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PENNSYLVANIA ACADEMY OF SCIENCE 

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

BLOOMSBURG, PENNSYLVANIA-APRIL 18-19, 1930 

The meeting was called to order by Dr. Robert T. Hance. The report 
of the secretary was given as follows: 

The Pennsylvania Academy of Science met in its fifth annual session 
at State College, March 29 and 30, 1929. The program was filled with 
interesting papers, all of which have appeared either in abstract or en .. 
tirety in Volume III of the Proceedings of the Academy which was 
mailed to the members during the fall of 1929. In addition to the inter
est of the program, the trip to the quarries at Bellefonte was of striking 
interest. The Academy is under oblig·ations to the local committee for 
the excellent entertainment afforded at the time of its last meeting. 

Fifty-one persons were elected to active membership in the Academy, 
and one was elected to honorary membership, Dr. W. W. Keen, an emi .. 
nent physician, who has reached the advanced age of ninety-two and is 
still active in his profession. Upon motion it was decided to hold the 
sixth annual meeting in Bloomsburg, Pennsylvania, during the Easter 
vacation, 1930. 

The following were chosen as officers for the coming year: President 
-Robert T. Hance, Vice-President-D. S . Hartline, Secretary-T. L. 
Guyton, Assistant Secretary-John W. Keller, Editor-R. W. Stone and 
Treasurer-H. W. Thurston. The Executive Committee for the year is 
composed of the elected officers and the retired presidents of the 
Academy. 

The summer session of the Academy for 1929 convened at Cook's 
Forest, July 26 and 27. The meeting was quite informal. The assem
bly was addressed by District Forester C. E. Zerby, who gave a brief 
historical account of the Cook State Forest. The forest became the prop
erty of the State January 1, 1929, and is now a State park. Dr. E. M. 
Gress, State Department of Agriculture, told of the myths surrounding 
some of the plants found in the park. Dr. 0. E . Jennings, University 
of Pittsburgh, described the evolution of the plant cover of the region. 
The trip through the forest on the 27th illustrated many of the points 
which Dr. Jennings made. During the trip various pathological condi· 
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tions were pointed out and many lively discussions were indulged in. 
This park indeed is a possession of which all Pennsylvanians can well 

be proud. 
It is my sad duty to report the death of the following members dur-

ing the year: 

M. W. Grissinger, Selinsgrove, Pa., died in 1928 
T. H. Hoge Patterson, 4231 Walnut St., Philadelphia, Pa., died April, 

1929 
Howard Crawley, 5239 Wissahickon Avenue, Philadelphia, Pa., died 

May, 1929 
Dr. John Fred Mohler, Dickinson College, Carlisle, Pa., died January, 

1930 
Professor A. W. Dupler, Juniata College, Huntingdon, Pa.-Died some 

time during the year. 

During the year fourteen resignations were received. There is also 
a list of members to be dropped for non-payment of dues. This list is 
not ready to be given to you at this time. The present membership may 
be split into two parts: those who are members of the American Associa
tion for the Advancement of Science, and those who are not. A little 
more than half of the members of the Academy are also members of the 
American Association. The secretary pointed out to you at this time 
last year that there are a great number of persons in the State who are 
interested in science who have no connection with either the Academy 
or with the American Association, and that he believed some method 
should be devised for the Academy to reach these persons. Of the num
ber of names proposed for membership last year, a little over four-fifths 
were members of the American Association, and of the number to be pre
sented this year, this same relationship holds. It is the secretary's feel
ing that the Academy could be of much service to the persons in the State 
interested in science who now have no affiliation with a scientific 

organization. T. L. GuYTON, Secretary. 

The treasurer's report was received and approved, the Auditing Com

mittee having stated that the accounts were correct. 

PENNSYLVANIA ACADEMY OF SCIENCE 

TREASURER'S REPORT FOR 1929-1930 

Receipts 

Balance on hand ··-·····-···-······$ 468.98 
Dues ........................... ........................... .. 
A. A. A. S. rebates .. .................. . 
Sales _ ............. - ... --.......................... . 
Miscellaneous ___ .. _ ........... - ... - .. . 

660.00 
89.00 
13.00 
10.00 

$1,240.98 

We find the above account to be correct. 

Disb1t?'sements 
Proceedings ........................ , .............. $ 
Statiol'tery and printing ....... .. 
Secretary's account _ ............. . 
Treasurer's account ................. . 
Cash in bank ....... - ........................ . 
Checks returned _ ... .................. -

544.32 
52.50 
37.91 
35.00 

569.25 
2.00 

$1,240.98 

Signed F. J. W. HORICK 
JOHN C. JOHNSON 
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The fol~owing committees were appointed: Nominating· Committee--
0. E. J ennmg:s, L. K. Dar baker and N. R. Stewart; Auditing Committee 
-Frank Honck and John C. Johnson; Resolutions Committee-R. W. 
Stone and E. M. Gress. The society was then welcomed to Bloomsburg 
and the St~te Teachers' College by Dr. Francis B. Haas, President of the 
college. H1s address was on the ''Relation of Science to Teaching.'' He 
spoke of the new education. 

The following program was presented: 

April 18, 10: 00 to 12: 00 A.M. 

Pathological Study of Commercial Yeast in Lungs of White Rats M w Edd 
and E. S. Kronenberg, Jr., Dickinson College. ' . . y 

~~e Bole:aceae of Pennsylvania, M. C. Strauser, Pennsylvania State College 
servahons on the Effects of Nematocysts of Hydra on Amphipods Wm. Hud· 

son Behney, Lebanon Valley College. ' 
A N~tt:l Graft be~ween Umelated Species, Qnm·cus rnbm and Pmnus avium 

: .offman Denckson, Lebanon Valley College. ' 
Senecw antennm·iifolius in Pennsylvania E M Gress p l . D of Agriculture. ' · · ' ennsy vama epa1·tment 

Altitude Effects on the Gastropoda and Their Tretitatode J 1 Parasites, John C. 
• 0 mson, State Teachers' College, West Chester. 

Areas of Biolog_ ·ical Interest in Western Pennsylvant'a 0 E Deserving Preservation, 
· · Jenmngs, University of Pittsburgh. 

'!.'he Effect of X -Rays D 1 · C 
b I 

on eve opmg orn, Geo. E. Snyder, University of Pitts-
urg 1. 

~hysi~l~g.y of tl.le ~rostate Gland, B. H. Kettelkamp, University of Pittsbur h. 
odeuuzmg Sctentlfic Communications Robert T Haitce U . . 't f p· g burgh. ' · , mve1s1 y o ttts-

Some ~iologica~ Effects of High Frequency Electrostatic Fields, G. M. Mc
Kmlcy, Umversity of Pittsbmgh. 

April18, 1: 30 to 4: 00 P.M. 

Address of the President: A M echanistic Fantasy, Robert T. Hance, University 
of Pittsburgh. -
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d 
of Pennsylvania, Charles E. Mohr, Bucknell 

The Ambystomid Salaman ers 

University. I 1 Erie Pennsylvania, H. B. 
Distribution of ~Tit1~1'1tS ViTi~escen~ ~n Presque s e, ' 

Hudson, Umverstty ~f Ptttsburg ~· ·d in a Small Area, Maynard B. Henry, 
The Results of an Intenstve Study of u s 

Bucknell University. f 'V d' River Long Island, New Yot·k, 
Ecological Obs rvntiot!S upon tbe Flora o . n mg ' 

L R K IIeJ,ry arnegie Museum, Pittsburgh. f 
o oy · · . • . Edward H Graham, University o 

Flot'O of the Kartnbo Region, British Ulana, . 

Pittsburgh. f p . ue Isle Bay, Lake Erie, 
A Preliminary Report on the Ph!toplan~ton o. resq 

Russell Y. Gottschall, Universtty of Ptttsbmgh. 

4:30P.M. 
Auto tl'ip to places of interest near Bloomsburg. 

6:30P.M. 

Annual Dinner. H. H. York, Professor of Botany, Univer-
Address: Troubles in the Woods, Dr. 

sity of Pennsyl.vania. . . . D. T.J K Dat·baker, Professor of 
Motion Pictures: Plant Growth and Aettvttl6s, I. - . . 

Phannacy, University of Pittsburgh. 

SECTION A 

April 19, 9: 00 to 11: 30. (A h ) 
W SP Habrobracon juglanclis s m. ' 

GENETIC STUDIES ON THE :ARASIT!C ~ '. and Anna R. Whiting, Pennsyl-
P. W. ·whiting, Universtty of Penns} lvama, 

vania College for Women. 

Introducing the following papers: . 
A Linkage Relation of Long Antennae, P. R. D.avtd. 
B. Linkngo of Fa to·rs for ]~ye-eolor, . H. Bos~tanC. B t' 

• cl Tarsi N 61ta os tan. 
0 .A. FMtor fot· Fused Antenna an • · 

· B' tal [al•s D R Charles. 
cl ction for 1pnrell · · M 1 'ld M Torvilt. 

· tiO of Bi]>orcntal Males, - agn 11 • 
E. Tho Gonet~c ompost n X R the Ovarioles Edward Me-
F. A :Mi TOS ovie Stndy of tliCl Eff ·ts of - ays on ' 

may, Jr. . 1\o[ H hes Lebanon Valley College. 
',['winning iu hkk lUmbryos, tella . :rg . ~n Lebanon Valley College. 
A £ n. Polydactylous Cat, 'Russell 01 g ' 

as o < • E rl Ligltt Lebanon Valley College. 
'.J'wo-hca<lc<l nnke . n ' 1 T . 't' Reticnliterrnes flctvipes, Joseph M. 

f tl F · .. t Form Mae eum 1 
Ch.l'OIUQSOlliCS 0 ' 10 I II 

Benket·t, Univer.sity of Pi:tsburgh. H Bloomsburg State Teachers' 
Is the Passenger Ptgeon Extmct1 E. . Nelson, 

College. O f U Ew·opcm1 Corn Borer (Py-
, . Effects Observed on tho w:~> 0 1 . . 

Tempetat~ue . . E S l'in r, haron, I ennsylvamn. . 
must1s n1t.bwlts L.)' R. · P g . f E . tl odi.,lliX l!etenice wtth Regard 

R t' 1 t'ons and 'nco "'Y lr <' 
Variations in Wing e ten a I ' I . , Sl ortcss Bloom~lnu·g State Teachers' 

to Geographic Distribution, S. t\"lll0 1 ' · 

College. 
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SECTION B 

Pennsylvania Cavems and Relation to Geologic Structme, R. W. Stone, Penn-
sylvania Geological Survey. 

Con·elation of Pennsylvania Anthracite, Homer G. Turner, Lehigh University. 
Chemical Composition of Limestone, Benj. L. Miller, Lehigh University. 
A Medical· Chemist Looks at Water, Max Trumper, University of Pennsylvania. 
The Forgotten Part Played by a Pennsylvanian in the Early Development of 

Alaska, Evan 0 'Neill Kane, American Society for the Control of Cancer, 
Kane, Pennsylvania. 

The Possibilities of Forensic Chemistry and Its Limitations, Robert T. Paessler, 
Wilkes-Barre, Pennsylvania. 

The Use of Certain Modified Xanthene Compounds in the Diagnosis of Malignant 
Neoplasms, Donald C. Butts, Hahnemann Hospital, Philadelphia. 

Standat·dization and Identification of Color in Nature According to Ostward 's 
Method, E. Alfred Wolf, University of Pittsburgh. 

Some Experiments in X-Ray Technique, Benjamin F. Cary, Blossburg. 

Business Session, 11 : 30 A.M. 

At the business session at the close of the meeting, the reports of com
mittees were heard. The following persons were elected to active mem
bership. 

Edwin J. Anderson, Agricultural Experiment Station Building, State College. 
Leroy A. Baer, 1020 Walnut St., Berwick. 
Edward R. Barnsley, Newtown. 

Dr. Lawrence W. Bass, Mellon Inst. of Indust. Res., Univ. of Pittsburgh, Pittsburgh. 
Prof. G. R. Bradshaw, Thiel College, Greenville. 
Mrs. H. M. Bridgham, 5871 Ellsworth Ave., Pittsburgh. 
John Bright, 127 Roup St., East Liberty, Pittsburgh. 
E. Eleanor Carothers, Dept. of Zoology, University of Pennsylvania, Philadelphia. 
Louise Casselman, 731 N. Fourth St., Reading. 
Jaques Cattell, Science Press Printing Company, Lancaster. 
Prof. Ray M. Cole, Bloomsburg. 
Dr. David Francis Crawford, 5243 Ellsworth Ave., Pittsburgh. 
William R. Van Dersal, Dept. of Botany, University of Pittsburgh, Pittsburgh. 
Prof. John J. Fisher, 311 Light Street Road, Bloomsburg. 
Dr. Earl W. Flosdorf, G12 Elkins Ave., Tabor, Philadelphia. 
Newton Wellington Geiss, Oley. 
Prof. L. P. Gilmore, 414 E. Second St., Bloomsburg. 
Miss Malvina M. Grieves, Syracuse University Hospital, Syracuse, New York. 
Prof. Sara R. Hamlin, Catawissa. 
E. C. Herber, Dickinson College, Carlisle. 
Harrison S. Hires, 206 South 24th St., Philadelphia. 
Edward Hob(muan, 369 E. Park St., Lock Haven. 
Dr. George E. Holtzapple, 203 S. Geo1·ge St., York. 
W. G. Hutchinson, 446 Nevin St., Lancaster. 

Dr. J. H. James, Chemistry Department, Camegie Inst. of Technology, Pittsburgh. 
Mrs. 0. E. Jennings, 241 Oakland Ave., Pittsburgh. 
Dr. Evan 0. Kane, 230 Clay St .. Kane. 
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Dr. Eclwnrd L Ke:ft r, 5971 D:rexel Road, Philadelphia. 
WUllnm r. 'Kou, Liberty '.l'rust Building, 1343 Arch St., Philadelphia. 

IIany B. l(irk, ll\JI'eau of PJn·nt Industry, Harrisburg. . 
Prof. }.'Lartiu JL llitutl;en

1 
Depn.rtment of Bacteriology, State College. 

P rof. J'ohn C. Koch, tlltO 'I'enchers' College, Bloomsburg. 
Edward ·. K •·onenl>etg, Jr., 431 S. College St., Carlisle. 
Dr. Robert G. Leavitt, 0 Crown St., Morrisville. 
'Mi s Bess :M. Long, :32 E . First t. :Bloomsburg. 
Prof. Warren :B. Mack, 103 Horticultunl-1 Bldg., tate College. 
Dr. Tllales Martins, T.nstituto OsWl~ldo Cruz, aixo. 926, Rio de J aneiro, Brazil, S. A. 

Dr. Ralph Vincent McGrew, Department of Chemistry, State College. 

Charles H. McKnight, 1625 Vilto t., Se.nUltoll. 
Prof. 'L M. McM111ion, 303 .Angeles Apn:rtJnents, Be1wc•· ]'alls. 
Dr. . A . Michels, Baugh Inst. of ,L\J.utt. Je'il'crson :Med. College, Philadelphia. 

Pln•ttou M.iddletQn, 6623 Greeno t., Germantown, Plrilailolphia. 
·walter . 'lite.hell, cjo Mell 1\ .s: ntiounl Bn.nk, Pitt ·bu1·gl1 . 
Russell E. Morgan, Lebanon Valley College, Annville. 
Prof. E. H. Nelson, 8t11 t." Teachers' College, Bloomsburg. 
Dr. S. Gmnt Oliphant 520 tcw:1.1·t Av ., rove Cit·. 
Prof. Wellington A. Parlin, Dickinson ollege, C::~,rlisle. 
Prof. David Riesman, Professor of liui n.l Med., Uui\' . of Pennsylvania, Philadelphia. 

Dr. G orge . Ro ·ongn.rten, Malvern. 
P1·of. II. l[a:rrisou Russell, State Teachers' College, Bloomsburg. 

Robert • luess, 121 W. Fifth St., Emporium. 
Prof. James M. Bhelley, 11 E. Mercer Ave., Llanereh, pper Darby. 

Prof. S. Irvine Shortess, Bloomsburg. 
Theodore P. Smith, 34 Pine St., Bloomsburg. 

R. E. Springer, Sharon. 
Benjamin Thaw, 316 Foud h A.vo., Pittsburgh. 

. Dr. Benjamin A. Thomas, 1900 pruee t., Philndolplua. 
Dr. Max T1·umpe1'

1 
921 Medi.eal A:rt B\til(ling, PhilMlelpllia. 

Dr. Lawrence E. Van Kirk, 3002 ~[o.l'Sh nll Rona :rm:tb Side Station, Pittsburgh. 

Dr. Mary Vanuxem, Laurelton tate Villa e, Lmu·clton. 
Eugene Vellner, 401 Hellerman St., Philadelphia. 
Henry Venable, 822 N. Saint Clair St., Pittsburgh. . 
Dr. Ernest A. Vuilleumier, 150 W. Louther St., Carlisle. 

Everett D. Wells, 1008 Wesehler Ave., Erie. 
Frank C. Whitnlore, hool of Chemistry and Physies, State College. 

Hans Wilkens, 2 l Sout.h lltll St., Reading. 
H arlan N. Worthley 22~ Hat·tswick Ave., State College. 
Dr. Harlan H. York, Depn.rlm nt of Botany, University of Pennsylvania, Philadelphia. 

The Resolutions Committee presented the following r esolutions which 

were unanimously accepted by the Academy : 
Being deeply appreciative of the cordial cooperation on the part of 

the citizens of Bloomsburg, the Academy of Science desires to express 
its thanks to all who have aided in making this meeting so successful. 

e Academy acknowledges its indebtedness to the Department of 
n C'< .L-. L ~ 'l' o.a nlH>r"<:, Colle!!e at 

PENNSYLVANIA ACADEMY OF SCIENCE 11 

Bloomsburg for the use of a building in which . 
extends thanks to the Magee Carpet C to£ hold the meetmg, and 
visit its large factory to J L DI'll f tohmp.an~ ~r the opportunity to ' · · on or e mvitatwn t h · 
and for flowers donated to the Bl b . . o Is greenhouses ' ooms· urg citizen h f · 
tertainment at the dinner who p 'd d . s w o urmshed en-' rovi e automobiles fo · ht · 
to the Boy Scouts for their aid. r Sig seemg, and 

Signed: 
R. w. STONE, 

E. M. GRESS. 

The Nominating Committee reported as follows: 

BLOOMSBURG, PA., 

Th N · . April 19 1930 
e ommatmg Committee of the p l . ' . 

begs to nominate the follo . ennsy vama Academy of Science 
p . . wmg persons as officers for the year 1930-31 . 

r.estdent: D. S. Hartline, State Teachers' C . 
Vtce-President. E M G D allege, Bloomsburg. 

. . . ress ept of A . l Secretary. T L G t ' · gncu ture, Harrisburg. 
· · · uy on, Bureau of Pla t I d . 

Assistant S ecretar·y . V H b n n ustry, Harnsburg. · ernon a er p 1 . . College. ' ennsy vama State College, State 

Treasurer: H. vV. Thurston Penn . Editor: R. W Stone p ' G s~lvama State College, .State College 
. ' enna. eologlCal S H . . 

Executive Committee. R T H urvey, arnsburg. 
ler, N. A. Ste·wart: . . ance, F. D. Kern, B. L. Miller, E. A. Zieg-

Signed: 
0 . E. JENNINGS 
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motiOn was made for the secretar . 
nominations made by th N . . Y to cast a ballot in favor of the 
. d e ommatmg Committ Th 

ne and the officers were de l d l ee. e motion was car-
inducted to his office Aft c arbe. e ected. The new president was then 

th 
. er a nef acceptan h 

e order of business. th . . ce speec he proceeded with 
· e arranamg for the annual meeting T . o summer meetinO' and the 

. . wo suggestiOns were off d o 
mer meetmg-one Ohio l . ere as places for the sum-
. L k ' py e, m Fayette Count th h m a eErie. It was decid d t l . y; e ot er, Presque Isle 
tive Committee for final d e. . o eave thi8 to the judgment of the Execu' 

. eCiswn A · 't · -
nsburg for the annual meet' f n lllVI atwn by members from Har 
city was accepted. mg o the Academy in 1931 to convene in tha~ 

The Academy then adjourned . until the summer session of 1930. 
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PATHOLOGICAL STUDY OF A COMMERCIAL YEAST 
. IN THE LUNGS OF WHITE RATS 

D M W EDDY AND E. s. KRONENBERG, JR. BY R. . . 
Dept. of Biology, Dickinson College, Carlisle, Penna. 

ears to be pathogenic in man and 
Yeast has been known for m~nlyl y ltivated yeasts are on the market 

. l A mber of commercia y cu . t 
amma s. nu . I the following expenmen s a 
and are claimed to be non-pathogemc. nf lly grown in the lungs and 

· al yeast was success u . 
well-known commercl . 'b. ) The purpose of thiS 

· t (Mus norvegtetts a~ mo · 
trachea of white ra s t d to be non-pathogenic may pro-
paper is to show that. s?me ye~sts,~::h~ ~e brought about by accidentally 
duce a diseased condition, whiCh g.l t" resulting in the yeast re-

. . t . to the lungs whl e ea mg, 
introducmg yeas m . h. h yeast mi<rht later become 
maining within the trachea and l~ngs, hw t~:r there mig~t not be danger 
pathogenic. This raises the questiOn w e 

in eating living yeast. b 1928 six white rats of Wistar Insti-
In the latter part of Septem er, , . l brand of yeast 

d 'th olution of a commerma tute stock were injecte Wl a s 

in the following manner: . . 500 cc of distilled water and the mix-
Two yeast cakes were miXed m f 36a C One at a time the rats were 

ture was brought to a tem~erature o d 'th the aid of a sterilized hypo
etherized, their throats laid open anb. WI t' eters of the yeast mixture 

d · ae two cu IC cen 1m 
dermic needle an syrm,., , h lf f the trachea. As a checlr, 

. . t d d' tly into the lower a o . 
were mJec e nee b 'tted to the same operatiOn, 
three white rat~ of the same ~t~~\~:~e ~:t::~ere injected instead of the 
with the. exceptiOn that 2 cc o IS hat neither tlle hypodermic needle and 
yeast miXture. Care was taken t t . ated with yeast. The rats 

th d' t'lled water were con amm 
syringe nor e lS 1 t . ture were placed in one cage 
were marked and those with the ye~s ml:her in order to prevent con
and those with the distilled water m a~~ , f the yeast-injected rats. 
taminating the check rats by the coug f m~ ~nd kept under the same 
However, they were all fed the same oo 

conditions. . . d with yeast developed symptoms 
Two months later the rats mJecte d l d a rapid exhalation 

of a bronchial and lung dis~rder. Theytl .evge ~~:m the trachea and a 
'f tt t' g to dislodae some nn 

of air as 1 a emp m '"' . b ere then killed and slides 
d Three of thmr num er w d 

cough also appeare . Yeast was found in the trachea an 
made of their lungs and trachea. f th l s The trachea and lungs 

· th er lobes o e ung · 
to a lesser degree m e upp . k'll d at the same time, showed no 
of two of the check rats, which were I e 
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evidence of yeast. The external appearance of the lungs of the yeast
injected rats was pathological when compared with the check rats. The 
lungs of the yeast-injected rats had visible grey nodular areas of com
paratively large sizes on their surface, especially on the anterior half of 
the upper lobes. The appearance of the lungs of the check rats had the 
normal pink color. 

One month later the remaining yeast-injected rats appeared to be 
in a much worse physical condition. The rats had a more aggravated 
cough, wheezing and difficulty in breathing, and a pronounced turning 
of their heads to the side. These rats were then killed as well as the re
maining check rat. The lungs of the yeast-injected rats appeared ex
ternally as those Of the previous month, with the grey nodular patches 
visible on their surfaces, while the lungs of the check rats were normal. 
Slides made of the lung·s and trachea of the infected rats revealed yeast 
in the tracheal and lung tissues, with a breaking down of the lung tissue, 
and a collapse of the alveoli and the formation of giant cells. An ex
amination of the inner ear showed an infection which might have been 
due to coughing, thereby forcing yeast through the Eustachian tubes 
into the inner ears. Slides made of the lungs of the check rat gave no 
evidence of yeast. 

On December 4th, 1928, ten white rats of Wistar Institute stock rang
ing in age from 13 to 16 weeks, were subjected to the same operation as 
described before. Seven of the rats were injected with the yeast mix
ture while the remaining three had distilled water injected as checks. 
They were fed the same food and kept under the same conditions, but in 
separate cages for the reason given before. One month later one of 
the yeast-injected rats ·was killed. Externally the lungs appeared more 
healthy than those killed after two months in the previous experiment, 
but grey nodular areas were visible on their surface. Slides made of 
the lungs and trachea showed yeast and a slight breaking up of the 
interstitial tissue of the lungs and the appearance of some giant cells. 

At the end of the second month the rats developed a cough and 
wheezing. A second rat was then killed. Externally the lungs had 
visible grey nodular patches, their sizes larger than those of the rat 
killed the previous month. Slides of the lung showed yeast present in 
both the trachea and lungs, with a breaking down of the lung tissue, 
collapse of alveoli and the appearance of giant cells. 

At the end of the third month, the cough and wheezing became 
more severe and an effort of the rats to dislodge something from their 
throats was noticeable. Another rat was then killed. Grey nodular 
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areas were visible on the surface of the lungs, their sizes larger than 
those of the rat killed the previous month. Slides made of the lungs 
and trachea showed an increase in the quantity of yeast in the trachea 

and some yeast in the lungs. . . 
At the end of the fourth month three of the remammg four yeast-

infected rats were killed. The fourth died shortly afterwards. The 
Juno- of the tlU' e ldll d w r xternally th same in app nTance a those 
pr ;v;

011
sly killed, only ,vith au increase in the sizes o th . nodnlar 

patche . Slides made of th hmg and trachea ho·wed yea t m abun
dance in the rachea nnd some y a tin the hlngs. 

It was then decided that this alone mi ht not be ufficient proof and 
that if yeast was recovered from the lungs and trachea, tl1ere could be 
no doubt of its presence. Therefore, on January 8, 1930, five .yo~ng 
rats of the same stock used before, were injected with yeast. This time 
one yeast cake mixed in 100 cc. of distilled water at a temper~t~re of 
36° C. was used. Five cubic centimeters of this mixture were mJected 
directly into the lower part of the trachea as described before .. Imme
diately after the injection the lung . t pp d :functioninO'. and, ~~ each 
case it was n . !;ary to apply ar i:fi ia l , . . spiration, af.tcr wluch th 
lun•Y b cam fun tiom1l. Thic.; is e.cplain . :\ by th in 1' ased siz o tl:e 
;11 ject d material, wl1i h, w'h 11 it ran into th hlllg. an. d ~araly: 1. 
by dJ'owning. One rat, a · a c:he k underwent th~ same operatl~n, With 
the exception that no yeast was injected. A stenle needle was mserted 
into the trachea as before but no liquid was injected. In this case no 

artificial respiration was necessary. 
One week later, on January 15th, one of the yeast-injected rats was 

killed. The external appearance of the lungs showed many deep red 
patches covering nearly the entire surface of the ~pp~r lobes and at 
intervals over the lower lobes. By means of stenle mstruments the 
lungs and trachea were removed. Portions of the lungs .were sliced 
and placed on two Petri dishes containing • aborond's medmm. Sabo
roud's medium is an agar with 1-2 p · cent. peptom~ 2 per cent. glucose 
or maltose and 0.5 per cent. glycerin . Oth r eetions of the lungs. 
which were washed in several clumges of ali11 olution, grotmd in 
mortar and suspended in saline, w r I lac d on he t hjt· '1. dl h. n tbe 
fourth dish was placed the sedim nt fr JD th . aline soluti n in ·wl?ch 
the lungs were suspended after being ground in the mortar. Por~wns 
of the trachea were placed on the fifth dish. All five culture dishes 
were placed in an incubator at a temperature of 37~° C. where they 

remained for one week. 
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On January 22nd, the culture dishes of the rat which was killed 
the previous week were examined under the microscope. The cultures 
had a typical odor of yeast when the Petri dish covers were removed. 
A microscopic examination showed that ·there were yeast cells in abun
dance, many of them budding, in the cultures of the lung precipitate 
from the saline solution; of the lung tissue which was ground in a 
mortar, washed, suspended in saline; and of the trachea. In the cul
ture of the lung tissue which was placed directly on the medium, there 
was yeast in abundance in all stages of budding, with some cells much 
larger than their normal size and some elongated and some with granular 
centers. Bacteria were present in all the cultures. These bacteria were 
from the lung and trachea, because a dish of Saboroud 's medium placed 
in the incubator at the same time as a check showed no growths. 

A second rat was then killed, this being the second week since the 
injection of yeast. The lung and trachea were applied in the same 
manner to the medium as in the previous week and placed in the incu
bator. The external appearance of the lungs showed extensive conges
tion of the upper lobe with deep red discoloration. A number of small 
nodules were present. At this time a normal rat was killed and its 
lungs placed on the medium in the same manner as those of the yeast
injected rats. 

The following week on January 27th, a microscopic examination was 
made of the cultures of the lungs and trachea of the rat killed the pre
vious week, two weeks after the injection of yeast. As before, budding 
yeast was recovered from both lungs and trachea. A microscopic ex
amination of the lungs and trachea of the normal white rat killed the 
previous week showed no yeast growth whatever. 
. . On February 19th, six weeks after the injection, the third yeast
lllJected rat was killed and its lungs placed on Saboroud's medium as 
d~scribed. before, and put in the incubator. The following week', a 
miCroscopiC examination revealed budding yeast present in abundance 
from the trachea culture. The external appearance of the lungs showed 
grey nodular areas over the upper lobe. 

In conclusion, we wish to restate the purpose of the experiment and 
then show in what way our results substantiate this. It was stated in 
the beginning of the paper that the purpose was to show that some yeasts 
reputed to be non-pathogenic may produce disease, and to consider the 
danger if, accidentally, yeast should become lodged in the trachea and 
lungs while eating. Since yeast is claimed to be beneficient from the 
standpoint of its vitamins, it would seem necessary that yeast manu-
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facturers know that their product can not become pathogenic under any 

circumstances. 
The following facts of experiment bear out our purpose : . 
F' t a commercial brand of yeast was successfully grown m the 

trachl:: ~nd lungs of white rats. It not only grew there, but it w~ l~te~ 
d from the infected organs. Secondly, there was a p ysiCa 

recovere · d t 
breaking down of the tissues due to the yeast, whiCh cause symp oms 

of illness and later death. d 
Although the yeast was injected operatively into th~ trachea an 

l ngs it is not beyond possibility, that it could be m~roduced by 
a:cid~ntally choking, while eating. The question is then rais~d whether 
the possible benefits derived from eating yeast are worth the riSk. r d 

Park and Williams make the following statement, ''In gener~ lze 
blastomycosis the lung seems frequently to be the seat of pnmary 

infection." . · f t' f 
Below is a reference list to records of pathogem~ yeast m ec wn ° 

humans. 
A case of meningitis due to endomyces capsulatus, by Dr. Rewbridge, Dr. Dodge 

and Mr T T Ayers Amer. Jour. of Pathol. Vol. 4, July, 1929· k d 
· · · ' · '' b , Par an The following cases are fi'O!Jl ''Pathogenic Microorgamsms J 

Williams, 8th edition. 1 d kidneys 
Case of infection of Saccharomyces buss on bones, lungs, sp een an 

of 31 yr old woman. Case reported by 0. Buss in 1894. 
· . . f t' n on lips and neck. Reported Case of Saccharomyces tumefac1ens ag an 1n ec 10 

by Curtis, 1895. M d A 
Cases of eye infections by yeasts. Reported by Jackson in Jour. e · ssn. 

1915, 65 23. J M d Res 1916, 
Case of meningitis due to yeasts. Reported by Neal in our. e · · 

35 243. f 1 · h a 
One hundred cases of skin infection in gluteal regions of men rom 'til' ll~c . 

·ed Reported by Kar u IS m variety of ordinary fermenting yeast was recovm · 

Alexandria. b K 1 . · Jour Med 
Case of skin lesion in infant due to yeast. Repo1·ted Y ess ei m · · 

Assn 1907 49 550. 1 · "b"d 1904 
. Case of' systemic blastomycosis by Fontaine. Reported by Kess er m l 1 , 

4 101. 

Editor: This paper was discussed by Dr. C. A. Smith, biochemi~t, 
department of applied research, Fleischmann Co~pan_y, who said, 
"There is no known case of brewer's yeast developmg m the human 
trachea or lungs and no danger of such an occurrence. Ther~ ~re of 
course certain p~thogenic yeasts and yeast-like orga~isms \~omha, for 
example) but we have never heard of a case in whiCh bahCls yeas~ ~r 
brewer's yeast was pathogenic. In testing our yeast for freshness It lS 
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the common practice to break a pound cake, crumble it, stick our noses 
down into the crumbled mass and snuff vigorously. A man doing that 
testing regularly will examine perhaps 75 to 100 pounds of yeast daily, 
week in and week out. This is done at all of our 12 or 13 factories ' 
and at most of our main offices.'' 

