a 
total loss. 

Possibilities considered, there is just cause for complaint. There is 
a large measure of fairness in the feeling of disappointment with our 
science teaching-learning courses. 

We make too few scientists and too few appreciative scientific learn­
ers. I do not mean only specialists constantly increasing the vast out­
put of scientific lore. I mean, as well, intelligent users of the output, 
who can apply it to life appreciatively, with understanding and the an l' 

philosophy and the sheer joy that attends such use. 
Our ''diffusion'' seems faulty, not so thoroughgoing and far-reachhl"' 

as it should be-may be not so much because the substance wanted is not 
there as because we do not put it up in available form. 

The story of the farmer's experience may make the point clear. 
The close of day, the hour of feeding the stock, the time for checl<­

ing up-
'' Rastus, did you feed the horses?'' '' Y as, Sah ! '' ''What did yon 

feed 'em?" "Hay." "Did you feed the cows ~" "Yas, sah!" 
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, ' ' 
1
at di 1 you feed them ? ' ''Hay. '' ''Did you eed the cluck ? ' 

" 1.1 sah 1 R , ah." "V\ hat did you feed th m Y" ' Hay." 
, Jia;l . nd did til y at it ?" "Well no sah! Not 'zackly, .ab! 
But d y wa . talldn nbout i wh n I. lef '." 

Food ·tuff all right, but n t avrulable. 
Th au. f non-availability, viz. : non- ·uitabili y of :ub tance and 

incomp ·chen ·ibility, of form for the duck of xpre · ion for u . No 

wond r there is quacldn ! 
But ao-ain, tlHH' i a happ a pect. 
Withjn th month ther wa handed to m a quit voluminou paper 

that cam £r m our tate D pal'tment of Publi I11strnc.tion with the 
request that xamine and a from my point of view. t outli.n a 
con ·se . .iu lementary .·ciencc r th public. sc.h ol. thr ugl10ut the rades 
from kindergarten to high school. 

It was a thoroughgoing work, superlatively well-done. In each grade 
the child's background and' present level capacities and limitations were 
carefully considered. The material selected was chosen with instruction 
for regard to the child's environment, widely differing in so large an 
area as our State. Seasonal considerations were provided for. Articu­
lation with attainments in previous courses and provision in procedure 
for the same with wprk on the next level: Correlations with other activi­
ties; meanings, outlooks, reviews and previews;· all these and more are 
carefully planned, and instructions provided so that each teacher who 
knows, with adequate program opportunity, and an honest determina­
tion to be square with her job, can do her part towards getting her grade 
equipped for the next step in the onward march towards and through 
the adventurous adolescent high school times. With proper teaching and 
handling here, there ought to be capacity, and demand for opportunity, 
for college level work that will make the scientists we have in mind. 

And an encouraging feature is the use made by the department, of 
the scientists, also in State service, and their apt response in right selec­
tion and treatment of subject-matter from . their fields for this educa­
tional purpose. And all those scientists are Academy members-Gress, 
Ashley, Stone, Illick, McCubbin, Stewart, Surface, and likely others. 

The Academy then is already not only set for, but in the process of 
taking this step. The thing, then, that the Academy needs to provide is 
adaptation of organization and extension of the work into other fields. 

.With things moving forward in this way another aspect looms up, 
which .also may have its encouraging features. The New York Times 
magazme for Sunday, September 7, 1930, prints the response of Sir 
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Arthur Keith to the question put to him by the Times, "Should science 
take a holiday 1 '' 

And this is followed in the issue of Sunday, October 5, by a reply to 
Keith by G. K. Chesterton, which is headed as ''A plea that science 
now halt." 

This, of course, comes on the heels of such thinking and talk as is 
frequently and generally indulged in, when we reflect on the rapidity 
with which we move from one great achievement to another. Large 
numbers have not had time to get familiar with this use of a learning, 
an achievement, a machine, a process, before it is antiquated, scrapped 
by the faster moving. Slosson, in his inimitable popularizing of science 
in "Creative Chemistry," pointed out that there is a rapidly accumulat­
ing mass of knowledge that >ve have not yet adj-qsted to life. We all 
know better than we do ; we all know more than we use. 

The bishop who suggested that science take a holiday till the world 
catches up had, of course, fallen far back in the rear and despaired of 
catching up, because science was not lingering for the laggard to catch 
up, but on the contrary, was ''speeding up.'' But we know he had lots 
of company and he offered it as a joke. 

Gentlemen, we are too busy. We l1ave too much to do. We can't 
afford to take a holiday. We don't want to. Here is our program: 

Three fields of endeavor for a group of Academy workers from the 
Teachers ' Colleges and University Schools of Education, interested 
chiefly in the service to be done by science, through one of its subdivi­
sions, to public education, viz., the school, are suggested: 

1. Study of education itself for the sake of making' contributions to 
its development as a science. Its substance; the processes, activities, 
tools, by which we come to a knowledge of it; the inheritance attitudes 
involved; the behavior changes and underlying philosophy acquired· the 
background, the environment, the ability, the development levels with 
changing tastes, prejudices-these are suggestions of the nature of the 
subject-matter for study by such a group. 

2. Study of the matter to be selected from the science field for con­
tribution to public education; substance at all times of use as educational 
material, fitted to the development levels, coordinated with the in re t 
and capacities of that level. 

3. Study of procedure in teaching-learning with fit treatment of 
learner and material of learning, so that this material, right, in this en , 
shall be well appropriated and play its part with other learnings to make 
the individual ready for the next step. 

To make provision for the functioning of such a group of the Acad­
emy membership without meeting-time modifications, or limitin..,. time 
for reading and discussing the growing number of papers on studie in 
lines already set, it may be desirable to organize a section and this may 
lead not so much to reorganization of the set plan of the Academy a 
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exteu ion .fit e tAblished form t? m~ke nece~sary adj~stment to normal 
growth. 'l'l e .form of the orgaruzat1on, as It now exists, seems to me 

in..,.uln.rl dir t impl and. fficient. It provides for spontaneity of 
action that limiuntes well mgh altogether the clatter of organization 
rna )lin ry. . 

It may b . t11at such xten 1011 can be brought about by providing for· 
th member hi} 'l·ouping it ·eli into the recognized subdivisions of the. 
ubj ct-matf·er f Ul' field of W?rk. 

oncrete tat '.lll nt may quiCkly and clearly put the matter before 
the body. 

Keep the object, constitution, officers, meeting-times, set-up as they 
are now. 

To get as directly as possible within time limits, into the studies of 
each individual's interests, the membership may group itself into sec­
tions: 

Sec. I. Physical Sciences : 

Physics 
Chemistry 

Sec. II. 
Botany 
Zoology 
Physiology 

Sec. III. 
Agriculture 
Political 
Geography 
Aviation 
Engineering 

Papers and discussions of this group in the fields : 
Geology Mathematics 
Astronomy Etc. 

Biological Sciences : 
Taxonomy 
Ontogeny 
Phylogeny 

Sociological Sciences : 
Education 
Heredity 
Industrial 
Commercial 
Travel & Exploration 

Ecology 
Evolution 

Etc. 

Weather 
Psychology 
Child Study 
Conservation 
Health- Personal 

Public 
and 

Maybe the first meeting of Easter Assembly should be a General Ses­
sion, with time sufficiently extended so that the general business can be 
tran ·a ted the ?ctiot~ located get;eral announcem nts ma le, and maybe 
the annual ~re 1d nt1al addre. 1ven, especially when it deal. with the 
g~neral w~iar. of the cad my, so th.at thi will have fair con ideration 
Wl hout dlye,rtmoo the thou l1t of the members from th.e studies for which 
th y p mally came together. 

E~ch ~ ction may elect i own presiding officer, wl1o hall, by virtue 
f tln oft1c . b a Vice Presid nt of the Academy. 

] rom thJ group of officer the President of the Academy may be 
elect d aunu~ly th7 Academy proc ecling by plan now in vogue, giving 

th usual constderat1on to geography, institutions and like factor ele-
m nts that n~ur in th e proc edi:ngs. ' 
. Tl~e m tings of the s veral ection may be held concurr ntly in 
too~ as co II actly grouped as meetiug place provides, or in neld or 
mu eum or laboratory, a natu1·e of tudy requires, and m mbers at all 
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times feel free to move from any group to another as his selection of 
studies demands. 

These are suggestions. Final determination of Academy's wishes 
can probably be arrived at by Committee chosen directly by Academy 
itself. 

NOCTURNAL ADAPTATIONS 
BY STANTON C. CRAWFORD 

Johnstown Center of the University of Pittsbu1·gh 

This study of adaptations to nocturnal l~fe exhibited by various ani­
mal groups is based on field studies made near Kartabo, Briti h Guiana, 
in the summer of 1924. The region is that of th junction o.f the Cuyuni 
and Mazaruni Rivers, 45 miles from the coa t. Th l\IIazaruni is a tribu­
tary of the Essequibo. 

More than twenty trips were made at night to record observations 
and collect specimens. All of the points visited are in the low tidewater 
area with the exception of Matope, 17 miles up the Cuyuni in the hills, 
and Upper Camaria, in rolling country at the head of a four-mile rapids 
in the same river, and about seven miles from Kartabo. All of the 
localities are in the rain forest area, but represent variously the condi­
tions of deep jungle, open clearing, tidewater shore, and islands in inland 
rapids. 

The observations were made in June, July and early August. 
Meteorological data were recorded for each trip. Temperature and 
humidity were remarkably constant during these months. Light (in­
cluding moonlight), fog, wind, rain and tide were the chief variables. 

Observations were made both by silent and by active hunting meth­
ods. Sometimes the observer remained quietly in one spot for everal 
hours, using artificial light only at intervals to identify animals heard. 
At other times a close-range search of bushes, tree trunks and ground 
was made with a flashlight for the detection of small forms. other 
valuable method was the systematic sweeping of the jungle foliage an~ 
forest floor at long range, with the flashlight held above the head, to get 
reflection from eyes. Regular visits were also made to the beach and 
other open sandy places, to straight-sided pits dug along the trails, and 
to fallen logs in the deep jungle. Log landing-places extending into the 
rivers were very profitable stations for recording the activity of animal 
with loud calls. These sounds echoed along the rivers for great dis­
tances. 

The animals observed represent 53 families of arthropods and 32 
families of vertebrates. Detailed notes on the nocturnal activity of 
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the e .,.1·oup. have been r port d lsewb re, ~ and limitation of time pre­
vents tJ1e.ir in ·lu :iou here. Iany of t11em will be mentioned a ·we di . 
cu t11e n·en ral adaptation. to nocturnal lif which they xhibit the 
•onditio11 of lif at nin·ht a11 :I tlt po ibl advantages of the nocturnal 
habit. 'fl1 li. t i of ·our. e not compl t , and I have ruled ut me 
anima tha ~1m to al'tifi iaJ li"'JJ an l that w r acci l ntally li. tm·bed 
.io other mann rs, fl . not bein truly noctnrnal form . . 

A. Possible Advantages of the Noctw·nal Habit. 
In considering the significance of activity of certain forms at night 

while the greater part of the animal world sleeps, there are certain 
probable advantages which may or may not be sufficient r easons for the 
adoption of the nocturnal habit. It would not be supposed that, except 
in the higher mammals, the night time is consciously chosen on account 
of any of these advantages. It might be considered, however, that these 
benefits associated with nocturnal activity were factors that in some way 
modified the ancestral stock of the present form, and made these various 
races nocturnal in habit. 

The most evident advantages of nocturnal life are: 

1. A voidance of natural enemies active in daylight. 
This seems a probable reason for activity at night in such animals 

as the harvestmen, spiders, millipedes, centipedes, crickets, roaches, 
beetles, moths, ants, amphibians, bats, rats and mice, and silk,y anteaters. 
It. even seems a ~ossible explanation in the case of forms such as walking 
sticks and mantlds, popularly supposed to be safeguarded by protective 
resemblance but which nevertheless would £orm part of the diet of 
diur~al enemie_s. There is greater safety at night for the feeding of 
herbivorous ammals, such as fruitbats, capybaras, agoutis, sloths, deer 
and tapir. 

2. Eas!er acquirement of the preferred food at night. 

. Tlus may be due to the invisibility of the hunter, the plentifulness at 
mght of the form sought as food, or the greater ease of detecting victims 
0~ other food by the sense of smell. Odors remain longer in the air at 
mght, due to greater humidity and relative absence of upward air cur­
rents. 

Forms such as the scorpions, tarantulas, pider gecko sluggish 
snakes, owls, goatsuckers, opossums, some bats raccoo~ and cats could 
be thought of as t' f h ' ' · 

ac IVe or t ese reasons. Also ome cavengers, such as 

mals "o;r~~~J'~~·d, :anton. ?·• Adapta tions to no turnal life exhibited by various ani­
. •t tl~b. maua, wtth special reference to the anatomical bn is of night vision 
m •Je Alll[>htbllt a nd J>ept'l' PhD · . . ' l 1a. . . Thesis, Um vers1ty of Pittsburgh, 1926. 
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beetles and armadillos, may be able to seek food with more ease at night, 
due to better conditions for the use of the olfactory sense. 

3. Avoidance of evaporation from the body surface. . 
The atmosphere is at night as a rule cooler and damper t~an m the 

daytime. Animals that from the nature of their. extern~l ~overmg would 
suffer from excessive evaporation through daytime activity, and would 
conceivably benefit from the nocturnal habit, are Peripattts, Collembola, 

termites, toads and treefrogs. 

4. Easier communication at night. 
Sounds produced have less competition, odors .travel farther and are 

apparently stronger in the damp air. Photogemc organs are of value 
at night, and not at all by day. H ere might be ~entio~ed the fireflies, 
moths, mosquitoes, frogs, treefrogs, caymen, solitary birds, opossums, 

raccoons and porcupines. 
Some forms seem to benefit in two or three of these ways from n_oc-

turnal activity; some appear but once in the lists. In any one sp~c1es, 
the reasons applicable can only be conjectured. Not all of the ammals 
active at night can be seriously placed under any he~ding. Thus t~e 
fact that the longhorn grasshoppers are in some species nocturnal, m 

me diurnal while practically all are apparently protectively colored, 
so ' · Al . h and all face the same conditions, is difficult to explam. ong. wlt 
almost any form active at night for any apparent reason, can be fo1.md 
a closely related form not active at night yet exposed to the same con­
ditions. 'fhe problem is hence a very complex one. 

B. Adaptations to Nochtrnal Life. . 
When we seek to determine the adaptations exhibited by forms active 

at night we encounter again much uncertainty. Such differences in 
sense organs as exist between nocturnal and diurnal forms of close rela 
tionship are differences of degree rather thap. of kind. There are a ~ w 
definite adaptations in the way of light, sound and scent production. 
Nevertheless, with the possible exceptions of phosphorescence and some 
adaptations of vision, there is observed no modification which might not 
be fully as useful by day as by night. Our feeling is that th~ e:J>:~r me 
development of some of these specializations of form and functwn IS not 
so necessary by day as by night. The species studied might be capab~e 
of successful nocturnal existence without any or all of the unusual modi­
fications which they exhibit. The crucial point of development of eacl1 
sense necessary for the successful nocturnal activity of each animal 
would be very difficult to determine, especially since the senses are not 
employed singly so often as collectively. 
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It would be difficult to tabulate in exactly certain order the relative 
usefulness of the various senses at night. The sense of smell is probably 
of greatest importance, and that of sight might be named last, but this 
arrangement would be questioned. It must be remembered that our 
ideas in regard to the sensations of other animals, of invertebra,tes cer­
tainly, are only inferences from our own sensory experiences, and hence 
doubtless often inadequate and erroneous. 

1. The Sense of Smell. 
This sense has at least four uses at night : 

(a) Congregating of individuals of the same species, and trail follow­
ing. 

Invertebrates employing the sense for these purposes include moths, 
termites and ants. Vertebrates that could be named in this connection 
are opossums, raccoons, cats, porcupines, armadillos, deer. 

(b) Sex attraction, by means of "alluring glands." 
Scorpions, moths, beetles, roaches, walking sticks, and, among the 

vertebrates, caymen and peccaries would come in this category. 

(c) Location of food. 
Animals in which this is an important use of the sense are PeTipahts, 

millipedes, beetles, moths, mosquitos, ants, bats, armadillos and raccoons. 
(d) Detection of enemies and friends. 

This is apparently an important use of the sense in such vertebrate 
forms as deer and tapir, such invertebrate groups as the ants and ter­
mites, and doubtless in many other insects. 

2. 'l'h ' n · of Ta t (clo ely a ociated with the olfactory n e) . 
mong the lllV ' l'tebrates t he or.,. an OI ta. -te at• clifficu)t to Certainly 

mon trat . In the oleoptera Dipt ·a and Hymenoptera t11e en e 
u ·nally keen. Probably it i vel'Y gen rally devel peel throurrl10ut the 

groups of n n-aqu11tic inver brate . Jo .·p cial1·efiMment of this en 
would b xpec d in nocturnal animal beyond the condition. found 
nn:on~ t il ~· daytim relative . Perhaps our idea n tbj · point do not 
come1de w1tJ1 tile actual situation, however ince the e11 i !> much 
mor highly l vcloped among many invert brate tbau in ur elve and 
JHmce perhaps much mor ignificant in their llv than in ur . 

rhaps th n ly pos 'ble di tinction b t we n the enses of mell ana 
ta te i tha i£ th nsory end or an actually com ju cot1tac:t with th 
ood they Ul'C c 11 id r d gustatory; i£ they do not, hey at· con id r cl 

ol:factory. oth f these senses, when r esident in antellllal tructures 
are clo. el a ·o ·iatcd with that o£ touch, next to be eli cu eel. 'l' l1CI' 
wotud th11 · b a coutact-oclor s n e of simple, unified character. 



3. Th use of Touch. 
rgans of touch 1u·e of value at uiO'ht in moving about, in iJ1 p ctin r 

food or oth · obj ct · ncounter d, and in perceiving- vibration thi la ·t 
:faculty pa '. ing into that o£ l1em·ing. 

ln the vert b1·at · a i le .fr m the genera l . n itivity of the skin, we 
.fin 1 ·uch sp cial developments a th vibri ae of rodent imd variou' 
oth l' man mal the delicate muzzle of the deer and th ·v ry delicate 
organ on he no ·e and wing f the bat . All of th se tructures ar 
devices for stimulating 11 1·ve t rminatiou . Amo11g the :invertebrates 
many d licate and elaborat d vice. .for timulating nd orgm1 are 
.found. 
4. The 'en e of H ari "' ~wd 'ounl Pl' duction. 

'rhe · u ·e of hearjn"' is closely allied to that of touch particularly 
am011g th inv 1-t bra . . o1md production and rec ptiou i. all impor­
tau m an.· of comm1mication b tween member of th same species at 
night, and is imp rtant in th. i tection of approaching en nries or vic­
tim , a · the case may b . ' nnd-makint' t· · to fright n away 
en mie ·, o wm·n other o£ their approach to attrac and woo ~nate · , and 
t commuuicat' g ueral information. 

Karb1bo animal· appa1· ntly d p n ling at l a t irl part on this en e 
for commuuication at night include gra sboppers, ricket , cicadas 
moth , m . q·uitoes, mutillid , ant , toad .frog,, tr ef1·og ·, caym n, 
ooecko., iJ1amal"t , owl. ·, goatsuckers, bat , and red howle.t· monkey . 

It must be r melnb r cl t hat ther are many sounds produc d an 1 
J1 eard by other animal · that we cannot h ar becau e of their b ing too 
hig h or too low in pitch. 'l'h.i :i c t:taiuly t1.·ue f th insects. Many 
in · sti11g devices for both sound p1·oduction and s und 1· ception are 
found in the uoctm·nal animals studied. 

5. Light Production and the Sen e of ight. 
noug Kartabo forlUS, light is pr dnced by the fir flies and elater 

and their larva . 'fhe light may differ in color and quantity in different 
pecie o.t· at d:itf rent tinte or on differ nt parts of the same animal 
ossibly some animal may prodnee a form of light not visible to man 

but capable o stimulating the eyes of ome other animal . 
Light production has om time been con icler tl a ·imply a by­

product of metabolism, but the phenomenon that has b en oft n observed, 
of the ·ynchrouou fla hil1g o£ the fu·eflie in a given a:rea, iuclicates that 
the liooht produced by one i p erceived by oth r individuals, and that 
they are influenced by it. 'l'he flashing of fireflies has al o b eu observed 
to l1ave a part in ·ex attraction. 
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The influence of light is apparent in most animal forms. Diurnal 
insects accustomed to sleep at night are less active or quiescent on cloudy 
days. Conversely, nocturnal forms shun the light. Moonlight tends to 
enliven d~urnal forms at ~i~ht to some exte~t. Thus we have the calling 
of day birds and the voiCmg of some primarily daytime mammals at 
night. The phenomenon of phototropism is quite familiar. 

The opportunity for the employment of the sense of sight at night is 
quite limited compared to its daytime importance. However , some ani­
mals can apparently_ see quite well, even when there is no moon. That 
eyes are subject to adaptation is eloquently t estified by the fact that cave 
animals I1ave degenerate eyes or are eyeless . 

In this discussion ·we will disregard the possible occurrence in the 
forms studied o~ light-sensitive cells other than those in eyes, and will 
speak only of visual cells that are grouped into eye structures. The 
several types are as follows: 

(a) Ocelli, or similar structures, of invertebrates. 
Beneath a simple polished lens is a vitreous bodv and retina 1 

'tl fib . " ' a ong w: 1 nerve ers, pigmented hypodermis cells, and accessory cells. The 
pigment cells here may serve to isolate visual cells in much tl 
f h . . 1e same 
as IOn as will be described for the compound eyes A fl t' t . re ec mg ape-
t~m may or .may not ~ack up ~h~ ocelli. Arthropoda depending on this 
lnnd of eye mclude spiders, milhpedes, centipedes and collembola. 
(b) Compound eyes, of invertebrates. 

Beneath each of the many facets in these eyes is an ommat'd ' 
· t' b · I IUm, con-

~I~ mg es1~es the cornea of lens, rhabdom and r etinula, pigment (both 
ll'l~ and ~·etmal), fenestrate membrane, and fibers of the optic ner I 
bright light the pigme~t cells elongate around the ommatidiu:~· an~ 
a~s~rb the excess of hght. In dim light they shorten absorbin . a 
mmimum am?unt of light, and permitting a maximum a~ount of i; to 
~each the retmal cells. On account of the withdrawal of pio·ment the 
lntage ·orm d b ni"'ht e·vc · • b bl . o ' 
b . . • lS PlO a Y superimposed to some extent 

mg remfotced by adjac nt ommatidia · that f d · . ' 
me e.· are fix d as d , . ' . o ay eyes IS mosmc. 

' 
'th l'ttl . ay y , Wlth much pigment. some as niO'ht eyes 

VJ J • c Pl"'lll ll t. lJ1e ..,,. bl f . ' 0 ' 
OJUS , • ' _ n. ... e capa e o the adJustment described. 

llavin "~c.l, lla . de. cnbed tb. clivided compound eyes of mayflies as 
Th ~. "'~ 1 ~ts i one o.f which is a day-eye, and the other a night-eye. 
in the sizp~:ft~l~e £~~e~s a~ eye C<~ be r eadily distinguished by a difference 
b i1lg comr d :f the pol'tlOn of tile eye that functions as a day-eye 
ment in tl s ~ much mallel· facets . . . the distribution of the pig­
day-eyes ; '~~ifea~heco~os~d of smaller facets is that characteristic of 
produce a s . P ? the eye composed of larger facets is fitted to 

uperimposed Image.'' 
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(c) ertebrate Eyes. 
The well known vertebrate eye needs no desc-ription of its general 

anatomy. Retinal rods the mechanism of vision in dim light, aJ:e the 
only visual cells found iu the eyes of some nocturnal geckos. Cones, the 
probabl trnctnral basis of both bright vision and color rec ption, are 
apparently the only visual cells in the eyes of ome diurnal lizard . 
Other forms po sess both rod and cones. 

'l'he phenomenon o£ pigment migration in cell of tl1e epithelial layer 
of the retina occurs commonly in vertebrate ey s. 'l'his may b accom_.. 
panied by complementary changes in length of rods or cone . n dark­
ues the pigment m ve back and 1 aves the :pace between the vi ual 
cells clea ·. ·Due to r efraction and dilfusiou, the effect of dim light i 
greater when the -visual cells are not covered by pigment. 

A. r fleeting tapetum may or may not back up tb retina. When it 
occUl' , the eye are observed to glow at night, a in piders, moth , goat­
sucker , opo . um , kinlrajou. and the various cats. 'l'he s11pp sed func­
tion of the tapetum i to increa e the eff ct of. faint ilhunination, tb.e 
light being cau ·ed to pa. tlll'ough the r etina a s cond time in being 
r fleeted. 'rhe structm·c of the tapetum vari greatly in different 
animals. 
C. Summary. 

(1) The adaptations to nocturnal life are chiefly the unusual refine­
ments of one or more of the senses. These are differences of degree 
rather than of kind and are difficult of analysis. 

(2) With the possible exceptions of phosphorescence and some adap­
tations of vision, there is observed no modification that might not be fully 
as useful by day as by night. 

(3) Eyes present more definite anatomical adaptations for nocturnal 
use than do any other sense organs. .Among invertebrates these include 
the division of the eye into two parts, each with characteristic structure, 
one of which is for nocturnal vision; pigment migration; and the pres­
ence of a reflecting tapetum. 

