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PENNSYLVANIA ACADEMY OF SCIENCE 

REPORT OF THE SECRJ!JTARY 

The Pennsylvania Academy of Science held its fifth annual meeting 
in the Schwab Auditorium at Pennsyh·ania State College on the rnorn
ing of March 29th, 1929. The session opened with reports of committees. 
Report of the Secretary follows : 

The Fourth Annual l\'Ieeting of the Academy was held on April 6th 
and 7th, 1928, Carnegie Museum, Pittsburgh; E. A. Ziegler, President. 
The members were welcomed to the museum by the Director, Dr. 
A. Avinoff. Twenty-eight papers were presented in the meetings, cover
ing practically all branches of science. The dinner lecture was given by 
Dr. E. R. W eidlein, Director of the Mellon Institute. He chose for his 
subject ''The Present Trend in Scientific Research.'' After this address 
the Academy was entertained and instructed with three motion picture 
reels depicting the habits of the beaver and of certain insects. Fifty
eight persons were elected to active membership and eight resignations 
were accepted. 'rhe success of the session was largely due to the activity 
of the local committee and the thanks of the Academy was expressed to 
this committee by proper resolutions. The following officers were elected 
for the year: 

President, F. D. KERN, State College, Pa. 
Vice-P1·esident, RoBERT T. HANCE, Univ. of Pittsburgh 
Sec1·eta1·y, T. L. GuYTON, Harrisburg 
TreasHret·, H. Vv. THURSTON, State College 
Ass't. Sec'y., D. S. CHAMBERI,IN, Lehigh Univ. 
Eclitor, R. W. STONE, Penna. Geological Survey, Harrisburg 

The Executiye Committee is composed of the elected officers and the 
following past. presidents: 0. E: Jennings, B. L. Miller, N. H. Stewart 
and E. A. Ziegler. The Advisory Council, Governor John S. Fisher. 

The time and place of the Fifth Annual Meeting was fixed for Easter 
vacation, 1929, at Pennsylvania State College. The time and place of 
meeting for the summer meeting was to be fixed by action of the Execu
tive Committee. 

By action of this committee the summer session of the Academy was 
held August 10-11, 1928, at Pennsylvania State Forest School, l'lft. Alto, 
Pa. The evening lecture was delivered by Prof. Geo. S. Perry. He 
chose for his subject ''The Forests of the Scandinavian Peninsula.'' At 
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a brief business session ten persons were elected to active membership. 
The :field trip was through the Mt. Alto and Michaux Forests where the 
various forest problems were studied and explained. 

During the year two members were lost by death, Dr. Edgar Fahs 
Smith, President Emeritus, University of Penn ylvania, die i May 3, 
1928; and lVI. W. Grissinger, elinsgrove, J>a. died Dec. 0, J 928. The 
following resigned nom tl:Je A ademy: 

Dr. Edward Hart, W. S. 'l'aber, H. B. Kirk, Mrs. John J. Edson, Jr., 
Francis Kuolancheek, H. D. Fi h, ~. G. Pond, N. E. Morse, Miss Eliza
beth McWilliams, T. 0. Braille', Charles E. Roudabush, L. W. Nuttall. 

'l'he following were dropp d f1·om the rolls for non-payment of dues 
! or two Jrcars or more : 

B. H. Dimit, avid\· eisberger, Ellen . Diamond, Herbert D. mitl1, 
. Irvine hol'tc s, R. B. 1a.:-:we11, . F. McGann, Agnes 1\f rcbitj ·, J. 

Edward Hiller, John F.] ob, - I n if. Joac:Jtim, W. 'Ou t, o1·tcr R. 
Taylor, J. F. Pcnclerhaug·h, J tnnes I . a vi , Ray F. D ck, Mr . 1 elson 
i. Dav:is elson F. Davi , El a nor F. ] ar ·n t·, loyd E. - owe, L. 

Krebs, Ralph i. Martin, II. . .Allaman, Ran om P. Allaman, J. 
II. unkl, C. l\1. Robert olm '. lladley, L. Lloyd igltt, len K. 
Ei.mett, W·ll tcr , . Eisenmenger, vi '·ilbert, J. etll Grove, Frank P. 
Kyle, PhjJjp J. llerb t, E. II. N !son, Brother Felician Peter, Frances 
Pjru1ey. 

At present the Academy has one honorary member, and 321 active 
members. Of the active members 146 are also members of the American 

·so iation for the Aclvanc meut of cience. It is the opinion of your 
eel' tary that there l10uld be a mu ·h larger membership among persons 

interested in s i.en e who are 11ot •onnected with the American Associa
tion than ther is at present. - has in mind the great number of per
sons who are teaching the sciences in the high schools. 

Volume II of the "Proceedings" was published and distributed to the 
members. About 800 copies each of Volume I and Volume II are in 
storage at Harrisburg. During the y nr everul requests hav been .re
ceived for exchange of publications f ·om otJ\Cl' Aca lemi · of . ·cience and 
from various educational institution . t is hoped that ·orne arrange
ment may be made by means of which cxcl1ange may be set up. 

Signed: 
T. L. GUYTON, 

The report was adopted by the Academy. 
Sec1·etm-y. 

PENNSYLVANIA ACADEMY OF SCIENCE 

The Treasurer's report was given as follows: 

Receipts 
$ 380.51 Balance on hand .............................. ....................................... ·--·-· 685.00 

Dues received ........ -._ .. __ , __ ,_ .. _ .............. _ .. _ ............... _.... .. 53.00 
A. A. A. S. rebates ....................... - ......................... - ............... - ...... 14.00 
Sales Proceedings ·-.. - ·-........................... --.................................. 1.20 
Miscellaneous ............................................ - .. - ··---.. --...... _ .... _ _ _ _ 

$1,133.71 
Disbtwsements 

Vol. II Proceedings _ .. , ... _ .. _ __ ................................................ $ 5~~:~~· 
Stationery and printing ............................... - ... - --·- .... 37.19 
Secretary's account ........................................ ........ -.............. - ........ 25.75 
Pittsburgh meeting .................................. - ....................... - ... --.... 6 95 

. Summer meeting ._ ....... - ........ -·-.. - · ............ ..... ...................... 48.84 
Treasurer's account ...... ................................................... 468.98 
Cash in bank ............................................................................................. ___ _ 

Approved: 
E. ALFRED WoLF, 

w. A. McCuBBIN, 
Auditors. 

$1,133.71 
Signed: 

H. w. THURSTON, JR., 
Treasu1·er. 
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after the approval of the Auditing ComThe report was adopted 

mittee. . 'tt . 
The president appointed the followm~ comml ee~. 
Nominating Committee: Ziegler, Jenm~gs and Gress. 
Resolutions Committee: Hance and RClt~r. 
Auditing Committee: Wolf andMcCubbm. 
After this the following program was presented: 

. 1 · C A Bonine State College, Pa. Bentonite m Pennsy vam?-, ·
0 

· b' t' ' W p Davey State Col-
Modern Picture of Chemical om ma wn, . . ' 

lege Pa. 1 · R N Davis Scran-Glacial'Potholes in Northeastern Pennsy vama, . . ' 

ton, Pa. . R Whitin<Y Pittsburgh, Pa. 
Diploid Male~ m ~abrobra~on, An~a W Whiting Pittsburgh, Pa. 
X-Ray Mutatwns m Habro racon, .M t t ' "' iniature , P. W. 
LinlmO'e of the Semi-Lethal X-Ray u a lOll, ~ ' 

Whitbingb, Pittsbl\~rglh, PD~p.loid for the X-Ray Mutation "Short?" Are Ha ro racon ".La es 

lVI. M. Torvik, Pittsbur~h, Y.a
0. 

m ~,, C H Bostian Pittsburgh, 
What is the X-Ray MutatlOn rea . . ' 

Pa. b D R Charles, Pittsburgh, Ratios of Diploid Males in Habro racon, . . 
Pa. 



8 PENNSYLVANIA ACADEMY OF SCIENCE 

Enots in Te:\.1:-book<; in iolocr , J z 1 ~ C 11 . · , ,) a.o ·' 00 o Y s d in High , chool · 
all .L o C"'CS m Penn y lvauia H A £ . 

oil Fert.i lity Problems Invot\T ] '.m D . J m· ace, l msg~·ove, P a. 
Fairway ani Putting Gr J Wve .WJOJ)l~ent and !IamteJHmcc o.f 

TJ 11 eens, . . ut Sta e oil p te o-ca ed Deptll of leep H 1\1: J 1 ' d G. ege, a. . 
Pittsburgh, Pa. ' · · 0 111 on an :r. W. W igaucl, 

Further r ote on P lant G 1 f U~li·n "'. Pitt ·bul'g]l, Pea~grap lJ' of V.,T estern Pennsylvania, 0. E. 

en. Jtjye . Gl'a 8 0. E. Jc?Jlings, Pittsburgl1, Pa. 

J~~1~1 ~.0~~;e 11F~~~~;t ;fts opf the Mont Alto State Forests, Prof. 
Ed t ' ~ ' 0

' a. • uca 10~ anct the Radio, R. T. Hance Pitt b h p 
m·vey o:f Algae in P onos of :r · que I~le R sVu~~ ' . a. p· 

Pa. ' · · 1.0rriSey, 1ttsburgh, 

Cry~~~~eSbJ~~:~~yp~~ Revealed by Etching Phenomena, A. P. Honess, 

laye~r~~s b wctre ~nt a de to a limestone quarry at Bellefonte where a thin 
en om e was found. This mat .· l . 1 I . 

Pennsyl · · f . . . ena ' JUSt ate Y d1scovered in 
vama, 1s o volcanic orio'In. 

A . "' 
. tnp, also, was made to the Crystal Structure Laborator p I 

vama State Colleo·e The Belief t t . y, ennsy -
tl I "' . on e rip was lead by C. A. Bonine and 

le wor c at the laboratory was under \V p D Th 
f tl A d · · avcy. e annual supper 

o le ca emy was at the University Club. The speakers were. 
~· H. ~spenshade, Some Pennsylnnia Pioneers in Science: 
E .. L. Nixon, A Decade of Applied Botany in Pennsylvania 

Sta~ ~oc~~~~cl;o~~~~~llowecl and the Academy was entertained by t;;e Penn 

The meeting on Saturday, March 30th started 'VJ.tll tl t f itt A . ' ' le repor o com-
m ee~. report was called for from th L "'islntiv 'ommitt . 
sentatlve to the American Association for tll .A :Ivane ment of .cpte-
and the State Flower Committee '1'1 1 . . Cicnc ' 
State Fl C . . le on y c mmr1tec to r pol't wa tJle 

. ower ommittee: Dr. E l\f ·re . hairm 
ported that he had made special effort. to e~ aJ .. an. . r. 1' s. r -