THE BOLETACEAE OF PENNSYLVANIA1 

BY M. C. STRAUSER 

Pennsylvania State College, Depa1·tment of Botany 

'l'he Boletaceae are fleshy tube-bearing fungi \yhich make up a rela
tively small family of the class Basidiomycetes. Due to their tube
bearing character the Boletaceae are frequently placed with the Poly
poraceae, and in this more comprehensive sense the Polyporaceae 
embrace all Basidiomycetous fungi in which the spore-bearing surface 
lines the interior of tubes. The treatment here chosen for this group is 
that of those workers who have adopted a division of the Polyporaceae 
into two families, the Polyporaceae and the Boletaceae. The Poly
poraceae proper usually grow on living or dead woody plants, are com
monly leathery, corky, or woody in texture, and the tubes as a rule do 
not separate readily from the pileus. The Boletaceae are chiefly terres
trial, fleshy in texture, and the tubes in nearly all cases separate readily 
from the rest of the pileus. 

With but one exception the Boletaceae are seemingly saprophytic. 
They are almost entirely terrestrial in habit, and are generally found in 
woods or along their borders, and in pastured woodlands. The majority 
of them prefer a moist habitat, but a few species grow in exceedingly 
dry locations. Some Boletaceae are restricted to the neighborhood of 
definite species of the higher plants; some only near or under certain 
conifers; others in or among hardwood and mixed stands. 

The Boletaceae are strictly annual plants and are found in our region 
only in the late summer and early autumn. All the species of the family 
are fleshy, perishable, and putrefy very soon after maturity, especially 
if the weather is humid. The putrefaction is usually hastened by the 
attacks of certain insect larvae to which these plants are particularly 
subject. Tl1e life of the sporophore is exceedingly short, being not more 
than four or five days with most species. This tendency to rapid putre
faction makes their collection and preservation a difficult problem. The 

1 This article is a portion of a thesis for a Master of Science degree in Botany, 
published by the permission of Dr. F. D. Kern, dean of the graduate school. 
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t d of this group is complicated by the fact that ~reserved plan~ in : 

~~er condition general~y lose their origina~- c:~~, ~~z~:b;f~ta~~u. :~e 
of their external markmgs. Thus a de~cnpf t1 £ami1y ar . brilliantly 
made while in a fresh state. Most sp cle o l~own and some species 
colored in attractive shades of red, yellow a~d b d d Both poison
turn to ~ pink, green, blue, or black color w en woun e . 

ous and edible species are foun~ among the B~let:;:ea~. 'ted States. At 
According to Peck 110 species are ~nown m e . m F 11 in is a 

resent time 63 species are known m Pennsyl:ama. . o ow g 
the p . d . made from the avallable literature. 
tabulation of reporte species 

TABULATION OF REPORTED SPECIES OF BOLETACEAE 

"" Q) 
Species ""' ~ :E ~ 

Boletinus 
Berkeleyi ....... .. 
castanellus ..... . 
decipiens ....... .. 
merulioides ... 
pictus ............ - I 
porosus .... .. .. .. 

Bolet~•s 1 
affinis ........ .......... 1 
albellus ........... . 
alboater .......... .. 
alveolatus .... .. 
americanus .. . 
Betula ... - ........ . 
bicolo1· ....... - ... 
brevipes .......... . 
bovinus .......... . 
castaneus ....... .. 
chromapes .... .. 
calopus ..... ... _,. 
chrysentm·on . 
cyanescens .... .. 
dichrous .......... . 
edulis ................ .. 
eximius .......... .. 

, fiavidus ...... - .. . 
felleus --.. --·
ferruginatus .. 
fioccopus ...... .. 
Frostii ............. .. 
fumosipes ..... . 
gracilis ........ -· 
!l'l'"-Ullla.iUS --· 

p...., P< 

~ .s lt 

* 
* 
* 
* 
* 

* 

* 

* 

* 
* 

* 
* 
* 

* 
* 
* 

Reported 

""' U> 
,.0 ... 

Q) 

p:: 
h 
~ 

* 
* 

* 

* 
* 

* 

* 

* 

* 
* 

~ 
Q) 

P-i 
h 
~ 

* 

* 

.. 

* 

* 
* 
* 

* 
* 

* 

* 

"" Q) 
Species ""'"' ~ :.8 ~ 

p..., P< 

~ .s lt 
Boletus 

griseus _, ........ .. 
hemicrysus ... .. 
infiexus __ ..... .. 
innixus ............. .. 
illudens . ..... - .. 
luridus ... ......... .. 
luteus ............ --
miniato-oliva-

ceus _ ......... .. 
ornatipes .-.. -
pallidus ..... ..... . 
para~~ticus _,, 
Peckn ____ , ...... .. 
piperitus ........ . 
Ravenelii ........ . 
retipes ........ - ... -
rugosi~~ps .. -
Russeln ........... . 
scaber _ ......... .. . 
subaureus . .. . 
separans .... ...... .. 
spectabilis .... .. 
sordidus .... ....... . 
subluteus ....... . 
suhtomentosus 
subglabripes .. 
subsanguineu!i' 
versi pelles ...... 

Fistulina 
hepatica ..... -

Strobilomyces 
fioccopus ...... .. 
stro bilaceus .. . 

* 
* 
* 

• 
* 
* 

* 
* 
* 

* 
* 

* 
* 
* 

* 
• 
* 

* 

* 

Reported 

""' "' ,.0 ... 
Q) 

p:: 
h 
~ 

* 

* 

* 

.. .. 
* 

.. 

• 

* 
* 
* 
* 
* 

* 

* 

* 

~ 
Q) 

P-i 
h 
~ 

* 

* 
* 

* 

.. 

* 

* 
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The first report of Pennsylvania species, twenty in number, was made 
by Peck1 from the collections of De Schweinitz ( 1780-1834). In 1900 
Peckz reported an additional new species from the vicinity of Philadel

'phia. Herbst,3 a physician residing in· Trexlertown, Penna., reported 
twenty species which had not been previously recorded for the State. 
In 1907 Murrill4 published a taxonomic account of the Boletaceae of 
North America. For most of the species treated he gives only the gen
eral geographic range, and Pennsylvania is within the range of a large 
number of his plants. Species which on this basis only might be expected 
to occur in Pennsylvania, are not included in this paper. 

In the herbarium of the Pennsylvania State College and the private 
herbarium of Dr. L. 0. Overholts there are at the present time 42 species 
of this family. Twenty-four of these species are not among those 
reported by either Peck or Herbst and are here reported from the State 
for the first time. 

The family embraces four genera: Boletus, Boletinus, Strobilomyces, 
and Fistulina. The genus Boletus is readily distinguished from the 
three other genera by the character of its tubes being easily separated 
from the pileus. Boletinus is distinguished from the genus Boletus 
and the other two genera by the arrangement of its tubes in radiating 
rows. Fistulina and Strobilomyces have neither of the above characters, 
and may be recognized by the manner of attachment of their stems and 
habit of growth. The stem of Fistulina is laterally attached, and the 
plant is wood inhabiting. Strobilomyces is centrally stalked and is 
terrestrial. 

I wish to acknowledge my indebtedness to Dr. L. 0. Overholts for 
his assistance, guidance, and for the use of his personal herbarium and 
illustrations which made this article possible. 

KEY TO THE BOLETACEAE OF CENTRAL PENNSYLVANIA 

(KEY TO GENERA) 

1. Tubes on ily sepnrnble from the pileus ....... ___ , ____ ,, ____ ....... _ ....... _ .. __ .... _ .. _,., .. ,.Boletm., 
Tttbes 110t ~sily s pu rnble from the pJ'Ieus ................................. ,._ ..... - ................ - ........................ 2 

2. Stem st1·ie tly lnteral; wood in.h1+bitlng · tnbos distinet from cnch other .... ..FisMtli-na 
tem cntl'nl or cc ntric; not wood inhabiting· the tubes not as above .................. 3 

3. Tubes IU'rltnged in mdiu.ting rows ............................................................... _ .. ____________ , _ ,Boloti?l?l 
Tub ll not annngcd ill radiating rows ........................................ -----·- ----------Sll"Obi lonl!IJ008 

BOLETINUS 
(KEY TO SPECIES) 

1. Stem lateral or eccentric; tubes with radiating lamella-like pores. .. ... B. porosus 
Stem central; tubes not arranged as above ........ .................................................................. ................. 2 

1 Peck, Bull. N. Y. State Mus. 8: 73-161. 1889. 
2Peck, Bull. Torrey Club 27: 17. 1900. 
3 Herbst, Fungal Flora of the Lehigh Valley. 1899. 
4 Murrill, North Amer. Flora. 9: 133-161. 1907. 
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FISTULINA 
Pileus some shade o:f red, thick, viscid; stem strictly lateral, wood inhabiting;_ a 

single species .•...... .. ~-- ··· · · --·-···-- · - ·· ···· ···· .... .. ....................... .................. .. ................... .. .............. ... .... F. hepatwa 

STROBILOMYCES 
Pileus and stem distinctly squarrose-squamose; t~bes no_t easily s~parable :from 

the pileus· stem centrally stalked, annulate, sohd; a smgle spee1es. . 
' S. stro btlaceus 

BOLETUS 
(KEY TO SPECIES) 

1. ~i:: ~~~i~~~~!~l~t~:::· · :~ :·:~ :: :::::::: : ::::: ::~ ::~: ::: :: :::: :_::: : ::::::~_:: : :::=::~~::~_:::: ·.~::::: ::::::=::~::~:::::::::·:.:~:::-=.:::::::·::=:~::1~ 
2. Tubes white becoming flesh colored w1th age ............ ................. _ .............. _ ...... - ....... ... ......... ~ .... .. .. 

•ru bos l\Ot as above ........ - .......... ,_ ....... .. ........... - ...... _ .................... , ........ _ ..... _ .......... _ .......... ..................................... :l .6 

3. , 'tom slender, gcmernlly not. more tban 1 em. tlri' l ............. - .................. - ........... 13. oract rs 
Stenl tb.iekeJ' tban al)ol'e ............ - .......... -_ .............................. - ... - .... ~ ................. ............... _ ......... .. - ............... 4 

4. Flesh of he p,ile11s decidedly bitter_ ............ _ ... _ ................................ , ....... - ................... , .. 13. feUtm~ 
Flesh of t!Je pileus not bitter .......................................... _ ............. - ........... ,.--........................... _ .......... - .... ... . 

5. Stem usually 3---4 em. l'ltick · context witll a sweet and tmtty taste ................. ~- ecl~t-lts 
, tenL ltsually 1-2 em. thick; taste mlld ............ _ ..... - ..... _ ................ - .............................. .13. ~ndacnsu~ 

t1 . 'rubes free .fl·om the stmtL- .............. - .................................................. ...... _ ................. - ........................... _ .... . 
•rubes a<lH<~tt:l to tlu~ stem, or becoming depressed ·~ith ago ..... ;.-· .. ----................... __ __ ..... _9 

7. Stem gonmally ho1·t tu~d bulbous, 3--4 em. thick, dcrodeclly 1:ott ulato ............ .B. ed1tl1s 
tom not Its n bove,_ ........ _ ........... - ........ - .... , ................... ---·-· .. ----·-'···--·" ...................... --···-.............. ~···-... -.... .. 

PilellS wi h a. t.hill sepamblo euticlo whicl1 easily cracks o.uil rubs off ~n spots_; 
stem spougy nml wltite withill. .......... -....................... : ........ : .. ·--~· ........................ ----·:'·--"·:--.. - .13. af!ln·r.s_ 

Pllous with au inseparalllo cutio.le; stem sohd, bl'Ight yollQw w1thm ospeemll) 
at the base .......... _ ... : ........... _ ................... ... ...... ---··--········ ................................................. - .. ......... JJ. c11rom1Lz)oS 

9. '.L\1bos some .shado of yellow or 1 -rown ................. - ---- -- ................... _ ................. - ................... - ................. 10 
'.L'nl>cs ''•hitish ............... - ................ - ........... .. ................... - ...... - ........ .. .. ... - ................ - .. -· .. --........ ~ ................... 17 

10. ileus sealy; stem sbngb'J'-... - ........ - ....................... , ......... - .. --.............. ... , .... ---------· .. ......... B . B11$$6Zlii· 
Pileus and stem witllOut the above ehuraeto~s . ........................... -------................... -------................ 11 

11. Pileus shiny and entirely _glabrous; stem with !!. deei.duou.s reticulated bark 
sc)lnrating lil<e the ba:rlt of ]) irc]JOS.-...... , .. , .... ----· ............ - ....... - .. - ........... - .. ............ B. Betula 

Pla.u.t 110t hnving the above lral·aetors ............. -, .. - .......................................... _ ..... _ ..... _ ................ .. ... 12 
12. Pilous 'l·ed fncling· to yellowish-red or buff-brown with age; stem red, yello'.': 

at tl1e top ................ - ........................... - .............. _ .. , ................. _ .................................................. ... ........ .13. Pco'k~' 
Pileus ml< stem. ltot a.s above i pi! us yellow or some shttde of brown .... : .................... -:13 

13. Margin thiJl, iJJfl.exe(], concetuitlg tlte margimtl tubes · tubes clotted Wltlt !ecldish 

M;~~~~~~ -t~;b~~ .. ·~-~t .. ;;; .... ~l;~~:~:.·:.·.·.·.·.·.-~-:~·-·.·.~.-.-.·.-~·.-.-:~::.·.::::::::~:::::::::::.=:::;:::::::.-~:.-:_~::.-~.-.~:=::.~.: ..... ~~~-~:~! 
14. ,_ tem very coa1: ely l'O~illu luto to the base in typical s_pecmums ..................... n. t!lmdmt~ 

Stem not com·se.ly rettcttlato ....... - ........... , .... - ... • ............... - ................ - ......... ................... - .. .. ..... _ .... , ..... : ....... 1 
15. •rubes •hfmgiug to blue wlton woun~lc< ........................... _ ............................... - ..................... B. lncol.or 

•rub . not tll rlling blue when wounaod .... , ............... - ........................... _ .. .. ____ ... .. .............. _ ..... _ ........... .. : .. 16 
16. Pileus' powdered wit.b yellow · stem utlrcly J•eticulato ..... - ....... ......... _ .. __ .... B. nJt·t.lJI!S 

Pileus not pnlve&·ulent; stem strong_ly I'etictllo.te at tho_ ~pox only- ....... ... :.13 .. atbcll11.s 
17. Plleus smooth un,d gmyisl1·black 111 olor · s.tem wlntlsl• or yellowish y~llow 

witJ1iu at the bnso ........ - ................................. - ........................ - ................ ----·--· ........................ - .. B. 01'1 1/~U.S 
P 'I(IJlt not Juwing tho above eharaet.tw .......... - ..... - ............... .. .. - .............................. - ........... _ ........ .. .. 18 

18. Pileus viscid !tn(l entirely glab1·on ......................... _ ..... ..... - ..... - .. .... .. , .......... "_ ............... D. Bat~Jt 
P'lons ~h-y, tomonto.se, scaJy __ ...... : ............................... ..... :-..... : .......... ...................... - .................. .:8. Jl'I.U!se 2~ 19. P.i lens pulverulent Ol' clothed Wl b a ye llow slllHnes .......................... --............... - ................ .. 
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Pileus not as above ................ _ ............ - ... -.... - ............... - .. ............. ,. ___ .............. - .................... ,_ .......................... 21 
20. Stem annulate; plants growing on the ground........................ . ......... ..... ........ B. Jlavenelii 

Stem exannulate; plants growing on wood, especially roots and stumps o:f 

21. ~!i!:e :r~~~-t~t~·:f~i~~~~=:.:~::::::::=:::::::::::=::=~:~:::=:::==:::=::::::~:=::::=:::~:::=~:-:::~:~~~~~~:~~1i 
22. Context white or yellowish quickly changing to blue when wounded, taste mild; 

tubes free :from the stem ............. --.. ------·-------- ----------... - ...................... -----... B. luriilus 
Context white o~ yellow, lavender under the cuticle, remaining unchanged in 

. color, _ta~te acnd :;nd peppery; t~bes adnate to the stem ............. , ... .B. fe1T1tginatus 
P1leus VISCid or glutmous when mo1st ...... ..... ~ .. ............. - ....... ... - ....... ....... .......... .... ~ ... ... ..... .. _ ...... ....... 24 23. 
Pileus dry ,_,.,u ............. .................... ... . - .. ................................ .... .......................... ........ ... ................ ............ .... .. ....... ...... .... ... 39 

24. Tubes adnate to the stem, or becoming depressed with age ...... ..... ........................................ 25 
Tubes free or nearly so :from the stmn .. _ .......... _.., ___ ............... - .- ............ - .... - ...... ...... .... : ............... 33 

25. Stem annulate .. - ... -.... - ....................... .. , ........................................................ ... .................................... .................... _ .. .. 26 
Stem exannulate .............. ... ............ ............. ~-........................ - ..................... .. ... - ............................ - .............. _ ....... 27 

26. Stem dotted above and below the ammlus .... - ... - ...... .... _ ............................. - ........... B. subluteus 
Stem dotted above the annulus only __ ................ _ ___ , _________ .... , .. _ ____ _____ B, luteus 

27. Stem conspicuously glandular-dotted .......... _ ................... _ .. ____ ,.,_ .......... ...... _______ , .. ................ .......... 31 
Stem not conspicuously glandular dotted ............................. _ .... ,_ ....................... - ............... ...... _ ...... ... 28 

28. g~~i:~~ ~~~i~~~~rr.~-~~~~=::::=:::: ::::~::::::::=:::~:::=::::::::~::=::::=::~:::: :::::: : .. :::::::.::::=::::::~.-... !.~.~~~~~ 
29. Pileus with a thin separable cuticle which easily cracks or rubs off in spots. 

. B. affinis 
P1leus not as above.,_ ...................... ........ --..................... .. .. .... ..... .............................. - ....... --... -... - ...... , .. _,. __ .,30 
Stem very short, 2-4 em. lon_g; pileus chestnut colored ... - ..... - ........ _ .. _ .... B. brevi pes 
Stem larger, 5-8 em. long; p1leus dark brown to black_ ................ ,_ .. ., .......... - B. alboater 

30. 

31. Stem over 8 mm. in diameter; generally growing under or near conifers. 
. . B. granulatus 

Stem under 8 mm. m dwmeter; generally not having the above habitat ........... ... . 32 
32. Context white; margin inflexed, concealing the marginal tubes- ............. B. infiexus 

Context yellow; margin not inflexed ................... .,_ .. ______ , .................... - ..... _ ....... B. subaureus 
33. Stem clark brown to black._.----·----------------------.. - · .. ---.... "-·-- B. alboater 

Stem some other color .................................... , .................. , .............. , .. _,,_ ... , .... _, __ ...................... - .... - ..... ....... .. 34 
34. Stem bright yellow both without and within at the base ............................. B. chroma pes 

Stem not yellow at the base_ .. ...................... _ ........ - ...................... ___ ................... - ................ _, __ ___ .......... 35 
35. Stem scabrous or punetate-squamulose_ ...................... _ ....... ........................ ,_ ......... - ... - ... .B. scaber 

~tern even __ .. ____ ,. __________________ ____ __ .... ....... _ .. ____ ...... .. ,, ...................... , .. ,. .. , ...................................... ......... 36 
p~leus white or whitish .................... .... - ........... - ................................ - ... - .... _ .. __ ........ _ .. _ .. .B. albellus 
p~~eus not as above .. ,, ... - ............................................. --.. ·····-------................................................... .. : ....... ... .. .. .......... 37 

~ eus conspic1:ously 1·eticulate-rimose .................... .... _ ..... _ ..... - ........ - .......... ~ .......... .B. fumosipes 
~g:~: ~~l~k ';,~~~~~a~~:~_imose .............................................................................................................................. :•· .. :·-3 8 

Pileus some shade o:f red or purpl~~-f~ah:i''h;' a b;·;;;~·;,-~~i~~::::=:::::=Ji:---~~;y~~~~;~:~ 

36. 

37. 

38. 

39. Plant parasitic on Sclerode1·ma .......... ...................... ______ _,_ ........ ........ - .................... ,_ .. .B. pm·asitic1ts 
~lant not paras~ti~ on Scleroderma . .. .............................................. - ........................................ .. .......... _ ....... 40 
s!em sp1~ngy Wlthm, becoming hollow ................ - ............................................................ -.,.,_ ................. 41 
Ft~ SO ~d ................... u ... -;.. ,._,._,._,. ___ , __ ,. .. _,_,._, __ ,., __ ,_,_ .. ,,_,._ ... ___ 42 
F es 1 qmckly changmg to blue when wounded ................ - ....................... .. ......... ...B. cyanescens 
p~~sh unchai_Iging in color . ........ _ .... ........ ........ .. ....... , .......... ......................... - ................... .... - ... B. castaneus 
~ens consp1euously tomentose ......... ..... .. .................. ...... ................ .. .................. .. ....... B. subtomentosus 