( 4) Keenness of vision at night among the vertebrates depend 
anatomically on the possession of a rod-rich retina, on pigment with­
drawal and rod shortening, and often on the presence of a light-reflecting 
tapetum, by means of which the rods are doubly stimulated. 
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FOSSILS AND FOSSILIZATION 
BY BRADFORD WILLARD 

Pennsylvania Topographic and Geologic Survey 
and 

PEMBERTON L. KILLEEN 

B1·own University 

Abstract 

Fossils are of man sorts depen ling upon the original cllaracter of 
l1 e organism , postmo1'tem changes, and the type of uclo ing medium. 

This paper tabuJate these factors and attempts to clas ify fossils and 
methods of fossilization as a guide for the tud nt of paleontolog·y. 

INTRODUCTION 

A fossil is any evidence of past life on the earth. Past life is here 
interpreted as meaning prehistoric life. 1 

Fossilization takes place according to several processes, involves both 
plants and animals, and produces various types of fossils according to­
(1) the original character of the organism, (2) the enclosing medium, 
and ( 3) postmortem chang·es in the remains. 'rwo basic requisites are 
usual for fossilization of organic remains; first, the presence of hard 
parts; second, burial in a protective medium soon after death. Rarely, 
soft parts fossilize, and occasionally there is preservation without burial. 
Interments occur in sediments accumulating on land and in bodies of 
fresh or salt water. The degree of excellence of preservation varies 
according to : 

1. The durability of the remains 
2. The environment at the time of death 
3. Posthumous events 

Posthumous changes in the chemical and physical compositions of the 
remains are common, varying from almost imperceptible alterations to 
complete destruction. These changes are due to movements in the sur­
rounding medium, the influence of heat and pressure, and solutions. 
Movements of the enclosing substance distort the shape of the organisms. 
Heat and pressure may be associated with such movements or be inde­
pendent of them. The solutions may be cold, percolating water carry­
ing dissolved carbon dioxide or other solvents, or hot solutions. These 
solutions not only dissolve, but they may also deposit mineral matter in 
place of the removed remains. 

Some fossils are neither parts of the original organisms nor any sub­
stitution of material for such parts. They are evidences of the former 

1 Compare Field, R. M.: The use of the term fossil. Science, n. s., vol. LI, no. 
1330, pp. 634-635, June 25, 1920. 
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presence of organic beings which are usually the results of their life 
processes such as foot tracks, nests and the like. Beside the fossils 
noted there are found in the rocks objects called false- or pseudofossils 

' ' structures which bear resemblances to organic .forms, but have ·never 
had any connection with life. 

TAXONOMIC OuTLINE OF FossiLS AND FossiLIZATION 

Actual Remains Present 
FIRST DIVISION; SOFT PARTS PRESERVED 

I. Kinds: organs, tissues, skin, some vegetation, etc. 
II. Composition: varied and complex compounds, chiefly of the ele­

ments carbon, hydrogen, nitrogen, oxygen, phosphorus, and 
sulphur 

III. Methods of Preservation 
A. Refrigeration by enclosure in 

1. Ice and snow 
2. Frozen sediments 

B. Desiccation, unburied, in dry caves 
C. Burial in stiff clay 
D. Immersion in or saturation by fluids 

1. Antiseptic media 
2. Liquid hydrocarbons 
3. Gum and resin; may become amber 

SECOND DIVISION; HARD PARTS PRESERVED 

I. Kinds: bones, tee~h, tu~ks, antler dermal pl~1t and pin , cal s 
eg-g shells, hm_r, nails, claws bor!t · f athers endo kel tons, ex _ 
sk~letons, ossiCles, shells, zoo Cla, coraUa, rhab lo om tests, 
spicules, secretionary g-rowth , fru I' 1les, wo d, batk, leav 
some blossoms, seeds, cone , :;pore · some fL"uit o-um r u1 . 
etc. ' ' ' ' 

H. lllpositi n: . alcite arngonite, magnesium carbonate (in part 
only), alCJum 1 ho. phate, mag·nesium phosphate keratin collo-
phane, ga noin hiti11 opal, cellulose, etc. 2 ' ' 

III. lVI th ds of Pre ervation 
A. Burial in inorganic sediments 

1. Clastic materials transported by physical agents 
a. Gravel; may become cong-lomerate 
b. Sand; may become sandstone 
c. Mud, silt or clay; may become shale 
d. Calcareous mud or ooze; may become limestone 
e. Loess and dust 
f. Pyroclastics 

2'J'hc T 
b lD "'I .~. Olllpos~ 10118 and tho or soft parts also are taken largely from data 
Y . .., 11\lJI.Wolcl a• m " T t" s · 
a Jl_ roa Jse on ed1mentation'' by W. H. Twenhofel 1926 

nn .uom 'The Inorg · · ' ' 
and W C nme nstituollts of Marine Invertebrates" by F. W.· Clarke 

· · 'Wla clc.r, U. . Gcol. nn•ey, Prof. Paper 124, 1922. 



64. PI!l NSYL\'ANll\ .A ADEhlY 01" S IEN' '!!: 

g. Till an. 1 glaci.o-fi uviatil depo it ; may become 
tillite, breccia, con..,.lomerate, ' glom ~at.e," tc. 

11. Talus, cree, and land licle accunnuat10n.s; may 
becom brec ·ia, '' glomerat , ' tc. 

2. r on- ·la ti materials tJ.·an p rt 1 and deposited b iu­
orgauic phy i al and chemical a~~nt.· 

a. hemical precipitat · calcareou , s1h~ ous 
b. Ph. ical:rr ·cipita.t I)l'Oduc d by c_ooiino- or . vap­

ra ion a . talagmites, tufa spnng c1 po 1t 
B. Miri:ug- in clastic or non-clastic mat rials into whi h rgani ms 

ar oft n intro iu d aliv 
1. Quicltsaud b g , ·. 
2. J.Jiqtud hy lrocarbo11s "tar" pits, tc. 
3. 'tun and re in; may bee m ' amb 1: 

Enclo m·e by or •·n ni · . ubstan e 
1. Qrn-ani en ru.·tati n ' ; sh lly •rowtb. cm·alJ bryo-

zoan. tc. 
2. Enclosure o£ moll OL'"'alrisms in en t- ft empt sh ll . 
3. Burial h1 Qt'ga nic Jll' 'pibl . pr duccl b bactena, 

a1ga , etc. . . 
D. 'eg1·egation . CC\lmulations of or.,.rouc ~ >bn with 11 tic 

oreio-n mat rial 
1. Trnu. p rt d d p . it: £orn1cd lJy movin~>' nir, wate1· or 

ice 
a. Bone beds 
b. oquimt, om shell lim t n s, etc. 

2. n-tran. pOl' e :1 ·cept for act-ion o:f o'l'avity 
a. and ' a1·th ;' alcar· u or 

b. 
Act ·rw~ Remmins Ptw't'i<tlly o1· Ent·,irely bsent 

Ji'IR T DlVJSION i TJ~ O'l'U HE · AND TOOL , NO A T AL RE~tAI ' 

I. tructul'e : 
A. Ext rnal 

1. Ao·glnti.nation.' ; ar naceou . te ·t ·, tc. . . . 
2. Spoors. ynamic impr ·. 1011 left by livm"' or"'am ms 

a. 'rra k an 1 trails 
b. Burrows and tum1 Is 

. Root madcings and tube ma 1 by plants 
3. N ts gra e dolm n , etc. 
4. Imprint . tatic impre ions 1 ft wher organi m 

rested t mp l·tarily after d atll 
B. Int rnal 

1. oproUt s 
2. '11stroli tltS 

C. 1\IIiscellaneou 
1. ImJl m nts, to l weapons, webs, etc. 
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2. Objects of art; drawings, paintings, carvings, moldings, 
modelings, pottery, etc. . 

3. Pathological structures; wounds, .scars and lesions pro­
duced by enemies, parasites and disease 

SECOND DIVISION; ACTUAL REMAINS LARGELY ABSENT 

lwug cmd 'ub titutions 
Alterations. - ar ~ «U l ( r) oft parts more or le.: mpl t ly 

1 :t or chan :I tlll'ough m v ment £ surrounding 
meclhUll heat p1·essm-e and per olfltiug · lution 

1. benti •al alt tatiou . Lo . or ch mica] chan(J' of or­
ganic con titu nt 

a. Carbonization. Black residue; usually complete 
loss of minute structure 

b. Cha~cedo~ization .. Opal altered to chalcedony3 

c. CalCificatiOn. Residue from calcite-bearing, chiti­
nous arthropod exoskeletons after decay of 
chitin, etc. 

2. Physical alterations without loss of constituents 
a. Calcitation. Aragonite changed to calcite 

B. Pseudomorphs. Original substance and minute structures 
more or less lost; form pre erved. hano·e usually 
due to percolating solutions sub tituting mineral mat­
ter for original remains, or to infiltra. ion of s diments 

1. Replacement ("petrification") 
a. Silicification, replacement by silica 
b. Dolomitization, replacement by dolomite or mixed 

calcium and magnesium carbonates 
c. Ferrization, replacement by iron compounds 
d. Miscellaneous, other mineral replacements as 

malachite, zinc-blende, selenite beekite metals 
etc. ' ' ' 

2. Impre ions. I o replac m 11t; original ub. tance Jo t 
a. a ts. Int rnal impres ions form c1 by mat rial 

i!'~tltra in~ ~avities of original or""anism ot· by 
fillmo- cavities I ft in en Jo in m dium after 
li. sipation of original remain . In either a e 
a tuHl remain lo t. 

b. Mold~. External . impressions of organisms re­
tame~ by enc~osmg medium after dissipation of 
orgamc remams . 

APPENDIX i PSEUDO FOSSILS 

s u~1ofossils nrc vari0\1S tructure and forms obs rvcd in rock and 
nustal· n £or fossil bnt ltave nev r had any oro-anic conne"tion 

'Ih a.r 1 ifil1 · · "· Y <Uts e .l ter ac ordmg to proce ses of origin . 
3 :Ro.gerf!, A. P., 

XIII, p. 85, 028. 
nttunl history of the ~ilient!l m1nerals. Am. Mh1eralogi t, vol. 
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A. Meteorologic or physiographic : 
1. Mud, sun, desiccation, shrinkage, or frost cracks 
2. Mud chips, edgewise conglomerate 
3. Ripple, rill and channel marks 
4. Cross- or false-bedding 
5. Wave lines and tails 
6. Rain, hail, and sleet imprints 
7. Gas bubble craters and spatters 
8. Glacial striations, chatter marks, etc. 
9. Products of differential weathering; ''mammal tooth 

structure,'' etc. 
10. Fulgurites 

B. Dynamic, metamorphic, i_gneous 
1. Slickensides, breccia, and other fault-formed structures 
2. Feather fracture 
3. Cone-in-cone structure and stylolites 
4. Flow structure, vessicles, etc. 
5. Foliations, crumplings, etc. 

C. Mineralogic 
1. Concretions, oolite, pisolite 
2. Dendrites and moss agate 
3. Crystals, mineral aggregates, etc. 

The following works contain valuable information on fossils and fos­
silization: 
Bradley, J. H., The earth and i~s history, 1928 
Chamberlin, R. T., and MacClmtock, P., College text-book of Geology, 

part II, 1930 . . . 
Cleland, H. P., Geology, physical and h1stoncal, 1~16 
Cushman, J. A., Fossils, what are they and thmr uses to man, Sci. 

Monthly, Oct. 1928 
Eastman-Zittel, Text-book of palaeontology, vol. I, _1909 
Goldring, W., Handbook of paleontology for begmners and amateurs, 

N. Y. State Museum handbook 9, 1929 
Grabau, A. vV., A text-book of geology, part II,. 192~ . 
Grabau, A. vV., and Shimer, H. W., North Amencan mdex fossils, vol. I, 

1909 
Lapparent, A. de, Traite de geologie, 1906 
Le Conte, J., Elements of geology, 1891 
Lull, R. S., Organic evolution, 1917 . . 
Natural History vol. XXVI, no. 5, Sept.-Oct. 1926; entire Issue devoted 

to '' Th~ romance of fossil hunting'' 
Neaverson, E., Stratigraphic palaeontology, 1928 
Schuchert C. Historical geology, 1924 
Schuchert: c:, Fossils for stratigraphic purposes, Econ. Geology, vol. 

VIII, no. 6, Sept. 1913 . 
Shimer, H. W., An introduction to the study of fossils, 1914 
Rwinnerton, H. H., Outlines of palaeontology, 1923 · 
Walther, J., Geschichte der Erde und des Lebens, ~908 
Woodring, W. P., How fossils got into the rocks, SCI. Monthly, Oct. 1926 
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LACTUCA SALIGNA L. IN FRANKLIN COUNTY, 
PENNSYLVANIA 

BY E. M. GRESS 

Harrisb7~rg, Pa. 
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La.ct-uca saligna is commonly known as willow lettuce. This name is 
due to its leaves which in some plants are slender, entire and resemble 
the narrow leaves of some of the willows. However, in most plants some 
of the leaves at least are irregularly runcinately lobed or sparingly 

toothed. 
Lachtca saligna is a European plant which has been reported from 

only a few places in America. Deam has collected it in Indiana, and 
it l~as been found in a few places in Ohio. Previous to 1930, it appar­
ently had not been reported from Pennsylvania. 

'fhe plant is quite abundant in several places along the road between 
Greencastle and Mercersburg in Franklin County, Pennsylvania. A 
fe\\' colonies alf:o were found along the road leading from Mercersburg 
to the Lincoln Higlnvay near St. Thomas. 

Judging from the abundance of plants found and the larg·e areas 
over which they are distributed, the plant must have been introduced 
into that locality at least five or six years ago. Furthermore, from its 
habit of prolific seed production and wind dispersal of seeds, it no doubt 
will become a serious pest, perhaps as noxious as the prickly lettuce 
(Lactncn scaTiola) which it resembles in many ways but from which it 
may easily be distinguished by its nearly or quite smooth stem and by 
its narrow, smooth, willow-like leaves and longer-beaked seeds. 

PRELIMINARY REPORT ON THE RESULTS OBTAINED 
IN THE CULTURE OF HAEMATOCOCCUS 

( SPHAERELLA) 
V. EARL LIGHT 

L ebanon Valley College, Annville 

The form of life used in these experiments is described in the litera­
tul·e ?otb ~ Haemato occn and as Sphaerella. The species has not yet 
been . l~e~t.i:fied. t is 1.1 ually classed among the plants, belonging to the 
nbdivisJou- Algae, of the lowest form of plants. However, because this 

form ~lso become a fr e UlOtile individual in one stage of its develop­
~ent, ~t has sometimes been cla. ed a one of the lower types of animals. 
Smc~ m most r spects, it l' e:mble a plant more than an animal, I will 
call 1t a plant throughout this discus ·ion. 
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Haematococcus is usually found in marble urns or marble bird baths 
that are exposed to falling rain and to sunshine. It has been r eported 
as being found also in exposed depressions in sandstone and limestone 
outcroppings, where water can gather during rains and gradually dry up. 
In the "Green Algae of North America," published by 'fuft's College 
Press, Tuft's College, Massachusetts, the distribution is given as "l\'Iaine 

to Texas and Nebraska, California.'' 
The presence of these plants can u sually be noticed by a r eddish in-

crustation which appears along the sides and bottom of a marble urn or 
vessel in which the water containing them has evaporated. In order to 
obtain them for laboratory use, it is best to place several pieces of ·white 
paper in the bottom of the urn or bird bath and wait until the water has 
evaporated. Gathering the pieces of paper after evaporation, large num­
bers of encysted plants ~will be found attached to them, forming a reddish 

.deposit over the exposed portions of the paper. 
Such encysted plants can be kept indefinitely in the dry condition. 

To obtain living forms it is necessary only to place a portion of paper 
containing encysted individuals in water in the sun for a few hours. 
This method, however, sometimes fails to lH' duce ood r sult ·; be ide 
the . un do s 11ot alway shine at a tim · wh n ;pecimens a.t· t be u 

Eney. eel indlvidLlal are sph ri ·al in form, r d · color due to tb 
pre. enc of a red pigm n called haemato luom 1 aud may pass thJ:ougll 
on of two ·o-cnll d life •ycl ·- a exu al and ·ual . In th a. :l-.ll!ll 

cycl a red ency ted iudivid 1al di ide. twice to form four por ·, >ach 
of which gt·ow 1 velops t vvo flagella a locomotory orrran , e: ape fro 
th cy -t wall and oou as umes the tYI ical adult ·r ~ livu1u form. In 
this adult in :lividual photo :yntbeti pro e · • p1· umably take place be­
cause the individuals in development and c1udn.!l' adult r fe be om g r eell 
in color, the r ed haematochrome pigmen: dlsappcarin"' s ept neat• tll 
center of the plant. A cellulose wall inves each indivi lnal loo ly 
and is held to the plant by protor la. tuic strau ncl1 adults mn 
divide many times, but eventually npon lowly drying th y a sume tb 

spherical encysted form. 
In the sexual cycle, an encystecl indlvic1ual may divi 1 1.mtil 32 of 

64 small cells are formed. These small 11 d velop two fla ella ac 
escape from the cyst wall and are call a gam teJ . -ametes dift r · 
appearance from individuals that dev lop from por n1 b .il1g small 
in size and not possessing a loose cellulo ·c wall. They differ in b havi 
in that they fuse in pairs. This fusion results in th fotmati n of 
zygote containing four flagella, whicl1 oon form a cyst wall and a . unt 

the dormant phase. 
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i.l tce 1 y. t •d indlvidual · ar r d, but beco;m• gt· lJ wl1 n in he 
ft·e motil t11g it was assnm d that carbon diox.id • for pho 0 . rnthe is 

obhd11ed b)r th }l1111t especially since they are found chiefly in 

1u·n . 11 a ·id of sonl kind wa a umecl to b present in order 
·at the carbon di x.id by its action on ih marbl . 
dl' o.f e:\.1) rim nt Wil t up 11 ertain if po sibl wha on-

clit.ions arc necessary for the culture of Haematococcus in the laboratory. 
In place of marble urns, finger bowls about five inches in diameter and 
two inches tleep were used. Fifteen grams of pulverized calcium car­
bonate (marble) was placed in each finger bowl together with 55 c. c. of 
a solution of known content, and finally a piece of paper about three 
millimeters square containing encysted H aematococcus. 

The first experiment consisted in taking three groups of fingerbowls. 
Each group was divided into three parts. The solution used in the first 
part of each group was prepared with tap water and sulphuric acid of 
the following percentage concentrations: 1, .5, .25, .125, .0625 and .03125. 
A second pm·t of each group was prepared in the same way, using sprino· 
water in place of tap water, and the third part was prepared with dis~ 
tilled water. 'l'he first group was placed in direct sunlight. The second 
in cliffnsecl light with no direct sunlight, and the third in a dark closet 
in a clark room. After three weeks no change was noted in the cultures 
kept tot11lly in darkness. A few scattered individuals were found in the 
c_ultnres kept in diffused light, while the cultures exposed to direct sun­
bght show_ed the presence of numerous individuals. The best cultures 
w~re obtamed by using spring water procured near Annville. The 
nmlclle concentrations of acid produced the best results. 
.. A s~cm~cl series of _cultur es was set up in the same way, all kept in 

cln eet snnllght, but usmg· tap 'rater from three different sources: Jones­
:own \Vater 8t~pply; Hammer Creek water from the City of Lebanon· 
a:H: w~ter_ obta~ned ~rom the Annville \Vater Company. Sulphuric acicl 
"as used m tins ~enes of experiments. 

At the same time and in tl · . , 1e same way a senes of three gToups of 
culture cl1shes wa t · · ' 
tl fi . 

· 's se up usmg sprmg water in place of tap water. In 
· Ie trst OTOUp S l j . · . tl · "' ' 11 P mnc acid of the previous concentrations was used· 

m . le secoml- hydrochl . . . l . . ' ·tclclit . l ·' one acic ; and m the third- nitric acid. Four 
• · lOna CLutnr . wete i t 1 1 nlonc wa 1 1 . . lp a a c 1 c;;. In the first prin<> water 
and f ·till :c ; ~nth : .ond eli iii] d water alone· and in the third 
"" lei· oui · 1 b1 P •tJ v ly sprm"' ilnd c1istillecl wntru: with tbe adcu+=o11 ·f 
"'" nm eru· onat b t · 1 "' · 
lhre ruillim t 1' : 1~ ."'1t lOu~ ~ny acid. In ach cu ltur eli h a pap r 

E 
1 

, . · squai _contammg ncy. ted plants wa place 1. 
A l " ' ·· fol· n pel'lod f ft ' 1 . . th hy h• g n iOll t :v " t , (to th t un of tb1. writin"') 

concen ration wa tal•en of each culture and each weclc 
' 
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each culture was shaken and a sample placed in a Levy counting chambe~ 
to ascertain the number of individual plants in a cubic millimeter of 
representative portion of the culture. The following results w t 

obtained: 
First: The cultures prepared with nitric acid produced many IDOl' 

individuals than those prepared with any other medium. The best 
culture was obtained with a concentration of .03125 per cent of acid. 
These cultures were decidedly green in appearance, and the individual 
were active, free-swimming forms. 

Second: All other cultures that contained individuals were red i11 
appearance. Most of the individuals were in the encysted form, a114 

where free-swimming individuals were found they contained an abu 
dance of haematochrome. 

Third: In cultures prepared with spring water or distilled wat 
alone, although individuals appear in them, they do not multiply ver 
rapidly. 

Fourth: In cultures prepared with spring or distilled water and al 
containing calcium carbonate, but no acid, more individuals develop · 
the beginning than with water alone, but the number of indivjdua 
diminishes after a few weeks. 

Fifth: The r esults obtained up to the present time do not show an 
consistency between the number of individuals in any series of cultur 
and their hydrogen ion concentration. 'fhe hydrogen ion concentratio 
varied from 7.1 to 8.2. The concentration of the best nitric acid cmltw; 
was maintained at about 7.9, while the best sulphuric acid culture w 
found to be 7.7 and the best hydrochloric acid culture was 7.4. 

Tests made of the contents of a marble urn on the Mount Annvi 
Cemetery revealed the presence of plants in the free, motile, green ta 
and the encysted stage, with the hydrogen ion concentration at 7.4. 

Haematococcus grew more abundantly in tap water from the Annvil 
\Vater Supply than in tap water from either the Jonestown or Lebauof 
·water Supplies. The Annville water is obtained from springs whlc-k 
arise in limestone land and no doubt contain solutes similar to tho 
present in marble urns. 

Further investigation must be conducted before the best c.ul 
medium can be prepared, but the presence of certain salts with a c.ert 
quantity of carbon dioxide seems to be necessary for the continnei 
culturing of this form. 
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SAMIA HYBRIDS 
BY ·wALTER R. SwEADNER 

Depa1·tment of Zoology, University of P ittsbu1·gh 

71 

Hybridization, as one may gather from a glance through the seed 
catalogues, has become a fad among florists, but has been more or less 
neglected by zoologists, especially those chiefly interested in insects. In 
the latter half of the nineteenth century, when the large silk moths were 
being studied to determine their life histories, often two closely related 
species mated in confinement and the offspring were reared, named and 
described; but the hybrids remained a novelty. Dr. Standfuss, of 
Vienna, Dr. Rebel and others have made a rather intensive study of 
hybridization of the European Sphingidae, and to a small extent, of the 
Saturniidae. Hybrids of American or Asiatic moths have been mainly 
of the accidentally obtained type. This paper deals ·with the first few 
crosses produced in a systematic study of moths of America and the Far 
East. 

A number of methods for securing cross mating were used, the most 
successful being that of using a female to attract the male of her species 
to a female of another. This was done by placing the female of the local 
species, or of the species of which several males were to be had on the 
inside of a wire cage, and tying the other female on the outside. The 
male was attracted to the female of his own species, but inasmuch as she 
was inaccessible, he eventually mated with the other. Five crosses were 
obtained by thi. m thod. ucc d I encl,s, in the main, on two factors: 
(1) on tb 'OJ~ m·r· nee of the hotu of mating of the two pecie i (2) 
on th apprmnmat quality in ·ize of the ext rnal genitalia. 1 ex­
ampl of iailm l11 to the latter cause i a cro ma ing b tween a Ph•ilo­
sam ia ynl h'ia fcmH 1 and a a-mi(£ cecro1J1:a ma 1 . A! thou h coitu la ted 
for fifteen homs th r· was no insem ination due to the fact that the 
S' nita.lia ol' th n1al ·ecl'opic£ w J;e about twice th size of tho e of th 
~yntll!la,. th t: m thod u c1 ·were : holdin y the . lect d motl1s tog th r· 
m the mat,inoo po iti . fi · t1 1 . 

., 11 , on 111m" . 1e mot 1 ogeth 1· m a lln·ge cage ; aud 
two 1Uethod 'for attificiall r f rtiJizing the eggs. 

It i. PO 'siblc to prod u f rtile egg in cro. cs even between o-enera 
an e ·~· m c -t: l . ] . . t:> ' · ase Ol w 11c l 1. 11lu tl·ated by a eros betwe n (}raellsia isa-
pelUie a pli1e-f lin"' 1 1 ·1 h d . . . "" una- .u:e mot nn atu.nna tJa.vo?n, a btown 
tatll s moth f ding on a variety o£ deciduou tr e . Mr. lVIax tand-
fu • who p1·odu cl tl · . 1 . u c1o . wa t111ab to rear th lat"'i'ae to matm1ty. 
Tll re ar eventl th . . ·a 0 er xamples of mter <meria l1ybrids. ince uch 
" 1 ly s t a1·atccl p · £ . 

