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PENNSYLVANIA ACADEMY OF SCIENCE 

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

JuNIATA CoLLEGE, HuNTINGDON, PENNSYLVANIA 

APRIL 14-15, 1933 

The ninth annual meeting of the Pennsylvania Academy of Science 
convened at Juniata College, Huntingdon, Pennsylvania, Friday morn­
ing, April 14, 1933. The meeting was presided over by Dr. S. H. Wil­
liams, University of Pittsburgh. 

The following report of the secretary was read, and was approved 
by the society : 

The eighth annual meeting convened in West Chester, March 25 and 26, 1932, 
Dr. E. M. Gress presiding. Reports of the editor, treasurer and secretary were 
adopted. 

Sixty-seven papers were presented. These either in their entirety or in abstract 
were printed in Volume VI of the PROCEEDINGS of the Academy, which was mailed 
to the membership on September 22, 1932. 

A field trip was made to the conservatories of the Piene du Pont Estate. Plants 
typical of all the earth's plant zones were growing in the gardens. 

The evening lecture was given by D1·. Elmer 0. Kraemer, of the E. I. du Pont 
Company, on ''Present Trends in Colloidal Science.'' In a popular way he explained 
something of the relation of colloidal chemistry and industry. 

Professor M. J. Babb, of the University of Pennsylvania, gave a talk on "David 
Rittenhouse, '' which was particularly interesting at the time and place. 

At the closing business session 54 persons were elected to active membership. 
During the year 1932 twenty members resigned and six were dropped for non­

payment of fees. Dr. Adolph Koenig, University of Pittsburgh, a charter member, 
died October 8, 1932. A total of 246 of our members are also members of the 
American Association for the Advancement of Science. The membership as of April 
1, 1933, in 388 compared with 367 for April, 1930. 

The summer meeting was held at Slippery Rock, July 23, 1932. Dr. Wald1·on 
was chairman of local armngements. Places of interest to naturalists were visited. 
The thanks of the academy were extended to Dr. Waldron and the president of the 
State Teachers College for the splendid entertainment. Two persons were elected to 
active membership. . 

Respectfully submitted, 
T. L. GUYTON, Sec-retary 

The following treasurer's report was submitted and later approved 
by an auditing committee: 

April 13, 1933 
Receipts: Disbursements: 

Balance on hand March 24, Proceedings, Vol. VI ............... $ 622.74 
1932 ............ - .......... .. , ___________ ... $ 388.80 Programs and stationery...... 41.75 
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6 PENNSYLVANIA ACADEMY OF SCIENCE 

Dues received since last 

meeting -··-··-··-···-·············- 584.00 
A. A. A. S. Tebates ········-·····- 120.50 
Miscellaneous sales .... ................ 8.50 

$ 1,101.80 

Approved by Auditing Committee, 
P. W. WHITING, Chairman 

Treasurer's account ····- .......... . 
Secretary's account -· ... ....... . 
Editor's account ········--···-···­
Local committee (1932 

meeting) ··-···-·--···· ... ··-····--··· 
Checks returned ·-··-··--·········-
Check tax ........................................ . 
Cash in bank (this date) ..... . 

52.00 
11.24 

1.40 

12.75 
10.00 

.12 
349.80 

$ 1,101.80 

H. W. THURSTON, 'T?·easU?'e?' 

Papers as appearing later in this volume were read in full or by title. 
At the final business session the previously appointed committees 

made their reports. 

REPORT OF THE COMMITTEE ON JUNIOR ACADEMY 

During the year the committee sent out approxima tely 60 questionnaires Tequest­
ing the information concerning science clubs. A sample of the questionnaiTes is at­
tached. Nineteen replies were received to date. Several replies expressed enthusi­
astic interest in the idea. The membership of the nineteen clubs responding to the 
questionnaire is 827. 

During the year an announcement about the junior academy appeared in the 
February issue of the Pennsylvania State Educational Association Jountal. 

Mr. 'William Bl·istow, cle}1uty superintendent in cllarge of secondat•y edu •at-ion, 
Harrisburg, i intere ted in tltc mOI'em nt aud has nssm·etl the ;~cacl my of his co­
opemtion. M:r. W. E. Hess, supenisor in eeondary education, has beeJt in att n­
dance ~ these Se3aion and ia present this moming ft•om the tnte Dcpnrtmcnt of 
Public Instruetion a.t the requc of Mr. Bri tow. 'l'l1e curl'i •ulum burenu will hm·e 
available for classroom use courses of study in science for grades one to twelve. 
One of the points stressed in the 0ourse of study is club activities. 

The committee on junior academy has tentatively set up the following plans for 
the coming year : 

1. Distribute from time to time to interested high-school clubs during the coming 
year a mimeographed bulletin setting forth the aims and purposes of the junior 
academy. 

2. Interesting and timely science news ifoma and suggested club activity will be 
included to make the bulletin appeal to the l1igh-school groups. Several senior mem­
bers of the academy have already signified thoir willingness to contribute from their 
special field material suitable for this purpose. 

3. A joint meeting of the junior academy to be arranged along with the senior 
academy at its annual Easter meeting. 

The committee recommends that an active working committee be appointed and 
authorized to carry out the plans. It is suggested that this committee consist of five 
members, two from the senior academy, two active sponso·rs of high-school science 
clubs and a representative from the State Department of Public Instruction. It is 
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mended that one of the senior and one of the sponsors be chosen from further recom 
the locality where the next meeting is to be held. 

Respectfully submitted, 
The Committee-

K. F. OER.LEIN, Chairman 
H. W. THURSTON 
M. J. PHILLIPS 
CORA SMITH 
DOROTHY SCHMUCKER. 

The membership committee presented the names of the following 
persons all of whom were elected to active membership in the AcAl)EMY: 

Edward P. Claus, 133 Claus Ave., Pittsburgh (10) 
Arthur B. Cleaves, Lafayette College, Easton • . . 
K. D. Doak, University of Pennsylvania, Botanical Laboratory, Plnladelph1a 
Noah G. Good, Morgantown 
Lyle w. R. Jackson, University of Pennslyvania, Botanical Laboratory, Philadelphia 
Paul Douglas Keener, Box 515, State College 
Thomas H. Knepp, 120 N. Main Stl·eet, Yeagertown 
John H. Lowe, P. 0. Box 275, Allentown 
Elizabeth E. McKinniss, State Hospital, Torrance 
D. M. Rockwell, Juniata College, Huntingdon 
A. E. Rua1·k, University of Pittsburgh, Pittsburgh 
C. S. Shively, Juniata College, Huntingdon 
J. Clyde Stayer, 310 Seventeenth Street, Huntingdon 
J. Hershel Stone, 2709 Tilbury Street, Pittsburgh (17) 
Anna Rachel Whiting, Pennsylvania College for Women, Pittsburgh 

The resolutions committee offered the following resolutions which 
were adopted by the AcADEMY : 

1. Resolved, That we express our sincere thinks to President Ell~s and the .offi­
cials of Juniata College for their invitation to hold our annual meetmg at Jumata 
College and for the use of their buildings and facilities during this meeting. 

2. Resolved, That we express our thanks to Dr. Will, Professor Engle, Dr. 
Yoder, Dr. Brumbaugh and Dr. Rockwell, the local committee, for the pleasura~le 
arrangements which they have provided for the members of the AcADEMY durmg 
this meeting. 

3. Resolved, That we express our thanks and appreciation to the o~cials. of the 
Pennsylvania Industrial School for the privilege of observing the school m achon and 
the facilities provided for the betterment of the sociological conditions in our Com­
monwealth. 

5 .. Resolved, That we express our profound sorrow to Dr. John C. J~hnso_n 
because of the dea~h of his beloved wife and extend to him our sympathy m th1s 
hour of bereavement. 