P1leus glabrous, pruinose, or finely tomentose. .. ........................... .43 
~~~:: :~~: :~:~: ~~ w~A~~ flesh or gray ................................................................................................... 44 
Stem slender, generally not ;;:;:~~:~---th;~·'i"'~;;:;: .... thi~i~ ............... ...... .................. ........... -.... ............ .48 
Stem thicker than ab:ve · ... _ ..... _ ................ --...................................... 45 

Stem short, 3-4 em. long, "ai~ti~~tly .. p~i~"b'i~{i;J;~-g:~:;~-~--;t .. th~·-;-p;~:~ --~::~ ·B: .. 'j~-;~;i-p~~ 
Stem longer than above, 6-12 em. long and generally slightly curved not bluish-

green at tiie apex........... .. .................................... ' ... B. gracilis 

40. 

41. 

42. 

43. 

44. 

45. 
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4G. ' 11toxt decidedly bitter ............................... ................... - ..... - ... - ..................... - ............... - .............. .D. f oZl.tt!tS 
Context not bittor ....................................................... _ ........................ ......... - ...... ................................. _ ... , .................... •17 

47. Pileus some shnde of yellow or bro'\•m .• _ ......... ................ - ........................... - ....... ... , ...... B. inc1ooisus 
Pileus dark brown or lJltH:kisL., ........... _ ............... - ............. _ ................................................ ..B. olb!Jatqr 

4 . 'ru·bes uot c.hnugiug in color when wounde ........ ....... - .... - .... .. ..... _ ................. - ........ _ ................. 49 
'I ubos t urrting some sl1ade of blue with age ot· wlleu womttled. .............. ....................... - .. 50 

49. Plants parasitic on Scl8rocl61'?lla. ................ - .................... ,. ................... ., ......... - .. - ........ B. pa-ra.s.itiCt/.8 
Plants not parasitic 011 Scle,·odenna. ............................ - ........ - ........ - ........ _ ... _ .................. - .. --.......... ..51 

50. Pileus n.reolate or :n.•gosely pittecl; mnrgiu thill1 extending beyond the tubes; 
tmn glM clulal' dotted, gcnern.lly to the base .. , ... _ .. ,.,. .......... - ................... - ..... ..B. rugosicaps 

Pileus and tom not as above; stem furfmaceous \tnde1· n lens....... . .subglabrip6S 
51. tern turning grcenish-bluo wlteu wounded. .... - .............................. --......................... ..B. bicolor 

tem not turnb1g in colot·- .. -· ..... _ .. _ .......... - .................... - ..... - .... - ..... ................... - .. - ............................... 52 
52. Stem glabrous, r:uely t.omontose at tho bt,tsc, oven, neRl'ly white, streaked with 

ted or brown, often l'C!lilish within, e,peciully ncar the base .... - .............. B. pa!7:W1t8 
Stem r:nely glnbl'ous, often contorted, l'ecl or llnl.e yellow, fibrous-striate, minutely 

scurvy ut the ttpo;..:, somotillles yeUow within a,t tho base ................ ..B. chry$1Jntaro11 

The following is a li t of species found in the key arranged in their 

alphabetical ordc.r. 
Bolet-in;us · astame~l;u. Peele, B. decipiens Pe k, B. pict~M Peck and 

B. po1·os1t-s Peek 
Bolet·n <ttfin·is P eck, B. alboate1· chw., B. albell1ts Peele, B. Betula 

Schw., B. bicol.o1· Peck, B . b?·evitJes Peck B. castane1ts (Bull.) 41'., 

B. cMom(gpes Frost, B. chfy ent·el'on (Bull) l!.,r., B. cycme ·cen (Bull. ) 
Fr., B. ed~tl·is (BulL) Fr., B. feZleus ( ull.) Fr., B. fen·u,g·inat1J..' 
(Batscb .) F1·., 1 . f'u.mo ipes P eclt, B. gmcilis P ck, B. gmmtlatus (L.) 
l~'r., B. gt··ise1tS Frost, B. he?nicMy ·u.s B rlc & Curt., B. iZl·ncZe?tS P ck, 
B. vndeciS'Its Peck, B. injlex1t P eel<, B. L~tt·id·tt.~ ( cbaeff.) Ft., B. htteu,s 
(L.) Pers. B. palbid1t Frost, JJ. 2Ja,msitict~s (Bu1l.) It r. B. Peclc·ii Frost, 
B . R<we?tel.iti Berk. & Curt. B. 1·etipe Berk & urt., B. RnsselZii Fro. t 
B. t''l.tgosiceps Peck, B. cabm· (Bull.) Fr. B. sonz.icv" F ·ost, B. S1tb

a1t1·eus Peck, B. s1tbglab1·ipes Peele, B. Sttbluta1ts Peck B. S1tb·tomrm-

tos1tS (L.) Fr. 
1J'ist1tli1za hepatica (Hnd . ) Fr. 
t~·obilO?nyces t~·obilace1ts (S o .) Berk. 

FIG. 1. 
FIG. 2. 

FIG. 3. 
FIG. 4. 
FIG. 5. 
FIG. 6. 

PLATE I 

Strobilomyces strobilaceus. x !. Photo by L . 0 . Overholts. 
Fistulina hepatica. Upper surface view, x about !. Photo by L . 0. Over· 

holts. 
Boletus Russellii. X about !. Phot~ by L . 0. Overholts. 
Boletus gracilis. x l Photo by L. 0. Over holts. 
Boletinus po1·osus. x !. Photo by M. C. Strauser. 
BoletnR O'l'i!Of'.tl~- v 1 Phntn 'hv T. (I nv.,1·hnlt« 



PLATE II 

FIG. 7. Boletus felleus. x .;. Plloto by L. 0 . Overllolts. 
FIG. 8. Boletinus pietus. x ~. Plloto by M. C. Strauser. 
FIG. 9. Boletus rugosieeps. x ~. Photo by L. 0. Overllolts. 
FIG. 10. Boletus pallidus. Under surface view of the pileus sllowing tile tubes. x ~ 

Photo by L. 0. Ovm·holts. 
FIG. 11. Boletus illudens. x j. Plloto by M. C. Strauser. 
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OBSERVATIONS ON THE EFFECTIVENESS OF 
HYDRA NEMATOCYSTS ON AMPHIPODS 

BY WM. HuDsoN. BEHNEY 

Lebanon Valley College 

25 

On April 5th, 1929, while observing a number of specimens of 
Hyalella knicke1·bockeA·i (Bate) which lias been collected the same day 
in the pond on the property of the Lebanon Cemetery Association at 
Lebanon, Penna., I noticed that one of the amphipods showed a great 
deal of activity but did not seem to make any progress. Examination 
of the side of the aquarium at that point with a hand lens disclosed the 
fact that the amphipod was being held fast by a hydra. The hydra was 
one of the brown variety (Hydra vulgaTis). The incident occurred on 
the near side of the aquarium on a level with my eye so that my first 
observation of it must have been at about the same time that the amphi
pod was caught. At any rate the amphipod ceased his struggles to free 
himself and became perfectly motionless in fifteen minutes. 

Sketcll showing means by which Hydra was holding the Amphipod. Basal end of 
the Hydra was attached to the side of the aquarium. 

The amphipod was being held by the fourth and fifth peraeopods on 
the one side as well as by the second antenna on the same side. The 
peraeopods were drawn within the gastrovascular cavity of the hydra 
while the second antenna was within the gastrovascular cavity of a bud 
of the same hydra. There was a marked contrast between the size of the 
amphipod (3 mm.) and that of the hydra.' The fact that the hydra had 
started to engulf the amphipod at its middle presented a still further 
difficulty than had it started in at one of the extremities. The vigorous 
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activity of the ampbipod when first caught did not cau e he hydra to 
lo its attaclnttent to the side of the aquarimn. 

I did not have immediate access to the prop r microscopic equipment 
a.t the time so that I clicl not make any :imm.edia.te microscopic examina
tion of the amphlpod. 'l'he pecimeu ·was preserved in 70 per cent 
alcohol and not examined until almo. t a ear from the time it ·wa 
obtained. Examination at this time revealed that the app udaO'e w r 
literally covered witb. nemato ysts. addition th pru:ts which had 
been within the l.Jydra show d pa 'tial disintegration, the exoskeleton 
having been clis .. olved at these points. 

Thi ability of hydra to captm:e ancl paralyze aquatic o ·gani m 
·which are larg r than itself wh u no ·mally distended has been Ob.'et·v d 
a number of. tim s bei:ore. Top1 e in Zo .1. · nzei..,.er ro1. 33, 1 p. 799, notes 
hycl·a 's abilit. to penetrate the c.hitinou. verh1g of in ctl with it 
nematocyst . Guig r writing in rJatural H.i -tory, ·vol. 27 pp. 270-274 
d scribe epidemic which occulTed at varjou fish hat h l'i among t 
the fry. 'l'h fry died off at an llllUJ ually high r8te and an immediate 
eA"})lanation could n t be found. It wa note 1 how ver that the mor
tality wa bj"'her in some troughs than in oth rs. E ·amination of the. e 
trough wllich bad a high mortality how d them to be inhabited by 
large numbers of hydra in one ca.-e a many as 131 to the square inch. 
Laborato1·y e::..'J)erim nts with the hydras an(l :fish fry showed that the 
bydra were the culprits. In this case the by ira attach d themsel-ves 
to the bodies o£ the f ry and killed th m by means of th ir nemato y ts. 

Gudger in the same QJ.'ticle quotes a portion of 'fhe Monograph ou 
the Hyd·ra by Ab1·aham Tremble , publi lt d h1 1744. 'rh part quoted 
d a1s with the stalked hydras and their ability to ldll small iish. 

VI est in the Naturalist (Loudon, o. 6 , pp. 301) de cribes his 
b. "o;•ation on Hyd·ra wlga1·i and itc; ability to l)aralyz the tadpoles 

o:E Ran(~ tempo·raria. The tadpol were too lar e to be engulied by the 
hydra and merely sank to the bottom o· th container after having been 
ldllecl by the hydra. Even though on1e o.f them w re able to e ·cape 
after ha:ving been cuu,.ht they usually . u Cltmb. 

So .far a I ha·ve b n able to ascertain no mention has be n made of 
hydra's ability to paralyze cru tac a. My own observations on HyaleZla 
lcnticke,·boclctwi show that even tb. ct·nsta ean xo kel ton, ~ ith which 
tb se animal are provided is not bomb proof wh n dealing with th 

Jtem,atocysts of hydra. 
In order to determine wh tber Hyd?'a vit·idis is able to capture th 

ampbjpods in the ame manner I placed tlu·e amphipocls in a small 
container with about 20 hydra. Dming he two l1ours that they were 
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under observation the amphipods came into contact with hydra many 
times. On most of the occasions the hydra merely contracted. Several 
times I noticed one which attached itself to the appendages of the 
amphipod but it was soon shaken off by the activity of the animal. Fre
quent examination of the amphipods under the microscope after these 
encounters did not reveal any nematocysts. The amphipods were 
allowed to remain in the container over night and were still alive the 
next morning. It does not seem as though H . viridis is able to duplicate 
the feat which I observed in H. vulgaris. 

The inclusion of hydra in fresh-water aquaria may prove disastrous 
to other aquatic organisms which are placed in the same aquarium. 
The almost invisible H. vulgaris may easily obtain sole rights in the 
aquarium by killing off the other organisms even though they may be 
larger than itself. We may in this manner obtain some very beautiful 
demonstrations of nematocysts but at the same time lose valuable collec
tions before we are able to utilize them or find that in an experiment 
which has been going well up to a certain point all our subjects have been 
killed off. It is with these thoughts in mind that these observations are 
being presented. 

A NATURAL GRAFT BETWEEN UNRELATED SPE
CIES. QUERCUS RUBRA AND PRUNUS AVIUM 

BY s. HOFFMAN DERICKSON 

Lebanon Valley College, Annville, Pennsylvania 

A natural graft consists of the organic union of two organisms with
out the aid of man. Among plants natural grafts between individuals 
o~ the same species are occasionally observed. Union of this kind may 
either occur between stems or roots or, most frequently in the case of 
parasites, between roots and stems. Except in cases of parasitism the 
umon is usually initiated by pressure and apposition of growth accom
panied by friction caused by wind or soil movements. 

The accompanying illustration shows a natural graft between a red 
oak and sweet cherry which may be seen a few yards north of the Penn
sylvania Railroad, siding B, about half a mile west of the Mount Gretna 
station. The union was well established when I first observed it five 
years ago. The two trees grow at the base of the railroad embankment 
which is about 12 feet high at this point. The graft is about 20 feet 
from the ground. The cherry seems to be deriving benefit from the 
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union as the trunk and side branches are thicker and more thrifty both 
above and below the union. Experiments to show the actual extent of 
interchange of sap might be performed but under considerable difficulty 
due to the location and distance of leafage of either specimen from point 
of union. As the crude food compounds made by either specimen in 
its leaves are probably similar, no marked modification of structure 
would be expected, nor do they appear. 

According to the evolutionary interpretation of Dr. Clements, the 
cherry, a representative of the rose family, is rather widely separated 
from the oak, a r epresentative of the beech family, the two representing 
divergent lines of specialization. 

P L ATE III 

A Red Oak. Quercus mbm, and Sweet Cherry, Pruaus avi1tm, with trunks 
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The s que11Ce of vents which probably can ed the pr . nt r elation
ship of the t wo t ree mny b SUllllllRriz d as f ollows: 

1. The approximation of the t wo t r e by chanc seed distribution. 
2. riction between contiguous pa.rts·cau ed by wind. 
. Abrasion of the bat·k bringing he cambium of the two tnmks in 

contact during the growing season. · 
4. Organic union of the vascular and other tissues arising from the 

united cambiums. 
5. A probable interchange of sap during both upward and downward 

movements. 
6. The oak overtops the cherry and from its more abundant leafage 

returns a larger quantity of food to the region of the graft. More food 
probably diffuses from the oak to the cherry than from the cherry to the 
oak and as a result the cherry is larger in the region of the graft than 
at some distance above or below it. 

SENECIO ANTENNARIIFOLIUS BRITTON IN 
PENNSYLVANIA 

BY E. M. G RESS 

State Botanist, Harrisbu1·g 

Cat's-paw ragwort is a species of very limited distribution, having 
been previously reported from Virginia and vVest Virginia where it is 
found on stony hillsides and mountains. 

On May 23, 1928, the writer found a colony of this plant growing 
on a shaly bank along· the Lincoln Highway about half a mile east of 
Harrisonville, Fulton County, Pennsylvania. 

As is its habit, it was growing in rather large perennial tufts where 
the soil is dry and shaly and where there was little vegetation of any 
kind except scrub pines (Pinus virginiana ). The tufts were scattered 
here and there over an area perhaps a hundred f eet in diameter. 

So far as is known, the discovery of this colony of Senecio anten
nariifolius extends its distribution northward a considerable distance 
and into a State from which it has never been r eported before. 

ALTITUDE EFFECTS ON THE GASTROPODA AND 
THEIR TREMATODE PARASITES 

No abstract. 

BY JOHN C. JOHNSON 

West Chestm· 
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AREA OF BIOLOGI A.L INTERE T IN WE TE N 
PENN YLVANIA DE ERVING PRE ERVATI N 

BY 0. E. JENNINGS 

0d.1'IIO{}ie M11se1Mt~ <mil Unwor~tit, of Pittsbut·nll 

PRESQUE IsLE 

Presque Isle, the six-mile-long peninsula at Erie, Pennsylvania is a 
ren'larkably inte:te ting and complete example of a rapidly shifting· r -
curved anclspit, moving eastward at the rate of about half a mile a cen
tury and on wbiell the plant (and animal) associations mu-t al o, hift 
eastwa ·d at the same rate, thus di playin an excellent series of consecu
tive sue essional stages. This peninsula is now a State PaJ:k ·and it is 
hoped that its u e as such a park will al o in ure the pre ervation of tb 
native fl ra aucl fauna . Many of the plants on Pr que Isle, as, for in-
tance, bearberry (.An;tostaphylos); hoptree (Ptelea); sea t·ocket 

(C:alcile); hairy puccoon (Lithospe'l'mmn ~neltihti), and "arious other 
occur nowhere else in western Pennsylvania. Tbe bird life, inclu ling a 
colony of-nesting terns and a pair of ne tin eagle: i of unusual inter t. 

p lJA' l' Nl ' G WAMP 

Pymatuning '.wa.mp is a somewhat irregular and btok n swampy 
m:ea in raw:ford otmty, in northwestern PennsJrlvania, about 14 miles 
long and probably occupying one or more old tream channels and now 
bounded on the north by g1'Lcial moraine . The swamp depo its are in 
place reported to be over 100 feet deep and in places the swamp i more 
than a mile wide. At the we tern end thi swamp i largely occupied by 
a black ash anclred maple swamp forest but, towar ~s Hartsto\m at the 
southeastern end, there ar om interestil'g ar a of tamaraclt- pha num 
bog. The western end of the swamp according o Sta. e plan , will be 
flooded and converted into an artificial lake, but the biolo •ically more 
interesting outhea tem en will not be flooded and strongly merits 
preservation as a bioloo-ical pr ·erve. In the area. of tamarack-sphag
num bog there occur the in ectivo ·ou pi cher plant ( CL1Tacenia,) and 
sundew (D1·o em), as w<>Jl as many other often nor them bog plant f 
rare interest for western Pennsylvania, such as buckbean (llfenyanthes) · 
calla; swamp honey uckle (Lonicem oblong'ifolia); motmtain holly 
(N emopanthe. ) ; and a nnJUber of orchids such as .Al:ethusa, the Ro e 
Pogouia and :f.out· kinds of lady lipper orchid (OyzJ?'ipedi7tm). At the 
south a tern end, near Hartstown, there aTe three small lakes two of 
them with particularly ·lear cool water and surrounded in part by bog 
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vegetation of great botanical interest and including the Virginia chain
fern ( W ooclwa1·d·ia vi1·gi?ti a) and the swamp loo estrife (Dccodon). As 
indicating the e:xc :ptional botn.nical character of the southeastern part 
of the Pymatuning wamJJ basin it may be mentioned that it contaiu 
ix ·pecie in the one genu of b g mo. (Spha{J1lfl£rn) which up to the 

pre ·ent time l1ave not been reportetl b:om any other part o Pennsylva
nia. Mr. utton' work on the bird· o£ the Pymatuning Swamp (An
nal al'llenie fu. etUn, vol. 1 , pp. 19-240, 192 ) indicates the excellence 
of th l"egion for the tudy of birds al o. 1\IIean should b tnl< n to keep 
th ntire. outh a tern end of the swamp, beyond the limits o the flooded 
area, as a biological preserve. 

MERCER BoG-LAKE 

A small kettle-hole (glacial) lake a few miles southwest of Mercer 
occupies a wooded depression o£ only a few acres in extent and, for west
ern Pennsylvania, is of rare biological interest. The lake is clear and 
cold and surrounded by a quaking (floating) bog-mat of sphagnum, bog 
sedges, cranberry, sundew, pitcher plant, cotton-grass (Eriophorum), 
buckbean, and many other bog plants. In western Pennsylvania this is 
the most southern example of a typical quaking-bog vegetation and it 
would be a misfortune to have it blotted out. 

FRINGED GENTIAN SwAMP 

A few miles east of New Castle is a sloping field, wet from the seepage 
of the morainal knoll above. This field, of about. two acres, contains 
every year a large number of plants of the fringed gentian, as well as 
other rarities such as the Grass of Parnassus (Parnassia caroliniana) and 
the swamp lousewort (Pedicularis lanceolatus). The present owner of 
the farm guards this field against vandalism and, as this is by far the 
most important station for the fringed gentian in western Pennsylvania . . ' 
It 1s hoped that it may be preserved. 

OHIOPYLE 

The village of Ohiopyle lies in the southeastern part of Fayette 
County, about 50 miles in an airline southeast of Pittsburgh. The 
Youghiogheny River here flows in a rocky valley at an altitude of about 
1200 feet, whereas the mountains a few miles away rise to about 2900 
feet. Immediately at the town of Ohiopyle the river makes a sharp U 
turn. Near the end of the upper arm of the U, the waters pitch over 
what the author believes to be the largest and most impressive falls in 
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the State. Below the falls, for nearly a mile around the U, the waters 
tumble along in rocky rapids. Cucumber Run, emptying into the river 
at the base of the U, pitches over a ledge, forming a beautiful falls about 
thirty feet high. Up Meadow Run, another tributary emptying into the 
river · a short distance below the Ohiopyle Falls, there is a series of beauti
ful cascades collectively called Meadow Run Falls. 

This whole valley is rich in southern Appalachian plants which reach 
here their northern limit, or approximately so, some of them being very 
rare even in the southern Appalachians. Under the spray of Cucumber 
Falls occurs a moss (Ptet·ygophyllum acuminatum) reported elsewhere 
in the United States only in the Carolina mountains. Other southern 
plants found along the shor es and cliffs of the r iver ar the crazy nut 
(Pyrularia pubera), the sweet azalea (Azalea arborescens), Mar hallia, 
the wild monkshood (Aconitum, 1mcimat1tm ), and 'rrautvett eria. Plants 
rare or unusual for western Pennsylvania occurring here are: golden 
club ( 0 1·ontiwm), }iste1· 'Lina1·ii{oliAtS, dwarf iris (Iris vM·na), lyr e-leaved 
salvia (Satv·ia lyt·ata) , and tlte f rus Aspleninm montamtm and A . p ·n
natificlum. On the bl'ink of Meadow Run ] alls occur abun dantly th<> 
unique river weed (Podostem:nm c:et·atophyll11tm ) and one of tl1e f resh
water red algae (Lemanea) . 'rhe e are only a few of the many 1mu l.tai 

or ·are p lants to be fo·uu d in t he vicinity of Ohiotyle in tlie Yough'i
ogheny, and in the tributary Meadow Run and Cucumber Run valleys. 
It is earnestly urged that some means be taken, perhaps through State 
or federal ownership, to preserve this region of beautiful scenery, inter
esting geology, and unusually rare and interesting biological features. 

EFFECT OF X-RAYS ON DEVELOPING CORN 

BY G. E. SNYDER 

University of Pittsburgh 

In view of the many interesting changes which have been brought 
about in both animal and plant tissues as a result of exposure to 
X-Radiations, a series of experiments was planned to determine the 
effects, if any that the rays mi ht pl· duce upon d veloping orn. The 
original purpo e of the xper.ilnent wa to determine t he cytol gical 
effects, pa.r t iculal"ly those in the chr omosomes · ho·wever after expo ing 
.some of th e seeds a marked accel ration wa found in the o-rowth of the 
radicles of irradiated seeds over that of non-exposed seeds. The differ
ence in rate of growth which occurred was sufficiently great to warrant 
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following up this phase of the problem and to determine, if possible, a 
dosage which would produce the maximum acceleration on the seedlings. 

Technic. In all the following experiments only one strength of 
X-Rays was used; the dosage employed was 31 K.V.; 8 rna. at a target 
distance of 15 mm. The only variable was the length of exposure; the 
periods ranging from 1 minute to 3 hours. In all the tests, unless other
wise stated, the dry seeds were exposed to the X-Rays and immediately 
after exposure were planted in moist paper for germination. During 
the entire course of the experiment the seeds were kept at room tempera
ture and readings for the increase in length of the radicles were taken 
twice each day. 

RESULTS : GOLDEN BANTAM 

In the first series of experiments the variety of corn used was Golden 
Bantam, a sugary type. When the seeds were exposed to the rays for 
1 minute the seeds germinated at the same time as the controls, about 
24 hours after planting. After germination had occurred, a slight 
acceleration was observed in the growth of the exposed seedlings over 
that of the controls. This acceleration 95 hours after planting amounted 
to 2.38% increase in the exposed radicals. After this time growth occurs 
at the same rate in both t est and control seedlings. This initial increase 
is, in all probability, a transient effect produced by the rays and is not 
strong enough to be carried on as the seedlings develop into young plants. 

When the exposure period is raised to 3 minutes an acceleration was 
again obtained in the test seeds, the increase being considerably greater 
than that found in seeds with a 1-minute period. With this exposure 
the test seeds show an average increase of radicle length of 20% over 
the controls 95 hours after planting. In contrast to the 1-minute · 
period, the acceleration in this case is not lost but continues after the 
seedlings are transplanted into pots of earth, over a period of two weeks. 
Whether or not this increased growth will continue as the plants 
approach maturity has not, up to the present time, been definitely deter
mined. That this acceleration, in the 3-miuute period, is due to the 
effect of the X-Rays is born out by the results obtained when the seeds 
are exposed for 5 minutes. 

With the 5-minute exposure the maximum acceleration was produced. 
Ninety-five hours after planting the test seeds show an average increase 
of 54.83% over that of the controls. This effect continues when the 
seedlings are transplanted in earth although, at the present time, a 
sufficient amount of data is not available to state whether or not it will 
continue in intensity as the plants mature. Present indications point 
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in that direction but will have to be determined in future experiments. 
As has been stated the progressive increase in growth brought about 

by increasing the period of exposure reaches .its maxim~m intensity at 
5 minutes. When the period is raised to 10 mmutes the mcrease of tests 
over controls drops to 35.7% at an age of 95 hours. Again, in this case, 
the beneficial effect continues in the young plants and seems to be more 
strongly impressed on the plants than that of the 15-minute period. 

From this point on the beneficial effect produced by the rays 
decreases as the period of exposure increases. The gradual decrease was 
observed through periods of 15, 30, 45 and 60 minutes. A 3-hour 
exposure produces a definite retardation in the growth of the .treated 
seeds. Not only does this length of exposure produce a retardation but, 
90 hours after plating, effects a complete cessation of growth, and death 

to the young plants. 
In conjunction with these experiments conduct~d ?n Golden Bantam 

corn, similar tests were run substituting two vanebes of ~tarch corn. 
In this case, only the 5-minute exposure was used to determme whethe.r 
the same effect was produced. When Red Aleurone corn was substi
tuted an accelerated effect similar to that obtained with the sugary type 
was produced. In this case 95 hours after planting, the test seeds show 

· f 2501. over that of the controls In contrast to these an Increase o ;o · 
results is that produced when Yell ow Dent corn is sub~tituted. ~n these 
experiments, again using a 5-minute exposure, a defimte retardatwn was 
produced in irradiated seeds. The growth of the exposed seeds at 95 
hours being 36.73% less than that of the controls. This :ev:rs~l of 
growth in the two types of starch corn is, from all present md1eatwns, 
caused by the X-Rays, but how the effect is brought about has not been 

determined. 
CoNCLUSIONS 

These preliminary experiments indicate that exposing Golden Bantam 
seeds to X-Radiations produces an accelerated growth which increases 
as the time of exposure increases; the maximum effect is produced with 
a 5- and 10-minute period. After this the beneficial effect decreases as 
the period increases, a definite retardation and cessation of growth occur-

ring with a 3-hour exposure. 
It is shown that similar results may be expected when Red Aleurone 

corn is irradiated and that the X-Rays effect a definite retardation on 

Yellow Dent corn. 
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PHYSIOLOGY OF THE PROSTATE GLAND 

BY B. H. KETTELKAMP 

University of Pittsburgh 
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Since the discovery and description of the prostate gland a large mass 
of literature has been compiled regarding its function. In reviewing 
the field one is confronted with a confusing tangle of supporting and 
contradictory evidence submitted by equally reliable investigators. It 
is the purpose of this paper to review briefly the literature in an attempt 
to clear up part of the confusion and to throw additional light on the 
function of the gland. 

Detailed references to the importance of the gland in the field of 
surgery shall be purposely omitted, but it was there, naturally enough, 
that the function of the prostate first came into question. Hypertrophy 
of the prostate, resulting in constriction of the urethra, is a pathological 
condition which occurs frequently in old age, and surgeons are not 
agreed concerning the cause. Nor are they agreed in the method of 
treatment. Prostatectomy is a serious operation but is effective in a 
high percentage of cases. A second method of treatment is sometimes 
resorted to and favorable results are obtained. Castration is followed 
by an atrophy of the prostate and a subsequent correction of urethral 
constriction. It is also known that unilateral castration is propor
tionately effective. These results imply' that there is a physiological 
relationship of a quantitative nature existing between the prostate and 
the testes. Further evidence of this relationship is shown by the fact 
that the growth of the prostate is dependent upon the growth of the 
testes, since it remains infantile until sexual maturity is reached. In 
those abnormal cases in which testicular growth is arrested the prostate 
remains in a rudimentary condition. 

Recently the work of Moore of Chicago has lent additional evidence 
in support of the theory of prostato-testicular interdependence. He has 
utilized the cytological picture of the prostate gland as an indicator fo'r 
the testis hormone. Castration effects can be detected in the prostate 
cytology as early as five days after testis removal. By subcutaneous 
injection of bull testis extract the characteristic castration changes were 
prevented for two months and he concluded that the normal condition 
could be maintained indefinitely. Furthermore, in animals which had 
been castrated prepubertally the arrested prostate could be developed to 
the normal state in twenty days and could be so maintained. Continuous 
injections were necessary and at their cessation the degeneration changes 
could be detected in the prostate after five days. 
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It is generally conceded that this interd pendence ·i ts but by no 
m aus is there a universally accepted explanation of the relationship. 
This failure to agree may be due to a difference of opin· on regru.·ling. the 
component parts of the glru1d. There i general di<>agreement pat•tlcu
larly regarding the prostate in rodents, and mo t of the work has been 

done on these animals. 
Walker, in 1910, d scribed a "coagulating" gland in the guinea-pig 

which heretofore had been considered a part of the pro ta-te, although 
histologically quite different. This gland occupies the ame heath m'th 
the eminal vesicles and its seeretiou iu. dilutions of 1 part in 21 000 
parts of seminal ve icle secretion was capable of forming the character
istic, so-called "vaginal plug." The secretion of the prostate alone was 
not able to produce coagulation in any concentration. 

Engle, in 1926, working with the same animal ~d on th~' same gl~nd 
finds it more convenient f or his purpo e to con 1der the coagulatmg 
gland" which Walker de. cribe i, as an integral paL-t o.f the prost~te. 
This inconsistency, how ver, is not limite l to thi one suggested funct10n. 

One of the most generally accepted theories regarding prostate func
tion is that o:l: neutralizing the urethra and contributing additio~1al 
vehicle to the spermatic :fluid. It ha · been suggested that the ee1·e~on 
exerts a stimulating influence on perm motility and at the same time 
tends to shorten their length of life. A very logical explanation ~as 
been built up around the carbon dioxide binding power o£ the secret~on. 

t has long been lmow11. that sperm motility i i.nlri~i~ed by acids. 
Spermatozoa in tb t sti. and epididymis a.re constantly g1vmg off carbon 
dioxide and in so doing make the fluid in wl1ich h y are su pended suffi
ciently acid to inhibit their own movement . They are supplied with a 
definite store of energy and since they a:re isolat d tlti energy cannot be 
replenished. Their capacity :!:or locomotion and. their .length of life is 
therefote limited and dep nels upon the rate with wh1ch they e.xpend 
their tore of ·energy. But wh ther th · y liv long and inactively or 
shor t ani actively, the amount of ener ~y is con ·taut and can be mea
stu·ed by the amount of cat·bon dioxide which is e_xcreted. When th_e 
spe1·matozoa are later mixed with the prostate ~tud they become acti
vated clue to the neutralizing effects of the secret10n. 

I~anoff on the othe1· hand, succeed d in fertilizing ova successfully 
with sperm~t zoa taken directly .from the epididymis before they came in 
contact with any prostatic secretion. In order to secure a uccessful 
fertilization howeve1·, it was necessary to dilute the sperm suspension 
·with a 5 pe~ cent. solution of sodium carbonate Ol' some other all<aline 
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substance. It is possible that by mixing the suspension with such a 
solution one is really replacing part of the normal secretion of the pro
state. This binding power, it would seem, is dependent upon prostatic 
activity, but it is not limited to this gland. Blood serum, when mixed 
with a sperm suspension exhibits the same carbon dioxide binding power, 
and the spermatozoa are similarly stimulated. Normally, however, it 
appears that this neutralizing effect of the prostate secretion is a very 
important factor in functionally activating the spermatozoa. 

Experiments involving the removal of the prostate are open to ob
jection since it is highly improbable that the entire gland can be re
moved without seriously injuring the neighboring tissues. Complete 
prostatectomy has supposedly been accomplished in young rats five 
weeks of age. The sexual development of these rats was normal, though 
slightly delayed. The interstitial tissue developed quite normally and 
the somatic sexual characters which are markedly affected by the ab
sence of sexual hormones were normal. These experiments of Lichten
stern 's lead one to believe that the development of somatic sex char
acters and sexual behavior are independent of the presence of the 
prostate. 

Lichtenstern modestly admits the difficulty involved in prostatectomy. 
Serralach and Pares, on the other hand, encountered no such difficulty in 
their work and they record the most striking results. After prostate 
removal in dogs they found an atrophy of the testis and a complete 
cessation of spermatogenesis. Further, two or three days after inject
ing an extract of prostate spermatogenesis was resumed and functional 
spermatozoa were produced. 

It has been suggested that the nervous and psychical disturbances 
which often follow prostatectomy may be due to the lack of an internal 
secretion of the gland and various experiments have been performed to 
demonstrate this function. Striking effects have been noted following 
the injection of extracts of the prostate. An increase in metabolism of 
previously castrated dogs, a rapid rise in blood pressure followed by 
a fall, accelerated respiratory movements, stoppage of the heart, and 
increased tonus of the bladder, ureter, aud uterus, are only a few of 
the results obtained. It is possible that many of these effects can be 
attributed to intravascular coagulation. 

One of the strongest evidences opposed 'to the endocrine function of 
the prostate is a theoretical one. It seems illogical on phylogenetic 
grounds that an ·accessory gland which arises so late in the vertebrate 
series should possess such an important function. The prostate is found 
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only among manunals and no recogniz d homologue is present i11 the 
other vertebrate groups. On the oth r hand it may be argued that 
the prostate may originally have formed part of the testis, and subse
qu ntly have become differentiated a a sepal'ate organ in the course 
of phylogeny. 

One o£ the trongest evidence· in support of the endocrine function 
i':l fotmd in he results of Macht's experiments. He ied tadpoles with 
dried p1·o. tate .for several week and fed control animals with liver, 
ovary, corpus luteum, and othe · gland . .Among the prostate-fed ani
mals a marked acceleration of growth and metamorphosis occurred. He 
found also that the prostate of the bull was much more effective than 
that of th o -. 'rhis experiment appears to demonstrate rather con
clusively tl at the gland contains a peci:fie growth promoting substance, 
since an adequate control experimeut was arried out and th many 
possibilities involved in injection e:<..-perimeuts w 1·e excluded. 

During the past year a series of experiments has been perfonned on 
white rat in an attempt to .futther demon. h ·ate this ·endocrine function. 
P1·o tatectomy was 1.msucce ful. The lobulru.· nature of the gland and 
the many ducts by which it enter the urethra make it nearly impos-
ible and highly impracticable to remove it. A small portion f the 

gland always remained aud testicula1· dev lopment ·was normal. a
sectomy, likewise, did uot affect th development of the p1·ostatc. 

everal operations were perfonued an.d in all cases the gland developed 
to full size and histologically showed normal secretory epithelium. 

Injection e:lt..'periments showed mor strilting results. Fresh bull pro. 
states were ground and dri d. A. suspen ion was made with uormal 
aline and the clear, decanted fluid wa injected intrapel'itoneally into 

male and emale ra.ts. Injections we1·e begun when the animals were 
two 01· three ·weeks of age and continued every other d]ly. Controls 
·were inje ted with a uspen ion of b ef muscle prepared in the same 
manner. 

A number of animals were injected with h avier dosages at more 
frequent interval . These show d symptoms of what is as umed to be 
intravascular coagulation. The re piratory rate and hea1·t beat were 
greatly accelerated and the animals died be:fore reaching sexual ma
tm·ity. F males seem d to be more sus eptible than male·. .Autop y 
showed the lung to be completely conge ted with blood. It is possible 
that the albuminous nature of the prostatic solution is responsible for 
these results. everal of the females injected with lighter do ages at 
greatru· intervals produced normal, healthy litters which lived for only 
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a .few d~ty . Examiuati n showed that no mille was pre ent in their 
stomachs and the mammary gland o.f the mother failed to reach func