Cl · au produce er ile en- •s wh n eros d, and jf 
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the obstacle offered by the diverse sizes and shapes of genitalia is over­
come, a considerable number of inter-faunal and intra-faunal hybrids 
should be possible. 

The eggs of the Saturniidae are fertilized immediately before being 
deposited, by sperm that are stored in a bursa copulatrix. Knowing 
this, two procedures for artificial fertilization present themselves. One, 
the eggs and sperm may be mixed outside of the body of the female and 
dependence for fertilization placed on the motility of the sperm. This 
method, tried ·with a number-of species (not crosses), proved unsuc­
cessful. 'fhe method has been incompletely investigated. The other 
method is that of artificially inseminating the female, which has been 
clone with queen bees by Dr. L. R. Watson with considerable success. 
Dr. ·watson used a modification of the Barber pipette for inj ecting the 
sperm. Using an ordinary, finely drawn pipette, attempts were made to 
inseminate a female of Tropea luna with sperm from Actias selene and 
also to obtain the reciprocal cross. The experiment failed, due, probably, 
to poor technique. 'fhere had been no development in the eggs when 
they were opened at the end of ten days. Further experiments were pre­
vented by lack of material. This method, if it can be perfected, seems 
to offer the best solution to the problem of securing crosses. 

The problem is only partly solved ·when fertile eggs are obtained. 
The rearing of the hybrid caterpillars presents many more difficulties 
than the rearing of a pure species. This is best illustrated in the rearing 
of three 'broods of a hybrid between Sarnia gloveri and Samia cec1·opia. 
The near relationship would seem to indicate that the hybrids would 
follow rather closely the development of the parent species. A brood of 
pure cecropia was reared along with each hybrid brood as a control. In 
each of the first two hybrid broods the hatch was about 95 per cent.; 
in the last, only about half of the eggs hatched. The newly hatched 
caterpillars were offered a wide variety of leaves and chose the wild 
cherry (Pn~nus serafina), rejecting the elderberry (Sarnb1~ct~s canaden­
sis) ·which seems to be the best food for the parent species. The cecropia 
were then fed wild cherry also. The first hybrid brood grevv nicely until 
time for the first molt. Some molted with great difficulty, but most of 
them continued feeding. \¥hen they had reached approximately twice 
the normal size for molting, they stopped feeding and eventually died 
from desiccation. The ones that molted never resumed feeding. Of the 
second brood, all except seven were fed on wild cherry, the seven having 
been offered only the elderberry. The brood showed an extreme variabil­
ity as to feeding rates and time of ecdysis, there having been at one time, 
individuals in all five instars, while the cecropin all molted within two 

PENNSYLVANIA ACADEMY OF SCIENCE 73 

1 of ench o h r . nother point noted was the delicacy of the skin. 
~;ny w 1• lost ltu·ing ecdysis due to the tearing of the old skin or the 
ruptur of th new. There also resulted from this cause a larg·e number 
f maliorm d nb rcles which adhered at the next molt and prevented 

~he casting of the sbn. Ninety-six reached the last instar and fed for 
several clays. At this time they stopped eating- and regurgitated part of 
their food as a green, watery fluid. They then gradually dried up, and 
although two were kept in a very humid chamber for a month, they re­
mained alive, but fai led to resume feeding. Several local caterpillar 
breeders of " ·ide experience report that they have never encountered this 
condition. Four of those reared on elderberry produced healthy pupae. 
The last brood produced a few weak pupae, but otherwise repeated the 
history of the second brood. 

As far as marking·s were concerned, the larvae showed their hybrid 
origin quite distinctly. The first instar was indistinguishable from that 
of the species of the female parent. The second instar resembled more 
nearly the male parent; while the third was more like the female. The 
last two instars seemed to haYe the color patterns of the two parent spe­
cies superimposed, the one upon the other. The cocoon, in form, texture 
and color, is midway between those from which the parents emerged. 
Two imag-os were forced to emerge before their normal time, and, though 
the wings are somewhat crippled as a result of this forcing, the complete 
pattern and coloring can be seen. The imago, like the larva, shows an 
intermingling of the characters of both parents as would be expected; 
but taken as a whole, it r esembles more closely Samia nokomis than 
either parent. It may be significant that Smnia nokomis, in distribution, 
is northwest of cecro1Jia, and northeast of glove?·i. 

Although fertile eggs can be obtained from hybrid crosses, caterpil­
lars therefrom are not normal, as indicated by the extremely thin skins 
and by the faulty feeding and molting instincts. In the case of the 
ones that stopped feeding in the last larval stag-e, it is possible that the 
excretory system was unable to take care of the wastes from the type of 
food cohsmned. In each case the cec1·opia, reared as controls, developed 
normally and produced healthy pupae. 
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TATTOOING NEvV BORN INFANTS FOR PERMANENT 
IDENTIFICATION 

BY EVAN O'NEILL KANE 

Kane Hospital, Kane, Pa. 

In the Journal of the Medical Association there appeared an article 
by Dr. Delee, of Chicago, entitled "Identification of New Born Babies 
in Maternities.'' His method of tagging and bookkeeping, though com­
plicated, was excellent and ingenious. Like many past devices, however, 
it required considerable clerical departmental work and the technique 
was so elaborate as to be only applicable in the larger obstetrical institu­
tions. In private practice or in small hospitals such device would be out 
of the question. No procedure however reliable and satisfactory in the 
opinion of either the obstetrician or the institution can ever prove to the 
mind of a suspicious mother that an error may not have occurred how­
ever confidently assured to the contrary. Lifelong doubts and fears 
have been occasioned-po~sibly not without reason by accusations and 
suggestions made at later dates, too late for absolute refutation. My 
simple solution of this difficult problem ·which it has been my custom to 
pursue and to which I desire to call your attention is that of tattooing 
upon some inconspicuous portion of the body of the mother and infm1t 
some recording design as one of dots and dashes or some hiero(>'lyphie 
simple inscription the same in substance on both subjects. This is per­
formed immediately on delivery with sterilized India ink usually in tl1 
pubic or axillary region. It is absolutely aseptic and painless being done 
with a fine needle. Such tatoo recording has been practiced by me for a 
number of years in my surgical work on completing an operation and hal! 
proven most satisfactory. It requires but a few moments in its exe u­
tion. 

Solomon's decision as to the rightfulness to the infant by the con­
tending mothers might have proved unnecessary had the midwife iu 
those days tattooed as suggested. Moses could have proven without dif­
ficulty his right to Israelitic parentage and doubtless many instances '11 

history where grave contentions have arisen might easily have been 
averted. Ever since the dawn of civilization, in all walks of life from, 
the king's palace to the hovels of peasants, changelings have been made 
the victims of the designing and avaricious. Midwives and ob t trician 
have alike been baffled to know how to handle this problem, the perf et 
answer of which I have been laying before this learned society. 

I have said nothing in the previous remarks of the well-known meth· 
ods employed in all commitments in police and other criminal courts on 
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ntry 0 . eli chat·ge of "victims." I allude to the common custom of .foot 
or fwt!'el.' prints. In identally I would here mention the elaborate and 
coge11t al'ticlc by Harold ummins, Ph.D., of ew Orleans, entitled 
• 'l'he of 4 oot rint: and Finger Prints as Identity Recorcl in the 

Maternity." In this article which is well worth reading, more elab­
orately described in detail are the methods well known to police courts 
as already stated in the admission or discharge of prisoners. 

Simple as these methods are, yet they are by no means reliable or as 
easy of application as of rejection for inaccuracy. I would briefly cite 
for instance, I now have a patient who has burned with hot lard whil~ 
cooking, the fing.er tips of both hands so that the delicate configuration 
is quite lost. Again, it is no uncommon matter for washerwomen and 
others engaged in employment where caustics must constantly be used 
to have lost entirely, at least for a time, the normal appearance of the 
finger tips. Again, an attack of long standing and chronic ring worm 
may entirely change the appearance, whether irrevocably or not of the 
contour of the epidermis of the finger tips. I need not dilate u~on this 
subject only to repeat that the finger tips as also the sole and palm of 
the ~and may by disease .be altere.d in the .same manner. I would briefly 
remmd you that ma~y mfants, If suffermg under hereditary syphilis, 
have such a destructiOn of the normal aspect of the fingers and toes as 
to make prints of both absolutely unreliable. I might here mention not 
to enter too much into repetition, the complete alteration of both ~oles 
of hands ~nd feet of normal infants and children not only by burns and 
~calds, qmte fr:quent with ~hem, but the results brought about by frost­
mg,. ~eavy scalmg of the skm through running barefoot and like abnor­
Il_laht.Ies. But I will not discuss this before the society whose valuable 
hme I have already trespassed upon and merely leave it to them to see 
how much more sim?ly the union of identity of parent and child may 
perma~e~tly and With the greatest simplicity be performed by every 
obstetrician. 

STUDY OF THE REPRODUCTIVE SYSTEM OF THE 
MALE AND FEMALE (OVIPAROUS) 

COCKLEBUR APHID 
BY FORREST w. MILLER 

Zoology Laboratorj:es, UniveTsity of PittsbuTgh 

t k 
Reproduction in the ocldebur Aphid, durino- the summer months 

a es place parthen t" D L ' th h . gene ICa Y· ater, when adverse conditions such as 
e s ortage of food, de rca e in tl1e leno-th of iay and the lowering of 
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temperature appear, the sexual forms are introduced into the life cycle. 
Of these true sexual forms, the males are alate and the females are ovi­

parous and apterous. 
The reproductive system of the male consists of a pair of testes, a 

pair of seminal ducts which unite with a common ejaculatory duct, a 
t.eminal vesicle and the penis. (Fig. 5, A, C.) 

The testes, two in number, are located in the dorsal half of the first 
and second abdominal segments. They are ovoid in shape. Often the 
two testes are located so closely that the medial portions overlap.1 The 
seminal d net arises from the posterior end of each testis. 

Internally, each testis is composed of a number of testicular tubules. 
Each one of these tubules is lined ·with an epithelial tissue which is sup­
ported by a basement membrane. Surrounding each tubule is a peri­
toneal envelope. (Fig. 5, B, D.) \Vi thin these tubules the different 
stages of the development of the sperm may be seen. 

The seminal ducts are slightly coiled tubes which connect the testes 
in the anterior part of the abdomen with the seminal vesicle located in 
the posterior part of the abdomen. These tubes have a very narrow 
lumen which offers passage for the sperm from the testes to the seminal 
vesicle. These may be seen in Fig. 5, E. 

The ejaculatory duct, during· coition, conducts the sperm from the 
seminal vesicle of the male to the seminal receptacle of the female. The 
end of this duct is capable of being evaginated due to a stretching of 
the integumental membrane. The distal end of the duct contains espe­
cially strong muscles which serve for its protrusion and withdrawal. 
'l'hese muscles may be seen in a longitudinal section in Fig. 5, F. It will 
be seen that they extend for the entire length of the ejaculatory duct. 
Some of these muscles branch into the walls of the seminal vesicle. A 
thick layer of heavily staining, large nucleated cells covers the mus­
cular layer of this duct. The distal portion of the duct is provided with 
an inner lining of chitin and forms the intromittant organ or penis. Ex­
ternally the penis is provided with two fan-shaped chitinous lobes, one 
on either side. They are heavily chitinized on the outer margins and 
become more membrane-like in texture toward the middle region. These· 
serve as claspers during coition. The claspers are shown in a dorsal 
vie·w (C) and a lateral view (A). 

At the anterior end of the ejaculatory duct is located the seminal 
vesicle. The seminal vesicle is used for storing sperm in the male. The 
vesicle is located ventrally with respect to the proximal end of the ejac­
ulatory duct as may be seen in E. The arrangement of the muscles 

1 Baker, A. C., Woolly Apple Aphid. U. S. Dept. Agr. Rept. No. 101. 
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in the vesicle would seem to indicate that a contraction would cause 
a narrowing of the lumen of the vesicle and thus force the contents, the 
secretion from the accessory g·lands and the sperm, through the ejacu-

latory duct. 
The accessory glands are two in number and lie between the seminal 

ducts. (Fig. 5, C.) Externally they appear as slightly bulbecl struc-

A 
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FIG. 5. Reproductive organs of Cocklebur Aphid. 
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tures. They are about five times as long as wide. Toward the posterior 
end the two glands unite and enter the anterior end of the seminal ves­
icle, just ventral to the point of entra-nce of the two seminal ducts. These 
glands contain a.. ecr tion wl1ich mixe wlth the eminal fluid thus form­
ing a medium in which the sperm may move about more freely. This 
secretion fills the seminal vesicle and jn it may b fo md the stored 
sperm. The sperm are usually found clustered into bundles. Occasion­
ally one is found isolated but this seems to be the exception rather than 
the rule. No sperm were found in the lumen of the accessory glands al­
though the pore which connects the seminal vesicle with the tube leading 
to the accessory glands is large enough to admit such a passage. The 
walls of these glands are composed of large cells ·with deeply staining 
nuclei. 

The reproductive system of the female of this form consists of two 
mature ovarian tubules. These ovarian tubules are connected with the 
posteriorly located vagina through the oviducts. In each ovarian tube 
are located several ova, each of which is in a different stage of develop­
ment.2 

The wall of the ovarian tubule consists of a very thin outer peri­
toneal lining. Directly inside this lining is found a much thicker base­
ment membrane of anastamosing fibrillae. Inside this is a very thin 
layer of epithelial lining. (Fig. 5, I.) 

Three different divisions may be recognized along the length of the 
ovarian tubule. The portion of the tube which is most anteriorly located 
is called the terminal filament. Immediately posterior to this filament 
is a relatively well developed nutritive zone known as the germarium 
(Fig. 5, I .) The epithelial cells of this division are very large and well 
developed. It is from this layer that the ova are formed and later pass 
down the ovarian tubule. After these ova pass into the ovarian tubule 
they still receive nutriment from the cells of the germarium through a 
thin connective cord which connects the two. As long as the ova are con­
nected with the germarium through this cord the ova continues to in­
crease in size. This connection remains until the ova bas reached the 
fourth and most posterior position in the ovarian tubule. These posi­
tions may be determined very easily. The wall of the ovarian tubule is 
dilated considerably at the point where an ovum is located and between 
two ova the tubule is greatly constricted. (Fig. 5, G.) 

The ovarian tubules have a common outlet which is known as the 
oviduct (Fig. 5, G). This tube is relatively short and connects the ova­
rian tubules and the vagina. 

2 Huxley, T. H., On the Organic Reproduction and Morphology of Aphids. 
Trans. Linn. Soc., xxii, pp. 193-236. 
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The vagina (Figure 8) is an invagination of the body wall and is 
therefore lined with chitin. In addition to this chitinous lining there is 
also a muscular layer of considerable thickness (Fig. 5, J). The vagina 
opens as a slit-like orifice between the anal and the genital plate and ex­
tends across the ventral side of the abdomen. 

Three accessory glands are located dorsal to the vagina (Fig. 5, H). 
One of these, the spermatotheca, is located medially. Sperm received 
from the male are stored here until the ova are ready for fertilization. 
.At the time the eg·g· is laid a sperm passes from the spermatotheca into 
an opening in the shell, the micropyle. Just posterior to the opening of 
the spermatotheca into the vagina and a little lateral are located the two 
cpenings of the colleterial glands (Fig. 5, H). These glands secrete a 
:fluid which is poured over the egg at the time of laying. This affords it 
an added means of protection and also enables the aphid to attach the 
egg to the bark or leaf of a tree. 
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THE EFFECTS OF DESICCATION UPON THE GRO-WTH 
AND DEVELOPMENT OF THE MEDITER­

RANEAN FLOUR-MOTH 
BY BENJAMIN R. SPEICHER 

Zoological Labo?"ato?"ies, University of Pittsb1wgh 

Desicc~tion exp~riments upon living organisms have been somewhat 
~eglectecl m zoological research. This neglect might indicate to the un­
nlfo~l~ed bystander that zoologi ts consider the problem of the effect of 
~mklldJty to be a relatively unin1portant one. But this opinion would 

'l'e flu: ~·om c?rrcct. Work by Bmg r ( '07) 1 shows that the meal-worm 
cncbi'IO rnol'tt(w sacriti b d t' . ' 

t ' ces o Y 1 • ue m order to keep the moisture con-
sf n~. of the body at a con tant ratio. Others have shown that forms 

u 
1~d exhi~it considerable reduction in the rate of metabolism accom-

panymg the lllcrea e or de . f h . . . 
upon tl d 1 ct ru e o umidity. The mfluence of moisture 

~e eve opment of the . . h . . . 
nppliecl to work . . . Olgamsm as smentific mterest, and when 

1 
In cononuc zoology, should show also a practical side. 

Burger Bruno (1907) A 
' , rch. f. d. Ges. Physiol. Pfluger's Arch. 
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A more likely reason for the hesitation of the experimenter to con­
duct work along this line is the fact that to obtain exact mathematical 
data he must resort to the use of complicated and costly apparatus, 
something usually far beyond his reach, unless he should be fortunate 
enough to have affiliations with some rare Utopia of science. 

But, although the most exact control of environmental factors is 
more desirable, it is not strictly necessary. Better one exact experiment 
than a number less exact, but also better a number of less exact experi­
ments than no experiments at all. The work described in this paper, 
although admittedly not idealistically exact, nevertheless is sufficiently 

accurate for interpretation. 
vVork on such forms as the Mediterranean flour-moth, Ephestia 

knehniella Zeller, performs the double function of exhibiting evidence 
of both practical and scientific interest. This particular moth has be­
come, in recent years, a rather serious pest in flour mills through the 
ravages caused by its larva. The eggs, laid in almost every type of 
meal, hatch into small white or pinkish caterpillars ·which not only eat 
the grain but also have the habit of spinning a ·web of silk wherever 
they wander, practically ruining the meal for commercial use. 

In the experiment described in this paper the larva was raised under 
dry conditions with the aim of determining the effect of low humidity on 
the rate of gro·wth, size and the moisture cont ent. 

Meal (rolled wheat) was thoroughly dried by heating it in an oven 
for 2i hours at a temperature of 103° C. ± 7. The meal when removed 
from the oven was immediately distributed into three large glass jars, 
these being dried in the same manner, two of which contained vials of 
anhydrous calcium chloride. 'rhe third jar was to contain the control 
stock. After the meal hacl cooled, yom1g larvae of the second or third 
instar were introduced and the containers tightly sealed with paraffin. 
The contai'ners were sufficiently large to contain enough oxygen for the 
larvae. They were kept together at room temperature. 

In four weeks a few moths emerged in the control group. 
tainers were then opened, the pupae collected and their length, weight 
and water content determined. In the measurements only those pupae 

appearing alive and uninjured were used. 
To obtain the amount of water contained in the pupae they w rc 

weighed after removal from the dry containers, heated for one hour at 
a temperature of 103° C. ± 5 to drive out the moisture, and a ain 
weighed. The difference between the two weights was taken as th 
amount of free water in the body. Further heating of the pupae pro­
duced J?-O change in the readings, indicating that all moisture was re· 

moved. 
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In the t hre cont~iners not all of the caterpillars had pupated, al­
though th rewa~ a hi•.,.he~· P rcentage o pupae in t he contl·ol stock I n 
o..ue or the e.·p rm1ental Jars there wa n lethality of over· 50 per cent. 
Only one larva. of t he con~·ol . ock was fouJlCl dead. Tho e lru:vae still 
alive i.n the de t cate envu·onment '~ re all mall, ill ome cases appear­
ing 110 large~· thnu they were when mtroduced into the container . All 
o£ the exper1rneut11 l lru:vae wer e pe ·c ptibly . hrunl;:en. They were aJ .0 
le ' active and had I un very littl ill;: w bbing into the meal.. Of the 8 

experimental forms, the pu~ae were either lying bare in the meal or had 
around them only a very thm cocoon, while the pupae of the controls had 
spun normal co5!oons. 

In length and weight there was a striking· difference bet · ween experi-
mental pupae and the controls. The average length of the experimental 
forms was 7.6 mm.; the average weio·ht was 12 9 mg· In tl t 1 h '"' · · 1e con ro s t e 
average length was 9.8 mm., and the average weig·ht 26 0 R f . . . . , · mg. e er-
ence to the rllustratwn wrll giVe more striking·ly the va. · t" d b ua Ions cause y 
dryness. 

9.8 mm. 

A Normal Exp Normal Ex 
verage l ength Average weight Water cont~~t 
Fro. 6. Effects of desiccation on Ephestia 7cuhniella. 

Despite the shnml e the cocool th < n appeaJ'a.JlCe of the larvae and the smallness of 
• e ercentar•e of free t t · d . desiccated .~t o wa er con am e 111 the pupae of the 
.rorms was fot d t b pupae. Th m o e almost exactly that of the control 
e percentao·e of , , t b · h . was 65.4. that f tl o . 'a er y werg t 111 the experimental pupae 

' 0 le controls was 65.5. 
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SuMMARY 

A dry atmosphere and dry food have an appreciable effect on the 
Mediterranean flour-moth by diminishing the size and delaying pupa­
tion. Larvae so reared in a dry atmosphere are inactive, apparently 
avoiding all movements involving loss of body moisture. Despite dry 
atmosphere, the larva and pupae maintain a constant percentage of free 

water in the body as long as they survive. 
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THE AGE OF THE SPAvVNING GROUPS OF THE 
NORTHERN LOG-PERCH PERCINA CAPRODES 

SEMIFASCIATA (DE KAY) OF DOUGLAS 
LAKE, MICHIGAN, AS REVEALED BY 

THEIR SCALES 
BY HoMER C. WILL 

Zoological Laboratory, University of Pittsburgh 

INTRODUCTION 

In the summer of 1930 spawning groups of the northern log-percll 
Pe1·cina caprodes semifasciata (De Kay) were found on the barr 
sandy shoals of South Fishtail Bay, Douglas Lake, Michigan. Rep1·e> 
sentative collections were taken from these groups and preserved in a 
dilute solution of formaldehyde and later transferred to a 70 per cen:t 
solution of alcohol. From each collection fishes of different sizes an 
sexes were selected for scale study with special reference to the spawn• 

ing age. 
Four scales were used for the age determination of each fish. 'l'be 

were selected as follows: (a) a scale above the lateral line in the middl 
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region of b bod~" ; (b) m1 anal seale; (e) a caudal eale· (d) a cheek 
cale. T.he e were mounted on sli es, a glycerine-water-gla solution! 

beiPg used a a mounting medium. The following data we1·e obtained 
and recorded fo · each fish: (1) the total length o£ the fish; (2) the 
staud!ll'd le11gth; (3) sex; ( ) date of collection ( ppendix). After et­
ting, the slide were 1nounted under the micro cope and the age of the 
fish d terminecl :from the marlt on the scale . 

Tim ScALES OF THE LoG-PERCH 

G-ironl.i o1· 1·idges. 'fhe ridges or circuli were the most outstanding 
of the rehef features observed on the anterior surface of the scale of the 
sptnvning group of the log-percl:. They were developed on the superior 
lu! 1· of the scale an~ appeared ~~the form of concentric rings or lines 
of gt• wt.h. The e rmgs ·were enti ·e only in the l'f.>(T1•011 0 e th 1 • • • "b • .L e nuc ear 
nrca. The fo .·m~twn of sp~nes on the po teri01· mm:gin of the scale 
broke the ~ont:mu~y of ~he circt~li as they developed toward the periph-
ery, resnltmg m chscontmuous ndo·es limited to tlre a11te · d 1 t . "' nor an a eral 
sides of the scale (Fig·. 7, A, B, D). 

Radii. The scale of the log-perch presented a 11 b . f b 1 · . . urn er o rea cs rn 
the anterror field extendmg from the nuclear area t tl · h · "' A B , o re penp ery (Frg. 
1, , , D). I hese breaks across the circuli are }rnown d" F ' as ra n. rmn 
seven to ten were commonly found on caudal l d' 1 · 

l 
ann me ran ateral lme 

sea es. The number decreased as the center of the seal N 
1
.. e -vvas approached 

ew rae n appeared at the anterior and lateral edg·es of tl l d . 
tend 1 t l tl 

1 
1e sea e an ex-

ec owarCL re nuc ear area as the scale increased in size. 
Fows ancl regeneratecl scales In the s . 
l 

· pawmng groups of the log 
perc l a small clear area was found on the t . . -· pos erwr reg·ron f th 1 
Thrs nuclear area termed the focus b d d o e sea e. was oun e by a circulus wl · h 
was usually unbroken. The small well d fi d f nc 
placed by an enlaro· 1 . , - e . n~ ocus was frequently re-
S I . l. ?~c central area contammg no circuli (Fig 7 E) 

t::/:e;~a::Istl~:::d~~:~: ~~.:v~o!eer~ r~ferred to as ''regenerated'' 'sine~ 
was very common in tl l ( erg~rard, 1906). This type of scale 

d
. . re opercu ar regwn of the l , I Tl ~scardecl in making ao·e l t . . og-perc 1. rey were 

mal growth were subs,t'itu~e~ ermmatwns and scales formed during nor-

11111111-M,· 'l'wo d istinet . . 1· 
of the pawning O'l'OU :fauuu .1 .01: ar.marl< were foun :1. on th SC<"lles 
locat d 'd p o PeHnma (Fl"'. 7 A B D ) 'rh fir t 

mJ >Yay between lte f . : ' . e was 
forntecl a fn · ·ly dist' . 0 u and the per1phery of the scale. It 

1 met l' lief feature on the scale. The li t .£ . 
The formula for tl . . ance rom 

(1923). us mountmg medium was prepared by Creaser and Clench 
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FIG. 7 
f m the caudal region of the body. 