soci.eties th~ougl~o~t the State as to the fl~wer 
1

~~~~:0;0~~~:h:f v~~~:~s 
chOice. Tins opimon centered on the tulip tree as th St t t l t 
flower of this tree as the State flower. Upon motioned I a e rdee andc the 
onded tl A d · u Y ma e an sec-le ca emy m accordance with th b . 
adopted the following resolution: e a ove report unammously 

fa;~o~fanEF~··lm: :trlllc. tulip tl: (Liriodendron t1tlipife1·o.) of the 
o < Y IS a nativ tr of . · 1 · · 

throughout 1hc tat a a foJ•est and culttn~ dy Jan;a and £ und 
\ · FmREJ\ S. It · · . a · , Hl .1e tree ani 
d I 

·~ · ~R iln lmport<mt timber tr of the ~-t '·t 
w > ll1 · u. ed m "lJr·n t · ·I · · . ""' ' 1 s " w 1 { mtet'IOl' flniJ h boat Jntiloing, 
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wooden pumps, wooden bowls, and as a substitute for Cuban cedar 
in the manufacture of cigar boxes and, 

WHEREAS: Its beautiful tulip-like flowers, buds, lea yes and 
fruits are easily conventionalized for artistic use and suitable for 
decorative purposes and, 

WHEREAS: The leaf resembles a keystone in shape and is there
fore a fitting emblem and symbol for the Keystone State, the. arch 
in the thirteen original colonies, and, 

WHEREAS: It is found in full bloom the latter part of 1\iay 
when we wish to commemorate with floral emblems the brave deed 
of our soldiers of the Civil, Spanish-American, and Great Vlorld 
\Vars, and, 

'WHEREAS: It has been selected by an overwhelming plurality 
vote of approximately forty societies in the State, that are inter
ested in securing a flower to represent the Commonwealth of 
Pennsylvania; 

THEREFORE: Be it recommended that the flower of the tulip 
tree and the tree (Liriodend1·on tnlipifem L.) be adopted by 
choice as the State flower and State tree of Pennsylvania, and 
that the citizens of the State and the children of the public school 
be instructed to call the flower of the tulip tree the State flower 
and the tree the State tree of Pennsylvania, and that they shall 
be taught the identifying· characters of the tree and flower and the 
correct methods of planting and caring for the same in private 
and public grounds and along our highways. 

The Resolutions Committee reported as follows: 

Owing to the increasing number of papers that are presented each 
year and to the difficulty of giving all an equal opportunity to deliver 
and to discuss the material under the present unlimited system, it is the 
consel1SUS of opinion of the members of the Pennsylvania Academy of 
Science assembled at State College that, in fairness to all, papers listed 
in future pl'ograms will be limited to a maximum of fifteen minutes 
except at the discretion of the officers of the Academy or in accordance 
with the expressed desire of the members. 

The members of the Pennsylvania Academy of Science desire to place 
on record their appreciation of the pleasant visit they have enjoyed at 
State College due to the hospitality and thoughtfulness of the representa
tives of the College and of the local members of the Academy. 

ROBERT T. HANCE, 
GEORGE F. REITER. 

The l\'Iembel'ship Committee presented the following names for active 
membership, all of whom were unanimously elected : 

Roy D. Anthony, State College, Pa. 
Dr. Joseph H. Barach, 401 Jenkins Bldg., Pittsllmgh, Pa. 
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E .. R:aymond Binkley, 520 Che1·okee St., B~thlehem, Pa. 
Ph1hp D. Brossman, 1137 Fillmore St., Frankford, Philadelphia, Pa. 
Bla~che. Effie Brown, Wilkes-Barre Institute, Kingston, Pa. 
BenJn-mm Brownstein, Ellwood City, Pa., Box 566. 
Dr. Alldrew B. Crichton, J ohnstown, Pa. 
D. Goo. Dery, Fif th nn.d Pb1e Sts. Catasauqua, Pa. 
D1:. ?adwallnder E,•ans, J r., 434 Wyomjng Ave., Scranton, Pa. 
Wilham. H . ~yster, Botanical ->!lb., Bucknell Univ., Lewisburg, Pa. 
Lloyd W. F 1she1·, 207 W. Green St., R eading, P a. 
Stevenson W. Fletchel', late College Pa. 

Jacob Furth, Tho H enq Phipps Institute, 7th and Lombard Sts. Philadelphia p 
Dr . Chns. S. Gaoso, 1 S. Galla tin 1 ve., Uniontown, Pa. ' ' a. 
E dw. H. Gmhnm, Cm·ncgie ?.Iusellm Pittsburgh Pa 
Julia. foesel Irnbc~, Zoology Dept. 'Pcm1a. Sta{e Co.llege, State College, Pa. 
Prof. H. E. H odgk1ss, tnt!) College, Pa. 
Cltns . ~- Hollmtcler, e; o Rohm & H aas Co., Bristol, Pa. 
Dr. W1lbm F. IIOJ·u, Cnl'ljsll:l, Pa. 

John C. Johnson, State Teachers' College, West Chester, Pa. 
Dr. Arthur P. K elley, Malvern, Pa. 
Max Kisliuk, Jr., 134 S. 2nd St., Philadelphia, Pa. 

Dr. Edward Lodholz, Graduate School of Medicine Univ. of Penna., Philadel· 
phia, Pa. . ' 

William W. Long, Eighty-four, Pa. 

Richal·d V. N[Ol'l'i scy, 20:3 Biology H all, Univ. of Pittsburgh, Pittsburgh, P a. 
Dr. Hugh C. Muldoon Duquesne Univ., P ittsburgh Pa. 
Fr_a~cis J. Mulvihill, Dept. of I nternal Affairs, Ha~risburg, Pa. 
·w1lham W. Munay, 218 Hawthorne St., Canonsburg, Pa. 
U. H. Myers, 824 Fulton Bldg., Pittsburgh, Pa. 
Dr. James A. Nelson, 605 E. Darby Rd., Llanerch, Pa. 
Dr. Robert T. P aessler, 105 Coal Exchano-e Bldg. Wilkes-Barre Pa 
W'll' b ' ' • 1 1am Al vin P:Hlctte, l3J·ooklyn, Pa. 

Burtis L . Robertson, Dept. of Elec. Engr., Penna. State College, State College, Pa. 
Herbert . Ross, 400 Crescent Park Warren Pa . ' ' . 
Fehce A . .Rotouilm·o, 429 S. Puci:fic Ave., Pittsburgh, Pa. 
John A. Roulton, Norris Apts., Norristown, Pa. 
Leslie D. Sh1·iver, Dunn's Station, Pa., R. D. 2. 
J olm R. Skeen, 5810 Chew St., Philadelphia, Pa. 
Dr. James C. Small, N. E. Cor. 36th and Walnut Sts. Philadelphia Pa 
William Stanaka, Everhart Museum, Scranton, P a. ' ' . 
Dr. Frank J. Steele, Oakland, Pittsburgh, Pa., Box 9. 
C. Kern Stewart, 412 Fifth Ave., McKeesport, P a. 
M. C. Strauser, Dept. of Botany, Penna. State College, State College, Pa. 
Thomas H. Swan, Mellon Institute, Pittsburgh, P a. 
Frank U . Swartz, 1111 W. Fairmount Ave., State College, Pa. 
R. R. Tafel, 4921 Cedar Ave., Philadelphia, Pa. 
Ralph N. Van Arnam, 418 N. New St., Bethlehem Pa. 
Michael P. Walle, 222 Pierce St., Kingst~n, Pa. ' 
Frank M. \Veida, 10Hi N. New St., Bethlehem, Pa. 

PENNSYLVANIA ' ACADEMY OF SCIENCE 

G. E. Weigand, Mellon Institute, Uuiv. of Pittsburgh, Pittsburgh, Pa. 
Geo. L. Zundel, Botany Bldg., Penna. State College, State College, Pa. 
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Upon motion of the Secretary,' Dr. W. vV. Keen, of Philadelphia, was 
elected to honorary membership in the Academy. Dr. Keen has been 
referred to as the Dean of Operative Medicine in America. He has 
reached the advanced age of ninety-two, and is still active in his pro
fession. The following is a brief biography of Dr .. Keen taken from 
"Who's Who in America": 

William Williams Keen: 
Born January 19, 1837. Took A.M. degree in Brown University, 

1859; M.D., Jefferson Medical College, 1862, Sc.D., 1912; LL.D., Brown 
University, 1891; Northwestern and Toronto, 1903; Ebensburg Univer
sity, 1905; Yale, 1906; St. Andrews University, 1911, and University of 
Pennsylvania, 1911; Ph.D., University of Upsala, 1907; Sc.D., Harvard, 
1920; Dr. honorus causa, University of Paris, 1923. Dr. Keen served 
as surgeon in the Civil War. Has practiced and lectured on pathology 
and anatomy in Philadelphia much of the time since 1866. Has served 
on various public boards and committees in both state and nation. He is 
the author of many papers and books on medicine and related subjects. 
Dr. Keen has been a leader in his profession. Is the recipient of many 
prizes and medals for the high character of his work and the eminent 
public service he has rendered. 

Upon motion it was decided to hold the Sixth Annual meeting in 
Bloomsburg at the Easter vacation, 1930. The Nominating Committee 
reported as follows : 

P1·esident: Robert T. Hance; Vice-P1·esident: D. S. Hartline; Secre
ta?·y: T. L. Guyton; Assistant Secretary: John W. Keller ; T1·easu1"B1": H. 
W. Thurston, Jr.; Editor: R. W. Stone. 

The Secretary was instructed to cast a ballot in favor of these can
didates. After this the following program was presented: 

Teaching of Physical Chemistry at the Pennsylvania State College, 
W. P. Havey and M. J. Lisse, State College, Pa. 

The H elderberg Group from Central P ennsylvania to Southeast Vir-
ginia, F. M. Swartz, State College, Pa. 

Lygodinm Palmatum in Pennsylvania, D. S. Hartline, Blooms
burg, Pa. 

The Possible Biological Significance of the Increased Activity of 
-Rayed Tyrosinase, R. T. Hance, Pit t burgb, Pa. 

P impinella M(Lgna in Pennsylvania, E. M. Gress, al'l'isburg, Pa. 
emon tration of the Method of Ultra-violet ficroradiation, E. A. 

Wolf, Pittsburgh, Pa. 
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r~l'io~ici~y in I U11;gi llo Rein, tate oUeg ' P a. 
Distl;tbutiolt of ~1 he in a Typical P elill ·ylvnnia trcam G cldes 

1mpson, Lew1sbm·tr P a. 
1 abit of ,m :~; J1 ' bia in ' ' inter, h~t . Mohl'

1 
Lewi btu··~ P a. 

ephenom:·o ::-~ , a Probable Cau e of D at11 monO' Deer H . tew-
. art, IJewisbnrg, Pa. "' 1 

• • 

H1ghwuy ~rote tion ancl Beautification , J. W. Keller H arrisbm'<l' 
(By 'l'1tle only.) "'' a. 

Photo-r cep t01'S m ~~'!J(G a1'C?Uf1'ia, v. E . LiO'h t, Balt 'more, 1\fcl. 
P1·ob~ ~is I nvolved m ~l1e :M.'a.kiug of an En tomolo ical u r ve of a 

L~tt.l nowu R eg1on, S. H. Williams, Pittsburgh P a. (By 
T1tle only.) • 

The Corona, J. H. Wayman, Pittsburgh, Pa. 

The new officers were inducted and the Academy adjourned . . 
Signed: . 

T. L. GuYTON, 

Secretary. 

SOME PROBLEMS IN THE NAMING OF PLANTS1 

PRESIDENTIAL ADDRESS 

By FRANK D. KERN 

Penn.'!ylvania State College 

tu· st1.1cli of P ants no matter how accm·at and exhaustive, must 
b.e orderly and ~yste:uatic to be worthwhile. W e m<ly look npon d crili
t,Ions and classrficatlon ' a · dry-a -dust ab tractions but we m.mot get 
away from the fact !'hat we al'e under great ohli ·~atiom; to th mati. ts 
f or t heir indispensable fou ndatioual work. 

om u latm· · is as essential to •lassifi ation a ar oncepliow of 
?'roupr-:- . 'inM J.JiJruaeu ill trodu -d th bli1 mial pian of Hamil g plants, 
m 17o 1 a great many nmu s hav b en p roposed and mbli ] <1 until 
now we lluv man) mor name. than plant . \ h u it i · vident t hat we 
haves :v -ral m lm · J;>l'Oposcd a clifferer t tine' an in differ nt countr ies 
a}}) lyillg to a certain plan t, on ·wJ1 at bas'is are w • t•oing to sort them ove:· 
an~ s-1 ct o11e as tlw p1:op l' 11'? It becom evident at 011ce that appli
catlOn o:f 11mncs acco1·dmg to d finite. r uJes is . ntial~:md tJ1at the l'Ules 
m.u t :furni h a l asi both for putting in or ~c1· t h 11 names 1\nd f or the 
f olma·tion, of new ones. 

The necessity of establishing rules to govern the application of names 
to plants has been recognized by botanists for many years. It is gen-

1 Contribution from the Department of Botany, The Pennsylvania State College, 
No. GG. 
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erally stated that the primary object of formal nomenclature is to secure 
stability, uniformity, and convenience. The difficulties are twofold: (1) 
to formulate adequate rules and (2) to secure their universal acceptance. 
Anything short of world-wide agreement on a system of nomenclature 
can lead only to confusion. It is a problem for international considera
tion. Several international conferences have devoted attentio11 to the 
codification of rules. An international meeting in Paris in 1867 adopted 
what has been known as the Paris Code. A congress at Genoa, in 1892, 
appointed a sta11ding committee to constitute an I11ternational Commis
sion on Nomenclature which was to report at some future international 
meeting. The l\fadison Botanical Congress, called by American botanists 
in 1\fadison, Wisconsin, in 1893, did not develop the international char
acter which had been hoped for and did 11ot attempt to legislate upon the 
question of nomenclature. 

The Vienna Congress i11 1905 adopted the International Rules of 
Botanical Nomenclature but they were to apply only to seed plants and 
ferns. These rules were amended in 1910 at Brussels through the recog
nition that was given there to the lower plants. Several matters were 
reserved for a congress scheduled for London in 1915, which of course 
did not convene. The Ithaca Congress in 1926 did not pass a11y legisla
tion but referred nomenclatorial matters to a committee on nomenclature 
for report at the coming congress to be held in Cambridge, England, in 
August, 1930. 

Prior to 1905 a group of American botanists codified a set of rules 
known as the American Code, which was submitted to 'the Vienna Con
gress but it was not adopted there. While there arc other differences 
between the two codes, the chief difference is that the American Code 
puts forward the type concept as a fundamental principle while the 
Vienna Code does not formally recognize it. In explanation of the type 
concept the following quotation from A. S. Hitchcock (Amer. Jour. Bot. 
8: 252, 1921) will be helpful. "The type species of a genus or the type 
specimen of a species is the species or specimen, respectively, that directs 
or controls the application of the generic or specific name. A generic 
name shall always be so applied as to include its type species; a specific 
name shall always be so applied as to i11clude its type specimen. The 
old concept was that a genus was a group of species having a given com
bination of characters; a species, similarly, a group of specimens. The 
new or type concept is that, from a nomenclatorial standpoint, a genus 
is a group of species allied to the type species, a species a group of indi
viduals similar to the type specimen.'' In other words, we name objects, 
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not our conception of objects. In modified form the American Code has 
been known as the Type-basis Code since 1919. The International Rules 
and the Type-basis Code have come to be more or less contrasted and each 
has its supporters. 

_Some American botanists, although possibly not agreeing with the 
entire set of International Rules, are inclined to accept them because 
they represent the best we have in the way of international law. Other 
American botanists are not willing to join this "leao-ue of nations" so 
long ~s it ignores fundamental features of a basic nat~1re which they are 
certam must eventually prevail. 

There have been numerous recent suggestions "that the time is ripe 
for an attempt to secure world-wide agreement on plant nomenclature.'' 
Sprague, of the Royal Botanic Gardens, Kew, in a note in Science (Vol. 
57,. pp. 207-209, 1923) states "that the divergence between the Type
basis Code and the International Rules leads to dual nomenclature in one 
out o~ every nine species of Phanerogams, apart from any differences of 
generic concept.'' He points out how this state of affairs handicaps thC' 
progress of systematic botany and deplores the amount of time which 
must be occupied with questions of nomenclature which might otherwise 
be devoted to other phases of taxonomic endeavor. I have no statistics 
for the Fungi but I believe it safe to say that these two codes would lead 
to. dual nomencl~ture in an even larger percent of cases in this group. 
Hitchcock has given two good discussions in which he has brought out 
clearly the points of difference between the two codes (Jour. Bot. 60 : 
316-~18. 1922; Amer. Jour. Bot. 13: 291-300. 1926). It is the belief 
of Hitchcock that the code of the future will be attained by a modification 
of. th~ International Rules so that they will embody certain important 
prmCiples of the American Code. Other botanists see no reason why it 
should not be possible to combine the best features of the two systems. 

There are now numerous indications of such a possibility. The type
method of applying names is not contrary to the International Rules and 
:vas recommended for future procedure by the emendations in Brussels 
m 1910. To make the practice retroactive is regarded as essential by 
many workers. An Imperial Botanical Conference in Cambridge in 1925 
resolved that the type-method should be formally adopted. This con
ference also ~dopted resolutions which would change the Latin diagnosis 
fro~ a reqmrement to a recommendation; would reject combinations 
whiCh are l~ter homonyms, and generic names which are later homonyms, 
unless specially .conserved; would admit duplicate binomials· and call for 
a revision of the list of conserved names. A recognition of ~hese sugges
tions would be a long step toward agreement . . 
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The divergent views in the matter of homonyms are interesting. The 
International Rules state that no one is authorized to reject a name "be
cause of the existence of an earlier homonym which is universally re
garded as non-valid,'' and also that ''when a species is moved from one 
genus to another, its specific epithet must be changed, if it is borne by a 
valid species of that genus" which means that the transferred name can 
stand even though there is such a previous combination provided the 
earlier combination is non-valid (a synonym). This leads most surely 
to confusion unless the worker knows or determines carefully the stand
ing of the earlier homonym. If his lmowiedge is incomplete, his judg
ment faulty, or if there are later changes in view as to the validity of the 
earlier homonym an uncertain situation develops. The provision of the 
Type-basis Code that both generic and specific names are to be rejected, 
if there are earlier homonyms, is more certain and practicable. 

In the foregoing paragraphs I have sketched some of the efforts of 
systematic botanists to attain a regular system of nomenclature. Very 
briefly I have referred to some of the difficulties. In spite of adverse 
criticisms from various quarters, I am certain that these efforts have been 
inspired by the highest ideals. Under the heading ''General Considera
tions and Leading Principles" the International Rules state that the 
essential points are to aim at fixity of names, to reject names likely to 
cause error or ambiguity, to avoid useless creation of names, and to have 
regard for grammatical correctness, regularity or euphony, prevailing 
custom, and respect for person. Since the rules cannot be imposed by 
authority it is proposed that they must be founded on such simple, clear, 
and forceful conceptions that everyone will be able to comprehend them 
and disposed to accept them. Any rules which do not come up to such a 
standard will be ignored gradually and eventually abandoned. Although 
the past efforts have not attained their own ideals they have served a 
purpose and have aided in stabilization. What is needed now is an 
unprejudiced attitude on the part of the legislators of the future and a 
rationality and confidence on the part of all plant science constituency. 

There is no doubt that the chief unrest with respect to nomenclature 
among practical plant people centers around the matter of stability or 
permanency of names. I have just pointed out that the botanical legis
lators recognize that the first essential is to aim at fixity of names. The 
claim of some practical plant men that changes in names are largely due 
to ''new ideas in merely · arbitrary fashions or systems of nomenclature'' 
is not justified. It has been said that "there is no guarantee-if, indeed 
there is any hope- that the system which may be adopted today will be 
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accepted by the next generation." Of course not. But tho main fact 
to be recognized is that no rules can prevent changes in names. On the 
contrary a rigid application of rules is likely to bring about changes. 
Unrest about changing well-known names is nothing new but dates back 
to the earliest times when technical names were applied. Hitchcock has 
well called attention to the fact that Beauvais, more than a hundred 
years ago, found it necessary to explain his failure to conserve certain 
names already in use and argued that if botanists would adopt the prin
ciple of priority (use of the oldest name) beginning with the works of 
Linnaeus, there would be in the future neither arbitrariness nor con
fusion in nomenclature. 

Ever since the time of Beauvais the principle of priority has been 
uppermost in the minds of taxonomists. The American Code proposed 
to apply it rigidly. Because this would force little-known or little-used 
earlier names in the place of more widely-used later names the Interna
tional Rules propose to conserve certain generic names. l\iany advocates 
of the American Code are without doubt coming around to the view that 
there should be a list of nomina consct·vanda, but they do not believe 
that the present list is satisfactory without revision. Exceptions to the 
rule of priority should be few and the directing principle should be to 
conserve names of those genera with large numbers of species and those 
which include the common economic plants. There is at present no con
served list of genera of Fungi but many of us dealing with this group 
have accepted the principle and have already put it into practice. The 
difficulty in the conserving of names is to get an accurate appraisal 
What may be regarded long-used names in one country or region may not 
be so regarded in another. Again conserving genus names will not main
tain specific names for which we may have a feeling of fitness. Thus we 
come back to the realization that no code can prevent changes but can 
provide merely the uniform procedure for making them. As long as 
botanists continue to acquire more information, or alter their taxonomic 
concepts, or make incorrect identifications or misapplications, we will 
have to face changes in names and we may as well bow to the inevitable. 
Not only will ·we have changes in names, but from time to time will we 
have changes in the rules for applying them. 

On this whole subject of changes of names one of the finest testimonies 
that I have seen is that of Dean G. W. Groff in an address read at the 
dedication of the Science Building, Lingnan University, Canton, China, 
entitled "The Botany of Kwangtung and its Relation to Agriculture." 
I cite the title and occasion because it helps to indicate the combined 
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, t' 1 nd theoretical view-points of the author. I can best present 
prac wa a . · d 'th th 
h . · b quotino· a paragraph. "Intimately associate WI ese 

IS VIeWS Y o . f t ' 
l . d lat.er plant classifications and With the development o errol-ear 1er an ' . · h 

1 descriptions and keys, natural and artificial, we have t e tre-
no ogy, ' . . d . . b . t f 

d Sly I'nterestino· to some of us fascmatmg· an gnppmg· su JeC o 
men ou ""' · · 1 d 

1 Here too is a subject ever unfoldmg, ever mvo ve . p ant names. . · · ' ' . 1 
In botany, as in mathematics, things equal to the same thmg are equa 
to each other. And plants, even though they be recordc~ ~nder two or 
more different names, if they fall within the same descnptive category, 
shouid be provided with but one valid name. Nevertheless, by the marvel 
of creation no two plants are exactly alike, and someone must be the 
· d as to what is to constitute the species if mankind proposes to de-
JU ge . . . . l t 
scribe and name plants. The chief difficulty hes m the fact that p ~n s 
which are discovered, described, named, and recorded today are stud1ed, 
named, and recorded tomorrow, perhaps in clearer light. However, r~les 
of priority as practiced in scientific nomenclature :lemand that V.:hwh 
l\Ir. A sees today, if published in journals of standmg, shall constit~te 
and form the basis for any description and naming which Mr. B, workmg 
in the same field, may see tomorrow. But in a world as large as ours, 
with its babel of tongues and script, how can Messrs. A to Z ever be s~re 
that they are not rediscovering, redescribing, renam~n~ that to which 
some member of this large and growing group has prwnty ~ Here: to~, 
the matter of concept of what is actually to constitute a given. s~ecies 1s 
of the oTeatest influence. Thus we have wide and narrow hmits t_o a 
species,"' valid names, and synonyms. A plant. whi~h is lm~wn in sc~e~
tific or popular literature today, under one bmomi.al and It~ au~hority, 
may be known tomorrow more correctly, under a different bmo~Ial and 
its authority, due to transfer or reduction. Latin names of Chma and 
Kwangtung plants are replete with this confusing situation, an~ one can
not use plant literature successfully without a full understandmg of the 
situation." · 

In this brief and imperfect way I haYe tried to present some of t~e 
problems of the systematic botanist. If I have shown you that he IS 

strivinO' studiously to solve these problems, and to adjust himself ~nd 
his wo;k to shifting and expanding concepts of a living and ~rowmg 
science I have not failed. It was not my intent to suggest solutiOns but 
to put' forward a view-point from which you might give tl:ese matt.ers 
friendly consideration. I should like to have you apprecw.te the .un
portance of such work to other fields of human knowledge. and to behev,e 
with me that the best efforts do rest on fundamental andmherently cor-
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rect J)riuciples ond not upon expediency and per ·onal preference as some 
people ~auld have you believe. We may as vell philosophically cou
ch~de With Groff that names are a necessa ·y mean for the acquaintance
ship of plants, tl1at they cannot be ignored, thut they have been used and 
changed, ~md that they will be used and changed. There are difficulties 
of course, but they are not iusurmouutable and there is. abundant evi~ 
?ence that we are making pt·ogress today along the right line· and that 
lS aU tl1at we cm1 expect. 

BENTONITE IN PENNSYLVANIA 
BY C. A. BONINE AND A. P. HOJ\TESS 

Pewnsylvania State College 

INTRODUCTION 

Dmin? the summer of 1924 a bed of weathered, buff-colored clay wa · 
observed m the lower part of the Trenton lime tone ill a road ut nea1· 

Antes Fort, Nippeno. e Valley Lycoming Ootmty Peuu·ylvania. The 
occurrence of tl1is peculiar clay, il1terbedd cl with marine limestone 
seemed so tmusual and the res mblanc to the "\ yomina b n·tonite s~ 
strong that the writers collected samples for mi roscopic study. ample 
we~e. sent to E . T. Wherry and E . S. Lar en, both of whom expres cd the 
opm10u. that the materi:U was bentonite. 1\.. P. Hones , of t11e e1)art
~ent of Geolocry and lv.lineralogy, Pem1 ~ lvania State College, al o exam
med th~ clay and ame to the conclusion that it was volcanic in origin. 
. Du~g the last four y m·s beds of imila.r material J1ave been. found 
ill pract1cally every quarry in Central Pem1 ylvania where mm·ine lime
~tone.s of MidcUe Or dovician age are e.·posed. Petrographic xaminations 

Y C. . · Ros ,1 of the U. S. G. S., and A. P. Hone s and a ch mica 1 
analy Is by . Professor Thomas Mason, of the Department of Chemistry

1 

~ellllSy~vama State College~ ha e establi hed the fact that this bentonite 
1s genetically related to that reported by Nelson, Butts and others from 
Kentucky, Virginia, 'rennessee and Alabama. 

Ros and hannon~ have defined bentonite as follows:- " Bentonite is 
a rock :o~pos~d essentially of a crystalline, cla.y-like min ral formed by 
~he deVltri.fica~lon and the accompauyiug chem.ical alteration of a glassy 
1gu?ous mnter1111 usually a. tuff or volcanic ash; and it often 'contnin 
va-r1able pro?ortion of ~cce ory crystal graiu. that were originally 
phenOCl'Y ts m the volcamc glass. The characteri tic c1ay-like min eral 

1 Ohm~nce S. Ro , 11 .Altm·ed Paleozoic ' 'olcanie materials and their recognition '' 
Bull. Arnot. A soc. Petroleum Goo1.

1 
12: 143-164 (192 ). ' 

2 Olnrenc~ S. Ro.ss and Earl V. Shannon, 11 Tl1e minerals of bentonite and related 
clays and thell' phys1enl pl·operties," Amer. Ceramic oc. Jour., Vol. 9 (1926), p. 79. 
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has a micaceous habit and facile cleavage, high birefringence and a 
texture inherited from volcanic tuff or ash, and it is usually the mineral 
montmorillonite but less often beidellite.'' 

Field observations show that most bentonites are sedimentary de
posits formed in bodies of water which were generally saline in character. 
However, some small irregular deposits are undoubtedly residual clay 
formed in sit1t by the alteration of glassy lavas. 

PHYSICAL AND CHEMICAL PROPERTIES 

Weathered outcrops of Pennsylvania bentonite do not exhibit the 
marked absorption and adsorption of water so characteristic of some 
western bentonites. When wet, the weathered clay is quite plastic and 
of a greenish buff color. The unweathered bentonite is blue gray to 
greenish in color, exhibits a waxy translucency when dry and a variable 
structure. Some of the clay is structureless with conchoidal fracture, 
although most of it has a somewhat shaley appearance. During the fold
ing of the limestone formations movements took place extensively along 
the planes of the bentonite beds forming slickensided surfaces and 
schistose bentonite. Later thin sheets of calcite were deposited by 
ground waters percolating along the bedding pl~nes of the bentonite beds. 

Bentonites exhibit considerable variation in physical and chemical 
properties. C. ·w. Davis and H. C. Vacher3 have prepared a classifica
tion of commercial bentonites based on the difference in the action of sul
phuric acid on their alumina content. Bentonites containing alumina 
resistant to the action of sulphuric acid are called "bentonite," while 
those in which the alumina is mostly 'dissolved by sulphuric acid are 
called '' subbentonite.'' According to this classification the Pennsylvania 
material should be classed as ''bentonite. '' The chemical character of 
the unweathered bentonite from the Lemont member of the Carlim for
mation exposed in the Oak Hall, Pennsylvania, quarry, is shown in the 
following analysis :4 

ANALYSIS OF BENTONITE 

SiO, - ...... - .. --.. --. 49.40 P,O ............. - . ....... : ........ .. 
Fe,O, ... - ............ --~...... ...... .... . 7 4 SO, ............. - ..... .. ............ . 
TiO, ,,._ .. ,_ .. _ ....... _ • ., __ ....... .44 MnO ...... ..... - ............. ...... . 
Al,O, ..... _ .. _ ................................ 28.80 Loss above 110° .... .. 

CaO ·--.. ·-·-.. ·--.. --- .74 Water at 110°.-... - .. 
MgO - ......... - ... - ... - ............ - 3.80 
Na,O .... ____ ,_,_, __ ,_ 1.68 

K 20 .............. - ... - .. - ... - .. - ... --·-· 4.98 

.13 

.79 or S = .32% 

.00 
6.13% 
3.02 

100.65 

3 C. W. Davis and H. C. Vacher, "Bentonite, its properties, mining, preparation 
and utilization," Tech. Paper No. 438, U. S. Bureau of Mines. 

4 Analysis by T. W. Mason, Pennsylvania State College. 
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This analy is is similar to that of the bentonite f:rom High B ·idge, 
entucky, e p ially in tl1e percentage of allmUs. Th on i tently high 

a.ll;:ali content, particularly -pota h, reported .:from practi ally all tl1e 
Ordovician bentonites of the Ea t rn .nit tate is cha 'actcristic and 
serves to di tingui h them from other bentonites. 'Ihe alka1i pr bably 
exist partly h1 hemical combination in the uncle ompo:cLl :fel ~ par , 
partly a· au essential constituent in the clay-like m·ineral form d by the 
metamorphism of the original clay mineral ai1l partly a adsorbed salts. 
On tJ1e oth r hand there is a defic.i ncy of silica and a di tinct in rca e 
in alumina over the amounts recorded for the bentonites of Bedford 
County, Tennessee; High Bridge, Kentucky, and Birmingham, Alabama. 
However, when a comparison of these constituents is made with some of 
the bentonites from Crook and Natrona counties, Wyoming, a very much 
lower alumina and higher silica content become obvious in the Western 
deposit. These differences are for the most part traceable to age of beds 
or state of alteration. The percentage of silica, 49.40 per cent., shown 
in the analysis of the Oak Hall material is not in harmony with the acid 
character of the plagioclase found in the residue, and in view of the ex
ceedingly fine grain of the ash from this locality, it appears there has 
been a decided loss of silica as result of alteration. 'l'he loss of silica, 
while more marked than any shown in the analyses from the southern 
localities just mentioned, is not surprisingly different when the textures 
are considered and the fact recognized that analyses reported from a 
single bed have been known to show considerable variation. The like
nesses of the Eastern bentonites are certainly more marked than their 
differences, but when compared as a whole with those of the far West 
certain distinguishing characteristics become apparent. 

PE'l'ROGRAPHY 

In seeking to account for this special kind of clay two methods of 
approach may be utilized. The first emphasizes the original structure 
which alteration processes have failed to destroy completely, and which 
in many cases can be definitely ideutifi · d ben ath the petrographic 
microscope. The second in.volve a m1crostudy of peciai ani character
istic minerals when these pro ht t l1ave been concentrated either as crys
tals or mineral fragments )n tl1 more in olnble heavier 1·csidue obtained 
from crushed, flocculated, acid treated samples. 

The important published accounts of Ross5 have without doubt , , 
shown very clearly the igneous origin of those bentonites studied by him. 
The characteristic bogen structure, so common in unaltered volcanic ash 

s Op. cit. 
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d 
't ha been exc ptioually well p1·eserved h1 ma:uy bentouites, espc

epsl, 1. t 'l 