tional activity. .All the females again becan1.e ptegnant and produced 
appm·entl. healthy lit ets which died shprtly aft r birth. 

Rec 11 1. the te tes of eA"Ually immature rats have been e.'l:pO ed to 
varying 'losa,.es of -ray . inc .'nita bl do ag s are speci fie for tb 
ex cell it is hoped that by d troying tl1e e a final check may be made 

on the t 1atlu· of the relation hip of the prostate and the te tes; that i , 
wh ther the developm nt of the gland is dependent upon the secretion 
of the interstitial tis ue of the testes or upon the germinal activity of 
the se.'l: cells. 

n of the e experiment are being repeated on a greater uumb r oi 
animals and \Ultil a.llr sulta confirm or completely ~prove the original 
l 'e.ults, no definite. tatement will b made re.,.arding what is still thought 
to be the hypothetical ndoCl:ine £unction of the prostate. 

MODERNIZING SCIENTIFIC COMMUNICATIONS 

BY RoBERT T. HANCE 

Department of Zoology, University of Pittsbu?·gh 

I have a distinct feeling that I am uot only carrying coals to New 
Castle, but that I am also rushing in where only a zoologist, in contrast 
to the angels, would not fear to tread. Also one who rises to object to 
a certain condition and in objecting commits the very sins he is holding 
up to ridicule is indeed in an indefensible position. Let us clearly 
understand then that all I may say can not be retroactive nor yet go 
into effect with the present effort. Like the king, the objector can do 
no wrong and therefore needs none of his own medicine. But after this 
and us-the deluge, suggesting, of course, in modern parlance, the gen
eral dampness of my thesis. 

For a good many years it has seemed to me that there was a good bit 
of Puritan or better, of the monastic, in the scientist. For the sake of 
his deity, he must don the sackcloth and the hair shirt and groan at 
regular intervals in the cold ashes of the unscientific ritual of scientific 
communications. The feeling is abroad in the land that we must love 
this sort of thing for its own sake. In science we tend to follow the 
ethics of the Pilgrims to whom any attempt to garnish the aridity of 
a three-hour sermon was a profanation suggesting an attempt at anaes
thesia. Civilization and theology, however, have gradually come to 

• 
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·ealize that, though the lily may not 1) 'mprov d with gilt, the beauty 
of jew ls can be enhanced with the proper et.ting. Why then shoul~ 
the scientist and th teacher laa behind in the art he us to display hi 
discoveries a11d creations. Partly perhaps because he 'feared to b con
sidered superficial by h~ audience who might suspect his radical attempt 
to lmma:nize and to dramatize his ·c:ience t lu-ough artful u e of ima.,.ina
tion and. words to be a flippancy that wa m,erely covering hls inade
quate grasp of he profundities. But largely because most of us are too 
lazy to ·write briefly and i.nte1·e tingly, to speak to the point and on th 
main issues of our , ubjec too s 1ll h ru.1.d too bad pedagogues to con
sil · the pleasure and best intere ts of our aucreuce, we jam ont paper 
a lengt)ly and t.npid ffusion and rush it to pres v.ia the air mail. W 
harangue 01.11: fellow an horites in ull realization that we are but work
in off a hangover for which their ru1aesthetic utterances are resvon ible. 
Tur 1 about is considered fa ir play. In one case we are cr cUt cl -.;vith 
a. new t itle and in the other a new speecl1. What el e matter · ¥ 

But ho·w the audience sits up and takes its yes off the cloclt that is 
so slowly approaching the adjou~·ning how: and even forgets its gTati
tud to the speakers listed on the program who failed to P11t in an ap
pearance, when a mm1 be.,.ins to talk who think so m;uclt of his work 
that l1e wants evetyone to live again ~with him through the thrills l1e 
had in its pros cution. i. not afraid to pr01 rly et his pearl nor 
to gild his lily if necessary nor in pite of pu ·itanica sci ntific opinion 
to upport his s rmon with the harmonies of the organ. .An.d tl1e audi
ence1 the listen rs, wha o£ them ¥ nless I greatly misj\1do-e hum.an 
enchmmce the tl'ect is not unillce 011e that I 011ce expeTieuced at a dance. 
A famo11s orchestra was playing but without its l' gular leader. The 
nusie sounded well but om' muscl s could tell that sometb:il1g was wrong 

since they were strainmg to keep in time. In short ord r wa more 
than r ady to leave wi h n ~n ly ve ·y nm ·cl o:f my body acl1ing-when 
the r e<>'ular leader arrived. Not a man in the orch tra changed nor 
were any of the instruments, but it was only a matt r of minutes before 
the 1'hytbm of the new music had soothed the protesting muscles to 
terpsichorean blis. . That leader ku w how to handle his material. 

So· with the considerate scientific ~peaker and writer. H e stnclies his 
word , be smooths out the technicalitie he even de$cends to popular lan· 
gua.ge equivalent for much of his b1g guaged ammunition, and then
fir t , la 't and all of the time lle is brief. Biologists ]n particular sin in 
these matters. Their science being in an inexact state allows and en
coUl·ages t hem to verbosity ancl their p1.1blication cltannels being many 
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permits them the opportunity of floating their philosophizings into print 
without much critical editing. 

The time is coming, or perhaps is here, when the numbers of papers 
will exceed the means of publishing if the usual length standards are 
adhered to. Few biological papers, however, but could advantageously 
be cut in half and perhaps even to a lesser fraction. We must. first. con
sider what story we are trying to tell and write for our readers rather 
than for our personal vanities. Few people to-day have the time or the 
desire to read a long paper and usually confine themselves to the sum
mary. If the summary gives an adequate idea of the contents, how 
much of these might to the advantage of space and lucidity have been 
omitted~ The chemists are already handling their material with great 
brevity and the biologist, through his experience of expressing for Bio
logical Abstracts the gist of lengthy articles, is finding that. the nse of 
a little intelligence and energy enables him to say much in few words 
and to say them pithily. 

Much as brevity and clarity are needed, we should not lose sight of 
the desirability of decoration, of making our communications interest
ing. We have gone beyond the pioneering days of science when we 
could be content with bare necessities and must now have some of the 
luxuries of speech. Few biological readers of papers are careful to cull 
the essential from the non-essential parts of their studies and hide, per
haps, a very real light under a bushel of details unintelligible to the 
general audience. This can but mean an intellectual laziness to sort 
wheat from chaff, or an uncritical attitude that suggests that it may even 
have operated throughout their studies. Either is discreditable. 

Many of the old lions of biology could roar in a much more virile 
key. Huxley could hand the ape lie back to the bishop in a manner 
that the audience appreciated even if the bishops did not, and in a style 
that. is reprinted in English texts to-day as a model of forensic skilL 
The elder Darwin tricked his very sound philosophies out in verse. To
day we have a new school of writers who take the most profound and 
fundamental drama we have, life, and work in into stories that. become 
best. sellers. 

.At the risk of outraging your sensibilities I am going to draw a few 
examples from the field of sport writing to indicate how these profane 
but. skilled writers create mental pictures that in few words may sug
gest volumes. 

''On the springy evening of May 5, 1925, two hostile young men sat 
glaring at. each other enthusiastically from opposite corners of a ring in 
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Madison Square Garden. They were there to engage in the manly art of 
eJfish-defen e, uuder the rules interwoven and promulgated by the :Mar

quess of Queensberry during one of his gouty hout·s. ne of the young 
men, whose ears were already twin. monuments d dicatecl to the 1nemory 
of the marque s, was the bouncing J ohnn~ Dundee, who e ring tyl 
wa that of a 11011 y bear figllting a warm of indignant bumblebees. 
His opponent was id Terris, anoth r young ter who bad improved on 
the marquess' by-laws by adding runnin,. sldppiug and jumping to the 
original chart r. . . . £ all the cheers which have mas aged the 1·afters 
of the old Garden, none could equal the rec ption accorded Joe when 
the crowd aw that h was wearing a 'ruxedo which looked a 1914 
limo\lSine. 'rhe 'l'u .. '<. rippled to Joe'· ma sive shoulder as the waves 
cling to the sho1·es of Lake Erie, but tbe crowd shnm red down when 
it realized that only a sonow:ful xigency could compel the genial 
Gar·den announcer to don a formal evening tourniquet in preference to 
a comfortable soft colla1·. 'rears were drizzling down Joe's cheeks as l1e 
held up his band for a silence that was already h:i . 

"Lad~es and gentlemen," bellowed Joe, "to-night we see the pa ing 
of a great in titution- " 

"W110' fighting?" yell dan invi ible kibitzer far up in the hang-
ing gardens. 

" - to-uigbt w a e th passing of the glorious old temple of Fis
tinna, '' Joe continued casting a withering squint of . corn up at the fom·
bit seats neaT the roof. '' 'l'o-night--'' 

'To-n:i,ght 's my night with baby ! '' howled the shadowy heckler while 
the Qard n roa1·ed with laughte:~;. 

"A1; we gather here to-night to see the )a t fight in thi. hi toric 

arena-'' 
"Pull in your necl{, they're looking for lumber!" wa th next con-

tribution :from the volunteer prom.pter. 
'l'his was too much for Joe. He had never been defeated in an 

ratorical duet with wits, half-wits or quarter size·. Aiming his voice 
at the hidden kibitzer, he 1·etorted: 

''The more I ee of guy like you, the more I think of birth control.'' 
Again, a wild cat got loo e during one of the circus performances in 

the old Madi on quare Garden. 
"It attacked he arde11 l>and but wa put to fli ht by a frightened 

musician breathing bis loucle t prayer tllrougb the brass horn. After 
tbis unequal duet, the cat allowed it ·elf to be cornered by two old cu·cms 
men armed with ropes nets m1d accident ill. m·ance. Two race ons got 
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away th~ n 't day and were found in the pheasant coop, smilingly beau-

tif1.tllY through feathers.". . . . 
'Wllat better condensatiOn of h1story can we fmd than m the followmg 

comment on Bryan, who, being described in 1896 as being able to talk 
he ears off of a Philadelphia lawyer, was said in 1900 to still be going 
tron" or "when he was in his prime, the voice of Fate was but a 

minorlty r port to l1im, a11d national Democracy ollowed in his wake, 
piclung up corn that was to fatten it for a Republican barbecue. For 
tJJl'ee deca ie , the echo wa more important than the Alps, but in 1924, 
in the same Garden, Bryan changed his wavelength and was lost in the 
static of the longest, loudest and least of all national conventions.' '1 

I know only too well that I have violated every tenet suggested above 
for style and brevity, but remember that prohibition did not become in
carcerated in the 18th Amendment without much discussion, so we 
cannot expect to limit the discussion of a prohibition of dull and lengthy 
scientific disclosures. 

I am perhaps not a sufficiently good boxer to be allowed to speak well 
of Shakespeare at Yale, much less to quote him here but you '11 remember 
that Hamlet urged his players to speak ''the speech trippingly on the 
tongue.'' Can we as scientists not trip a bit more gayly as to tongue 
and remember that words may be potential dynamite and consequently 
exciting or more duds that, being loaded just as are the effective shells, 
nevertheless land with a thud and fail to explode. 

SOME BIOLOGICAL EFFECTS OF HIGH FREQUENCY 
ELECTROSTATIC FIELDS 

BY G. M. McKINLEY 

Department of Zoology, Univm·sity of Pittsburgh 

The design and construction of high frequency apparatus suitable 
for use in biology presents no great difficulties providing the shortest 
wave-length desired is not much under 2 meters. It is not possible at 
present to obtain the very short wave-lengths with apparatus which 
would lend itself to biological use, and for the time being the biologist is 
limited to a range of from 1 to 100 or more meters. In this range, how
ever, he may work with apparatus in which he can place the utmost con
iidence. The equipment is relatively simple and can be gathered to
gether at remarkably low cost. In fact, it is possible to investigate the 

1 Baer, A., Madison Square Garden: Saturday Evening Post, Sept. 8
1 

1928. 
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long infra-red end of the electro-magnetic spectrum with more precision 
and at far less cost than is experienced in any work in the near ultra

violet, X-ray or gamma 1·egions. 
Considered as a tool, the high :fl·equency appru:a tus is proving of very 

great value in biology and tlus is especially true in tl1e :fiel i of p,bysi
ology where it has bee found to be a ver y }JOtent modifier of living 
tissue. Use of this tool has opened many new lines of investigation, and 
't is not improbable tbat it may in the futUl:e mnk with the X -ray 

machine as a means to biological ends. 

LETHAL AND SUBLETHAL EFFECTS 

Exposure to the electrostatic field is highly lethal to all forms of life, 
it being possible to kill animals of aJly size providing a ufficiently high 
ctrrrent output i · used. Death seems to be caused by the generation of 
an internal heat of a degree incompatible with life. There is an indi
vidual variation in the time required to kill animals of the same species 
and this variation can be plotted as a lethal curve, the nature of which 

is vet·y like the so-called ' 'life ctU'V . '' 

Strong sublethal dosao-es often p ove very ir~jmious to animal tis ue 
and may lead to loss of limbs aud ears. Dosages of sufficient strength 
·eem to rai e the temperattu·e of various parts of the body enough to 
cause blist r ing and sti:ffe11ing of the muscles. Salamander. exposed for 
short periods later lose parts of theit· tails, one or more legs and the ·ldn 
of the body. It is believed that a thorough investigation of sublethal 
effects. in animals will ·eveal many interesting fi.elc1· in experimental 

physiology. 
EFFECTS ON GROWTH OF SEEDLINGS 

Exposures of from 5 minutes to 1 hour were highly lethal to the seeds 
of Golden Bautam coru. In these e}.l>eriments the degree of internal 
heat, brought about by expo me, was r elatively high and was probably 

the sole cause of the effect. 
Seeds which were exposed for 1 minute were slightly retarded iu 

growth. The internal heat generated in this case was very low, but may 

have been suflicient to cause the effect. 
Wh.en exposed f or from 30 to 40 eeonds, the growth of the seedlings 

wa accelerated i11 the eady germination period. In this instauce the 
internal heat of the seeds dru·ing exposure appea1·ed to be negligible aud 
heat is not believed to have been instrumental in the cause of the aecelera
tiou. It is possible that the displacement disturbauce brought about by 
exposure to the electrostatic fielC!, may, in very mild dosages, ups~t the 
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normal equilibriuln o.f the cell. This eli t ur bance -penetrating as it prob
ably does to the atomic ions, may carry with it a release of energy which 
bl'ings about a new and favorable rearra11gement of the equilibria gov

o.miDg the activity of the cell. 

HEATING EFFECTS 

Week-old rats killed by the electrostatic field and by the exterual heat 
of an oven did not give the same macroscopical picture after death unless 
a very high degree of external heat was used. A very characteristic rush 
of blood to the appendages of rats killed by high frequencies was not 
duplicated in those rats killed in an oven until the temperature of the 
latter reached 160o C. In both cases body regulation was able to keep the 
abdominal and rectal temperatures below 46o C., and for this reasou the 
rectal, thermometer is distrusted as a meaus of determining the actual 
heat to which the animal may be subjected when exposed to the· electro

static field. 
Duplicatiou of high frequeucy effects with heat of high degr~e does 

uot necessarily show that the two types of exposure are identical but it . ' 1s probable that the only difference in severe dosages is in the position 
of the heat, it being iu the former case entirely internal and in the second 
external. Internal heat generated in the body during exposure to the 
electrostatic field is in all probability a manifestation of a severe displace
ment disturbance. 

ACTION ON NERVOUS TISSUE 

Holometabolous insects wheu exposed to .the electrostratic field showed 
a very marked difference in time required to kill the adult and the larva 
Tenebrio molitor, a beetle, in the adult stage was killed iu 1 miuute. 
19 sec?nds, while it took 7 minutes, 38 secouds to kill the larva. Sine~ 
there 1s a very marked difference between the uervous organization of 
t~e a~ult aud the larva in holometabolous insects, the differeuce in lethal 
tlm.e IS taken as an indication that high frequencies have a differential 
actiOn on nervous tissue. 

f Hem~metabolous insects when exposed did uot show auy marked dif
. erence m lethal time betweeu adult aud uymph the adult beiug killed 
ill 2 . t ' mmu es, 1 second, 1 and the uymph in 2 minutes, 15 secouds. 
~~elanoplt~s femt(r-rubrttm, a grasshopper.) Here there is no marked 

1 erenc~ 1~ th~ nervous organizatiou of the two and this is taken as a 
further mdiCatwn of a 'bl . h' h f . poss1 e 1g requency differential action on 
nervous tissue. 
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An attempt to expose • isolated nervous tissue from the frog, sciatic 
nerve with muscle attached, failed to give conclusive results although 
there appeared to be a change in the conductivity of the tissue. 

Exposure of the whole of the vertebral column of the frog resulted 
in all cases in an immediate and strong response, the effect being observed 
on the hind legs. After exposure the nerves of the sciatic plexus failed 
to conduct faradic stimulus from an induction coil. These experiments 
were repeated with external heat as the agent and the charac~eristic 
reaction of leg muscles as observed for high frequency dosage, failed to 

take place. 
The possible nervous reaction of the electrostatic field seems to. be 

again indicated in' the case of the frog, especially since the same reactiOn 

could not be duplicated with external heat. 
It is evident here that high frequency and heat are by no means 

synonymous, and that although the electrostatic field carries wit~ it 
potentialities for internal heat as a by-product, there is at the same time 
another and little understood reaction-a reaction depending perhaps, 
upon the destruction of delicate cell balances by ionic displacements,. or, 
as is more likely, upon the differences in absorption between the varwus 

tissues of the body. 

A MECHANISTIC PHANTASY 

BY ROBERT T. HANCE 

Department of Zoology, University of Pittsburgh 

eate 1 01 e day at the microscope with a beautifully fix d complex of 
chromo ome b neath the len my vision became . lowly hlun d with th 
>train of a long se si011. '£he chromosom seemed to come to life and 
to a •. tlDl new individuality a. th y l"eal'l'ange i them elves around the 
mitotic spindle. The pinclle became a table and the c1n·omosomes be
came men. The cell outlin :ram d tJ1is picture as the walls 0£ a stately 
1·oom. On these wall I coull faintly s e a calendar on the year line of 
which eemed to be the number ·2000. My ietael eel en. · were alert for 
here wet·e thing n · ver before seen in cytology. 

The man at the head of the table arose and began to talk. ''Gentle
men the International Councll of Ilwesti~atiou called this group of 
speciali t together a year a"'O to consider the 11nification of our present 
:J.'ay knowledge concernin,., the mechanics of living matter. It was 
pointed out at that time that no one individual could po sibly be Sttffi-
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ciently versed in the many sciences that touch vital function to be able 
to add up the various contributions and achieve the correct total. The 
mobilization of the scientific brains of the country during the Great 
War produced results that made man afraid of his power and it is hoped 
that the present union may gather together the loose ends of many excel
lent researches and in the end give us greater control of our own lives. 
Infectious disease has long gone the way of the dodo but there still re
main many organic abnormalities and the field of genetic as well as per
sonality control remains but little worked. Senility and death are still 
with us although people are living longer and more actively. We should 
by this time have information at our disposal that might remove death 
from the realm of normal biological happenings and make it as patho
logical as pneumonia. When all this has been accomplished we may be 
able to actually create vital forces although this is of relatively little 
importance beyond the culminating proof o.f our theories. Let us now 
hear of the status of morphological investigations from the Chairmen of 
the Committee that has been reviewing that field . '' 

"The Committee on Morphology begs to report that the line between 
morphology as such and physiology has practically disappeared. To
day the studies of the morphologist are so closely linked with function 
that the old classification breaks down. There seems to be every hope 
that we can eventually control growth and every body function through 
the application of our knowledge of the endocrines. Furthermore, there 
has been great progress in the synthesis of these secretory substances 
which will enable us to carry on this work with much more certainty 
because of the purity of the products. It has already been possible to 
control the size of animal, both in height and weight; to regulate most of 
t~eir physiological activities with the consequent lengthening of their 
hve~. The rate of metabolism is now under excellent control and may 
be .mcr.eased or decreased at will either locally or for the entire body. 
This discovery may enable us to solve the cancer problem since these 
growths are living at a faster rate than the surrounding tissues. 

"The lack of regeneration in highly specialized forms has been over
come through the utilization of growth regulating substances which seem 
to cause a dedifferentiation of the local tissue which then in turn pro
duces the last part. This is but the working out of the old idea that all 
the poten~ialities for a complete organism must be present in each cell 
nucleus smce the entire chromosome complex remains intact as in the 
germ cells. The inhibitions imposed on these by the cytoplasm can now 
be removed with the remarkable results described. 
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"The Committee on Problem of Growth will now report. 
"While this Committee covers much the same problems as the one on 

morphology it has limited its field of cooperative re~earch to Genetic~, 
Cytology and Embryology. While chromosome countmg an~ the gen~tlc 
analysis of superficial characters is still going on and is still pr~ducmg 
mttch of general inter e. t, the emphasis of the fields has. been shifted ~o 
the more basic phenomena that lie behind these former mterests. This 
has of course brought embryology to the front since only here could we 
expect to get an understanding of ho.w the final adult tra~ts unfolded 
or developed. With our present knowledge we can now gu~de develo~
ment in almost any desired direction and even change at will any t~ait 
to match any specification. Sex may be determined through takmg 
advantage of the metabolic differences between the two classes of gametes 
-and through subjecting these gametes to chemical action that auto

matically eliminates one of the classes. 
''Since individuality is a function of genetics and of development we 

wish to point out that we can now control to a remarka~le degree the 
physical and even the mental attributes of man through dtet or through 
the application of appropriate endocrine products. We_ exp_ect that ~~e 
day may come when w . baU be able to replace the defictenctes of an m-

adequate or poor biological inheritance. . . 
"Gl·eat progress bas been made in the identification of vttal wtth sup-

posedly non-vital entities with the result that we are now co~dent of 
the entire equivalence of the physical elements of pl'otopla m w1th ~hose 
of ordinary chemical systems. This has and w~ c~nti~~le to ~ontrl~ute 
to our ability to bring about the changes we desrre m livm~ ~g s:nce 
they have now no definitely been lined up with the non-hvmg. Smce 
this seems now to be a fact, the opportunities for research along these 

lines are unlimited." 
The Committee of Physiology. 
"Physiology bas become almost wholly a matter of chemistry and , 

physics since he otheu field have of nec~ssity so lar~ely ~surped the 
familiar old stamping gt'Oltnd of this speCialty. Physwlogtsts through 
the utilization of the many new physical forces have learned much of the 
mechanics of living phenomena. Under certain conditions they are now 
able to bring back to life animals that had recently died. !.hey ha;e 
demonstrated that senility is a function of cellular permeability, or m 
other words the body grad~ally becomes unable to cast off its waste 
products and these slowly poison the system by lowering the h~drogen
ion concentration below normality. Through the use of ultra-vwlet and 
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.J -r.a) it Jut been pos ible to increa. th permeability Ullder certain 
conditim1s and to rai e tl1e pH. 'l'hl may ventually be accomplished 
by die 01- chmnlcall~ as a wide variety o.f substances are known tbat 
ffect. the e prop rti of tbe cell. A con iderable d gree of rejuvenation 

has followed these treatments and the committee hopes that the investi
gations of the next few years may go a long way to lengthening the limits 

of life as we now know them. 
''The production of perfect nutrient solutions has enabled our embry

ologists to rear mammalian embryos artificially and outside of the body 
of the mother. This triumph coupled with the geneticists' ability to 
alter or produce characters to order, so to speak, may greatly affect the 
future methods of reproduction, if indeed reproduction does not become 
unnecessary through the indefinite prolongation of the lives of the pres
ent generation.'' 

As the representative of the physiologists sat down, the general 
chairman rose. ''Thank you, g·entlemen, for the very interesting sum
maries you have presented. From your reports it is becoming evident 
that we are indeed becoming 'captains of our souls' as well as masters 
of our lives. Perhaps we may sum up the remarks of each committee in 
the following words written by Riddle years ago and which were then 
more of a prophecy than a statement of actual accomplishment of 
that day. 

"Developmental mechanics-recruited from parts of endocrinology 
and genetics, and supplied with ever new and incisive munitions from 
biochemistry, biophysics, immunology, and their kindred-already con
quers and bends some of their major processes of living and of becoming 
(development). Its province is the field of living matter where, 
naturally, every new grouping of atoms brings with it new properties, 
and where every new molecular property proves a changed environment 
leading to or involved in the next step in advance. It is concerned with 
the mechanics of the building of body and mind; and having served a 
glamorous apprenticeship in the animal world, it is rapidly preparing to 
cope with some aspects of human development. Its revelations concern
ing the living stuff-rather technical and abstruse-are destined to color 
the thought of leadership; its prospective applications to human struc
ture and capacity-very clear and obtrusive-seem destined to catch the 
imagination and recast the thought and purpose of coming generations 
of man. 

"With the ability of the chemist now to synthesize proteins the worst 
stumbling block to our complete knowledge of life has disappeared. In-
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deed I have a surprise that I have been withholding from you. But a 
few days ago in my laboratory a student in subjecting a synthetic protein 
to a new electrical field succeeded in getting it to . . . . '' 

The voice died away and I saw again the cytological preparation I 
had under the microscope. The chromosomes were gone and evidently 
my hand had moved the stage. I found the proper location once more 
and there were the same set of chromosomes. Chromosomes they were 
and nothing else. I wondered what had happened during my lapse from 
the state of conscious observation. I could not recall-can you~ Per

haps it was but a mechanistic phantasy . 

THE AMBYSTOMID SALAMANDER OF PENNSYLVANIA 

BY CHARLES E. MoHR 

Bucknell University 

Four Ambystomids have been found in Pennsylvania-Arnbystomid 
tigrim~m, opacnm, jejjersonianum, and maculatum. The first two are 

exceedingly rare; the latter two, common. 
Observations have been made in the neighborhood of Lewisburg for 

several years, but a rather abrupt, early warm period this year per
mitted the migration and breeding of the latter two to be observed more 
closely than usual. The study was made chiefly at Old Gap, at the 
beginning of the Fourteen-mile nrro' a t an al titu.le f about 12?0 
feet; at Voneida State Forest P a·rk (H airy olm ' ' ) in th v n-nule 
Narrows, five miles east of Woodward, at au altit ud of 1600 feet· and at 
Woodward which is h alf way betw en Lewishur ,..,. and ta t olle re, at 
an altitud: of about 1400 feet. The t r ips were made almost entirely at 

night and observations were made by flashlight. 
Attempts to record t emperatures showed that there was no correla

tion between points as close together as two miles, and that the only 
records that would be worth while must be taken daily at the ponds. 
We had access to the hourly weather reports made at the air-mail 

weather stations at Winklebleck and Sunbury. 
Ambystoma tigrinum (Green): 

Profess~r E. H,, Dunn, of Haverford College, supplied the following 
records of this rare salamander: one adult and two larvae collected at 
Carlisle by Baird, and now in the National Museum; an adult from 
Loudonville, Chester County, now in the American lVIuseum of Natural 
History, ~nd a larva in the same museum from Pittsburgh. He also has 
R W'C'.orrl of an adult from Mountainville, Lehigh County. 
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Atnbystoma tigt·imMn i widely eli t ributecl in North .A..m ·ica aud 
shows wid ·olor v~1 riation. Dmm, who has b n. w ·Icing on the 
Amby tomid , l li -v · that. # gt·i·num will split into t en r ace· . 'l'he 
en t ·n for m m v l'Y clo ely r ated, how ver. 

Ruthv n . ays " Tbi peci u ually sp nels mo t o.f t h y ar under 
lo . ·, i11 d c.aying stumps and in ho~ s or bul'l'ow. made by other ani
ma]s; l1ow vel', it ha b n lmown to r emain in th wat er dtuiog tb 
mumer . It i voraciou and carnivorous ; it has b en observed to eat 

worms, insects, and small frogs.'' 
About t en adults have been taken on Long Island, but the only 

records of egg-laying which we have are from the central states. At 
Chicago the eggs were collected from February 25 to March 15 this 
year, although the season was about three weeks earlier than usual. 

The courtship of the axolotyl-the permanent larval form-has been 
closely observed in Europe. Breeding, of course, is in the water-the 
male depositing spermatophores, which, when taken into the cloaca by 
the female, fertilize the eggs. The egg masses, according to Smith, ap
pear as an intermediate stage between those of Ambystoma maculatum 
and jeff ersoniannm. The number of eggs in a cluster varies from 25 to 
50, but averages 30. Smith records two egg clusters of 53 and 75 eggs. 
The masses are attached to the leaves or stems of water plants, r esem
bling those of Ambystoma jeffersonianum in this r espect. 

H,uthven says, "Larvae emerge in about 14 days. Transformation 
usually takes place in about 3 months, but may be delayed by unfavor
able conditions; total length of adult-182 mm." 
Ambystorna opacwn ( Gravenhorst) : 

Surface r ecords seven specimens, taken in Chester, Franklin, and 
Perry counties. Three specimens collected at Carlisle are in the National 
Museum. There are no further records from Pennsylvania, although this 
salamander is reported from 23 States, Central, Eastern, and Southern. 

As r eported a year ago, the larvae of Ambystoma opacum may be 
fou~d in Union County, at Old Gap. A larva was taken this spring at 
Hairy John's. Observations made during the last year, together with 
records from other localities make the life history fairly complete. 

The marbled salamander is entirely fossorial and breeds in the fall. 
Fertilization is internal and takes place on land. The eggs are laid in 
hollo·ws on ~he ground, or under logs, bark, or rubbish, where they are 
flooded durmg the fall or early winter. The mother remains with the 
eggs, lying on top of them. The eg·gs are about 5 mm. in diamet er and 
are always laid . t 1 Th h . separa e y. ey ave a tough outer envelope to whiCh 
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debris adheres. Batche. of eggs recorded have numbered 73, 102, and 
108. 

'l'he new-born larvae have balancers and forelimbs and are about 15 
lll.m. in length. 'l'he larvae are darlcl.y pigmented, except on each ide of 
the mid-ventral line where there is a con picuous row of small rounded 
or oval light area which a.ppear silvery a th larva grow·. Tl1ey trans
form in June. 

The dry site of th pond wh re larvae have been found, was care
fully earched eptember 15 without di covering any eggs or adults. 
On ovember 10 th pond was ftlll of water and the larvae had appru.·
ently all hatched a no egg capsules could be .found. Egg found at 
White Plain, ew York, n pt mber 25 1916 hatched three day 
later. 'l'b y will not hatch unles covered with wate1·, ome haviug 
been kept 54 days before putting them in water, after which th y 
hatched within twenty-four hours. 

Larvae kept jn the laboratory had transformed by June 0; those 
Oll:t of door were ju t beginning to metamorphose on June 11. 
.Ambystoma jeffe?'SO?!Iirumum (Green) : 

Specimen have been recorded from only twelve couuti s although 
they have doubtless been found in twice that many. m.uystoma jeb'e?'
soniamtrn is reported from our· Canadian provinces and twelve States 
in, this country. This specie is rarely seen e.·cept during the breeding 
s a ·on when it may be found mio·rating to the ponds at night or hiding 
in logs or und r stone during the day. The migration was studied 
closely this year; many alrunander · ,~vere ob erved and many tal< n. 

The fir t egg: were talten this year at ld Gap, on March 16, and 
were then about two clays old. March 16 was the fLrst war·m day of the 
month, accordingly the eggs had been laid when the temperattu·e was 
still quit low. More than 50 per cent. of the e eggs did not develop, 
but the clusters deposited during the follo,·ving ten days were almost 
100 per cent. fertile. Practically all the observations, however, were 
made at Hairy John's (Voneida tate PUJ:k) and at vVooclwarcl, where 
the eason was ·everal days later. 

On M1u:ch 16 there we1·e a fe'v clu ter of recently laid e ··gs at Hairy 
Jolm s. Adults w re fairly nu.merou. . In one pot of the p0ncl seven 
adults were observed lying on the bottom within an area of three by 
five feet. 'rhey were not active. t Woodward ten adults wer seen. 
A single cluster of eggs was found. 

On March 17 there ~were . bowers and the fir t Antby toma mac1tZatttm 
were en at Hairy John' . Both specie were active there. At Wood-

PENNSYLVANIA ACADEMY OF SCIENCE 53 

ward a single spotted salamander was seen emerging from the base of a 
stump. Here, however, 200 Jefferson's salamanders were seen and 26 
collected. 

On this night there was great activity, probably many more than 200 
specimens being in the pond. The ripples caused by the raindrops inter
fered somewhat with the observations. 

Everywhere, within three or four feet of the shore, Jefferson's sala
manders were rising to the top, taking a bubble of air, after the fashion 
of the spotted salamander. Close to shore the salamanders seemed to be 
congregating. 

A closer scrutiny showed that a number of salamanders were embrac
ing each other. Seven pairs were observed and five of these taken with
out separating them. In every case a male was grasping the female 
the former being on top and grasping the female tightly just behind th~ 
forelimbs. In several cases the male was noticed to rub the top arid 
side of the female's head with his snout. Also several of the males were 

· undulating their tails. 

Other salamanders, collected without reference to sex paired ff 
h . ' 0 

w en put m a large aquarium in the laboratory late the same night 
Four. such pairs were noted and segregated. Seven females deposited 
eggs m the laboratory, although development in none passed the blasto
pore stage. 

As mentioned below, three females were observed at Woodward in 
the process of egg-laying. There were no males nearby. No eggs were 
seen and none were laid up till midnight. 

On March 18 there were heavy rains. About 100 adults were seen 
and three clusters of eggs found. 

On March 20 many eggs were found, both at Hairy John's and at 
Woodward. Three females were observed in the process of egg-laying. 

On March 24 there were freshly laid eggs. At Woodward about 15 
adults were observed; five in shallow water at the very edO'e of the pool 
apparently ready to leave the pond. At Hairy John'sb half a doze~ 
adults~all ~ales, were in the same area in which they had been gath-
ered eight mghts befo A · th . . . re. gam ere was no activity nor were there 
any eggs nearby. 

. On Ma~ch 25 there were heavy rains which turned to snow. Not a 
smgle spemmen was s lth h A 
numerous. een a oug mbystoma maculatum were rather 

On April 12. the first larvae had hatched at Old . Gap. 
We summal'lze the following points : 