A. A typical scale of the log-pe~ch rt~e lateral line region about the middle of the 
B. Scale of the log-perch taken rom 

body. . b d 
lar reg10n of the o Y· c. A scale from the apercu r d a marginal growth. 

D. A scale showing two completed t~n~~gl pa:rch 
E A regenerated scale found on e - . 

. . . . d red to represent the amount of rna-
the focus t!) thiS pomt was c?nsl e first summer after hatching. The 
terial added to the scale durmg the . h of the scale The ridges or 

l d near the perlp ery . l . d 
second annu us occurre he first to the second annulus were Ill 
lines of growth developed fro~ t h d summer. Only a f W 

h th penod of t e secon th 
down during t e grow d lus and the margin of o 

f d between the secon annu . ,_,_;, d 
ridges were orme . J·ust beginning their wu' 

'd tl th spawnmg groups were l t scale. Ev1 en Y e . t of the scale was in cotnp e e 
Evidence from the postenor par 

summer. . d' t d 
agreement with the results just m. Ica e . bs on the posterior field of, 

Ctenii. Ctenii refer to the spmes or chom formed very early. 
I th log perch t ey were 

the scale (Fig. 7). n e f- the ctenii remained embedded in the 
Near the focus only the base; th posterior margin of the scale wa 
superior layer of the scale. s e d'stinct Finally, fre hlr 

d th b l stubs became more 1 . f tbe 
approache e asa h · of the posterior field o 
formed ctenii were found along t e margm 
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11 . ~i.ffel' ntial wearing awa of the ctenii in Percina from year to 
'1 IJ Ct . d . . Tl· . ·eel as a u ''Pl m -nt fo r he a~Ye etermmations. 11.ere was a:. a ·wa u r . · 

· of w e of bh ntne · from the focus to the pet•Jph ry. Each: 
succes. tOll £ r I . 

t"lten to r epr nt he g1·owth or one year. r n·ee reg10n 
stage was •• . . 
· si}'\r cliff renbated ou the ale of the lo"'-perch. The mner reg10u 
were a J • • 

t 
· d th r mnant of spme wluch had been worn down to the n-

ean a..rne . ,, ;_ · a1 
erior layer o.f the ale. m1ddle area. upported the l.lll)tinct ba 

P ·ti· 1 of spines hm·ply pa.ratecl .from tho of the inner r egion. · 
pOl Ol . d .. h 1 . . di 
Fioally, t11 Lon"' and sharply pom~ ctenu near t e sea e margln m -
cated the b ginning of a new growmQ" season. 

The evidenc front the ct uii as to age agreecl wjth the year marks 
found on the anterior field. The broken ridges of the annuli coincided 
with the layers of the ctenii. In summary, two completed annuli and a 
marginal growth were found on the anterior field, and two ctenoid areas 
and the freshly formed spines of the third summer were found on the 

posterior field. 
SPAWNING SIZE AND SCALE DATA 

In the collections it was noted that males were more numerous than 
females, there being about three males taken to every female. This dif­
ference in number was probably due to the presence of supernumerary 
males and the tendency of the females to r emain on the outer fringe of 
the spawning field (Reighard, 1913). In determining the age and size 
of the spawning groups, the same relative numbers were used as were 
taken in the collections (Appendix). 

The total length of spawning females averaged 95.5 mm. The stand­
ard length measured to the base of the caudal fin averaged 83.8 mm. 
The smallest female measured 87 mm. in total length and 77 mm. in 
standard length while the largest was 104 mm. in total length and 92 
mm. in standard length (Appendix). 

.A typical female from a spawning group collected on July 3, 1930, 
was photographed (l<"'ig. 8, A). The normal scales of this female 
showed two annuli and a marginal growth. The evidence from the scales 
was taken to mean that the spawning age was two years. The standard 
length of this female was 85 mm. 

Spawning males were found to average 97.2 mm. in total length and 
85.3 mm. as to standard length. The smallest male in the collections 
measured 90 mm. in total length and 80 mm. in standard length, while 
the maximum size was 109 mm. in total length and 98 mm. as to standard 
length. 
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Evidence from the scales indicated that the spawning age of the 
males was tw:o years. The marginal growth added to the scale was con­
sidered to represent the beginning of growth of the third tunmer. A 
male taken rom a spawning group collected on July 10, 1930 wa photo-

FIG. 8 

A. Perci1w caprodes .96111i{(I8Gia i(l (De Kny) . Log-percll. 
.B. A ptu·asitizcd n•n1e from a spawning gl'oup. 

spawn.iug female. 

graphed (Fig. 8 B). Thi male was para itized, a imilal' condition 
being found in a number of individuals taken in the collections. 

ONCLUSIONS 

1. Two annuli and a marginal growth were found on the scales of 
the log-perch, f ound pawning on the barren ·andy shoals of outh 
Fishtail Bay, Douglas Lake, Michigan, in the summer of 1930. This 
was taken as evidence that the s);>awning gxoup were beginning their 

third umm r. 
2. Tbe formation of ctenii wa used to supplement the evidence from 

the annuli as to age. Three regions were x·eco"'nized, (1) an inner, with 
only the trace o£ the base of the pine r emaining on the superior layer 
of the scale, (2) a middle, showing the rough basal tubs o£ the spines 
projecting above the cale udace, (3) an outer, with long, sharp, 

.freshly f ormed spines. 
3. 1 'Regenerated scales" were verJ common on the log-perch. They 

were especially abundant on the ope1·cular region of the body. 
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4. The standard length of spawning females averaged 83.8 mm. 
5. The standard length of spawning males averaged 85.3 mm. 
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APPENDIX 

The measurements of the log-perch from Douglas Lake, Michigan, 
listed with the sex, date of collection and the age. 

The first value represents the number of annuli on the scale. The 
second value is the total length in mm. The third value is the standard 
length in mm. The fourth value is the date of collection. The fifth 
value is the sex. 

II: 103 ; 91: July 3, 1930 it; 
II: 94 ; 84: July 10, 1930 it; 
II : 94; 83: July 10, 1930 (t; 

II: 96; 85: July 10, 1930 ~ 
II: 95 ; 83: July 5, 1930 (t; 
II: 104; 92: July 5, 1930 ~ 
II: 94 ; 83: July 5, 1930 (t; 
II:101 ; 84:July 10,1930 (t; 

II: 90 ; 80: July 5, 1930 (t; 

II: 87 ; 77: July 3, 1930 ~ 
II: 92; 81: July 3, 1930 (t; 

II: 100; 89: July 3, 1930 it; 
II: 97; 86: July 3, 1930 (t; 

II: 95 ; 84: July 5, 1930 (t; 
II: 95; 84: July 3, 1930 (t; 

II: 92 ; 81: July 10, 1930 (t; 

II: 96; 84: July 3, 1930 ~ 

II: 99; 88: July 
II: 96; 84: July 
II: 100; 88: July 
II: 90; 78: July 
II: 103; 91: July 
II: 94; 82: July 
II: 102; 89: July 
II: 92; 81: July 
II : 96 ; 84 : July 
II: 96; 84: July 
II: 93; 81: July 
II:100; 88:July 
II: 97; 85: July 
II: 96 ; 85: July 
II: 101; 89: July 
II: 95; 84: July 
II: 103; 90: July 

3, 1930 (t; 

3, 1930 ~ 
3, 1930 (t; 

3, 1930 ~ 
3, 1930 ~ 
3, 1930 (t; 

3, 1930 ~ 
3, 1930 ~ 
3, 1930 (t; 
3, 1930 (t; 

3, 1930 (t; 

3, 1930 ~ 
3, 1930 (t; 

3, 1930 ~ 
3, 1930 (t; 

3, 1930 ~ 
3, 1930 it; 
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II: 97; 85: July 3, 1930 ~ II: 94; 82: July 3, 1930 ~ 
II: 100; 86: July 3, 1930 ~ II: 94; 82: July 3, 1930 <j? 

II: 99; 86: July 3, 1930 ~ II: 96; 84 : July 3, 1930 <j? 

II : 109; 98: July 3, 1930 ~ II: 90; 78 : July 3, 1930 <j? 

II: 97; 84: July 3, 1930 ~ II: 91; 79: July 3, 1930 <j? 

II: 103; 91: July 3, 1930 ~ 

PRELIMINARY REPORT ON THE ANIMAL ECOLOGY 
OF PRESQUE ISLE, LAKE ERIE, 

PENNSYLVANIA 
BY SAMUEL H. WILLIAMS 

Zoological Labomtory, University of Pittsburgh 

Presque Isle, the site of the new University of Pittsburgh Lake Lab­
oratory, is a peninsular, compound, r ecurved sandspit extending into 
Lake Erie in a northeasterly direction at Erie, Pa. According to Dr. 0. 
E. J ennings1 this peninsula was originally attached to the mainland at a 
point considerably to the west of its present location, and due to inci­
dental movements of the waves it has been steadily moving eastward. 

At the present time, Presque Isle is a peninsula more than seven 
miles long. As the name implies, it is almost insular in its aspects and it 
has been such in fact at numerous times in its history due to the waves 
breaking through the narrow neck and completely isolating the land 
area. The last of these breaks occurred in 1929. 

The peninsula is composed mainly of shore sand and gravel that has 
been transported by the waves and, because of its composition and ex­
posure to southeasterly wave movements from the open lake, pronounced 
changes are continually taking place. Violent storms effect such remark­
able transitions that maps must be corrected from year to year. The 
waves strike the rounded, convex shore and are deflected along this 
shore, carrying the loose sand and gravel toward the outer extremity of 
the peninsula. This results in a continuous destruction of the exposed 
side. At the other extremity, the transported material is deposited in 
such a way as to form new sandspits which eventually inclose large 
rounded ponds, and sandbars which finally isolate longitudinal strips of 
water from the lake. These frequently become filled with drifting sand 
but some times they become bordered with vegetation and therefore ac­
quire a degree of permanency. 

As has been indicated, the northwestern shore of the peninsula is 
exposed to the open lake. It is for the most part barren, with a beach of 
varying width for almost its entire length. 

1 Jennings, 0. E.-A Botonical Survey of Presque Isle-Annals Carnegie 
Mu.qeum 1909. 

PENNSYLVANIA ACADEMY OF SCIENCE 
89 

The southeastern shore incloses Pres ue Isle B . 
is therefore comparatively quiet b . . fq. ay (Ene Harbor) and 
storms. On this shore the ve t' t~mg. alrly.well protected from violent 

. ge a Jon, mcludmg the ha d d 
restnal herbaceous plants and th t . r woo s, the ter-
pJwtes, border the water,; edge the ypffJCal .marsh succession of hydro-
£ h b. ' us a ordmo- an entire! d"ff o a 1tat formations than is t b f d '"' Y 1 erent set 

· 0 e oun on the lake sh Th" · 
also meioses near its outer extremit ore. 1s shore 
ery Bay) in which currents are r:d:c:~ther larg~ ~econdary bay (Mis­
quence, the bottom of the ba . . to a mmunum. As a conse-

Y 1s prov1ded with a d 
water plants such as chara p t ense assortment of 

Du t d d . ' o amogeton, vallesneria etc 
e o re gmg by the P ark and H b 0 , . ·. 

considerable length have been o ened c ar or. ommJsswn, lagoons of 
ponds (Long Big N" GP ' onnectmg several of the larger 
waters. , , Iagara, raveyard) indirectly with the harbor 

The ponds formed during th h. 
e lstory of the peninsula and in the 

manner sug·gested, now constitute a chro l . . 
from several hund d no ogJCal senes ranging in age 

re years to ponds a few m th ld 
are separated by ridges wh. h . h on s o · These ponds 

· ' lc m t e older secti b 1 by mterdunal swamps woodla d ons ear arge trees; 
mensions. ' n s areas; and sand dunes of varying di-

The transitional character of p 
able assortment of habitats h ~ehs~ue Isle has r esulted in a remark-
£ ' eac Wlt Its more or less ·fi · o plant and animal forms. Th . speCJ c assoc1ation 

situation; sandy areas. ponds e;e are to be found: every type of beach 
are~s of various plant ~ssociatio:s ~:~Y age and description; woodland 
cesswns. ' amps and marshes, and plant sue-

It was because of these inter t" 
work of Dr Jennings that th U e~ m~ features, first revealed by the 
summer bioiogical wo;k to p e m~ersity of Pittsburgh transferred its 
nent station there. resque sle and later established its perma-

The zoological investigations have been directed . 
up to the present consist of th t d. by the wrJter and 
few investigations by graduate es:u~e~~~- referred to in this paper, and a 

The zoological program at the resen . . . 
determining the following i f f. t tJme lS chiefly organized for 
got there, (3) factor e ffect:;r~a ~~~: -~1) ,the fauna itself, (2) how it 
erning- its tu·vival (5) t l typ 1 l'~ u.tiOu, C 4 ) the conditions gov-
f · ' le es of au.unaJ a · f 0 ~nterrelationships involved i tl . . · om a. lou , ( 6) the kinds 

WhiCh exist between the faun a :Udl~e a o Ultlons, (7) the relationships 
graphical changes on numbers and d?rta " ban~ (8) the effects of the topo-

I · r 1 ut1on. 
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It i obvious that the n.n wer to tl1ese questions will require a con­
siderable number o£ detail d investigation . In the first place, a survey 
of nil exi ting form and their habitat preferences must be made. This 
will ·equ.ire years to make and the number of individuals will run into 
thousands. A complete study will necessarily include food habits, life 
histories, periodicity, climatic conditions, and seasonal succession. It 
must also include the measurements of the physical and chemical en­
vironmental factors, such as soil, free oxygen, hydrogen-ion concentra­
tion, temperature and transparency of water, and the quality, quantity, 
and intensity of sunlight . 

At the present time much data has been recorded and certain phases 
have been more or less completely studied. The voluminous evidence 
already acquired through intensive studies is only qualitative and all 
too inadequate for positive generalizations or specific conclusions. The 
ultimate determination of all of the factors involved is years in the 
offing. However, certain of these factors have unmistakably been deter­
mined and the purpose of this paper is, chiefly, to present some of the 
scientific aspects of Presque Isle and to suggest some conclusions which 
our studies, up to date, warrant. 

I shall briefly discuss five of the commanding zoological aspects as 
follows: (1) the source of the fauna, (2) the conditions governing its 
survival, (3) the factors aff cting distribution, (4) the responses of the 
fauna to transitional change· now taking place, and (5) the fauna itself. 
These will be discussed epaJ.·ate1y, only in part. 

THE SOURCES OF THE FAUNA 

The surveys made, although complete in only one or two groups, 
show that the present fauna has been derived from the following 
sources: 

I. Original fauna. 

(a) Isolated on the land area when contiguity with the mainland 
was first destroyed. 

II. Aerial migrants. 

(a) Voluntary migrants (actively distributed animals). 
(b) Involuntary or wind blown migrants (passively dis­

tributed). 

III. Animals washed onto the shore of the peninsula from the lake. 
(a) Animals blown into the lake. 
(b) Animals washed into the lake. 

IV. Isolated in ponds cut off from the lake. 
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ORIGINAL FAUNA 

d th eneral diGtribution of the forms in-
Studies of the fauna an e g t l t dates back to the origin 

volved indicate that a part of th~ fau~aba edas information obtained 
· 1 This concluswn IS ase on . .

1 of the penmsu a. . l l'f d by comparative studies of simi ar 
throug~ studies of th~ amma Ih ~ :n show that some of the peninsular situations on the mamland, w Ic 

. d. to reO'ions farther west. 
forms are m . Igenous "' ent on Presque Isle, forms typically 

Many mamla~ f~r: ~::c::~:nts of animals which migrated onto 
terrestrial,. and t e:e ? . r These forms were isolated when ~he 
the sandspit early m Its histo y. h . l d The isolated native 

b rated from t e mam an . 
peninsula ecame sepa . . 1 . . land home but within compara-
animals continued to surv.IVe m t leir t: ainland was cut off when the 
tively narrow limits. Their egdress to fte mthe isthmian channel had been 

. l b an island an even a er h 
penmsu a ecame . . ith the mainland was re-established, t e 
bridged, and after co~tlgmty w d . t ·n an effective barrier to reverse 
barren sandy c?n~ectwn was, ~:ni~s s ;r 'rather association of communi­
migration .. This Isol~ted com t Yd will continue to present, some in­
ties, in thmr segregatwn, presen a~ t l tionships and development. 
teresting problems in adjustment, m erre a ' 

.AERIAL MIGRANTS 

. . b th the mainland and to Presque Isle 
Flying animals mdigenous to o t f the peninsula while those 

bl f f ll wing the land con our o 
are capa e o o 

0 
. • ht able to fly across the inter­

with the capability of sustamed flig are ti 0' the southeastern shore 
mediate half mile expanse of water separa n., 

from the mainland. . l are those which in their . bl ·mals on the penmsu a . 
The wmd own am . 1 d . currents and are earned fl . ht t caught m la ;:ewar air 

migratory Ig s ge '' The alternating air currents, · 1 "out to sea 
out to the pemnsu a or . thousands of insects from the 
although domin~ntly shorewar~~t~:~~~·ly those west of the attachment 
mainland. Mynads of the~e, P d' t d far out into the lake and 

. l t the mamland are Irec e d' 
of the pemnsu a o ' h h dreds of specimens inclu mg 
are later washed onto the beach w ereb un taken Many of the insects 

h bugs etc have een · 
beetles, grass oppers, ' .h, d but many others recover upon 

h d osited on t e san . h 
are dead w en ep f th 1 tter find suitable habitats w ere 
exposure to the su~ an~ many o lth e ~ as I shall later indicate, the 

continue their existence, a oug ' . 
they b to other forces m nature. 
majority of the~e succum . f animal life that is deposited on the 

Combined With that portwn 0 . a d those animals washed into the 
beach by the waves, must be consi ere 
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lake from the creeks to the west of the peninsula. The spring freshets 
and torrential rains carry numerous animals from these streams and 
from overflowed ponds, out into the lake where they, too, are caught in 
the diagonal currents that strike the exposed shore of the peninsula and 
-they are :finally deposited on the beach by the surf. Typical stream 
animals, such as black fly larvae, mayfly nymphs, stonefly nymphs, fresh 
water flatworms and stream darters have been taken on the beach or in 
the shallow waters along it. The opportunities for the survival of these 
forms, accidentally transported, are quite limited. In the :first place, 
very few of these animals are able to negotiate the barriers that exist 
between the beach and even nearby ponds. Those that do, as a rule, 
find conditions to which they are unaccustomed. Some of the pond and 
:stream animals transported in this way do, however, occasionally become 
jsolated in newly formed ponds and some of these survive. 

Undoubtedly many animals, aquatic, aerial and terrestrial, so un­
~willingly transported to the peninsula, could survive were other factors 
excluded. The wide, barren, sandy areas that extend for considerable 
.distances at most places, are barriers which very few forms can negotiate. 
Thousands of insects, after being washed ashore, start a trek across these 
:sandy spaces, which must seem as great deserts to them, toward the 
shelter of vegetation beyond the r ecently formed sand ridges. But, 
hke caravans of the Sahara, the way i fraught with many hardships 
.and dangers. The majority of the e fall victims to predaceous insects, 
:spiders, or the birds which patrol the beaches. lVIany are buried under 
the shifting sand or uccumb to the intense rays of a sun from which 
there is little or no protection. Each day, in summer, the sand is littered 

~with dead or enfeebled insects, and the dissected remains of numerous 
-others are testimonials of their tragic fate. Most of these insects (June 
beetles for instance) are poorly adapted to walking over loose sand 
.and their bodies are not fitted to crawling under flattened stones for 
·shelter. .A few, however, such as Carabid beetles, will move inland 
-during the night or on cloudy days and take to the shelter of chips, 
:stones and beach debris when threatened by the sun. 

Within the past three years a concrete automobile highway has been 
·constructed parallel to the beach. This has proved to be an added peril 
io those more sturdy individuals which have almost reached their objec­
tive. Observations made by the writer during the summer of 1930, 
:showed that hundred of insects which had been washed ashore and which 
had successfully escaped the dangers of the march across the sands, 
were killed by automobiles as they attempted to cross the highway. 
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Similar observations, however, showed that some even escaped this fate 
and finally reached the friendly shelter of the vegetation zones. 

IsoLATED IN PoNDS CuT OFF FROM THE LAKE 

As the sand shifts eastward along the northwestern shore of the 
peninsula, as has already been indicated, it is deposited _in sandbars 
parallel to the wave action. In this way, long, narrow stnp_s of water 
are cut off from the lake and in these ponds numerous lake ammals, such 
as mussels, mayflies, shrimps, and various lake fishes, are unwillingly 
confined. Many of these are unable to endure the still, shallow, sun­
beaten, newly formed ponds and they therefore perish. The abse~ce of 
wave action, plankton forms and algae, combined with increases m the 
summer temperatures of the water, the reduction of free-oxygen, lack 
of protection from the intense light, usually afforded by depth and sur­
face disturbances in the open lake, and the shallowness of the ponds 
which prevents vertical migration to deeper unfrozen waters in winter, 
are all contributors to the gradual decrease in number of these unfor-

tunate victims. 
The greater limits of adjustment of some of these animals enable 

them to survive for several years under favorable conditions, but even 
these eventually succumb to the changes produced by th~ advent of 
vegetation, the influx of typical pond forms an~ b_y the c~em1cal changes 
which ordinarily accompany stagnation. Th1s IS defimtely shown by 
the absence of the open lake animals in the older, closed ponds. I_n the 
ponds connected with lake waters, a number of the open lake ammals, 

especially shrimps, are common. 

DISTRIBUTION ON PRESQUE ISLE 

The distribution of animals on Presque Isle itself is, natur~lly, 
largely determined by specific habitats. On the sand dunes ant ~IOns 
( M yremelionidae) , robber flies ( Asilidae), sand colored sp1~ers 
(Trochosa cinerea), mottled grasshoppers (Sparagem~n Wyomu~g­
i~num) digger wasps ( Sphecidae ) horse flies ( Tabamdae) bee fl1es 
( Syrphidae), turtles and the foraging dragonflies and damselflies, are 

conspicuous. . . . . . 
On the beach, ground beetles ( Carab1dae ), t1ge: be~tles ( Clcmde_h-

dae), carrion beetles ( Staphylinidae, S~lphidae, H1stendae): flesh fl1es 
(Muscidae), horse flies (Tabanidae), d1gger wasps (Be~b~c1d~e), plus 
the great variety of animals washed up and the charactenstw b1rds such 
as plovers, killdeers, gulls,, terns, and sandpipers hold sway. 
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In the younger pond catfish, unfish, wl1ite fish and perch combined 
with 1nu · ·el (U nionidae), hrimps (Palaemonidae ), mayfly nymphs 
{Ephemeridae ), c:b:a.,.oufly nymphs (Aeschnidae, Libellulidae ), damsel­
fly nymphs (Agrionidae ) and water beetles (mostly Haliplidae and 
Hydrophilidae) are mo t numerou . 

In the old r ponds life is abundant from both the tandpoint of 
numbers and individual . 'rhe age, which involve chemical nature, 
plant a ociations a11d i olation, partly determines the fauna. In these 
ponds Insect (Chironomidae, Culcidae, Tipulidae, Tabanidae, Libel­
lulidae, Aeschnidae, Agrionidae, Gyrinidae, Haliplidae, Hydrophilidae, 
Dytiscidae, Gerridae, Veliidae, Nepidae, Notonectidae, Corixidae, 
Belostomatidae), Mollusk (Physidae, Lymnaeidae, Planorbidae, 
Cyrenidae ), fi bes (Siluridae, Esocidae, Centrarchidae ), annelid worms 
( Glossophoniidae, Herpobdellidae ), Cru tacca ( Gammaridae, Daph­
nidae, Cyprinidae, Asellidae, Astacidae), water mites (Limnocharidae, 
Hydrachnidae ) amphibian includin"" salamander (Triturus virides­
cens) and frogs, and a large variety of turtles may be found in great 
numbers. 

The marshes are inhabited by Tartigrades, marsh striders, (Hydro­
metridae), dragon flies, damselflies, catfish, turtles, snails, frogs, sal a­
manders, snipe, woodcock, killdeer, blue heron, and red winged black­
birds. 

TJ1e variou woocDancl areas J1ave the characteristic associations of 
bark beetle , woodborer , phyto hagou insects, carabids, ichneumons, 
ta hinid , cicada millipec1e c uti.pedes, snails, slugs, tree crickets, 
a assin bugs (Reduviidae ) the permanent winter and summer con­
tingent of bird. includi11 y the American eagle and other forms too 
numerous to list here. 

Except for the fact that few places in the world present such a wide 
assortment of habitats, the localized distribution on Presque Isle is not 
spectacular. However, the innumerable variety of situations, each sur­
rounded by such marked barriers, combined with the unique form and 
location of the peninsula and the continuous changes being effected on 
it, make the solution of the problems of distribution complicated and at 
times enigmatical. 

It has already been shown that the fauna of Presque Isle is distinctly 
isolated, the long sandy, open, wind swept (and at times water-swept) 
neck of the peninsula constituting an effective barrier to mainland 
migration. 