ially tho e o.f more recent origiu. 'rhe entral Penn ·y van~ .ma

1 
er~~, 

ho' ever, being o£ much :finer teA.i;ure does not rev~al so str ang Y e 
·a ce of special ori"'in a som of the oth r depostts farther south and 

ev1 en .., · b'li f 
in the west. 'rhl fact sugge ed to the a~1thors the a:sua 1 ty o ~p-
proaching the problem of genesis by means of micro-studies of the heav1er 

resi~~. . 
These residues6 were prepared by crushing to a powder a suitably 

sized sample (50 grams) of the material taken from the ben~onite bed. 
This was then violently agitated in a beaker of water, decantmg off the 
finer clay substances from time to time until the solution was partially 
cleared. The residue was then reground, subsequently washed as befor~, 
flocculated in ammonia water and finally treated with dilute hydrochloric 
acid for the purpose of clearing up the residue. This treatment concen
trates certain special constituents which are often obscure in thin section 
and affords opportunity for a more careful study of them by immersion 
liquids. The manner of treatment may be varied to suit the needs of. the 
investigator, but in general the treatment is the same for all bentomtes. 
In cases where it is desired to make a density separation bromoform has 

been found satisfactory. 
The insoluble r esidues of the bentonite beds from the Trenton forma-

tion at Union Furnace, the Carlim limestone at Oak Hall, Pa., and the 
bentonitic shales of the Upper Black River limestone and Middle Trenton 
formations at Ganister, Pa., have been examined and found to show 
characteristics which are more or less general for the region. The ad
vanced stages of alteration in most cases have left very little of the origi
nal material except those minerals which are usually preserved under 
conditions of erosion and decomposition of igneous rocks, such as zircon, 
acid plagioclase, quartz, apatite, etc. To these may be added biotite 
which under the conditions of occurrence in Central Pennsylvania, may 
be called diagnostic. The character of the biotite, while generally of the 
same habit, differs considerably in color. The residues obtained from 
some of the Union Furnace, Pa., samples are much lighter in color and 
not as well crystallized as some observed from other localities; the resi
dues from the bentonite beds of the Trenton formation at Ganister, Pa., 
especially are characterized by an abundance of dark colored biotite
often to the extent of 15 per cent. to 20 per cent. of the insoluble residue. 
Certain biotite flakes taken from limestone horizons quite remote strati-

s The authors are indebted to Mr. R. H. Smith and Mr. E. F. Williams, former 
students of the Geology Department, for preparation of the residues. 
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graphically · from the bentonite beds arc well cry tallized aud rustinetly 
red :Ush. .Although some of the color vru.-iations ma.y be of primary 
character, leaching has undoubte Uy been in trum.ental in decolorlzing 
some of the biotite where alteration has been somewJtat pronounced. .An
other characteristic, very common in the biotite flake , is the unusual 
amount of interlacin..,. rod-shaped and polygonal mineral inclusions and 
microHtes. 'l'hese are often oriented at angles of 60° and uggest by 
their optical behavior the minerals, apatite, zircon, and iron oxide. The 
zircon occurs a1 o rather abundantly in some residues as individual crys
tal · ha:vjng cle:finite faces and sharp edges with little if any rounrung 
such as may result from s ream transportation. The secondat'Y products 
of the volcanic ash are chiefly those finely divided ag"'l'egates of clay min
erals such a leverrierite, nontronite, montmorillorrlte and beidellite, 
which llave as yet 11ot beeu completely differentiated. Earlier petro
g;raphic work on this materia] sugge ted leverrie1·ite as probably the most 
a:b1mdant species, but more rccen studies by Ros aud Sbannon favor 
montmorillonite as the probable clay mineral replacing most of the less 
stable materials of the volcanic ash. The residues as a whole are free 
from material which may be called erosion residuals, a fact in keeping 
with the presence of fresh biotite in these bentonites and one of consid
erable significance when considering their origin. 

It is a well known a t that biotite i widely disseminated in emptive 
l'O('lrs and occurs as well . rystnllized hexagonal flakes in glassy extru
sives. In the more crystalline phc es magmatic t·esorptiou often dimin
ishes its amount or causes it to clisapJ>ear entirely. That the biotite of 
the e bentonite beds is so abundant and 'veil crystallized would seem to 
suggest acid eruptives as the probable source. Furthermore, inclusions 
of zircon occurring in the biotites of well crystallized plutonics are fre
quently bordered by pleochroic halos; however1 the biotite of the ben
tonite beds, even though it be in many instances crowded with inclusions 
of crystal grains, rods and microlites, does 11ot appear to carry zircon 
possessing this characteristic, a fact rather commonly recognized for 
extrusives. 

Petrologists have long been familiar with the unstable character of 
biotite under conditions of rock erosion and decomposition, and its ap
pearance in quantity as a well crystallized, unaltered species in a definite 
lithilogic unit of a sedimentary series, where metamorphism is ,11ot 
strongly emphasized, is not without suggestive significance as to the ori
gin of the rock bearing it. This fact together with the lack of evide11cc 
supporting the suggestion of transport for the associated species points 

PENNSYLVANIA ACADEMY OF SCIENCE 

I 

rather conclusively to submarine buria~ o~ volcanic 
paleozoic seas without opportunity for oxidatiOn. 

GEOLOGIC OCCURRENCE 
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ash m shallow 

s· 11-defined beds of bentonite, varying in thickness from one to 

f rtlX w~ hes have been found in the Middle Ordovician limestones of ou een me , · · f h 
Central Pennsylvania. Four of these occur in the basal portiOn o t e 

T t ll.mestone one in the Lowville limestone near the base and one ren on ' . . ) r 
at the base of the Lemont member of the Carhm (Stones River Ime-

stone. · h th ld r The beds in the Trenton formation are more persistent t an e o ~ 

ones and were found in every quarry where the .base of the Trenton IS 

Osed The following represents a typical sectiOn: exp . 

SECTION AT UNION FURNACE, P A. 

Trenton Limestone 

(Top not measured) 
Limestone, shaly ___ _ ............ _ ..... -----···-··:····-· ............... ... - ... . 
Bentonite, weathered, pure ( Trinucleus concentncus) ....... _ ..... .... . 
Limestone, massive, very little shale at top and bottom .......... . 

l ~~:~:~~~~o, ci~~~ciwood5;-~~·cit~-·c·4·i~~)·-:-- } 
Bentonite..... Be~\o~~i~e ..... i;;;·-~t~i~e·d··i~~·-b~~~:-;~~11 ~n. 

sidernbio shoarmg (cnle1te i 111.) ---· 5 ~n. 
Shale, calcareous, 91·owu, soft- ····-···- ·-··· 1 m .. 

Limestone, massive, very fossiliferous, typical Trenton species 
Shale, calcareous, with brown layer similar to above ..•. - ............... . 
Limestone, Trenton, massive ......... - ................ - ............ ,--·--·-
Bentonite, banded, crushed ..... - ... · .. ··----.. ---·-·----····-· 
Limestone, Trenton, massive ... _ .. ,_ .. ,_._ .. - .• - ...... - -·--··-····· ............ .. 
Shale, brown .......................... - ..... ... ..... --.. --·-·-.. ·-·-·-·--.................... . 
Limestone ......................................... ......................................... ....... ........................... _ ........... .. . 
Shale, calcareous . ___ ............. - ............ - .... ............ - ............ _ ...... _._ .. .. 

Limestone, bottom shaly - ... - .......... _ .. - ·- -····-··-- ···· .. ----··--· 
Limestone .................................................................... ........... ........ ··- ····-····_ ............... ........ . 
Shale, calcareous, black ..... --... ·----·--··-.. - .. - ....................... ........................ .. 
Limestone .. ------·-.. - ··--··-.. --............. - ... - ......... ,_.,_ ... _ ............. _ .......• 
Shale, calcareous, black -·--.. - .. --.......... - ............. - ·--···-···-···-·--
Limestone, massive -·----··--···-········· ........... - ... - ........ --·--· ... - .. . 
Limestone ........ - ........... ·-··-··-·-·-.................. - ............. - ... - .... - ..... _ ...... __ ..... . 
Bentonitic shale ...... _ ..... - .. ...... _ ............................. - .. - ............ --·---·-· 
Bentonite, weathered .............................. -···---.. ---····-·---........... .. 
Chert, containing Trenton fossils ......... - ..................... - ... - .................. _ ..... .. 
Limestone, Trenton, shaly .... - .......... - ·-·-·--·- ............. _ .. ... - .- ............. .. 

(Top of Rodman limestone) 

Unit 
Ft. 

2 

110 

1 

30 

13 
1 

12 

6 
2 

1 
1 

15 

In. 

0 
5 
6 

5 

3 

1 

3 
8 
4 

3 
5 
2 
2 
4 
2 
7 

i 
6 

Total 
Ft. In. 

694 9 
692 9 
692 4 

581 10 

580 5 
550 5 
550 2 
537 2 
536 1 
524 1 
523 10 
523 2 
522 10 
51fi 10 
514 10 
514 7 
514 2 

514 
512 10 
511 6 
511 4 

510 9 
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The following condensed sections show that the interval between the 
Trenton beds is fairly uniform: 

Williamsb~rg, Penna. Union Fumaoe, Penna. Bellefonte, Penna. 
Ft. In. Ft. In. 

00 
5 

Ft. In. 

Surface 
Limestone 

weathered ............... 6 00 
Bentonite B ....... ....... . 6 
Limestone ..................... 48 00 
Bentonite C ............ . 10 
Limestone ................... 20 00 
Bentonite D .. ....... , .... . 6 
Limestone ..... ........ ...... 10 00 
Top Rodman limestone 

Limestone .... ....... ........ . 
Bentonite A ......•... ..... 
Limestone .....•.............. llO 00 

Bentonite B ....... ._ ... 1 5 
Limestone -- ···-·· ... ····· 43 00 
Bentonite c ............... 1 1 
Limestone ·------·-···· 24 00 
Bentonite D ... -......... 7 
Limestone ...................... 15 00 
Top Rodman limestone 

Surface ··················-····· 
Limestone .............. ........ 15 00 
Bentonite c --····--·· 5 
Limestone ................. 20 00 
Bentonite D . .. ............ 4 
Limestone ······•·············· 21 00 
Top Rodman limestone 

The Rodman, Lowville and Carlim limestones vary considerably in 
thickness from place to place in Central PennsylYania and the bentonite 
beds occurring in them are not very persistent. These formations are 
composed for the most part of massive bedded limestone which has been 
extensively folded by the mountain making movements of the Appa
lachian revolution. This folding has squeezed out the soft bentonite in 
many places, making it difficult to find. In the Bellefonte region the 
bentonite bed near the base of the Lowville is well exposed owing to the 
fact that this horizon is used as the foot wall of the quarries. The ben
tonite in the Lemont member of the Carlim is the oldest known bed in 
the eastern United States. According to Butts7 the Lemont and Low
ville of Pennsylvania are equivalent to the Lenoir and Bays formations 
of the Tennessee section. Seventy-five hundred feet of marine sedi
ments, including the Holston, Athens, Tellico and Sevier formations, lie 
between the Lenoir and the Bays formations. This thick series is miss
ing in Pennsylvania, the time interval being represented by a discon
formity. Several million years must have elapsed between the deposi
tion of the bentonite in the Lemont and that in the Lowville. A 
petrographic study of the heavy residues of the Lowville and Rodman 
formations is now being made by E. F. Williams and A. P. Honess, of 
the Pennsylvania State College, Department of Geology and Mineralogy. 
The presence of characteristic biotite in some of these residues shows that 
there is bentonite material scattered through the formations, indicating 
minor volcanic outbursts at frequent intervals throughout the period of 
deposition. 

7 Chas. Butts, "Variations in Appalachian Stratigraphy," Jour. Wash. Acad. of 
Sci., Vol. 18, No. 13, July, 1928. 
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CoNCLUSIONS 

The PennsylYania bentonite is, without doubt, genetically related to 
that occurring in the Southern Appalachian States. The mineralogical 
character, established chiefly through residue studies, is very similar to 
that reported for the bentonite from the Southern Appalachian district, 
fresh euhedral biotite being the most diagnostic accessory species. The 
o-rain size of the clay particles and accessory minerals is much smaller, 
~1dicating deposition farther from the volcanic source-a conclusion 
further strengthened by the thinness of the beds as compared to those 
several feet thick in Virginia and Kentucky. The texture of the ben
tonite is much finer and the characteristic ash structure, although not as 
well marked, is similar to that of the Southern bentonites. The geologic 
aae of the limestone formations in which the bentonite occurs, as shown 
b; paleontologic studies, is the same in both localities. A consideration, 
also, of the chemical composition of the bentonite from the two regions 
shows a marked similarity in chemical character, especially in alkali con
tent. This further suggests a genetic relationship. 

Owing to the nature of their origin, bentonite deposits usually occur 
as persistent beds over wide areas. Being deposited in such a short 
period of time they form very accurate chronological datum planes for 
the use of the stratigrapher and field geologist. The Pennsylvania ben
tonite beds should prove valuable for stratigraphic correlation purposes, 
but detailed paleontologic and petrographic studies will be required 
before criteria may be established for the recognition of the individual 
beds of considerable areal extent. 

MODERN PICTURE OF CHEMICAL COMBINATION 
BY w. P. DAVEY 

State College 

(Abstract not submitted.\ 
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GLACIAL POTHOLES OF NORTHEASTERN 
PENNSYLVANIA 

BY R. N. DAVIS 

Sm·anton, Pa. 

(Abstract.) 

Potholes are found in solid rock where they have been formed by fall
ing wat-er. They are common where streams flow over a rocky bed. 
They are more frequently seen in glaciated areas than elsewhere because 
the streams have been diverted from their pre-glacial position and have 
not had time to reduce the course to a uniform grade. The higher 
ground where no streams flow at present occasionally have potholes, but 
these are usually covered by till so that they are seldom noticed. 

An enormous pothole of this character was discovered in the Lacka
wanna Valley near Scranton nearly half a century ago. This pothole 
was revealed in a curious manner. A coal miner fired a blast and was 
terrified when he found a great quantity of water flowing into his 
''chamber.'' This flow soon ceased, but sand and silt mixed with gravel 
was in the ''face'' of the chamber instead of coal. The mine superin
tendent directed him to load this material into the mine cars and it was 
removed from the mine-nearly a thousand tons of it. This reyealed a 
clearly defined pothole about forty-five feet deep. Prof. Branner, of the 
State Geological Survey, was appealed to for an explanation. He sug
gested that it was formed near the close of the Glacial Epoch when the 
great ice sheet was reduced locally to a valley glacier. A ridge extends 
across the valley here and this caused the glacier to break into crevasses, 
down one of which the surface water flowed with such power as to bore 
out the great pothole. 

Some years later the writer with some of his students discovered some 
well-defined potholes of smaller size at the highest point of this ridge 
across the valley and four hundred feet above the level of the Lacka
wanna River, less than a mile away. One of the most remarkable of these 
was on the under side of a boulder. An examination of this boulder 
showed that it must have been "plucked" from a ledge less than a hun
dred feet away and turned over as it was shoved along by the glacier. 
This observation seems a confirmation of Prof. Branner's theory. 
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X-RAYS AND HEREDITY OF WASPS AT THE 
UNIVERSITY Ol!' PITTSBURGH 

AN INTRODUCTION TO THE FIVE FoLLOWING PAPERS 
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A series of experiments is being conducted at the Department 
of Zoology of the University of Pittsburgh concerned with the effects of 
X-rays on a parasitic wasp known as Habrobracon. This wasp, which 
is less than a quarter of an inch in length, is found wherever stored 
cereals are infested with caterpillars of the Mediterranean flour-moth, 
which they parasitize. The wasps have been reared for some years in 
order to study heredity, sex-determination, etc. Like the honey-bee they 
produce males from unfertilized eggs, parthenogenetically, but unlike 
the honey-bee, they are readily reared under controlled conditions in the 
laboratory. Caterpillars are fed on Pettijohn's breakfast food and then 
fed to the wasps. The latter pass through a whole generation in ten days 
and produce large numbers of progeny, so that they are convenient for 
studies in heredity. Dr. Anna R. Whiting, of Pennsylvania College for 
vVomen, tells how some males are produced from fertilized eggs and how 
this type of male can be identified; also how certain eye colors (black, 
orange, ivory) and yarious types of wings, which originated by muta
tion, are inherited. 

Dr. P. W. Whiting, of the University of Pittsburgh, tells of the pro
duction of new types, or mutations, by treatment with X-rays and how 
one of the mutations produced in this way is inherited. This mutant 
which is called miniature is of small size and is very likely to die before 
maturing. 

Miss M. M. Torvik has been working with another mutant with short 
wings. It is still a question whether the males from fertilized eggs can 
inherit this trait from their father. Miss Torvik has been making mea
surements to determine this. 

Mr. C. H. Bostian is working with a pale eye color which gives very 
irregular results in heredity. Since this mutation which is called cream 
was produced by X-rays it seems likely that the rays have in some way 
upset the normal mechanism of heredity in addition to producing the new 
eye color. 

Mr. Donald R. Charles has been studying the influence of X-rays on 
the ratios of males from fertilized eggs. He will tell something of the 
causes influencing these ratios. 

Very little is known about the real method of sex-determination in 
Hymenoptera, the group of insects to which the bees, wasps, and ants 
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belong. It was for this reason that these insects were chosen for study, 
but these studies are also of interest since they should tell us how we may 
expect characteristics to be inherited in the honey-bee, and how X-rays 
may produce new hereditary traits. 

DIPLOID MALES IN HABROBRACON 
ANNA R. ·wHITING 

Pennsylvania College for Women 

Work on Hab1·obracon jugland1·s (Ashmead) was first done with wild 
black-eyed stock. It was observed that virgin females produce only 
males while mated females produce both males and females. The conclu
sion was drawn that all males come from unfertilized eggs. New data 
accumulated after the discovery of a recessive mutation, orange eye 
color, proved the above conclusion to be incorrect. From the cross of 
recessive orange females by related type males there appeared orange 
azygous males, black heterozygous females, and a few black males which 
must have received their eye color from the male parent. 

Since it was believed that males in Hymenoptera must be haploid it 
was postulated that either the sperm nucleus alone had undergone cleav
age in the egg cytoplasm and formed the entire embryo or that sperm 
and egg nuclei had developed independently, resulting in the formation 
of a haploid mosaic. 

Study of several new recessive mutations has thrown additional light 
upon the subject. A series of quadruple allelomorphs affecting eye color, 
black, light ocelli, orange, and ivory, and three pairs of simple allelo
morphs affecting wing character, defective venation, wrinkled wing and 
reduced wing, have been found. These four loci segregate indepen
dently. 

In any type of cross between related stocks where the female is homo
zygous for one or more dominant and one or more recessive factors and 
the male carries the allelomorphs there are produced some anomalous 
males. Two types of such matings will be discussed in detaiL 

An ivory-eyed normal winged female (o1oiRR) when crossed to a male 
with light ocelli and reduced wings ( o1r) gives ivory sons ( o1R), daughters 
with light ocelli ( o1o1Rr), and a few sons with light ocelli ( o1o1Rd), all 
with normal wings. These males have, without any question, received a 
head character from their father and a thorax character from their 
mother and so cannot have been derived from the sperm nucleus alone 
but are biparentaL An additional p_oint of interest is brought out by 
this cross. Light females, heterozygous for orange or ivory, have ocelli 
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with less pigment than do males and females of light stock. The hi
rental males in the above cross likewise have lighter ocelli than ordi

~~ry haploid light males. This fact suggests that they are diploid like 

their sisters. 
When homozygous defective, reduced females ( ddWW rr) are crossed 

to wrinkled males (DwR) there are produced defective reduced matro
clinous sons (dWr), type daughters (DdWwRr), and a few type sons 
(DclWwRd). It is difficult to conceive of any relationship of chro~o
somcs other than diploidy which will explain this for factors affectmg 
one structure and derived from each parent appear in the males resem
bling their sisters. 

Over 75 per cent. of these apparently diploid males are sterile and 
the remainder produce but few daughters. With a single exception they 
have all bred as dominants which might be explained by assuming their 
spermatozoa to be diploid. 

The question that presents itself is "Why are these biparental, ap
parently diploid individuals, males~'' A logical answer at present is a 
postulation of an X chromosome as in many other forms. It is quite 
possible that further research will disclose a mutation behaving differ
ent! 1· from those already studied and that this will indicate a sex chromo
sam~ which, by its haploid or diploid condition, determines sex more or 
less irrespective of other chromosomes involved. 

Cytological work upon H abrobracon is difficult. Haploid males pos
sess about eleven very minute chromosomes, diploid females about 
twenty-two. Spermatogenesis is like that of the hornet. The first 
division is abortive, the second apparently produces two functional 
spermatozoa. Abortive first maturatio'n diYisions have also been ob
served in the testes of biparental males and it is conceivable that this 
process would result in diploid sperm, an idea consistent with genetic 
results. Daughters of biparental males would then be triploid, which 
might account for their high percentage of abnormality and sterility. 

The question of the method of sex determination in Hymenoptera, 
·which seemed to be settled so long ago, bids fair to be one of the last to 
be fully understood. 
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X~RAY MUTA'l'IONS IN HABROBRACON 
BY P. -vv. WmTING 

Department of Zoology, University of Pittsbwrgh 

In an attempt to produce mutations the wasps have been treated with 
different dosages of X-ray. There is little if any effect oii duration of 
life or general vitality. Treated females tend to become sterile but pro
duce a few offspring immediately after treatment. 

Treatment of mated females decreases ratio of females among their 
progeny, probably by injury to sperm in seminal receptacles. Treatment 
of males reduces fertility or causes sterility. Treated males are mated 
to untreated females. The ratio of females among the progeny is an in
dex of the fertility of treated males. 

Very little of interest has appeared among the male offspring of 
treated females, although it might be expected that on account of male 
haploidism recessive mutations would readily become visible here. Pos
sibly the lack of visible mutations may be due to simultaneous lethal 
mutations or other lethal changes which would be immediately fatal to 
a haploid organism. .Sterilizing effect may be in. part due to induction 
of lethal mutations. 

Female offspring of treated males, as also female offspring of treated 
mated females, appear to carry lethals as evidenced l:)y their low fecun
dity or the low male ratio among their offspring. Of one hundred and 
forty-one tested offspring of treated wasps, two gave Yisible mutations, 
"small-head" and "miniature," while at least twenty-eight showed con
ditions indicating lethals. 

LINKAGE OF THE SEMI-LETHAL X-RAY 
MUTATION "MINIATURE" 

BY P. V\T. WHITING 

Pittsburgh, Pennsylvania 

A daughter of an X-rayed male Habrobracon by an untreated 
female produced normal and "miniature" sons. Miniature reduces gen
eral body size and antennal length and changes the outline of the ante
rior wing. Miniature females are apparently sterile. Heterozygous 
females are normal in appearance and hence the mutation is recessive. 
Such females produce normal and miniature sons, but the latter are less 
than 50 per cent. of expectation. J\i[jniature is therefore semilethal. 
Miniature females are obtained by mating miniature males with hetero-
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f males The mutation is linked with locus for orange eye-color, 
zygous e · · f h · · 
giving about 10 per cent. crossovers. About one-sixth o t e mmwture 
that fail to mature develop to a pupal stage i~ which ey~-color can be 
identified. Crossovers appear in lethal pupae m substantially the ~all_le 
ratio as in miniature and normal adults. Progeny (m~les) from vugm 
dau ·hters of black miniature by orange normal approximate the follow
ing ;atio: straights-orange 99, miniature 45, pupae 9; and crossovers
type 11, orange miniature 5, orange pupae 1. 

ARE HABROBRACON MALES DIPLOID FOR THE 
X-RAY MUTATION "SHORT"~ 

BY l\IIAGNHILD M. ToRVIK 

University of Pittsburgh 

The mutation "short" was derived from a daughter of an X-rayed 
male by an untreated female. Whether this mutation was caused by the 
rays is doubtful since there were also recorded two short sons from the 
untreated mother. These, however, may have been diploids receiving the 
factor short from their treated father. Short appears to be partially 
dominant in the male as the following experiments demonstrate. 

Orange-eyed, short-winged females were crossed to type (black, long) 
males. The wings of the three sorts of offspring-orange males, black 
males and black females-were measured in order to determine whether 
the black males were diploid for wing length as well as eye color. 

Measurements of costal veins of right mesothoracic wings were made 
with camera lucida. In order to correct for the factor o:f individual 
variations in size the ratio of costal length to head width was used instead 
of costal length alone. Thirty-three individuals of each type were mea
sured. Costal length divided by head width varied around the mean 
3.215 + 0.017 in the orange males, 3.336 + 0.023 in the black males and 
3.551 + 0.025 in the black females. The mean for the black males is 
0.121 + 0.028 greater than the mean for the orange males. This differ
ence is 4.23 times as great as its standard error and seems, therefore, to 
be a significant difference. On this basis we would conclude that the 
black males are diploid for costal length. Their wings are significantly 
longer than those of their haploid brothers and hence show paternal in
fluence. 

The mean for the black males is 0.215 + 0.03 less than the mean for 
the black :females-a difference which is 6.34 times as great as its stand
ard error. This, therefore, is an even more significant difference. It 
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may be explained on the basis of sex. There may be a partial reversal 
of dominance in the case of the diploid male. Or, there may be more 
than one factor involyed in determining the wing length of the female 
and the male may still be haploid for one or more of the factors involved. 

·wHAT IS THE X-RAY MUTATION "CREAM"~ 
BY C. I-I. BosTIAN 

University of Pittsbtwgh 

The mutation ''cream'' eye-color arose from an orange female, 
treated with X-ray on March 1, 1928. This female produced six sons, 
five showing the expected eye-color, orange, and the sixth having eyes 
ivory in appearance. 

Ivory arose from the orange stock originally and hence it was sup
posed that the mutant might be caused by a second mutation from 
orange to ivory. To see whether or not cream was the same as ivory, 
as it appeared to be, the mutant was mated with females of ivory stock. 
He produced not ivory daughters as expected, but orange. When mated 
to these daughters, he produced both orange and cream daug·hters in 
approximately equal numbers. 

These results can be explained on the supposition that the original 
mutant was not ivory but a second recessive, cream, resembling ivory 
but caused by a change in a different locus. 

When cream males were crossed with black stock females, the black 
daughters, isolated as virgins, produced four types of males: black, dark 
orange, light orange, and cream. The orange can easily be distinguishe~1 
as dark or light. These facts are consistent with the idea that cream is 
in an independent locus, but ratios are not orthodox, differing widely and 
indicating further complications. 

On the basis of two factors, cream would be a double recessive co, 
black would be CO, dark orange Co, and light orange cO. An ivory 
male would have the formula Co\ and co1

• 

Thirty-nine orange females, produced by crossing ivory stock to 
cream and ivory stock to orange grandsons of cream males, were bred 
out, nineteen as virgins and twenty which had mated with brothers. A 
total number of 837 orange sons and 861 cream sons were given. These 
numbers indicate a 1: 1 ratio, but the fraternities grouped themselves 
into three main classes, representing ratios of one orange to three cream, 
one orange to one cream, and all orange. In addition to the main classes 
there were several classes departing from the normal ratios expected on 

PENNSYLVANIA ACADEMY OF SCIENCE 33 

the assumption of two factors being involved. For example, two frater
nities composed of sixty individuals had three orange to one cream, a 
ratio not at all in harmony with a two factor relationship. 

These departures from the normal, though not being composed 
of large enough numbers in the data thus far gathered to be of great 
importance, are not the only stumbling blocks in the way of a simple two
factor relationship. 

It has already been brought out that cream males mated to black 
stock females give in the F 2 four kinds of males: black, dark orange, light 
orange, and cream. If the cream was due to a simple two-factor arrange
ment and other kinds of males were of the formulae suggested, these 
males would be expected to fall in a ratio of equal numbers, assuming 
the absence of linkage. From over sixty black females heterozygous for 
cream, a very few of the ratios were 1:1:1:1, but most of them were 
quite variable, and often the number of cream was equal to the sum of 
all the other three types. 

In some cases where black stock females were mated to cream males, 
only black and cream sons were given in the F 2 • In such cases the cream 
must have been of the same composition as the ivory. In cases where 
cream and ivory occur in the same fraternity, they are indistinguishable 
but can be differentiated by breeding from them. 

It already has been mentioned that orange can be derived from a cross 
of cream and ivory. It was then interesting to see what a cross of 
orange by orange would throw. Of twenty-six crosses of dark orange 
females to dark orange males, nineteen gave all orange females, as ex
pected. Two gave orange and cream females in about equal numbers. 
Of the other two, one cross gave six black, six orange, and three cream 
females, and the other, two black and four orange. 

The orange which when crossed gave only orange must have been 
homozygous, or very nearly so. Those giving black and cream, in addi
tion to the expected orange, must have been heterozygous. 

Crosses of dark orange females with light orange males give a much 
larger percentage of black females. Thirteen such crosses were made . ' 
usmg females of the same fraternities as those mated to the dark orange 
males. Only one of the later crosses gave all orange females; six gave all 
black ; one black and orange ; one orange and cream; and four black, 
orange, and cream. 

From these results it is seen that the cross of dark orange females to 
light orange males produces black females about five times as often as 
when a dark orange male is used. 
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Five of the reconstituted black females, isolated as virgins, gave sons 
of the four types, in different ratios. Since they were from different 
crosses they would not be expected to give like ratios. 

Five crosses of dark orange females to cream males have given two 
fraternities including black females. This result is hardly in accord 
with a two-factor relationship. In these two cases the cream males might 
have been so exceedingly light orange that they could not have been dis