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"b;.ty-two specimen of An~bystoma jef!e1·so·wiamunt w r e t,a~mn, 40 
males and 22 f males. 'l'he ·xual dimorphism was ma1:k d ill most 
cases, the be t di t inO'ui. tun" rnarks b ing the greater body length o.f 
tb .females their more rotmded head· and tail , and t heir l s promi
nent cloacal welling. . 0 n· larg t specimen measur d 1 4 mm.. 

A well-formed sperma phorc was found in th cloaca .f an adult 
mal . 'J.'his wa b ior any permatopho:res or Am'bystomct macnla:t1tm 

had be n deposited. 
Ther was 110 orr lati n betwe n t lP am tmt £ bhu h-silver 'P ts 

a!ld ither sb. o1· sex. In m t cas . the pottin ' was very prouom1cecl. 
•rhe b . •~iru.unoo £ t he pa, .. uil1g a on may vary ns mu ·h n four 

lays in areas 20 "'mil s at art, and gg-laying may coutinu f.or a perio l 

of t n days in a ·ingle locality . 
The larva hatch a b ut fonr weel after the cl position 

'fhi may be L ·s 1e 1 by c ntinu cl warm wenth r. Tb larva t r ail. -

o:rm late in June. 
la r"'e 1 m:cen tag of tb ggs do not d v lop wl1en i posited in v r y' 

coli water very likely du to a pa:tholo<t ical condition £ poly 1 rmary 
s.t • >i 1·sol ' ugge. t.'3. - owev r , mo t of h • o-g-ma · . · w r d 1 sit d 
during mild l' wca ·her, and, contrary to popular b lief, not mor , than 
five per nt of t hes eg"'s f11ilecl to p1·odu ·e larvae. ' li<Yht fr zin 

io s not in jure th l vel ping egg . 
•muy.~toma. 'llt(tc·nlatum ( haw ) : 

'rJus :is t.he b •, t ]mown an 1 mo t vid ly distributed 1'nemb r of til 
family. Sr cim. u have b en recorded hom about half the counti of 

be tate. 
r h studi of A11 bystoma jefl'e?"sonianmnn O'itVC opportu.rdty .f l' Jose 

ob rvation · o:f t his species. 
On March )7 t h fir t specimens of .A1n'bystonw mac1tlctt1tm wer . e n 

at airy John s. They w r' tmmerous ther , ·both male nnl femal e · 

l iJ:lg s eu <md ta keu . Ther we1·e . ·bowers. 
On Match 1 there :wa h avy rain. 'l'he first permatophores wer 

f ound at · ail'y John . There wa · great activity. ne gatb ring of 

f rty adult wa · observ d. 
n March 24 the fir 't •ggs were seen, some ay;par ntly a day old. 

'l'lu·e gathering of 30 to 50 males w r e notic d. Th y were d po itiug 
.spermatophor . 'l'luee luge female wer tak n in the act of spawning. 

Our ob r,;ations may be umma:rized: 
\ established the fact that ne female lays either cl a.r or opaqu 

-egg ma e , but not both as wa uggest cl p1·eviou ly. 'l'we v inai-
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iduals d posit d gg in the labo ·atoty. .t: ine of these ma were 
opaqu , th r:ee <:1 a1·. The clifferenc is probably du to t.be eh mical con
ditions o£ tbe ovidttct . i.nce the g lutine is clear or opaque a it is de
posit d. Both masse 1· v •lop at th arne rate and both produ e living 

larvae. 
The largest specimen, a female, measured 217 rom. 
Our observations bore out Blanchard's report that moisture is of 

primary importance, temperature secondary, in the beginning of the 
migration of the spotted salamander. 

The duration of the spawning season may be affected by the distance 
of migration, which Bishop believes may take two or three nights, and 
which would be influenced by the weather, and by the degree of exposure 
of the woods and hillsides to the sun, as Piersol believes. 

Females wer e found the first day, indicating that the migratio11 

stimulus is the same for the two sexes. Blanchard believes that the 
females migTate more slowly. However, proximity to the ponds would 
discount such slowness. 

THE DISTRIBUTION AND HABITAT PREFERENCE OF 
THE URODELE AMPHIBIAN TRITURUS VIRI

DESCENS, AT PRESQUE ISLE ERIE 
' ' 

PENNSYLVANIA 

BY H. B. HUDSON 

. The pen.insula of Presque Isle at Erie, Pennsylvania, is a very inter
estm?' l~cahty having an undisturbed flora and fauna in rather definite 
as~oCI~tiOns. The problem undertaken by the author has been the deter
mmatiOn of the particular habitat preference and the distribution of the 
urodele amphibian 1'1·it1trtts viridescens. The author wishes to thank 
Dr. H. H. Collins for his guidance and criticism of the work· also to 
thank Dr 0 E J en111·n . f · t . . . ' · · · gs or ass1s ance m perm1ttmg use of maps of 
Presque Isle. 

~t may be of interest to begin the study by g·iving an idea of the for
m~tiOn of Presque Isle. It is believed by investigators that the penin
su a has ?e~n formed by four factors. (1) A littoral spit-forming cur-
rent dev1atmg fro th f 1. t tl . . m e sur -me; (2) Conflicting currents tending to 
~drn fle S~It mward, thus forming a recurved spit or hook· (3) The 

r1 ge- ormmg s f f ' . ur o great storms from north and east· ( 4) The soil-
accumulatmg and s ·1 b' d' ' o1 - m mg effect of the vegetation, aided by the drift-
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in"' power of the wind. The prevailing westerly wind tends to cause a 
constant movement of the beach-debris toward the east, both in the 
litwrnl cu.l'l'ent, and on the beach higher up. The most powerful agent 
in the distribution of tl1e beach-debris after it ha reachecl the tip of the 
spit is to be found in the surf of great northea t storms which pile the 
sand up in the form of beach bar or 1·idges beyond the reach of the 
ordinru:y surf. As the ridges form parallel to the waves producing them, 
several very prominent ridges traverse the central part of the penins'tila 
lougituclinally. Lagoons are formed between the ridges. The lagoons 
ar m·ro1mded by a Pot(lfmog~to1~ area and a considerable gro·wth of 
Ohct1·a. 'l'he pellinstda in brief is composed of the followina parts: (1) 
'flle western third consi tiug of the area from the ma;inland out to the 
Big himney Pond an area which i · very narrow, varying from one
eicrhth to one-hal£ mile wide, two and one-hal£ miles long; (2) the midcUe 
third extending from the Big himney Pond to the light house is from 
one-half to one mile in w'dth and a mile and a hal£ in length, con tituting 
the wildest part of the penin ula a well a the roost productive a1·ea o£ 
both animal and. plant associations; (3) the outer third of the peninsula 
ext nels from the light h01lSe to the tip of the perrin. tda, which ends in 
a hook directed to the south. This area is about a mil and a quarter 
long and about one-l1al£ to one-eighth o£ a mile wide. sociations on 
this part of the penil ula are relatively scarce. Lone Ridg extends to 
the en t o£ the light house for two miles then werv to the south 
rather brokenly. The 1-n·ea located outh of Long Rid<>·e between Big 

Jrimney Pond and the light lwu e i plit up into several lagoon , the 
large t of which is Long Pond. Animal ani vegetable decay have 
formed a black muck at tlle bottom of ranberry Pond. This leads one 
to think that it is a very old pond. 

'l'he problem was begun by cliviclillg th penin nla as de cribed. A 
thorougll investi~ation of each area eli clo. cl the fact that T1·it1~1'1M 

vi1··idesce1M occm·s in a rather re tricted portion of the peninsula, namely, 
the central portion near the lagoons. Following is a eompreben ive set 
of data for the central area. 

A. Long Pond. 
(1) Plant a sociation . 

a. Cattail and marsh gra s a.1·ea .. 
b. Polygonnm. 
e. Obara. 
d. Elodea and Myriophyllum. 
e. Pickerel weed (Pontederia). 
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(2) Animal associations. 
a. Protozoa. 

Amoeba, rotifers. 
b. Coelenterates. 

Hydra. 
c. Porifera. 

Spongilla found attached to stem. 
d. Arthropoda. 

Insecta. 
Ran.at~a Americana (Water Scorpion). 
DytisCid beetles and larvae. 
Backswimmers (N otonecta) . 
Belostoma. Lesser water bug. 
Benacus. Giant water bug. 

e. Chordata. 
1. Small fish snch as minnows. 
2. Amphibia. 

Frogs, Rana pipiens, R. clarnitans. 
Salamanders, Triturus viridescens. 

(3) pH determination. 
Readings taken at various places in pond: 

a. North shore. 
7.03, 7.03, 6.9, 7.01. 

b. East shore. 
. 6.5, 7.3, 6.8, 6.7. 

Note: Tntnr~s found mostly in neutral media. 
( 4) Locatwn of Triturus viridescens. 

5i 

Tritnrus wa~ found only on the northern shore near the 
eastern extremity. There was observed an unusual area of 
Chara, Potamogeton, and Polygonum and numerous small 
crustaceans. 

B. Cranberry Pond. 
( 1) Plant associations. 

a. Ohara, Myriophyllum Polygonum, Elodea. 
(2) Animal associations. ' 

a. Ga~marus, Belostoma, Dytiscids, Odonata, Corixidae Ger-
ndae, ~ater weevil (Rbynchophora). . ' 

(3) pH determmations. 
7.2, 7.1, 6.9, 6.8. East shore. 
7:0, 7.0, 7.2; 6.9. North shore. 

( 4) Locatwn of Triturus vin:descens 
. Triturus was found only on the northern shore associated 

:~'Ith ~he ~hara and some of the fresh-water alga~. The pH 
m whiCh It was found was approximately 7. 

C. Dead Pond. 

(l) Plant associations. 

Same as in Long Pond with an excess or a predominating 
amount of Chara. 
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(2) 

(3) 

(4) 
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Animal association 
ame £o1·ms as Long Poncl Many ~ladue tan .. 

pH. 
6.9 7.0, 6.9. Jorth shore. 
6.7, 6. , 6.9. 'outh . hore. 

T1·itnrus found : 
n the north rn sll re. p - 7, under leaves in shallo-w: 
wa er. Fairly abundant. 

D . R idge Pond. 
(1) P lant a ·sociation· . . 

a. Duttoubush and cattail bor ~e · very p1·omm -:nt. 
b. Forms mentioned b1 L IJg Pon l also ~ re. 

ote: (2) Data on ani.n:a~l forms and pH readmg· clo ely par~llel 
L ng ond. Triturus no so ablmdtmt here. Poss1bly 
due to high water. 

E. Land a1:ca hetwe n Lon · Olld and ranherry Pond. 
'l'lli £~1: a ha two rather high ri lg with s v '1'~ low interv_ n

ing hollows. ;z ·~·~itwn~.s vi1·icle c1ms ·was found only J.?- _th · low .lym~ 
ar a ·· under small t 1 ks and bark. 'l'he ftoo1· cons~st £ a t~L~ll ·.1 

damp sandy and leaf-y mass. The forms w 1· tl1e c.lutractenstl~ 
(n·ang·e color. 'rhe mall · · for~ s em o b. located clo ·e to he 
lagoon· ,rhile th larger :t:o ·m were farther mland. 

nmmat'Y: 
(1) 'ri'iturn I refers relati ly old pond . 
(2) 'r dturus is found close to lagoon shore in ba1low wa.t r associ-

at >d "'Nith hara. 
(3) '!'hey prefer a neutral meclhun . • · . 
(4) They eem to prefer the north ho ·e po ·sibly because theu· food 

supply would be blo·wn there b the prevailing we, t · ·ly ': 
(5) 'l'he land form ' '•t ·y il\, ize, the smallr on bemg closer to the 

lagoons. . . 
(6) The laucl forms vary in coloration as"'" 11 as m SJ.?<e. It wa ob-

ser ve 1 that the mall r . pecimen were lighter in color. rrhe ones foun 'l 
further inland wel'e larger anc tenc1ed to beeome dtLL'l er in color. 
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INTENSIVE BIRD STUDY OF A SMALL AREA 

BY MAYNARD B. HENRY 

B1tcknell Univm·sity, Lewisburg, Pa. 
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The following report is the result of an attempt to show the species 
of birds which may be found by intensive study in a limited area. The 
area studied was the Montandon Marsh, a marshy woodlot at the junc
tion of the Lewisburg branch of the Pennsylvania Railroad and the old 
canal, one mile east of the Bucknell campus. It contains within its nar
row limits of a quarter by an eighth of a mile all types of environment 
from bushy woodland to the distinctly marshy. The river at one time 
ran through the fields to the right of the marsh, parallel to the present 
course. This probably accounts for the swampy condition of the land. 
About 35 years ago when the old canal was in use the swamp was filled 
with water. Then the ponds were large enough to permit the use of 
boats. vVhen the canal went out of use the swamp was drained and an 
attempt was made to farm it. The trees were cut and the land cleared. 
The ground, however, was too soggy and it soon fell back into an unused 
state. In this abandoned land in the last five years over 120 species of 
birds have been found, the records being made from January to June. 

Despite the dwindling amount of water and aquatic life, many of our 
rarer water birds are still found. The nest of the Black-Crowned Night 
Heron may be found along the banks, or the Great Blue and Little Green 
Heron, and the American Bittern flushed up from among the cattails. 
The Horned and Pied Billed Grebes, American Coot, Pintail and vVood 
Ducks, and others are transient visitors in the migratory period. The 
old homing instinct persists and the birds come back to the same spot 
year after year, though the cultivated fields and the railroad may en
croach on their nesting grounds and change it. 

In the drier sections of the marsh the conditions for birds have de
cidedly improved in the last few years, especially for the smaller birds. 
The brush which now covers much of it offers an ideal hiding place for 
the shier species. In the migration period the trees and bushes are filled 
with the birds. The protection offered by the thickets is well shown by 
the abundance of the smaller species, as shown by the records of ten types · 
of sparrows, seventeen of warblers, four of vireos. The larger trees also 
offer shelter to the hawks, five species being recorded. 

Some of tbe more int r ting visitors are the Pileated Woodpecker, 
found as an o ·1 i nal vi itor, a1 d also the Woodcock Northern Shrike 
Northern and ouisiana Wate1· Thrushes Palm Par~la Worm-Eating' 
'U7"l ' ' ' ' ' vv 1 son s, an l Hood d Warblers. ' 
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The above is merely a summary of the results of a study, but we are 
anxious to exchange average migration dates with other observers in the 
State, and if any of the readers have such records we would like very 

much to get in touch with you. 

ECOLOGICAL. OBSERVATIONS UPON THE FLORA OF 
WADING RIVER, LONG ISLAND, NEW YORK 

BY LEROY K. HENRY 

AcKNOWLEDGMENT 

The specimens collected for this study are now located in t~e Car
negie Museum Herbarium, where the identifications and prepara~wn for 
this work were made under the supervision of Dr. 0. E. J ennmgs, to 
whom the writer wishes to take this opportunity to express his sincere 

appreciation and thanks. 
INTRODUCTION 

Wading River is in the north-central part of Suffolk County, Long 
Island, New York. During the summers of 1928 and 1929, collections 
of plants and notes upon their distribution were made. There are three 
outstanding plant communities in this r egion: the pine-barrens, the 
deciduous forest, and the fresh-water lakes. This is of interest because 
the climate of the whole region is identical and all three types of vegeta
tion lie within a radius of 2!-3 miles. The purpose of this study is two
fold: to show that edaphic factors control the environment and to give 
an idea of the t ypes of plants that are characteristic of each habitat. 

TOPOGRAPHIC AND GEOLOGIC FEATURES 

This section of the country is of fairly r egular topography with sev
eral points rising to an elevation of 190 to 200 feet above sea-level. Long 
Island, a part of the glaciated Atlantic Coastal.Plain, is 118 miles long 
by 12 to 23 miles wide, with an outline suggestmg the shape o! a la~ge 
fish. The core of the island is composed of Cretaceous deposits which 
come to the surface at a few places, such as the bluffs along the north 
shore. Following this period, erosion took place, and a number of 
emergences and submergences occurred. The Pleistocene epo:-h was. a 
time of glacial and interglacial periods. There were three mam glacial 
stages with their respective deposits: the Manetto, the M~nhasset: a~d 
the Wisconsin stages. The Wisconsin ice sheet was not VIgorous m Its 
erosion, often merely riding over the Manhasset formation. The Ron-
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1 1 ma moraine e~· te:ndil1g across the center of th e i land and out the 
~:t~~ fluke, was form d by the fir st advance of th e "Wisconsin ice sheet; 
t l Harb r Hi ll moraine, extending along t h north sh_ore and out the ll::th :fl.uk , wa a r esult of tlle secon d advance of this glacier. Each 
lllOl'aine ha it. out wash plain lying to the sout hward the northern mar 
g ilt of which of en ontain k ettle valleys of pre-Pleistocene formation.1 

P HYSIOGRAPHIC AND EDAPHIC FEATURES 

'l'he parti ular r gion around which thi work center i a kettle-hole 
lak ecp Pond which lie ab ut 21: mile in a bee-line from. the north 
sho1·~ 0 the island and abou t on mile southea t of "V a.cling River r ail-
1.0ad tat ion. In tbe southern e tion a1·e many kettl valley of ·which 
Long :> 11. • pt· s nt · au irregular kettle valley yst m partly closed; 

hile D e p Pond repre nt a branching kettle valley system, completely 
·lo d .l 'l'h norl;ltel'n· ection i Cl'OS eel by th H ar bor Rill m.oTaiue of 
the Wisconsin glacial stage, whose outwash plain covers the section to 
the south. The whole region is underlain by the Manhasset formation 
and is covered with mor e or less of the glacial Wisconsin drift; 2 

The soil of Suffolk County is very sandy, although not inherently 
unproductive. The natural vegetation is shrubby, due to the frequency 
of forest fires. The greater part of the island is made up of unconsoli
dated clay, loam, sand, gravel, and boulders. The oldest of these are the 
clays which belong to the Cretaceous period. Just above these clays are 
beds of gravel, sand, and loam which may or may not belong to the Pleis
tocene age. On top of these beds are various sands, gravels, and loams 
which have been deposited by the glacier. On the outwash plains, com
posed chiefly of Norfolk sand and Norfolk coarse sandy loam, the soil 
and subsoil together are less than 36 inches deep. A layer of gravel 
separates the subsoil from the coarse gravels below. On the moraine, 
composed chiefly of Alton stony loam. with interspersed areas of Miami 
sandy loam and Galveston sandy loam, the soil is without a gravel bed 
beneath and var ies in depth from. 3 to 40 feet. The different soil types 
are the chief controlling factors of the vegetation of the island, since the 
pine-barrens are confined to the shallow soil of the outwash plains and 
the deciduous forest is limited to the deeper soils of the terminal 
moraine.3 

CLIMATE oF LoNG IsLAND 

Climatic conditions of Long Island itself are the nearest approach to 
a maritime climate in New York State. The values for the Setauket 

1 Fuller, Myron L. Geology of Long Island. 
2 Fuller, Myron L. Geologic Map of Long Island. 
3 U. S. Dep 't. of Agriculture, ~ield Onerations of the Bureau of Soils. 
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Meteorological Station indicate a midwinter temperature of nine degrees 
above the average of the State and a midsummer temperature of three 
degrees above that average. The ocean and the sound moderate the daily 
ranges of temperature on the island. Long Island's average precipita
tion for the year is 50 to 55 inches, the eastern part having its annual 
maximum during the winter. 4 According to data obtained from the U. 
S. Weather Reports, 5 Wading River region has an average growing sea
son of 161 days, and the annual precipitation seems to occur in approxi
mately seven-year cycles of excessive rainfall as shown by a plotted curve 
of the precipitation over a period of 27 consecutive years. 

VEGETATION 

The vegetation of Wading River region may 'be divided into five 
communities. 

THE PINE-BARRENS 

The pine-barren, a typical association of the Coastal Plain flora, is 
located in the transition zone between the Southern Mesophytic Ever
green Forest Formation and the Northeastern Deciduous Forest Forma
tion. Four layers of vegetation make up this pine-barren forest: (a) 
the trees, chiefly oaks, Quercus velutina, coccinea, stellata, and alba, with 
pitch pine, Pinus rigida, which is the dominant species; (b) the small 
trees and shrubs, dominated by the scrub oaks, Quercus ilicifolia and 
prinoides, with scattered specimens of sassafras, Sassafras variifolium; 
shag-bark hickory, Carya ovata; and wild black cherry, Prunus serotina; 
(c) the low shrubs and herbs, the great majority of which are blueberries 
and huckleberries, Vaccinium vacillans and Gaylussacia baccata respec
tively, together with the bracken fern, Pteris aquilina; (d) and the low 
and trailing herbs, such as the bearberry, Arctostaphylos Uva-tt1·si, wild 
pink bean, Strophostyles ~tmbellata, and trailing arbutus, Epigaea 
repens. Where this habitat borders upon the lakes, the presence of 
broad-leaved trees is very noticeable, especially the maple, Acer rubrum; 
the aspens, Populus tremuloides and grandidentata,· and the white birch, 
Betula popttlifolia. 

The first year after a forest fire, the area is occupied by d~arf sumac, 
Rhus copallina; bracken, Pteris aquilina; and :fireweed, Epilobium angus
tifolium. In two or three years, the same area will be dominated by the 
black scrub-oak, Quercus ilicifolia; and scrub-chestnut oak, Quet·cus 
prinoides, with scattered species of young oaks belonging to the species 

4 Henry, A. J. Climatology of the United States. 
5 U. S. Weather Bureau. Annual Report of Chief of the Weather Bureau, 

1901-1927. 
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already mentioned. This stage in succession passes into the oak coppice, 
dominated by Querctts velutina, coccinea, stellata, and alba; and finally 
into the mixed pine-oak associes. 

THE PoNDS AND Boa 

The ponds of Wading River region present various stages of plant 
succession. Deep Pond is probably the youngest of the three large 
ponds, as indicated by three indistinct zones of vegetation around its 
shores. No one species seems to be dominant, although several aspects 
are prominent, such as the rose tickweed, Coreopsis 1·osea; followed by 
the flat-topped goldenrod, Etdhamia tenuifolia; and Eupatorium hys
sopifoliwrn. The shrubby zone along the bank is dominated by the but
tonbush, Cephalanthus occidentalis. Next in age comes Long Pond, 
which has several distinct zones of vegetation surrounding it. Water 
lilies, Castalia odorata; and cattails, Typha angustifolia, grow at a dis
tance of 40 to 50 feet from the shore. In the aquatic zone are bladder
worts, Utt·icularia cornuta and vulgaris; and the pondweed, Potamogeton 
Oakesiantts . The sundews, Drosera rotundifolia, filiformis and longi
folia; and the yellow-eyed grass, Xy1·is cat·oliniana, are confined to the 
moist sandy zone at the edge of the water. Just behind this is a third 
zone dominated by sedges, rushes, and grasses-Cyperus dentatus, 
Eleochat·is melanocarpa, Rynchospora glomerata, Juncus articulatus and 
Panicwn commosianum and virgatum respectively. Several coves have 
been cut off from this pond and are now :filled with water and bog species. 
Grass Pond, the oldest one, is almost :filled with vegetation, and around 
the edges the soil is soggy upon which is growing Sphagnum moss, swamp 
azalea, A zalea viscosum; teaberry, Gaultheria procumbens; and stagger 
bush, Lyonia mariana. The remaining plant zones are similar to those 
of Long Pond. The vegetation zones around these lakes might be more 
defined, if it wer e not for the fact that they are kettle-hole lakes whose 
surfaces lie in the plane of the ground-water table and consequently rise 
and fall with the annual precipitation of the region. 

THE DEciDuous FoREST 

This deciduous forest is confined to the loamy soil of the Harbor Hill 
moraine, where one notices the absence of pitch pine and the abundance 
of maples, elms, and beech trees. The vegetation of this forest may be 
roughly divided into three layers: (a) the trees, among which are the 
beech, Fagtts grandifolia; the sugar maple, Acer saccharum; the silver 
maple, Acer saccharinum; black walnut, J uglans nigra; hickories; chest
nut oak, Qtterctts Prinus; and other oaks already mentioned in the pine-
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banens i (b) the shrubs, of which the flowering dogwood, Cor,nus 
jlo·1•ida; and the lderberry, a1·nlmc1(,S oamadMtsis, at·e the dominant 
species; (c) and the he1·bs, char act' riz cl by a great nmuber of species 
common to all deciduous forests-agrimony, cinquefoil, avens, pokeberry, 
Joe ye weed, etc. This forest ha ·not yet teached the climax tage, but 
might be calle l the B ch- al<:-Maple A ociates on a co·unt of th pr -
dominance of the e three specie . 

THE EACH 

'l'he north bea ·h in Wading Riv r t•egion j ro\1gh and tonn beaten, 
so that few plants are growing hel·e. Howev r, on the p · bbly and sandy 
oil at the ba. e o£ the clifl' are cftttered . pecim n of clu · y miller, .t1.1·te

·rwi ic~ stelLcwiama; salt\vo1't, alsolcb J[ali; the beach plum Prwwus ma1·i
tima; and Akiplex c.wena1'ia. On the opposite icl of the cliff or ridge 
that faces the north bore, grows the . wamp ro mallow, Hib·isC1tS 
Mosch1tetos; and ,J1UlC1(,S Gi·ewrcli, together with other p cie character
i tic of alt mar ·h ·. On top of the cliff grow gnal'led and twi ted ned 
cedars, Jm1ri1Je1'1t vit•ainiana; and younao oalts over which climb th 
gteenbl'ier, Salix gla1tea. 

RoADsiDES AND Aua rooNED li'muo 
The vegetation of the road ides is a mixtUl'e o£ the intl·o iuced pecie 

and those that have migrated from the pine-bat'l' n ancl the decicluou 
for st. In all probability, it rep~·es nts a border lin or cotone b tween 
these two formation . Along the village road are many introduced tree. , 
such a Actw 1'~C£tanoides, Ace1· P fmcloplatan1tS; buckeye, Aesc1t~1£S Hi1J
poca. ta.1vu11·1.; sw t gum, Liq111iclmn1)(111' ty1·a "ifobia · w eping willow, 

alii.?; babylonioo; ataLzJa peciosa; and white mulberry Mont alba. In 
the fields that were once cultivat d, th .following weedy herbs have taken 
possession and become well ·tablished: English plantain, Plwntago 
lanceolata; lamb's quarters, Chenopo(l•i1tm alb1tm; pig,.,;re d, Ama?·ctntlMtS 
?'ett·oflextt ; and daisy flefl.bane, Et·ig1won 1·wnws1ts. A crrea.t variety of 
perennial and annual weedy h rb grow alol1g the gra y bank bordering 
th roads, among which are: dayftower, Co~mnelina com'lnwni · potted 
cowbane, Cic1tta 1nac1tlata · chicory, Cichorv1.m1. l?ttyb'tts · bouncing bet, 
Sar>o'nat'ia. of]ic·illtalis; butter and egO's, Linat'ia v~tlgat·is · yarrow Achillea 
Mille.foliwm · sunflower, Hel;i(vn.t"Jm divmicat1ts; wineberry, R1tbus phoe
wicolasi~ts · and many other peci s. 

S MMARY 

There i. · a tendency for the vegetation of the deciduous forest to in-
"'"1" t.hP ninP.-hsu·t·P.n 1'PPion. ome a1·e merely migrant whl.ch di ap-
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pear a ter the .fir t ea on, while others complete e is by germinating, 
gJtowing, an1 .l'eproducing them elves. Ecesis is the adju tment of the 
plant to a new h me, and this is accompli hed only when the plant is 
able to 'CP'odnce it. lf in that area. The roadsideJ and abandoned 
:fi.elds may erve a a stepping- tone in this proce ·s of migration. The 
vegeta.tion of Lhe ponds clearly indicates the advance of plant succes ions 
and the gr at work of plants in converting ponds into wamps and the 
latter into dry land. 'l'h e pine-barrens seem to be an association of 
the deciduous forest held in check by edaphic factors, as shown by the 
ecesis of oaks and locusts after the former's destruction by fires. 

FLORA OF THE KARTABO REGION, BRITISH GUIANA 

BY EDw. H. GRAHAM 

Carnegie Museum, Pittsburgh 

INTRODUCTION 

This paper is essentially an abstract and preliminary summary of the 
''Flora of the Kartabo Region, British Guiana,'' which is now under
going completion at the Herbarium of the Carnegie Museum, Pittsburgh, 
Pennsylvania, under the direction of Dr. 0. E. Jennings, to whom the 
writer wishes to express his most sincere appreciation for invaluable 
assistance and inspiration. 

Kartabo is a settlement, now abandoned, at the confluence of the 
Mazaruni and Cuyuni Rivers in British Guiana, on the northeast coast 
of South America. The position of Kartabo is 58o 42' West Longitude 
and 6° 23' North Latitude, being just 400 miles north of the equator and 
45 miles in a direct line south southwest from the Atlantic coast. 

BoTANICAL CoLLECTIONS FROM TEE REGION 

The region covered in the "Flora" is that within an approximate 
radius of 60 miles of Kartabo. The specimens upon which the "Flora" 
is based are those now in the Carnegie Museum. They are from collec
tions made by and under the direction of Dr. H. A. Gleason of the New 
York Botanical Garden during the years 1922 to 1927 and by Edw. H. 
Graham during the summer of 1924. Ten localities are represented as 
follows : Bartica, 5 miles east of Kartabo · Wismar on the Demerara 
River, 35 miles southeast of Kartabo; Maiali on the Demerara River 
55 miles south southeast of Kartabo · between ~he Demerara and Berbic~ 
Rivers, 60 miles southeast of K~rtabo; and the Pomeroon River, 
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Pomeroon District, some 50 miles north of Kartabo. These five are 
localities of Gleason collections and the following five are those of 
Graham collections: Kartabo; Kalacoon, Hills Plantation, 3 miles down 
the Mazaruni River from Kartabo; Kyk-over-al, an island at the junction 
of the Mazaruni and Cuyuni Rivers; along Camaria road, Cuyuni River, 
8 miles west of Kartabo; and Matope, Cuyuni River, 20 miles northwest 
of Kartabo. 

ENVIRONME NTAL CONDITIONS 

Records taken at His Majesty's Penal Settlement and at the Hills 
Plantation, re pectively on the north and south shores · of the Mazaruni 
River , 3 miles below Kartabo, give a knowledge of the meteorological 
conditions of the r egion. · There are two wet and two dry seasons during 
the year, the dry seasons occupying 7 months of the twelve, but with no 
month of the year averaging less than 4.5 inches of rainfall. The aver
age annual rainfall is 100.53 inches. The humidity is high with a yearly 
average of 84.2 per cent, and there is an average of 5.3 hours daily 
sunshine with dull, cloudy weather rarely experienced except when rain 
is falling. 'fhe average shade t emperature is 79.2° F ., although the 
average sun temperatur e exc eds 140° F. Trade winds blow prevail
ingly from the east, the hea,liest r ain:fall coming with continental rains 
from the south or southwest. 

The Kartabo region is in a zone of sand and clay, which zone lies 
between the low, flat, alluvial coastal strip on the north and the undulat
ing plateau and mountain country to the south. The land varies in 
elevation from 15 to 200 feet and the soil, which is black mold, for the 
most part, lies only 6' inches to 2 feet thick over quartz sand or kaolin, 
which in turn rests on an underlying granite. 

VEGETATION OF THE REGION 

The area covered in the " Flora" is a tropical rain forest, character
ized by many species and few individuals of each species. Great trees 
stand straight and scattered, their trunks branchless for many feet, and 
their tops forming a mass of foliage which partially excludes the sun 
from the scanty growth below. Hanging from the branches of the tall 
trees fall the roots of many epiphytes, among which some of the Brome
liads and Arums are of immense size. Lianas and vines are very com
mon. Mosses and lichens are abundant on most of the leaves and twigs 
and while the smaller parasitic fungi are frequent, the larger fungi are 
not common. Herbs are not very often observed, although in the jungle 
clearings they are fairly numerous. 
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The vegetation of this tropical rain forest may be roughly divided 
into three zones: First, that of the forest or jungle itself; secondly, that 
of the jungle clearings; and thirdly, that part of the jungle which is 
exposed along the water ways, including the plants in the water along 
the shore. 

In the jungle the commoner large trees, which sometimes reach a 
height of 200 feet, are the Mora, Dimorphandra excelsa (Benth.) Baill.; 
the Greenheart, N ectandra rodiaei Hook.; the Purpleheart, Oopaifera 
pubifiora Benth. ; the Crabwood, Oarapa guianensis Aubl. ; the Trysil 
Pentaclethra macr·oloba (Willd. ) Kuntz; the Etaballi, Vochysia tetra~ 
phylla DC.; Guana, Cassia multijuga Rich.; Wild Plum, Spondias lutea 
L.; Locust, H ymenaea courbaril L. ; Duka, Tapirira guianensis Aubl.; 
and many others. While palms are not common, the following genera 
are known .to occur : A~trocaryum, Mauritia, Maximilliana and Euterpe. 

In the JUngle clearmgs the commonest herbs are : Sipanea pratensis 
Aublet; Valerianodes jamaicensis Med.; and Sida of several species, with 
grasses and sedges of the genera Andropogon, Panic1tm, Ooix, J[yllinga, 
Oyperus and Scleria. Trailing over bushes and low shrubs are Mikania 
Ta~e~·naerno~tana,. an~ P etraea. Among the shrubs of the clearings ar~ 
Pstdtum, l cwa, Vtsmw, Olusia, Pentaclethra and many Melastomaceae 
including Bellt~cia grossularioides (L.) Triana, locally called Messopra~ 

Along the n vers are found many vines which form a mass of g-rowth 
from the tree tops to the water's surface, like an immense curtain which 
sl:uts from view anything of the jungle beyond the river 's banks. These 
•mes ar th Haman ~a A llannanlla catha1·tica L., with large yellow 

fiow rs; . mwo.nbe.a g1tUMum.sis Aubl ; Ma1·cgr·avia c1ty1miensis Bail y; 
Posogtte1~Ut lahfoli(t R. and . ; t he hoot iug tar, Posoque,-ia longiflm·a 
ub~,: w1tJ1 n ? rolla tube 15 inche · long; ancl p eeies of tl;te gener a 

Oyd'I.Sta. 1Trtlmlaea. onvolV1tZtts and Omnb1·etmn . 

n In I .water ~on~ th.e hor e thet:e .grows t he Mangr ove, Rhi~opho1·a 
~a,.,~gle L. the G1nn-er Lily, H edyclnum. m·ona?·ittm Koenig ; Eleoch

01
r-is 

genwulata (L.) . rown ; the Gentian Oattt mtbea spicata ubL · the 
tall Al·um, i\fuclta-1\fueka jJf ont1·icha1·dia Gll'bo?·escens (L.) chott . ~ ·t1· 
l'eci of X . H. ' Vl u - • · yns, 1.ppeast1·wrn, Utr-ic1tla1•ia and otb l 'S. 

SUMMARY OF TAXONOMIC TREATMENT 

llw~ 0 
batt mpt wa made at an ecological study of the 1·egion other 

t t ~t afforded by casual observation, t he " F lor a" being l ar gely a 
!x~nonu t reatment of the va cular plant of the r egion including li t 

o ... llnportant syn nym . des . . ...~. t . ' . . 
eli tribu . ' Cllpw.ve no e ' specimen r fel·ence ' gener al 

tlon an<l Jl tewot·thy r emarks. otnplete key to f amilies, gcnm·a 
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and species are included, based as far as possible on workable field char

acters. 
In the ''Flora'' the P teridophyta ar e r ep-re ented by 7 families, 17 

genera, and 30 species. 'l'he families r epresented are: Hymenophyl
laceae, Cyatheaceae, Polypodiaceae, Schizaeaceae, alviniaceae, Lycopo-

diaceae, lllld Selaginellaceae. 
The Monocotyledoneae are repre entcd by 21 families, 52 genera 

and 65 pecies. 'l'he gras. es and sedges are well shown, with 8 and 10 
gene1·a r espectively, and inter sting Monocot families are the Taccaceae, 
Rapateaceae, Haemodoraceae, Zincriberaceae, and Marautaceae. 

Among tb e Dicotyledoneae the1·e ar e 76 :families, 224 genera and 300 
species. '.I:he families r epresented by the most species are : Leguminosae 
with 38 species, Melastomaeeae with 37, Rubiaceae with 28 and the 
I\llalpighiaceae aud Compositae each with 14 species. ther families 
which are ~well r epreaented ru:e Piperaceae, Euphorbiaceae, Malvaceae, 
Myrtaceae, .Apocynaceae Asclepiadaceae~ onvolvulaccae, Verbenaceae, 
Bignonia.eea , and Acanthaceae. The following interesting families are 
also r epre entecl : Proteaceae, Olacaceae, Monimiaceae, Collllar acea , 
Vochysiaceae, Bombaceae and Ge neria ·eae. 
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PRELIMINARY REPORT ·ON THE PHYTOPLANKTON 
AND POLL UTI ON IN PRESQUE ISLE BAY, 

LAKE ERIE 

BY RussELL Y. GoTTSCHALL 

University of Pittsburgh 
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INTRODUCTION 

Fish are either directly or indirectly dependent upon the micro
plankton, the macroplankton and the bacteria for food material. The 
larger fish may live upon smaller fish and they in turn live either directly 
or indirectly upon the plankton and the bacteria. The larger fish may 
also also live directly upon the plankton. 

. I~ was therefore planned that the food supply be investigated since 
t~Is IS a matter o~ great importance in regard to fish life and popula
tiOn and that this phase be thoroughly investigated throughout the 
entire year. 

Pollution also may have some effect upon fish. Noxious material 
discharged int? the w~ter may kill them outright . . Bacteria may turn 
ov:r the orgamc matenal and in this way lower the oxygen content and 
raise th_e carbon dioxide content and so make conditions unfavorable. 

Until we know these conditions it is impossible to say just what causes 
the present low fish population in Lake Erie. . 

~en from the F ederal, Ohio, New York, and Ontario Commissions 
crmsed the deeper waters of Lake Erie during the summers of 1928- 29. 
It was thought that conditions in Presque Isle Bay and nearby points 
woul~ be of particular interest to the Pennsylvania Fish Commission 
so thlS work was taken up. 

M]: .. Herb:rt '1·aham start c1 the :inve tigation i.n F ebruary 1929. 
He r esl""ncd m J t 1 ' ~ . une o ta ;:e up imila.r work on the arneo-i Institute 
ma""n t1 . Iup "0 . · , " . · • a:rn gJe. The work was then taken up by myself 
undel· th chrection of r. 0. E . J enning . 

METHODS 

In order to obtain accurate results I·t was f d oun necessary to have 
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showing the position of the water intake pipe for the city water supply 
were chosen. They are shown on the map by station numbers 3, 4 and 5. 
One station at each end of the bay was also chosen and one at the Fish 
Hatchery pier so as to get a general survey of the entire bay. The depth 
of station 2 is 2 meters; 3, 4.5 m.; 4, 7 m.; 5, 5 m.; 6, 5 m.; 7, 4.5 m. The 
intake pipe for the Erie water supply is about 3! miles from the Fis.h 
Hatchery and about two miles from the shore of Presque Isle. It IS 

6 meters below the surface and 2 meters from the bottom of the lake. 
These stations were plankton collecting stations. Here samples for 

determination of oxygen, pH values and carbon dioxide content were 
also taken. Temperatures of the water were taken on the regular trips. 
The determination of oxygen, pH values and carbon dioxide however was 
not made until the end of the summer and so not many results were 
obtained. 

COLLECTING OF SAMPLES 

Samples from the bay were regularly taken twice a week at the three 
stations, 3, 4, and 5. Samples from stations 6 and 7 were taken about 
once a week and from station 2 every other day. From the intake pipe 
also, samples were taken every other day. 

Collecting was done by means of a weighted bottle lowered to the 
bottom of the bay. This method of collection was used exclusively 
during the summer of 1929. Samples were also taken in like manner 