S. H. DERICKSON 
K. F. 0RLINE 
J. R. CARTLEDGE 

The committee on nominations, E. M. Gress, Chairman, F. D. Kern 
and Homer C. Will, named the following persons and they were unani­
mously elected for the year 1933-34 : 
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President-John C. Johnson 
Vice-President-S. H. Derickson 
Secretary-T. L. Guyton 
Assistant Secretary-V. Earl Light 
Tt·easure1·-H. W. Thurston 
Editor-R. W. Stone 

Sixty-six persons registered for the meeting. The AcADEMY was ad­
journed Saturday at noon. The next session of the AcADEMY will be 
held at Ohiopyle, Friday and Saturday, August 4 and 5, 1933, the 
time ai1d place having been fixed by the action of the executive committee. 

Respectfully submitted, 
T. L. GUYTON, Secretary 

Harris'burg, May 19, 1933. 

PRELIMINARY BIOLOGICAL SURVEY OF LAKE 
CONEvVAGO, MOUNT GRETNA, 

PENNSYLVANIA 
D. RALPH HosTETTER AND S. HoFFMAN DERICKSON 

Lebanon J7 alley College 

This paper is an abstract by the senior author of a more detailed com­
pilation of data assembled during the summer of 1931 by the junior 
author and by him collaborated into a dissertation of 107 pages and 21 
plates and submitted by him in partial fulfilment of the requirements 
for the degree of Master of Science in Lebanon Valley College. The 
more detailed statistical data, omitted here, is available to any one inter­
ested in the library at the college. The work already done is but the 
beginning of more detailed work planned for the future . 

To make a scientifically useful biological survey requires careful ob­
servation over a considerable period of time and necessitates the accumu­
lation of much and varied data. Collecting and identifying the organ­
isms is but one phase of the work. In order to account for the presence 
or absence of certain forms, the limited or general distribution of some 
species, and the abundance or rarity of others, a study of all possible 
ecological factors must be made. · 

Such factors include location, size and history of lake, source and 
depth of water, temperature of water at various depths, light intensity, 
circulation of water as caused by winds and entering streams, hydrogen­
ion concentration of water and soil at various parts of the lake, frequency 
of rains and turbidity of water, kinds of organisms both in the water and 
on the shore, and the condition of the lake prior to the survey. 

II 

\ 

l 
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In this brief survey an attempt was made to collect data on nearly 
all of the above factors. 

HISTORY OF LAKE CO NEW AGO 

The lake was built as an ice dam in 1882 by the Cornwall and Leba­
non Railroad Company. At the time of its construction the land now 
occupied by the lake was a grassy meadow surrounded by woodland on 
the south, east and west. A few years later a boat-house and landing 
were constructed at the northeast end and it was used for this recreation 
for about forty years, when the boat-house was removed. A bathing 
beach which has been in use for many years is located at the northwest­
ern shore. About 1920 a similar beach was developed on the southeast­
ern shore but was abandoned a fevv years later. 

The lake was covered with ice during the greater part of the winter 
preceding this survey. In the early part of April the lake was drained 
except that portion at the soutlnvestern end which is more than ten feet 
deep. At this time some Of the sediment was dredged from the vicinity 
of the bathing beach and hauled to the eastern end where it was used to 
separate the waters of a swampy zone polluted by decaying· vegetation 
from the main body of the lake. After the greater part of the lake bot­
tom had been exposed to the air and sun for 65 days the drainage outlet 
was closed and after 27 days the lake was again filled with water. Ex­
amination during this period revealed that sedimentary deposits had 
accumulated at some parts of the lake bottom to a depth of three feet. 
Portions of the lake floor consist of clay but this clay is largely covered 
by clay, sand, and humus from the surrounding slopes. 

Although the margin of the lake on all sides is shallow there has not 
been extensive invasion of vegetation accompanied by transition from 
aquatic to terrestrial habitat except at the eastern end where the main 
stream enters. Here a considerable area, formerly lake bottom, now 
supports a colony of black willow and smaller vegetation. The willows 
are the largest of their kind in the vicinity and probably grew from 
seeds carried by migrating shore birds. 

DESCRIPTION OF LAKE 

Lake Conewago is located at Mount Gretna, Lebanon County, Penn­
sylvania, just north of South Mountain. It is 610 feet above sea-level. 
It is bordered on the north by sparsely wooded grass lands rising 65 feet 
above the lake. To the west is an abrupt wooded elevation to the height 
of 140 feet. The heavily timbered hills on the south rise to 265 feet 
above the lake. To the east is a wooded valley about one mile wide and 

~~------~--~~~~~----~--------~=---~=-~--~~----~·~-----_J~------------------------------------------------~----------~ 
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rising· gently to a watershedl.5 miles east of the lake. It is the draina~e 
from this eastern end of the valley that enters the lake. The lake IS 

roughly triangular in outline, its greater length being in a northeast­
southwest direction. It is about 1450 feet long, the western shore 
measures 750 feet. The area is about 543,750 square feet. (See fig-

ure 1.) 
The main source of water is derived from 17 springs which unite to 

form the stream that flows into the lake at the eastern encl. In addition 
there are several springs in the lake bottom. The greatest depth is 13 
feet near the southwestern corner. The water is in constant motion. 

' The main current is from the entrance of the stream at the east to the 

FIG. 1. Photograph of Lake Conewago looking eastwa1·d and including the oak­
maple forest covering the slopes that drain into the lake. Chestnut formerly was an 
important element in the composition of the forest . It has been replaced largely by 

black birch. 

overflow somewhat south of the middle of the western side. There is a 
cro~s current from a spring at the northwestern corner to the outlet. 
The surrounding woodlands protect the lake from violent agitation from 

the wind. 
METHODS OF STUDY 

For convenience of preliminary study the lake was divided into arbi­
trary sections. It was first bisected by a median line. Nine cross lines 
·were then run at right angles to the first, dividing the lake into 20 sec­
tions. Each section was designated by a letter. In the eastern portion 
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of the lake the lines were placed at the limits of apparent natural plant 
habitats. The distribution of certain plants, as Sparganium, Typha, 
Echinochloa, etc., largely determined the size of sections. \Vest of the 
center natural plant habitats were less apparent and the sections were 
made arbitrarily of more nearly equal size. Figure 2 shows sections 
described above as well as depth, which is indicated by contour lines. 

STUDY OF ORGANISMS 

In addition to records made of all organisms found in each section in 
the lake a record was also made of all trees growing within 25 feet, of 
all shrubs g-rowing within ten feet and of all herbaceous plants growing 
within three feet of the lake. The plant life on the shore was considered 

0 1oo 2oo feet 

LAKE CONEWAGO 
HT.IiRETNA.PENNA, 

FIG. 2. Map of Lake Conewago showing depth and arbitrary zones referred to 
in text. Each contour Tepresents 1 foot in depth. 

•, 
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a possible factor in influencing the distribution of organisms in the lake 
proper. 

Each section was studied separately. Collections of both microscopic 
and macroscopic material were made from many places in each section. 
Plankton forms were collected either by hand-net along shore or tow-net 
from a boat. Benthos or bottom living forms were g·athered along shore 
by hand with pipettes or from mud samples taken by uprooting plants, 
and in deeper parts with large-mouthed bottle attached to a pole with 
stopper operated by wire cable. This ingenious device was also used in 
obtaining samples at varying depth. 

All organisms were identified when obtained and questionable identi­
fications were verified through the Plant and Animal Identification Ser­
vice of the General Biolog·ical Supply House. Dr. E. M. Gress identified 
the grasses and sedges. 

STUDY OF ECOLOGICAL FACTORS 

Besides the determination of organisms· as ecological factors, several 
other factors were recorded. Surface and bottom temperature was re· 
corded for each foot of water depth. These readings were taken on sec­
tion boundary lines by attaching a soil thermometer to a long pole grad­
uated in inches. Temperature of the air was also recorded as well as 
that of the sand on shore. Depth measurements were also made with the 
graduated pole which was weighted at the end and moved along on the 
bottom and record made ·of each foot of rise or fall and location indicated 
on sectional lines. 

Two tests were made of the hydrogen-ion concentration of the water 
and soil in each section and at several points in some of the sections. A 
La Motte-Morgan set and indicators was used. During the period of the 
survey there were many showers and nine heavy rains. At no time did 
much muddy water flow into the lake. No effort was made to measure 
the turbidity or the rate of precipitation. 