tinguished from cream. If such was the case, the two-factor arrange
ment might fit this particular bit of data. 

In order to study further the difference between dark and light 
orange males, crosses were made with them and black stock. All the F 1 

daughters were black as expected. Eighteen of these daughters whose 
fathers were dark orange, gave only black and orange sons, except in 
one case, where four creams were produced in a fraternity with twenty 
orange and seven black sons. The daughters of light orange males gave 
different kinds of progeny, however. Seven produced all four types of 
sons. Two others gave such small numbers that it cannot be said that 
they would not have given cream sons also. 

Two facts give evidence that light orange is different from dark 
orange. Black daughters with dark orange mothers are more frequently 
produced by light orange than by dark orange fathers. Cream appears 
in F 2 from black stock females more frequently when these are crossed 
with light orange than dark orange. 

Exactly what this difference is, and precisely what the mode of in
heritance of cream is, remains a question until further analysis is made. 
Perhaps the behavior of this sport will be found due to variable genes, 
non-disjunction, tetraploidy, a two-factor relationship with linkage, or a 
combination of several of these. At present, we are still asking ourselves, 
''What is the X-ray mutation cream~'' 

RATIOS OF DIPLOID MALES IN HABROBRACON 
BY D. R. CHARLES 

U'I1Jilve1·sity of Pittsburgh 

The tendency of Habrobracon to produce diploid males is evidently 
hereditary, as shown by two lines of evidence. 

In the first place, inter-stock crosses throw ratios of these males defi
nite and constant for any pair of stocks used. In general, the more 
closely related the stocks, the higher the ratio of diploid males. This 
ratio is exp;essed as the per cent of diploid males among total diploids, 
both male and female. For example, A. R. Whiting has shown that, in 
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crossing one to k to each of four others, the most clo ely related gave a 
significant ratio of diploid males of 11 per cent; two, less closely related, 

0:f 7 -pel.' cent, and the most d1stat1t stock, of only 3 per cent. 
The second line of evidence 1s that ~iploid males frequently turn up 

in pairs, or sometimes larger groups, as though due to a recombination 
of recessive factors in their parents. In breeding some two thousand 
wasps for the problem here discussed, a significant figure of 26 per cent 
of all crosses producing diploid males was found as the incidence of more 
than one such male in the same fraternity. 

This hereditary tendency seems to work through the gametes of both 
sexes. As shown above, females of one stock can be crossed to males of 
different stocks, with ratios of diploid males in the progeny depending 
upon the relationship between the parent stocks. Since the only variable 
here is the residual heredity of the fathers, they must vary in their ability 
to produce diploid males. Conversely, males of one stock can be crossed 
to females of a number of other stocks, with analogous results. So this 
points to the fact that eggs produced by females of different stocks vary 
in their tendency to produce diploid males, as do the sperm of the males. 

An attempt was made, by X-raying females of two stocks recessive for 
reduced wings and orange or ivory eyes, to alter the normal ratio of 
diploid males among their offspring. The females were mated after treat
ment to males of a stock dominant for long wings and black eyes. So the 
diploid male offspring, with eyes and wings like their fathers', could 
easily be distinguished from their haploid brothers with the maternal 
characters. 

To establish the normal ratio of diploid males produced by these 
crosses, identical matings were made, except that the females had not 
been exposed to the action of X-rays. 

Three hundred and ninety-five females were irradiated in four 
groups: one at 35 KV and 8 rna; two at 50 KV and 8 rna, and one at 
76 KV and 8 rna. The time of exposure varied from five minutes to 
ten hours. Under the longer exposures at 35 KV and any treatment 
at 50 and 76, females go completely sterile after producing few, i:f any, 
offspring. As a result the entire group of 395 treated females produced 
only 1,063 progeny, while 97 control females produced 1,096. 

Such wide range of dosage was used to find one at which the treated 
females produced the smallest fraternities, which would still be of value. 
It is at an analogous dosage that Muller finds the greatest number of 
mutations in Drosophila. Since some factor in the egg is responsible 
in part for the production of diploid males, it was thought that this 
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dosage, producing the maximum germinal instability, would be the most 
favorable for altering the normal ratio. 

From counts of the offspring of these treated females, the ratio of 
male diploids for each of the four treated groups was calculated, as was 
that of the fraternities from untreated females, raised at the same time. 
In no group was any statistically significant difference found between the 
ratios of diploid males produced by treated and untreated females. 

In all four groups considered together, the ratio of diploid males was 
5.66 -+- 1.06 per cent. The progeny control females showed a ratio of 
3.84 -+- .86 per cent. The difference between these is 1.82 -+- 1.37 per 
cent, which is not statistically significant. 

The ratio of females to total offspring in the progeny of the rayed and 
unrayed groups likewise show no statistically significant difference. A. 
R. Whiting has shown this ratio to be negatively correlated with ratio of 
diploid males. 

So from these two sources it may be concluded that, within the limits 
of the dosage used, X-raying females of the two stocks involved has no 
significant effect in changing the ratio of diploid males among their off
spring. This is probably applicable to all similar crosses that might be 
made in Habrobracon. 

ERRORS IN TEXT-BOOKS IN BIOLOGY AND ZOOLOGY 
USED IN HIGH SCHOOLS AND COLLEGES 

IN PENNSYLVANIA 
BY H. A. SuRFACE 

Susquehanna Unwersity, SelinsgrotJe 

(Paper not submitted) 
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SOIL FERTILITY PROBLEMS INVOLVED IN THE 
DEVELOPMENT AND MAINTENANCE OF 

F AIR\iV AYS AND PUTTING GREENS 
BY J. w. WHITE 

State College 
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'l'he modern crreenskeeper in his desire to fulfill the exacting demands 
o£ his club with~- pect ·to weed-free fai.J:ways and putting greens, is fol
lowing a system of soil management entirely c~ntraxy to _the ~u~clam~~ta1 
principles o:f soil science. Little does he reahze that his sOil Is a livmg 
thing, abounding in countless numbers of micro-organisms of both the 
flora and fauna kingdom. He does not understand, therefore, that a 
fertile soil is one so managed that a close symbiotic relationship exists 
between the soil population and that of the higher plants. Science has 
told him that bent grasses will thrive on a soil too acid for the growth of 
most weeds and that frequent applications of an acid-forming fertilizer 
such as sulphate of ammonia will create and maintain the acid reaction 
desired. He has been told further to use sparingly fertilizers containing 
phosphorus and potassium for they encourage the invasion of weeds and 
under no circumstances should he use any form of lime for fear of reduc
ing soil acidity. Lime, he is told, is good for weeds, but little value to 
grasses. His inherent tendency is not only to fulfill these recommenda
tions but to carry them to extremes. The practical greenskeeper knows 
that mercury compounds are effective in combating fungus diseases and 
discouraging earthworm pests, for the pathologist and the entomologist 
have told him so and he has found it true. He can not understand, how
ever, why in certain cases his putting green fails to respond to an appli-
cation of mercury. . 

The soil scientist has not told him that through the excessive use of 
sulphate of ammonia and fungicides he has produced a sterile soil or one 
toxic to the roots of his bent grasses; that an application of lime in mod
eration would restore the grass when the trouble is due to excessive 
acidity. 

At a recent greenskeepers' short course held at Penn State the funda
mental principles involved in the production of grasses were discussed 
in detail. It was emphasized that lime is essential for the best develop
ment of Kentucky blue grass fairways along with nitrogen and phos
phorus; that the most feasible way to discourage weeds is to treat the 
soil so as to produce a dense vigorous sod and thus leave no room for 
weed invasion. The greenskeepers were told that the excessive use of 
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nitrogen on the acid greens produced a grass physiologically weak-sus
ceptible to fungus diseases. They were told of actual cases where lime 
had restored the grass to normal growth after mercury had failed. They 
were shown many charts which told that limestone had increased the 
growth of Kentucky blue grass over 100 per cent and had reduced the 
weeds 43 per cent. The keen interest shown by the greenskeepers during 
the short course, together with the large number of letters later received 
urging a more extensive course next year, serve to emphasize the desire 
for more knowledge concerning . the fundamental principles of soil 
fertility. 

THE SO-CALLED DEPTH OF SLEEP 
BY H. M. JOHNSON AND G. E. WEIGAND 

Mellon Institute of Industrial Researoh, University of Pittsburgh 

The earliest of modern experimental work published on the depth of 
sleep was that of Kohlschiitter, who in 1862 described an ideal curve of 
sleep. This has been almost universally accepted as a representation of 
the way in which an individual takes his sleep. 

The wide-spread acceptance of this curve may be shown by the fact 
that it is to be found in almost all text-books of physiology and psychol
ogy which deal with the question of sleep, and also by the fact that some 
theorists have said that in as much as the curve shows the major portion 
of sleep occurs in the first two hours of the stay in bed, it might be a 
saving of time to take one's sleep in short naps of about two hours' 
duration. 

The method employed by Kohlschiitter, and most of the other investi
gators, was that of sensory stimulation to the point of awakening. In 
this particular case auditory stimulation was used. That is, the subject 
was awakened by means of a sound, the intensity of which was measured. 
He argued that the more work a sound had to do on a subject in order to 
produce a constant effect, the more deeply asleep the subject was. He 
then plotted the intensities of the liminal sounds against the times of the 
night at which they were determined, and relabeled his ordinates ''depth 
of sleep.'' 

That this curve is a statistical artifact may be brought out by a con
sideration of Kohlschiitter's unselected data. This does not show the 
descending limb of the curve to be the simple logarithmic one as repre
sented by the classical curve, but has several maxima, spaced so as to sug
gest a rhythmic fluctuation of irritability. So it might seem that the 
principle of selection may have been operating quite markedly in this 
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ca e. A r. Swan, of the Simmon Fellowship, points out in an article 
to appear shortly in the Psychological B1tlle'tim,, Kohl chiitter rejected 
about 45 per cent of his orif,rinal data- all too meager to be""in with-
inca it consisted of only 74 measurements made on one sleeper during 

eight .nights. 
The chief reason set forth for the rejection of the measurements is 

that the subject had recently stirred so that the measurement was made 
shortly after a secondary increase in the depth of sleep. In some cases 
he regarded a stir made thirty minutes before the reading as being too 
recent. In the case of the most typical member of a group of subjects 
studied by the present writers, over two-thirds of the total time spent in 
bed was characterized by stirring more often than once in thirty minutes. 

Monninghoff and Piesbergen, using practically the same method as 
that of Kohlschiitter, reported that a curve fitting their data was of the 
form of a Roman M. That is-the intensity of the stimulus required to 
awaken a subject has two maxima, one early and one late in the night 
separated by a minimum. The second maximum, although high, was not 
as high as the first. 

Michelson, still using the method of measuring the intensity of the 
sound stimulus required to awaken a subject, reported evidences of a 
fluctuation in the so-called depth of sleep. If his curves were inverted 
by assigning negative signs to the ordinates so that they expressed the 
degree of wakefulness, rather than the depth of sleep, it would resemble 
some of our own in its major characteristics. 

Neyroz and de Sanctis, using a method of tactile stimulation that 
caused awakening, found evidences of marked fluctuations. They de
cided that their results were a matter of faulty technique rather than 
variations in the irritability of the subject. 

Howell measured the changes in the volume of the arm and found 
that, after an initial increase in volume, rhythmic variations occurred. 
His results, however, cannot be given too great a consideration as they 
were obtained on only one subject during about four hours of one night. 

The present writers have, for the past three years, been employing 
another method for the investigation of the course of sleep, which is that 
of automatically registering the major movements made by a subject dur
ing the entire time spent in bed. This method has the decided advan
tage over that of stimulating a subject in that it does not interrupt the 
normal course of sleep. 

Our subjects d!J not distribute their movements in a manner which 
corresponds with the heightened degree of irritability for given periods 
of the night that other investigators have shown. 
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All of the experimenters that have been mentioned report an increased 
intensity of the stimulus required to awaken a subject within the first 
hour to an hour and a half after retiring, which they say indicates that 
tbe depth of sleep is greatest at this period. In this particular con
sideration our observations correspond with those of the older writers. 
We find our subjects tending to become more and more quiet during the 
first hour after retiring until they reach a minimum of activity. If we 
cared to reason as others have, we might say that the lower the curve 
is at any point, the greater the quietude at that point and that our curve 
represents the temporal course of the depth of sleep. 

After this initial decrease of motility, our findings differ considerably 
from those reported by others. In all of the work previously mentioned, 
the results show a tendency toward more shallow sleep. Or, to put it 
differently, after the initial increase in the intensity of the stimulus re
quired to awaken a subject, subsequent awakenings are accomplished by 
smaller stimuli. 

A consideration of Kohlschiitter's curve will show this point even 
more clearly. The peak of the curve occurring one hour after retiring 
corresponds to a strong stimulus. One hour later, or two hours after 
retiring, the awakening is accomplished by a stimulus approximately one
eighth as great, and so on throughout the night. This is also evident in 
the representation of his complete data. The same observation holds 
for the other investigators. 

Our results do not support this contention. It seems that after the 
initial minimum of motility is reached, the tendency of the curve may be 
in any one of three possible directions-that is, if we may consider the 
straight line best fitting our results and not the rhythmic variations 
which we shall speak of later. The curve may tend toward increased 
motility as the night progresses after the initial decrease, it may tend 
toward decreased motility, or it may tend tu remain at about the same 
average level throughout the night. 

In addition to these various types, we have found in a few of our sub
jects a tendency to delay the initial minimum of motility until the second 
or third hour after retiring, after which it is toward increased frequency. 
It might be mentioned that this type of curve has been noted most fre
quently in individuals of a psychopathic or highly nervous disposition. 
There is one other type of curve we have found on one subject, an insane 
patient who showed minimums of activity at the beginning and the end 
of the night, with a maximum occurring in the middl~. 

A common feature of a:ll of our curves is a pronounced rhythm, which 
cannot be disregarded. This activity pattern is fairly characteristic of 
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'th~ 'individual, being little affected, relatively by experimental variables 
which may alter the mean level o£ the curve by as much as twenty-fi~e 

cent. Kohlschiitter apparently observed the rhythmic nature of his 
per £ h . f l .. 
findin"' when all data were included, but elt t e necessity o exp ammg 
it. L~ckillg a logical CA"])la.nation, he arbitrarily disregarded it. Later 
experimenters followed his example, and sought other explanations for 
the fluctuations in their results. 

It seems in the light of this evidence that, regardless of the method 
employed, there is a rhythmic variation in the manner in which an indi
vidual spends his time in sleep. Thus, this variation found in the reac
tivity of the subject towards stimulation during the course of the night, 
is comparable to the rhythm demonstrated in his tendencies toward 
motility. Of these two experimental methods, one depends upon external 
stimulation, the other is relatively free from it. Yet both result in a 
characteristic rhythm. Hence, these rhythms would not seem to occur 
as a result of outside stimulations, but apparently are brought about by 
changes which take place within the organism. 

Many interesting problelllS are suggested in the attempt to explain 
the causes of the fluctuations. The effects of digestive disturbanceii;
bodily temperatures-cramping of the muscles, and so on, have all been 
advanced as probable factors contributing to these rhythms. These are 
interesting speculations, whose confirmation must depend upon further 
experimentation. 
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FURTHER NOTES ON THE PLANT GEOGRAPHY. 
OF \VESTERN PENNSYLVANIA 

BY 0. E. JENNINGS 

University of Pittsburgh 

(Abstract) 

Apparently the limits of range of some of the plants in Western 
Pennsylvania are due to differences in soils, such as is the case with the 
pitch pine (Pinns rigida) and the scrub pine (Pinns virginiana), whose 
northwestern limit in Pennsylvania seems to be the southern ed()'e of the 
glaciated region. Sometimes climate seems to be the limiting f:ctor as 
perhaps, is the case with the papaw (Asirnina triloba), which range~ u; 
to the Conemaugh River valley from the south with there an east-west 
line as its frontier, but swings into the State again in a narrow zone along 
the immediate shore of Lake Erie and passes through into New York 
State. Another tree probably limited by climatic conditions is the white 
pine, absent from a curved indentation into the middle of the western 
part of the State and probably correlated with a scantier rainfall during 
the hotter part of the year. 

Historical (geological) reasons best apply to the distribution of the 
tamarack (Larix laricina), canoe birch (Bett~la papyrifera), cassandra 
( Chanwedaphne calycnlata), and many other northern plants left 
stranded in swamps and other cool isolated stations with the warming up 
of the climate after the close of the Glacial Period. The same reasons 
apply, from the other direction, to plants which, like the white oak 
( Qnercus alba) are probably still advancing northwards following the 
Glacial Period, and which, in this case, have not yet ascended the higher 
domed area of most of McKean and western Potter counties. 

Sometimes geographical barriers determine the limits of range, as 
seems to be the case with the sweet buckeye (Aescnlns octandra) which 
occurs commonly along the western and southern banks of the Ohio River 
in its course northwesterly from Pittsburgh. This tree ranges into West
ern Pennsylvania from Ohio and West Virginia, but is limited to the west 
side of the Monongahela and the Ohio in Pennsylvania. Apparently this 
wide river-barrier is an effective one here for the buckeye. 
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IIOMALOOENOIIRUS VIRGINIOUS A SENSITIVE 
GRASS 

BY 0. E. JENNINGS 
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The white grass or white grama (Homalocenchrus virginicus) was dis
covered by Mrs. 0. E. Jennings last year to be quickly sensitive to pluck
ing. Further observation shows that it always exhibits certain leaf 
movements following the breaking or cutting of the stern. 

The grass is a native of moist shaded places and usually has the rather 
short wide leaves spreading from the stern at a rather wide angle. When 
the plant is plucked, by breaking or cutting off the stern, the leaf-blades 
in a fraction of a minute bend towards the stern, then the blades fold 
together upwards, hinging along the middle, much as an open book might 
be closed. This latter movement is finally followed by a twisting of the 
folded leaves spirally. Sometimes the leaves are fairly tightly twisted 
within about a minute from time of plucking. 

No explanation is yet offered as to the reason for such movements, but 
it is tentatively suggested that it may be due to changes in the sap pres- · 
sure within the stern when it is cut or broken. 

A SURVEY OF THE FOREST SOILS OF THE MONT 
ALTO STATE FORESTS 

BY J. T. AUTEN 

State Forest School, Mt. Alto 

This study was begun about five years ago under the direction of the 
Soils Department of Iowa State College for a Ph.D. thesis. It includes 
a soil survey and map of 23,000 acres of forest, and studies in texture, 
hygroscopic moisture, ash, nitrogen, phosphorus, acidity, chemical invoice 
of fertility added and removed by chestnut oak, analyses of run-off water, 
studies of capillary moisture, etc. Bacterial, fungi, and actinomyces 
counts were made during a growing season and fertilizer tests were made 
during a three-year period on conifers in nursery soil. 

Paper is to be published elsewhere. 
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EDUCATION AND THE RADIO 
BY ROBERT T. HANCE 

University of Pittsburgh 

The dream of the university has been achieved. Registrations of ten, 
twenty, thirty thousands of students, acres of campus, classrooms in awe
some architectural array are no longer particularly impressive. The 
world has become the campus, every home is located on it and by virtue 
of its location has become the classroom. No restrictions or prerequisites 
guard the sanctitity of the subject material, attendance is not checked, 
no examinations held and no fees or tuition charged. The class members 
admit. themselves, section themselves on the basis of ability to understand 
and enjoy and seldom report that they have been among those present. 
Indeed with a little stretch of the imagination we might say that this 
ultra-modern set of students has gone back to the pedagogical ideal of 
Mark Hopkins on one end of the log with the learners on the other. Here 
the log has been transformed into a radio wave with Mark's end at the 
microphone and the other end is every radio receiver whose dials are 
tuned to Mark's wave length. And when all is said and done the output 
of any instructor that is not tuned within his class's receiving range is 
wasting his substance upon the desert air whether this air be circulated 
by efficient ventilators through walled classrooms or whether it undulates 
through space. 

The.University of Pittsburgh Radio Studio of KDKA has now had 
five· years of experience and its programs are being received regularly in 
most of the States of the Union and with interesting frequency in many 
parts of Europe, Northern Canada, Australia and the Malay States. In 
the case of the last named point one of my own talks that went out at 7 
P. l\1. Pittsburgh time was picked up at 7 A. l\1. by the local radio enthu
siast. Candor raises the question whether the talk was the happiest 
possible introduction to a new day. An eye-opener it was intended to be 
but hardly a curtain raiser. Obviously education by radio presents its 
problems. 

The audience that is willing to leave the dials alone when an informa
tional talk is on is an interesting one, to judge from the letters that come 
in. Its members range all the way from the highly cultured to more or 
less intellectual cranks. I have recently carried on a correspondence 
with one member of my radio class, of whom I had certain suspicions in 
the beginning, and who ultimately turned out to be excellent material for 
a F reudian psychologist. One may be quite certain that a fair section of 
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11e radio class i made up of one's profe sional colleagues who thus 
llave a ;marvelous oppor mrity to check the teclmique of the lecturer. The 
sp aker needs but little i.magina~ion to see his ~ar-~w1g. and varied a.udj
ence stretched out before the rmcrophone and m time 1t becomes almost 
a much of a spur a does a real audience. 

The varied types that we lmow are listening in forces a revaluation 
of subject matter that i , I think, very healthy for every one concerned. 
A.t pl'e ent there can be but little question that, at lea t as far as science 
is conce1ned, the talks must be very lru:gely suggestive and in pirational 
rather than complete in detail. This if r eally successful will achieve the 
t·eal goal of education, namely, the desire to dig out the facts for oneself. 
Training that a ims at anytlting else i largely a waste of time anyway; 

0 pe ~laps what we are inclined to r gard as radio necessities may l1ave 
n. pretty fair pedagogical excuse. Other subject material may be 
handled much as it is in the ala sroom and may be attended with great 
success. I have in the past heard courses in languages sent out by one 
of the departments of the Universities of New York City that impressed 
me as admirable. The vivacity of the instructor made him seem to be 
just behind the loud speaker-a truly great feat of teaching, considering 
the hopelessness of any mature individual getting excited over what to 
him can be but little better than baby talk. 

Obviously, since a tuned out educational talk is wasted, the talk must 
be sufficiently fascinating to hold the listeners. It cannot be too long, 
it must be couched in understandable language, it must be told in more 
or less story style and must be related to things already known by the 
listeners. To put over without the use of a blackboard any conception 
of such things as the laws of heredity, or of the growth of an embryo 
from the fertilized egg is a problem to intrigue any teacher. Yet I think 
it can be done with fair success and the results are of considerable use to 
the radio lecturer when facing his more tangible audience. 

Indeed the organization of a series of radio talks on the principles of 
biology has caused me to change the sequence of events in our general 
course in Zoology. In our class rooms we are usually not much con
cerned with catching the interest of our students. They cannot get 
away. But if we bow to the psychology of a radio class why not accord 
the same courtesy to our freshmen. In the instance under discussion it 
has seemed to work. To begin with why brunette parents may legiti
mately have blonde children is far more exciting than to begin with the 
classic but invisible amoeba. 

The last thing that the radio does for the speaker is to teach him that 
time, like the brook, may flow on but, unlike it, not forever. If he has 
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fourteen minutes at his disposal it isn't fifteen, much less thirty minutes. 
When the Sure Catastrophe Washers are lurking in the offing the pro
fessor either finishes on the second or his dissertation on longevity is apt 
to fade into the introductory wise crack of the next feature-"It is un
necessary to kill your wife. Catastrophe Washers will do the dirty 
work.'' One frequently longs for a similar mechanism to fade out the 
Marathon speakers of the scientific meetings. 

When I first heard of radio talks by university instructors I was quite 
skeptical. I listened in and was soon convinced of the marvelously 
scholarly job that was being accomplished. The fourteen minute talks 
were packed with material and yet were fascinatingly told. This was 
indeed carrying education to the public, for in all likelihood the uni
versity has an audience of from 100,000 to 150,000. Every .department 
is represented and the subjects presented range from clothing to philoso
phy, from folk songs and their meaning to the whys and wherefors of 
the living machine. These talks are published by the University of Pitts
burgh and sold at· cost. Forty-seven volumes have been brought out to 
date, the breadth of which is indicated by the following titles: 

Some High Light in Modern Physics 
Conversations with a Philosopher 
The Framework of the World 
The Story of Our Courts 

The Contemporary Novel 
The Machines We Are 
Man and the Earth 
Criminology 

The Role of Chemistry in Everyday Life 

Do people listen to these talks~ Make a mistake in a talk and see 
how quickly it is picked up. Is the audience appreciative~ I know of 
no better evidence than the letter from the guardian of a war-blinded 
soldier. He writes that the boy is going through college and that "we 
find the publications very helpful and your work over the radio is simply 
indispensable.'' Such a vision is compensation many times over for the 
ten to twenty hours of labor that each fourteen-minute talk requires. 
Those of us who have obtained our education rather easily and have 
accepted it as our birthright seldom fully realize the desire for it of those 
who do not have it. For this group the future is happily illumined with 
education by radio. 
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SURVEY OF .ALGAE IN PONDS ON PRESQUE ISLE, 
ERIE, P .A.-SUMMER, 1928 

BY IhcHARD V. MoRRISSEY, B.S. 
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This paper is presented with the view of showing the kinds of genera 
of algae which may be found in the various ponds and pools on Presque 
Isle. These ponds are of different ages, some just breaking away from 
the edge of the lake shore, others being much farther advanced, some 
having developed to a stage where the area is merely a wet meadow. 
With one exception all the material was collected on August 4, 1928. 

I wish to acknowledge the aid of Drs. 0. E. Jennings and J. L. Cart
ledge in this undertaking. 

A brief description follows with a list of genera identified in each 
pond. The map shows a sector of the new and more recent end of 
Presque Isle. 

BEACH POND 

This pool is just inside the shore edge, and during rough weather it 
has been filled from the lake. At one point it is not over twelve yards 
from the lake edge. This pool is about 100 yards long and twenty yards 
across in the widest place, tapering at the ends. Around the edge of the 
pool for about four feet the water was shallow and then dropped rather 
steeply to a depth of eight to ten feet. The algae could be found on old 
logs in the pool. Ohara in fruit could be seen on the edge nearest the 
fog horn; i.e., the northern end. 

Identifications: Several types of Diatoms, Scenedesnus sp., Desmid, 
Ohara sp., MeriS1nopedium tenuissimttm. 

PoND 1 

This pond is in a very early stage of separation from the lake. A 
rather wide inlet is still open into the pond from the open lake. Around 
the edge of the pond is the beginning of the cottonwood (Populus deUoides 
and P. heterophylla.) preceded on the sand by one of the species of 
Oenothera and M elilotus alba. The algae in this pond cling to the roots 
of the young poplar seedlings where the water is quiet. There are small 
beds or meadows of Ohara on the bottom of the pond. 

Identifications: Oedogonium cardiacum, Spi1·ogyra sp. 
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POND 2 

This pond is a little farther advanced, being a longer pond with a 
narrower inlet. It was probably formed earlier than the preceding one, 
although the water was flowing more swiftly. Chara dominates the floor 
of this pond as well as Pond 1. 

Identifications: Oedogonium cardiacwn, several types of Diatoms. 

PoND 3 

An open arm extended into the bay from this pond which evidently 
started as three small ponds and then emerged into one larger pond 
making a rather wide opening into the bay side of the lake. Beds of 
Chara prevailed although some Myriophyllum was coming in and over
shadowing the algae. 

Identifications: Volvox sp., three types of Diatoms, Desmids, Ophio
cytium parvulum. 

POND 4 
This pond begins to show a very definite stage in the evolution of the 

ageing ponds just described. It is distinctly older, and the pond line 
vegetation is more advanced. The narrow-leaved cat-tail Typha angusti
folia is dominant along the edge for a width of about five feet. Many 
sedges and rushes also are present. Both of these associations indicate 