six inches below the surface. 

Samples from the intake pipe were taken throughout the entire year 
but only twice a week during the winter months. The samples were 
taken, preserved with formaldehyde, well packed so as to avoid as much 
breakage of the delicate organisms as possible and sent to the laboratory 
at Pittsburgh where they were examined. This gives an index as to 
the content of plankton throughout the entire year which is, although 
not an extensive survey, an invaluable one. 

LABORATORY METHODS 

The samples brought into the laboratory were filtered through sand 
by the Sedgwick-Rafter method. . . 

Counting was done by means of a i cc. countmg cell and a Whipple 
micrometer. Two ! cc. portions per sample were examined . and 20 
counts made at random. The organisms were counted as to genera. 

The number of organisms in one liter was calculated by means of 
the following formula : 

Capacity of counting eel! in cubic millimeters cc in sample Units 
_ _:__..::....,=------,---....;:.,;;--:-.,---:::-;:-:-,----- x x 1000 =per 

Number of fields eounted ee in water filtered Liter 
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The organisms were averaged for two week periods and graphs made 
of the more abundant genera. 

The error by this method has been shown never to be greater than 
10 per cent. 

This method of concentration for study of the phytoplankton was 
used throughout the year. 

The methods of chemical analysis used are those in Standard Methods 
of water Analysis, except that a quinhydrone electrode was used to 
obtain the pH value instead of the methods as there presented. 

DISTRIBUTION OF GENERA 

The genera at one station were practically always found in the other 
stations in approximately the same numbers, taken on two week aver
ages. This is to be expected since the territory covered was only 4.5 
square miles and the conditions were practically the same excepting 
depth. 

A greater number of diatoms was found in the bottom samples than 
in the surface samples. The quantity of algae varied with the season 
both in surface and bottom samples. 

FLAGELLATAE 

Dinobryon was found distributed over the entire bay and part of the 
Lake. On the bottom it decreased from July 15th to August 31st and 
then increased toward the end of the summer. On the surface it 
increased until the 15th of August, decreased until September 15 and 
then again increased toward the end of the summer. 

CONFERVALES 

Cladophora glomerata was occasionally found in the samples. This 
species grows abundantly along the shores of the bay especially near 
the outlets of sewers. 

PROTOCOCCALES 

'chenc7 S??ms increa ed steadily from the middle of July until the 
n 1 of Septcmbel". It -vvas found at all stations over the entire bay. 

1'lle bottom amJlles contained m01·e of this genera than did the surface 
sampl , the maximlml concentration being 1,600 p r liter. 

olt:astt•u.m PolyecZt·vwrn Dictyo pha.e1'Mihn, Po,-plwydi1~m Bott·ycoc
c-us, Rlut7'Mdkun elenastt'1tm, Qua.cln·ict£la, and Actinastt·um were fotmd 
occasionally but tl1 y n ver r ached a l1i"'h concentration. 
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Characium, both attached and free floating forms, were found in great 

abundance during the summer. 
Oocystis was present in some quantity. On the surface water it 

decreased steadily from July 15 to August 31st and then increased until 
the end of September. In the bottom waters it remained at about the 
same concentration from the middle of July to August 31st. It increased 

to 1,250 per liter and again decreased. . 
Pediastrum was at no time abundant. The highest concentratiOn 

was 600 per liter. The bottom and surface samples showed very slight 

variation. 
Sphaerocystis on the surface increased from 1,450 per liter to 3,200 

per liter. On the bottom the concentration remained practically the 
same throughout the summer with but a slight increase at the end of 

August. 
CYANOPHYCEAE 

M erismopedia, Chroococcus and Oscillatoria were found throughout 
the entire bay. They were never very abundant. 

Microcystis reached its peak of abundance on the surface at the end 
of August, the concentration being 1,400 per liter. The bottom samples 
gave the peak of abundance in the middle of September. 

Anaebena on the surface waters reached its greatest abundance the 
middle of August. It fell rapidly and declined to 500 per liter at the 
end of August. It increased slowly until the end of September .. The 
bottom waters decreased in quantity from the middle of July until the 

end of September. . . 
Anaebena and Microcystis were sometimes so abundant as to be VIsible 

with the naked eye. The water at the boat landing at Water Works 
Park was sometimes green with these algae. 

BACELLARIALES (Diatoms) 

Navicula on the surface waters decreased until the end of August 
and then aO'ain increased. On the bottom it increased until the end of 
August, Q_e~reased until the middle of September and then again rapidly 

increased. 
Stauroneis Amphiproba, Pleurosigma, Cymbella, Encyonema, Coc" 

coneis Gomphonema, Nitzschia, Synedra, Diatoma and Meridian were 
occasi~nally found although never in great quantities. Thes.e rarer 
forms were practically always found at stations 5, 6, or 7, whiCh may 
mean that they grow in the pools of Presque Isle and are carried out 

into the bay at certain times. 
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Surirella was abundant throughout the entire bay. On the surface 
it increased from the middle of July until the end of September when 

a d crease was noted. 
p

1
·a.gtllada increased throughout the summer both on the surface and 

on the bo tom. It is one of the most abundant diatoms found in the 

waters. 
Asterionella was on the increase on the surface throughout the sum-

mer. The bottom samples showed an increase until the 31st of August 

and then decreased. 
Tabella1·ia on the surface showed an increase during the summer. 

On the bottom it increased until September 15th and then decreased 

slightly. 
Melosira was very abundant and increased during the summer. 
Stephanodiscus was found in small numbers throughout the summer. 

Very little difference was found between the surface and bottom samples . 

ABUNDAN1.' GENERA FROM INTAKE PIPE 

Algae were not found in very great numbers in the samples from 
the intake pipe. Occasionally Pedistntm, Oocystis, Microcystis, and 
Dinobryon were found but never in great quantities. This may have 
been partly due to the breaking up of these orga~isms by being drawn 
at miles through the pipes. 

The diatoms however were very abundant. Surirella, Fragillaria, 
Asterionella, Tabellaria, Melosira and Stephanodiscus were found in 
abundance. The forms occasionally found were Navicula, Stauroneis, 
Cymbella, Cocconeis, Synedra and Nitzschia. 

Surirella increased in August and then decreased in September. It 
reached its peak of abundance in September when 17,000 per liter were 
found. It then decreased to 100 per' liter in December and reached two 
sub-peaks in .January and March. 

Fragillaria increased until in the beginning of November when the 
concentration was 900,000 per liter. The concentration remained above 
600,000 until the middle of January, then decreased until March when 
300 per liter were found. 

Asterionella decreased until the middle of August and then reached 
a concentration of 93,000 per liter. It decreased until the end of Sep
tember and then increased to 250,000. It decreased until the middle of 
March to 62,000. 

Tabellaria also decreased until the ~nd of August and then reached 
the peak. of abundance at the end of September, the highest number 
found bemg 37,000. It then decreased rapidly. 
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Melosira is probably found in the greatest numbers of any of the 
diatoms. It reached a concentration of 700,000 in October and did not 
fall below 100,000 until the end of January. It then decreased steadily 
until March when 100 were found. 

Stephanodiscus increased from the middle of July until the beginning 
of November the concentration reaching 500,000 and then rapidly falling 
to 2,200. It again increased to 55,000 and fluctuated between this num
ber and 9,650 until April. 

BACTERIOLOGICAL INVESTIGATIONS 

Methods 
Samples were taken from 31 stations distributed over the bay in order 

to find the contaminated areas. The bacterial counts on gelatine and 
agar as given by Standard Methods of vVater Analysis and the tests for 
the coli-aerogenes group were made. Surface samples only were taken, 
there bei~g no apparatus on hand to take deep samples. The samples 
were taken on quiet days when the water was not stirred up. 

Results 

The entire bay was found to be contaminated, with the exception of 
a small part at Water Works Park on Presque Isle. Here the water 
from the lake seeps through the sand, purifying it. The largest num
bers of bacteria (150,000 per cc.) were found at the outlet of sewers 
and polluted creeks. The smallest numbers ( 60 to 80 per cc.) were 
found along the shores. These numbers however are not absolute but 
give only the number of obligate saprophytes and facultative sapro
phytes. The analysis however is a comparative index to the bacterio
logical content of the water. 

Among the plate colonies were found some . putrefying organisms and 
in some places pathogenic organisms were picked up. Staphylococcus 
aureus was found in some cases. 

CoNCLUSIONS 

1. The phytoplankton of Presque Isle Bay and the waters of Lake 
Erie just outside of Presque Isle Bay are very abundant both as to 
genera and numbers. The lowest number of phytoplankton found was 
30,000 per liter in July. 

2. The plankton content is sufficient to support a very large fish 
population. 

3. The waters of Presque Isle Bay and just outside of Presque Isle 
are contaminated with sewage from the city of Erie. The lowest num-
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ber of bacteria per cubic centimeter found were 60, the highest numb 
150,000. er 

4. No evidence has so far been found of anaerobic respiration or so 
low an oxygen content which would not support life. The lowest oxygen 
content was found in September, the per cent of saturation being 41 at 
station 2; the highest oxygen content was complete saturation in 
January. 

5. Much more work must be done in order to understand fully the 
conditions of the water in regard to fish life. 

FURTHER PLANS 

During the coming summer a much more intensive survey is to be 
made. In addition to bottle samples, tow net samples will be taken by 
means of a Hensen vertical closing net. Apparatus has been obtained 
to take .dee~ samples of water for bacterial and chemical analysis, oxygen 
determmatwn, pH values and carbon dioxide content. It is expected 
that this study will be carried on from the beginning of June until the 
end of September if possible. 

Work will be done in the lagoons of Presque Isle as well as in the 
bay. T~ese lagoons are favorite breeding places for fish and a complete 
survey of this water will be of great importance. 

List of phytoplankton determined: 

FLAGELLATE 
Dinobryon divergens Imhof. 

stipitatum Stein .. 
Halobryon mucicola (Lemm.) Pascher. 

Merismopedia tenuiaaima Lemm. 
Microcystis aeruginosa Kutz. 
Chroococcus limneticus Lemm. 
Oscillatoria sp. 

CYANOPHYCEAE 

Anabaena sp. 
fios-aquae Kg. 

PROTOCOCCALES 
Schendesmus arcuatus Lemm. 

dimorphus Kg. 
quadricauda (Turpin) 
bijugata Kutz. 

Coleastrum reticulatum Nag. 
microporum Nag. 

Ophiocytium capitatum Wolle. 
Characium Nagaelii A. Br. 

ambiguum Herm. 
limneticum Lemm. 

Polyedrium muticum A. Br. 
Dictyosphaerium Ehrenbergii Nag. 
Porphyridium 

1 
cruentum Nag. 

Ktz. 
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Botryoeoceus braunii Kg. 
Oocystis Borgei Snow. 

elliptica W. West. 
Chlorella ( ~) vulgaris Beyerinck. 
Rhaphidium polymorphum Fres. 
Selenastrum gracile Reinsch. 
Quadrigula lacustris Chodat. 
Pediastrum simplex Meyen. 

duplex Meyen. 
Actinastrum gracillium Smith. 
Sphaerocystis Schroeteri Chodat. 

Closterium Dianae Ehrb. 
pronum Breb. 

Cosmarium tetrapthalmum Kutz. 
granatum Breb. 
tinctum Ralfs. 

CoN JUG ALES 

Spirogyra tenuissima (Hass.) Kutz. 

Stigeoclonium sp. 
Cladophora glomerata Kg. 

CONFERVAT,ES 

BACELLARA I.ES 

Navicula longa Ralfs. 
cryptocephala Kg. 

Stauroneis phoenicenteron Ehr. 
Amphiproba ornata Bail. . 
Pleurosigma attenuatum Sm. 
Cymbella tumida (Breb.) V. H. 

cystula Hembr. 
Encyonema prostratum Ralfs. 
Cocconeis sp. 
Gomphonema capitatum Ehrb. 
Nitzschia sp. 
Surirella anceps Lewis. 

splendida Kg. 
saxonica ( ~) Lewis 

Synedr;J. sp. 
Tabellaria fenestrata (Lyng.) Kg. 
Fragillaria virescens Ralfs. 

crotonensis (Edwards) Kitton. 
Asterionella formosa Nassal. 
Melosira crotonensis (Bail.) Smith 

granulata (Ehrb.) Ralfs. 
varians Ag. 

Diatoma elongatum Lyngb. 
vulgare Bory. 

Meridion circulare Grev. 
Stephanodiscus niaga1:a Ehr. 
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GENETIC STUDIES ON THE PARASITIC WASP, 
HARBROBRACON JUGLANDIS (ASHM.) 

P. w. WHITING 

University of Pittsburgh 

ANNA R. vYHrTrNo 

Pennsylvania College · for Women 

The braconoid wasp, H. jug landis (Ashm.), parasitic on the caterpil
lars of the Mediterranean flour-moth, Ephest1:a kuehniella Zeller, has 
been for several years the subject of investigation in genetics. With its 
ten day generation, its convenient size (about 3 mm.) and the fact that 
it is easily reared in small shell vials, it is ideal material for this purpose. 

As in the honey-bee, virgin females produce from unfertilized eggs 
male offspring in gametic ratios. Mated females give rise to males and 
females, the latter developing from fertilized eggs. Normal inheritance 
is therefoce criss-cross like sex~linkage and has been called sex-linkoid. 
Females show dominant traits of both parents, while males resemble their 
mothers alone. Males in fact normally have no fathers and can have no 
sons, but through their mothers and daughters have grandfathers and 
grandsons respectively. 

From certain types of crosses, however, a few biparental males are 
regularly produced in addition to those normally expected. Such may 
be recognized since they show paternal as well as maternal traits. They 
have been called in contrast to their brothers anomalous or irregular vs. 
regular, patroclinous vs. matroclinous or impaternate, biparental vs. 
uniparental, and diploid vs. haploid. Like their few daughters they are 
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almost sterile, tend toward morphological abnormality, but display no 
intersexuality either in structure or in instincts. The cause or causes of 
their production and their genetic and chromosomal composition are of 
interest from the point of view of sex-determination. 

Habrobracon is being subjected to X-radiation and effects investi
gated. Sterilization and the production of genetic changes are the two 

phases of this work. 
. Mutations, whether X-ray or spontaneous, are being utilized in the 

solution of genetic problems. . 
These investigations are being conducted at the University of Pitts

burgh and at Pennsylvania College for Women. They are aide~ by 
grants from the American Association for the Advancement of Sc1e~ce 
and from the National Research Council (Committee on Effects of Radia

tion on Living Organisms). 

TH:ill LINKAGE RELATIONS OF LONG ANTENNAE 

PAUL R. DAVID 

University of Pittsb1wgh 

The gene ''long antennae'' is a simple recessive which lengthens the 
antennae by elongating the individual segments. The number of anten
nal joints is not increased, but the segments are ellipsoid rather ~h~n rec
tangular, and present an irregular, beady appearance. In additi~n the 
distal cell of the wing is shortened, and the wing is bent clown t ermmally, 

giving a spoon-like effect. 
Counts on several thousand individuals in the F 2 from crosses 

of cantaloup-eyed wasps with wasps having long antennae, and from the 

t l long by type show that the factors for cantaloup reverse cross, can a oup- , 
eyes and long antennae are linked, with a cross-over value of 11.5 ± .4 

per cent. c1 · h M t t y 1 
In tests of these factors with fused antennae an Wit u an e -

c1 · · t li'cl1 lightens the proximal joints of the antennae low-a om1nan gene w 1 
. 1· 1 · t The free segregation of fused and long may -no m mge IS apparen . . . 

c1 c1 t bl . 1 c1 though in the test w1th Yellow the numbers be regar e as es a IS 1e , . 
involved were not large enough to be altogether conclusive. 

three-point experiment involving cautaloup long, au~ a gene for 
· · cr v r value of 2 . + .5 per cent. 

clefective wmg venatiOn gav -
al d d fective and 30.0 + 1.9 pet· cent. between oug 

between cant oup an e · ' . , . 1 · f ~ef 
f 

· J! • 1 · " presumptive vH.lence :f r the ocatlOn o. Cl ec-
and de ectrv , ..:urms nub · 
t.ive and long on oppo ite ides of the cantaloup locu . 
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A more extended test was made with cantaloup, long, and reduced, 
the latter being a g·ene which shortens the wing, broadens it distally, and 
somewhat modifies the venation. It was intended to use this experiment 
as a test for linkage with reduced, and at the same time to determine 
whether age had any appreciable effect on the crossing-over between 
cantaloup and long. To this end, the females heterozygous for the three 
factors were set within twelve to eighteen hours after emergence and were 
transferred to new culture vials every 48 hours. The first bottles in 
which the females were set ·were labelled a, the second ones b, and so on, 
so that the lettering of the bottles was an index to the age of the mothers 
at the time the progenies in them were produced. Nearly three thou
sand wasps were counted in this experiment. 

Upon analysis of the results, the cross-over value was found to fluc
tuate, being high in the a and b bottles ( 12.5 per cent.), dropping· in c 
(9.2 per cent.), with a rise in bottles d and e (to 10.1 per cent.), another 
decline in f (8.8 per cent.), and a final maximum value (13 per cent.) 
in the g and subsequent vials. These differences are not statistically sig
nificant, however, and the only one which approaches statistical signifi
cance is the drop between the b and c series, which is not quite three and 
a half times its own probable error. Grouping the a and b series to
gether, the c through f bottles, and the g through l 's, which at first looked 
like a promising approach, gave no difference more than 2.75 times its 
own P.E. 

In this same experiment, however, an altogether unexpected and sur
prising result came to light. The factor reduced gave no evidence of 
linkage with either cantaloup or long but, on the other hand, gave a 
recombination value with each of them considerably greater than would 
be expected from random segregation. The cross-over value between 
long and reduced was 52.5 + .6 per cent. This exceeds the one to one 
ratio by nearly 4.2 times the P .E. Moreover, this phenomenon was re
stricted to the a-through-e bottles, in which the recombinations consti
tuted 53.7 -t- .67 per cent. of the 2400 progeny, which differs from 50 per 
cent. by five and a half times the P.E. In the later bottles, f through l 
(573 individuals) there were only 47.6 -t- 1.4 per cent. recombinations, 
which is well within the range of a one to one ratio, but is sufficiently 
smaller than the value appearing in the early bottles for there to be high 
probability that the difference ( 6.1 + 1.6) is significant. The mothers 
of these wasps were from a cross of cantaloup-long by reduced; the 
"coupling" cross of cantaloup-long-reduced by type has still to be made, 
but in the meantime the explanation for this curious situation is not ap-
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parent. The possibility of its interpretation on grounds of differential 
viability seems remote after examination of the data from this angle and 
comparison with other viability data on Habrobracon. Too little is 
known of the actual mechanism of normal crossing-over to theorize on a 
possible mechanism that would produce excess cross-overs, but one specu
lative suggestion might be ventured: if crossing-over is due to the mutual 
exchange of parts between chromosomes that have twisted about each 
other or have overlapped terminally, might not a chromosome that is nor
mally bent, rather than straight, tend to cross over more often than not~ 

LINKAGE OF FACTORS FOR EYE-COLOR 

BY c. H. BOSTIAN 

University of Pittsbu1·gh 

Four mutant characters in Habrobracon, orange, miniature, canta
loup, and long, seem to fall in the same linkage group. Orange is an 
eye-color recessive to type. Miniature reduces general body size and 
antennal length, and changes the outline of the anterior wing. The 
characters cantaloup and long have been described by P. R. David . 

At the meeting of the Academy last year P. \¥. Whiting gave data 
shovving close linkage between the loci of orange and miniature, the cross
over value being approximately 10 per cent. He also brought out that 
miniature is semi-lethal, only 45.5 per cent. of expected males reaching 
maturity. 

David has shown that close linkage also exists between cantaloup and 
long. 

To see how these two pairs of factors ·would segregate against each 
other, orange miniature males were mated to cantaloup long females, and 
the sons of the F 1 females counted. Examination of the data shows that 
the cross-over value for o and m is practically the same as that reported 
by Whiting. The cross-over value between c and I, however, is smaller 
than that reported by David, it being about 7 per cent. in my data. The 
classes containing m are small because only approximately 45.5 per cent. 
of miniature reach maturity. The classes containing both m and l are 
smaller than those with m alone. 

On the assumption that o and m segregate independently of l and c, 
the classes type, omlc, om, and lc were expected to be equal except for 
lethality of miniature. The class lc is actually much larg·er than type, 
and the class om is more than 45.5 per cent. of type. This disagreement 
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can ~e explained by assuming linkage between the foci for m and I. 
cordmg to actual data this linkage may exist: 

Ac-

m type m 
l 771 405 

1 ml 
936 176 

Only the non-miniature can be used in calculating the cross-over per
centage because of the differential viability of the two miniature classes. 

type 771 
type+ 1 = 1707 = 45.1 -+- 1.2 per cent. (S.E.) 

The standard error here is less than one-fourth the difference between 
the cross-over value and 50 t · d · per cen ., or m ependent seO'reaatwn and 
the value is thus statistically valid. 

5 5 
' 

. Assuming .then that the two groups of linked factors are themselves 
m the same lmkage gToup, the smallness of the miniature long classes 
remains to be explained. Apparently the lethality of miniature is in
creased considerably by the presence of long. But for lethality the 

F, Males f?·mn Orange Miniatim·e Males orossec1 with Long Cantalo11 p Females 
Composition of F, Females: 

o m 

I II 

Regions of 
Crossing- Classes 

Over 

Straights om 
lc 

X-Overs 
I m 

ole 
II type 

omlc 
III I 

orne 
I, II 0 

mlc 
I, III ol 

me 
II, III oml 

c 
I, II, III oc 

ml 

Expected 

736.3 
766 

87.9 
90 

652 
653.4 

62 
63.9 
74 
61.4 
18 

2.2 
44.3 
39 
6 

13.1 

3366.5 

c 
III 

Actual 

335 
766 

40 
90 

652 
149 
62 
29 
71 
74 
18 
1 

10 
39 
6 
3 

2288 
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classes type and omlc should be equal, because they are alternate classes. 
The omlc, however, are only 22.7 per cent. as numerous as type. 

For the purpose of further analysis the classes containing m and ml 
were increased to expectation without lethality. 

The loci of o and c show a cross-over value of 48.3 per cent., which is 
very near independent segregation. 

The loci of m and c, and likewise of o and l, show a cross-over value 
of 47.1 + 1.03 per cent. The difference from that expected with inde
pendent segTegation is almost three times the standard error, which was 
computed by using 2288 as N instead of 3367, the total of the increased 
numbers. , 

On the basis of the various cross-over values and the nearness of alter
nate classes to each other, the genes o, m, l, and c may all be linked, hav
ing the linear arrangement shown in the table. 

A FACTOR FOR FUSED ANTENNAE AND TARSI 

BY NEITA C. BosiAN 

University of Pittsburgh 

In February, 1929, a peculiar looking male with much shortened 
antennae was found in a culture of wasps. The student who found this, 
thinking it might be a mutation and not a freak, mated it to a type 
female. The daughters were normal ·but in the second g·eneration the 
character reappeared in the expected 1: 1 ratio, proving it to be a 
recessive mutation. 

These F 
2 

individuals were examined more closely to see to what 
extent they differed from the normal. It was found that in all cases the 
joints of the antennae were so fused together as not to be. ~isting~is~
able. The antennae vary considerably in length, among different mdi
viduals but are always shorter than those of normal males. The tarsi 
also ar~ much shortened, with the joints fused, making it difficult for 
the individual to maintain its balance. The same mutation also produces 
another variation from type, an indentation at the end of the costal vein 
of the wing. The differences from normal are easily distinguishable 
among several thousand wasps which have been counted. T~e gene w~s 
termed ''fused'' from its influence on antennae and tarsi, though 1t 

really has multiple effects. . . . . . 
The fused males have great difficulty m wallung and m matmg With 

normal females. Also in some breeding experiments there appears a 
slight decrease in viability, many dying in the pupal stage. With the 
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character 1Javing· . uch effects on a haploid individual w w nd r d what 
the homozygous females would ·be w~e . •r ts showed the female much 
les viable and completely st l'ile. P rhaps the sterHity is du to the 
fact that the femal s cannot stin caterpillars and th11 obtai 1 nutd
ment. Wllen given . tlmno •aterpillats they likewis ao not eed and 
hence are unable to develop eggs. 

Breedin"' work lms far ha given ome peculiar r esults nnd mor 
m. t be clone to d termine th ignifi.cance. 'l'ests show apparent linkage 
w1th another factor, reduced in the fourth chromosom . 

SELECTION FOR BIPARENTAL MALES 

BY D. R. CHARLES 

Univm·sity of Pittsburgh 

As. a definite measure of the number of biparental males a~ong the 
~ffsprmg .of a eros~ or,~roup of crosses in Habrobracon, the "percentage 
t>f m~le b1parentahsm has been adopted. It is expressed as the number 
of biparental males in a group divided by the total biparentals male 
and female. ' 

Anna R. Whiting crossed black-eyed males of a number of different 
st.ocks. to orange-eyed females all of the same stock, and found the 
o:ffspn~g from ~ach type of. cross to show a characteristic percentage of 
male b1parentahsm. She also mated black-eyed males all of the same 
stoc.k to orange-eyed females of a number of different stocks, finding 
agam that each type of cross produced a characteristic percentage. Not 
all the fraternities, though, included biparental males. 

These percentages may range from less than 2 to more than 10. That 
is, these same percentages of all the fertilized eggs that survive· to the 
adult stage become biparental males rather than females. 

The production of biparental males, then, is influenced by both father 
and mother, and the tendency to this production appears to be inherited. 

Now it would seem a sufficiently reasonable question to ask whether 
one could, by one means or another, change the percentage of biparental 
males characteristic for a cross between two ·stocks. 

The first method attempted was to expose orange-eyed females to a 
variety of X-ray dosages before mating them to black-eyed males. The 
results, reported at the P ennsylvania Academy meeting·s last year, indi
cated that the treatment could not have had more than a slight 'effect if 
any, in changing the normal percentages of male biparentalism am~rig 
the offspring of these females. 
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A d means used for testing the possibility of increasing ~ale 
secon . d 'th · b dmg 

biparentalism percentages has been selection, co~bme w1 m ree · 
More promising results seem to have attended th1s effort. 

Now, a recessive female (with orange-eyes, for example) _must be 
mated to a dominant male (with black eye~) in order t~at biparental 
males may be detectable among the offsprmg. T~ey will have black 

l .k their sisters while the normal brothers w1ll have orang~ eyes. 
eyes, I e ' nl ll twn of 

A series of such crosses was made, but o y a sma propor 

them produced biparental males. 
The sisters of these males, mated to their normal orange-eyed broth-

a Ced orange and black males and females. Biparental males 
ers, pro u . . . 

ld t Of course be detected m th1s generation. 
cou no , ' · t of 

Orange~eyed females, produced by the black heterozygous s1s ers 

b
. t 1 males were mated to their black-eyed brothers. Among the 
1paren a ' . . b' t 1 les were 
ff · females of those fraternities contammg 1paren a rna o sprmg, . t f male 

.again selected for continuing the stram. Thus percen ages. o 
biparentalism could be calculated only in every other gene~atwn. . 

Observations have now extended through eleven genera~wns of ~h1s 
·strain, the six odd-numbered generations furnishing male biparentahsm 

percentages. ' . . th 
If one splits these odd-numbered generations mto two groups- ose 

fraternities that contain biparental males and those t~at do not-the 
male biparentalism percentage within the group that did pro~uce such 
males shows no consistent increase from generation to generatwn: 

If however all the females and biparental males be totalled m e~ch 
eneration and percentages of male biparentalism be cal~ulated a _fairly 

g · · Obviously this is because of mcrease m the steady mcrease IS seen. . 
proportion of matings producing biparental males0 For the SIX genera-

tions these percentages are: 8, 15, 56, 61, 72, and 8 . . . . 
The tendency to produce biparental males is then hereditary, ywldmg 

to selection. · h · · 
t f male biparentalism decreases wit mcreasmg 

That the percen age o . . 
· h by vials a b c d through which she IS succes-

age of mother 1s s own ' ' ' ' . b' 1 . · 
1 

d T talling vials in all fraternities producmg Iparenta 
.s1ve y passe . o 
males, we have the following : 

b c d 
Vial- a 

Percentage+ S.E
1 
.. of 

1196 
~ 34 7 71 + 57 7.77 + .73 5.41 + .75 

. male biparenta 1sm · = · · - · 
· · t d from vial a to vial b, and from vial a to 

The two s1gnlfican rops, ~~ -"'-~--'--
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THE GENETIC COMPOSITION OF BIPARENTAL MALES 

BY MAGNHILD M. TORVIK 

University of Pittsburgh 

It has been, for some time, an established fact, that biparental males do 
occur in Habrobracon. Unlike their impaternate, haploid brothers these 
males resemble their biparental diploid sisters in showing either the 
dominant traits of their fathers or those received in the egg from their 
mothers-that is, they show the dominant traits of both parents. 

It was at first supposed that they might be haploid mosaics. Anna 
R. Whiting (1928) showed that when the dominant members of two 
allelomorphic pairs affecting one and the same part of the body (the 
wings) were contributed by opposite parents, both dominant traits 
appeared in the wings. This disproves mosaicism and indicates, though 
it does not prove, diploidism. 

A similar situation obtains with respect to eye color. The two loci 
involved in the production of eye color are the ivory locus of the first 
chromosome and the cantaloup locus whose linkage relations have not 
as yet been completely determined. Crosses of ivory females by can
taloup males gave, in addition to ivory males and black eyed females, 
25 black eyed males. These biparental males, like their sisters, receive 
the dominant allelomorph to cantaloup from their mother, the dominant 
allelomorph to ivory from their father. These complementary dominant 
factors produce black eye color. 

A further step will be to demonstrate the presence of homologous 
chromosomes in biparentai males by means of linked factors. Cantaloup 
and long have recently been shown to be rather closely linked. Can
taloup females are being crossed to long males. A few biparental males 
have been obtained. These are black eyed and normal winged and would 
seem, therefore, to contain homologous chromosomes, the dominant 
allelomorph to long being brought in with cantaloup by the female, the 
dominant allelomorph to cantaloup being broug·ht in with long in the 
homologous chromosome of the male. 

Still better evidence of diploidism of biparental males is found in 
those cases in which dominance is variable. Females carrying the two 
allelomorphs, light (ocelli) -ivory (eyes), at the orange locus show 
dominance of ivory in ocelli but of light in eyes. Their biparental 
brothers resemble them in this respect and thus demonstrate a duplex 
condition of this factor. Such a combination would be impossible in a 
haploid male . 
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Inheritance of the two pairs of factors yellow· (antennae) and short 
(wings) determining variable characters has been studied and biparental 
males have been found to be intermediate between the two types of 
haploid males (normal and mutant). This indicates a diploid condition 
for these factors in biparental males. 

It has been suggested that there may be a sex chromosome for which 
these biparental males are simplex. Each new mutation must be tested 
with this in mind. Eleven loci have been tested to date. Data thus far 
obtained suggest that biparental males are diploid for all chromosomes 

studied. 
Another proof of the diploidy of biparental males might be obtained 

from their daughters. Although biparental males are almost always 
sterile they will occasionally produce daughters. The latter, in almost 
all cases, show only the dominant traits of their male parent regardless 
of how these traits entered his composition. These males, then, do not 
behave like diploid individuals in that they do not segregate recessives. 
In order to explain this discrepancy it has been suggested that the sperm 

may be diploid. 
If the sperm of biparental males are diploid their daughters may be 

expected to be triploid. They must possess some irregularity in chromo
somal constitution since they are often morphologically abnormal and 
rarely produce offspring. 

The triploid nature of these daughters is being tested at present by 
means of two linked (Aa and Bb) and one independently segregating 
( Cc) pairs of factors. Each dominant is being brought in by a different 
individual. The biparental male will result from the union of egg 
(Abc) with sperm (aBc). He (AaBbcc) will be mated to a female 
( aabbCC). If the daughters from this cross show all three dominants, 
this will indicate probable triploidism. 

A MICROSCOPIC STUDY OF THE EFFECTS OF X-RAYS 
ON THE OV ARIOLES 

BY EDWARD McCRADY, JR. 

University of Pittsbj;?·gh 

First a study was made of the normal anatomy of the abdomen of 
Habrobracon females. It \vas found that two physiological conditions of 
the individuals present very different histological aspects, and these had 
to be analyzed before a legitimate comparison could be made • with the 
irregularities found in X-rayed sterile specimens. 
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The females, if supplied with caterpillars, will feed on them exclu
sively. However, if caterpillars are not accessible, they will feed on 
honey water. They can be kept on this diet indefinitely, and will be per
fectly normal in every respect but one-they become completely sterile. 
It was necessary to know the histological aspect of this sort of sterility 
before one could be certain what cellular irregularities found in X-1·ay 
sterility were peculiar to the X-ray effect. An examination of serial 
sections revealed that three organ systems were affected. The digestive 
tract had changed primarily in the enormous extension of the crop, 
which had come to fill most of the anterior end of the abdomen, even 
reflecting itself back over the proventriculus and the anterior end of the 
ventriculus so as to cover them on all sides. The crop is not a digestive 
organ in the true sense, · but serves for storage; and its enlargement is 
probably only the result of distension under pressure of the large quan
tities of honey imbibed. The fat body, on the other hand, had undergone 
physiological reduction. The whole organ was exceptionally small, but 
the individual cells appeared normal in size. Their fatty contents in 
most cases showed evidence of emulsification, and it was apparent that 
digestion of them had set in to fill the needs of the animal during fat 
starvation. In the genital tract the most extensive changes had oc
curred. The ovarioles were reduced to a mere vestige. The oocytes and 
ova were resorbed, and only the anterior apical fifth containing the 
oogonia was intact. The rest of the genital tract posterior to the ovari· 
oles (i.e., the oviducts, vagina, receptaculum, and bursa copulatrix) was 
not harmed. It is interesting in this connection that a restoration of the 
caterpillar diet results in a restoration of fertility after a few clays. This 
indicates that the oogonia have supplied the lacking ova. 

The experimental animals were subjected to several different X-ray 
dosages. Three degrees of sterility were observed. The first sign of a 
sterilizing effect came when certain individuals exposed to a relatively 
small dosage became sterile after laying eggs for several days. The ster
ile period lasted about a week or a little more, at the end of which normal 
fertility was regained. A higher dosage gave a similar initial result, bnt 
allowed no subsequent restitution of fertility. Finally a dosage was 
found which produced immediate and permanent sterility. I shall refer 
to these three types as delayed temporary, delayed permanent, and im
mediate permanent sterility respectively. The histological aspects of the 
three differ in certain essential respects. 

In normal caterpillar-fed females the ovarioles ate divided naturally 