CLASSIFICATION OF DATA 

PLANTS FOUND IN THE LAKE AND THEIR SECTIONAL 
DISTRIBUTION 

(In the following list the letters following the name of the plant indicate the sec­
tion of the lake shown on }'igure 2 where that species of plant occurs. Bt :=Benthos; 
Pt :=Plankton.) 

NAME OF PLANT 

BLUE-GREEN ALGAE 

CoelosphaeTium K1ttzingianum 
Aphanooapsa sp. 
Rivulada dura 
Lyngbia inundata 
Pho1"1nidiu·m sp. 

H 
B:L 
c 
B 
H:L:O 

SECTIONAL DISTRIBUTION 

PENNSYLVANIA ACADEMY OF SCIENCE 

Natural Life Zones 
A. Black Willow Community. 
B. Echinochloa crusgalli Coa~unity 
c. Elodea D. Isoetes-Eleocharis Asso. 
E. Proserpinaca 
F. Polygonum acre Community 
G. Potaroo.geton 
H. Sparganiuro-Polygonum Asso. 
I. Sparganiuro-Po~aroogeton-Elodea 

As so. 
J. Typha Comr.1unity 
K. Vallisneria •E 

0 

•c 

G 
c •• 

c i 

Blue-green Algae-Green Aigae­
Protozoa-Odom:la Asso~iation 

Blue-green Algae-Spongilla­
Pectinatella Associ~tion 

3. B~ue-green Algae-odonata Asso. 
4. D1atom-Protozoa Association 
5, Green Algae-Protozoa-Annelida-

Mollusca-Odonata Association 
6. Hydra-Odonata Association 
7. Odonata Community 
8. Protozoa-Ostracoda-Odonata 

Association 

13 

FIG. 3. Map of Lake Conewago showing natural life zones indicated by an 
analysis of the data obtained by a study of their distribution. July, 1931. 

OsoillatoTia sp. 
Oso'illato?·ia nig1·a 
Anabaena sp. 
Anabaena variabilis 

GREEN ALGAE 

Gleooystis sp. 
Aotinastmm hantzschii 
Aotinastnt1n sp. 
Selenast1·um gmoile 
SoenedeS1nus acnt1tS 
A nkistrodes11ms sp. 
Pediastrum pm·tu<ntm 
Pediastmm Ehrenbe?·gii 

B:I:L:M:O:P 
I 
A:H:L:M 
p 

H 
p 
H 
s 
H 
B I:O:P 
A P:T 
A T:Bt 
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Hydrodictyon reticulatum 
Pleu?·ococcus sp. 
Characium ambiguum 
Gonium pectorale 
Chaetophora elegans 
Uloth?'ix sp. 
Oedogonium sp. 
V aucheria sp. 
Zygncma sp. 
Spirogy?'a sp. 
Sz>irogyra crassa 
Mougeotia sp. 
Nitella sp. 

DESMIDS 

Closterium sp. 
Closterium acuminatum 
Closterium lanceolatum 
Closte?·ium dionae 
Closterium parvul~tm 
Closte?·i~tm monilifentm 
Closterium monilifernm concavum 
Staurast1·um sp. 
Staurastrum brevispinnm 
Staumstntm oclonat~tn! 
Staurast1·um dejectum 
Staurastrum cTenulatun! 
Sta~trastrum iotanum 
Sta7trastTum gTacile 
Sta~uastrum luteolmn 
MicTasterias rotata 
Micrasterias ju1·cata 
Cosmm·i1~m sp. 
Cosmari?tm bot1·ytis 
Cosmm·ium sttbo?·bicttlm·e 
Cosmarium tumidtt?n 
Cosmarittm ttndttlatmn 
Cosmarium pyTan!·idatum 
Cosmariun! pmfo?·atttm 
Cosma?'ittm inte1·medi~tm 
Cosma?·i~tm P01·tianum 
Cosmarium tet?·ophthalm1tm 
Cosmm·i~tm N ortlstedtii 
Cosmari~tm pan1alis 
Cosmari?tm quinm·i~tm 
Sphaerozosma sp. 
Sphae1·ozosma filifonne 

DIA'l'OUS 

JJ[ elosi1·a sp. 
Pinnulm·ia sp. 
Pinnularia vi1·idis 
Navicula sp. 

Navicula nobilis 
Navicula viridis 
Navicula sillimanoTum 
Navicula pm·va 
Navicula solaris 
Navicula rhyncocephala 
N aviC1tla decephala 
N avic~tla decu?'l'ens 

D:E:F:G:I 
F:H:I 
H 
A 
A:P 
A:D:E:P:Pt 
C:D:E:H:K:L:M:O:P:Pt 
K:L:P 
M 
A:H:M:S:Pt 
C:H:T 
A:H:M:P 
I:M 

A:C:H:I:M:P:Pt:Bt 
I 
K:O 
I 
A:O 
0 
F:G:H:I 
F:G:H:K:T 
D:E 
D:E 
Pt 
H:I:L:O:P 
H 
H:Pt 
I 
H 
I:P:T 
H:S:Bt 
C:F:G 
p 
A:Pt 
I 
I 
A:B:H 
B:K:T:Pt 
D:E:Pt 
D:E:K 
p 
s 
H 
K 
p 

L 
C:I:K:T:Pt:Bt 
F:G:P 
A:B:C:D:E:F:G:H:I:K:M: 

P :Q:R:S :T:Pt:Bt 
A 
A:O 
H 
I 
I 
L 
L 
L 
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.Ill avicula fusidum 
Navicula gracilis 
Navic~tla Bo1·ealis 
Navicula tenella 
Navicula majo?' 
Staw·oneus anceps 
Gym bella sp. 
Cy1nbella paTva 
Go?nphonema sp. 
Gomphonema dichtornum 
Gomphonema constriotum 
Su?·i?·ella sp. 
Diatoma sp. 
Synedm sp. 
Synedra supe?'bct 
Synedra p~tlchella 
Synedra ulna 
F1·agilaria sp. 
Fragilaria vi1·escens 
Epithentia sp. 
Epithemia gibba 
Epithemia turgicla 
Eu.notia sp. 
Fntstulia sp. 
Tricemtiwn solinoceros 
Tl'icemtium antillm·itt?J! 

QUILLWORT 

Isoetes 111acrospo1·a 

FLOWERING PLANTS 

Typha latifolia 
Spargmwm americanum androcladum 
Potamogeton natans 
Potamogeton m··ispus 
Sagita?·ia latifolia 
Elodea canadensis 
V allisneria spiralis 
Echinocloa C1'1tS[talli 
ElochaTis palust?·is 
Elocharis obtusa 
Sm·ipus valirlus 
Polygonu?n ac?·e 
Polygonum. sagittatum 
Prose?']Jinaca palust?·is 

O:P 
O:P 
0 
0 
p 
A:F:G:H 
A:L:P 
0 
K:L:O:P 
L 
T 
H:K:O:T:Bt 
D:E:S:T 
0 
A:P 
H:I 
p 
A:P 
D:E 
A:L:T:Bt 
H 
p 
T 
A:H:K 
F:G 
H 

A 

A:I:M:N:O:P 
I 
H:I:M:P:S:T 
H:I:T 
A:C:D:E:F:G:H:I:N:O:P:S:T 
p 
H:M 
A 
A 
I:M 
A:C:D:E:H:M:N:O:P:S:T 
A 
C:D:E:O:P:S:T: 

ANIMALS FOUND IN THE LAKE AND THEIR 
SECTIONAL DISTRIBUTION 

NAME OF ANIMAL 

PROTOZOA 
.Amoeba proteus 
.Amoeba verntcosa 
.Amoeba gutt1tla 
.Arcella sp. 
.A ?'Cella v·ulgaris 
.Arcella dentata 
Centropysi.r m·culeata 
Difflugia sp. 
Difflugia lebes 

SEC'fiONAL DIS'l'R!BUTION 

K 
K:Pt 
N 
A:C:D:E:P:S:T:Pt 
H:T 
p 
D:E:H 
I:O:P:Pt 
A:M:T 
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Ditftugia cO?"ona 
Ditftugia lobostonmm 
Ditftugia globostonw 
Ditftugia pyrifonnis 
Ditftugia acuminata 
ActynophTys sp. 
Aaanthocystis chaetopho1·a 

MASTIGOPHORA 

Anthophysa vegetans 
Heteromita ovata 
E1tglena sp. 
Eu.glena viridis 
Euglena deses 
Euglena gracilis 
Euglena oxym·us 
Euglena spirogyra 
Euglena cysts 
Tmchelomonas hispida 
Trachelomonas volvocina 
Pham1s sp. 
Phacus pleu1·onectes 
Aste1·ias sp. 
At1·actonema to1·tuosa 
ChUomonas sp. 
Chilomonas pm·amecinm 
1'rentonia flagcllata 
Chlamydomonas sp. 
Chlarnydomonas pulvisculus 
Goniodoma sp. 