that the pond is considerably older than the three ponds mentioned above. 
But rather interesting is the fact that Chara still holds sway with but 
very little, if any, evidence of Spirogyra. This pond is filling in from 
the outside rind, and it is not quite certain whether Pontederia cordata 
will form the next succession, or whether it will turn into a typical wet 
meadow zone. This pond might be considered a sub-climax for these 
five ponds in order of advancement. 

Identifications: Coleochaete irregularis, Chroococcus cohaerens, sev
Bral types of Diatoms. 

PoND 4a 

This pond is rather large and somewhat boot-shaped, inverted, with 
the neck open into the lake. The water flows in a current into the pond, 
where it is quite deep, and extends around the crook or foot of the boot 
to a cat-tail marsh. In this pond these algae were found: Oedogonium 
cardiacum, Spirogyra sp., two types of Diatoms, Merismopedium glau
cum, Micrasterias laticeps, Chroococcus cohaerens. 

POND 4b 

This rather symmetrical pond is probably the smallest of the group 
of ponds extending from the tip of the peninsula to the fog horn in a 
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th t th.,,1est line It i one of the older ponds probably cut off 
sou ea · -nor • · . . 

b f Yea" a•ro rom Pond 4a. The surroundmg vegetatwn seems a l1.t11ll cr o .. .. · . . . 
to indicate it to lJe approximately the same age as Pond 4a. Smce 1t 1s 
· 1 d ld compl tely hut off fr01n the lake it might advance to a climax 
man ai . '1 t d tage, when the pond ompletely di appears, leavmg e1t 1er we me.a ~w 
zone or swamp- ike vegetation. At present the Typha angustt[ol1a, 
narrow-leaved cat-tail i dominant along the rim of the pond, and extends 
townl·d tho centel'. A hn·ge mass of duck-weed is found floating on the 

surface. 
Identification: Uloth1'ix flacca, three types of Diatoms. 

POND 5 

Pond 5 is entirely surrounded by land and has been cut off from Pond 
4a years ago. This is one of the larger ponds on the newly formed end 
of Presque Isle and may be over one hundred years old. It is oval and 
about 70 yards long and 50 yards wide. On one side of the pond is a 
J uncus zone, and on the other side a wet meadow zone. There are no 
cat-tails in this pond, and it is deep in the middle. Algae found here are: 
Spirogy1·d sp., Gloeocapsa arenaria, Staw:astn~m dilatum. 

PoND 5a 

This pond has been cut off from Pond 5. It contains a large mass of 
dominant cat-tails. Some very good conjugating Spirogyra could be 
seen in this pond and several types of Diatoms. 

POND 5b 

This pond is almost closed off from Pond 5, and shows the cat-tail 
Typha and Juncus formations. On the border of this pond is a reddish 
slime looking like ore dust that has settled on the sandy bottom, although 
it might be large masses of spores that give this orange tinge. 

Identifications: , Spirogyra sp., Oscillatoria tenuis, Gloeocapsa are
naria, senral types of Diatoms. 

A second series of ponds which are, on the whole, more advanced in 
age than the preceding series will be considered. 

PoND C 

This pond is long and narrow, extending more or less parallel to the 
shore-line. The banks are covered by the wet meadow zone and sedges. 
Algae recognized: Cladosphora sp., two types of Diatoms, Spirogyra sp., 
Chlamydomonas gracilis, Tet1·aed1·on tetragonnm, Chm·a sp. 
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POND 0 

This pond is very similar to 0 except smaller and narrower. The 
vegetation along the border is about the same, also. Volvo x sp., two 
types of Diatoms were found. 

POND D 

This pond is very symmetrical, being about forty yards in diameter, 
and did not contain many algae. The algae here seem to have been dis
turbed so that only a mass of spore material could be seen. For the most 
part the pond was cut up with muskrat burrows in the cat-tail vegeta
tion. Only spore masses on flaky green material could be identified. 

POND E 

This pond contained numerous pads of yellow water lilies in bloom, 
sedges along its borders and a rather typical wet meadow zone. Identifi
cations: Ulothrix sp., Cosmarium sp., V aucheria geminata, two types of 
Diatoms, Staurastrum cocciunum. 

':..---""""~V4~===="Vz MILE 

Fig. 1. Tip end of Presque Isle, Erie, P a . (After 0. E. Jennings' map of 1928.) 

PoNDF 

This pond was very similar to E, and no sample was taken of the 
algae in this pond. 

PoND Fa 

This pond is also similar to the two preceding ponds; not much 
change in type of vegetation and a characteristic inland pond, containing 
Chroococcus turgidus, Gloeocapsa arenaria, Ulothrix implexa. 
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CoNCLUSION 

There are several points of similarity between the age of the pond and 

the algae contained in it : 
1. In the most recently formed ponds, Ohara is a dominant form. 
2. Seldom were any blue-green algae, Cyanophyceae, found in the 

youngest ponds. 
3. Spirogyra cemed to be found in well developed, quiet water ponds. 
4. Diatom were t he one form common in most ponds of all ages. 
5. Th re app ars to be no close correlation between the age of the pond 

and the form of algae to be expected there. 

ANNOTATED LIST OF ALGAE CLASSIFIED IN ORDER UNDER 

EACH CLASS 

Cyanophyceae : 
1. Chroooocm!S turgidus 

7. Ophiocytiluim parvulum 
8. Chlamydomonas gracilis 

2. C. oohaerens 9. Volvo x sp. 

3. Gloeocapsa arenaria 10. T etraedon trigonum 

4. Merismop ediluim ten1W!simu.m 
5. M. glauoum 
6. Oscillatoria tenuis 

11. Soenedesmus sp. 
12. Ulothrix fiaooa 
13. U. implexa 

Chlorophyceae : 
1. Desmids 

14. Oedogoniluim cardiaoum 
15. Coleoohaete irregularis 

2. Miorosterias latioeps 16. Cladophora sp. 

3. Cosmariluim sp. 17. Vaucheria geminata 

4. Staurastrum Wilatum 18. Diatoms 

5. S. oonoinnum 19. Ohara sp. 

6. Spirogyra sp. 
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THE THEORY OF CRYS':l_1AL ETCHING AND ITS 
SIGNIFICANCE IN THE CLASSIFICATION 

OF CRYSTALS 

BY ARTHUR P. HoNEss 

Department of Geology and Mineralogy, The Pennsylvania State College 

It is well over a century since German scientists made their 
first attempts to elucidate the structural makeup of crystals by applying 
the etch method. The pioneer labors of Widmannstl:itten who first 
applied corrosives to the polished sections of meteorites, and the early 
works of such scientists as Daniel, l.VIoh, Leydolt and Von Kobell upon 
some of the simpler alkali salts opened the way for a new and fascinating 
means of investigating the symmetry of crystals. This lead in crystal 
research was soon taken up and the method improved and extended by 
such mineralogists as Baumhauer, Becke, Tschermak, Beckenkamp and 
others whose contributions have long since been recognized as of particu
lar significance in the development of this interesting means of testing 
crystal symmetry through partial dissolution of fundamental crystal 
planes. · Very few English or American mineralogists have been at
tracted to this field of endeavor until the last decade or so, which marks 
the discovery and development of X-ray analysis of crystals. This new 
means of approach to the identity of atomic structures within a crystal 
has called up several interesting questions arising· from conflicting data 
obtained in the study of certain crystalline substances. The etch method, 
which is considered by many a reliable means of determining crystal sym
metry, has not in all cases shown perfect agreement with results obtained 
by X-ray and other methods; and in most cases these discordances have 
not been satisfactorily explained. It would seem, however, that future 
investigation, in its attempts to harmonize these conflicting results, will 
improve scientific methods of studying crystal structures and eventually 
arrive at the truth concerning the reliability of all methods used in test
ing the symmetry relationships among crystals. 

In view of the very special nature of this kind of im·estigation and 
the inaccessibility of published material bearing upon it, the writer 
believes that a brief discussion of the results of some of his studies of 
etching phenomena and their relationship to the symmetry of crystals 
may prove helpful. 

In attempting to form a definite concept of crystal solution the reader 
must keep in mind that the properties of crystals, whether they be ther
mal, physical or chemical, are directional and are controlled by inter-
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· f c]1a1·acteristic of the structUl"e. 'l'he scalar properti s o£ atonuc orces . . 
t 1 lcl1 as p ecific gravity, are in epen :lent of dU'ectlon and there. -

crys a s, st · cl · · 
fore. ate not confined to the crystal ld11g ~om alone, but are ~a1·acter1 tic 

f hO\lS minerals as well. How ver, all other })rop ert1es whether 
o amorp . h · · f 
0 continuou or d) ontinuous vector1al nature. are c a.racten t1c o 
crystalline olids and all ubst~nces t o be crystalline must po _e~s th~m. 
'Th """ er in which a c1·ystalbne substance cleaves, the manne:t: m which 

e m~ · · ll" £ 1 · it r a ts to lleat or light, the way in which 1t crysta 1zes rom. o ut10n , 
, dis ·olves in some su itable sohTent, is in every case cl1aracterist1c of that 

01 
rticular ub ·tance- j11st a$ cllaract ri t ic, in fact, as is its ch l"lmical 

pa 'f ·a tifi t " con titut ion. These propertie , then, become a mea~ o 1 en_ ~a 10 11 

because they are inseparably linked to the interatomic forces w1thm the 
tructure. The manner in which characteristic planes are developed 

s 1 en a substance is crystallizing from the gaseous or liquid state is of 
Wl . • . 
fundamental importance in its identity, but the charactenshc way m 
which these crystal planes react to solvents in which they are immersed 
is certainly one of the very important properties of crystals and one 
which is actually the basis of the etch method. 

In crystal etching those crystals are most desirable which are lustrous 
and generally free from surface irregularities. In most cases such crys
tals are small and not easily obtainable for all species, but one is not 
restricted wholly to their use, as perfect cleavage planes often prove more 
satisfactory than external crystal faces. But in either case it is quite 
necessary to avoid rough irregular surfaces, as these usually permit too 
rapid solution which results in a corroded face, due to intergrowth of 
etch pits. 

In the etching process it is quite obvious that all faces of one crystal 
form, being of like constitution, should react in the same manner to any 
solvent used with the result that all etch figures in their mature stage of 
growth be alike in facial arrangement and orientation. However, when 
these figures are compared to those produced, by the same solvent, upon 
a face of a different crystal form, usually striking differences are ob
served, not only in facial arrangement but also in manner of orientation. 
If other planes of the crystal are examined it is noticed that further 
variation in form of etching occurs, each one of the seven fundamental 
forms, if all be present, possessing etch figures which are peculiar and 
characteristic to the atomic configuration of the face upon which they 
occur. For any given solvent the faces of different crystal forms yield 
etch pits which are constant for those planes, the shape and orientation 
of the etching iu each case revealing the symmetry of the plane upon 
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which it is developed. By a comparative study of the etch figures of 
several commoner faces occurring on a crystallized substance the com
plete symmetry of the structure may be deduced and the classification of 
the crystal effected. Photographs 1 and 2 demonstrate the variation of 
the etching with change of crystal form. The etch figures shown in these 
photographs represent those occurring, in the first case, on the prism 
(120) and in the second, on the base (001) of gem topaz when that min
eral is brought into contact with a one to one fused mixture of potassium 
bisulphate-powdered fluorspar for a period of twenty to thirty minutes. 
That these faces on topaz are of unlike atomic configuration is evidenced 
in the dissimilar character of the etch figures. Not only do they reveal 
two different forms for topaz, but they clearly indicate the complete num
ber of symmetry planes characteristic of the structure. Photo 1 shows 
etchings which are symmetrical to a horizontal plane, it being clear that 
opposite ends of the figures are mirror images of each other. However, 
Photo 2 reveals two symmetry planes at right angles, both of which are 
normal to the third or equatorial plane of symmetry mentioned in the 
first photograph, proving the presence of three planes of symmetry at 
right angles to one another which is characteristic for the holosymmetric 
class of the orthorhombic system of crystals in which topaz, upon other 
evidence, has been placed. 

The crystal forms of calcite likewise show an interesting variation in 
the character of the etch figures, as may be seen in Photos 3, 4 and 5, 
which represent respectively the etched faces, rhombohedron (1011), 
scalenohedron (2131), and the unit first order prism (1010), as produced 
by citric acid. Those etchings occurring on the unit rhombohedron and 
the unit prism are plainly symmetrical to a vertical plane. The figures 
occurring on the scalenohedron, however, are fundamentally different 
from those of either the prism or the rhomb in being asymmetrical. It 
may be observed, also, that the etchings of two adjacent scalenohedral 
faces are so oriented as to be mirror images of one another. The conclu
sion to be derived from this condition is that a symmetry plane passes 
through the crystal edge formed by the intersection of these two planes, 
and if extended to cut the prism and the rhomb, the symmetry as above 
mentioned for the etchings of these forms conforms perfectly with the 
hexagonal symmetry relationships already established for calcite. The 
etch figures thus produced on three of the faces of hexagonal calcium 
carbonate show very clearly the individuality of the atomic arrangement 
of these forms and indicate their relative solubilities. 

Now let us consider briefly the changes in the character of the etch
ings of any one crystal form with variation of the solvent. If the method 
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- li bl 1 a etch fi!!'tlres a1·e more than mere surface phenomena it is 1s re a · e a1 .l . 

t b 
mected that the sol vent action on any crystal plane will be con-

o e ex,, . £ 1 . l 1 h 
-strained in accordance with the in:teratonuc orces w n~ 1 _gontro . t . e 
_, . · 1 and nhy ical properties of that plane. And furthermore lt lS 
w1effilca .J)' • • h' l h Ld t . t t be expected tlut the atoms constitutmg t IS p nne s ou reac m 
::"; t~ ally the same manner to all solvents regardless of their chemical 
~o=t~tution, oncentrat~on or temp rature. Those aci~ which are chem
. all ~>-imilal' may be expected to produce results which are very often 
lC y d . . f th bin uite similar as regard the outline au or1entat10n o e etc gs pro-
~uced; 11owever, when two aeids such as hydrochloric and citric are em
ployed it would not be stU]Jrising to obtain two very different sets of etc~ 
Jigm·es, but both reflecting the same symmetry. After much. experl
montal labor along this tine the writer has reached the conclusiOn that 
clwmieal , ,ariation of the olvent employed is always attended by some 
variation, great or small, either h1 the shape of the etch .figure or in its 
odentntion, or both; but the symmetry of the ame is ai invariant. For 
the demonstration of this fact see Photos 6, 7 and 8. 

Photo 6 represents the etched prism face (1120) of willemite after 
immersion in sodium hydroxide fusion for twenty-five seconds. If the 
same form of willemite be etched by immersion in a potassium hydroxide 
fusion, the ligures appear as in Photo 7. When sulphuric acid is em
ployed etchings whiclt are distinctly different result ( ee Photo 8). Here 
.a com arison may be made involving the etching phenomena produced 
on the same rystal form with three different solvents, and although a 
change in the character and shape of the figures is obvious, it is none the 
less noticeable that in every case the symmetry indication is the same. 
The etchings produced by the alkali fusions are, perhaps, somewhat alike, 
but the figure" a" of Photo 8 has very little in common with either those 
developed by the sodium fusion or the potassium fusion. In all three 
cases there is no figure apparent which is characterized by symmetry 
planes. The mineral willemite, according to diagnostic faces recorded, 
has been classified as hexagonal alternating revealing no symmetry of 
reflection within its structure. The etch figures by their asymmetric 
character conform to this classification. The composite symmetry (rota
tion and reflection) characteristic of the major axis is likewise demon
strated by the reciprocal positions of the etchings on any two adjacent 
prism faces. 

This fact of symmetry invariance with change of solvent upon the 
same form is further illustrated in Photos 9 and 10. In this instance the 
mineral is calcite and the crystal form whose configuration is to be tested 
is the second order hexagonal prism (1120). The solvent employed in 
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Photo 9 was concentrated citric acid which produced distinct figures 
asymmetrical in character with the longer axis extending horizontally 
across the crystal face. Photo 10 represents the etchings produced by 
hydrochloric acid (on same form). The asymmetric outline is apparent 
in all figures, but they are certainly different in shape and orientation 
from those produced by citric acid. They also reveal crack beak develop
ment at the acute angle of the rhombic pits, a c:qaracteristic not observed 
when citric acid was employed (suggesting chemical control for these 
peculiar solution phenomena not uncommonly observed during etching 
experiments). From a theoretical consideration of calcite symmetry the 
plane (1120) possesses an atomic configuration which is without sym
metry planes, a condition which is suggested by the etchings developed 
on this face by the two solvents above mentioned. It is not always neces
sary to change the chemical nature of the solvent in order to effect a 
change of figure; it may often be observed that on some forms the orien
tation of the etch figure is varied through concentration and temperature 
changes only of the solvent employed. The etching experiments of both 
Baumhauer and Daly have strikingly illustrated the rotation tendency 
on the part of etchings to adjust themselves to changes in concentration 
of the solvent. The above discussion leads to the conclusion that solu
bility is only a relative term, and directions which for one solvent may 
represent maximum solution, for another may mean minimum solubility. 
In either case solution takes place in harmony with the symmetry require
ments exhibited by the substance. 

There is one other factor to be considered in crystal etching, which, 
if not carefully looked to, may at times cause some difficulty in the sym
metry interpretation. This concerns the evolutionary changes through 
which a figure may pass before reaching the mature stable form. The 
writer has rather frequently observed transitional changes in the growth 
of etch figures, and in some instances the results of incipient solution are 
manifest in peculiar etch forms not wholly consistent with the established 
symmetry. The cause of this condition is not always readily explainable, 
although it seems very probable that minor surface irregularities may 
effect a temporary distortion of the etch pit. Other irregularities are to 
be found in crystals which are intricately twinned; or they may arise 
through intergrowth of etch pits when solution has proceeded too far. 
Generally the investigator soon becomes familiar with these exceptional 
forms and learns to discriminate between those pits which reflect the true 
symmetry and those which are anomalous. Transitional changes1 of etch 

1 Nature, origin and interpretation of etch :figures of crystals: John Wiley & Sons, 
N.Y. (Honess), pp. 29-33. 
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figures may be readily observed if one immerses a suitable beryl crystal 
· fusion of potassium hydroxide for only a few seconds. In the very 
~s~ stages of solution shallow circ~lar pits are formed which, comp~r.ed 
to the mature etching, are exceedmgly complex and represent cavities 
bounded by many small pyramidal faces. ·with continued solution, how
ever the circular outline becomes more and more angular as the process 
of f~cial replacement goes on, until the stability etching is reached. This 
final form is much increased in size and comparatively simple, being 
bounded by only six hexagonal pyramidal faces characteristic of the crys
tal class. In some cases the primitive figures possess the same outline as 
the mature forms, when the process of maturing is usually a broadening 
and deepening of the original pits. The dome face of barite reacts in 
this manner if allowed to lie for a period of twenty hours in cold sul
phuric acid. A similar change may be witnessed in the basal etchings 
of apatite when a crystal of this substance is placed in such solvents as 
concentrated tartaric or dilute hydrochloric acid. 

Photos 11 and 12 show very clearly the transitional changes which 
etch figures experience during the process of maturing. Photo 11 rep
resents the unit first order prism (1010) of the gem aquamarine as 
etched by a fusion of potassium hydroxide. It is obvious that incipient 
solution is more pronounced parallel to the major axis of the crystal as 
the immature figures "a" and "b" possess very little depth but have a 
decided elongation parallel to the vertical crystallographical axis C. The 
planes of the prism zone (at the sides of the pits) so pronounced in the 
stability form '' d'' are evidently accentuated during the later stages of 
solution. Etchings "b" and "c" are clearly transitional forms inter
mediate between ''a'' and ''d.'' The symmetry requirement for this 
plane is apparently met by the figures during all stages of growth; and 
that the atomic configuration of this crystal face is symmetrical to two 
planes at right angles is obvious when the facial arrangement of etching 
'' d'' is considered. This deduction is in agreement with the hexagonal 
symmetry established for this mineral. 

Photo 12 shows the etching phenomena as produced upon the trigonal 
prism (1010) of the gem tourmaline by a fusion of potassium bisulphate 
and fluorspar. Figures in all stages of growth may be seen and, like 
beryl (aquamarine), solution is more rapid in the direction of the verti
cal axis. Maturing of the etchings consists largely in the development 
of the lateral facets which slightly increases the width and depth of the 
original forms. The figures marked ''a'' are the result of solution in 
the early stages; "b" is the final etch form. The unlike terminations of 
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the mature etch figure are significant, as this development indicates the 
absence of a horizontal symmetry plane through the crystal face upon 
which these figures are produced. The synunetrical development of the 
figures right and left is also significant as it reflects a vertical symmetry 
plane through the crystal face. These facts portrayed by the etching 
phenomena are in full accord with the established symmetry for the 
Ditrigonal Polar class. 

It is evident, then, that the shape of the etching is often dependent 
upon its age or the stage which it has reached in the process of maturing, 
and, that certain irregularities may arise in figure growth during s~me 
of the transitional changes which do not permit of ready explanatwn. 
That the final solution phenomena are diagnostic of symmetry conditions 
within the structure there seems little doubt. 

That crystal etching may be effected by natural solutions is evidenced 
in the corroded and pitted character of many crystals when they are 
examined in their natural habitats. These etchings of natural origin are 
often of exceptional size and distinctness, suggesting a rather prolonged 
period of solution effected by weak solvents. The writer in his crystal 
studies has occasionally noticed ·most beautiful etching designs produ~ed 
by natural solvents on such minerals as apophyllite, emerald, calc1te, 
aragonite and others, some of which are shown in Photos 13 and 14. ~he 
remarkable etchings of Photo 13 were produced by natural waters actmg 
upon the prism face of apophyllite collected in the trap quarries at 
Paterson, N. J. The symmetry as shown by these etch forms is clearly 
that of two planes at right angles which accords with experimental re
sults obtained by hydrofluoric acid, all of which meet the symmetry con
ditions established for this species. Etching ''a'' represents a sym
metrical intergrowth of two figures. 

The beautiful hexagonal forms shown in Photo 14 are those produced 
by some natural solvent upon th: bas~l .face of a South Amer~can 

ld These etch pits are defimtely l1m1ted by hexagonal pyramidal 
emera . h' h 
faces characteristically symmetrical to six planes of ~ym~etry w lc 
accords with all experimental results obtained on th1s mmeral. Th.e 

f th l t then Seems not to affect the final result for arb-nature o e so ven , , . . 
ficial and natural etchings have, in practically all cases where defimte 

1 · ld b reached never failed to show the expected agree-cone uswns cou e , 

menst.l . h therefore are of p'l:imar:r impolta.nce when con-o ut10n p enomena, ' . 1 ·a . th symmetry content and clas ificatlOll o crysta s. Other 
Sl ermg e 1 wn such as ray anal · 
means of testing crystal symmetry are mo • • Y lS, 
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elec.trlcal excita~ion, and the testing of circular polarization and other 
Opti.c.al Phenom na, but the appli ation o£ all of these is more or less 
l'estrlcted. 'l'he synthetic production o.f crystal has not been given the 
attention it deserves. TJ1e factol'S control.ling the equilibrium of forms 
and the development o· diagno. tic faces l1ave not been sufficiently tested !0 warra~t the formation of et rules. However, chemical variation of 
. he solutlons to be crystallized is no doubt one of the important :factors 
lll the development of growth forms, and it would seem the field hold 
much promise and fascination. Natural solutions when crystallizing 
develop the most genel'al crystal fo1ms only exceptionally and inci
dentally these are most helpful in classification. On tl1o otl1er hand, 
these diagno tic plane are frequently ob erved dtll·ing the proces of dis
solution; in fact, it is tl1eir pr ence in many cases which actually identi
fies the hemihed1·ism o£ the substance. 

'!'he etch method thus appca1·s to be applicable to all kinds and clas es 
of crystalline ub tance , and the readiness 'vith which i may be em
ployed in connection with the validity and magnitude of the rc ·ults 
?btained, undoubtedly has been chiefly responsible :for its development 
m crystal studies. 



PLATE I 

1 x300 
Topaz ( 120), Etched by Potassium 

Bisulfate-Fluo1·spa1· Fusion 

3 x30 
Calcite (1011), Etched by Citric Acid 

13 
Calcite (1010). Etched by Citric Acid 

2 x300 
Topaz (001), Etched by Potassium 

Bisulfate-Fluorspar Fusion 

4 xl~O 

Calcite (2131), Etched by Citric Acid 

PLATE II 

7 x300 
Willemite (1120), Etched by Potas

sium Hydroxide Fusion 

9 x300 
Calcite ( ll20), Etched by Concen

trated Citric Acid 
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8 x300 
Willemite (1120), Etched by Sulfuric 

Acid 

10 x300 
Calcite (1120), Etched by Hydro

chloric Acid 
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13 x180 
Apophyllite (100), Etched by Natural 

Solution 

14 xl20 
Beryl (0001), Etched by Natural 

Solution 

PHOTOMICROGRAPHS OF ETCH FIGURF.S ON CRYSTALS 
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SOME PENNSYLVANIA PIONEERS IN SCIENCE 
BY A. H. ESPENSHADE 

Pennsylvania has been the nursery of great Americans. To stimu
late your interest and to arouse your pride in Pennsylvania, I am 
tempted to call the roll of some of the great men who were Pennsylva
nians either by birth or by adoption. I feel fairly sure that most of the 
names in this impromptu and incomplete roll-call are familiar to you. I 
begin with four great Indians-Tammany, Tedyuscung, Shekillimy, and 
his son Logan. If you were military men, you would be interested in 
learning something about Samuel Brady, Thomas Mifflin, Arthur St. 
Clair, Anthony Wayne, Peter Gabriel Muhlenberg ("the fighting par
son"), Stephen Decatur, John F. Reynolds, George G. Meade, George B. 
McClellan, and Winfield Scott Hancock. In a great industrial common
wealth we should have to mention such merchants and captains of indus
try as Stephen Girard, John Wanamaker, George Westinghouse, William 
Cramp, Charles M. Schwab, and Andrew Carnegie. 

Then think of the long list of statesmen and public men: William 
Penn, Benjamin Franklin, John Dickinson, Conrad Weiser, George 
Clymer, Robert Morris, Simon Cameron, Andrew Gregg Curtin, James 
A. Beaver, Hugh H. Brackenridge, Jeremiah Black, Albert Gallatin, 
James Buchanan, George M. Dallas, Galusha A. Grow, David Wilmot, 
Alexander McClure, Jay Cooke, Edwin M. Stanton, Philander C. Knox, 
Thaddeus Stevens, and James Gillespie Blaine. 

Though you may admit that a fairly good case could be made for 
Pennsylvania as a nursery for soldiers, industrial leaders, and public 
men, you are wondering what can be said of those who have won distinc
tion in. art, letters, and science. As for art, it is noteworthy that Ben
jamin West, Rembrandt Peale, and Edwin Abbey were all born in Penn
sylvania; that John Sartain was transplanted from London to his new · 
home in Philadelphia; and that Gilbert Stuart lived in Philadelphia for 
ten years or more. In literature the list is much longer and more impos
ing. Among our colonial worthies are Lindley Murray, Samuel Ramsay, 
the first historian of America, Charles Brockden Brown, the first Ameri
can novelist, Thomas Paine, the mighty propagandist of the American 
Revolution, Francis Hopkinson and his son Joseph, author of "Hail 
Columbia,'' and Benjamin Franklin, printer and author. A few of the 
later writers were Bayard Taylor, Thomas Buchanan Read, Lloyd 
Mifflin, Stephen Collins Foster, S. Weir Mitchell, Owen Wister, Joseph 
Jefferson, Reginald Wright Kauffman, Zane Gray, and Agnes Repplier. 
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Who were the most notable Pennsylvania pioneers in science~ ·what 
did they accomplish~ I shall not try to make anything like a complete 
list, and I am concerned only with the pioneers, the early leaders in 
scientific study, experiment, research, exploration, and invention, who 
did their work and won their distinction well-nigh a hundred years or 
more ag·o, Here are the names of eleven Pennsylvania pioneers in 
science whose achievement and distinction ought to be known to us, who 
are their beneficiaries: John Bartram and Lewis David de Schweinitz, 
two great botanists; Alexander Wilson and John James Audubon, the 
ornithologists; Benjamin Franklin, physicist; Joseph Priestley and 
Thomas Cooper, the chemists; David Rittenhouse, mathematician and 
astronomer; Benjamin Rush, physician and surgeon; Robert Fulton, 
inventor; and Elisha Kent Kane, the arctic explorer. I can devote only 
about two minutes to the career and the achievement of each of these 

great men, 
In fairness to these pioneers there is one fact that should be empha

sized: with them the study of science was not a profession or calling or 
the main business of life. That bright day had not yet dawned when a 
young man could enter upon a scientific career as a definitely recognized 
vocation. Each of these men had his regular work and occupation by 
which he earned his livelihood. In those early days, scientific study and 
research was not a vocation, but rather an avocation, a pastime, a hobby, 
to which one devoted such leisure as he might sp~re from his regular 
occupation. Bartram and Audubon were farmers. :Muhlenberg, de 
Schweinitz, and Priestley were ministers. Wilson was a schoolmaster. 
Rush and Kane were busy physicians. Cooper was a lawyer. Fulton 
was trained as a portrait painter. Rittenhouse was a clockmaker. 
Franklin was a printer and tradesman. All were regular workers in 

other fields than science. 
It ought also to be added that most of them were public-spirited citi

zens, and that in a new and growing commonwealth, some of them had to 
play a very important part in civic and political affairs. Unlike our 
modern men of scienee, not one of them could give more than a fraction 
of his time and energy to his favorite scientific pursuits. 

JOHN BARTRAM 

John Bartram, who deserves to be called the father of American bot
any, was born near Philadelphia 230 years ago. When thirty-two years 
old he built with his own hands the beautiful house of cut stone known 
as the "Bartram homestead," which still stands at Kingsessing on the 
banks of the Schuylkill. John Bartram was a Quaker farmer with an 
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~rdinary education. He became interested in plants and learned Latin 
m order. that he might study Linnaeus 's Treatise on Botany. "I began 
to bot~mze al~ over my farm,'' says Bartram. ''In a little time I became 
acquamdte~ w1tlM1 every 'regetable that grew in my neighborhood, and next 