As new ponds and land areas are formed and as woodland areas 
undergo an age succession of vegetable growth, there is a steady march 
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d b ome filled f · h b't ts to populate them. Likewise as old pon s ec 
1 

0 1
n a 1 an . f tl imal popu ace . l , t tr'oll there is also a transformatiOn o le an wrt1 vege a , 

within them. (l) adaptability 
The spread of animals is naturally dependent. up or: ssary 

· t' ('J) hig·hways of and barriers to nngrabon, (3) nece fi t 
to mrO'ra wn, "" . b't t At rs 

o · t' s (4) food and ( 5) suitability of ha l as. b 
plant assoCia ron ' . . d ld seem to e a 
} l t the distribution within such a lnmte area won Ex-

t10ug1 . 1. B t 1 ·s not the case. " 
tter of comparatively srmple stuc res. u sue l 1 . l and 

ma . . b tl , ment of physrca i.ensive as they must necessanly e, le .m~asure . , re only 
. l f tor·s and a survey of the exrstmg annnal forms, a chemrca ac 

indicative of distributional bases. . . . l factors is 
P h a quantitative determination of drstnbutrona bl m 

er aps . 1 . in the pro e 
'bl At any rate, certain obvious me usrons . 

not possr e. . . . f 0'' nisms to live and dissemmate. 
reveal a potentral capabrhty o o"'a. l . teresting because 

The newer portion of Presque Isle is . t re more .m. Studies by 
f fi 't f la t and ammal assocratwns. of its utter lack o xr Y o p n l f d ponds gradu-

the writer and Mr. J olm Gamble, show that new~ or::e typical pond 

ally lose their original,_ isolat~d, _lake f~m~at:: ul~:~ate fauna of these 
forms. Every bit of evrdence mdrcates t la . t' IS of the older 

. . d from the more nearly fixed assocra ror ponds 1s recelVe 

ponds. ds according to age causes each 
The sequential arrangement of pon t f dispersal. Ridge 

succeeding pond to eventually become the ~en er o 
) . ' tl e center of emanatiOn. 

Pond (see map IS no" 1 'rounded with dense vegetation, the 
As each origi~Ial pond ~ec~rr:e :~n The faunal association in the pond 

arboreal borders mcreased m rerg . tl dult winged aquatic insects 
d ore confined because re a . d 

became more an m b cl~ swimmers water scorprons, an 
'd fi' water boatmen, a ' t d 

such as mr ge res, < • b tl heio·hts of a close and eleva e 
l able to rrse a ove re o l 

water beet es, are unc f th ponds around which the vegeta 
f t tion There ore, e f · 1 

border o vege a . ffi . tl low to permit the egress o amma 
growth is well started but su Cien Y d 

tl ''feeders'' of newer pon s. d 
forms, become le d 1 d they receive wind-blown san , . . 1 1 d areas are eve ope l 

As addrtrona an . , O'rasses and low shrubs are t 1e . begun The prrmary"' . 
and dunal areas are . d with these come ant hons, robber 
first inhabitants of the sandy areats ant rtles and in due time, the other 

'd ottlecl locus s, u ' . 
flies, sand spr ers, m A arid rido·es are formed agamst the . l f h areas. s s o . 
a.nimals typrca o sue J . gs has shown are the margmal trees 

I . h Dr ennm ' 
cottonwoods, w nc ' as · b . 

1
·11g of a woodland succession is estab-d ds the eo-mn 

of newly forme p~n ' 1 o l)rOO'ression of plants from the older 
1. l d The clefimte but s ow o lS 1e · 
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wooded sections to the ne\ver portions of the peninsula, rs accompanied 
by a characteristic progres ion of animal life. 

Thus, the principle of ev rla ting change, involving only temporary 
stability, in any situation, comb:ined with physical, chemical, and biotic 
1-1djustments, render Presque I le a veritable complex for the Ecologist 
and Systematist to untangle. 

STUDIES ON· THE ECOLOGY AND DISTRIBUTION OF 
AQUATIC BEETLES OF PRESQUE ISLE, 

LAKE ERIE, PENN. 
BY JonN T. GAMBLE 

Zoology DezJaTtment, Unive1·sity of PittsbuTgh 

One of the most interesting· biological regions in Pennsylvania is 
Presque Isle at Erie. The Peninsula, as it is commonly known to in­
habitants of that reg·ion and numerou visit01·s from other States, is a 
compound, recurved sand-spit about even to seven and one-half miles 
in length and varying in width from a. few hundred feet, at its point of 
attachment to the mainland, to a mile and a half in its widest portion. 
It encloses Presque Isle Bay (Erie Harbor) and is attached to the 
mainland about four mile · w st of Erie. ( l~'igure 9.) 

The peninsula is gradually moving a. tward due to the vigorous 
action of the shore drift ~md littoral lake ctuTents.1 Since 1921 Presque 
Isle has been a State Park and ince that time the Pennsylvania Park 
and Harbor ommis. ion have been wag·ing an earnest battle to make the 
penin ula a tationary affair and to keep it in the region of Erie. Dr. 
0. E. Jennings :i re pousible for the rumor that if the peninsula were 
allowed to go on lUimol steel it would continue to travel eastward at the 
rate of about a mile every 300 years and v ntually go over Niagara 
D ails and di. ·appear. incerely hop that the oll11llis. ion is success­
ful in holding the penin ula to its pres nt moorings. 

P~·evailing we terly winds build up fr-shore ba1· at the end of the 
peninsula, and as the ea tern nd of the a11d-spit is elongated, these 
<;and bars come to enclose beach pools and lagoons. The northeastern 
storms are mainly respon il;>le .for the formation o:l' the recurved part of 
the sand-spit and the cutting off o£ erie of pond from the bay region. 
'rhese ponds and lag·o ns are arranged in chronological series from the 
older ponds at the necl\ of the penins11la to those recently formed at the 
eastern end of the spit. 'l'h e pond o£ various ao-es, representing plant 
successions in different , taooe o£ development how very interesting 

1 Jennings, 0. E., Botanical Survey of Presque Isle. Annals Camogie Museum. 
Vol. 5 (1909), Nos, 2-3. 
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associations, distributions and successions of aquatic insects; and it is 
these ponds that have been chiefly dealt with in this study. 

The aquatic Coleoptera, or water beetles, of the families Dytiscidae, 
Hydrophilidae, Gyrinidae and Haliplidae were chosen as being the most 
representative group of aquatic insects that would lend themselves to an 
investigation of this type. 

This investigation was carried on during the summers of 1927-
1928-1929 and 1930 at the University of Pittsburgh Biological Station 
at Erie. Occasional trips have been made early in the year and late in 
the season in order to find out which of the forms studied were active 
at those times. The periods of activity have not been worked out, but 
the general statement may be made that the aquatic Coleoptera are 
most active during the warmer summer months. However some of these 
forms, except the Gyrinidae (Whirligig beetles) which are restricted 
to the surface of the water, will be found active at any season of the 
year, even when the ponds are covered with ice. The bulk of the ma­
terial used in this study was collected during the summer months of 
June, July and August when the quantities collected seemed to indicate 
that they were present in their maximum numbers, and therefore gave 
better data on the quantitative as well as the qualitative distribution of 
the beetles. 

The area west of \Vater ·works Park (See map of Presque Isle) has 
been disregarded because it has been interfered with too much by man. 

. Some of the ponds have been made into reservoirs for the storage of 
water; some have been filled in by the Park Commission in order to do 
away with the breeding places of the mosquitoes and thus make the area 
more inviting for the picnickers and bathers; and some of the ponds are 
being taken care of by the Park Commissioners and certain clubs in 
Erie. This leaves the area east of \Vater Works Park as the most desir­
able for any biological study, and it was in this area that collecting 
efforts were concentrated and ecological factors considered. 

A few of the more prominent features that are outstanding in the 
present stage of the solution of the problem are: 

(1) That Fox Pond does not contain a representative group of 
beetles because it is subject to frequent floodings on account of its close 
proximity to the lake front. 

(2) That Long Pond, Big Pond and Graveyard Pond would be ideal 
situations if it were not for the fact that a channel has been cut through 
to connect these ponds with the bay. This creates an open pathway for 
some of the larger lake forms that would naturally feed on insects, and 
thus reduces the numbers of the beetles. 
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(3) That Ridge Pond represents th . h . 
may therefore be referred t th e riC est coJlectmg ground and 
b 0 as e center of dis 1 f h eetles, because they do mig t b l . persa o t e water 
flight. ra e y eavmg the water and resorting to 

( 4) That this so-called "center of d. " . 
that will move eastward with th lS~ersal IS a changeable factor 
it will always be found in th . e sbucceedmg plant vegetation and that 
. e zone etween the m l 

twn and the heavily wooded areas. ore-or- ess open vegeta-

( 5) That the wooded areas act more . 
these insects than do the sa d d as barriers to the migration of 
· . n une areas becau tl 
Insectivorous forms while th d se le woods are full of 

· . e san dunes are r 
specialized group of insectivo f . epresented by a rather 
d . rous orms hke the ant l' 

Igger wasps and a few birds. wns, sand spiders, 

( 6) That the new or beach pools h 
those aquatic beetles' that ave as their predominating forms 
d . . are most common in th . l ' 

rammg into the lake Th' . . e mam and streams 
. Is seems to mdiC t th t h . 

beetle population from those streams b d. a e a t_ ey recmve their 
from the mainland. y Irected or accidental migration 

(7) That this particular territor is . . . . 
evidenced by the followi'ng fi y very nch In Its msect fauna is 

n g·ures: 

Comparison of the Goleoptemus Fauna of p. I . 
1esque sle Wtth that of Indiana 

and New York 

Dytiscidae Hydrophilidae Haliplidae Gyrinidae Gen. Spec. Gen. Spec. Gen. Presque Isle' ......... 22 
Spec. Gen. Spec. 53 12 -20+ 2 (j 

Indiana' 2 8 ·-..... ........... 24 70 20 54 2 10 
New York' - ............ 

2 15 
26 129 25 88 2 17 2 31 

, 
1 From the present survey. 
2 From Blatchley, Coleoptera of I d' 
a F n wna. 

rom Leonard, Insects of New York. 

In the comparison of the numb . . 
with the numb l'S <>·iv n for India 1 of these b tl~ on Presque Isle­
mind that both of tile Stat . . na _and ew York, lt must be kept in 
and Dy i cjdae w~· J· !· tl e Ul veys mclude all typ s of yili·opJlilidae 

• · ' lJ le pre ent tud i 1· · . ~ . 
on 1 :terin tl1 e m 11 · mutecL to aquat1e fo 1ns. 
. a area covered a. eompar d ,·th th 

Wlcle rru1""e of c,i '-·'b .,__; e VII e large area and 
.., ·• • ,__, J u .... o.u covered by both St t 

you will fl"'l' with me when. I tJ a e surveys, I hope that 
ay ll.l t Presque Isle h . · good accoun t of herself. as giVen a very 
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Those members of the Pennsylvania Academy of Science who were 
fortunate enough to be able to attend the field meeting held August 1 
and 2, Hl30, had a brief glimpse of the peninsula on a rather hasty field 
trip conducted by Drs. J-ennings and \Villiams of the University of 
Pittsburgh. They ·were given a mere glimpse into the future possibili­
ties of scientific study in that spot. The surveys by Jennings in Botany/ 
'l'ood in Ornithology, 2 vVilliams in Field Zoolog·y, Ortmann in Con­
chology, myself and other graduate students in the fields of Zoology 
and Botany,-have not more than scratched the surface of the possibili­
ties that are still present at Presque Isle. 

SPECIFIC DIFFERENCES IN REGI~NERATIVE 
CAP A CITY IN URODELES OF THE 

GENUS TRITURUS 
BY H. H. CoLLTNS 

Depart·ment of Zoology, Uni1:e-rsity of Pittsburgh 

The genus T1·itunts, one of the most widely distributed groups of 
American urodele amphibia is represented in the eastern United States 
by the vermilion spotted newt, '1'1·itunts vi1·iclescens and by the much 
larger brown newt, T1·it1wus to?'OS1ts west of the Rocky Mountains. 
These two species are being used as experimental material in ·a study 
of limb regeneration. It has long been known that vi1·idescens possesses 
the power of replacing lost appendages, but, so far as the writer is 
aware toros1ts was thought to be one of the number of urodeles incapable 
of limb regeneration in the adult stage. The writer has found, however, 
that regeneration of limbs and tail takes place very slowly. In speci­
mens, for example, in which the arm was removed midway between the 
elbow and wrist, the digits are beginning to differentiate fourteen 
months after operation. The relative length of the digits approaches 
that of the normal hand. In adult viriclescens regeneration occurs much 
more rapidly. In some instances the differentiation of the hand is much 
farther advanced two months after operation than in toros1ts at fourteen 
months. 

1 Jennings, 0. E., Botanical Survey of Presque Isle. Annals Camegie Museum, 
Vol. V (1909), Nos. 2-3. 

2 Todd, W. E. Clyde, The Birds of Erie and P1·esqne Isle, Erie County, Pennsyl­
vania. Annals Carnegie Museum, Vol. II, 1904. 
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SEX RATIOS IN ADULT POPULATIONS OF 
TRITURUS VIRIDESCENS . 

BY H. H. COLLINS 
Department of Zoology, University of Pittsbm·gh 

'!'Jordan, one of the pioneer students of the life history of th . 
lm IOn spotted newt, T?·itunts vi?·idescens rel)Orted ( '93) b . e v1el­
. d It · ' o servmg· t 1at 
~n a 1 u aluatic populations the males considerably outnumbered the 
ema es. mong 426 specimens, he found 280 or 65 . t 

males More re tl p (, ' pm cen , were 
i 1 . d . 1 . cen Y ope 24) found, in the course of his collections 
nvo :e m us excellent and comprehensive study of the l'f l . t . 

of tlus form, that of a total of 435 specimens 339 or 78 Le tns my 
males H t l h ' ' per cen , were 

. e ven urec t e suggestion that this one sided sex ratio mi ·ht 
be apparent rather than real, and that the males mio·ht be mor ~1 
seen and more read ·1 t , . o e eas1 y 
f 1 y cap uren durmg the breeding· season than tl emales. · 1e 

Th~ writer's observations on the sex ratio are based upon collecti 
~ade m_ western Pem:sylvania during the past six years. The call::~~ 
mg. statwns from vvhiCh the animals were obtained are all 'tl . 
radms of 70 mil f P'tt b Wl un a 
0 t b . d N es o 1 s urgh. The collections were made mainly in 

c o er an ovember,. and in March and April. The number of ani-
mals taken at any one time ranged from 17 t 554 Tl . 

11 h o · 1e males were m 
a_ ca~es m~c more abundant than the females, varying in seven collec-
tions m wluch the exact sex ratios were noted from 68 t 86 
Of a total of 1 4,..2 · 1 ° per cent 

. ' o amma s, 1,098, or 76 per cent, were males. . 
!here Is not _a larger percentage of males in t11e collections made 

dur.mg_ the bree_dmg season than at other times of the year. Further­
mme, m some mstances where small ponds containing large numbers 
:~~re O'almost depopulated, the number of females taken was not notice-

Y ,reater. These observations would seem to indicate tl t th 
of males is cl t · t' f ' · Ia e excess 

. Ia~ac eris I.e o the aquatic population and not due merel 
to differenc~s m behavwr and habitat preference between males an~ 
;emales dun~g the b_reeding season, making the males more easily cap­
ured. St~dws are m progress to determine at ·what time in the lif 

cycle and m what manner this inequality in the sex ratio arises. e 

BIBLIOGRAPHY 
JoRDAN E 0 Tl h ] •t ' . . Je a )I s and development of the ne•vt D. 

J M 1 ' ' tMnyctylus vi1·idescens. our. m·p 101., Vol. 8, No. 2, p. 269, 1893. 
POPE, PHILIP H. TlJe life-history of the common . 

descens) together with obse., t' watel·newt (Notophthalmus vi1·i-
n a 1ons on the sense of smell. 1920. 



102 PENNSYLVANIA ACADEMY OF SCIENCE 

NEGATIVE GEOTROPISM IN POST-METAMORPHIC 
YOUNG OF TRITURUS VIRIDESOENS 

BY H , H. COLLINS 
Department of Zoology, Unilversity of Pittsburgh 

The vermilion-spotted newt, Triturus viridescens, is distributed over 
the eastern portion of the United States, from the Mississippi eastward 
to the Atlantic coast and from southern Canada to the Gulf of Mexico. 
In the south Atlantic coast and Gulf regions, the animals make seasonal 
migrations from the aquatic to the terrestrial environments. !n lowlan.d 
districts, such as Long Island, the terrestrial phase of the hfe cycle IS 

omitted and the animals are aquatic throughout the entire life cycle. In 
mountainous districts, within their range there are three definite habitat 
phases in the life cycle. The larvae hatched from eggs deposited in the 
water in the spring remain in the water during the summer. In the fall 
the larvae undergo metamorphosis and leave the water, at the time when 
the external gills disappear. The post-metamorphic young then enter 
upon a terrestrial phase which is thought to last for a period of between 
three and four years. When the animals reach the adult stage, they 
return to water and remain aquatic during the rest of the life cycle. 

The factors involved in the marked changes in habitat preference, 
characteristic of the life cycle of these animals, are in the main unknown 
and present an interesting problem. From the writer's observations and 
experiments, it appears that as regards the migration of t~e p~st-met~­
morphic young from water to land following the loss of their gills, their 
geotropic reactions are mainly responsible. . . 

The possibility that negative geotropism might be a factor m the 
landward ;migration of the post-metamorphic young .was .suggested ~o 
the writer by his observations while collecting the migratmg forms m 
the field. On one occasion in particular, while attempting to find land 
forms in the vicinity of a large pond (located near Harmarville, Pa.) 
post-metamorphic young were found in large numbers along the base of 
a steep cliff on a hiliside about 200 feet from the water's edge. About 
150 specimens were collected at the. time. ~any we~e found alo;ng the 
face of the cliff in as nearly vertical positions as 1t was possible to 
assume. The animals were not only almost without exception oriented 
with heads up, but when watched were found to move a~ nearly straight 
upward as the irregularities of the surface would permit. . . 

These field observations suggested laboratory tests of their geotropic 
reactions. The tests were made by means of a plane, 6 feet in length, 
42 inches in width, inclined at different angles. 
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The animals were placed on a startinoo line in tl1 llliddl of th plane 
and oriented either at right angles to tlle a.-tis of the 1lane or with heads 
downward. While numerous individual variation were observed, a very 
marked negative geotropism was evident. In some inst anc dh·ect 
upward orientation occurred almost at once, followed by crawlin~ almost 
directly upward until the top wa 1·eached. The upward movement 
might be continuous or intermitt ent. orne individuals cr awled hori­
zontally for a few minutes, then orient d upward and mov d to t he top . 
Some were more erratic in their r eactions orienting upward, later moviug 
downward, then reorienting upward and ontinuinoo to the top. I n 
successive trials, some became mor e certain in their reactions, other 
somewhat more erratic. Some individual were much fr ightened by 
handling, and when placed heads down, would tr avel r apidly downward, 
then stop, turn about and crawl more lowly almo t in a traight line 
to the top of the plane. 

Care was taken to eliminate differences in illumination as a possible 
factor in determining the animals' movements. The ends of the plane 
were reversed frequently during the trials to rule out the possibility that 
the anima1s might follow their trails through the sense of smell. 

Although there wer e marked indi-vidual difference. iu t he r eaction 
of the fif ty individual . tudied, the r es1tlt demon trat quite conclusively 
the presence of a very marked 1H~gative <\"eotr opi. m in the po t-metamor ­
phic yotmg o£ T?-ittwtts v·w··idesce?M. t app <U' tha t llis t ropi n

1 
i the 

major factor involved in the ntigl'ation away £rom the watei·, which 
occurs at the b <~innin(J' o£ tbe terr trial pha e of th life cycle. 

DOCTORS OF PHILOSOPHY 
The Responsibility of the Graduate School 

BY ROBERT T. HANCE 
Zoological Laboratory-Unilvm·sity of Pittsburgh 

What is it that we expect of the representatives of academic tradi­
~ion f I believe that we all have very high, perhaps impossibly high, 
Ideals of what the professor should be. And I also believe that a con­
scious or subconscious realization that personally we fall far short of 
our standard, leads many of us into much strutting and no little aca­
demic bickering-smoke screens as it were, to cover our professional 
short-comings. It is perhaps needless to point out that this is just so 
much waste effort since everyone else is already painfully aware of our 
deficiencies. 

However this may set the theme of our first requisite. We should 
expect to see in our graduate students the basic elements of gentleness. 
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'l'h:i would se m to be inl1ercnt although many of the xternal · that 
serve to t a.g the individuals concerued as gentlemen ar e acquired t lu·on"'h 
association of the right sor t. To provide such a. , o iations ~llld experi­
ence is th duty of the Gr aduate chooL To try to vene r t he e qua1i­
ties onto tnd nts lacking in the inh r ut g ntlene · i · to create more 
social mi fi t . 

Since the professor is guide and directs his students into fields of 
far greater immediate prestige than that which he himself occupies in 
this country, he must teach by example as well as by word of mouth. 
His dress must be at least in good taste and his social actions at least 
natural and reasonably gracefuL For a teacher to fall short of this 
mininnun would seem t o p lace him beyond th 1 ale of om: ideaL 

It go s without nyin"' that ·we xpect om· profe · or to exhibit ound­
nes of cholarship. oundne o.f scholar hii i not to be 011 fus d with 
the me1·e k:nowldge of one ' ubject, important though that j . When 
all i said and don , almo. t any one of good memory •an a qnir a 
master y of the minutiae of abnost a11y :fi lcl of thou,.bt. nt the tl.·an -
lation of these details (that are o impre ive to many who I> . . s them) 
into living, related and correlated facts for the in p:iration and use of 
other is som thing e again. 'l'hi om thing els is wit hot1t much 
doubt again ba ically an inh rent r ath r than au acquir d art . 

I cmmot f el that this insp ir ed ch lm·ship, inh r nt t hon"'h I have 
per i tently insisted it to be, an be divor c d f r om t.h nvironmental 
influences of the ph it of r search and from it· pr ereqttisite t ime £ol' 
reflection. To see a few "'raduate tuden ts each . ar :ndd nly catch 
fire with t he nthu iasm o£ a new idea and in the haft £ thi c ufla­
gration be lifted to a new level of forceful work, is to be reconfirmed in 
the s ential wi'>dom of old m thod o£ appr eutice. hi1 . The man who 
has found something never b , 'ore folmd by an T o.ne el e is n ev r quit 
tl1 e . ame again. In his prlvat opinion, he has won hi academic puts 
and the r.i..,.ht to all in behind t}Je masterly caval ad that ha · ridden 
on before, making history. I know of no other way to achieve the same 
results. 

The other elements that we should like to see in this ideal academic 
man will follow more or less automatically. Breadth of information, a 
lack of narrowness, cooperativeness, en thusia m courag , all seem to me 
to be largely subdivisions of the qualitie. alr a :ty li cl 

Research may indeed lead to specialization and specialization to 
narrowness but it may be added, this narrowness will only occur in that 
certain type of individual who is already so proportioned and ·who per-
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haps has no place in the university. While a research institution may 
absorb him, it is an open question whether such an individual is the 
best sort of an acquisition for even such an establishment. Breadth of 
int erest providing that !>'tlch breadth i · t o withou t reasonable linl.its 
~vould em to ? e an ai ~ rather than a fu·awback t o the imagination tha~ 
lS the soui b lund cr at1ve work. ] r om thj · point of view it is hard to 
s e ho~ ~n investi,.ator of llCll staDlp could fail a au in ph·ing t acher . 

If It IS true that many of these desirable qualiti a·re inher ent, tJ1e11 
the duty of the Graduate School is to sel ct th e that po. se them and 
then to make almighty sure that the en ixomueutal background, so 
necessary to bring these traits into flower i provided. If the raclu at 

hooJ ha the courage ancl ldndncss to sidetrack the obviously unfit, 
ther hould be le . que tion in the future of the adequacy of collegiate 
peclago"'y. The diff:knlty (and it doe exist in products of our Graduate 
Schools a well a in tho e of the commercial world) of our doctors of 
philosophy lies not so much with the virility of their training as in those 
qualities in them that hitched up for better or for worse at the time of 
gametic union. To divert such gametic mishaps into their proper sphere 
of activity should be the work of the . College, but should it fall to the 
~ot of th ~·aduate School, this body should not shirk its duty. If this 
1: done a well a an, r group of properly qualified men can pass judg­
ment upon any pm·ticular individual then, I think, we shall find little 
r e.a ·on to ay t hat the pecialist is narrow, lacking in enthusiasm, and 
Wlthont pow r t inspil· intellectual enthusiasm in others. Rather out 
of his p cializatiou hould come the feeling of the mastery of some one 
field and an enthusiasm that is contagious. The Graduate School has 
produced su?h beings before and will continue to do so. No biologist 
would advocate the die casting of an academic ideal for he has seen 
too frequently the successful results of biological variability. Let us 
have each doctor of philosophy a gentleman, a scholar but a personality 
as well, a teacher who believes that he is teaching the most important 
thing in the curriculum and can prove it, and lastly and importantly, 
an investigator. Such a man may be a specialist but he can seldom be 
narrow. 