INFUSORIA 

Coleps hi1·tus 
Didini11m sp. 
H olophy1·a sp. 
Chaenia sp. 
Enahelys sp. 
P1·orodon annat1ts 
Dipletus gigas 
Lionotopsis ansm· 
Lionot1ts sp. 
Chilodon C1tc1tll?tlus 
Chilodon caudat11S 
Urocent1·um tu1·bo 
Leucophrys patula 
Colpoda sp. 
Colpoda campyla 
T1·ichoda pura 
Pm·amecimn sp. 
Pm·ameciu1n caudatum 
Lentbadi11m b1tllinum 
Pleu1·onema sp. 
Cy1·tolophosis mucicola 
Mim·othorax sulcatus 
Spi1·ostomwrn ambiguum 
Stento1· polymorph11s 
Halte1·ia grandinella 
Stichotrichi-a secunda 
Holosticha sp. 
H olosticha ve1·nalis 
H olostichia setigera 

H:O 
B:I:T 
B:D:E:H:I:K:M:Q:R:S:T:Pt:Bt 
T:Pt:Bt 
D:E:Bt 
K:S 
I 

Bt 
A 
B:O:Bt 
F:G:H:I:K:Pt:Bt 
I:P 
K 
Pt 
Bt 
B:D:E 
B:I:M:T:Pt:Bt 
M:O:Bt:Pt 
H:Bt:Pt 
Bt 
Pt 
Bt 
S:T:Pt 
D:E:H:I:K:M:O:P:Q:R:Pt::Bt 
I 
K 
L 
B:H:O:P:T:Bt 

I:M:Bt 
H 
Q:R 
H 
K:Bt 
L 
I 
H 
Q:R 
H 
K:Bt 
H:Q:R:Pt 
H 
H 
K 
H 
Pt:Bt 
A:H:K 
L 
L 
A 
Bt 
H 
K 
H:M:O:Q:R:S:T:Bt 
M 
H 
I:L 
K 
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Stylonychia sp. 
Sty/onychia putrina 
E11plotes cltm·on 
Vo1·ticella campanula 
Spirostoma sp. 

PORIFERA 

Spongilla sp. 
Spongilla fragilis 

HYD!!OZOA 

Hyd1·a v1tlgaris 

PLATYHELMINTHES 

Den(ll'ocoelom graffi 
Planm·ia maculata 
Planm·ia gouocephala 

H:Pt 
C:D:E:K:Q:R:S:T 
H:S 
F :G :H :I :L :M :Q :R:Pt 
M 

p 
A:B:M:O:T 

(A:T)O 

~ 9 (A Ciliated Flatworm) 
Platyhelminthes~ sp. 

A:H 
A:I 
P:S:T 
B:H 
Pt:Bt 

NEliiATIIELM!NTHES 

Nematodes~ SJJ. 

ROTIFERA 

Diglena sp. 
Sa.lpina sp. 
Salpina sp·inige1·a 
Enchlanis sp. 
Colorus sp. 
Antt!·aea sp. 
Anumea cochleaTis 
N otholca longispina 
Noteus quadTico?·nis 
Mic1·ocodides robustus 
Pte1·odina sp. 
Melice1·ta Tingens 
Rotifera f sp. 
Rotifcra cit1·inus 
Philodina sp. 

GASTROTR!CHA 

Gast?·ot?·icha sp. 
Chaetonotus sp. 
Chaetonotus similis 

BRYOZOA 
B1·yozoan sp. 
Plumatella pTinceps 
Pectinatella 'magnifica 
Pect-inatella statoblasts 

ANNELIDA 
Nais sp. 
Stylm·ia fossulm·is 
De1·o sp. 
Glossiphonia parasitica 
Glossiphonia ?"ugosa 
Glossiphonia stagnalis 

D:E:H:Q:R 

s 
H:L 
0 
Bt 
Bt 
Pt 
B 
Bt 
Q:R 
I-I 
p 
M:P 

A:F:G:Pt 
B 
H:I 

T 
L:Bt 
H:O 

H 
A:M:P:T 
A:B:M:P:T 
I 

I 
D:E:M:P:T 
H:I:T:Pt 
N 
I 
I 
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MOLLUSCA 
Lymnaea columella 
Lymnaea hurnilis 
Physa sp. 
Physa heterost1·opha 
Planorbis sp. 
Planorbis trivolvis 
Planm·bis bicarinatus 
Planorbis pm·vus 
Ancylus ?'ivularis 
Sphae1··iurn sp. 
Pisidiurn abdit1tm 

CLADOCERA 
Daphnia sp. 
Daphnia pulex var. ~ 
Sirnocephalus vetulus 
Scapholebe1·is m.ucronata 
Ophl'yoxu.s gracilis 
Eu·rycercu.s lamellatus 
Alana a/finis 
Pleuroxus denticulatus 
Chydonts sp. 
Chydorus sphaericus 

OSTRACODA 

Limnicytherc reticulata 
Cyp?'idopsis sp. 
Cyp1·idopsis 'Vidua 
Cyp1·is arnericanu.s 
Cyp1·is vi1·ens 
Cypris [1tscata 
Cyp1·is ?'eticulata 
Cypris postulosa 

COPEPODA 
Cyclops Viridis 

INSECTA 

Ephemerida 
Heptagenia sp. 

Odonata 
Odonata sp. 
Anax sp. 
Anax junius 
Perithernis dornitia 
Libellula pulchella 
Libell?tla lactuosa 
Plathemis sp. 
Plathemys lydia 
Aeschna sp. 
A1·gia violacea 
Ischn?t1'a sp. 
I schnura ve1·ticalis 

Hemiptera 
Hyd1·ometea martini 
Mesovelia rnulsanti 

H:I:P 
I 
M 
H:P:T 
I:L 
I 
H:P:T 
D:E:I 
I:P:T 
I 
M:P 

Bt 
O:P 
A:I 
I 
M 
F:G 
A:M 
D:E 
p 
B 

M 
H:I:S:T 
C:H:M:S:T 
l\f 
I 
A:B:M:O:P 
B 
M 

L 

A:F:G:H:I:L:S:T 
A:P 
A:M:O 
A:H:I:N:O:P 
A:H:O:S:T 
H:I:L:M:N:O:P 
H:I 
H:I:L:M:N:O:P 
M 
L:M:N:O:P 
M 
H:I:M:N:O:P 

M:P:S:T 
D:E 
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Ge1:1'i.S 1·emigis 
Gen·is 1na1·ginatu.s 
Belostoma fturnineurn 
NezJa apiculata 
Ranatra fusca 
N otonecta undulata 
Callicorixa praeusta 
AzJhis sp. 

Tl'ichoptera 
il:lolanna sp. 
Psilot1·eta sp. 
Limnophili.s sp. 
Platycent1·opus rnacculipennis 
Platyphylax sp. 

Dipte1·a sp. 
Pedicia sp. 

Diptera 

Tipula abdorninalis 
Chironomous sp. 
Tanypus sp. 
Tanytarus sp. 
Culex sp. 
Ch1·ysops niger 
Dolichopodicl sp. 