into three distinct elements in antero-posterior alignment. The most 
anterior is the slender apical region which contains nothing but oogonia. 
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Posterior to this is the region of the follicles, where the oocytes are sur
rounded by the chorion cells, and derive nourishment from the nurse 
cells. The last region posteriorly is the very much enlarged storage por
tion containing only mature ova and occasionally secondary oocytes. 

These three regions also represent three degrees of activity among the 
germ cells. The most active group is the middle one where the first 
maturati~n division, the accumulation of yolk, and usually the second 
maturation division occur. The next most 'active group is the anterior 
one where normal mitotic divisions of the oogonia take place. The third 
group usually has no mitotic divisions, but contains for the most part 
the mature eggs. 

Now if X-rays do have a higher lethal effect on dividing than on 
stable cells, we should expect these regions to be disabled in the order : 
two, one, three. In other words, with the least effective dose only the 
second or oocyte region should suffer. With a slightly higher one, both 
this region and number one (i.e., oocytes and oogonia) should be 
affected. And finally, with a sufficiently high dosage one should be 
able to kill the cells in all three parts, the adult eggs being the last to 
succumb. This sequence of susceptibility would produce exactly the 
three types of sterility which we have observed, and in the same order. 
When only the oocytes were affected, the mature eggs would be laid in 
the first day or so, a period of sterility would follow, and eventually the 
oogonia would replace the lost oocytes so that fertility ·would be restored 
(delayed temporary sterility). In the second case, the oogonia would 
be lost also, so that no restoration of the lost oocytes could take place 
(delayed permanent sterility). In the third case, since the mature eggs 
would also be dead, no eggs would ever be laid after raying (immediate 
permanent sterility). The actual phenomena of X-ray sterility accord, 
then, in every detail with what might be expected on the hypothesis 
that kinetic cells are more susceptible to lethal injury from X-rays than 
are stable cells . 

. A further confirmation of this hypothesis comes from the actual 
visible effects in my microscopic slides. Here is an opportunity to 
examine in cross section a complex assortment of different kinds of cells, 
and to observe just which sorts are selected by the X-rays, if there 
.actually is any differential susceptibility. 

That the effect is selective is at once obvious, for certain whole sys
tems of organs are intact, so much so that the normal viability of the 
individual is unaffected. No dosage has yet been given which affects 
any cells of the digestive tract, muscles, nervous system, heart, or sting 
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apparatus. The only two parts affected at all are the genital tract and 
the fat body. 

Now the fat body is perhaps the most variable organ in the abdomen. 
During fat starvation it is reduced to a mere vestige; and when fat is 
plentifully supplied it expands to fill the interstices of the abdomen, 
almost obliterating the remnants of the body cavity, and forming a 
compact matrix for the viscera. Furthermore when it is in its most 
reduced condition the cells that are left are fairly normal in size. This 
means that when fat is accessible a rapid multiplication of fat cells pro
vides storage for it. As all of these X-rayed females were well fed with 
caterpillars, this tissue was at the time of irradiation a very active one. 

The other system affected, the genital tract, exhibits within itself even 
a further selection. It happens that only the anterior half, only the 
part made up of actively dividing cells, is harmed. Here there is a 
complete degeneration of the cells, not a r e orpt ion a the f r agments ar e 
till apparent scattered through the abdomen. But t he oviducts, the 

r eceptaculum, the vagina, and the bur a copn.latrix are in p rfect con
clit ion. These unaffected par ts of the genital tract, together with all 
the other unaffected tissues of the abdomen, have been completely table 
ince the tim of pupation. 'l'hi seems to me to be very convincing 

evidence o£ differential lethality a far a active and re ting cells are 
cone rned. 

TWINNING IN CHICK EMBRYOS 

BY STELLA l\1:. HUGHES 

.tlnnville 

(Paper not submitted) 

A CASE OF A POLYDACTYLOUS CAT 

BY RussELL E. MoRGAN 

L ebanon Valley College, .tlnnville, Pa. 

About a year ago, Professor Derickson brought to my attention a 
polydactylous cat which had just died. The feet, each of which bore a 
supernumerary digit, were radiographed and the skeleton was mounted. 
The matter was not investigated further. Recently Professor Light dis
covered another polydactylous specirp.en. The front paws of this animal 
were manipulated in a queer fashion. When the cat was standing, the 
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paws had the appearance of large mittens laid flat on the ground. When 
the cat clawed at an object, the digits were spread much like a half
clenched fist. It was the unusual size and action of the paw that first 
attracted attention to the anomalism. Desiring to compare conditions 
with the first mentioned case, photo and radiographs of the feet were 
made. Polydactility was the only abnormality encountered. Each foot 
was studied separately, special attention being paid to the front feet. 
It is of interest to note that both specimens studied were from litters of 
cats whose parents were polydactylous, proving quite conclusively that 
the peculiarity is hereditary. One litter contained three kittens : one 
normal female, one normal inale, and one polydactylous male. 

A supernumerary digit is the most conspicuous abnormality in the 
external appearance of each foot. The proximal pad of each front foot 
appears to be rwrmal. The large central pad on both front feet has a 
lateral extension which is approximately one-third the size of the large 
pad and which extends proximad. Five of the digits have normal pads. 
A sixth bears a double pad. On the right foot this digit also has a double 
claw, but only a rudimentary double claw appears on the same digit of 
the left paw. In both feet, this digit occupies the place of what normally 
would have been the index. The pads on the rear feet are normal in 
shape, the additional digit bearing a single pad. 

X-rays of the feet revealed the presence of s11pernumerary phalanges, 
metacarpals, and carpals. As a basis of comparison, a normal cat was 
radiographed and the differences noted. In brief review it can be stated 
that the normal front foot, following the carpus of seven bones arranged 
in two rows, contains five metacarpals with a digit attached to each. The 
pollex has two phalanges; the other four have three each. The abnormal 
right foot contains nine carpus bones. A normal scapholunar, cuneiform, 
and pisiform, and a normal trapezium, trapezoid, magnum, and unciform 
appear to be present. In addition, there seems to be a small central 
carpus bone, comparable to the centrale found in the lower vertebrates. 
Two additional bones also appear in the distal row. Davison, in his 
"Mammalian Anatomy," offers a plausible explanation for this. He 
says, ''In all mammals possessing five digits the anlage of three bones in 
the proximal row, five bones in the distal row, and a central element 
occurs in the embryo, but through fusion of elements a less number is 
present in most adults." It may be possible that the fusion of the carpus 
bones has not been complete in this case, resulting in the condition now 

existing. 
An additional metacarpal can be noted. Five of the metacarpals are 

approximately the same size; a sixth is only slightly smaller. There are 
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three phalanges on each digit. This is a further abnormality in that the 
normal pollex has only two phalanges and its metacarpal is usually much 
smaller than the others. 

As previously mentioned, the second digit from the medial side seems 
to show the most abnormal situation. It will be remembered that this 
is the one bearing the double pad and claw. The phalanges of this digit 
are disarranged. The proximal phalanx is normal, but the second is 
bent backward to point proximad, while the distal phalanx is again 
turned to point distad. This is the case in both fore feet, and, as far 
as can be learned, is not the result of an injury. The fact that both of 
these abnormalities are symmetrical seems to establish this statement. 

The left front foot, with the exceptions already named, has the sa_me 
abnormalities. 

The rear feet also bear a supernumerary digit, which, as far as can 
be learned from the X-ray photographs, is a development of the rudi
mentary digit found in the normal cat. It will be remembered that a 
normal cat has a tarsus of seven bones, four normal and one rudimentary 
metatarsals, and four digits, each made up of three phalanges. The foot 
of the abnormal cat does not show the rudimentary metatarsus, but in 
its place is the complete digit. It consists of a metatarsus approximately 
two-thirds the size of the others, and three phalanges. Externally, the 
digit occupies the same position as the pollex on the front foot of a 
normal cat. 



PLATE IV 

B 

.. 

FEET OF POLYDACTYLOUS CAT 

A. Right front paw showing pads. 
B. Left front paw showing pads. 
C. X-ray of right rear paw. 
D. X-ray of right front paw. 
E. X-ray of left front paw. 
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TWO-HEADED SNAKES 

BY v. EARL LIGHT 

Lebanon Valley College, Annville 

95 

Two-headed snakes are not altogether rare, and accounts of their 
occurrence appear time to time. Abnormal animals such as these are 
at a decided diJ advantage in their strnggle for existence and this prob
ably accounts for the fact that most of the pecimens observed are very 
young. Mr. Ditmars, curator of r ptil in th New York Zoological 
Park, however, calls attention to a two-headed mille- nake which be had 
in captivity for sev ral month and which in all probability was about a 
yea!.' and a llalf old. 

Double-heacleclness in snakes ha been ob erved in opperhcads, bull
snake , black, ~'>'arter, milk, rattle, hog-nosed and king-snake . 'rhe degree 
of double-headcdncs · has be n foun 1 to vary from a bare indication of 
double-headedne · to a complete paratio11 of the hvo heads for a di -
tance of about two inches. 

Two instances of double-headedne s have come to my attention re
cently. The one-a garter suake (1ham,nophis vl'tallis) was loaned to 
me by the m eum of the D partment of Agricultme at al'l'l burg. 
Thi pecimen was found in the vicinity of Orb·i onia, Penn ylvania, and 
ha been preserved for some time. The other-a water snake (Natt-ix 
f a; ciatu ) was fotmd by veral boy along the bauks of the Quitta
pahilla Creek at Annville about the year 1850, and through the genero ity 
of Mr. Thomas Stein is pre erved in the .Annville High School. 

Both of the ·e nakes are small and in all probability were found soou 
after birth. Nothino- is known a to tlte b bavior of either of the snal{es, 
or as to th length of time they were k pt alive. In each ca e the two 
head are eparate to a point a short distance po terior t the eye . The 
mouths and ey ru:e di tinct and fully form d. The basal plates of the 
heads are joined. 

X-ray show that the bony skel~ton of the garter . snake i fl1lly 
formed but only a t1·ace of a bony ·keletou can be seen in the head region 
of the water nake. If the snakes, being about the same ·ize, were ap
proximately the same age when found, then the X-rays r veal the fact 
that the bony skeletal stnwture of a garter snake is completed early in 
life while that o:f the water snal<e req1tires a lono-er time to change from 
a cartilaginous to a bony character. 



PLATE V 

X-RAYS OF GARTER SNAKE (Thamnophis sirtalis) AND WATER SNAKE (Nat?·ix fasciatus). 
THE CARTILAGINOUS SKELETON OF THE YOUNG WATER SNAKE NOT BEING 

APPARENT IN THE X-RAY 

A. Two-headed water snake (Natrix fasciatus). 
B. Two-headed garter snake (Tharnnophis sirtalis). 
C. X-ray of water snake, does not show cartilaginous skeleton. 
D. X-ray of two-headed garter snak.e. 
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CHROMOSOME NUMBER OF THE MALE OF THE 
FIRST FORM REPRODUCTIVE CASTE OF 

RETICULITERMES FLAVIPES KOLLAR 

BY JOSEPH MOHNEY BENKERT 

Univm·sity of Pittsburgh 

97 

'.Vhe cytological work done upon the mal nym.pb of the fu· t form 
r producti e ca te of Reticul-itel'rnes flam:pes Kollar is the fir t -part of a 
~tudy to determine whether or not there are any observable chromosomal 
variations associated with ca te differentiation. It is hoped that an 
answer to this que tion will help solve the problem of caste origiu which 
luts puzzled zoologists for so long a time. 

'rhere are five ca · es di tingui hable in a colony of these termite . 
Two o£ these ca te: are blind and sterile. '!'he other three ltave eyes and 
are fertile. Tl e most obvious character by which the variou ca tes may 
be recognized is the pre ·ence or ab ence of wing or wing v stiges. The 
three reproductive castes are: (1) the fir t form reproductive caste, long 
·wing possessed during the swarming period and afterwru:d remaining 
only as short stubs, the o-callecl "scales"; (2) the second form r pr . 
ductive caste, short cale-like wing pads, ve. tiges of wing ; (3) the third 
form r productive caste, ab ence o.f Willer· o ·wing pad . 'l'he two sterile 
ca tes are: (1) the wo:t·ker, small head, small body, no wings, both exes; 
(2) the soldier, la1·ge h ad with mandibles very much enlarged, mall 
bo l;r, no wing , both . e."'':es. 

t present two views are 'bel~ as o the origin of a t . The fu·st 
and older view pon ·ore :t by B. Gra i and A. Sun tia · in theu· paper of 
1 D3- 94 entitled, 

11 
o tituzion viluppo della socie a d i 'l' rmitidi. '' 

.il.tli. cad. G·ioenia c1t1: ci. nat. atania, and in their pap r of 1896-97, 
entitle i, ''l1J1e Constitution and devclopm nt of: the . oci ty of termites; 
ob crvation on their habits; with appendices on the para itic protozoa 
and on the Embtidae," trau lated by '1'. H. Blanclionl Q·na·1·. Jow·. 
Jl{·ic?·. oc., Vol·. 39-40, l10ld that the cau. es for variation are extrinsic, 
food a11il care etc. The second au 1 1 t rec nt vi w is pon ored by 

atoline urlinn Thomp on ill a paper ntitl d 'Odgin of the aste 
of the ommon 'f rmite Leucotennes fla•ui1Je ollar" and ubli hed h . 
the Jo?t?'l/tal of 1Jtor1Jhology, Vol. 30, 1917- 18 holds that all tel'mit ca te 
are predeterm..in 'l in the g; that some cas e a1· listiugui hable ither 
by external or internal cllaract r ., at th time of hatchino- while other. 
may appear con ide~·ably later in the our. e of development. Thomp on 
.make tl1i tat ment, "Instead o£ a snmin the pr nee of the charac-
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ters of all the different castes in a single egg and in all the eggs, how 
much simpler is the assumption that there are different kin~s of eggs, 
and that each egg contains the predetermined characters of a smgle caste. 
\Vith this assumption, the structural differentiations of the various 
castes or their protoypes, may be looked for at the time of hatching." 
If Thompson's assumption is correct, the genetic constitutions of the 
zygotes are the controlling factors in their differentiation into the various 
castes. Furthermore, it is not altogether improbable that there may be 
observable chromosomal variations associated with caste differentiation. 

The nearly matured male nymph of the first form reproductive caste 
was selected as suitable material for perfecting the necessary technique. 
The r easons for doing this were that it could generally be found in ~he 
stock colony raised in the laboratory, and that the male reproduct~ve 
organs gave better cytological preparations than the fem~le reproductive 
organs. The gonads (about .3 millimeter thick) were dissected out an_d 
immediately fixed in Carothers' modification of Allen's ~~ 15. T_his 
fixative is prepared and kept in two stock solutions. Solution A consi~ts 
of 75 c.c. of a saturated aqueous solution of picric acid, 15 c.c. formalm, 
10 c.c. glacial acetic acid, and 1 gr. of urea crystals. Solution B con
sists of a 50 per cent. aqueous solution of chromic acid. Four drops of 
solution B are added to every 5 <;-.c. of solution A just before using. Ap
parently tissue can remain in this fixative indefinitely without appre
ciable damage, although several hours was usually the time required for 
thorough fixation. Dehydration with alcohol was carried out in 5 per 
cent. steps. The tissue was kept in 70 per cent. alcohol at least 48 ho~rs 
to remove the picric acid crystals. Before the tissue was clea:ed w:th 
aniline oil it was stained lightly with alcoholic eosin so that orientatiOn 
in paramn' could be accomplished mor~ successfully. ~ith:r chloroform 
or xylol can be used in preparing the tissue for embed~mg ~n a low melt
ing-point paraffin. Tissues were cut at two, four, SIX, eight, and ten 
microns. Sections from six to ten microns in thickness were found to 
be the best for study. The material was stained with Haidenhain 's Iron 
Haematoxylin, by the Feulgen reaction, and with Flemming's Trip~e 
Stain. (The material stained with Flemming's tri-color was fixed m 
Flemming's strong osmic acid solution.) Several gonads were pre?ared 
using the smear technique with indifferent results. The pnmary 
spermatocyte metaphase plates showed most cle~rly when Carother 's 
-fixative and Haidenhain 's Iron Haematoxylin were used. 

The primary spermatocyte metaphase plates are of greatest interest. 
·Over 100 counts were made of the polat views of the primary spermato-
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cyte metaphase plates which showed 21 chromosomes. Variation, of this 
number in several cases may be explained by the fact that the cells were 
cut at an angle to the plates, or that some of the chromosomes were cov
ered by others. Assuming that the primary spermatocyte indicates the 
fusion of the diploid pairs into tetrads, the haploid number would be 21 
chromosomes. Assuming the diploid number to be twice that indicated 
by the primary spermatocyte metaphase plates, the spermatogonial 
metaphase plates should indicate the diploid number of chromosomes 
or 42. Vlith the exception of one spermatogonialm tapha e plate ·]tow
ing a chromosome count of 51 (the chromosomes of on ide of t his ])ar
ticular plate are extremely minute and may b the re nlt of fragmenta
tion), the counts of the spermatogonialm tapha e plat 1·ange from 35 
to 42. 

IS THE PASSENGER PIGEON EXTINCT1 

BY E. H. NELSON 

Bloomsbu1·g State Teachers College 

(No abstract) 

SOME FACTORS AFFECTING THE HATCHING OF THE 
EGGS OF THE EUROPEAN CORN BORER 

BY R. E. SPRINGER 

Univm·sity of Pittsburgh 

Investigation carried on at Sandusky, Ohio, under the direction of 
the U. S. Department of Agriculture has established the fact that a single 
female moth will not infrequently deposit in exce~s of 1,000 eggs and a 
group of fifty produce an average of more than 500 egg·s per female. 

The fertility of these eggs even under insectary conditions approxi
mates 97 per cent. and usually slightly higher under field conditions. 
Hence the fecundity of these moths is exceptionally high. In spite of 
this fact an average of only 5.8 per cent. of the eggs deposited by this 
moth develop into larvae which become established in the host plant and 
survive to at least the third instar, which stage is completed in an aver
age of nineteen days from the date of deposition of the eggs. Since less 
than 6 per cent. of these eggs live through the first three weeks, the 
approximate length of time required to complete the third instar, it is 
interesting to determine some of the factors at work to bring about this 
high mortality. 
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In Bulletin 1476 of the U. S. Department of Agriculture, entitled, 
"A Progress Report on the European Corn Borer," brief mention is 
made of the effect of sunlight on the hatching of these eggs. To quote, 
''Several leaves bearing clusters of fertile eggs were removed from life 
history cages and inverted in such a manner as to expose the eggs to 
direct sunlight. Under these conditions none hatched." 

It is in an effort to add some systematic data to these rather meager 
facts that the following facts are offered : 

The eggs used in this work were produced by moths imported from 
Sandusky, Ohio. A small percentage of these were transported in the 
adult stage but a far larger portion was brought as pupae and allowed 
to develop. These moths and pupae were kept as nearly as possible 
under optimum conditions of temperature and humidity. The adults 
and the pupae as rapidly as the latter reached the adult stage were trans
ferred to a well-ventilated wire cage lined with semi-transparent paper, 
located in the cellar of the building in which the work was done. The 
adult moths deposit their eggs readily on this paper which was removed 
at 24-hour intervals. A fair sample of eggs from each 24-hour deposi-

Length of exposure 

FIG. 4. Graph showing effect of temperature on mortality of ova of European corn 
borer. 
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tion was run as a control to determine the fertility, which was found to 
average 95 per cent. 

The eggs are firmly attached to the paper in a shingle-like formation 
in clusters ranging from 6 to 50 egg per clust r with an average o£ 
approximately 16 gg per clu ter. These bits of paper on which the 
clusters were depo ited were cut from the large beets of paper with 
which the cage wa lined so that there wa only the mall bits of paper 
with the attached eggs with which we ha to work. 'l'hese bits of paper 
with the attached eggs were cut as small as po sible without injuring or 
otherwise disturbing the e..,.g clusters. The individual egg in the e 
clusters were th n counted by meaus of th binoctllar scope and sub
jected to ultl.-a-violet radiations in the following manner: 

The cluster were placed in petri dishes the bottoms of which were 
covered with dry blotting paper, and placed on the table of the ultra
violet lamp at a distance of l7i inches from the tube. The lamp used 
draws 5 amperes on a 110-volt circuit. 

'l'he controls were pl~ced along side the other in a separate dish and 
eovt:recl with a piece of glass so a to exclude all ultra-violet rays of the 
lamp. Hence both sets were subject to similar condition of heat and 
humidity while the one was being CA'J)osed to the ultra-violet . 

Immediately following the e>..-pOSUI'e the blotting paper on which the 
egg were placed was moistened, the dish covers replaced and the whole 
placed in the cellar where conditions of temperature and humidity wel·e 
near the optimum for development. 

The temperature on the ultra-violet table wa 90° Fahr., which fact 
i evidenced in the cont1:ols by a variation in the percentage that failed 
to hatch that ranges from 8.7 for those that were expo ed 5 seconds to 
a maximum failure of 37 per cent. ior those that were e}..'J)Osed 30 min
llt . In order to dispose of this tempe.ratlU·e effect as nearly as pos· 
ible, the per cent. that failed to hatch in the controls i ubtracted £rom 

the per cen.t. that failed to hatch in the eA--po eel egg and the following 
figures are obtained : 

These figures indicate the number per hundred ova whose failure to 
hatch may be attributed to the effects of ultra-violet radiations. 

In spite of the fact that a relatively small number of eggs were u. ed 
in determining this curve approximately five thousand, the trend i so 
pronounced as not to be ovru:looked, ani quite in keeping with what 
might be expected, i.e., a sigui:ficant increa e in viability followed by a 
rather rapid rise of the death rate. 

In view of the fact that this insect as brought out in the work of 
Parks and Caffery is exceptionally sensitive to many factors in its en-
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vironment, that sunlight is one not to be neglected and the fact ~hat its 
spread westward has been approximately three times :nore rapid than 
its spread southward may be associated with and partly mfluenced by the 
amount of such light that it receives. 

Tempemture Effects of Ova of Eu1·opean Com Borer 

Time of Number Number Per cent 
exposure exposed hatched failing to hatch 

5 sec . ....................... ...._ ,, ,,,,_ 560 332 40.8 
30 sec. - ···--····· .................... 256 176 31.3 
1 min. ·······················--·-·· 410 323 21.3 
5 min. ........... ............. .. ... , .. _.~ 355 211 40.6 

10 min. .................... .................. 444 137 69.2 
30 min. ................. 346 000 100.0 

2371 
Controls: 
5 sec. .................................... 323 295 8.7 

30 sec . ............... ,,,,_ ,,_, __ ,,, ..... 265 229 13.2 
1 min. ··········--·········-··-···· 402 327 18.7 
5 min. ............... .......... . . . ..... ... . l 362 255 11.0 

10 min. ... .................... ........ ~ .. 389 279 28.3 
30 min. .................. ~ .......... ,_ . 381 239 37.0 

2122 

Ruling out heat as a detrimental factor by subtracting the per cent of e."posed 
eggs that failed to hatch from the per cent of eggs in the controls that fa1le~ to 
hatch give the following which should represent the effect of the ultra VIolet 
radiation: 

Per cent. Per cent. 
5 sec. -·--·-·····-···-······· .............. 32.1 5 min . .. , .... ................................... 29.6 

30 sec . .............. - ... - .............. ........ 18.1 10 min. _____ ...................... _ ...... 40.9 
1 min . ... , ....... ....................... _..... 2.6 30 min. _ ...... - ............... _ ............ 63.0 

VARIATIONS IN WING RETICULATIONS AND SIZE OF 
ERYTHRODIPLAX BERENICE WITH REGARD 

TO GEOGRAPHIC DISTRIBUTION 

BY S. IRVINE SHOR'.rESS 

Bloomsburg State Teachers College 

(No abstract) 
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RELATION OF PENNSYLVANIA LIMESTONE CAVES 
TO GEOLOGIC STRUCTURE 

BY R. w. STONE 

Pennsylvania Geological Survey 

In Pennsylvania ten limestone caves are open to the public on a 
commercial basis, and at least twenty other caves are known but unde
veloped. Since September, 1929, all of these caves have been visited 
by members of the State Geological Survey and maps have been made 
of the ten commercial caves. 

These caves are: Crystal, near Kutztown, and Onyx, near Shoe-
maker ville, Berl ounty; ndian Echo, near Hummelstown, Dauphin 

ount ; Senwra, neal' l:farata, and Alexander, near Reedsville, Mifflin 
ouuty; Peml Veiled Lady and oodward in the eastern end of Centre 
ounty; Historic Indian, at Franklinville, Huntingdon County, and 

Hipple, at Waterside, Bedford County. 

This study of the caves has brought out some interesting facts re
garding their relation to the geologic structure. ]'our of them, Crystal, 
Seawra, Penn, and Hipple are in steeply-dipping limestone beds that 
have a direct course <111d b au solu tion has taken place along the bed
ding, these caves are g nerally trai l)'_ht passageways. Seawra, Penn and 
Hipple caves are very linear becatt e developed along a thin band of more 
soluble beds. Hi toric Indian eems very irregular when walking through 
it, but the map sJ1ow it to con i . t of four parallel courses on separate 
joints, and conn cted by nan·ow cross passageways. 

In flat or nearly flat-lying limestone the development of cavities takes 
place along joint planes primarily and enlargement occurs where joints 
cross a more soluble bed. This tends to make caves in these beds irregu
lar in plan, with branches shooting off from the main channels, or to be 
rectangular in general outline. At least right angle turns are found in 
the passageways in those rocks in which the main joints cross each other 
at approximately 90°. 

Onyx, Indian Echo, Alexander, and Woodward caves are in compara
tively flat-lying beds an(l exhibit these features. Woodward cave has a 
rectilinear pattern, Indian Echo has secondary galleries at right angles 
to each other, Onyx shows clearly the opening of fissures along joints, 
and the course of the underground river in Alexander Cave is very 
notably affected by the major vertical joints. 

Of the 20 odd undeveloped caves, Delaney in Chestnut Ridge south
east of Uniontown, Fayette County, is by far the largest. It is in sili-
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ceous limestone beds that dip with the slope of the mountain, and the 
caverns follow the dip. The main passageways are opened along joints 
and the rooms are broad, dip slope solution chambers partly determined 
by the intersection of joints. Bear Cave, farther north in the same 
ridge, is of the same character and in the same siliceous limestone. 

Hartman Cave, near Stroudsburg, is in the crest of an anticlinal 
flexure, where the folding produced shattering and gave added impetus 
to solution. 

CORRELATION OF PENNSYLVANIA ANTHRACITE 

BY HoMER G. TuRNER 

Lehigh University 

INTRODUCTION 

This paper discusses various methods of correlating Pennsylvania 
anthracite. It embraces a brief description of the methods that have 
been tried and suggests others. Particular attention is given to the 
possibility of using the morphological characteristics of the coal sub
stance alone as a criterion . 

THE UsE oF PLANT brPRESSIONS 

Several years ago Dr. David White made a study of the Pottsville 
floras from a stratigraphic standpoint. He concluded that it was prac
ticable to correlate individual beds where plant impressions could be 
found in the roof rocks. 

No doubt this method would be practicable also if applied to the 
post-Pottsville beds. Difficulties would be encountered, however, in 
those mines where plant fossils are scarce or absent. 

Aside from the difficulties arising from the absence of fossil plants 
this method has a further objection in that it can be used only where 
coal beds have been actually worked. It would be of little, if any, value 
in the correlation of diamond drill cores. 

THE uSE OF CROSS-SECTIONS 

The coal operators in the anthracite field have been drawing cross
sections of their workings for many years. By noting the thickness of 
beds, the intervals between them, and to some extent the nature of the 
rocks above and below, they have arrived at conclusions as to which beds 
they have on their properties. In many cases they have very little 
knowledge of the relation of their coal beds to those of mines in the same 
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basins and are still further in doubt concerning the relation to beds in 
other basins. 

When one considers the great variation in the number and thickness 
of beds from place to place in the same basin as well as variations from 
basin to basin, it becomes quite obvious that this method of cross-section 
study could not solve the correlation problem entirely. A fairly com
plete structural picture could be drawn, however, if all the sections that 
have been drawn by individual companies could be pooled and properly 
studied. 

THE INTERBEDDED ROCKS 

During the last decade sedimentary petrography has been used very 
extensively as a means of correlating rock formations. Rocks which have 
appeared alike when studied by other methods have been found to be 
vastly different when subjected to petrographic analyses. It seems ex
tremely probable that the similar appearing floor and roof rocks of dif
ferent coal beds would exhibit definite differences when viewed under the 
petrographic microscope. 

AsH CoLORS 

Many attempts to correlate anthracite beds on the basis of ash colors 
have been made by various operators. The usual procedure consisted of 
pulverizing a lump of coal to pass 60 mesh, burning to an ash, grinding 
this ash to pass 200 mesh, and mounting on glue-coated paper or under 
glass for comparison. 

The writer tried this method a few years ago using channel-cut 
samples from different places in the same bed instead of l'umps taken at 
random. The resulting ash colors were not the same for the same bed 
although greater agreement was obtained than in cases where ash colors 
from a single lump were compared to colors from similar lumps in dif
ferent beds. The omission of the final grinding to 200 mesh did not im
prove the results. 

During this work it was found that ash colors varied from top to 
bottom of the same bed. In fact, it was possible to obtain almost as manv 
colors as there were samples from a given bed. It was concluded, ther;
fore, that ash colors were of little value in the correlation of anthracite. 

MORPHOLOGICAL CHARACTERISTICS OF COAL 

All Pennsylvania anthracite is laminated to some extent. These 
laminations are due to three chief morphological constituents, namely: 
anthraxylon, attritus, and fusain. The anthraxylon when viewed under 
the microscope is seen to be composed of strips of woody matter. The 
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att ritus is composed of plant materials of many kinds such as spores, 
leaf coatings, resin lumps, thin strips of wood, together with structure
less degradation products and mineral matter. The fusain is the mate
rial known as mineral charcoal or mother of coal. It has the appearance 
of charcoal both under the microscope and to the naked eye. It occurs 
either as thin coatings on the bedding planes or in the form of lenses or 
angular chips. 

The amount of each of these three main constituents in a given coal 
bed depends in part upon the plant types contributing to the original 
peat and in par t on the condition of preservation of the ingredients after 
biochemical action has ceased and before dynamo-chemical action has 
started. 

Since the coal beds of the anthracite region represent a series of 
ancient swamps differing in age before burial, as suggested by variations 
in thickness, and separated from each other by different time intervals, 
as indicated by variations of thickness and kind of sediments between 
beds one would xpect some differ ences :iu species of plant rowing in 
each swamp a w U as probably gr eater differ ences in bacter ial decay due 
t o variat ions of. ime and wate1· conditions. E ach swamp would have 
Yariation of ltinds of p lants :from sl10r e to cent r in t h it· initial stage , 
but such minor differ ence. would; becom 1 · a the . wamp r eached 
maturity an d might incl eecl b practically er a ed by the t ime sediments 
coYered the swamp. 

Many samples of coal were prepared and studied by the writer with 
the thought th at the relative proportions and condition or preservation 
of the various constituents of an thracite as suggested by the foregoing· 
theoretical considerations ;miglrt . · rve as a basis for correlation. 

COLLECTION AND PREPARATION OF SAMPLES 

The samples used in this work were collected from collieries in the 
W estern Middle Field and Southern Field where there was no doubt as 
to the identity of the beds in question. Samples were taken from top 
to bottom in those portions of the beds which were free from unusual 
features such as excessive bone, pyrite, or sheared coal. The beds studied 
were the Mammoth, Primrose, and No. 5. The Mammoth was sampled 
in the Cameron, Pennsylvania, and Richards Collier ies over a distance 
of seven miles. The Primrose was sampled in the Cameron, Richards 
and William Penn Collieries over a distance of about seventeen miles in 
the Western Middle Field and in the Lytle Colliery in the Southern 
Field. Number 5 was sampled in the Cameron and Richards Collieries. 
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Tb. e ampl . , about tln·ee lnmdr d in all were prepared by cu tting 
a fiat . urface at r ight angle to the lamination , using an or Hnary ha k-
aw. The flat urface wer e fru·ther l eveled by gr inding on a coar e 

carborundum disk. They wet·e then plac i face downward on an il·on 
plate which was heated to red heat over bunsen burners. In an hour or 
more the prepared surface became coated with ash so as to show clearly 
the structural details . It was found that there were variations in in
gredient materials from top to bottom in each bed and that these va~ia
tions were the same for each bed and different for different beds. 

CoNCLUSIONS 

r one of the m thocl.s of conelation mentioned: in this paper have 
been eru.·1·ied far n ugh to g ive definite a urance of olviug t ile prob
lem. It may be found that no ingl m thod will answe:t· th p Ul'pose 
and that ultimate ucces. will 1' qui!' th u e of a combination of all 
methods. 

The use of morphological constitution of coal as described herein 
seems very promiSmg. It has given very accurate results in the identi
fication of the beds thus far examined. Whether or not it is reliable for 
all the beds can not be stated until they have all been examined. Its 
simplicity and ease of application make it sufficiently valuable to war
rant further investigation. Incidentally, structures revealed by this 
method of examination may throw much light on combustion character
istics and other properties of different coal beds. 

CHEMICAL COMPOSITION OF LIMESTONE 

BY B. L. MILLER 

L ehigh University 

To be published in a report on Limestone in Pennsylvania, written 
for the Pennsylvania Topographic and Geologic Survey. 

THE FORGOTTEN PART PLAYED BY A PENNSYLVA
NIAN IN THE EARLY DEVELOPMENT 

OF ALASKA 

BY EVAN O'NEILL KANE, M.D. 

Kane 

An historical paper, to be printed privately. 
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A MEDICAL CHEMIST LOOKS AT WATER 

BY MAX TRUMPER, PH.D.1 

Water, like air, is so fundamental to our existence that we accept it 
as a matter of course and, like air, it arouses our interest only when its 
supply fails or becomes markedly contaminated. In securing water for 
large cities the first requisite formerly was quantity. There must be 
sufficient not only for the population but also for the city's industries. 
For industrial purposes also the quality of the water received more at
tention than the quality for human consumption. Manufacturers saw 
to it that the chemical constituents of their water supply were such as 
to cause a minimum of interference with the efficient operation of their 
machinery, especially boilers. The railroads were among the first to 
establish chemical analyses of their water. For drinking purposes water 