venture mto l . aryl and, living among the Friends.'' Ten year later he 
exp~ored tll.e ';lldernes es of New York and Canada, living among t]1e 
In<_llans ; and m. 1751 he published in London the 111-st book of tra-vels 
wntten by a native American. His enthusiasm as a collector of rare and 
new specimens led him far aneld into the wilds of North America. When 
nearly seventy years old, at great risk to health and life, John Bartram 
t raveled ~1ou.sands of mile in the wildernesses o£ Florida, Virginia, and 
the C~rolmas.. He kept up an active corre pondence with all the great 
botarusts of lus day, sending thou ands of specimellS to Europe. Lin
nacu called him ''the greatest natural botanist in the world." Bar
tram's Garden, the first botanical garden in America, which was origi
nally laid out around the Bartram homestead, now contains more rare 
tr.ees and s~rubs than any other spot in the world. It is owned by the 
City of Philadelphia and is under the care of the University of Penn
sylvania. 

. John .Bartram's son William, besides being almost as famous a bota
mst as Ins father, was also a student of bird life and Indian ethnology 
He devoted mu~h time and thought to the garden laid out by his father: 
He was ,~he artist who drew the illustrations in Barton's "Elements of 
Botany. Many of the most beautiful plants of North America were 
:first made known by his illustrations. As an ornithologist, he published 
the most complete list of American birds before the time of his friend 
Alexander Wilson, whom he encouraged to take up the study of birds. ' 

LEWIS DAVID DE SCHWEINITZ 

Among the scores of pioneer botanists in Pennsylvania the Moravian 
teacher and preacher, Lewis David de Schweinitz, deserves to rank sec
ond only :o John Bartram. Born in Bethlehem, Pennsylvania, in 1780, 
educated m Germany, he became an enthusiastic student of botany in his 
boyhood and contin~ed his studies until his death at the age of fifty
four. He traveled widely and was always a tireless field worker and col
lector. He was a great research worker, especially in the realm of 
mycology. He added more than 14,000 new species to American flora 
12,000 of ~hich were fungi. Mycology had been very little studied be~ 
fore. the time of de Schweinitz. He wrote extensively, publishinO' his 
stud1es and discoveries in Latin and in English. He was a memb~r of 
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various learned societies in England, Germany, and France. He was not 
only a botanist but a student of other sciences, and an educator of high 
standing. He refused the presidency of the University of North Caro
lina. His herbarium, which at the time of his death in 1834 was the 
largest private collection of plants in the United States, he bequeat~ed 
to the Academy of Natural Sciences in Philadelphia. It compr1sed 
23,000 specimens of phanerogams and many thousand cryptogams. 
Many of these specimens had been obtained, by correspondence and e~
change, from remote parts of the world. "They included the _B_aldwm 
Collection from Florida, Brazil, and La Plata, which de SchwemitZ h~d 
bought and in which he had found three thousand species not before 111 

his herbarium.'' 
ALEXANDER WILSON 

Alexander Wilson, the Scotch schoolmaster at Darby, has attained 
world-wide fame as the first great ornithologist in America. He had 
been a weaver and a peddler, and something of a poet and artist, before 
he migrated to Philadelphia in 1794 at the age of twenty-eight. Through 
his friendship with William Bartram he became interested in the study 
of birds. In 1804 he walked twelve hundred miles to Niagara and back, 
studying bird life, making drawings, painting pictures of birds, an_d 
jotting down notes. Four years later appeared the first volume of his 
great treatise on ''American Ornithology.'' Henceforth he spent much 
of his time in quest of birds and of subscribers for his great work. Dur
ing the nine years from 1804 to his untimely _death in 1813 he_ traveled 
all over the eastern and middle parts of the Umted States, suffermg hard
ships, poverty, even lack of food. He completed. the plates and the text 
for nine volumes of his treatise, which was published by Bradford at a 
cost of $120. At the age of forty-seven, Wilson's career was c~t _sho:t 
by death due to overwork and exposure. He literally gave up his life m 

the prosecution of his studies. 

JOHN JAMES AUDUBON 

The scientific work of Alexander Wilson was carried on by his friend, 
John J ames Audubon, who first met Wilson at Louisville, Kentucky, in 
1808. Audubon, who was born of French parents in New Orleans, in 
1780, had been an assiduous student of bird life for more than ten y~ars 
before he met Wilson. Though a citizen of the world, Audubon lived 
longer in Pennsylvania than anywhere else, spending ten ye~rs of his life 
on his Millgrove estate of 285 acres on the ba~s of P erluomen Creek, 
given to him by his father. In the preface to h1s monumental work on 
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''The Birds of America,'' which was published at a cost of $1,000 for 
the four folio volumes of plates, Audubon gave the following account of 
his Millgrove estate: "In Pennsylvania, my father, in his desire of prov
ing my friend through life, gave me what Americans call a beautiful 
plantation, refreshed during the summer heats by the waters of the 
Schuylkill River and traversed by a creek called the Perkioming. Its 
fine woodlands, its extensive fields, its hills crowned with evergreens, 
offered so many subjects to agreeable studies, with so little concern about 
the future as if the world had been made by me. My rambles invariably 
commenced at break of day; and to return wet with dew and bearing a 
feathered prize was, and ever will be, the highest enjoyment for which I 
have been fitted." Audubon's house on his Perkiomen estate became a 
veritable museum, filled with stuffed birds, festooned with strings of 
birds' eggs, and adorned with matchless drawings and paintings of birds, 
which were afterwards reproduced in his books. As soon as the first 
volume of the plates was printed, Audubon began to write his invaluable 
''Ornithological Biographies,'' the letter-press for the plates, consisting 
of five octavo volumes, published in Edinburgh between 1831 and 1839. 
H e spent his last days in New York City, and was buried in Trinity 
churchyard. No American of the pioneer period except Franklin was so 
generally honored as Audubon by the learned and scientific societies of 
Great Britain and the Continent. 

BENJAMIN FRANKLIN 

F ew Americans can rival Benjamin Franklin in great;ne s and in the 
e:ll.ient and -va lu~ of his s r \ri e to mankind. Starting from humble 
beg-inning, he became, by iudu try and merit, one of the greateQ't men 
that ever lived. Though born in Boston, he belongs to P enn ylvania, 
whither he came as a lad of sevent een. Tl1e facts of h'is life are so w 11 
!m own that I need not enumerate tb,em. o other .Am.eri an ever at
tained di tinction in so many varied fields of activity. Franklin de erves 
to be honored a the greatest P Ill1SJ l vanian, a taini:ng pre mincnt di -
tinction not only as a cienti t , but also a publish r, jotnnali.st, inventor, 
e lucator, econonrist, man of lett , diplomat, patriot, and tatesman. 
Ou r interest in him is natumlly divided between hi public services and 
lu scientific pursuits. 

He was clerk of the Penn ylvania ssembly f1·om 1736 to 1747. 
Then, for fotut~en years in succession, he was elected a member of the 
Assembly, in which he 'va an out poken opponent of tb.e proprietary 
government. F or ten yea1 he was in England as the colonial agent of 
Pennsylvania and other colonies. In 1775, by appointment of the Con-
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tinental Congress, he became our first Postmaster-General. From 1776 
to 1785 he served his country on various diplomatic missions to Europe; 
and on his return, at the age of seventy-nine, he was elected Governor of 
Pennsylvania for three years. The importance and the extent of his 
public services are attested by the fact that he signed the Declaration of 
Independence, the treaty of alliance with France, the treaty of peace with 
Great Britain, and the Constitution of the United States. 

Benjamin Franklin liked to think of himself as a natural philosopher. 
The term scientist was not then used in its modern sense. In 17 43 he 
was instrumental in founding the American Philosophical Society in 
Philadelphia, in which he brought together a group of inquiring minds 
interested in the study of natural phenomena. I suppose that nowadays 
such an organization would be. called a scientific association. Franklin 
first took up the study of electricity in 1746. In this year he made defi
nite improvements in the Leyden jar. A note in his diary shows that in 
1749 he had conjectured that thunder and lightning were electrical phe
nomena. Soon after he invented the lightning-rod, which was long 
known as "Franklin's rod." His celebrated experiment with the kite, 
by which he proved his point that lightning was an electrical phenome
non, was made in 1752. The next year the Royal Society awarded him 
the Copley medal for his discoveries. In the same year he exploded the 
old-time friction theory of electricity and propounded the theory of plus 
and minus charges. We still pay tribute to him in using the terms posi
tive and negative. 

Franklin's mind was so catholic in its grasp that he was interested in 
all scientific phenomena; and his ingenious mind was always eager to 
turn scientific knowledge to some practical account. As early as 1742 
he invented the ''Franklin stove,'' which saved fuel and heated the whole 
room, being constructed on the same principle as the modern hot air fur
nace. ''In navigation he suggested many new contrivances, such as 
water-tight compartments and :floating anchors to lay a ship to in 
a storm.'' He made a notable contribution to medicine in the invention 
of bifocal eyeglasses, and he was himself the proud possessor of the first 
pair ever made. 

Franklin's work and influence as a pioneer in science live on to-day 
in two great organizations founded by him in 1743 for broadening the 
field of knowledge-the American Philosophical Society and the College 
of Philadelphia, now the University of Pennsylvania. For nearly two 
centuries these two great Philadelphia institutions have fostered science 
and promoted scientific research. There is a rich harvest to-day because 
Franklin first sowed the seed. 
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JOSEPH PRIESTLEY 

Joseph Priestley, teacher, scientist, and author, was born in York
shire, England, in 1733. At the age of twenty-two he became a Uni
tarian minister; but he was always more of a student and teacher than 
a preacher. When he was past thirty, Benjamin Franklin, then in 
England, started him in his scientific studies. Priestley had Franklin's 
encouragement and help in preparing his "History and Present State of 
Electricity," _which won him recognition as a scientist, membership in 
the R~yal Society, and the honorary degree of LL.D. from the University 
of Edmburgh, before he was thirty-four years old. Though his main 
occupation was teaching, he devoted much time to his two hobbies Uni
tarian theology and scientific research. He made numerous disco~eries 
in chemistry, the_ most important being the discovery of oxygen gas in 
1774. He also discovered nitric oxide, nitrous oxide, carbon monoxide, 
hydroch~oric acid, ammonia gas, and sulphur dioxide. His special inter
est was m the field of what he called "pneumatic chemistry." 

~ond of theologi_cal and political controversy, he became the champion 
of liberal thought m England. His voluminous writings and his ad
vanced ideas aroused so great a popular clamor that a mob burned his 
m~eti~g-house and his home in Birmingham in 1791. His library, his 
sCientific apparatus, and many of his manuscripts were destroyed. Three 
years later, that is, in 1794, at the age of sixty-one, Priestley left England 
forever, eventually settling in Northumberland, Pennsylvania, where he 
~pent the last ten years of his life in making chemical experiments and 
m writing his ''Church History'' and his ''Notes on the Scriptures. ' ' 
He was everywhere well received in the United States. · He was fre
quently honored by the American Philosophical Society and by many 
other learned .bodies. He declined the professorship of chemistry at the 
University of Pennsylvania. He kept up his experiments in his own 
laboratory until the very end of his life, making several important dis
coveries. He must have had ink in his blood, for his miscellaneous and 
theological writings alone fill twenty-six volumes. The old Priestley 
house at Northumberland still stands in an excellent state of preserva
tion. It is perfectly fair to call Priestley a Pennsylvanian, for he had 
~hak_en the dust of England from his feet; and he was perfectly happy 
m his new Pennsylvania home, where he quickly identified himself with 
the interests of his community, state, and nation. President Jefferson 
was his warm friend and admirer. 

THOMAS COOPER 

. Closely a~sociated with Priestley in Pennsylvania was another expa
triated Englishman, Thomas Cooper, a lawyer and political agitator, 
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whose hobby was chemiRtry. He was born in 1759 and educated at 
Oxford. He early became a partisan of the ideas of the French Revo
lution. In religion he was a freethinker. In politics he was a radical 
democrat. Burke denounced him in the House of Commons. Branded 
as a dangerous agitator and threatened with political persecution in 
England, he followed Priestley to Pennsylvania in 1795, and began the 
practice of law in Northumberland County. The finest tribute on record 
as to his ability is found in the words of President John Adams, his bit
terest enemy, who described Thomas Cooper as ''a learned, ingenious, 
scientific, and talented madcap." For an attack on President Adams's 
administration, published in the Reading Advertiser in 1799, Cooper was 
convicted under the ''Alien and Sedition laws,'' fined $400, and sen
tenced to jail for six months. His liberal views on religion, his radical 
political opinions, his castigation of the Federalists, and his scientific pur
suits all endeared him to Thomas Jefferson, who became his ardent 
admirer and supporter. 

As one reviews Thomas Cooper's career after the lapse of a century, 
it is hard to think of him as a political firebrand. We are interested in 
him mainly as a pioneer chemist in Pennsylvania. There can be no 
doubt that he became a great teacher of chemistry in the new world at 
a time when scientific leaders were few and feeble. While hobnobbing 
with the French Revolutionists, he had somehow found time to study 
chemistry in France. While practicing law at Northumberland, he 
worked on terms of the most friendly intimacy with Priestley. He spent 
twenty-four years in Pennsylvania. Thomas Jefferson wished to make 
him professor of chemistry in the University of Virginia, but the clergy 
of that State would not tolerate him. He spent four years in Pennsyl
vania as a capable and successful teacher of chemistry. For three years, 
from 1811 to 1814, he taught chemistry in Dickinson College. During 
the year 1818-19 he was professor of chemistry in the University of Penn
sylvania. This position he resigned to accept the professorship of chem
istry in South Carolina College. The next year and for twelve years 
thereafter he was president of that institution. Thus he disappears from 
the Pennsylvania scene. One notable service that he rendered to the 
chemists of his day, while he was a resident of Pennsylvania, was the 
editing of the four-volume edition of Thomas Thomson's "System of 
Chemistry," which was published in Philadelphia in 1818. 

DAVID RITTENHOUSE 

David Rittenhouse, self-taught mathematician and astronomer, great
grandson of a refugee Mennonite preacher from Holland, was born on a 
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farm near Philadelphia in 1732. lie was without schools or teachers, his 
sole educational equipment being a chest of tools and a few books con
taining the elements of arithmetic and geometry, and some mathematical 
calculations. With this slender outfit to start with, and wholly without 
teachers or formal instruction, he became one of the greatest mathema
t~cians and astronomers of his time. As a boy on the farm, mathematicaJ 
problems engaged all his spare time. He covered fences and the sides 
of buildings with his calculations. At the age of twenty he had devised 
the method of fluxions, of which he for a long time thought himself to 
have been the originator. He studied Latin and Greek, and soon mas
tered Newton's "Principia." The clocks that he made were famous for 
their accuracy.. With his own instruments he made the initial observa
tions for the English astronomers, Charles Mason and Jeremiah Dixon, 
when they drew the famous boundary line between Maryland and Penn
sylvania; it was Rittenhouse who later completed their unfinished work. 
He studied variations in the oscillations of the pendulum, and devised a 
method of compensation. In 1770 he made the most perfect orrery that 
had ever been constructed, which is now in the possession of Princeton 
University. Of this ingenious contrivance, John Adams declared, "It 
exhibits almost every motion in the astronomical world.'' The Univer
sity of Pennsylvania paid him £400 sterling for an orrery built on the 
same model. He was the first American to introduce the use of spider 
lines in transit instruments. He made and published observations on 
the transit of Venus which occurred on June 3, 1769; and a great Euro
pean scientist has declared that "the first approximately accurate mea
surements of the spheres were given to the world, not by the schooled 
and salaried astronomers who watched from the magnificent royal obser
vatories of Europe, but by an unpaid amateur and devotee to science in 
the youthful province of Pennsylvania.'' 

In many ways his mechanical ingenuity and scientific knowledge were 
turned to practical patriotic account at the outbreak of the American 
Revolution. He filled many public offices: he Wll8 our first State Trea
surer, from 1777 to 1789; he was a member of the Board of War; he was 
the first Director of the United States Mint. Princeton conferred on 
him the degree of LL.D. England made him an honorary member of the 
Royal Society. In 1790 he succeeded Franklin as president of the 
American Philosophical Society. When Thomas Jefferson followed him 
in this office six years later, he remarked, "We have supposed Mr. Ritten
house second to no astronomer living; in genius, he must be first, since 
he was self-taught.'' 
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BENJAMIN RusH 

Though Benjamin Rush, the beloved physician, deserves to be classi
fied among scientists, he should also be listed with great educators, 
patriots, and publicists. I cannot do more than make a bare list of his 
chief activities and distinctions. He was born in Philadelphia in 1745. 
At the age of fifteen he was graduated from Princeton College. He 
studied medicine in Philadelphia, Edinburgh, London, and Paris, and 
became the most eminent physician and teacher of medicine in his day. 
In 1769 he became professor in the Philadelphia Medical College, with 
which he was connected for more than thirty years, filling successively 
the chairs of chemistry, the theory and practice of medicine, medical and 
clinical practice, and the practice of physic; He helped" to teach more 
than two thousand medical students. He founded Dickinson College 
and the Philadelphia Dispensary. His eager mind was far in advance 
of his time in all scientific, educational, and social matters. He ardently 
advocated free public schools, temperance, and the abolition of slavery. 
He signed the Declaration of Independence. During the Revolution he 
was Surgeon-General of the Middle Division. In the yellow fever epi
demic of 1793 it is estimated that he saved the lives of fully six thousand 
people, nearly dying of the disease himself and sticking to his post when 
all but two other physicians had fled from the city. He was treasurer 
of the United States Mint at Philadelphia during the last fourteen years 
of his life. 

He was an honored member of nearly every medical, scientific, liter
ary, and benevolent society in the country, and of many foreign societies. 
He wrote five volumes entitled "Medical Inquiries and Observations." 
His last book was an elaborate treatise on "Diseases of the Mind." His 
published works fill eight large volumes, covering an immense range of 
subjects, from North American Indian lore to speculations on the origin 
of animal life. 

Benjamin Rush, more than any other man, stimulated the study of 
medicine in the United States, and started Philadelphia on its career as 
one of the world's great centers of medical education. 

RoBERT FuLTON 

Robert Fulton, the son of a Kilkenny Irishman, was born in Little 
Britain, Lancaster County, in 1765, in a little stone house that is still 
standing. He got his first knowledge of mechanical matters by frequent
ing the Lancaster gun works as a boy during the American Revolution. 
At the age of twenty-one he went to England and studied painting under 
Benjamin West. Like that other great experimenter, Samuel F. B. 

PENNSYLVANIA ACADEMY OF SCIENCE 73 

Morse, he was both an artist and an inventor. He soon became a student 
of applied science in the realm of mechanics, and was always deeply en
grossed with varied engineering problems. He went to France to interest 
Napoleon in the submarine torpedo, which he had just invented little 
dreaming of the deadly havoc it was destined to work more than a c~ntury 
later. In England he took out many patents, ranging from a machine 
for spinning flax to various ingenious devices for improving canal 
navigation. · 

All the while his mind was actively occupied with the unsolved prob
lem of adapting steam to the propelling of boats. He returned to the 
United States in 1806, and the next year The Clermont steamed from 
New York to Albany. Robert Fulton had at last made navigation by 
steam practicable. His fame and genuine service to humanity should 
not be lessened or slighted because poor John Fitch and half a dozen 
others had anticipated him in their attempts to apply steam to naviga
tion. Robert Fulton never became rich from his inventions. At the 
time of his death six steamboats were afloat on the Hudson, and the first 
steamship was under construction for trans-Atlantic traffic. 

ELISHA KENT KANE 

The career of Elisha Kent Kane, scientist and explorer, was brief and 
meteoric. Born in Philadelphia in 1820, the son of a famous jurist and 
attorney-general of Pennsylvania, he studied at the University of Vir
ginia, and at the age of twenty-two was graduated in medicine from the 
University of Pennsylvania at the head of his class. He early distin
guished himself in physiological research. Having a roving foot, he 
became a surgeon in the navy and traveled widely in many unbeaten 
paths, making explorations in China, journeying from Bombay through 
India to Ceylon, from Rio de Janeiro to the base of the Andes, investi
gating the true inwardness of a volcanic crater in Luzon' to its very 
bottom, exploring the west coast of Africa, and taking a walking trip in 
Greece, besides making journeys to Persia, Syria, and Egypt. In an age 
when exploration in remote parts of the world was both hazardous and 
unusual, he won fame as a scientific explorer before he was twenty-six 
years old. Though his constitution was much depleted by African fever 
contracted while exploring Dohomey, he became a surgeon in the army 
and took part in the Mexican war, in which he was wounded and again 
stricken with fever. 

In 1850, on two days' notice, he joined the Grinnell Arctic expedition 
sent out in search of Sir John Franklin. After returning from this 
fruitless quest, he organized an Arctic exploring expedition in 1853 
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under his own command, taking with him Dr. Isaac Hayes, of West 
Chester, another Pennsylvanian, who afterward became a famous Arctic 
explorer. Dr. Kane's explorations and scientific observations in the 
Arctic were more valuable and important than those of any previous 
explorer. After more than two years he returned to find himself one of 
the most famous men of his generation. His published account of ''The 
Second Grinnell Expedition" appeared "in 1856. Gold medals were 
awarded him by the State of New York, by the Royal Geographical 
Society of London, and by the United States Congress. He had made 
invaluable contributions to the world's scientific knowledge, and had 
reduced to geographical certainty more than one thousand miles of the 
Greenland coast. He died in 1857,-a martyr to science at the age of 
thirty -seven. 

After thus rapidly sketching the careers of a few of the Pennsylvania 
pioneers in science, it seems appropriate to pay respectful and grateful 
tribute to their disinterested motives, to their high courage in attacking 
different problems, to their persistent industry amid uncongenial sur
roundings, to their hard struggles to do something worth while without 
adequate material means and appliances, and to the solid worth of their 
work. They were not mere dabblers. They were true pioneers, who 
fought a good fight. They knew how to devise, safeguard, and check 
their experiments. They had open minds, eager in the quest of new 
truth. They knew the true meaning of research, the joy that comes 
with a new discovery. They widened the field of knowledge. They ap-

. plied their scientific discoveries to the arts of life. They were not only 
students, · investigators, discoverers, and inventors; they were also teach
ers. They blazed the trail through the wilderness, and they passed the 
torch on to others. It would ill become us to think or to speak slight
ingly of their relatively meager accomplishment; for these pioneers of 
science in Pennsylvania, animated thus early by the true scientific spirit, 
have laid the solid foundation on which you are building today. 
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The rocks exposed in the Helderberg escarpment on the eastern flank 
of the Catskill Mountains of New York were, with their contained fos
sils, made famous by the work of James Hall in the middle of the last 
century. Used in a more general sense in Hall' day, the term Helder
berg was reae:6ned in 1 99 by Clarke and clmchert to include the Coey
mans, New Scotland, and Becra.It limestones, formations embraced by 
Hall in the ~<Lower Helderberg." Still later, the Keyser limestone, 
which underlies the Coeymans limestone in_ Maryland and tlte adjoining 
States, was also included in the Helderberg roup, a usage here followed. 
.Another change was the placing of the Helderberg in the Lower De-
vonian, wl1ereas all placed it at the top of tl1e ilm·ian. · 

The Helderbe1·g Group of New J ersey was described by Stuart Wel
ler in 1903; that of ifaryland by C. K. Swartz, Charles cbuchert, 1md 
others in 1913; and in 1917 J. B. Reeside, J r ., ·described the Helderberg 
of central Pennsylvania, as exposed at seven localities, from 'ryrone on 
the west to Grovania, near Bloomsburg, on tl1e east. In the past six 
years the writer has visited sevenl of the Maryland, New J ersey, and 
New York sections; and has in addition studied some thh'ty previously 
undescribed sections, mostly located in. West Virginia and Virginia, but 
also including seve1·al in Pennsylvania. (See fig. 2.) Tile chief pUl'pose 
of the investigation l1as been to dcte1'Ill.ine how :Ear the lithologic and 
faunal divisions recognized in Maryland could be traced to the north and 
south; perhaps its greatest interest lies in the way it demonstrates lateral 
changes in the lithologic characters of these ancient sediments, and ac
companying facies developments in their faunas. 
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f 

Fro. 2. Map of area covered by the Helderberg investigation; x shows locathm of 
section visited; e shows location of section studied; the line connects sections 

represented in figs. 3 9-nd 4. 

KEYSER LIMESTONE 

In western Maryland, the starting point for this investigation, the 
Helderberg consists of the Keyser, Coeymans, and New Scotland lime
stones, the Becraft limestone being absent there, although present farther 
east near Hancock, Mel. The Keyser limestone is 290 feet thick, and con
sists of a lower more massive portion, much of which weathers with a 
peculiar lumpy appearance, and an upper tl1inly laminated portion, 
weathering platy to a large extent. The laminated beds of the upper 
portion are suggestive of the Tonoloway limestone, which underlies the 
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FIG. 3. Stratigraphy of the Helderberg Group from western Mar;rand to N~w Jersey. 
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Keyser in the Maryland region; being similar not only in their lithologic 
character, but also in the comparative sparseness of its fauna. Further
more, the fauna sim.ulates that of the Tonoloway in the presence of 
Tentaculites gyracanthus, and Ostracodes of the genus Leperditia. 

The lower more massive portion is more abundantly fossiliferous, and 
up to a short distance below its top is characterized by Chonetes jersey
ensis, whose range has been used to delimit the Chonetes jerseyensis zone. 
The upper half of the Keyser lacks C. jerseyensis, and was in Maryland 
termed the Favosites helderbergiae var. praecedens zone, because of the 
occurrence of that coral at many horizons. Faunal subzones, based on 
species of smaller vertical range, and traceable through many sections, 
have been recognized in both Maryland and Pennsylvania: 

Maryland 
(C. K. Swartz) 

Central Pennsylvania 
(J. B. Reeside, Jr.) 

F AVOSITES HELDERBERGIAE VAR. PRAECEDENS ZONE 

13. Leperditia subzone. 17. Upper Leperditia subzone. 
12. Corrigansville Stromatopora 

subzone. 
11. Tentaculites gymcanthus sub- 16. Tentaculites gyracanthus sub-

zone. 
10. Corrigansville lower Stromato

pora subzone. 
9. Rensselaeria mutabilis subzone. 

8. Keyser coral reef subzone. 

zone. 
15. Stromatopora subzone. 

14. Rensselaeria mutabilis subzone. 
13. Pholidops ovata subzone. 
12. Lower Leperditia subzone. 
11. Coral subzone B, with Clado

pora rectilineata. 
10. Spirifer vanuxemi subzone. 

CHONETES JERSEYENSIS ZONE 

7. Bryozoan subzone. 
6. Gypidula coeyrnanensis var. 

pr·ognosticus subzone. 

5. Spirifer modestus-Cystid sub
zone. 

4. Rawling's Stromatopora reef 
subzone. 

3. Cladopora r·ectilineata subzone. 

2. Rhynchospha subzone. 
1. Warrior Mountain coral reef 

subzone. 

9. Calymene camerata subzone. 
8 .. Bryozoan subzone. 
7. Gypidula coeymanensis var. 

prognosticus subzone. 
6. Dalmanella clarki subzone. 
5. Spirifer rnodestus subzone. 

4. Stromatopora subzone. 

3. Coral subzone A, with C. recti
lineata. 

2. Rhynchospira subzone. 
1. Caniarotoechia ~ lamellata sub

zone. 

PENNSYLVANIA ACADEMY OF SCIENCE 79 

There are several other species whose occurrence is of, equal or greater 
importance in subzonal work. Thus Stenochisma deckerensis, Uncinulus 
convexorus, and Nucleospira swartzi are abundant in and confined to the 
lower part of the Chonetes jerseyensis zone, ranging through the subzones 
2 to 5 as above listed. With Spirifer modestus they are the most char
acteristic species of the lower Keyser from central Pennsylvania to west 
central Virginia. Merista typa is another very important species occur
ring in and above the Gypidula zone. Camarotoechia gigantea occurs at 
this horizon in Maryland, becoming more important to the south. Meri
stella praenuntia is one of the most characteristic species of the upper 
Keyser. 

Of the subzones above noted, those of Steochisma deckerensis, Merista 
typa, Calymene camerata, Pholidops ovata, and the upper Leperditia, 
were located at the section t mile east of Hollidaysburg, along the high
way to Huntington, where the Helderberg makes a high bluff along the 
roadside. This is one of the finest exposures of the whole lower De
vonian to be seen anywhere in central Pennsylvania. The freshness of 
the exposure hampers collecting in the Keyser, and it would be desirable 
to spend additional time on the slope above the bluff, where the ledges 
are more weathered. 

The faunal subzones of the Keyser were not adequately located in the 
section along Pine Creek, near Jersey Shore, during my visit of one day. 
The most important subzones recognized were those of Stenochisrna 
deckerensis and Cladopora rectilineata (of Reeside 's coral subzone B). 
The Stenochisma subzone is better exposed in a more weathered condition 
at several localities near Williamsport, where it contains Chonetes jersey
ensis, Stenochisma decker·ensis, Nucleospim swartzi, Atrypa reticu
laris, etc. 

In eastern Pennsylvania, the lower part of the Keyser is well exposed 
near the Delaware Water Gap, where it is composed of impure sandy 
limestone, alternating with calcareous quartz conglomerates, in which 
the quartz pebbles are as much as i inch in diameter. The lower Keyser 
age of these beds is indicated by the occurrence of Stenochisrna decker
ensis, Spirifer modestus, and Chonetes jerseyensis; although all of those 
species are rare, apparently due to the local adverse habitat conditions at 