Coleoptera 
Haliplus sp. 
Haliplus ruftcollis 
Dytiscus sp. 
Dinentes assirnilis 
Dineutes (liscolo1· 
Dineutes ema1·ginat1ts 
Hyd1·ophilus sp. 
B erosus sp. 
T1·opisternus sp. 
T?'opistcnt·as lateralis.. 
Dascyll-id sp. 

ARACHNIDA 

Water-mites 
Eylais extendens 
Diplodontus sp. 
Diplodontus clespiciens 
An·henunts globato1· 
Limnesia hist1·ionica 
Piona sp. 
Piona 1'7tfa 
At1·actides spinipes 
Hyg1·obates lingipalpis 

Spiders 
Dolomedes sp. 

PISCES 
Anguilla clwisypa 
Catastomus comme1·soni 
N ot'ropis whipplii 
Ameiun1s nebulos?ts 

H:M:P:T 
I:L 
A:M:P:Q:R 
P:Q:R:S 
P:S:T 
H:I:L 
A:H:I 
I 

A:S:T 
H:M 
A:M:P:T 
L 
T 

A:B:H:I:P:S:T 
H 
H 
A:H:I:L:M:P 
F:G 
I 
H:I 
I 
A:H:I:L:M:N:O:P 

L 
F:G:I 
H:I:N 
I 
A 
Q:R 
H 
L 
A:F:G:I:M:N:P 
H:P 
N 

C:N 
D:E 
C:S:T 
I 
A 
H 
A:P 
p 
M 

M 

C:D:E:P:Q:R 
C:D:E:F:G:l\f:N:O:P:Q:R 
A:B:P:Q:R 
P:Q:R 
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HeliopeTca inciso1· 

Hu1·o salmoides 
PeTca fiav escens 

AMPHIBIA 

T1·it1!Tus vi1·idescens 
B1!fo ameTicanus 
Rana pah!StTis 
Rana clamitans 
Rana catesbeiana 

REPTILIA 

Nat?·ix sipedon 
Chelydm se1·pen tina 
Ch?'ysemis picta 

AVES 

Ce1·yle alcyon 
Chaetum pe lagica 
HiTundo eTytlwogaste?' 

MAMMALIA 

Homo sapiens 

A:B:D:E:F:G:H:M:N:O:P: 
Q:R:T 

A:D:E:F:G:P:Q:R:S:T 
O:P 

I:L 
A:D:E:F:G:H:I:L:M:N 
H:I 
F:G:H:I:L:M:N 
A:F:G:H:I:M:N:O 

A.B 
H:I:L:P 
H 

H 
C:D:E:F:G:H:M:N:O:P:Q:R:S 
C:D:E:F:G:P:Q:R:S 

A:B:C:D:E:Q:R:S:T 

HERBACEOUS PLANTS ON 3 FT. MARGIN OF LAKE SHORE AND 
THEIR SECTIONAL DISTRIBUTION 

MOSSES AND FERNS 

Sphagnum sp. 
.Aspleni1!?n filix-femina 
.Aspidium ThelypteTis 
.Aspidimn novobomcense 
Onoclea sensibilis 
Osmunda ?'egalis 
Osmunda cinnamomae 
Eq1!iseturn aTven.~e 

GRASSES, SEDGES AND RUSHES 

.A?l(lJ'opogon fm·cat1tS 
DigitaTia sanguinalis 
Pani01tm stipatmn 
Panicmn anceps 
Panic1!m clandestinmn 
Echinochloa m·us-galli 
Setm·ia glauca 
Lee1·sia virginica 
Phalaris antndinaceae 
.AgTostis palustris 
Cinna antndinacea 
Dactylis glomerata 
Poa compresina 
GlyceTia nervata 
Fest1wa elatior 
Cypen!s ftavescens 
Cype?·us st-1·igosns 
Eleocha1·is obt1tsa 
EleochaTis pal1tstTis 
ScTipus validns 
ScTipus at1·ovi1·ens 
Scripus cyperinus 

Q:R 
A:F 
A:M:N:O:P 
A:P 
D:F:J:M:Q:R:S:T 
0 
0 
s 

Q:R:S 
B 
H 
E 
A:H:L:M:T 
B 

G 
C:D 

R:S 
L 

A 
O:P 
A 
A 
I:M 
L:S 
M:O:T 
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Sc1·ipus E1·iopho1·um 
Carex scopm·ia 
Cm·ex culpinoidea 
Carex crinita 
Carex stTicta 
CaTex hyste?·icina 
Carex l!!Tida 
Junc·ns te1mis 
Juncus effu81tS 
J uncus acuminatus 

OTHER HERBACEOUS SEED PLANTS 

Sagittaria latifolia 
Symploca1·pus foetidus 
Commelina virginica 
Maianth em1w1 canadense 
U1·tica clioica 

Pilea lJUmila 
Rwmex obt1tsi[olius 
R?t11WX acetusella 
Polygomtm acre 
PolygO?mm Persicaria 
Polyg01mm arifolinm 
Polygonmn sagittatmn 
Cm·astium viscos1t?n 
Rammculus sp. ~ 
Ranunaulus hispidus 
Tlialictn~m polyganunt 
Pen tlwnt-m secloides 
He1wh era americana 
Fmgaria virginiana 
Potentilla sp. 
.Agrimony sp.' 
.Agrimony gryposepala 
Cassia nictitans 
T1'ifoli1t?Jt pmtense 
Trifolium agrm·ium 
Melilotus alba 
Desmoclium sp. ~ 
Phaseol1ts polJJStachyus 
.A ?lllJhicm·pa 11101WiCa 
Oxalis comiculata 
Gemnimn 1·obertianwrn 
.Acalypha virginica 
Impatens biflora 

Hypericum sp. f 
H ype1·icum pm·[o1·atmn 
Hyperim~m vi?'lJinic?~m 
Lechea sp.' 
Lythmm Salicm·ia 
Cuphea petiolata 
Lndt,igia altemifolia 
Epilobi1tm colomtt11n 
Oenothera biennis 
HydTocotyle ame1·icana 
Cict~ta 1nacnlata 
Thaspimn sp.' 
Daucus Carota 
Samol1ts fioribmulus 

L:M:R:S:T 
R:S 
R:S:T 
L:Q:T 
O:P:Q:R:S:'r 
R:S:T 
L:M 
S:T 
H:M 
M 

H:K:L:R 
A:E:H:L:N:P:R:S 
L 
H 
A:D:F:H:I:K:L:M:N:O:P: 

Q:R:S:T 
K 
I:K:S 
F:H 
A:T 
I:K:L:l\1 
111 :S 
C:D:E:F:G:H:L:M:P:R:T 
s 
L.P. 
L 
A:D:F:G:H:J:K:M:N:P:Q:R:S 
L 
F:H: 
A:F:G:H:I:P:S 
H:L:P:S:T 
D:H:I:S:'r 
K 
A.H:S 
s 
s 
A:L:P 
H:T 
R 
F:L:P 
A:F:H:P 
Q 
H:I 
A:E:F:H:J:K:L:M:N:O:P:R: 

S:T 
M 
A 
A:G:I :N:O:Q:S 
A 
M 
H 
D:G:I:M:N:O:R:T 
G:L 
B:D:L 
A:K:P:Q 
G 
H:P 
A:H:F:L:M:S:T 
M 
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Lysimachia nummula1·ia 
Asclepias incamata 
Asclepias syriaca 
Cuscuta G?·o1wvii 
Myosoti.s tJahtst?·is 
Verbena U?"ticaefolia 
Verbena hastata 
Scutella1·ia lateriflom 
N epeta hede1·acea 
Prunella vulgm·is 
Salvia lyrata 
Pycanthemwrn flex~tosum 
Lycopns sp. ~ 
MinH sp.~ 
Linm·ia vulgaris 
Chelone glab1·a 
illimnlus ?"ingens 
V m·onica americana 
Ve1·onica officina/is 
Plantago majo1· 
Plantago lanceolata 
Galium sp.? 
Houstonia cau1·elia 
Dipsacus sylvest1·is 
Lobelia inj(ata 
Eupatorium pm·pu1·eum 
Eupato1·ium pe1·{oliatum 
Aste1· sp. ~ 
Erigm·on mmosus 
Amb1·osia trifida 
Ambrosia artemisiifolia 
Bidens {1·ondosa 
Bidens bipinnata 
Achillea Millefolium 
Chrysanthem~t?n L eucanthe?mtm 

pinnatifidum 
Arctium sp. ~ 
Ci1·sium sp. ~ 
Taraxamtm officinale 
Lactuca canadensis 