Having thus proclaimed my reactionariness it suddenly dawns on 
me that I had better fold my own Ph.D. and silently slip away before 
someone who knows, proclaims too loudly that it is without the support 
of a single listed attribute, genetic or acquired. 
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FLOATING POSITIONS OF HOMOGENEOUS 
SQUARE PRISMS 

BY JOSEPH B. REYNOLDS 

Lehigh UniAJersity 

It is the purpose of this paper to discuss positions of equilibrium of 
homogeneous prisms of square cross section and differing specific gravi­
ties1 when floating in a quiescent liquid of uniform density. We shall 
treat only cases where the length of the prism is sufficiently greater than 
its width to prevent any tipping of the geometric axis. 

The locus of the center of gravity of the liquid displaced by a float­
ing body, for different positions of the body, referred to axes in the body 
is called the curve of buoyancy. It is shown in hydrostatics that: 

(a) the tangent to the curve of buoyancy is, at any point, parallel 
to the surface of the liquid in the position determining that 
point; 

(b) positions of equilibrium are those in which the normal to the 
curve of buoyancy passes through the center of gravity of the 
body; 

(c) positions of equilibrium are stable provided the center of grav­
ity of the body lies below the center of curvature ·of the curve 
of buoyancy ; 

(d) the radius of curvature of the curve of buoyancy is the quotient 
of the moment of inertia of th~ surface section. of the body by 
the volume of the body; and 

(e) for each position of equilibrium for a body of specific gravity 
s there is a corresponding inverted position for the same shaped 
body of specific gravity s' = 1- s. 

Let ABCD, Fig. 10, be a square plane section of the floating prism 
through its center of gravity with B the lowest corner. Let the prism 
be rotated about a horizontal line by a couple causing the line AB to 
make an angle e with the horizontal. we shall have all possible posi­
tions of the prism or their equivalents by letting e vary from 0° to 45 °. 
Let P (x, y), the center of buoyancy, move along the curve of buoy­
ancy, c. The submerged portion of ABCD will vary from a rectangle 
for e = 0 through a trapezoid to a right triangle which becomes isosceles 
for 9 = 45 o, for values of s < i. Successive positions are the first three 
shown in Fig. 11. 

1 Specific gravity is used in this paper to mean the ratio of the weight of the 
volume of the prism to that of an equal volume of the liquid. 
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B 
FIG. 10 

.S• 0-7119 

FIG.ll 

Using AB as X1-axis and a line, EO, the midpoint of AB parallel 
to BC as Y1-axis, we have for the curve of buoyancy, while the submerged 
section is a trapezoid 

(1) X1 =a tan 9/12s; y1 = ia (s + tan29/12s), 

in which a is the length of a side of the square. For this curve 
dy I dx =tan e, showing that the tangent to the curve is parallel to the 
surface of the liquid as stated in (a). By (d) the radius of curvature 
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is R1 =a (a sec e) 3 /12V =a sec3 9/12s. The submerged section is trape­
zoidal for 0 < tan e < 2s. 

When the submerged section becomes triangular, using BA and BC 
as x2-axis and y2-axis, respectively, we have for the curve of buoyancy 

(2) x 2 == (a/3) (2s cot 8) 1 ; Y2 = (a/3) (2s tan 9) 1 • 

For this curve dy I dx =- tan e. It is parallel to the surface of the 
liquid. The radius of curvature is 

R 2 = (2a s1/3) (esc 29) 3 /2. 

The submerged section is triangular for 2s < tan 9 < 1. 
The parabola (1) joins the hyperbola (2) at the point N, Fig. 12, 

where tan 9 == 2s. At this point these . curves have a common tan-

FIG. 12 

gent line and equal radii of curvature, since for tan 9 ::::l 2s, R1 :::: a (1 
+ 4s2

) 
3 

/
2/12s =l R 2 • That is, at this point, the parabbla and hyperbola 

have contact of the second order. Thus, for a given prism, the curve of 
buoyancy for all positions is made up of four equal arcs of parab~las 
joining four equal arcs of hyperbolas. It is a closed curve symmetn~al 
with respect to the center of the square with eight, and for some specific 
gravities, sixteen, apses. 

By equations (1) it is seen that the locus of the point? N, where the 
parabolas for the different values of s join the correspondmg hyperbolas 
(where tan e::: 2s) I iS the Straight line 

PENNSYLVANIA ACADEMY OF SCIENCE 109 

(3) X 1 =a/6. 

This line parallel to BC trisects the side of the square BA and the diag­
onal BD. 

For specific gravity s' = 1- s t he qua1· ction i mo1· t han half 
submerged since s' varies from i to 1. 'l'l1e submero-e :1. :ecti011 var ies 
from a pentagon with two pairs of qual angl f r e =: 45° thro ugh oth . 
pentagonal shapes to a trapezoid which finally becomes a r e ta l gl for 
e = oo. Successive positions are the la t thr hown on Fig. 11. 'l'he 
inclination of the side AB is the ame for specific gravity as or 
s' = 1 - s by (e). Different po ition of the p r i. m for variations h1 9 
due to variations in s are illustrated on 1 ig. 11. . 

The curve of buoyancy ( 4), for positions in which the submerged sec­
tion is pentagonal, has the equations 

(4) x' 2 = (2s'-1) a/2s'+ (1-s') 3 12 (2 cot 9) 1 a/3s'; 

y'2 = (2s'-1) a/2s'+ (1-s') 3 12 (2 tan 9) 1 a/3s'. 

The radius of curvature of this hyperbola is 

R' 2 = 2 [ (1- s') esc 29)8'12 a/3s'. 

In positions in which the submerged section is trapezoidal the curve 
of buoyancy is 

(5) y'1 = i a [s' + tan2 6/12s']. 

The hyperbola ( 4) makes contact of the second order with the parabola 
(5) at the point N' where tan 6 = 2 (1- s') ; that is, for the position at 
which the pentagon passes into the trapezoid. The hyperbolas ( 4) and 
( 2) are identical for s :::: s' .= l 

By (5), the position of N' is where x1 =a(1-s')/6s' and y
1

=a(4s'2 

- 2s' + 1) /6s'. The locus of N' for different values of s' is the hyperbola 

(6) 

This curve cuts (3), the locus of N, at the limiting point where x
1 

= a/6, 
y1 ::: a/3 which trisects the diagonal, BD, of the square. 

By (b) we have for positions of equilibrium for trapezoidal sections 
tan 6 = 2x1 / (a- 2y1 ). This relation with (1) gives as coordinates of S, 
a center of equilibrium 

x1 =a [12s (1-s) -2]'/12s; 12y1 =a (6-1/s) 

and for all values of s the locus of S is the ellipse 

(7) 
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The locus is the same for s as for s' = 1 - s. Centers of equilibrium on 
this curve are confined to that part of it for which x1 is real and will 
exist only if 6s2

- 6s + 1 > 0. This corresponds to s > -!- y 3/6 = 0.211 
or s' < f + y3/6 = 0.789. Since points on this locus must not lie to the 
right of (3), x1 = a/6, we find that to meet this condition s < 1/4. 
H ence, center of equmbrium can lie on the lower half of t he ellip e 
betwe n and inchtdinO' tl1e p oints '1' ( ± a/6, a/6), only. ( Fi•~. 12.) 

0 ut.el' of equilibrium ou the upper half of the ell ip e cannot lie to 
the right of the locu of N' given by (6) . T his hows that s' > 3/4 and 
that these centers can lie between and including the points ( + a/18, 
7a/18) only. Hence the locus of centers of equilibrium for values of s 
between 0.211 and 0.25 and of s' between 0.75 and 0.789 and including 
these limiting values lie upon that part of the ellipse (7) which is in­
cluded on and between the lines 2y1 + 4x1 = a. 

For a center of equilibrium to lie upon curve ( 2) or ( 4 ) we must 
have (a-2x2)/(a-2y2 ) =tan e. This relation with equations (2) gives 
as locus of centers of equilibrium, 

(8) x+y= f a, 

a traight line bisecting OB per pendicularly at (a/4, a/4) and taJJgeut 
to (7 ) at 'r. For U to lie u pon (2) we find . =9'/32= 0.2 1. T1m, for 
an increa e of the specific gravity, f r om 0.211 t o 0.281 the an le of in­
clination incr ase. from 0° t 45° and t he enter of equilibrium moves 
from F on F ig. 3 t lll'ough ' and T t o 

For a center of equilibr ium to lie upon curve ( 4) we find 

x2=a(8+15 tan 8+6 tan28+8 tan3 8)/2(1 
+ tan e) ( 8 + 7 tan e + 8 tan 2 e) ; 

y2=a(8+6 tan 8+15 tan28+8 tan3 8):/2(1 
+tan 8)(8+7 tan 8 + 8 t an28). 

Referred to OB and 00 as x3-axis and y 3-axis this locus has the equation 

(9) (46 y2x3 - 9a)x2
3 + (18 \ / 2x3 + 9a)y2

3 =·o. 

This curve is a strophoid with x3 =-a/2 y2(the line VW, Fig. 10) as 

asymptote. It cuts OB at M where x2 = 37a/92 and y2 = 37a/92. These 
coordinates satisfy ( 4) if s' = 23/32 = 0.719. Thus, for an increase in 
specific gravity from 0.719 to 0.789 the angle of inclination decreases 
from 45° to 0° and the center of equilibrium moves.from M through the 
intersection of (6) and (7) to L. 

If P is any point on the locus of centers of equilibrium and 0 the 
center of the square we have by (c) that the equilibrium is stable if the 
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radius of curvature, R, of the curve of buoyancy for the point p satisfies 
the inequality OP < R. 

At the vertices of the parabolas (1 ) Ol ' (5) y~ =a /2 and R'l ~ a/12s; 
hence the position in when e = 0, t ha i , AB horizontal, i tabl 
if ia- Y1 < R 1 or 6s2- 6s + 1 > 0. 'l'hl· ondition is met if . < 0.211 
or s' > 0.789. At the vertex of the hyperbola (2) where e = 45° 
X2=a 2s/3, Yz=ay2s/3 and R2=2a y &/3. H ence, p o itions for e=45° 
or BD ver tical are stable if a/'1,!2- yx2

2 + y2
2 <: R2; that is, if s > 9/32. 

For the upper limit in this position we must refer to curve ( 4) _which 
takes the place of (2) for s' > i . At the vertex of ( 4) where e = 45o 
x'2 = ia (2 -1/s') +a (1- s') 3 122/ 3s' = y'2• For stable equilibrium in 
this position we must have a/ y 2- y x'2 

2 + y'2 2 < R' 2. This requires 
that s' < 23/32. 

If 6s2- 6s + 1 < 0 the cusp of the evolute of the parabola (1) lies on 
EO above 0 ; hence, for such points as S, R > OS and the equilibrium is 
stable. For an hyp rbola o£ th e t rpe (2) :ntting TU the cusp of the 
evolute lies on D above 0 and, th r efor , T i a locus of stable equi­
librium. In similar manner it ean be hown that point on ML are cen­
ters of stable equilibr ium. 

Fig. 13 shows the locus of centers of equilibrium for values of s 
between 0 and 1. 

· ·· - · · · · · · ·· ·· -- !? 

E 

FIG. 13 

For 0 < s < 0.211, 8 ~ oo and EF is the locus; 

B 

for 0.211 < s < 0.281, oo < 8 < 45o and FU is the locus; 
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for 0.281 < s < 0. 719, e = 45 o and UM is the locus; 
for 0.719 < s < 0.789, 45° > 8 > Oo and ML is the locus; 
for 0.7139 < s < 1, 8 = oa and LO is the locus. 

It will be seen from the figure that for all possible positions of equi­
librium the locus of centers of equilibrium consists of two closed curves 
symmetrical with respect to the center of the square section each having 
eight apses; along with ten radial straight lines meeting the clo~ed. curves 
at their apses. The outer· closed curve consists of four elliptic arcs 
joined, by four straight lines. The inner closed curve c_onsist_s of four 
eUipti · arc joined by four . trophoidal a rcs. Fom strmght lines f~·om 
the midpoints of the sides of the quare meet the outer cur ve at r1ght 
an CI'les. li'om· o·~bcrs on th diagonals of the quare join each an ap e 
of the outer curve to one o£ the inner . Finally two traigh t line 
tlu·ough tbe center of the square pa1·allel to its sides join oppo ite ap 
of the inner closed curve. 

'l'his fi ·m e show that any line through the center , 0 , of the squa-re 
section in that section can b v r ti al UJlder stable .equilibrium f or at 
1 ast two diffe1·ent value of the p ecific gravity other than unity but for 
only one con·esponding an..,.le of inclination_ and four pos ibl po itions 
of the p rism. F or oi.,.ht particular po.-ition of the pri m- fonr with_au 
edge vertical, four with a diagonal vertical-there correspond an unlim­
ited number of values of the specific gravity. 

The results of the analysis in this article can be verified by floating 
prisms of differing specific gravities in water or other liquids. 

EVIDENCE OF DURABILITY OF BUILDING STONE 
BY R. w. STONE 

Pennsylvania Geological Survey, Harrisbu1·g 

In the report of the Tenth Census of the United States1 an estimate 
was made on the "life" of different types of stone, based on observations 
on buildings in New York City. The "life" represents the period the 
stone will endure until disintegration renders it so unsightly that its 
repair or replacement is necessary. 

The estimates in which we are interested are 
Years 

Coarse brownstone .. .. _ ............................................................. .... -... 5- 15 
Laminated fine brownstone _ .................. -.... ...... ................... 20- 50 
Compact fine brownstone -··-···· ........ .. ........ -~ .. - ........ .... 100-200 
Gneiss ···-••oo•··· ······•·hoo••oo••••··••• •• H•OO •oo•·••• oooo••········- ···· ··· ·-··························· 50-to many centuries 

1 Julien, Alexis A., Tenth Census of U. S., vol. 10, pp. 364-393. Durability of 
various types of stone in New York City. 
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It i pos ible that bttilding stone of the same character will endure 
I. nger in the country m· in a city like Harrisburg than it does in New 
York City and a. compari on '"i h buildings in or near this city may 
illu t rate that point. 

The Berst house at Waltonville, which is the site of the well known 
Hummelstown brownstone quarries, was built of medium-grained brown­
stone in 1800 and a barn on the same property in 1809. The stone in 
this house after 130 years shows no sign of deterioration. In an adjoin­
ing cemetery are tombstones made of the same material which date back 
to 1725 or more than 200 years. On some of these the carving has be­
come very indistinct and weathering is readily noticeable, but a tomb­
stone in which the original bedding is parallel with the carved face ex­
poses the edg·es of the beds on three sides and disintegrates faster than· 
a stone built into the wall of a house and laid with the bedding hori­
zontal. 

Other evidences of the long ''life'' of the local brownstone are Sant 
Peters Kierch, Middletown, erected in 1767 and the Frey mansion house 
on the Lancaster Pike in Middletown built in 1768. In these structures 
which have stood for more than 160 years the only conspicuous disinte­
gration of the brownstone is in the foundation of the Frey house where 
the spatter from a rain spout has caused spalling. 

Brown ·tone containing quartz p ebbles up to the size of a hickory nut 
has been used in local buildings, as in the foundation of Market Square 
Presbyterian hurcb, H arrisburg, which was erected about sixty years 
ago. This variety of stone shows occasional pitting where the pebbles 
have weathered out. However, it is only a surface feature and not suf­
ficiently detrimental to require r eplacement from an asthenic view­
point nor from structural weakening. 

On this evidence it would seem that the normal run of medium­
grained brownstone quarried in Dauphin County has a "life" measured 
by centuries, rather than by decades, and that 500 years or more would 
be a reasonable estimate for its durability. 

Some conspicuous instances of brownstone ashlar having spalled 
might lead to the conclusion that this is a common habit, but from my 
observation of many brownstone buildings it seems to be demonstrated 
that when the ashlar is finished with a rock face, spalling does not occur 
and only rarely when finished with a sawed face. It is my impression 
that spalling develops more frequently on those blocks which have been 
dressed to a smooth face by hand or machine tooling, the impact of the 
tool having loosened the grains of the dressed surface so much that mois­
ture penetrates and causes the face to scale off. 
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Evidences of the durability of the local limestone when used as 
building stone can be seen in the Paxtang Presbyterian Church which 
was built in 1740, the John Harris mansion house at 219 S. Front 
Street which is the oldest residence in the city and was built in 1766, the 
Bailey house at 401 N. Front Street, 1791. Less ancient but still of 
mature years are the Pine Street Presbyterian Church, built in 1859, 
and Grace Methodist Episcopal Church in 1871. In all of these build­
ings the limestone is in perfect condition, a fact which would indicate 
that the "life" of this stone can be measured by centuries. 

The Tenth Census report referred to gneiss as being very durable. 
The fact that mica schist or Wissahickon gneiss from the Philadelphia 
district has been used in Harrisburg recently in the construction of resi­
dences on the River Drive just above Division Street, and a church at 
Third and Woodbine streets makes it fitting that evidences of the dur­
ability of this stone be presented. Similar stone was used in the con­
struction of St. Davids Church (1715) and of Friends Meeting House 
(1718), both at Radnor, Pennsylvania. These buildings are still in reg­
ular use for religious services and after 200 years of exposure to the 
elements no sign of deterioration is apparent in this stone. 

TRAINING GRADUATE STUDENTS 
BY RoBERT T. HANCE 

DepaTtment of Zoology-UniveTsity of PittsbuTgh 

·Those students who set their cap for the goal of professionalism in 
the sciences either because their straining eyes seemed to discern a call, 
or because some medical school failed to call, have much to learn concern­
ing their trade that is not included among the academic ,impediments of 
those who profess the so-called humanities. There is much connected 
with the techniques of the various sciences that might be termed manual 
training and that seldom finds a place in any course. Not only is a 
knowledge of standard equipment desirable but even more so is an appre­
ciation of the principles behind such apparatus so that in event of its 
absence similar tools may be improvised. I shall never forget my disgust 
with an army company doctor in the last war who felt called upon to 
make a 60 mile trip to our base-hospital laboratory to sterilize some petri 
dishes: We had a regular sterilizer, so called and pictured in the cata­
logue. The fact that there was a cook's oven in his outfit meant nothing 
to him. It was for beans and not for sterilizing despite the fact that it 
could be fired quite as hot as our laboratory product. This non-adapta­
bility was not infrequently exhibited by other members of the medical 
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staff of the army although it is but fair to say that it was perhaps more 
than adequately compensated for by the ingenuity of others. We see it 
too frequently for comfort among our graduate students, who feel that 
they must have an elaborate piece of apparatus to initiate their research. 
They forget that some graduate students, in all likelihood, originally 
devised this catalogue equipment that is now so bravely tricked out in 
shining mahogany and bakelite. Perhaps they are not to be too much 
condemned for their apparent lack of originality, and the condemnation 
should be laid rather at the door of those whose duty it is to lead these 
noviates out of Egypt to the promised land. 

Feeling that the responsibility was theirs the staff of the Department 
of Zoology at the University of Pittsburgh have outlined a series of 
demonstrations with opportunities for putting the new acquisitions into 
practice, of techniques in which they felt themselves reasonably profi­
cient. The meetings are held in the evening to avoid interruption and 
attendance is entirely voluntary. Some of the subjects that are being 
presented are : 

Preparing a scientific paper for publication. 
Sharpening microtome knives. 
Use and structure of the microscope. 
Preparation of entomological material. 
Preparation of anatomical material. 
Caring for genetic material. 
Hydrogen-ion equipment-its value and methods of use. 
Preparation of a bibliography. 
Illustration. 
Photography-Drawings-Painting. 
The plan has been heralded with surprising enthusiasm by our grad­

uate students. We expected and indeed had equipment for but five or 
six and so were quite unprepared for the attendance of almost the entire 
group. It is obvious that we cannot hope to produce experts in these 
various techniques 'vithin the limits of the time allowed for the present 
course. We do hope, however, that the present method of exposure will 
at least draw the attention of our students to the possibilities and to the 
existence of these techniques. They may not need skill in these profes­
sional mechanics at once, but if and when they do, we feel that it may 
be of some value to them. The course, if such it is, is being tried out 
for the first time and the results are on the knees of the gods. We trust 
that these anatomical supports prove stable. 
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THE NATURE OF' GRAVITATION 
BY R. N. DAVIS 

Di1'ecto1' of Eve1'ha1't Muse1~m, 8c1'anton 

At a previous meeting of the Academy I attempted to outline a theory 
of the real nature of gravitation. In the discussion that followed two 
objections were raised. At the time I did not feel that I could meet these 
objections with the conciseness that their importance demanded. I wish 
now to discuss them. 

Let us briefly restate the theory. It is founded upon the acknowledged 
fact that every mass of matter is surrounded by a gravitational field 
varying in strength with the magnitude of the mass and the kind of 
material of wltich it i. composed. It a · tUne that aLL pace i occut i d 
by an ether compo ·ed o£ particle o.f hYfiuit> imal. iz Iuoving in all kinds 
of directions at enormous veloeitie . 'l'he · par icles a1·e so minute and 
they move at . uch ''l'eat velocitie. that they pas tlu·ough mol cui s and 
atolil and even tlu·ou"'h "'l'eat ma · es of matter lik the eaL·tl without n­
countering much obstruction. There is some obstruction, ho>vever, and 
it is this obstruction that produces the gravitational field. 

Let u apply tl1i theory to the arth and an object near it m·fac 
sny, an npp!e n a tree. This apple like all oth r mas , i bombard d 
by tl1e ther parti ·1 s :from ali direction . 'fltcre is no teud ncy for t.ll 
appl to move laterally sin e the pre. sur ) qual n oppo ite sicl s. 
Thi is not true o£ tl1e pre. sures f1·om abov aud below. The eth r 
pru·ticles comin"' from below bave b •e'JJ slightly obstruct d it) their pa -
·age tln·oug·h the earth and o do not exert th . am pr . sm·e upon th 
appl · as orne from the opposite dir ction. 'rhi tm bnla need pr . ur 
i tlt for of gravity. A th cohe ion o.f the appl t m dimini ·bes it 
finally becom 1 ss than the pt1 ·l1 of gl'avity and th apples parates from 
the twig and i. pn l1e :I with a con.-tm1.t pr ' nre towal'd th •rround. 

l'I.Witati n i really a push h1 te.o'ld of a pull. f com the arth 'i 
pushed toward the apple just as truly as the apple is pushed toward the 
earth but on account of the disparity in the masses only the moyement of 
the apple is apparent. 

The first objection to this theory was, in substance, ''The weight of 
similar masses varies as the cubes of the like dimensions while the theory 
would imply a variation according to the squares of the like dimensions.'' 
Tl1i. objection is due to my failure to ma lc cl at· tl1 theory. TJ1e objector 
toias eviden ly thinldtlg of he pr ure of team 11pon th piston of a t am 
ngine. 'rh action of the th r is v ry diffe1· nt a the patticl are 

conceiv d to pa throu.,.h the mass of matter giving up ne1•gy all tl1e 
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time. The result depends upon the number of ether particles traversing 
the body and the average distance they traverse the mass. 

Suppose we have a sphere of lead that weighs one pound. Now take 
another lead sphere of just twice the diameter. The cube of two is ei,ht 
and so we know the volume of the second sphere is eight times the fi~'st 
and it must weigh eight pounds. The scales would agree with this result.. 
A cross-section of the second sphere would be four times the area of the 
first and so vvould intercept four times as many ether particles and each 
of these particles would traverse twice the distance in passing so the final 
gTavitation result would be eig·ht times as much for the second sphere as 
for the smaller one. If we enlarged our sphere by any scale whatever the 
gravitational effect will increase in accordance with this theory just as 
we know it does in actual practice. 

The second objection was that as the ether particles are assumed to be 
stopped to a certain extent in their passage through matter they would 
be entirely consumed and gravitation would come to an end. This idea 
suggests the most fundamental questions. Is all matter ''coagulated 
ether''? \Ve know that a gas gives up energy as it condenses into a liquid 
and the liquid also gives up energy as it solidifies. IVIay not the ether be 
a fourth state of matter which gives up infinitely greater energy as it 
condenses into ordinary matter 7 This mig·ht help to explain the'' endless 
fires'' of the stars and sun. 

In \Vebster 's International Dictionary we find this definition of 
Gravitation:-" That species of attraction by which all particles of matter 
tend toward each other-Its nature is unknown, but Sir Isaac Newton 
established the law that its force as exerted between two bodies is pro­
portional to the product of the masses of the bodies, and inversely pro­
portional to the square of their distance apart. 

It will be noticed that the dictionary says "Its nature is unknown." 
Newton himself said "The cause of gTavity is what I do not pretend to 
know." It could hardly be claimed that any one now knows the real 
nature of Gravitation. The discoveries of the past half century, however, 
enable one to visualize the action of Gravitation and make a plausible 
explanation of its nature. It is the purpose of this paper to make such 
an explanation. To understand this theory requires no extensive knowl­
edg·e of higher mathematics. Any one with a good training in high school 
physics and mathematics can work out the theory for himself. He will 
need to watch his steps, however. There are many ways by which he may 
be shunted from the correct path. He will have to think of gravitation 
as a push rather than a pull. The great difficulty is to think of the 
minuteness of the ether particles and their enormous velocity. It may 
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help some to bear in mind that the earth's gravitational field is much 
weaker than the electro-magnetic fields used in modern mechanics. 

. F mlVIG . h' h Newton's Law may be expressed as an equatwn ' =yz m w lC 

F is the force of gravitation between any two bodies, m and l\1 are the two 
masses under consideration, d is the distance between them and G is the 

unit of gravitation. • 

r ::::01-'\ ~'b \=:2.\b 
FIG. 14. Diagram and equations illustrating uatme of gravitation. 