the time of deposition. The same sandy phase ~f the lower part of the 
Keyser can be seen at Palmerton. The presence of these shore phases 
in the lower part of the Keyser at Delaware Water Gap and Palmerton 
throws some doubt on the theory that the absence of the Lower Devonian 
deposits along this belt of outcrop toward Harrisburg is due to faulting; 
their absence is quite possibly due to an unconformity. 
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FIG. 4. Stratigraphy of the Helderberg Group from Maryland to 
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The lower part of the Keyser of Pennsylvania can be definitely cor
related with the Chonetes jerseyensis bearing portion of the Decker lime
stone ("Decker Ferry" of Weller) of northwestern New Jersey, where 
Stenochisma deckerensis and other fossils of the lower part of the Keyser 
occur in the lower part of the 0. jerseyensis zone. The small Gypidula 
("Pentamerus") circularis described by Weller from the upper part of 
the 0. jerseyensis zone very likely represents the Gypidula coeymanensis 
var. prognosticus subzone of Maryland and Pennsylvania. The subzone 
of Cladopora rectilineata of the upper part of the Decker of New Jersey 
seems to be equivalent to Reeside's Coral subzone B. The relation to 
the upper Keyser of the Rondout and Manlius(~) limestones of New 
Jersey is less clear; but the occurrences in the Rondout of Leperditia 
gigantea, and in the Manlius (?) of Tentaculites gyracanthus suggest 
equivalency with the horizons of the upper Keyser where those species 
occur. 

The most obvious of the lithologic variations in the Keyser limestone 
as it is traced southward into West Virginia and Virginia are indicated 
in fig. 4. The intertongueing of the Big Mountain shale and Clifton 
Forge sandstone members with much of the lower and middle portions 
of the Keyser limestone is of particular interest. The time relations of 
these beds were very precisely determined by tracing through a series of 
faunal horizons, of which the following are the most significant (compare 
the Md.-Pa. lists) : 

13. 

12. 

10. 

F AVOSISTES HELDERBERGIAE V AR. PRAECEDENS ZONE 

Whitfieldella prosseri subzone 
(at Franklin, W. Va. only). 

Tentaculites gyracanthus sub- 11. Camarotoechia altiplicata and 
N ucleospira ventricosa subzone (at Petersburg, W.Va. 

only). zone. 
Rensselaeria mutabt1is subzone. 

9. Meristella praenuntia subzone. 
8. Petersburg Stromatopora reef subzone, probably same as Clifton 

Forge reef subzone .. 
7. Coral subzone, with Cladopora rectilineata. 

CHONETES JERSEYENSIS ZONE 

6. M erista typa subzone. 
5. Oamarotoechia gigantea subzone. 
4. Gypidula coeymanensis varieties prognosticus and sirnilis subzone. 
3. Spirife1· modestus, Stenochisma deckerensis, Uncinulus convexo1·us, 

Nucleospira swar·tzi subzone. 
2. Cyphotrypa corrugata, Stropheodonta bipartita subzone. 
1. Whitfieldella minuta subzone. 
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The Big Mountain shale and Clifton Forge sandstone members are 
underlain by a persistent tongue of the lower nodular member of the 
Keyser, carrying the fossils of zones 1, 2, and particularly 3, while sev
eral of the subzone 3 fossils range up into the Big Mountain shale, and 
the lower part of the Clifton Forge sandstone intertongues with much of 
the limestone beds containing subzone 3. 

The subzones 4, 5, and 6 occupy the basal part of the limestone over
lying the Big Mountain shale. Near Warm Springs, Va., subzone 5 
passes into the upper tongue of the Clifton Forge sandstone, which is 
rather shaly at that locality, while subzone 4 occurs in a limestone bed a 
few feet lower. Subzones 7 and 8 occur in the limestone above the 
Clifton Forge sandstone near Warm Springs and Clifton Forge. 

An important lateral change in lithologic nature was observed in the 
upper part of the Keyser also. Thus in Maryland and Pennsylvania 
the upper part of the Keyser is a dense laminated sparingly fossiliferous 
limestone; while south of Petersburg, W. Va., it becomes purer, and is 
thick bedded and more or less crystalline, frequently with masses of coral 
and many fragments of crinoid stems. The change to the crinoidal con
dition appears to represent a change to more truly marine conditions, 
more favorable to marine life. This change in environmental conditions 
is also indicated by the disappearance of the Leperditia, Tentaculites, and 
Pholidops subzones, all of which were probably brackish water dwellers; 
and by the appearance of a more abundant brachiopod fauna, including 
Camarotoechia altiplicata (represented by a small variety), Nucleospirea 
ventricosa, and, more rarely, Oyrtina dalmani and Spirifer perlamellosus 
var. praenuntius. These four species are of further interest because 
they are either identical with or are very closely allied to species not 
known from below the Coeymans limestone farther north, and provide 
some additional evidence for placing the Keyser limestone in the Helder
berg Group. 

The Keyser was not seen south of Gala, near Clifton Forge, Va. The 
Keyser is definitely absent near Saltville and Big Stone Gap in south
western Virginia, where beds that are not older than the Coeymans (and 
are probably younger) were seen in contact with the Tonoloway lime
stone, which underlies the Keyser limestone farther north. 

COEYMANS LIMESTONE 

In Western Maryland the Coeymans is about 13 feet thick, and is 
massive, crystalline, and highly crinoidal. Its character is such as to 
make it comparatively resistent, and it forms the backbone of the "Dev-
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il 's Backbone'' at the classical section of the Helderberg Group near 
Cumberland, Md. The most diagnostic fossil of the Coeymans is Gypi
dula coeymanensis, which is generally profuse. 

The contact with the underlying Keyser is very sharp, and is made 
more apparent by the sudden change from the dense platy limestone of 
the upper Keyser to the massive crinoidal crystalline limestone of the 
Coeymans. The contact appears to represent a short erosional uncon
formity. 

The Coeymans maintains in central Pennsylvania essentially the same 
thickness, lithologic character, and fauna. For such a thin formation it 
is persistent over a surprisingly large area. As in Maryland, the con
tact is generally sharp; and at Hollidaysburg, at least, its erosional char
acter is further indicated by a slight unevenness, and by the presence 
in the basal portion of the Coeymans of fragments of dense limestone of 
upper Keyser type. 

As shown by Reeside, the Coeymans passes into a calcareous sandstone 
at Grovania, near Bloomsburg; in spite of the change in habitat indi
cated by the change in lithology the Coeymans fauna is persistent. In 
eastern Pennsylvania, in the vicinity of the Delaware Water Gap, the 
Coeymans is again a massive crystalline crinoidal limestone, containing 
many horizons in which G. coeymanensis is profuse. It has a thickness 
of 50 feet at this locality. The Coeymans is also a massive crinoidal 
limestone in New Jersey and southeastern New York. 

Going south from Maryland the Coeymans is a massive, crinoidal, and 
crystalline limestone at least as far south as Clifton Forge, Va., varyinr: 
in thickness from about 15 to 50 feet. Gypidula coeymanensis becomes 
rare toward the south, no specimens having been found south of Hot 
Springs, Va. In the Monterey-Warm Springs-Clifton Forge area a use
ful and locally persistent faunal subzone is provided by an abundance 
at the top of the Coeymans of M eristella arcuata and Rhipidomella 
oblata. With the change of the upper Keyser from the dense laminated 
type of lithology, as seen in Maryland, to the crinoidal crystalline con
dition, the contact between the Coeymans and the Keyser no longer ap
pears to be so sharp. However, possible evidence of disconformity is 
seen in the sandy character of the lower part of the Coeymans in the 
Clifton Forge area. 

The Coeymans limestone was not seen as such south of Clifton Forge, 
Va. The calcareous sandstone at Rocky Gap (indicated in fig. 4 as 
Rocky Gap sandstone) is most likely of Becraft age. At the top of the 
concealed interval below this sandstone a few limestone cherts were found 
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with internal casts of a Meristella that is probably M. at·ct,ata. Although 
this occurrence is suggestive of the 111. arcuata zone at the top of the 
Coeymans in the Clifton Forge area, correlation is not assured. 

NEw ScoTLAND LIMES'rONE 

Throughout the area studied the Coeymans limestone is everywhere 
overlain by beds of the age of the New Scotland shaly limestone of south
eastern New York, as is shown by the presence of Spirifer macropleurus, 
Spirifer perlamellosus, Dalmanella perelegans, Streptelasma strictum, 
and other fossils. In western Maryland the New Scotland consists of a 
lower limestone member about 25 feet thick, and containing a moderate 
amount of interbedded whitish chert; and an upper fissile gray shale 
member, 15 to 29 feet thick. The limestone contains a large fauna, in
cluding the species cited above; the shale is much less fossiliferous, but 
specimens of several of the above species have been found in it. 

In central Pennsylvania the New Scotland includes similar limestone 
and shale members; but the limestone contains less chert, and frequently 
is somewhat shaly. The New Scotland fauna is everywhere well repre
sented in the limestone member. There is sometimes difficulty in recog
nizing the shale member because it tends to be concealed, due to its non
resistant character. 

At the Delaware Water Gap the limestone member is thin and shaly, 
with only a small amount of interbedded chert; the chert is darker col
ored than is that of the southern area. 'rhe New Scotland fauna is 
IJresent, but specimens are not very abundant. The shales overlying the 
limestone member continue upward to the Oriskany (=Ridgeley) sand
stone with little if any change in lithologic character; in other words, 
there is no distinction of a fissile shale below, and a cherty shale above, 
as there is in Maryland and central Pennsylvania. This shale was 
named the Stormville shale by I. C. White in his report to the Second 
Geological Survey of Pennsylvania. The Stormville shale appears to be 
equivalent to the shale member of the New Scotland, the Becraft lime
stone, and the Port Ewen shale of the Nearpass, New Jersey, section, as 
described by Weller. The relations of the Stormville shale of eastern 
Pennsylvania and the Shriver chert of central Pennsylvania have not 
been worked out in Pennsylvania. Comparison with the apparent rela
tions of the Shriver and Becraft of the Virginias suggest that the upper 
part of the Stormville is Shriver in age. 

South of Maryland the limestone member of the New Scotland be
comes more massive, containing very little mud material, but an increased 
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a~ount of the whitish chert. This limestone is profusely fossiliferous, 
With an abundance of Spit·ije1· macropleurus and many other New Scot
land species. The shale member of the New Scotland was not seen; per
haps due to non-exposure in northeastern West Virginia, but definitely 
to non-existence in west central Virginia. 

There is a very sudden change in the lithology of the New Scotland 
in the thirty miles south of Monterey, Va. At Monterey the New Scot
land is a massive limestone, 30 feet thick, containing much interbedded 
whitish chert, and an abundance of fossils. At Healing Springs the New 
Scotland is a calcareous sandstone (in part a sandy limestone) about 20 
feet thick, and here called the Healing Springs sandstone member of the 
New Scotland. One specimen of S. macropleunts was found in this 
sandstone at Healing Springs, and another near Warm Springs. Tran
sitional intertongueing of the cherty limestone and the calcareous sand
stone can be seen at Dry Run, near Warm Springs, and at Bolar. 

Northeast of the Dry Run section another interesting modification 
was seen in the New Scotland, in an exposure at Bells Valley, Va. At 
this locality the New Scotland is a massive crystalline crinoidal lime
stone, and is continuous with the underlying Coeymans limestone. Cor
relation of the upper part of this limestone with the New Scotland is 
based chiefly on the presence of Spit·ifer· mac1·opleurus, which is abun
dant; while beneath the range of S. macmpleurus was found the Meri
stella arcuata subzone of the upper part of the Coeymans. 

The New Scotland was not recognized south of Gala, near Clifton 
Forge, Va. The lower part of the sandstone at Rocky Gap (Rocky Gap 
sandstone of fig. 4) may be of New Scotland age, but correlation is 
uncertain. 

BECRAFT LIMESTONE AND SHRIVER CHERT 

In western Maryland the interval between the New Scotland and the 
Ridgeley sandstone is occupied by an impure shale with much in
terbedded impure dark-colored chert, and containing few fossils. This 
cherty shale was named the Shriver chert by C. K. Swartz in 1913. 
Farther east, beyond Hancock, Md., the New Scotland to Ridgeley inter
val is occupied by a limestone with much interbedded black chert and 

' containing Spirifer concinnus and other fossils indicating essential 
equivalency with the Becraft limestone of southeastern New York and 
the adjoining part of New Jersey. Although the cherty shale and the 
cherty limestone occupy apparently the same stratigraphical position, it 
has been generally considered that the limestone is entirely older than 
the cherty shale, chiefly because the contained faunas are very distinct. 
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In fact, the Shriver chert, although it is older than the Ridgeley and 
therefore more nearly of the age of the Becraft than is the Ridgeley, 
actually contains fewer species suggestive of the Becraft fauna than does 
the Ridgeley. The reason for this is to be found in the nature of the 
Shriver fauna, which is small both in individuals and species, particu
larly when compared with the faunas of the other formations of the 
Appalachian Lower DE;lvonian. Furthermore, the known Shriver fauna 
is for its geologic age notably deficient in corals, orthid brachiopods, and 
trilobites. As all of these would be expected in a typical marine assem
blage of Lower Devonian animals, it seems that the Shriver fauna was 
not truly representative, but was modified and handicapped by the habi
tat conditions in the area of Shriver deposition. Accordingly, the 
Shriver fauna loses much of its value for correlation, and the relations 
of the Shriver and the Becraft must be worked out by careful study of 
the intermediate sections. 

This has not been attempted in Maryland. In Virginia, however, a 
cherty limestone with a Becraft fauna is found above the New Scotland 
at Clifton Forge, Healing Springs, Bells Valley, and some neighboring 
localities. A tongue from the upper part of this limestone is present at 
Warm Springs and Monterey above bedded impure chert of Shriver 
rather than Becraft type, although they contain less mud than is typical 
in Maryland. The demonstration of the Shriver age of these chert beds 
is difficult because they, like the typical Shriver, contain so few fossils. 
They do, however, seem to be continuous with the Shriver chert of Mary, 
land, as shown by intervening sections. Stratigraphic considerations, 
therefore, suggest that the Shriver chert and the Becraft limestone (at 
least the Becraft of Maryland and Virginia) are essentially equivalent 
in age, the faunas being different because of differences in habitat con
ditions. 

The Becraft limestone of Maryland and Virginia is much thicker than 
that of New York and New Jersey, measuring 100 feet or more, whereas 
that of New York and New Jersey is about 30 feet thick. A study of 
the faunas suggests that the lower part of the southern Becraft is of the 
age of the type Becraft, whereas the upper part· seems to be younger. 
Thus the upper part of the Becraft of Virginia carries Spirifers which 
are very close to Spi1·ijer concinnus, but which are somewhat larger, more 
alate, and bear several more ribs on the lateral slope. The upper part 
of the Becraft of Virginia also contains Cyrtina varia and Rensselaeria 
subglobosa, both of which occur in the lower part of the Oriskany forma
tion of New York and New Jersey, considerably above the type Becraft. 
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One fragment from this horizon at Monterey is probably Dalmanites 
dentatus, another species of the lower part of the New York-New Jersey 
Oriskany. This would suggest that the Shriver chert and the Maryland
Virginia Becraft are in part truly Becraft, and in part post-Becraft in 
age. It should be added that both the Shriver and the Maryland
Virginia Becraft are overlain by the Ridgeley sandstone, containing 
Spirifer arenosus and othe'r fossils of the true Oriskany. 
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PLATE I 

(.All figures about ~ natural size, except fig. 26, if) 

FIGs. 1-6. Stenochisma deckeren.sis (Weller). 1 to 4 dorsal views, 5 ventral, 6 side. 
Lower part of Keyser limestone, Williamsport, Pa. (1), Hollidaysburg, 
Pa. (2), Monterey, Va. (3), Franklin, W.Va. (4), Delaware Water 
Gap, Pa. (5), Petersburg, W. Va. (6). 

FIG. 7. Chonetes jerseyensis Weller. Ventral valve. Lower part of Keyser limestone, 
Williamsport, Pa. The shell is broken below the umbo. Note cardi· 
nal spines and the anterior curvature of the lateral ribs. 

FIG. 8. Spirifer octooostatus Hall. Dorsal view. Lower part of Keyser limestone, 
Petersburg, W. Va. 

FIGS. 9, 10. Unoin~~l'li{S oonvexorus Maynard. Dorsal and side views. Lower part of 
Keyser limestone, Big Mountain, W. Va. 

FIGS. 11-13. Gypidula ooeymanen.sis var. similis F. M. Swartz. Exterior, side and 
interior views of ventral valves. This variety from the middle part 
of the Keyser limestone of west central Virginia is much closer to 
G. ooeymanen.sis proper than is the variety prognosticus from the mid
dle Keyser of Md. and Pa. Middle part of Keyser limestone, Little 
Mt., near Monterey, Va. (11, 12), Warm Springs, Va. (13). 

FIGs.14-16. Merista typa (Hall). Exterior and interiors o:l' ventral valves, the in
teriors showing the characteristic "shoe-lifter process," the arched· 
septum. Middle part of Keyser limestone, Big Mt., W. Va. (14), 
Little Mt., Va. (15, 16). 

FIG.17. Meristella praenuntia Schuchm·t. Dm·sal view. Upper part of Keyser lime
stone, Petersburg, W. Va. 

FIG. 18. Nucleospira swartzi Maynard. Dorsal view. Lower part of Keyser lime
stone, Big Mt., W. Va. 

FIGS. 19, 20. Spirifer modestus Hall. Dorsal and ventral views. Lower part of 
Keyser limestone, Big Mt., W. Va. 

FIGS. 21, 22. Camarotoechia gig,antea Maynard. Ventral and dorsal views. Warm 
Springs and Monterey, Va. 
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FIG. 23. Gypidula coeymanensi8 Schuche1t. Side view. Coeymans limestone, Mt. 
Union, Pa. 

FIGS. 24, 25. Me·ri-stella arm~ata (Hall). Exterior and weathered interior of ventral 
valves. Note deep muscle scar of ventral valve. As seen in the rock, 
M. m·cuata, Gypiclula coeymanensis and Me1·ista typa, are often diffi
cult to tell apart. The weathered interiors exhibit very diagnostic 
features. Coeymans limestone, Big Mt., W. Va. (24), New Scotland 
limestone, Big Mt., W. Va. (25). 

FJG. 26. Spirifer macropleurus (Comad). Cardinal view, valves open; umbo of ven
tral valve broken. New Scotland limestone, Pine Creek, Pa. 

FIGs. 27, 28. Dalmanella pm·elegarn8 (Hall). Side and ventral views. New Scotland 
limestone, Monterey, Va. 

FIG. 29. Spilrifer concinn~t-s var. prog1·adiu8 F. M. Swartz. This a larger more alate 
form than S. conoinnus proper, with several more ribs to the lateral 
slope. Upper part of Becraft limestone, Back Creek Mt., west of 
Wa1·m Springs, Va. 

FIGs. 30-32. Ed1'WC<ritwns ZJOcinifo?·mis Hall. Side views· of! dorsal cups. Becraft 
limestone, Nearpass, N. J. (30), lower part of Becraft limestone, Clif
ton Forge and Gala, Va. (31, 32). 

FIGS. 33, 34. Cyrtitna vaq·ia Clarke. Venti·al and side views of ventral valves. Upper 
part of Becraft limestone, Back Creek Mt., near ·warm Springs, Va. 

FIG. 35. Spilrifer cycloptent-s Hall. Ventral view; right margin broken. Upper part 
of Becraft limestone, Back Creek Mt., near Warm Springs, Va. 

Fras. 36, 37. RensselaeTia subglobosa ·weller. Dorsal views. Upper part of Becraft 
limestone, Back Creek Mt., west of Warm Springs, Va. (36); lower 
part of Oriskany (Dalmanites dentat~ts zone), Nearpass, N. J. 

PLATE IV 
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LYGODIUM PALMATUM IN PENNSYLVANIA 

BY D. s. HARTLINE 

State Teaohers College, Bloomsburg, Pa. 

A plea for the preservation of a swamp near Hazleton, Pa., in which 
this climbing fern is native but disappearing because of human activities. 

THE POSSIBLE BIOLOGICAL SIGNIFICANCE OF THE 
INCREASED ACTIVITY OF X-RAYED 

TYROSINASE 

BY ROBERT T. HANCE 

Depwrtment of Zoology, University of Pittsburgh 

During the past few years the writer has approached the problem of 
the biological effect of X-rays from several different angles. The investi
gation that has seemed most suggestive resulted in the production 
·Of white hairs on pigmented mice following the proper exposure. Since 
the chemistry of organic pigment formation is to some extent known it 
seemed possible that color change might be an index to the biochemical 
or biophysical reactions resulting from X-radiation. This pigment, 
melanin, is produced through the interaction of two substances, a color 
base called tyrosine and an oxidase enzyme, tyrosinase. The whole 
process can readily be demonstrated in a test-tube. Since the hair that 
replaced the original colored hair on the rayed mice was white it was evi
·dent that either the color base, the enzyme or both had been affected. 
Since tyrosinase is not particularly complex chemically and as enzymes 
have previously been altered through X-radiation a study of tyrosinase 
was indicated. As there is little or no free tyrosinase in the skin of mice 
it was necessary to turn to mushrooms and potatoes that contain it jn 
large available quantities. When either of these plants is ground up in 
water and then filtered, a mixture of the filtrate with a solution of tyro
sine results in melanin formation within a few hours. 

Interestingly enough the exposure of either mushrooms or potatoes to 
X-rays before their extraction with water increases the activity of the 
-enzyme in direct relation to the length of the exposure.. In other words, 
within certain limits, the longer the enzyme in these plants is radiated 
the more melanin is produced when mixed with the solution of tyrosine. 
Here then is one of the first demonstrations of a quantitative biological 
-effect of X-rays . .. 
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The above reaction resulting in an increased pigment production at 
first thought seems to be directly opposite to that obtained with mice 
~here co~or is inhibited. There is, however, little if any free tyrosinase 
m the skm of the mouse. It seems, therefore, quite probable that in the 
case of the mouse the rays have affected and inhibited the source of en
zyme production in the cells, while in the plants the enzyme itself ha.'3 
~~en eA~osecl. In Sl~pport of this suggestion are animals more recently 
rayed w1th a muc.h _lighter dose whose coats came in pe1·ceptibly dai•ker 
than they were or lgmally, thus bringing this pha e or t he work into com
plet~ harmony with the results obtained with mushrooms and potatoes. 
Obvwuslr: then the difference in reaction lies partly in the structure of 
the orga~Ism and partly in the adjustment of the dosage. 

The mcrease~ activity of radiated tyrosinase, itself an oxidase, sug
gested a change m the powers of oxidation. The well known blackening 
of peeled_ potatoes when exposed to air prompted a test of the effect on 
the tyro~mase ~f definite exposures of potato mush to air. .All exposur es 
up to_ thirty mmutes r esulted in an increased melanin production when 
the rur expo~ed enzym.e was added to solutions of tyrosine. Longer e..-c
posures to all' r~lt m a progt·essive lessening of melanin production 
when the usual IlllXtures were made. .As t he potato mush becomes stead
ily darker w~th time. the above reaction is interpreted as indicating that 
the enz~me IS steadily used up in reaction with the tyrosine normally 
present m the potato and that consequently there is less and less to react 
with the tyrosine solution in the test-tube as time goes on. These experi
~ents demonstrate a similar stimulation of tyrosinase when exposed to 
air as to X-rays. 

The possi?ility that these cl1anges in the oxidizing power of tyro inase 
?Y X-rays might be reflected in the metabolism of exposed living organ
Isms was bo:ne out in preliminary r espimtion tests of mu br ooms, pota
toes and miCe. These test-s while somewhat crude have never theless 
shown quite definite and constant increases in the rate of respiration. 
These increases range between 20 and 30 per cent. While this increase 
in metabolism may be something entirely apart from the activation of 
t!rosinase, since both involve oxidative processes, they are very sugges
tiVe. Recently I have found the activity of yeast to be greatly acceler
ated under light X-radiation and retarded under long exposure. Mr. 
~nyder, of the Department of Zoology, has recently found the germina
tion and early growth of sweet corn to be considerably accelerated follow
ing short exposures to X-rays and somewhat slowed after exposures of an 
hour or longer. · 
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These lines of evidence: namely, the increased activity of tyrosinase 
following X-radiation; the similar activitation of this substance follow
ing mere exposure to air; the increase of the rate of respiration in radi
ated organisms, and with the increased activity of yeast and of 
corn under certain exposures; all strongly suggest that X-rays stimulate 
the oxidative processes of biological phenomena. 

PIMPINELLA MAGMA IN PENNSYLVANIA 

BY E. lVI. GRESS 

State Botani-st, Harrisbu1·g 

This paper has been submitted for publication in Rhodora. 

DEMONSTRATION OF THE METHOD OF ULTRA
VIOLET MICRORADIATION 

BY E. A. WOLF 

Pittsb'IJII'gh 

(Paper not submitted) 

PERIODICITY IN FUNGI 

BY ILLO REIN 

State Forest School, Mt. Alto 

(Paper not submitted) 

THE DISTRIBUTION OF FISHES IN A TYPICAL 
PENNSYLVANIA STREAM 

BY GEDDES w. SIMPSON 

Bucknell University 

The following bit of research was directed by Dr. Stewart in an en
deavor to determine the causes of the death of fry planted in Buffalo 
Creek, Union County. A desire to know what fish actually inhabited the 
creek was also a factor. 

While the information gathered is, perhaps, not new to the world of 
science, it is new for the particular territory studied and it is hoped that 
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it may serve as a guide to the scientific study of other creeks in other 
places. Thus it will be possible to restock most economically, 

A seining permit having been obtained from the Gaine Commission, 
a fifteen foot i-inch seine and a thirty foot l-inch mesh seine were used 
in determining the fish present. Thirty-eight places were seined from 
one to four times, resulting in thirty species being found and identified 
in the twenty miles of the main creek and a total of fifty miles in its four 
tributaries. All five of these streams rise in the mountains to the north 
of the main creek. 

The distribution of fish seems to be determined by: 
1. Food factors. 
2. T'emperature; influenced by light conditions, rapidity of flow, 

depth, etc. 
3. Available retreats. 
4. Enemies. 

Trout were found in about 43 miles of the stream, always in the cooler 
waters of the upper reaches. Pickerel were found below the areas in
habited by the trout. There seems to be a sharp line between these two 
species, for only once were they found together. 

Due probably to food and temperature conditions, bass and trout were 
found in different parts of the stream. 

On the other hand, the black-nosed dace and the horned dace were 
found together eleven different times. 

Some fish of limited range include: 
1. The long-nosed dace, which was found only in rapids. 
2. The bullhead, which was found only on mud bottoms. 
3. The carp, which was found only near the mouth. 
4. The sunfish-bass-pickerel group, which was found where the 

water was sunny, sluggish, warm and weedy. 
Of the thousands of blue-gills, crappies, trout and others planted in 

Buffalo Creek in the past, only a very few have survived. In this par
ticular creek this is believed to be due to: 

1. Habitat. Freshets in particular probably sweep the fry into 
the river. 

2. Lack of pools and other hiding places. 
3. Lack of marsh land where insects may breed. 
4. Prevalence of pickerel which prey on the fry. 
5. Temperature conditions not suited to young fish. 
6. Shallow condition of stream in mid-summer. 
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To restock scientifically one must know what conditions are present 
in the creek to be restocked and whether or not they are favorable to the 
spec"ies to be introduced. Otherwise the effort is wasted. 

HABITS OF AMPHIBIA IN WINTER 

BY CHARLES E. MOHR 

Bucknell University 

A study of the winter habits of our amphibia is a promising field for 
the naturalist in Pennsylvania and has received some attention recently 
at Bucknell University. The mountain ponds scattered through the 
Seven and Fourteen Mile Narrows in Union and Centre Counties were 
the most fruitful in this study. Numerous springs and stre11ms also 
offered splendid opportunities for careful observations. 

Although the interest during the past six months, from October to 
April, has been focused on salamanders, three frogs have been observed 
under winter conditions and will be noted. 

Bull frogs, Rana catesbeiana, green frogs, Rana clamitans, and 
leopard frogs, Rana pipiens, have all been taken from deep springs . 
They have been buried in the muck and have come to the surface only 
when disturbed. 

I have arbitrarily grouped the thirteen species of salamanders ob
served according to habitat: 

I. A few salamanders are active throughout the year. These species 
are primarily aquatic. 

Cave or long-tailed salamander-Eurycea longicauda. 
Those living in springs have been observed during every month of the 

year. There are no winter records of those specimens which prefer a 
terrestrial habitat. 

Purple sahimander-Gyrinophilus porphyriticus. 
These are active throughout the year in springs, and probably also in 

precipitous mountain streams such as Kitchen Creek. 

Newt-Triturus viridescens. 
The adult form may be found throughout the winter under the ice of 

ponds and dams. Immature specimens, the red eft form, were taken 
during March, under the bark of pine stumps. 
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II. Some salamanders spend the winter, others all their larval life, in 
the water. 

Red salamander-Pseudotriton ruber. 
The grayish, spotted larvae spend the first two and a half years of 

their life in springs. Of seventeen larvae taken from a single spring on 
February 26, the specimens were grouped in three distinct sizes, averag
ing 40, 65 and 95 mm. 

Dusky salamander-Desmognath1t,S fuscus fuscus. 
Many Duskies spend the winter in ponds. They were taken in 

November under stones and logs in dried up ponds, and, in January, in 
water under the ice in the same ponds. Duskies may also usually be 
found under stones partly submerged at the edge of small streams. 

Two-lined salamander-Eurycea bislineata bislineata. 
The larvae have been taken in and about springs throughout the year. 

The adults have been found only under stones in moist, unfrozen earth 
close to strea~s or springs. 

III. A few salamanders are entirely terrestrial, hence they can be found 
in a terrestrial habitat during the winter. They may usually be 
found under stones, very seldom under logs, probably because 
stones retain some of the sun's heat. Logs soak up water and 
freeze solidly to the ground. 

Red-backed salamander-Plethodon cinereus erythonotus. 
Specimens taken as late as December 15 were active when picked up. 

Fourteen specimens observed March 23 were under stones, under the bark 
on the stumps of large pine trees, or in the rotten wood. A few were 
pursued several inches as they retreated through the passages of the por
ous wood, and several were taken from the heart of a stump. 

Slimy salamander-Plethodon glutinosus. 
The only specimen of this fall-breeding species was taken in March 

beneath the bark on a pine stump. 

Mountain salamander-Desmognathus fuscus ochrophaeus. 
The mountain salamander, which is easily distinguished from the 

dusky by a straight-edged stripe down the back, is partial to high alti
tudes. While it was found commonly during the summer at Eagles 
Mere, under rocks and stones in rich forest distant from water, a pro
longed search of the identical locality in the late fall failed to bring a 
single specimen to light. 
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IV. Several salamanders spend most of their life on land, migrating to 
the ponds in late winter or early spring to mate and lay their eggs. 

Four-toed salamander-H emidactylium scutatum. 
This species lays its eggs in the sphagnum moss at the edge of ponds 

about the middle of April. The winter is spent on land. 
A new first record for this species, March 23, was established this 

year, when a specimen was taken under a large stone twenty feet from 