K 
A:D:E:M:Q:T 
H:I:T 
A:D:H:J:K:L:S:T 
A:L 
D:I :T 
I 
F:H:O:S 
K 
A:H:K:P 
B 
A:D:F 
A:C:E:F:H:N:P:R:S:T 
A:D:L:M:T 
F 
D:P:Q:R 
K:L:M 
L:M 
A:P:S 
H:L:P:S 
H:L:S 
A:F:G:H:I:P:R:S:T 
H 
I 
L:M:S 
B:H:I:Q 
H:N:P:R 
A:B:D:G:H:I:K:M:P:S 
A:H:J:K:S 
A:F:G:H:I:S 
F:H:L:S:T 
K 
I 
A:D:F:I:L :M:P:S:T 

L:S 
K 
A:H:T 
H:L 
F 

SHRUBS ON 10 FT. MARGIN OF LAKE SHORE ·AND THEIR 
SECTIONAL DISTRIBUTION 

Smilax ?·otundifolia 
AlmJ,S 1·ugosa 

Quercus ilicifolia 
Physocarpus opulifolius 
Pynes m·b?ttifolia 
Amelanchie1· canadensis 
Crataegus coccinea 
R~tbus sp. V 
Rub1es hispidus 
Rosa 1·ubignosa 
Rosa Ca1·olina 
Rhus glabm 
Rhus toxicodendron 
Ilex verticillata 
Psedm·a q?dnquefolia 
Vitis labrusca 
Vitis aestivalis 

H:J: 
A:D:E:F:G:H:I:L:M:N:O:P: 

Q:R:S:T 
H 
A 
A:S :T 
A 
A 
A:P:R : 
P:Q: 
D 
A:E 
A 
A:G:R:T 
G 
A 
A:E:F:S 
A:E:F:R:S 
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Comus panic1elata 
Rhododendron arbo1·escens 
Rhododendron viscosum 
Leucothe sp. ~ 
Gaylussacia baccata 
V accimtm sp. ~ 
V accinunt pennsylvanicum 
V accinum at?"OccU?n 
Vibu1·num dentatum 
Sambucus canadensis 

D:E:G 
p 
0 
A 
T 
Q:R:T 
E:H:R:S 
A:E:F:H:R:S:T 
A:E:H:N:O:Q:S:T 
H:M:P:T 

TREES ON 25 FT. MARGIN OF LAKE SHORE AND THEIR 
SECTIONAL DISTRIBUTION 

Pimts st1·o b?ts 
Salix sp. f 
Salix nig1·a 
Populus t1·emuloides 
Juglans nigTa 
Carya glabm 
CaTpinus cm·oliniana 
Betula lenta 
Castanea dentata 
Que1·cus alba 
Quercus p1·inns 
Qnem((S palust?·is 
Que1·cus vel~ttina 
Liriodend1·on tulipifem 
Sassafras vm·iifolia 
Pyrus contm?tnis 
P1·unus serotina 
Pntmts pm·sica 

T 
K 
A:J 
A:M:N:J:L 
A 
I:Q 
H 
R 
R:T 
A:D:H:L:Q:R :S:T 
M:Q 
T 
H:L:Q:R:S 
A:D:F:G:H:L 
A:H:J:Q:R:S:T 
A 
A:H 
A 
J Robinia Pseudo-Acacia 

Acer rubntm 
Com?ts florida 
Nyssa sylvatica 

A:I:J:K:L:M:N:O:P:Q:R:S:T 
H:T 
G:H:M 

SUMMARY OF PLANTS AND ANIMALS INCLUDED IN THE SURVEY 

In the lake Genera Species 
Plants .............................................................................. 56 115 
Animals ············-······· .. ······································· ·· ···· 163 221 

Total organisms ............................... ·-····· 219 336 

On 3-foot margin 

Grasses and sedges ········· ··························-·-····· 
Other herbaceous plants ...................... ....... . 

Total herbaceous plants ................. . 

Shrubs on 10-foot margin ........ .................. . 
Trees on 215-foot margin ............................ . 

Total organisms identified ... .... .. . 

19 
76 
95 

20 
17 

351 

33 
94 

127 

27 
22 

512 

SUMMARY OF HYDROGEN-IoN CoNCENTRATION 

The hydrogen-ion concentration of the water of the lake ranged from 
6.8 to 7.12, that of the mud and ooze at the bottom from 5.4 to 6.5. 
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SUMMARY OF TEMPERATURE-DEPTH VARIATION 

The temperature remained fairly constant to a depth of two feet. 
Below that, a steadily decreasing· temperature was noted with increasing 
depth. At a depth of three feet the surface water was about one degree 
·warmer than that at the bottom. At a depth of 13 feet the surface was 
12 · degrees warmer than the bottom. The surface temperature over the 
deeper area and near the north shore was about one degree warmer than 
over the rest of the lake. 

PRELIMINARY LIST OF HEPATICS OF ·wESTERN 
PENNSYLVANIA 

BY LESLIE HoFER LANFEAR 

University of Pittsburgh, Pittsbmgh 

The list of hepatics given at the close of this paper is the result of 
collections and study (carried on from 1928 to the present) of specimens 
from 32 counties of Western Pennsylvania as follows : 

Allegheny, Armstrong, Beaver, Bedford, Blair, Butler, Cambria, 
Cameron, Centre, Clarion, Clearfield, Clinton, Crawford, Elk, Erie, 
Fayette, Forest, Fulton, Greene, Huntingdon, Indiana, Jefferson, Law­
rence, McKean, Mercer, Mifflin, Potter, Somerset, Venango, Warren, 
Vv ashington, Westmoreland. 

About twenty-five collecting· trips consisting of two to five days have 
been made, in addition to a number of single day trips, during which 
collections have been made in approximately 200 localities. A number 
of specimens have also been kindly contributed by members of the fac­
ulty and students of the University of Pittsburgh. About 1,000 specimens 
have been identified, a complete set of which is to be found in the her­
barium of the Carnegie Museum in Pittsburgh, Pennsylvania, and one 
specimen of each species will be sent to the hepatic herbarium of the 
Sullivant Moss Society. Three species in the list given are not included 
in the collection, but are simply listed as to be expected in \Vest­
ern Pennsylvania, since one of them is included in Miss Greenwood's1 

list for Centre County, and two are listed as occurring in counties of 
"\Vestern Pennsylvania in Porter 's5 Catalogue. These species are so 
indicated on the list. There still remain a number of specimens as yet 
unidentified as to species, which may add to the following list. Distri­
bution maps have also been made for each species and family. 

1 All footnote references are given at the close of the article under the heading 
of Literature Cited. 
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A record has been kept, for the most part, of the time of fruiting of 
the various species collected. Since the fruit or location of sexual 
organs is often quite necessary in identifying specimens, the best collec­
tions for study were obtained in the early spring or in the fall, as the 
majority of forms are found fruiting at such times, although there is no 
time of year at which some species may not be found in fruit or with 
perianths. Some forms continue fruiting for several months. To obtain 
the best specimens in the summer, it is necessary to collect around 
springs, streams, bogs, or on decayed logs, as forms growing· on the soil 
are usually hidden by other vegetation. 

The most widely distributed and common liverworts found in vVest­
ern Pennsylvania are Pellia e1Jiphylla, Scapanias, Calypogeia Tricho­
man£s, Lophocolec~ heterophylla-, Conocephalwn conicwn, Cephalozias, 
Ma1"chantia polymorpha and Ptilicli1tm pu.lcherrimurn. 