was considered satisfactory when through some method of purification 
it had been rendered free from known pathogenic organisms. The in
orO'anic constituents of drinking water were given little consideration. 

0 

All physiologic actions take place in systems of which water is an 
essential component. water is essential to most of the fundamental 
physico-chemical changes in tissues, upon which depend the maintenance 
of life and the functional integrity of the organisms. Among these are 
cellular permeability, osmosis, diffusion, filtration and electrolytic disso
ciation. Reference to certain properties of water will serve to illustrate 
its vital importance in physiologic processes. 

The heat capacity or specific heat of water is higher than that of any 
other liquid with the exception of liquified ammonia. This important 
fact is intimately related to the question of the regulation of body tem
perature. Highly organized mechanisms are extremely sensitive to even 
slight alterations in temperature and some sort of buffer system is neces
sary for their protection from such changes. The heat produced as a 
result of the functional activity of various tissues, particularly muscular 
contraction, would cause a great elevation of body temperature were it 
not for the high specific heat of water, which constitutes as much as 80 
per cent. of the substance of the more active tissues. A practical exam
ple of the importance of this factor is seen in conditions of dehydration 
which are frequently associated with fever, particularly in children in 
whom all metabolic processes are relatively accelerated. 

The surface tension of water is higher than that of any liquid except 
mercury. This property plays an important part in physiologic proc-

1 In charge of Psycho-Biochemistry Laboratory, Graduate School, University of 

Pennsylvania. 
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esses. It influences largely the supply of water which plants re
ceive from the soil, since it enables water to reach the roots from a con
siderable distance, as far as five feet under ordinary circumstances. 

The modern concepts of radiant energy in life-processes emphasize 
another property possessed by water, namely, its transparency to radia
tion. Liquid water is transparent to practically all the rays of the visi
ble spectrum, the ultra-violet rays being absorbed to but a slight degree. 
This fact is of importance since radiant energy is thus allowed access to 
substances in solution in water without being changed to other forms of 
energy, particularly to heat. This is as essential, apparently, to the 
human organism as to the green leaf of plant life. 

The remarkably solvent property of water renders it an integral fac
tor in the maintenance of normal metabolic processes. There is no other 
liquid capable of dissolving so great a variety of substances. One has 
only to review the great number of substances in solution in the blood, 
urine, and other body fluids and ecretions normal and pathologic to ap
preciate the vital impol'tance of this fact. Only a few of these substances 
are soluble in other liquids to any extent. 

The average daily intake of water varies with the activity of the in
dividual as well as with the temperature and humidity of his environ
ment. Ordinarily it totals 40 to 50 ounces a day, which includes all the 
water present in the food. Nature's own food, an almost complete food, 
namely milk, contains 87 per cent. water. All fruits and vegetables are 
characterized by their high water content, averaging approximately 90 
per cent. In the course of a day, secretions are poured into the diges
tive tract in the form of saliva, gastric juice, pancreatic and intestinal 
juice and bile. Practically all of the fluid thus secreted is reabsorbed 
following digestion and it is thus evident that the available water of the 
body is rigidly conserved. The amount of fluid normally poured into 
the digestive tract in 24 hours is from 7500 to 10,000 c.c., which is three 
times the amount of fluid daily taken into the body, four times that ex
creted as urine, and about twice as much as the total blood volume. 

Water constitutes approximately two-thirds of the body weight. The 
water content of various body tissues is almost directly proportional to 
their metabolic activity. For example, the brain with a high degree of 
metabolic activity is 80 to 90 per cent. water. Liver and muscle with a 
somewhat lower rate of metabolism are 75 per cent. water. Bone, which 
is a quite inactive tissue, averages 30 per cent. water, and fat, which is 
extremely inactive metabolically, is only 6 to 10 per cent. water. The 
percentage of water is lower in adult than in embryonic tissue, decreas
ing with advancing age of the tissues, and thus constituting another evi· 
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dence of the relationship between water content and metabolic activity. 
Living tissues which are exceptionally poor in water or which withstand 
desiccation such as "seeds and bacterial spores represent life latent but 
arrested to be resumed in full vigor upon addition of water.'' 

As mentioned before water is essential to the maintenance of all body 
functions: 1. The regulation of body temperature is facilitated by the 
presence of circulating water and by the evaporation of water from the 
surface of the skin. 2. The mucous surfaces of the body cannot function 
normally unless they are in a moist state. 3. The kidneys can more sat
isfactorily eliminate toxic substances if such substances are well diluted. 
4. The movements of joints are possible only when fluid is present. 5. 
Water is intimately related to absorption as in the digestive system. 6. 
The exchange of carbon dioxide and oxygen in the lungs is largely de
pendent upon a condition of adequate moisture of the alveolar epi
thelium. 

Certain phases of the water problem are of popular as well as scien
tific interest. These are questions of water deprivation, water excess, 
water drinking with meals and the various types of water which are 
commonly used. 

Rubner says that a fasting animal . may lose all of its glycogen and 
fat and one-half its protein and still live, but if it loses more than one
tenth of its water, it dies. A lack of free water in the body brings about 
a rapid and marked increase in body temperature (as demonstrated by 
Woodyatt). It is also known that an abundant supply of water is neces
sary for the proper metabolism of fats, carbohydrates and proteins as 
well as for the maintenance of the normal physico-chemical equilibrium 
of the body. Thirst is the natural consequence of water deprivation. It 
is induced partly by increased concentration of the blood and partly by 
the dryness of the pharyngeal mucous membrane, but it may be caused 
by psychic abnormalities. Thirst caused by dryness of the nerve end
ings on the back of the tongue may be abolished instantaneously by co
cainizing the tongue. In this connection it may be interesting to note 
that an excess of sugar in popular beverages ins~ead of quenching thirst 
results in increased dryness of these nerve endings with resultant 
increased thirst. 

In the words of Professor Hare, ''Anything that is capable of doing 
good is equally capable of doing harm if used unwisely. '' This is no less 
true of such an apparently harmless substance as water than it is 
of drugs. The work of Rowntree and his 8D-workers has shown definitely 
that the production of an increased supply of water in the organism co
incidently with a diminution in water output results in severe symptoms 
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of intoxication. An important practical illustration of this has been the 
recent studies of certain symptoms common to workers exposed to hi"'h 
temperatures. These individuals drink enormous quantities of wat~r 
a~d a~ a result perspire very fr eely. ~l'his exces ive per p1rat ion carrie 
w1t.h It large am~unts of salts, ru:ticulady ·odium chlorid , the lo of 
whwh from the tissues results in symptoms which are now know!~ to be 
th~se .of salt deprivation. The addi ion of mali quantitie o;f alt to the 
drmkmg water causes a prompt disappearance of the symptoms. The 
s~me ~esults may be obtained by the use of various cereal waters, espe
Cially If some extra salt is added. 

. . In for~er years there was considerable disci1ssion as to the advisa
bility of drmking water with meals. As a result of r esearches conducted 
largely at the Jefferson Medical College it is now firmly established that 
fr~m a standpoint of digestion and metabolic economy it is far better to 
drmk water with meals than between meals. 

There. is a ~opular ?e~ief, unfortunately not restricted to the laity, 
th~t the_ mgestwn of distilled water is productive of untoward effects. 
ThiS behef was based on the absence of electrolytes in such water. How
ever, the aver~ge di~t contains more than a sufficient electrolyte content, 
so that, on thiS basis, no objection can be raised to the use of distilled 
water. On the other hand, when the question of the toxicity of distilled 
:Vater was un~e~ di~cussion some years ago, evidence was presented show
mg that the lllJUnous effect produced on seedlings g·rown in distilled 
water was at least partially due to the extraction of electrolytes from the 
roots. 

There is likewise considerable discussion regardin"' the effects of 
drinking ice ':ater. Obj:ctions have been raised chiefi; on the ground 
t~at t~e lowermg of gas~rlC temperature and consequent delay in gastric 
digestion may cause serwus digestive disturbances. However it is now 
g_eneral~y re~ognized that the normal stomach, in the presence of normal 
Circulatwn, Is able to maintain the intragastric temperature between ex
tremely narrow limits. Thompson found that two tumblers of ice water 
when ~wallowed slowly are warmed to nearly body t emperature within 
five mmutes. He says that swallowing ice water does not cool the stom
ach nor inhibit digestion by local temperature reduction nor by shock 
to the gastric nerves. 

T~e purification of water from contaminating pathogenic micro
orgamsms by means of chlorination and other disinfectants has marked 
a distinct advance in public health. However, considerable objection is 
always raised to the disagreeable taste of certain waters which is due to 
their high content of industrial chemical waste products or to disinfect-
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· ts The Sanitary Water Board of this State is actively engaged mg agen . . . 11 · 
in attempts to correct any condition whiCh resul~s m harmful po. ution 
of water supplies. It is my belief that attentwn shou~d be ~Ir~cted 
toward chemical examination of water from the ~tandp01~t of Its mor
ganic content. we are just beginning to appreciate the Importance of 
inorganic elements · in metabolism and consequ~ntly hav.e h.Itherto neg
lected the possible importance of th~se elements m o~r drmkmg water. 
· Manipulations of water balance as a therapeutic measure. h~ve re
cently been employed in medicine. A strikin~ exam~l~ of. this IS. seen 
in the dehydration treatment of epilepsy. Thi~ co~diti~n IS associated 
among other things with cerebral hydration whiCh ~s believe~ to ?e o~e 
of the fundamental factors involved in the produc~10~ of epile?ti~ seiz
ures. The production of dehydration by the restriCtwn of flmd mta~e 
and the administration of dehydrating agents in many cases results m 
prompt and marked relief. Fay of Temple Me~i~al School w.as the 
pioneer in the treatment of epilepsy by severe restnctwn of water mtake. 

THE POSSIBILITIES OF FORENSIC CHEMISTRY-AND 
ITS LIMITATIONS 

BY ROBERT T. p AESSLER 

Wilkes-Barre, Pennsylvania 

Little argument will be caused by state~ents that America is becom
ing increasingly ''crime conscious'' or that, despite statistics pre~ented 
by numerous commissions and well meanin~ individuals .attemptmg to 
prove that everything from ingrown toe-nails to baldness IS the caus~ of 
our national problem, a solution has not yet been reached. !h~ su~Je~t 
is so complex and its ramifications ~o numerous that the thmkmg mdl
vidual cannot fail to realize that only a partial remedy can be ~fforded 
by speeding up our system of justice, elimin~ting as. f.ar as possible o.ur 
''fixed'' juries, incompetent or dishonest officmls, politics, an~ the desire 
by certain individuals to introduce sentiment into the pumshment of 

prisoners. . · E l' 1 
For a number of years there has been a growi.ng m~ere~t m ng IS l 

and Continental scientific methods of criminal mvestigatio~, and the 
amazingly reliable results obtained. Not that our own pohce syst~ms 
have broken down, or are necessarily inefficient, but rat~er that. offi~Ials 
are appreciating more and more that "third degree' exammat~<ms, 
''stool pigeons,'' and ''red her~ing'' methods leave much to be desued. 
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A number of municipal laboratories, already in existence in some of our 
larger cities, have more than proved their value, even though they are 
often held down to routine examinations and given but little chance to 
apply practically foreign methods to Amerhmn conditions or institute 
original work of their own. The public is taking a real interest in these 
matters, and the press is keeping its readers well informed as to all types 
of scientific progress. It is not surprising, therefore, that insistent de
mands are being made for ti1e establishment of more laboratories of this 
character, and that officials are making increasingly frequent requests for 
assistance from those already in existence. 

Now, the average layman has an idea that the chemist is concerned 
only with the abstract structure of matter or the manufacture of some 
new tooth paste or food-product, and he (the layman), if he thinks of 
chemistry in relation to crime at all, associates the phrase "Forensic 
Chemist" with investigation of crimes of violence alone. As a matter 
of fact, the forensic chemist's field cannot properly be so circumscribed. 

The forensic chemist of today uses not only chemistry, but many of 
the forms of apparatus common to physical determinations, such as the 
polariscope, spectroscope, refractometer, microscope and its accessories, 
together with both ultra-violet light and X-rays. Many of his determi
nations and analyses are made on so small a scale that they must be fol
lowed at considerable magnifications. He uses many methods of the 
biologist and bacteriologist and should be able to record his findings by 
photographic methods. His work is to apply such science as may lie 
within his sphere to the solution of any and all problems of a character 
solvable through demonstrable experimentation, and arising in connec
tion with the administration of justice. 

Modern toxicology rests upon a firm foundation; the precipitin test 
for human blood cannot be questioned if made under suitable conditions 
and with proper controls; metals can be compared; dusts examined; 
scrapings analyzed; residues identified; hairs and fibers classified; docu
ments, paintings and antiques passed upon; oils and other incendiary 
materials determined; stolen articles traced; and a myriad other facts 
established, which will fill in the picture and make it complete. 

Just as the methods of criminals change (and criminals are ever alert 
in applying the latest scientific methods to homicides, forgeries, bur
glaries, etc., displaying a profound knowledge of chemistry, biology, bac
teriology, and the latest mechanical devices) just so must the forensic 
chemist keep pace .with all advances in science and place them at the 
service of criminal investigation organizations. 
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It must not be forgotten that in this type of work, the cases vary so 
infinitely in character that it is verily impossible to follow any routine 
procedure. Each individual situation requires methods applicable to 
that particular case. One cannot foretell just what will be found or 
·what evidence will be required to complete the case, and consequently 
the investigation must be of such a scope that no pertinent evidence will 
be overlooked. This necessitates a broad scientific knowledge, an ability 
to interpret discovered facts, and a great reserve of patience. Above all, 
the investigator must be unswerving in his honesty and conscientious
ness, ever remembering that the life or liberty of another is at stake. 

He would be rash indeed who would attempt to fix limits within which 
scientific research must necessarily be confined. It is a matter of com
mon knowledge that in science the marvels of yesterday are the common
places of today. But the fact remains that writers of popular detective 
fiction commonly make claims in behalf of their detective-scientists that 
actual scientists know to be unwarranted at the present time. ·what is 
certain is this: scientific research is constantly advancing and achieving. 
For instance the tracing of paternity by finger-prints and blood group
ing is taking' its place among the long list of accepted methods; cr~minal 
identification is well-nigh perfected; ballistic science has proved 1ts ac
curacy and the biologist and psychologist have given us answers to many 
perplexing problems. 
. The greatest difficulties which confront this new application of scien-
tific knowledge are, in my opinion : 

1. The proper understanding of basic principles by those officials in 
charge of our system of criminal procedure, and a cognizance of the in
herent limitations of this new application of science. 

I well remember a case of some years ago, in which a young man was 
charged with the murder of his companion. The heavy stick of wood 
used and the shoes and clothing of the accused all bore an abundance of 
human blood and had been admitted as evidence. The defendant placed 
upon the stand a small-town physician who produced a standard medico
legal work and read into the record the well known fact that human pus, 
albuminous urine, exudates, etc., would give a precipitin test like that of 
human blood. Despite the fact that microscopic and chemical findings 
had definitely proved the stains to be caused by whole blood, it was im
possible, in the few minutes available, to make the District Attorney 
understand why there was absolutely no question as to the truth and 
accuracy of reported finding of human blood on the exhibits. All of 
you who have had court experience understand the impossibility of vol-
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unteering information in an effort to make up for the lack of knowledge 
of the examining attorney and his consequent failure to ask the proper 
questions. 

The judge and jury are entitled to reasons why it cannot be definitely 
stated whether blood stains come from a male or female; why the toxic 
substance isolated from the viscera of the deceased cannot be traced back 
to a particular bottle or container; why the chemist cannot prove that 
kerosene found in an arson case was pur<~hased at the grocery in the next 
block rather than at the corn(lr store; why he canJ!.ot swear that the blue 
silk fiber discovered in the finger-nail scrapings of the accused came from 
a particular garment, although such garments are manufactured in lots 
of hundred thousands. 'rhe witness should be given the opportunity to 
explain these matters instead of being left in an embarrassing position 
by the attorney. While it would seem perfectly plain and self-evident 
from the very nature of matter that, exclusive of certain exceptional 
cases, the composition alone of exhibits can be definitely established, the 
fact remains that until officials and juries really have a basic understand
ing of these facts, an explanation is necessary if the testimony of the 
expert is to be accepted without question. 

2. The use of unscrupulous psettdo-experts. 
I regret to say that I have come into contact with many individuals 

of this ilk during the last ten years. Needless to say, the illustrative 
cases are not to be construed as an arraignment of any profession, as 
these particular individuals would act in the same dishonest manner no 
matter what their vocation. 

This type of individual has been the cause of the erroneous opinion 
held by the public that experts will testify to anything so long as they 
are paid, whether they know what they are talking about or not. 

A man died under very suspicious circumstances. Negligence on the 
part of some one permitted his body to be embalmed before a post-mortem 
was held. The physician who examined the stomach reported the pres
ence of strychnine. By the time I was asked by the District Attorney's 
office to check up this report, only a small quantity of stomach contents 
was available for duplicate analysis. In this material I found mercury 
salts but failed to discover any alkaloid. Exhumation of the body and 
analysis of the organs removed proved the presence of large quantities 
of mercury salts but not even a trace of strychnine. Subsequent inves
tigation disclosed that the original diagnosis had been based upon the 
fact that a guinea-pig had died in convulsions a few minutes after the 
injection of a small quantity of the stomach contents of this embalmed 
body! 
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Again: For a number of years a reputable, qualified chemist had been 
employed by the county officials to make alcohol determinations and 
purity tests of samples taken in the course of prohibition enforcement 
activities. The fees of this chemist aroused the envy of the local drug
gist, who brought pressure to bear on these officials, stating that he was 
a taxpayer of the county and should r eceive the work. The change was 
made and the druggist retained until certain exhibits could not be found; 
the r esults of certain analyses were palpably wrong, and information as 
to prospective raids, after obtaining " buys," became common knowledge. 
Inquiry r evealed the fact that the samples turned over had never been 
kept under lock and key, the alcoholic determinations had b~en ma~e by 
taking the specific gravity of the undistilled liquid, and fnendsh1p to
o-ether with the exigencies of business had caused information to be given 
~ut which should have been available only to the District Attorney. 

Again: Officers of a State Police organization one day raided a small 
speak-easy. Shortly after the raid, it was learned that a customer who 
had left the place only a few minutes before had died suddenly. After 
a post-mortem and analysis of the stomach contents, the physician r.e
ported the death as due to wood alcohol poisoning. All liquor found 1.n 
this place had been turned over to me for determination of the alcohohc 
content. The r eport of this death made a further examination of these 
samples necessary; particularly as the son identified one of the bottles in 
my possession as the identical one from which he and his father had been 
served. The results of the analyses proved that the liquor was a colored 
dilute alcohol, but nevertheless pure. I was then requested to '' check 
up" with the analyst of the material taken at the post-morte~, and you 
can well imagine my surprise to find that all samples had e1ther been 
entirely used up or destroyed, that no quantitative estimation of alcohol 
hadbeen made, and that the report of wood alcohol poisoning had been 
based solely upon the color r eaction obtained with morphine and sul
phuric acid and a crude distillate of the stomach contents, no confirma
tory t ests being made ! 

I could continue with numerous illustrations of this character, but 
time will not permit. In closing I want to express my sincere hope that 
the movement for the establishment of suitable crime detection labora
tories will be given proper and thoughtful consideration. No one appre
ciates better than I do that such laboratories will never prove to be a 
panacea for our national crime problem. They. ca~ only reas~nably be 
expected to bring the accused before the bar of JUstice m.ore ~meld~ and 
surely and there present convincing scientific proof of hiS gmlt or mno-
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ceuae. This urely is most important, ancl so I bespeak t he invaluable 
assistance this organi?.iatiou can render in p r eventing the movem nt £r om 
becoming merely a popular and t ran itory fa d. Tl1at it must suffer is 
mo t cer tain unle s a j u ter e ·timate is pla ed upon tb,e tmwarrauted and 
im} o ible expectation of official ani th public, who because of lack 
of proper under t anding, would have t he forensic chemi t consist ntly 
outd t he amazing an I miraculous exploit of their favor ite b ro of j -
t ctive fiction. 

THE USE OF CERTAIN MODIFIED XANTHENE COM
POUNDS IN THE DIAGNOSIS OF MALIGNANT 

NEOPLASMS 

BY DoN ALD C. A. BuTTS1 

In an effort to atisfy an xist.ing ne d o£ reu 'lering early and eli -
·eminate malignant neopla m vi ible to tb m·•reon or r acliologi t, the 
E mery L aboratory ha. cone ·ntrated it effort for tb past i w y ar 
upon a method which to date offer prom.is iu tl1i branch of cancer 
r eat·ch and e~"J)erimental oncol gy. 

umerous ob ervation p1· viously mad aud reported by the wr it r 
and hi~ colleagues, upon alteration a . . ociated 1v:i th malignan cell metab
olism (see bibliography) ut>'o-es ted the nece m·y p ltysical, hemical an i 
))hy iological proper ties an a"ent hould po s · · to be ab orb d el ct ively 
by malignant ne1v growth · in cone 1 tl'ation sufliciently hi <>'h to be dif
fer entiated from urrouncling normal tructure . . 

A£ r numer ou attempts we :fotmcl tl1at certain modified compound 
of the xanthen group proved mo 't uitabl £or u1· put·po. e. 

'rh clas ification one ugg tecl, tlte Emery Laboratory has con cen
tl·atecl it effor ts .for the pa t two years on a modification o:f one of t1ti. 
series, and fo · pm·po e of defi11jte i lent ification w have de ignated t h 
material now undet stttcly u "E-47. " In thi nom nclatm·e, the "E " 
refer to E mery, the " 47 ' r epr ·ents tl1 e fo1'ty- even th material t udied. 

Althourrlt r elatively in it ear ly experimental s ta()'e, tb.is compoun 1 
has been . tuclied in mor e than 50 rat with t ransplan ted p ontaneou, 
or r cuneut mali <>'nant lesions; three dog wi t11 pon ta neou and r ecm·
rent mammary c11rcinomata; n.n l ight rabbit. with meta tatic malig
nant le ions. In additiou to the e tttdi . , the action o£ tlti mat rial ha 

1 Director, Emery Laboratory of Experimental Radiology, Roentgenology, and 
Cancer Research of the Hahnemann Medical College and Hospital of Philadelphia. 
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been tested on 31 normal guinea pigs, 84 normal rats, 2 monkeys, and 
lower forms of life, i.e., gold fish, tadpoles, and germinated seedlings 
(allium cepa, milo maize, and lupinus albus). 

Within the past eight months, the diagnostic value of '' E-4 7 '' upon 
43 human patients has been studied with results of considerable promise. 

For sake of brevity, I will summarize a portion of the data accumu
lated to date from our researches. 

Physical Properties. In vitro, a 1 : 20 aqueous solution of "E-4 7" 
is slightly more opaque to X-rays than a similar concentration of the 
sodium salt of tetraiodphenolphthalein, used for gall-bladder visualiza
tion. 

In concentrations of 1: 20 (the dilution employed to date in human 
administration) this compound has an average pH of 7.05, and a dy
namic surface tension of 59 dynes per centimeter. 

Preliminary tests tend to indicate that no appreciable alteration 
takes place in aqueous solutions of the compound upon standing. 

Toxicity. The intravenous toxicity in rats is from 25 to 28 rugs. per 
100 gm. body weight. 

Quantities of 4.25 gms., injected intravenously into dogs, showed no 
appreciable affect upon the heart action or blood pressure, as demon
strated by standard physiological methods. 

Patients receiving from 250 rugs. to 400 mgs. intravenously evidence 
no change in body temperature, pulse rate, or respiratory rate as the 
result of the administration of the above quantities of "E-47." 

Since the development of "E-47," a total of seventy-four persons 
have received intravenous injections of this compound. In one case, the 
patient has received twenty-one injections, extending over a period of 
six months, with an accumulative dose of 5.024 gms. In no case has there 
been evidenced any harmful effect under any condition. 

Local Reaction. In a large number of human cases injected with 
"E-47," there was experienced a more or less acute local reaction evi
denced as a burning sensation in the region of the pathology. This re
action was manifested almost immediately and persisted for varying 
period~ of time, in some cases for several hours following the injection. 

In cases of gastric malignancy, nausea and vomiting frequently re
sulted from the injection. 

Research is now being conducted in the Emery Laboratory to deter
mine whether or not this clinical symptom is the result of a local tem
perature rise in the involved area, resulting from a direct and specific 
chemical reaction between carcinomatous tissue and the compound. 
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Absorptidn. Perhaps one of the most important researches in con
junction with "E-47" is that in the field of cytology. Although still in 
its early stages, I feel that sufficient work has been done to demonstrate 
selective absorption of this compound by the nuclei of the cells. 

I regret very much that the observations made to this time have as 
yet not received sufficient confirmation to allow a comprehensive report 
to be presented. 

Elimination. Although the time for complete elimination and the 
percentage and nature of the recovered material are still undetermined 
experimental and clinical observations demonstrate the presence of a col~ 
ored compound in the excretions of both the gastro-intestinal and uri
nary tracts. The chemical alteration, if any, which it undergoes in the 
body is still to be determined. 

Special Characteristics. Researches by section, and examination of 
roentgenograms, tend to indicate that this material is absorbed selec
tively by malignant tissues. It is this phase of the work, taken in con
junction with its opacity to the X-rays, that to our mind, merits the 
further investigation in both laboratory and clinical fields. 

TECHNIC 

The technic as employed to this time for the visualization of malig
nant growths is as follows: 

a. In selected cases, a roentgenogram is taken of the affected area, 
twenty-four hours prior to the injection. 

b. If the condition is one involving the gastro-intestinal or genito
urinary tracts, the patient is placed on a soft or liquid diet immediately 
following this preliminary study. If the gastro-intestinal tract alone is 
involved, the patient is purged early the following morning, at least three 
hours before the injection of "E-47." If the genito-urinary tract is in
volved, the patient is made to thoroughly empty the bladder immediately 
before every roentgenogram is taken. 

c. In all cases, another roentgenogram is taken immediately before 
injection. 

d. To date, no dose exceeding 400 rugs., in sterile distilled water, irre
spective of weight, has been given. This dose is injected into the median 
basilic vein when conditions will permit. 

e. After injection, roentgenograms are taken at 1, 2, 4, 6, 8, 12, 24 
and 48 hours when possible. 

f. Results of studies to date indicate a steadily increasing opacity in 
aff,ected area or areas; until the maximum is reached. 
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Studies to date indicate that the time for maximum absorption and 
opacity varies in different organs and parts, and other conditions accom
panying the individual case under study, such as extent and cellular 
type. 

An interesting result has been clinical improvement in certain cases 
following the use of this compound for diagnosis. Although this may 
eventually prove to be only temporary, this comment has been made 
solely for the purpose of offering evidence that the material under study 
may be employed with absolute safety, and in no way favors the progress 
of the disease. 

To date, forty-three cases of known or suspected malignancy have 
been studied in humans. The distribution of lesions studied covers prac
tically every organ or part which might be affected with primary or 
metastatic pathologies of this nature : Lip, neck, lung, breast, esophagus, 
liver, stomach, bladder, rectum, uterus and involved lymph glands. 

Of this number, we have considered 34, or 79 per cent., definitely posi
tive according to this technic. In six, or 14 per cent., the result has been 
indefinite, and in three, or 7 per cent., negative. 

Cases in which the diagnosis according to our method is considered 
doubtful or negative may be attributed to any one of six reasons: 

1. Conditions studied were not malignant. 
2. Case still incompletely studied. 
3. Insufficient quantity of "E-4 7" used to produce the necessary 

opacity. 
4. Time interval for taking roentgenograms incorrect for particular 

case under study. 
5. The existence of unstudied remote metatases which absorbed a 

large portion of the compound at the expense of the known and 
studied existing neoplasm. Under these conditions opaque 
(metastatic) areas could readily have been overlooked in this 
preliminary study. However, with future research, this factor 
as a possibility in overlooking the existence of remote lesions 
will be eliminated. 

6. The extent of the pathology was such that the dose employed was 
distributed in quantities insufficient to render the necessary 
opacity. 

Studies of "E-47" so far tend to indicate that this material should 
not be employed following recent intensive roentgen or radium therapy. 
Under these conditions, it may bring about an excessiv~ breaking-down 
of the involved tissues. 
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It is our intention to release, at the completion of additional labora
tory and clinical studies, a report covering every phase of our researches 
including the chemical nature of "E-47." The withholding of its iden~ 
tity at the present time is entirely for the purpose of allowing a thorough 
and uninterrupted scientific study to be pursued. 

. At the time of this writing, the preparation of another compound is 
bemg undertaken by the Emery Laboratory. The composition of this 
material has been suggested from the prolonged use of the present com
pound, and offers features which we hope may prove of outstanding 
merit in the great crusade now being waged throughout the civilized 
world against cancer. 

In closing this report, I want to take this opportunity of expressing 
to the members of the Emery Laboratory Committee and the Scientific 
and Clinical Staff of the Emery Laboratory my sincere appreciation of 
their earnest and valuable assistance in this investigation. 
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SOME EXPERIMENTS IN X-RAY TECHNIQUE 

BY B. F. CARY 

Blossburg State Hospital, Blossburg, Pa. 

It is a well known fact that if we could completely eliminate the 
effects of secondary radiation in our application of the X-Ray in our 
diagnostic work we could produce radiographs marvelously rich in 
detail. 

This is attained to a high degree in a mechanical way by the use of 
the Potter-Bucky Diaphragm-a device, however, not readily adaptable 
to all conditions and classes of work. We are, therefore, constantly look
ing for some other means of absorbing these troublesome secondary rays 
which fog our films and destroy their brilliancy. 

We understand that secondary rays, which are thrown off from the 
cathode, anticathode and surface of our X-Ray tubes have the same veloc
ity, but are of a longer wave length than the primary rays emanating 
from the focal spot of the target, the· various angles of their deflection 
producing a cross fire effect. As secondary rays are capable of produc
ing nearly the same photographic effect as that of our primary rays, the 
problem is rather complicated. 

Taking into consideration that secondary rays are deflected laterally 
to a greater or lesser degree when they come in contact with a ray filter, 
such as a sheet of copper or aluminum, it occurred to us that a wire 
gauze filter might carry off a large percentage of these vagrant rays, at 
the same time offering only a limited resistance to the primary rays. 

As a result of our experiments along this line, we were able to show 
veins and arteries in an elbow to a degree not attainable by routine tech
nique and without the introduction of an opaque dye into the blood 
stream. 

In the superficial investigation of some of the properties of the Ultra
Violet Ray as produced by the air-cooled mercury-quartz lamp, we find 
that with the lamp working at a voltage of 75, we can discharge a gold 
leaf electroscope at a distance of three feet with the chamber closed, in 
52 minutes. With the chamber open but otherwise under like conditions, 
the discharge takes place in eight minutes. 

As a result of this experiment and considering the comparatively 
close wave lengths existing between that of X-Ray (0.06-10.19 A.U.) and 
the Ultra-Violet Ray (360-3900 A.U.), it occurred to us that if we should 
direct a beam of Ultra-Violet Rays between the X-Ray tube and our sub
ject, some of the soft secondary X-Rays might be neutralized thereby. 
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1'hat this theory po 13es · some founclatiou in £net will be demon
tr~Lted by lantern slide r produ0tions of som of our experiments, all of 

wh1ch how a marked clru·ity of d tail a compared with the control ex
po ·ru·e. made without th ltra-Viol t Ray cro s · fu·e. W hall al 

0 
ho\~' some .·lides. illu tratJing tbe value of plastic -Ray free · iJ Hlus

tratmg pathologlCal conditi ns. 

PLATE VI 

A. Original X-r~y of a dilate~ esophagus showing a diverticulum in the upper third 
and a strrcture at card1ac end. B. Radiographic copy of the original. 

Finally, our las~ ~xperimen~ ~nables us to produce a radiograph o,f 
an X-Ray film retammg the or1gmal detail to a high degree. This we 
believe will prove to be a great advantage over photographic prints where 
duplication is desired. No change of laboratory practice is required in 
their production. 

That these X-radiographic copies are transparent and can be exam
ined with an X-Ray illuminator in the ~sual way is a very desirable 
diagnostic feature. 