If we start with two unit f?pheres, A and B, a unit distance apart the 
oTavitational force between them ·would be unity. Now suppose the 
0 • 

diameter of sphere A to be doubled. There will now be four tnnes as 
many ether particles pushing A towards B. Each particle traverses twice 
the distance in passing through A so the force will no-vv be eight times as 

great as at the beginning. 
Now let us replace B with a sphere three times as great in diameter. 

There will now be nine times as many particles suffering retardation as 
they move through B toward A and each particle will be retarded three 
times as much or 27 times as much in all. As the ether push from A 
toward B is eight times the original push and the resistance is 27 times 
less the total increase of gravitation on account of the increase of both 

spheres is 8 times 27 or 216. 
Now let us vary the distance between the masses. Suppose it is in-

creased to four times its original length. Under this condition the ap-
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parent diameter of each ~here when viewed from the other is one fotnth 
a great as befor and the area one ixt enth as great as before. Evi­
dently he number of ether particle concerned will be one sixteenth as 
many and a · chann-in..,. the distance between the ma . es doe not affect 
the re ult of each particle ·we divide the product of times 27 by 16 and 
find the l ' sult is 13l I£ we had ub titutecl the values in the formula 
we would hav aJ.'l'ived at the same re nlt we have r eached by this 
analysis . 

I o one ba,s r ega1·ded Newton's Law o.f Gravitatiou as anything more 
than an empirical law o far a I know. An analysi of what takes pln e 
with va1.·ying masse and varying di tanees in accordance with ou1· view 
of the nature o.f gravitation show that the law is foundecl upon reason 
as well as experience. To be ure we mu t accept tbe law with the 
m ntalreservation that gravitation is a push rather than a pt'lll. When. 
men regarded the earth as the center of the olar sy tem and insiste 1 
that the sun and planets circled around it they were bothered by many 
contradictions which di appeared when ' they accepted the nn as the 
central body. There is little prospect of solving the my tery of gravita­
tion until we conceive it to be a push rather than a pull. "\\Te may speak 
of the attraction o£ gravitation just a we peak of the rising of the un 
although we lmow better. 

Both a. tronomer. and physici ·ts are satisfied o£ the correctness of 
rewton's Law. The a tronomer have applied it to the moon, the 

planets and the 1ouble tars. erhap more conclu. ive i the work of 
the phy ·iei tl . avendi h found when he . uspended leaden. spheres 
n ar together that t1 y attracted on ano·ther. More a toni hing . till, 
he could m asure the attraction and could actually weigh the earth . 
if.any others have weighed the earth by the an1e method. 'l'he most 

elaborate ."periment of this lund ·wa recently fini hed by the United 
tate. Bm·eau of tandm·d ·. Con i ering the great opportunities for 

error the results are remarkably uniform and give the value of the 
enrth 's specific g1:avity a betw en 5 :llld 6. Other method give nearly 
the ame 1·esults. 

ready a century aooo a man named Le Page annouuced a theory of 
gravitation which eems to have been somethin like the theory I have 
been discussincr although I have ,eeu only scanty r t>.fereuce. to it. His 
theory wa examined by be great phy ici t, James Clerk Ma.,:well and 
pronounced inadequate. We should bear in mind that many discoveries 
have been made since tl1e death of 1axwell, a half centny a.go. I£ 
Maxwell were living now I fancy be would not only realize that gravi­
tation is due to unbalanced ether pressm·e but he would be developing 
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a kinetic theory of the ether to correspond to his universally accepted 
kinetic theory of g·ases. 

The ether, the Cinderella of the Universe, is now cmning into her 
own. For a long time the scientists courted her big sisters, the solids, 
liquids and gases, scarcely recognizing the existence of the ether. Now 
she must be considered a member of the family and the most attractive 
of all its members. 

Our knowledge of the ether's composition is now about in the stage 
of knowledge of the atmosphere two or three centuries ago. It was then 
known that water vapor was mixed with the air but a number of other 
g·ases have since been found in it. In regard to the ether we have en­
ticed one constituent to separate from the others and to move in eddies 
or vortices where it has a wonderful effect upon certain substances, not­
ably iron. If the ether, like the atmosphere, has several constituents 
they must be very uniformly mixed for gravitation is always the same 

, on the earth's surface. Such variations as do occur are readily accounted 
for by the altitude or latitude.· 

While we lmovv so little about the ether our conception of it now is 
very different from what it was assumed to be when it was first conceived 
a the medium for conveying radiant energy from the un and stru.·s. 
'l'hen it was suppo ed to be inert and capable only of vibratory mov -
mcnt ·omething lik th mov m nts of a bo·wl of j lly. Now we think 
of it a SOJuething like a glorified gas with infi~1ite imal particles moving 
iu all kind. of directions lilt> the molecule of ait· and at uch velocity 
as to posses. great l{inetic en ·gy. ir, team or other gas may be con­
fined ru1d its pr s. ure nu1y be applied o a to operate on on side of a 
pi ton and th n on the other to give us mechanical energy. Ether 
cannot be confined on aecotmt of the minuten of its particles and their 
immeu e velocity but it cau e gravitation by the 1mequal ether pres-
ure ~wh n two bodies aL· 11ea · to eth r. 

.A gas may b et into vibratiolls which we pe1·ceive as ound. E.the:r 
vibrations of hort 1 n tb couv y ner<Yy which we r ognize a heat, 
light r ch mical action. The long ther waves op rate our radio . Tl\e 
air may move bodily as wind. 'rh di ·turbance :in the tm 's atmospher 
which accompany tl1 Aurora em perfectly ana100'0U to the cyclones 
tornado · a1 1 hurri~n · of the nrth 's atmo phere. 

In couclu ion tl1 tb ory that unbalanced th r pr stu· is the cau e 
of gravitation eem fairly well prov d . ince it ·o perf ctly agrees with 
the Law of Gravitation. The . pMnlation about the etl1er how v r, 
must be regarded a. mere ·l culatiou.· at present. Probably . ome of 
th . m will prov to be trne and oth r. fa] e. At any rat h ether off ·. 
a wonderful fi ld for investi ation b . cienti 'ts and philosophe1·s. 
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THE EJTF:B~CTS OF :B,ET~DING PROSTATE SUBSTANCE 
TO TADPOLES 

BY. B. H. KETTELKAl\IP 

Depm·tment of Zoology, Unive?·sity of PittsbuTgh 

. ~he effects of thyroid feeding 11 tb m tamorpho i. of larval am­
plubia are well established. Macht (1919) i d tadpole with prostate 
gland substance, and recorded an acoelerati n of metamorphosis. Th re 
was little shrinkage in tla •iz of the tadpol ; ·o l1e concluded that th 
effects in general of prostate feecliug were comparable to those which 
follow thy1· icl fe din"' and that the effects of prostate substance are less 
to~c ~an tho ·e of th rroid ub. tances. Hegner (1922) fed tadpoles 
Wlt]• dn c1 flour pa te to which lried prostate substance had been added. 

ontrols rec iv · d only clri d flour pa te. After a few w k he len th. 
of the inte tine of th e~q)erimental animal · bad b e:n r clucec1 to one­
lla~ that of the controls. Rogoff and Ro enb rg (1922) in imilar ex­
p l'lment c nch1ded that inCJ:ea ed growth and metamorphosis caused 
by feedincr pro 'tate and other S1lb tance ar 110t comparable with th 
effects caused b thyroid feeding. 

. An xperim nt wa r ceu ly r p at d in tJ1 ltope that an analysi 
of th gland ub tance might indicate th au e of the accelerated 
growth. A land pr 1 aration was u c1 i11 which all fat and all but a 
few compl x prot ins had been I'Cmov d by ucce. ive treatment with 
ether, .acetone, and alcohol. Tadpoles of the common ull-frog Rana 
C(tte bwnl(t, ·were fed with 112 parts dried :flour 1 aste to which thre 
parts of prostat gland material had been add d. The animals w re £e] 
daily over a period . o£ ei.,.ht weeks with a mu h material as tJ1ey would 
eat. At h n l of that time, the body 1 ngth of the prostate-fed ani­
mals was il1c1· a eel almo -t r.. millim t l'S over tl1at o£ th control . Half 
of each group was lulled and their inte tin w ·e m a ured. The aver­
fllre gut length of the e."\.-periment.al animal· was 230 11tillimeter and 
tl~at of t.he controls wa 264 millimeter . The result of thi e::\.-periment 
differ :D:~m tbo e o£ Hegn r and l\![acht in that they show only a lig1Jt 
acceleratJOll of .O'rowth and a doubtful acceleration of metamorphosi . 

The analy.1 of the gland materinJ sug"' ts the cau of these 
chanO'e . educin"' tl"'ar ·were not pres nt. Positive e t"c; were ob­
tain d. I. owev 1' for halide , nitronoe11 and sulpht r. f these, in all. 
P.tobability . onl~ the halide could in:fluenc growth. When a quantita­
tive deternnnat10u wa made for iodin , it was found to be pre cnt in 

1 I am indebted to my friend and colleague Dr L A Goldblatt f tl 1 · . ' · · · (. , or 1e c Ienu-eal analysis of the gland substance. 
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the proportion of .05 per cent. Althougl: this is on~y about one~fift:1 
the amount found in the commercial thyroid preparatwns, we feel JUSt~­
fied in attributing any acceleration of growth and metamorphosis 
directly to the iodine content of the prostate substance. 
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THE EFFECT OF ULTRA-VIOLET RADIATION UPON 
THE COLOR PATTERN OF TRITURUS 

BY E. ALFRED ·woLF AND H. H. CoLLINS 

Univ ersity of Pittsbm·gh 

In a previous paper (1930) the authors have r eported that ult~'a­
violet radiation with the Hanovia quartz-mercury vapor lamp applied 
to the dorsal surface of Triturus at a distance of 19 inches for twenty 
minutes and repeated at intervals of three days would, after from thr_ee 
to five applications, cause a striking migration of red pigment from ~ts 
normal location toward the middorsal line, uncovering hereby a ':'lute 
surface at the original seat of the red. In crossing the blacl~ marg1~ of 
the spots, the red would temporarily cover the black.. lYhcrosc?pical 
examination of frozen sections had shown that the red IS located m the 
epidermis whereas the black is found mainly in the dermis,_ althoug~ 
black chromatophore-like patterns, as a rule, can be seen also m the epi­
dermis. The red color is due to a pigment of the carotin group dissolved 

in oil droplets. 
The present paper reports observations on animals five n~onths after 

the cessation of the treatment. It was found that the red pigment per­
sists in its new location. In the same time a gradual redistribution of 
the black pigment took place in the old spots as well as in the. neighbor­
hood o£ the new r ed markings. In the old spots the marg~nal black 
gradually diffused into the central white field previously occup1ed by the 
red, giving it a dark gray appearance. The new red spots, ~n the other 
hand, acted as forces of attraction for the dispersed black pigment cells 
which are normally characte:cistic of the dorsal surface; gradually 
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around each reel spot a new black margin began to form giving to the 
displaced spots an approach toward the appearance of normal r eel spots. 
As a result of this concentration of black around the reel, the dorsal sur­
face of the animal assumed a much lighter g·eneral background colora­
tion than that present at the beginning of the treatment. 

This \Vas an unexpected confirmation of the discovery made by Col­
lins and Adolph (1926), of the attractive force apparently exerted by 
the red pigment over isolated black pigment cells. These writers ob­
served the r estoration of the heavy marg·inal black ring following its 
excision, through the migration of isolated melanophores in the sur­
rounding skin toward the reel spot. 

In a new series of experiments animals were radiated for the same 
length of time on their ventral surface. Here also a migration of the 
reel was observed in the direction of the mid-ventral line. This result 
was surprising since the radiation did not reach the reel spots directly, 
the latter being normally located so close to the dorsal median line as 
not to be exposed when the animals were placed ventral surface upper­
most. 

It is obvious, therefore, that ultra-violet radiation not only causes 
the migration of the red but also determines its direction. 
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SOME CHEMICAL AND PHYSICAL EFFECTS OF 
FOREST FIRES ON SOIL 

BY GEo. S. PERRY 

P ennsylvan-ia FoTcst R esem·ch Institt~te , Mont Alto, Pa. 

The plateau summit of Snowy Mountain near Mont Alto, Franklin 
County, Pa., with au elevation of about 1,900 feet above tide was the 
scene of a severe and stubborn forest fire which raged August 13, 1930. 
Although the forest was in full leaf at that time, the soil and litter had 
been very dry for weeks, and the foliage of many trees and lo·wer plants 
was clinging parched and dry on the parent stems. For this reason the 
fire in many places burned tree stumps and roots that were underground, 
and consumed the forest humus or peat layer completely. In other 
places the destruction was of a normal type for forest fires generally. 

The writer started a comparative investigation to get some lig·ht on 
the changes wrought in the soil by this fire. Three locations were chosen 
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(numbered 1, 2 and 3) for collection of soil samples for study. Location 
1 was a rather stony site with a sandy-gravelly soil where the fire burned 
with moderate intensity. Location 2 was an area where the fire raged 

~uriously. Location 3 was a site with fine loam soil where the fire burned 
with moderate intensity. For each location two soil sampling stations 
were marked with locust posts, one being on the burnt-over area (B) and 
the other about 100 feet distant on ground (G) not burnt over at this 
time and where the forest growth is still green. Station 1-G is on a site 
where fire has probably not occurred for 20 years or longer. Station 
2-G is on an area burnt over in 1926. Station 3-G is on a site last burnt 
in 1917. There is a good accumulation of humus and litter on soil at all 
the unburnt (G) stations, since because of the elevation, and character 

of the soil, litter decomposition is normally slow. 
The first samples of soil and litter were collected September 20, 1930, 

and the second set February 4, 1931. Two samples were taken at each 
station. (1) Top soil (T) consisted of the upper three inches of peat 
or humus and more or less mineral soil, after undecomposed or unburned 
material was brushed away. (2) Mineral soil (M) was sampled from 
a depth of three to six inches. Each sample was brought to an air-dry 
condition, thoroughly mixed, and screened through a 3-mesh per inch 
sieve to remove coarser gravel, charcoal and bits of wood. 

Data on the samples are given in the table. They need no special 
explanation, beyond the statements that acidity was determined colori­
metrically, and other tests were made carefully and uniformly by gen­
erally accepted standard methods. Percolations were made with tap 
water through 71- inches of soil shaken down gently in cylinders of 1.9 
inches diameter. After water had passed steadily through the soils for 
two hours and ten minutes, this test was ended, and the acidity of the 
leached soils was determined for comparison with values before leach­
ing. The water percolation rates of the soils are denoted by figures in 
cubic centimeters for water passed through the cylinders during ten 
minute periods at the start of the test and after intervals of 30 minutes 

and two hours, respectively. 
While it is unsafe in drawing conclusions to rely on averages of the 

sort appended to the table, yet it is believed that these, as well as the 
individual data, permit certain deductions of a tentative character. 

By liberation of electrolytic elements, forest fires temporarily de­
crease the acidity of the soil. This effect is probably quite transitory 
and superficial, as will be seen from inspection and comparison of data 
for September and February. Between August 13 and September 20 
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the weather station of the Forest Research Institute recorded 2.65 inches 
of rainfall, of which half fell on September 16 and 17, yet the pH of 
the upper mineral soil was apparently little altered. 

When soil acidity before and after percolation is compared there is 
definite verification that organic acids from incomplete decomposition 
of forest litter are the primary factors of soil reaction on this site in 
general. At station 2-B, for the top soil sample, free alkaline com­
pounds may account for a change in pH value contrary to the usual 

course. 
Contrary to expectation of the author, fire does not seem to make the 

soil finer when tested in a dry state by shaking through sieves after care­
ful crushing with a wooden pestle. In 11 instances out of 12 the un­
burned soils showed the highest per cent of fines. This feature is veri­
fied by the data on hygroscopic moisture, where 8 out of 12 comparisons 
show the unburned soils to be more hygroscopic, and hence more favor­
able to desirable soil flora and fauna. Hygroscopicity of soils is prac­
tically in direct proportion to their colloidal content, and their produc­
tivity where drainage conditions are good. 

Loss on ignition shows results that are to be expected, and explains 
why the burnt-over soils decreased in hygroscopicity, since humus is a 
soil fraction most notable for this characteristic. It is also to be noted 
that even a very severe forest fire, such as raged at station 2-B, does not 
burn near all the organic matter from the soil, or even from the upper 
peaty layer. In fact, most of the organic matter loss on many sites is 
not actually caused at the instant of the fire, but results during the sum­
mer seasons that follow when the soil is more or less unprotected by vege­
tation, and the direct rays of the sun, in conjunction with decreased 
acidity conditions, stimulate rapid and complete disintegration of many 

organic residues. 
The organic matter content of soils, as indicated by ignition loss, ex-

plains in a general way the water penetration rates and percolation 
values found in the cylinders. But before considering this subject, it 
should be noted again that the soils from unburned (G) stations were 
naturally finer than those from the burnt (B) ones. This would make 
penetration easier and percolation more rapid for the soil samples from 
burnt-over stations, other things being equal. Indeed, this was exactly 
the case with tests made on samples from the mineral soil layer which 
was but slightly reduced in org·anic content by the fire. For these min­
eral soils on the average, the water penetrated to the bottom of the cylin­
ders of burnt-over soil in half the time required for unburnt soil, and 
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the p ercolation rate was about 50 per cent more rapid. Yet for top soils 
r e ult were diametrically oppo i te. The water penetrated the cylinders 
of unburne i oils (G-T) in les than one-third of the time required for 
bm·nccl ample (B-T ) l'U1d it al o percolated more rapidly. 

An inter e 'ting ancl important feature of the percolation data is the 
quite con taut and uniform decr ea e in the permeability of the soil. On 
the average, the mineral and unburned top (G-T) soil samples permitted 
percolation at the end of two hours at a rate only 61 to 68 per cent as 
fast as during the first ten minutes. The burned top soil samples (B-T) 
showed percolation rates of but 56.6 per cent of their original rates. The 
decrea eel permeability of the soil as regards water is caused by settling 
together o£ the soil constituents and consequent clogging of the pores 
and chrume1s 'n the soil. These phenomena have been observed before 
u11de1· other conditions, and are referred by Lowdermilk~ to the effect of 
the litter cover on the surface openings of the soil pores. This study 
demonstrates that they are a concomitant of organic content also. 

None of the effects of forest fires above discussed can be considered 
beneficial or desirable, from the view-points of water and soil fertility 
conservation. In fact, surface run-off and erosion are bound to be 
greatly increased on most areas where fires burn the litter and decrease 
the organic matter content of the soil. The present study deals only 
with a secondary phase of the problem, as all loose litter was first re­
mov d from the soils, but it shows how a soil may "tire" as to the per­
colation of water in times of heavy rain. Those soils with greater or­
ganic matter content, other things equal, seem to show greater endurance 
in permitting the passage of water. 

MIASMA AND CONTAMINATED WATER SUPPLIES 
BY MICHAEL J. BLEW 

Major Sanita1·y Corps, D1·exel Institute, Philadelphia, Pa. 

vVater plays an important part in all of the processes of life. It is 
present in all of the tissues and fluids of the animal body and also in 
the structure of everything in the plant kingdom. It is likewise present 
in all of our foods and all of our waste materials. An adequate supply 
of pure water is therefore necessary to the well-being of the human race. 

The chief purpose of water in vital processes is as a circulating 
medium. Water is the vehicle that carries food through the processes 
of digestion and assimilation to the point of utilization in the tissues, 

1 Lowdermilk, W. C. 1930. Journal of Forestry, April, Vol. XXVIII, No. 4. 
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and also the waste products of metabolism from the tissues through the 
processes of elimination. A very small fraction of i~geste~ water_ enters 
into the body substance and remains there-most of It keepmg on Its way 
and being eliminated from the body. 

The circulation taking place in the body takes place on a larger 
scale in the outside world. Raindrops form rivulets: rivulets form 
brooklets: brooklets form rivers; and rivers unite to form the seas. Just 
as the blood washes the tissues to remove the waste products of metabo­
lism, so do the streams wash the land to remove the waste products of 
life from its surface. The more complex life becomes on the surface of 
the earth, the more difficult becomes the task of keeping waste products 
washed away and purified. The real problem commenced about 100 
years ago with the advent of our modern factory system. 

All sanitarians and water works engineers are proud of the part they 
have played in the elimination of intestinal diseases through the adopti~n 
of filters and chlorinators. Cases of typhoid have become so scarce m 
some sections that young physicians have had no opportunity for clinical 

experience with the disease. . 
The reduction in these diseases has been so remarkable that there IS 

danger of relying too much on present methods of treating water. 
Research and experimentation should be constantly kept abreast of 
developments in other fields of human activity, so that future stores of 

water will be safeguarded. . 
In speaking of a contaminated water, it is almost always rated on Its 

bacteriological characteristics, and it is passed as being satisfactory when 
the total bacteria are lovv in number and B. coli are scarce or absent. 
No one has ever explained to what extent waste waters can be purified 
so that they pass requirements for good drinking water. There are 
plants in this country today that are returning their sewage effluents 
to their water supply, not :figuratively, but actually. 

Good water must be colorless, odorless, and not unpleasant to taste. 
Water that has a taste forces the consumer to drink from unauthorized 
springs and wells or to consume too much bottled goods for his health's 

sake. 
Chemical wastes, wood distillation and gas house waste, or any 

material carrying compounds that produce taste directly or when chlori­
nated are generally of a phenolic nature. This does not mean that they 
are carbolic acid, but that they are of the same general chemical nature. 
Probably the worst thing that these "compounds do is to drive consumers 
away, but there may be additional effects that should be. stu~ied thor­
oughly by medically trained investigators. In cases of pmsonmg of the 
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animal organism by COil'lpounds of the phenol group, we find a coagula­
tion and hardening of the protein. It has never been demonstrated 
whether or not there is a selective action in the tubules of the kidneys 
that picks out these substances and holds them until real damage has been 
done to the cell structure. In other cases of poisoning by some of the 
heavy metals, such an action does take place. There is a possibility that 
the damage wrought by these compounds might become apparent only 
after long continued use. 

It is a significant fact that the development of city life during the 
.past 10 to 15 years is coincident with the development of stream pollu­
tion and likewise with the increase in the mortality and morbidity rates. 
for the degenerative diseases. The sanitarian has effectively combated 
every disease except the degenerative diseases, and he is engaged in 
searching for the causes for this increase. 

There are many other substances to be considered as well as those 
producing taste. Many industrial wastes produce soluble constituents 
that are not necessarily simple in nature. They are such things as the 
soluble extractives from wool washing, dyeing, and cloth washing, and 
may be complex in character. The effect of using these compounds for 
long periods has never been demonstrated. 

This is an age of micro-reactions in chemistry and biology. We are 
still learning in amazement of the marvelous reactions carried on by the 
enzymes, the vitamines, the bacteriophages, the lytic agent and the cata­
lysts. All of these substances are able to act in very minute amounts, 
and yet the results of their activity are very apparent. , 

The exact function of the inorganic electrolytes in drinking water is 
little understood, but it is probable that they play an important and too 
little studied role in human metabolism. It has been shown that dis­
tilled water played no detrimental part in metabolism, but this may be 
due to the presence of the necessary salts in the food. It was believed 
for a long time that water laden with magnesium salts was conducive to 
goitre, and the beneficial effect of certain mineral constituents of mineral 
spring water is fairly well understood. 

More study should be given to the mineral examination of drinking 
water to deternrin the £unction of the salts in metabolism and disease. 
In our zeal at fin ding mean · of decreasing' the morbidity rate to almost 
nothing, we have rested secure and neglected to develop the chemical 
study of waters. It is important that we as sanitarians and pure scien­
tists about-face and reconsider some of the things we have been neglect­
ing, especially those substances that are soluble in water and pass through 
our filters unchanged. There may be more relationship between surface 
washings and good health than is ordinarily considered. 
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WHERE WATER IS A STRONG DRINK 
BY MAX TRUMPER, PH.D. 

Fol·merly Lecturer in Toxicology, Jefferson Medical College, Philadelphia 

The Greeks used to say "The best thing is water." They said it 
however in the days before acid mine drainage, phenol wastes and 
chlorination made water a strong drink. 

.After the basic requirement of quantity has been met in a city's water 
supply, attention must be given to the quality of that. water which is 
used for human consumption. Until recently the vanous methods of 
purification have been directed almost exclusively to t~e removal of t~e 
pathogenic organisms and the organic matter ~pon. wh~ch these b~ctena 
live. Public health authorities have been pnmarily mterested m the 
elimination from the water supplies of disease producing bacteria. Such 
efforts have brought about a distinct advance in public health. We have 
virtually eliminated the ravages of typhoid. In the meantim.e, there 
has arisen a different kind of health problem, namely, the chemical pol­
lution of our waters by trade wastes. The problem which we will have 
to solve is what are the cumulative effects of these waste laden waters 
on the human machine. .And what methods of prevention are to be fol­
lowed to combat and eliminate the increasing number of water-soluble 
trade waste chemicals that find their way into streams supplying drink-
ing water to our communities. . . 

The continuous introduction of new chemicals and processes m our 
' industries has resulted in the introduction of new trade wastes into our 

streams. To secure the complete elimination of a given waste may 
require several years, during which time new trade wastes may make 
their appearance. For example: since the world war the old beehive 
ovens for burning coke have been largely replaced by the modern by­
product plants from which valuable substances are recovered. But the 
residues from these new processes contain tar, cresols, phenols and 
creosotes; which when present in drinking water cause a medicinal taste 
and odor which becomes intensified on chlorination. But it has taken 
twelve years to combat this pollution. This kind of pollution has at least 
one distinct advantage-the public is warned by its specific chlor-phenol 
taste and odor. But many of our water-soluble trade wastes have no 
warning taste or odor and their possibly harmful effects upon the human 
system call for intensive laboratory study. 