Liverworts grow best in moist, cool, shady habitats where transpira­
tion is not excessive, and hence are most numerous in mountainous re­
gions in virgin forests or forest reservations, but scarce in regions of 
cultivation and along main highways where trees have been cleared 
away. Many places in Pennsylvania which once formed excellent 
habitats for liverworts are now destitute of them due to the encroach­
ment of civilization. Therefore, it is all the more important that these 
forms be studied and recorded before they disappear, due to proper con­
ditions for growth being eliminated. Much better collections are usually 
made, therefore, by leaving main highways and following dirt roads 
which lead along small mountain streams, or where springs occur, etc. 
Some of the counties and places where the largest collections of liver­
worts have been made are: Potter, McKean, Cameron, "Warren, Elk, 
Westmoreland (N awakwa in Forbes Forest, and Hillside), Forest (Cook 
Forest), Fayette (Ohiopyle), Crawford (Pymatuning Swamp), Clarion 
(vicinity of Foxburg and Clarion), I..~awrence (McConnells Mills), But­
ler (along Slippery Rock Creek), and Indiana. 

' he following cla. sification might be made of the types of habitats 
in which live1·wort. are to be found in vVestern Pennsylvania, together 
with a few xample of genera and species found in such places: 

1. Water habitats 
a. 1 ree-floating: Ri t:oia fl1titrm~ R·,:cciocarpu .. ~ natans. 
b. ubm rt•ecl i_n de •p . wift, clear water: r.apa?lia. ?t.ndmlata. 
c. Wet l" cks subm l'"" :t. or stic:kinO' out of water i11 prinn-

s~l:ean s: ldlosc)J1Jlt1tS 7'i'l'1£lar i , C. f-myili.s, Riccardrilt mnf­
tl /tela J1tbula penn yl anica, Po1"(Jll(t poimmata and S ca.­
pam·as. 

d. On wet rocks beside springs or where water drips over them: 
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Marchantia po~ymorpha, Rebm~Ua h misphcuwica z>elz.ia 
epiphyUa, Conocepha~tt?l1 conic1tm, .A?tthoceros etc:. 

e. Near waterfalls: DiplophyllA.~m ctpi(~1tlctttt?n, a11an1'a. 
f. Sphag~um h~gs: Palla'. icimia_ LyelUi Ric m·clia. 21i?tg1ds R•ic­

cardta lattfrons., R wcanlut palmata illa·rchamtia 1)0l;y­
morpha, Cephalozia conniven JJlylia amomala .. 

2. On wood 
a. De~aying log.s: Lo1~hocolea heterophyUa, Ptilidinm pulchM'-

?"'tntmn, Jame omel1a atdttmn.a~is, Odontoschisma denu­
dat1tm, Oe11halozias Riccanlia palma.ta. 

b. Ba e or trunl;: o£ live trees: L eje1mea cavifolia Frullania 
eboracensis, F. Asagrayana, Parella 1Jlatyphy'ua and P. 
platyphyUoidea. 

3. Burned-over areas: JI!Iarchant·ia polymotpha. 
4. Moist soil 

a. Clay banks, or shale: Blasia pusilla, Anthoceros laevis. 
b. Sand: N ardia crenulata, N. hyalin.a. 
c. Stubble fields: Riccias. 
d. Hqmus soil: Ba.zzCI!nia trilobata, Lepidozia 1·eptans Caly­

pogeia Trichornan;is, Fossomb?'onia 1Vondmczeki' Cono-
cephalttrn coni 'mn Pellia epiphylla. ' 

5. Greenhouses: Lunula?"i(L cntciata. 
For the following list, the synonymy used, classification as to fam­

ilies, etc., is according to that found in the North American Check List.
2 

The writer is very grateful to Dr. Evans, of Yale University, for 
the determination and verification of more difficult or doubtful speci-

mens. 
It may be interesting to note that 31 genera and 38 species of the fol-

lowing list also occur on Little's3
•
4 lists for Central Pennsylvania. 

The following preliminary list for \X,T estern Pennsylvania adds 20 
genera and 51 species to the ·western Pennsylvania Hepatic collection in 
the herbarium of the Carnegie Museum. Twenty-five species on the list 

are not recorded by Porter. 5 

I. MARCHANTIALES 

A. RICCIACEAE C. MARCHANTIACEAE 

5. Lunularia cnwiata (L.) Dumort. 
6. Conooephal1tm conimtm (L.) Dumort. 
7. Preissia quadmta '(Scop.) Nees 
8. Mm·ohantia polymorpha L. 

1. Riocia fiuitans L. 
2. Riocia S1tllivantii Aust. 
3. Riooiooarpus natans (L.) Corda 

B. REBOULIACEAE 

4. Reboulia hemisphaerica (L.) Raddi 

II. JUNGERMANNIALES 

ANACROGYNAE 

A. RrccARDIACEAE 11. Riccardia latifrons Lindh. 
12. Ricoardia multifida (L.) S. F. Guy 
13. Riccal"dia palmata (Hedw.) Carruth. 
14. Ricoa1·dia pinguis (L.) S. F. Gray 

9. Metzgeria conjugata Lindh. 
10. Pallavicinia Lyellii (Hook.) S. F . 

Gray 
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B. PELLIACEAE 

15. Blasia pusilla L. 
16. Fossombronia Wondraozeki (COl"da) 

Dumort. 

17. Pellia epiphylla (L.) Corda 
18. Pellia Neesiana (Gottsche) Limpr. 

ACROGYNAE 

19. 
20. 

21. 
22. 

A. LOPHOZIACEAE 

ChUosoyphus fragilis (Roth) Schiffn. 
Chilosoyplms pallescens (Ehrh.) Du-

mort. 
Chiloscyplms 
Chiloscyphus 

Loeske 

polyanth1ts (L.) Corda 
l·iv1tlaris ( Schrad.) 

23. Geooalyx g1·aveolens (Schrad.) Nees 
24. Harpanthtts soutatus (Web. & Mohr) 

Spruce 
25. Jarnesoniella aut1tmnalis (DC.) Steph. 
26. Jungermannia lanceolata L. 
27. Junge1··mannia pumila With. 
28. J1tnge1·mannia Schiffneri (Loitles.) 

Evans ( ~) Only a very small 
specimen of this was found with 
the fruits quite immatme. Dr. 
Evans thought the fruits repre­
sented this species, but mOTe ma­
terial is necessary before identifi­
:at.ion can be positive. If correct, 
It IS the first time the species has 
been reported in the Eastern 
United States. It is not found in 
very many localities. 

29. Lophooolea alata Mitt. 
30. Lophocolea bidentata (L.) Dmnort. 
31. Lophooolea hetm·ophylla (Scluad.) 

Dumm·t. 
32. Lophooolea minor Nees 
33. Lophozia attenuata (Mart.) Dumort. 
34. Lophozia bim·enata (Schmid.) Du­

mort. 
35. Lophozia incisa (Schrad.) Dumort. 
36. Lophozia ventl"ioosa (Dicks.) Du­

mort. 
37. Marsupella emarginata (Ehrh.) Du­

mort. 
38. Mylia anomala (Hook ) S F G 
39 · · · · ray 

. Na?·dta orenulata (Smith) Lindh 
40. Nardia or lt1rli.formis ( All t .) Li. db 
41. Nm·d~a GeosCIJlllms (D Not.) Li~db: 
42. N ardta 1r yalina (!.yell ) Can in t 
43. Pla,qioc1rila a.~pl n ioi(lc~ (L ) D · t " • ltlllOl" . 

B. CEPHALOZIELLACEAE 

44. Cephaloziella byssacea (Roth) 
Warnst. 

C. CEPHALOZIACEAE 

45. Bazzania t1··ilobata (L) s F G. . . . . uy 
46. Calypogeia Neesiana (Massal. & 

Carest.) K. Miill. 
47. Calypogeia T?·ichomanis (L.) Corda 
48. Cephalozia biouspidata (L.) Dumort. 
49. Cephalozia catenulata (Hiiben.) 

Spruce 
50. Cephalozia connivens (Dicks.) Lindh. 
51. Cephalozia curvifolia (Dicks.) Du­

mort. 
52. Cephalozia media Lindh. (from 

Helen Greenwood 'at list) 
53. Lepidozia 1·ept111ns (L.) Dumol"t. 
54. Lepidozia sylvatioa Evans 
55. Odontoschisma de?Htdatum (Matt.) 