the water. Dr. S. 0. Bishop gives April 7 as his early record for this 
species. Two were found last year on April 2, under stones in decidu
ous woods, three yards and sixty yards from water. 

Spotted salamander-Ambystoma maculatum. 

Both the spotted and Jefferson's salamanders may be easily taken at 
night as they migrate to mountain ponds to breed. Dr. Bishop reports 
that the first warm rains and a temperature above 32°, at night, is suf
ficient to start them off and to open the ice-covered ponds at the margins. 
''Subsequent freezing does not bother them much, and I have found both 
species depositing eggs in water on the surface of the ice .. " 

Our first specimens this year were taken March 23. During the next 
few days the small milky white spermatophores became numerous. The 
first eggs were not taken until March 28. The eggs are contained in a 
firm mass of gelatine either clear as glass or milky white. The cause of 
the opacity of some masses is not definitely known. Of 650 masses ob
served last year, 225 were clear, the other two-thirds were opaque. 
Larvae from both types were hatched in the laboratory. 

Jefferson's salamander-Ambystoma jeffersonianum. 

Spermatophores of A. jeffersonianum have never been found and its 
early egg-laying suggests the possibility of an autumnal fertilization. 
The first specimens were taken on March 24. Eggs discovered at the 
same time were less than two days old ; accordingly the time of the depo
sition may be closely estimated. 

The eggs, which have a conspicuous close-fitting envelop, are always 
in clear gelatine. The eggs in each mass are less numerous than those 
of A. maculatum, and the gelatine is much less firm. They are often 
arranged spirally about roots, twigs or grass. 

Marbled salamander-Ambystmna opacum. 
Dr. Surface's records of the marbled salamander from three eastern 

counties are the only records we have for Pennsylvania. However, the 
capture on March 24 of Ambystoma larvae, 21 mm. in length, in moun-
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tain ponds together with newly laid eggs, indicated the presence of a fall 
breeding species. 

The marbled salamander is known to lay its eggs in dry depressions 
in the late fall. They hatch when rain fills the ponds. They live under 
the ice during the winter, and by March 24 have lost their balancers have 

. ' 
fore legs with three digits, and are developing hind legs. Two rows of 
white spots on the sides of our specimens correspond to the markings on 
slightly larger larvae of A. opacum collected in North Carolina. 

Specimens of the larvae were sent to Dr. S. 0. Bishop for identifica
tion. His letter, received a few hours before this paper was given, con
fir~ed our findings: ''Your larvae have all the ear-marks of A. opacum." 

Further records of this species for Pennsylvania are earnestly 
desired. 

CEPHENOMYIA, A PROBABLE CAUSE OF DEATH 
AMONG DEER 

BY N.H. STEWART 

Bucknell University, Lewisbu1·g 

(Abstract) 

The discovery of seven maggots of the parasitic fly, Oephenomyia, in 
the nasal chambers of a dead deer suggests that the deer are affected with 
myiasis. Many deer have been found dead in the 
woods from causes not fully determined. Some peo
ple believe starvation is the leading cause, but it is 
possible that this head maggot is responsible for many 
deaths among our deer. 

Inquiry reveals that this parasite has been found 
in Alaska, Maine, Colorado and Minnesota and is 
therefore doubtless distributed over the intervening 
country. The symptoms include inflamation of the 
lining of the nasal chamber. Persons are needed to 
examine deer found dead in Pennsylvania. This may 
be done, after obtaining· permission of a game warden, 
by dividing the head of such deer. Coffee brown and 
bright red areas of the lining membranes indicate the 
infection. It is hoped that in the winter and spring 
of 1929-30 conclusions may be reached as to how far Larva from Deer 

this parasite weakens or actually causes the death of (Cephenomyia) 

the animals affected. Any information obtained should be forwarded 
to the author. 
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HIGHWAY PROTECTION AND BEAUTIFICATION 

BY JOHN w. KELLER 

Highway Forester 

The Commonwealth of Pennsylvania has been a leader in dur
able road construction and maintenance of highways since the beginning 
of the good roads movement, and as a consequence it has constructed 
thousands of miles of concrete and macadam roadways. However, while 
thus engaged, its major activities have been in the creation of the road 
itself rather than in protecting and beautifying the environs, with the 
result that the State finds itself outclassed by its neighbors in a phase of 
highway development and refinement interesting to everyone who trav
erses these arteries of communication. 

Wayne County, Michigan, probably has done more in this direction 
than any similar organization. Its master plan provides for super high
ways 204 feet wide, intermediate roads 120 feet wide and a supple
mentary system of thoroughfares of lesser widths. The roadsides are 
being planted with ornamental trees, flowering shrubs, vines and grasses, 
which are worked into the landscape in such a manner that they have 
the appearance of a well-kept country estate, while steep slopes are 
-sodded and gentle slopes covered with vines and shrubs. The Board of 
County Road Commissioners is the group of public officials who are suf
ficiently civic-minded to maintain a Forestry Unit made up of five 
trained foresters, one landscape architect, one field superintendent and 
·eight tree foremen, under whom work groups of six to fifteen laborers. 
A member of this personnel is a public utility forester whose duty is to 
supervise the placing of utility poles and issue permits for trimming, 
planting and removal of trees. 

The State of Massachusetts is a close rival to the Lake State in a 
movement to prolong the life of its highways and improve their surround
ings. The organization having to do with the furtherance of such plans 
is headed by a highway landscape supervisor, under whose direction nat
ural growth is protected and maintained, as well as planted from a 
nursery whose major purpose is the propagation of plants peculiar to the 
State. Spraying and tree surgery are naturally very important phases 
of this supervision. An interesting sidelight is thrown on this highway 
beautification program in the insistence that the State's personality be 
reflected and natural plants be a major part of the planting scheme. 

A third idea for catering to the aesthetic in highways is being carried 
.0 ut by Connecticut. In this little state two landscape architects draft 
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plans which are carried out by numerous tree wardens, who are members 
of a landscape division in the Highway Department. Landscape labor 
crews are stationed at various locations and confine their efforts to plant
ing, trimming and caring for trees and shrubs, the maintenance crews 
having little or nothing to do in this direction. That this work may be 
in no wise hindered or endure a handicap, the State has vested in its chief 
highway executive authority to take possession, in the name of the State, 
of trees along the highways, or those in woodlands bordering State high
ways. The plan is strengthened by the requirement that the Highway 
Commissioner give written consent to the cutting, pruning, trimming or 
removal of any natural growth. 

California seems to have left nothing undone to make of itself an 
ideal vacation land. The love of a Californian for his State is proverbial 
and well it might be, for here, as in few other States, public-spirited 
organizations are planting trees which, after the first growing season, are 
taken over and maintained by the Highway Department. The value of 
the State's highways is enhanced both as to beauty and utility, the for
mer through the efforts of an arborculturist who is employed to train 
and direct highway foremen in the care and protection of trees. That 
this is done is shown in the preservation of many fine old roadside trees, 
even to the extent of relocating the highway; and this seems to be but a 
beginning, for plans are now under consideration which will place in 
each highway district a trained man who will give his exclusive attention 
to the planting and trimming of trees and shrubs. 

Having completed the circle of those States whose work in highway 
beautification is the most outstanding, we return to our own Common
wealth, for since such activities have been carried on for years by other 
States and have the approval of the Federal Government as well, it would 
seem that the time has arrived in the development of Pennsylvania's road 
building program when some attention should be given to those aspects 
of road building not strictly economic. To this end a Forestry Unit has 
been organized, the personnel being composed of a Highway Forester 
with headquarters at Harrisburg; under this executive operate eight 
division foresters, each one trained in forestry or landscape architecture, 
and one being located in each of the eight sections into which the State 
is divided. This unit is responsible for planting and maintaining all 
growth along the State highways. Caretakers and other highway em
ployes receive instructions in the care of plantings, drafting detailed 
plans for their protection, supervising planting and maintenance crews, 
and-a by no means unimportant phase of the development of highway 
beautification-interest the public by lectures and personal contacts. 
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The Pennsylvania plan provides for protection plantings, beautifica
tion plantings, and opening of scenic views. The first will have to do 
with establishing growth on slopes to prevent erosion, planting of lines 
of evergreen trees to serve as permanent snowbreaks, and outlining dan
gerous locations, such as culverts, ditches, curves and triangle intersec
tions. The function of protection plantings is to reduce maintenance 
costs, as well as warn traffic of danger, and as a consequence of its being 
primary it will be undertaken first. 

Beautification plantings are just what the term implies and will con
sist of planting shade trees in avenue arrangement on straight stretches 
of roads, placing of screens of low-growing shrubs to cut off views of rail
road embankments, automobile graveyards, public dumps, quarries and 
any other view which is a blot upon the landscape. Roadside monu
ments, traffic signs and weighing grounds will have as a background mass 
plantings and shrubs, trees and perennial flowers. That the public may 
have a part in this creation of beautiful landscapes, local in.dividuals or 
organizations desiring to cooperate will have the benefit of advice from 
the Department as to selection of planting stock, delivering it to the road
side where it will be planted and maintained by the Department. 

Every motorist has had the experience of passing within a few feet 
of a beautiful panorama without suspecting its existence for no other 
reason than that the vista was obscured by a dense mass of low-growing 
trees and shrubs. Within a few years it is hoped that an occurrence of 
this kind will be infrequent as the third and final step in the plan is 
developed and obstructions to scenic views of major import are removed. 

SLOPES 

The cause of slides on slopes along the highways is usually from alter
nate freezing and thawing, or an excessive amount of moisture in the soil 
which makes it heavy, gravity causing it to seek a lower level. The soils 
most difficult to handle are the micaceous or chloritic, which are greasy 
and fine grained, such as are found in southeastern Pennsylvania; and 
limestone that weathers down to a fine clay loam, easily penetrated by 
water and becoming slippery when wet. This latter soil is found in the 
Cumberland Valley eastward to Allentown. A third are the sand and 
clay loams prevalent throughout the State, and the most frequent cause 
of slides. These annoyances to road builders can be covered by plants 
to check surface erosion, the roots serving to hold the soil and prevent 
slides, which at times have become so much of an annoyance that it has 
been necessary to hold the soil by mechanical means until root systems 
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become established. Another method of preventing slides is to remove 
the excessive water by drains. Where it happens that steep slopes have 
at their base a supply of water which would tend to undermine them, the 
soil has been kept in place by willow or poplar poles placed perpendicu
larly on the slopes three feet apart, with the large ends in the water at 
the base of the slope. It is necessary that the poles be partly buried in 
the ground, and they may be held in place by nailing or wiring to strips 
laid horizontally on the slopes. Poles should be cut from live trees in 
March and placed in position in April. If this is done, sprouts will come 
out along the entire length of the pole, cover the slope and prevent ero
sion of the soil. At the same time the poles will be throwing out roots 
at the base, which will also serve to fix the soil. This method has been 
very successfully employed in difficult slopes along railroads, highways 
and water courses. It is not advised, however, for use in soils that dry 
out during the summer. In such places rooted plants must be used, wil
low or poplar roots from two-inch trees, planted to a depth of several feet 
and the top cut off six to ten inches above the ground, serving the pur
pose very well. Within a short time such roots become firmly established 
below the point of washing, and the large number of sprouts on 
the trunks prevent slides. If roots from these vigorous growers are not 
available, a two-inch plank supported by posts three feet apart driven 
into the ground from four to five feet will hold the soil for several years. 
These methods are, of course, nothing more than temporary measures, 
and should be used only where excessive erosion causes continuous an
noyance and expense. The slopes should, at first opportunity, be planted 
at two-foot intervals with a rugged planting, such as matrimony vine, 
care being taken that the soil about the roots is fertile and has had a lib
eral application of fertilizer. 

Steep, long slopes are frequently a source of trouble, even though the 
amount of soil dislodged is not large enough to endanger traffic. Where 
the shale or slate soils have been loosened by alternate freezing and thaw
ing, and washed by heavy rains, and the slope is so steep as to prevent 
planting on its face, native honeysuckle or creeping roses planted along 
the top and trained down th~ face of the slope will, in four to ten years, 
completely cover it and hold the soil. These, as well as matrimony vines, 
will have a definite utility value if used in agricultural localities on the 
top of short slopes steeper than 45 degrees. A gentler slope may be 
effectively treated by planting flowering shrubs, such as weeping forsy
thia, coralberry and matrimony vine, one-third of the distance from the 
top. 
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A complete reversal of this treatment is necessary in wooded areas. 
Jersey tea, nine bark, witch hazel, laurel, azalea, St. John's wort, red 
osier, hard pine and Japanese larch will do well on the face of the slope, 
but not at the top because of root competition. Where the soil slides, a 
mechanical support such as a wood or metal post should be used as a 
preventive until the roots of plantings become established. Fills subject 
to washing by streams or torrential rains may be planted with rugged 
matromony vine or honeysuckle, outside of the guard fence, and trained 
down the slope. These vines are very hardy and withstand rough treat
ment as injuries by floating ice or other agencies will cause them to be
come more dense and prolific. 

In agricultural localities slopes of soils fixed or partially fixed lend 
themselves to planting over their entire area with honeysuckle, creeping 
roses, matrimony vines, weeping forsythia, coralberry, periwinkle, 
pachysandra, winter berry, Boston ivy, cotoneaster, or similar vines and 
spreading shrubs, but the same treatment should be given slopes in 
wooded areas as is recommended for those of shale or slate soils. 

In the treatment of slopes it should be rembered that all plantings 
should be placed in a perpendicular position, as related to the horizontal, 
not perpendicular to the slope, since plants grow toward the sun regard
less of their position. 

During the past year the Pennsylvania Department of Highways 
spent approximately $500,000 in the removal of slides from water courses, 
and while it is not believed that the planting of slopes will entirely elimi
nate this expenditure, undoubtedly it will be materially reduced. It is 
common for stones and ground to be washed on the highways from nearby 
fields, and it is to prevent such happenings that the effort is being made 
to establish plantings which will serve individual purposes and meet spe
cific conditions. 

LIVE SNOWBREAKS 

In the Northwest the railroads have established hundreds of miles of 
live snowbreaks, which are more effective than temporary snow fences. 
It has been found that the ann,ual cost of erecting, maintaining and re
moving such temporary snow fences exceeds the final cos~ of establishing 
evergreen trees. While it may not be practical to plant live snowbreaks 
at all locations where the drifting of snow is to be prevented, as along 
highways passing through high-priced agricultural land, it would seem 
to be good stewardship to employ them in locations where the topography 
causes heavy drifts each winter, if this can be done at a cost equal to or 
lower than that of the temporary snow fence. The railroad experience 
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has been that American arbor vitae, Norway spruce and Scotch pine, 
from 12 to 18 inches high in two or three rows 4 feet apart, 40 to 60 feet 
from the highway, and maintained at a height not to exceed 10 feet, de
velop into the most effective snowbreaks. 

MISCELLANEOUS PROTECTION PLANTINGS 

Stakes of wood or iron driven into the ground in front of culverts 
prevent snow plows from damaging the concrete headwall. Specimen 
regals privet, J ap barberry or plants of similar growing habits, not easily 
broken by weight of excessive snow, planted on both sides of a culvert 
and maintained at a height of four feet, ·serve the same purpose, have a 
better appearance, and make unnecessary the annual placing and remov
ing of temporary posts. 

The culvert entrances necessarily are ditches and their slopes have a 
tendency to wear away and fill up the water courses. Vines and trailing 
shrubs on these slopes hold the soil and are most effective in keeping open 
underground drains. They must not, however, be permitted to grow 
into the culverts and thereby impede drainage. Plants that are hard to 
maintain or keep under control should not be used for this purpose. 

Motorists are prone to drive over the point of a "Y" road intersec
tion rather than around it, and if plantings are placed at such an inter
section, on an area raised ten inches above the roadway, they will serve 
as an accident preventive and add a touch of the beautiful. Forsythia, 
spirea, duetzia, snowberry and other flowering shrubs, with a few ever
greens, kept at a height which will not obstruct the view, greatly improve 
such locations. To prevent careless drivers from maltreating the plants, 
a few concrete posts ten inches above the ground can be advantageously 
employed. This feature of highway beautification may be maintained by 
interested individuals without cost to the Department. 

Dangerous curves can be rendered less so by planting a mass of low
growing evergreens, such as laurel, yew or privet, outside the water 
courses or guard fence. Care should be exercised that they do not ob
struct a desirable view. Shrubs also may be so placed as form a back
ground for danger signs. 

BEAUTIFICATION 

From the standpoint of ease of transportation, a smooth, durable road 
is all that is required, but the modern highway is a part of our advanced 
civilization and must have more than a utility value. Our homes, 
churches and cities are beautified at great cost and the time is fast ap
proaching when our highways will be similarly treated. The public is 
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developing civic pride. This pride demonstrates itself in demands made 
upon the Department of Highways by organizations and individuals for 
beautification plantings. 

However much beautification may be in demand it must, for the pres
ent, take second place as protection plantings needed in all parts of Penn
sylvania will absorb available planting funds. That the ideas of those· 
proffering suggestions may be carried out, a policy of cooperation has. 
been adopted, which permits the Department to draw plans recommend
ing suitable plants and locations, as well as maintain the trees, shrubs. 
and vines which individuals may provide. In 1928 more than 4,000 trees. 
were planted under this policy and for this year there is a promise of 
the work being materially amplified. 

The first impression of the average citizen when referring to roadside 
planting is that it has to do exclusively with shade trees in avenue ar
rangement. The idea of the "world and his wife" is most aptly out
lined in the June, 1928, issue of the "Kiwanis Magazine," from which 
the following quotation is taken: 

''To change a punctured tire-to eat a roadside lunch-to pause and 
view the scenery-to stop and let the engine cool-to tell her how nice she 
is-to take a sip of water out of the thermos bottle. A shady spot! The 
old winding country road is no more, the rambling brookside and forest-lined 
dirt road are things of the past. The new highway has sacrificed beauty to 
the great god Speed. What a boon to the world on wheels would be a row 
of trees planted in that right-of-way space between the edge of the cement 
road and the baTbed wire fence. No man who has driven a motor car 
through a shady road and removed his hat to let the shade-cooled breezes 
sweep through his hair can fail to see the beauty of roadside trees.'' 

America is far behind European countries in the shaded roadway. 
The lines of stately poplars .between which one drives on the French high
way are never to be forgotten by those who have beheld them. The 
flowering trees which border the roadways of England are a delight to 
tourists and natives as well. The time is not far distant, however, when 
American motorists will enjoy similar delights, for certainly avenues of 
stately trees are desirable along straight stretches of highways where the 
trees are so located that they will not interfere with the safety of traffic, 
cut off desirable views of the adjacent landscape, or interfere with the 
rights of land owners or utility companies having a legal right to use the 
highway. 

Avenues of shade trees are not effective as a break to drifting snow, 
nor do they have a value for lumber or fruit production. In reality, they 
justify themselves only because they furnish shade, are pleasing to the 
eye, and cool the air by cutting off the direct rays of the sun. 
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Some owners of land adjacent to the highways look favorably upon 
-roadside plantings, and have planted trees, shrubs, vines and flowers 
upon their properties. Others do not favor shade trees because the land 
immediately beneath the branches does not produce as heavily as land in 
the open. This latter point is well taken and each owner must determine 
whether or not shade trees will increase the value of his property and 
reimburse him for the loss in production. However, the interest of both 
·classes of land owners must be respected and consideration given to their 
views. This being true the department of Highways seeks the fullest 
cooperation of both groups. 

Surface rooted trees have a tendency to raise the concrete and 
to break the durable roadway. Such trees should never be planted close 
to the highway. Trees which will cut off a view in such a way as to 
endanger traffic should have all branches removed to a height of fifteen 
:feet or. more. It is not beyond the realm of the possible to screen from 
the view of passing motorists by the use of flowering shrubs such as red 
bud, dogwood, hawthorn or lower growing shrubs, such as forsythia, 
spirea and duetzia, the undesirable views of public dumps, railroad em
bankments and automobile graveyards. Curative measures, such as this, 
are part of the scheme of highway beautification in Pennsylvania. 

The Pennsylvania Historic Commission and many local historical 
.organizations have placed numerous monuments along the highways 
throughout the State. In most cases these monuments are artistic, but 
their setting is barren and uninteresting. The expense of base plantings, 
which will enhance the beauty of the monument, is not large and cer
tainly is justified, since they call attention to the monuments themselves. 

The Department's activities require the location of weighing grounds 
in many parts of the State. These now protrude themselves upon the 
'highway and their utility value is lessened by the very fact that they are 
so unbeautiful. Converted into beauty spots by a few flowering plants 
that will make these places a mass of bloom in summer and evergreens 
to brighten the winter landscape, their value may be increased. 

In the annual mowing of level roadsides and gentle slopes outside the 
·water courses, native perennial flowers have been crowded out by weeds 
and hardy grasses. A bit of color may be introduced at such locations 

'by planting shasta daisies, phlox and other flowering perennials which, 
while they spread rapidly and may cause trouble for the adjacent land 
owners if permitted to escape into nearby fields, can be readily controlled 
with proper care. 

The time has arrived in Pennsylvania's road building program when 
-expenditures incident to protection and beautification of the roadsides 
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can no longer be regarded as luxuries. Any cost incident to the planting 
and care of trees, shrubs, vines and flowers will be returned through a 
reduction in the costs of highway maintenance. The public is fast realiz
ing that a thing to be useful must not necessarily be ugly. Color 
is everywhere. It has taken its place in the household as never before. 
It has invaded the circumspect and conservative field of automobile de
sign. A riot of color in one's surroundings is no longer considered bad 
taste. Why then should not color be brought into the scheme of building 
highways~ Beauty has a definite place in the life of everyone and it is 
no longer possible to disregard it. Pennsylvania has been in the van
guard of highway builders. Its methods have been imitated and copied 
at home and abroad. It cannot afford to be a laggard in highway pro
tection and beautification. 

PHOTORECEPTORS IN MYA ARENARIA L. 

BY v. EARL LIGHT 

Lebanon Valley College, Annville 

It has been known for some time that the long-neck clam, Mya are
naria, responds to light by withdrawing the tip of the siphon when it is 
stimulated by increased illumination. 

Various investigators, however, in ascertaining the reaction time in 
this animal, arrived at different conclusions. None of these workers took 
into account the location and nature of the structures involved in the 
perception of light. The facts here presented are results of an investi
gation designed to ascertain the location, structure and function of the 
photosensitive tissue in Mya. 

The investigation was conducted along two lines: First, the location 
of the photosensitive region was found by a series of experiments in 
which the reaction of the animals to light, under various conditions, was 
observed. Second, a histological study of the photosensitive region was 
made in order to verify the location of the photosensitive tissue, and to 
learn something concerning the structure and probable function of this 
tissue. 

By subjecting the siphon to lateral illumination and to illumination 
directed into them, it was found that the animals are more sensitive to 
illumination of the inner surface than of the outer surface of the siphons; 
and the reaction time was found to be shorter with the siphons open 
than with them closed. This indicated that the photosensitive tissue is 
located somewhere near the inner surface of the siphons. 
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Illumination of relatively equal portions of siphons laterally, indi
cated that the tip is more sensitive than the middle and the middle more 
sensitive than the base. This, however, proved not to be true, as will be 
seen later. Illumination of the water alone near the tip of the siphon 
caused a reaction in the majority of the tests when the siphons were open, 
thus again indicating that the photosensitive tissue is near the inner sur
face of the siphon. A comparison of the reaction time when small areas 
of the siphon are laterally illuminated, with the reaction time when large 
areas are illuminated, shows a more rapid reaction in the latter case, 
thus indicating that the time of reaction is dependent upon the quantity 
of photosensitive tissue illuminated. 

The distribution of photosensitive tissue near the inner surface of the 
siphon was ascertained by subjecting animals to illumination with vari
ous lengths of siphon removed. The reaction times of animals were ob
tained before removing any portion of the siphon, then a quarter of the 
length of the siphon was removed in each animal, and the reaction times 
<obtained. In the same way, a week later, another quarter of the length 
of the siphon was removed, and the reaction times were taken. At weekly 
intervals thereafter three-quarters of the length of the siphon, and the 
entire siphon were successively removed, and the reaction times obtained 
after each operation. The cut off portions of siphon were prepared for 
histological study after each operation. 

The reaction times obtained by the method just described showed that 
the animals are more sensitive at the middle of the siphon than elsewhere, 
.and that the sensitivity decreases both toward the tip and toward the base 
<of the siphon with very little sensitivity at the base. This indicates that 
there is more photosensitive tissue near the middle of the siphon than 
elsewhere. 

A histological study of cut off portions of siphons shows that there are 
·specialized cells just beneath the inner epithelial layer of the siphons. 
These cells are pear-shaped, take on the characteristic silver-nitrate stain 
for nerve tissue, and are connected with nerve fibers branching from six
teen large nerves which extend the length of the siphon. 

The number of these specialized cells found in various portions of the 
siphon correlates with the reaction time obtained for the corresponding 
positions on the siphon, i.e., the cells are more numerous near the middle 

<of the siphon where the reaction time is shortest, and diminish in number 
both toward the tip and toward the base of the siphon, where the reac
tion time increases. 

The pear-shaped cells vary considerably in size and shape, from 9 
to 15 !1 in length and from 5 to 10 !1 in width, and usually have a single 
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connection with a nerve fiber, although occasional cells are found with 
two nerve fiber attachments. 

A rather large structure, charaCteristic of these cells, is found in the 
distal end of each cell. These structures are hyaline in nature and are 
surrounded by a neurofibrillar network. Light, reflected from a flat 
mirror through these structures, is brought to a focus on the neuro
fibrillar network, irrespective of the direction in which the light passes 
through them. The neurofibrillar network is connected directly with 
neurofibrils anastomosing through the cytoplasm of the cell and con
nected with the nerve fiber entering the cell. The hyaline interior of 
these structures is in reality a lens, which focuses the light on the neuro
fibrillar network surrounding it. This network has been called a 
'' retinella, '' and because of the ability to refract light and focus it on 
the retinella, the specialized structures have been called ''optic or
ganelles. ' ' 

The pear-shaped cells are similar in structure and function to the 
visual cells in the leeches, and the photoreceptors in the earthworm. 
Available data indicate that they function as photoreceptors and that 
the fibrillae of the retinella are direct receptors of light stimuli. 

The pigment spots found in considerable number on the distal third 
of the siphon, and thought by some workers to be eye-spots, are, owing 
to simulation of the background, probably protective in nature rather 
than functional in photoreception. 

The habits of the animal are such that photoreceptors located along 
the inner surface of the siphon enable the animal to protect itself against 
its enemies. 

PROBLEMS INVOLVED IN MAKING AN ENTOMO
LOGICAL SURVEY OF A LITTLE 

KNOWN REGION 

BY s. H. WILLIAMS 

Pittsburgh 

(Paper not submitted) 

THE CORONA 

BY JOHN H. WAYMAN 

Pittsburgh 

A demonstration of the speaker's idea of the corona, illustrated by 
chart and electric light. 
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