The problem of toxic trade wastes in drinking waters is simplified in 
those States having occupational disease compensation laws, for indus­
tries in these States yield valuable information as to the frequency and 
kinds of noxious chemicals which one may expect to find in the trade 
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wastes. Our own State of Pennsylvania has no legislation providing 
for compensation in cases of industrial poisoning. We are without the 
legal protection accorded to our fellow citizens in Massachusetts, Con­
necticut, Wisconsin, North Dakota, California, New York, New Jersey, 
Ohio and Minnesota. Thus the problem of combating the trade waste 
pollution of our water supplies is all the more difficult . 

Classified according to origin, there are three types of industrial 
wastes: 1. Wastes of animal origin such as those from packing plants, 
tanneries, woolen industries. 2. Wastes of vegetable origin such as those 
from cotton and paper mills, also rubber factories. 3. Wastes of mineral 
origin sueh as those £.rom dye and gas plants, coal mines, chemical plants, 
bleacheries, etc. The raw water of the Schuylkill River at Philadelphia 
is polluted by all three types of industrial wastes. 'l'his in my opinion 
gives one the right to call the raw water of Philadelphia a strong drink. 

What effort is made to convert this strong drink into a potable water 1 
The Sanitary Water Board of this State is charged with the administra­
tion of laws relating to sewerage and pollution of water and with the 
investigation and recording of the ways and means of preventing and 
eliminating such pollution. This Board has accomplished good work in 
this field during the six years of its existence. It has collaborated with 
some 730 industries with the view of improving the quality of the heavily 
polluted waters. It has secured active cooperation from the pulp and 
paper mills and especially from the tanneries and gas plants, industries 
which are responsible for much pollution. .At frequent intervals, this 
Board has announced that progress has been made by agreements with 
industrial establishments. Last Fall the Board estimated the improve­
ments as a 70 per cent reduction in the load of organic industrial wastes 
and a 60 per cent reduction in the acid wastes reaching the waters of 
the Schuylkill. Recently there appeared in the newspapers throughout 
the State a statement attributed to the Board that "the waters of the 
Schuylkill are only one-fifth as bad as they were four years ago.'' This 
is indeed welcome news but in these statements it will be noted that 
figures on the chemical and bacterial analyses are conspicuous by their 
absence. In the conclusions drawn the authors of the report do not take 
into consideration that owing to the present economic depression many 
industries are closed or are working on a part time basis. Thus the 
quantity of industrial trade wastes may have been reduced chiefly 
because of industrial inactivity. Mention should be made also of the 
drought of the past year ·which has aided in the natural sedimentation 
of industrial wastes. Is this reported improvement in the water due 
partly to the temporary effect of these economic and physical forces? 
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In order to measure correctly the actual decrease or increase in tlie 
industrial pollution of our water some standard of comparison such as 
the quantity of water used in our industries must be obtained. Other­
wise we shall continue to flounder on this problem as we have in the past. 

Finally, there is too much secrecy as to the data on our water sup­
plies in the files of the State Sanitary Water Board as well as those in 
the water bureau in Philadelphia. Many investigations and tests have 
been made from which general conclusions have been presented to the 
public. The actual data of these findings however are not submitted to 
the public nor are they even accessible to the qualified chemist, physician 
or engineer who may wish to study them. In my own endeavor to obtain 
specific data on the accomplishments of the Sanitary ·water Board and 
of the Philadelphia water bureau I found a maximum of general state­
ments with a minimum of laboratory data. They invariably report con­
tinuing progress. They are no doubt making progress in clearing up 
some of the industrial pollution and have done excellent work in the 
problem of sewage disposal. But more preventive work should be done; 
for instance: those industries which are known to pollute the streams 
should be required to install the most modern equipment so that a mini­
mum of trade wastes will be discharged into our waters. If the Board 
does not possess such power then its power should be extended to include 
a certain amount of police duty along the river in order to prevent the 
introduction by industries of various noxious substances which are used 
because of the economy of manufacture without regard to the hazards 
to the public health. To neglect the problem at its source means to 
protract endlessly the work, somewhat like the man in a leaky boat who 
is continually bailing out the water but makes no attempt to plug the 
leak. 

The information gathered by departments vested with the respon­
sibility of securing and maintaining pure drinking water should be avail­
able to individuals and organizations interested in these findings and 
able to arouse public opinion sufficiently to enact measures making sure 
of a wholesome water supply. 

A READING PROGRAM FOR GENERAL ZOOLOGY 
BY PAuL R. CuTRIGHT 
University of Pittsbu?·gh 

It is common knowledge to a zoologist that the lobster has an exo­
skeleton of chitin and five pairs of walking legs and that the sartorius 
muscle in the leg of the frog· is next door to the triceps extensor femoris 
We, of course, regularly present these facts to the students and, just as 
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~·egularly, raise a pedagog·ical ey brow if the information ha not been 
mcorporate_d. It seems to me, however, tl1at this type of knowledge i 
not the ultimate goal of a general OtU'. e in zoolocry and effol.'ts l10uld 
be made at all times to introduce new featul'es that will all v:iate in the 
present stock of students some of the ills that were steadfastly and 
courageously borne by former aspirants of zoolocrical knowledo·e. 

One way in which I believe we have achieved s~me measure ~f success 
at the University of Pittsburgh is in the operation of a definite reading· 
program. 

. When I_ was taking my first course in zoology I was fortunate in hav­
mg as an mstru~tor a man who had a remarkable acquaintance with 
books and, what Is more, an ag rn ss to impart hi · Jmowt d e of them 
on the slightest indic~tion of intere t. One iny quit a1ropo of notlling 
I f?und myself carrymg home a copy of arwin 's - oyao-e of th eagle 
whiCh h~ had lent :ne .. I found it fa einating a.nd sp nt t11 b tter part 
of_ two mghts_ readmg It. The experience an_d ob ervation < • related in 
thiS, t~e classi~ of all books of scientific tra1• l and eA1llorati n, are fairly 
clear m my mmd to this day. With tt book of thi typ in one hands 
the map of the world ceases to be a blank; it becomes a' picture full of 
the mo~t.varied and ru.timatecl fio·ures. recall with delight the discovery 
of. fo.s~1hz~d bo~es on the pam.pas o£ ·gentina; the contact with the 
PI:lmitive mhab1tants of Tierra del Fn "'0 · the behavior of the giant tor­
toiSes on th_e Galapagos; and the cl criptiom~ of coral reefs. When I 
returned thiS volume he introduced me to Vallery-Radot 's Life of Pas­
te~r, the most inspirational biography I have ever read and, following 
tlus, to Alf~ed Russell Wall ace's Malay Archip'elago, and Hornaday's 
Two Years m the Jungle. These were followed by many others and I 
became a quainted with ates, Fabre, Hudson Huxley Lankester Gil­
bru-t Wl~ite a~cl Roose'(•elt. What could pos •ibly be mo;e delightful and 
mO · tnnulatmg ~o a b ginnin<)' z olo(J'ist than to while away the days 
ou the Amazon Wlth Bate ob ervino- th myriad forms of animal and 
pla_nt life, or. to be ''ith Wallace and the Birds of Paradise in New 
Gumea, or With Hornaday in Borneo paddling along a narrow river 
between two dark walls of forest in search of the orang utan. 

. I learned ornithology and valuable ecological lessons from Hudson's 
boyhood experiences in Argentina; I learned much of entomology from 
Bates and Wallace, I learned evolution from Darwin and I learned 
geographical distribution from all. ' 

. This introduction served as a stepping-stone to an acquaintanceship· 
With many other authors and their works. As the years have passed I 
have had much enjoyment and profit from Jungle Peace and Galapagos 
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by Beebe, On The Trail of Ancient Man by Roy Chapman Andre':s, 
Microbe Hunters by de Kruif, Possible Worlds by Haldane, A Naturalist 
on Lake Victoria by Carpenter, Why We Behave Like Human Beings 
by Dorsey, and The Mind in the Making by Robinson. 

Zoology was a fascinating subject but with the collateral reading it 
became doubly so. Where at first there was only width and breadth 
there was now depth; the subject became tangible, became alive. I could 
not possibly have the love I pQssess for zoology as a science if I had not 
traveled to Africa in imagination with Cumming and seen the hordes of 
wildebeeste, Tommies, and eland as they existed in 1840; if I had not 
been with Belt in the jungles of Nicaragua as he unraveled the mysteries 
of the parasol ants; if I had not been with Martin Johnson as he photo­
graphed the lion, the rhino, and the giraffe on the s;hores of Lake Para­
dise · if I had not been with Andrews in the heart of Mongolia when 
he discovered dinosaur eggs and the shovel-tusked mastodon. 

After a year or two of teaching, I was not satisfied with the zoology 
course which seemed to be too stereotyped. It was then the idea of a 
reading program came into my mind. Why not benefit by my under­
graduate experience and make the reading of such books a definite part 
of the course ? 

The making of a reading list is not easy. There is such a vast field 
of highly interesting, as well as important biological literature, that the 
preparation is attended with about the same amount of difficulty as the 
formation of the annual All-American football team and, needless to say, 
received in about the same manner. Furthermore, I have had to depend 
on my own readings and observations, and the similar experiences of a 
few others, just as the football moguls have done. Naturally there a~e 
shortcomings in both cases and, just as many football heroes have their 
praises unsung, so do many books pass into oblivion without receiving 
their just desserts. Books do live longer than people and some of them 
are rediscovered, as were the works of Mendel and Herman Melville. 

To be as brief as possible I have included books from all the zoological 
fields, namely, genetics, physiology, evolution, ecology, and entomology. 
There are only a few in these fields that would be read easily by a fresh­
man and to offset this, books on scientific travel, biological essays, semi­
popular treatises of scientific interest along many lines, and even one 
book of fiction have been added. There is so much to choose from that 
I saw no reason for including any book that might be termed dull or 
difficult. To make my point clear, if a student should wish to read about 
heredity, why subject him to Babcock and Clausen's Genetics In Relation 
To Agriculture, which is a highly valuable text-book but extremely 
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laborious, when he can read and absorb with little difficulty such works 
as Altenburg's How We Inherit and Jenning's The Biological Basis of 
Human Nature. 

The reading lists are issued at the beginning of the year and each 
student is required to read one book sometime during the semester. The 
reports made are oral and are given at various times in one of the labo­
ratory Sessions. In this way some twenty reports are given by as many 
students in each laboratory by mid-year and as a result each becomes 
more or less familiar with the contents of approximately the same num­
ber of books. An attempt is made to have the students report on dif­
ferent works so there will be no duplication. In the second semester the 
plan is repeated and by the end of the year each student should have a 
general knowledge of a majority of the books on the list. 

The success thus far has been sufficient to make me highly optimistic. 
The students are encouraged to read more than one volume and many of 
them read two and three and some even four and :five. A gr eat many 
are enthusiastic. I am confident the horizons have been broadened for 
all and for a certain few illimitably. The ultimate success, so far as the 
individual is concerned, will never be known. In my own personal ex­
perience, a portion of which I have already recounted, the value of the 
early g·uidance along these lines has been invaluable. 

Should we be satisfied as teachers in drilling into formative minds 
classification, general characteristics, fundamentals of metabolism and 
irritability 7 Is that sufficient 1 Is the knowledge of the sartorius 
lying beside the triceps extensor femoris illustrative of what zoology 
should be 1 As a conclusion to this paper I think it fitting to ask the 
question that George K. Cherrie, a veteran explorer of South America 
and an accompanist of Roosevelt down the River of Doubt, raises in his 
recent book, Dark Trails, ''Shouldn't we be interested in more than the 
size, color, and habits of the animals which surround us? Shouldn't 
we, rather, think of them in terms of the universe and wonder what part 
each and every creature plays in the great scheme of things?" 

Akeley 
Altenburg 
Andrews 
Baker 
Bates 
Beebe 
Belt 
Brownell 

THE READING LIST 

In Brightest Africa 
How We Inherit 
On The Trail of Ancient Man; Ends of the E arth 
Wild Beasts and Their Ways 
A Naturalist on the River Amazon 
Jungle Peace ; Galapagos; and others 
The Naturalist in Nicaragua 
The New Universe 
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Carpenter 
Chemistry in Medicine 
Clendenning 
Cumming 
Cushing 
Darwin 
DeKruif 
Do1·sey 
Fabre 
Haldane 
Herrick 
Hingston 
Holmes 
Hornaday 
Hudson 
Huxley, J. 
Huxley, T. 
J cnnings 
Johnson 
Jordan and Kellogg 
Keith 
Lank ester 
Lumholz 
Lull 
J\'i;elville 
Miller 
Pike 
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Robinson 
Roosevelt 
Scott 
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Yerkes 
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Chemical Foundation 
The Human Body 
A Hunter's Life in Africa 
Life of Osler 
Origin of Species; Voyage of the Beagle 
Microbe Hunters 
Why We Behave Like Human Beings 
The Life of the Bee 
Daedalus; Possible Worlds 
Brains of Rats and Men 
A Naturalist in the Himalayas 
The Trend of the Race 
Two Years in the Jungle; Campfires in the Canadian Rockies 
A Naturalist in La Plata 
Essays in Popular Science 
Man's Place in Natme 
Prometheus; The Biological Basis of Human N atme 
Safari 
Evolution and Animal Life 
Concerning Man's Origin 
Kingdom of Man 
Among Cannibals 
Ancient Man 
Moby Dick 
In tl;e Wilds of South America 
The Barren G1·ounds of Northern Canada 
The Natme of the World and of Man 
The Mind in the Making 
African Game Trails; Through the Brazilian \Vilderness 
The Theory of Evolutio'n; Land Mammals of the Western 

Hemisphere 
Selected Volumes 
Life of Pasteur 
Science and the Modern World 
The Malay Archipelago; Island Life 
Life of Darwin 
Natural History of Selbome 
Almost Human; The Great Apes 

THE EFFECT OF ADRENALIN CHLORIDE ON THE 
MAZE BEHAVIOR OF MICE 

BY w. L. WACHTER 

Lafayette College, Easton 

Fifty mice ranging from 3-!J months of age were g·iven initial train­
ing for 10-30 consecutive days, each day's work consisting of 5-10 runs 
through a simple maze. Then followed a period of three days when 
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each animal was given 0.1 ·c. c. adrenalin chloride by mouth a11,d put 
through the maze as soon as it began to take effect (about 35 minutes). 

The administration of a ~renalin chloride increased the speed o£ the 
animal which always 1·an excitedly about and ()'ave no evidence of cau­
tion or curio ity charac eri tic o£ the initia tra.ining period. 'rhe dis­
tance traver ed and the time r equh· d to run through the maze were 
always le s than in the training period, showing positive effects o£ the 
initial training. The number of error , however wa always greater. 

A fm'ther compa1·ison of the maze scor for he three days when 
they ran under the influence of adrenalin chloride and the la t tlu·ee 
days of the initial training 1 eriod allow of tl e folio win a C011clu ions : 
(1) The clistanc trav r c1 in the maze varie · inver ely with the age o£ 
the mouse ( -11 to - 3 per cent) and the amount of training (- 5 to 
-31 per cent). (2) 'rhe time decreases with trainiug (- 25 to - 37 per 
cent) and i constant for all ages up to 5 m nth (- 30 per cent) when 
a decrease to -52 per cent i obtain d for 13 older animals. (3) The 
enors inm·ease with age (- 4 to + 13 per cent) and with training (+ 12 
to + 38 p e1· cent). This increase in error may be due in part to in­
creased speed and momentum of th e animals which would rush i11to a 
wrong alley, regardless of the associated electric shock, and unable to 
stop themselves at the "error line" as was their custom in the initial 
training period, or the adrenalin chloride may have disturbed the mech­
anism of the conditioned reflex other than that of the musculature itself 
since the number of errors varies directly with the training, whereas 
time and distance vary inversely with the training·. 

THE EFFECTS OF X-RAYS ON THE DEVELOPMENT 
OF THE PROSTATE GLAND 

BY B. H. KETTELKAMP 

Depa?·tment of Zoology, University of Pittsburgh 

It has been demonstrated repeatedly, both in man and in many other 
mammals, that the development of the prostate gland is dependent upon 
normal testicular function. The gland does not develop until sexual 
maturity is reached. Moreover, if the animal is ca tl·ated pr pub rtally 
the prostate does not fully develop. These facts h w Vel'Y conclu ively 
that there is an intimate relationship between the 11' -tate ud the testes. 
The question naturally arises whether normal spermatogenic function 
is necessary for prostate development or whether the prostate belongs 
to that vast group of organs the development of which is dependent 
upon the internal secretion of the interstitial tissue of the testes. 
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In those mammals which experience cyclical breeding seasons, such 
as the mole and hedge-hog, the prostate undergoes definite changes in 
size and activity as the spermatogenic activity of the testes varies. If 
the animals are castrated during the period of testicular quiescence, the 
prostate does not hypertrophy with the return of the breeding season. 

These phenomena would seem to indicate that the functional state of 
the prostate was directly dependent upon the reproductive function of 
the testes. Experiments recently performed demonstrate that testicular 
function is not necessary for prostate development. 

Sexually immature rats, 36 days of age, were subjected to varying 
dosages of x-rays. The animals were securely tied in a heavy lead box 
so constructed that only the scrotum and the testes were exposed. After 
ninety days breeding tests demonstrated that the animals had not 
attained fertility. At 101 days they were killed, the testes and prostates 
removed, and fixed in Bouin's fluid (Allen's modification B15). 

The sectioned material showed seminiferous tubules in various stages, 
ranging from those which were apparently normal size and with active 
spermatogenesis to those which were only about half-normal and in which 
there was no sign of spermatogenesis. The condition of the tubules was 
directly proportionate to the severity and length of the exposure. In 
those animals in which there was a complete cessation of spermatogenesis 
there was a marked shrinkage of the tubules. They were reduced to 
about one-half the size of those in which there was active spermatogenesis. 

Associated with the degeneration of the seminiferous tubules was a 
great hypertrophy of interstitial tissue. By actual measurement the 
area presented by the tubules was reduced to half while the interstitial 
tissue >vas increased by ten. This is, then, an actual increase and not 
an apparent one as has been previously suggested. 

Gross observation showed the prostate gland slightly hypertrophied 
while sections showed the lumen of the tubules completely filled with 
secretion and the secretory epithelium in a very active state. The gen­
eral hypertrophy of the gland is undoubtedly due to the increase of the 
epithelium. 

These results are not at variance with those obtained in the mole and 
hedge-hog previously mentioned. In these two animals the hypertrophy 
of the prostate is undoubtedly caused by the increase of interstitial tissue 
coincident with the return of the sexual cycle. In the case of the x-rayed. 
testes we conclude that the hypertrophy of the prostate is likewise caused. 
by the hypertrophy of the interstitial tissue and is in no way dependent 
upon the generative function of the testes. 
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MODIFIED XANTHENE COMPOUNDS IN THE 
DIAGNOSIS OF MALIGNANT NEOPLASMS 

BY DoNALD C. A. BuTTS1 

139 

Since the presentation of the first report on "The Use of Certain 
Modified Xanthene Compounds in the Diagnosis of Malignant Neo­
plasms'' before the sutb. annual meeting of the Pennsylvania Academy 
of Science/ many angles of study and research have been investigated 
on these compounds by the Emery Laboratory. These findings offer 
promise of possessing scientific and practical value and application, and 
will be presented briefly. 

Within the past year it has become necessary for the Emery Labora· 
tory to increase its technical staff to meet the demand of problems of­
fered by this research. Two tissue culture technicians, one chemist, a 
biologist, and an additional curator have been added. 

In closing the discussion on the previous report, reference was made 
to the observation that unstained paraffin sections of tumors prepared 
from rats which had previously been injt)cted intravenously with a 
modified xanthene compound, known in the Laboratory as "E-47," dem­
onstrated an accumulation of the dye in the nuclei of the tumor cells. 

Since that time this phenomenon has received intensive study. Re­
sults to date, based on the examination of 305 stained and un-stained 

1 Director, Emery Laboratory of Experimental Radiology, Roentgenology & 
Cancer Research, Philadelphia. 

2 Butts, D. C. A., The Use of Certaiill Modified Xanthene Compounds in the 
Diagnosis of Malignant Neoplasms, Proc. Penna. Acad. Sci., Vol. IV, 1930, pp. 117-
121. 
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sections, tend strongly to establish the observation that within thirty 
minutes following the intravenous administration of his compound, the 
nuclei of the active tumor cells are so densely "packed" with a granular 
material as to nearly absorb all light, making the nuclei appear as almost 
black areas in tlie field. This ''packing-effect'' we believe to be due to 
the deposition of the dye in the nuclei, or the precipitation of certain 
nuclear elements, directly brought about by absorption of the dye. 

Normal cellular structures run as controls, failed to reveal any such 
phenomenon, nor did the cells of other parts of the body removed from 
the tumor-bearing rats. 

Degenerated and necrotic portions of the tumors apparently did not 
absorb or very sparingly, tooir up the dye. 

To' eliminate the possibility of these granular inclusions as being 
due to actions other than that of a specific absorption by tumor cell 
nuclei series of rats bearing tumors inoculated at the same time and 
with fragments of the same tumor, were injected intravenously with 
hypotonic, isotonic and hypertonic saline solutions, while others of the 
same series remained uninjected. In no case was there demonstrated 
any such phenomenon from such treatment as that observed following 
the intravenous administration of the dye solutions. 

As the interval between injection of the dye and the excision of the 
tumor increases, the picture undergoes considerable variation, demon­
strated by an increasing disintegration of the previously ''packed:' 
nuclei with the subsequent liberation of the nuclear contents. Th1s 
picture only applies for the higher concentrations of the dye, 1: 10 a~d 
1: 20. Low concentrations, that is, 1: 50 and below, show a steady m­
creasing absorption or precipitation of the material, with time. 

In order that the studied areas may be definitely identified, alternate 
sections from the same paraffin block are cut, and stained in the regular 
manner with haematoxlyn and eosin. 

Although our researches to date will not allow me to state definitely 
that the absorption of the ·compounds with which we are working is 
entirely limited to malignant cells, I do feel that sufficient evidence has 
been accumulated to allow us to make this prediction. 

Other interesting researches being conducted to expand our present 
knowledge of these compounds are those upon various forms of bacteria, 
and upon embryonic structures. Although offering results of collabora­
tive nature and of definite scientific interest, this phase of our work has 
not progressed far enough to warrant reporting, except to say that in 
vitro, the growth of streptococcus hemolyticus and certain bacilli of the 
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colon-typhoid-dysentery group is retarded or completely inhibited by 
the incorporation of the dye in the media in concentrations above 1: 100. 

Continuation of researches reported in our former communication 
on the apparent local temperature rise produced in the malignant areas 
following the absorption of the dye, tend to indicate that in some in­
stances there resulted from the treatment of malignant and normal tis­
sues simultaneou ly ·with the dye solution, an elevation in temperature of 
approximately 0.5° . in the tumor tis 1:!-es, in exce s to any temperature 
ri. e produced in the normal tissues. In oth r ca es however, the increase 
in tl .e tumor ti ues, over ancl above that produced in the normal was 
slight ( .01-0.1 a C.). In a few experiments, the rise produced in the 
normal tissues was in excess to that in the tumor tissues. However, this 
investigation presents many technical difficulties which are prohibitive to 
continuous work, and for the present this research is put aside for more 
pertinent problems. 

Extensive work in the field of haematology has conclusively demon­
strated that the introduction of these compounds into the blood stream 
produces no noticeable effect on the red or white cells of the blood. 

Work in .Otu· recently organized tissue culture laboratory is now ac­
tively under way. Here it is hoped that the modus operandi of the com­
poru1C1 under s udy may be explained, and permanent micro cinema 
recol'ds prepared. 

At the time of the previous communication, it was realized that the 
diagnostic agent then employed could, in all probability, be further 
altered to ren i r gl'eat r lee ive opacity to malignant areas. During 
tlle montl1s which have followed, om chemists have been ·able to pro­
duce, in very mall amount the planned new compound. In concentra­
tions of 1 : 10 this cmnpotu1 1 i , in vitro, considerably more opaque to 
x-rays than any material used in radiography. Tests have proven it less 
toxic than former compounds, and as far as our investigations will merit 
reporting, is selectively absorbed by malignant cells, as demonstrated by 
roentgenograms and micro sections. 

Another very promising research of this Laboratory is a study of the 
chemistry involved in malignant cell transformation, and the alterations 
produced by radiations and by the compounds under study. This re­
search is a continuation of an investigation reported by two of my associ­
ates and myself in 1927,3 and deals entirely with the sodium content of 

3 Butts, D. C. A.; Huff, T. E.; Palmer, F., Jr., A preliminary repo1·t on the 
Study of the Emission Spectra and Surface Tension Alteration in Experimental Ani­
mal Tumors, Science, Vol. LXV, No. 1682, March, 1927, pp. 304-306. 
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the cells. The result of 103 analyses substantiates earlier finding, that 
malignant cell transformation is associated in some way with an in­
creased sodium content of the cells. Other angles of this investigation 
are offering very interesting results, too early to report. However, it is 
our hope that continued research in this field will help to unfold the 
true action of certain xanthene compounds in cancer. 