Dmnort. 

D. PTILIDIACEAE 

56. Blepha1·ostoma t1·ichophyllum (L .) 
Dumort. 

57. Ptilidi?tm ciliare (L.) Nees (from 
Porter 's5 Catalogue) 

58. Ptilidium pulche?Timum (Web.) 
Hampe 

59. Triohocolea tomentella. (Ehrh.) Du­
mort. 

60. 

61. 

E. SCAPANIACEAE 

Diplophyll1tm apioulatum (Evans) 
Step h. 

Soapania nemo1·osa (L.) Dumort. 
62. Sca~ania 1md1tlata (L.) Dumort. 

(mc:uding also what was formerly 
considered a separate species, 
namely, S. dentata) 

F. RADULACEAE 

63. Radula complanata (L.) Dumort. 

G. PORELLACEAE 

64. Parella pinnata L .. 
65. Parella platyphylla (L.) Lindh. 
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66. Parella platyphylloidea (Schwein.) 
Lind b. 

69. Fntllania eboraccnsis Gottsche 
70. Fntllania TipaTia Hampe 
71. Jubula pennsylvanica (Steph.) Evans 

H. LEJEUNEACEAE 72. Lejetmea cavifolia (Ehrh.) Lindb. 
67. Cololejeunea Biddlecomiae (Aust.) 

Evans 
73. Leucolejemwa clypeata (Schwein.) 

Evans (from Porter 's5 Catalogue) 
68. Fmllania Asagrayana Mont. 

III. ANTHOCEROTALES 

ANTHOCEROTACEAE 

74. Notothylas o1·bicularis (Schwein.) 76. AnthoceTOS laevis L. 
Sulliv. 77. Anthoceros ptmctatus L. 

75. Anthoceros m·ispulus (Mont.) Douin 

It is to be hoped that this will stimulate an interest in the collection 
and study of hepatics and that others vvill report any additional species 
collected or criticisms of the present list, in order that a more complete 
and correct list may be compiled. 
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No attempt is made here to list books and articles used in identifica­
tion work as space would not permit. 

UNUSUAL SPROUT DEVELOPMENT IN MAGNOLIA 
A CUMIN ATA L. 

H. J. LUTZ 

Yale School of Forest1·y, New Haven, Conn. 

Practically no information concerning natural vegetative reproduc­
tion in ~Magnolia acuminata L. appears to be available in the literature. 
In view of this fact the following observations are presented. 

In northwestern Pennsylvania the species frequently sprouts from 
stumps, the sprouts apparently developing from dormant or adventitious 
buds. In the southern Appalachian region, where the tree probably 
reaches its best development, sprouting capacity appears to be more pro-
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nounced than in the northern portions of its range. Occurrence of root 
suckers is unknown to the writer. 

In 1931 an example of unusual sprout development, shovvn in the 
accon1panying· figure, was encountered in Sheffield Township, Warren 
County, Pennsylvania. The parent tree evidently was large. The 
stump had disappeared but judging by appearances it had a basal diam­
eter of about 45 inches. The bole is badly decayed but its remains may 
be traced for a distance of 65 feet from the sprout group. Twelve 

FIG. 4. Magnolia acttminata L. sprout group in northwestern Pennsylvania. 

sprout stems (eleven alive, one dead) form a complete circle about the 
1 0 l aepress10n eft after the stump decayed. The sprouts were 44 years old 
and their average height was about 40 feet. Their diameters at breast 
height varied from 4.3 to 9.8 inches and averaged about 7 inches. Ex­
ternally the trees all appeared vigorous but . basal increment borings 
showed the heartwood of most of them to be slightly decayed. 
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This unusual sprout development is of particular interest in view of 
the large size and probable- advanced age of the parent tree. The gen­
erally accepted view is that the sprouting· capacity of a species decreases 
with advanced age. The reason for decreased formation of sprouts 
appears to be due in part to hardening of the bark which makes it diffi­
cult for dormant buds to break through and also to the fact that with 
advancing age the connection of the xylem of the stem with that of the 
buds is more likely to be destroyed. In the example cited the sprouts 
appear to have developed from dormant rather than adventitious buds. 
This is indicated by the fact that the sprouts arose from the root collar; 
the tree was not cut, so it is unlikely that any >vound tissue developed. 
On the basis of the number and development of the sprouts it may be 
suggested that the tree was in a vigorous vegetative condition at the time 
of its death. Following death the bole remained standing as a snag for 
several years after the sprouts originated. This is indicated by the 
deformation of two of the stems which apparently were injured when the 
snag fell. 

WING-VENATION VARIATIONS IN THE ROSE SAvV­
FLY, EMPHYTUS CINCTIPES NORTON (TEN­

THREDINIDAE: HYMENOPTERA) 1 

HoMER C. \VILI, 

Juniata College, Huntingdon, Pa. 

In June, 1931, the late Mr. William D. Mcilroy, Jr., of the Carnegie 
Institute, Pittsburgh, collected the rare rose sawfly, Emphytus cinctipes 
Norton, in considerable numbers at his home at Ingram, a suburb 
of Pittsburgh, Pennsylvania. A study of this collection revealed a num­
ber of variations in the wing-venation of the males. These tracheal 
aberrations include the addition of veins which are common to closely 
related genera and supernumerary veins which are not represented in the 
Chalastogastra. 

The genus Emphytus has the radio-medial cross-vein missing in the 
front wing, so that the cells R and R 5 are combined (Figure 5, A). As 
a result three submarginal cells are present. Some of the males of 
Emphytus cinctipes, however, were found with the radio-medial cross­
vein present and the cells R and R 5 separated (Figure 5, B). No cases 
of a similar condition were found in the females, although they occurred 
in equal numbers in the collection. The presence of this cross-vein 

1 Classification acconling to MacGillivray, Hymenoptera of Connecticut: Conn. 
Geol. Nat. Hist. Survey, Bull. No. 22 (1916), pp. 56-57. 
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FIG. 5. A. Wing-venation of Emphytus cinctipes Norton. (After MacGillivray.) 
B. Radio-medial cross-vein in males. C. Supernumerary vein. 

would indicate that in the genus Emphytus reduction has resulted from 
atrophy of the radio-medial cross-vein and not to anastomosis of veins. 

A striking aberration "·as found in the venation of other males of 
this rare sawfly of the cultivated rose. In this case a supernumerary 
vein joining the stigma with R 3 in the region of the radial sector 
occurred. This vein was anterior to the radial cross-vein and roughly 
parallel to it (Figure 5, C). The supernumerary vein joined R 3 in cell 
R + R 5 while the radial cross-vein joined R

3 
in cell R

4
• 

Tracheal aberrations have been frequently noted in the Tenthred­
inoidea. The presence of supernumerary veins may have an explana­
tion in regarding the modern hymenopterous tracheation as a result of 
coalescence and atrophy, with the more generalized condition indicated 
by these extra veins. 
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THE GENUS TENTHREDOPSIS OF AMERICA, NORTH 
OF MEXICO (TENTHREDINIDAE: HYMENOPTERA) 

HoMER C. ·wiLL 

Jmtiata College, Huntingdon, Pa. 

Rev. F. \V. Konow in the Genera Insectorum listed eight species of 
sawflies under the genus Tenthredopsis from North America. Dalla 
Torre in an earlier list had placed additional species and varieties in this 
genus. Apparently the group is not a compact one, for an examination 
of the literature has shown that later 'Yorkers have referred the eight 
species listed by Konow to six different genera. In one case, a species 
was transferred to another subfamily of sawflies. 

In some instances these rapid changes have been confusing, particu­
larly when made in check-lists without additional data. Other changes 
have been made and in~;licatecl in unpublished notes. The bibliographi­
cal study of the literature has revealed these features and the data 
respecting· the present disposition of Tenthredopsis has been compiled 
in this paper. Apparently, at present, there are no North Ameri­
can representatives in 0. Costa's genus. 

TAXONOMY AND NOMENCLATURE 

GENUS TENTHREDOPSIS 0. COSTA 

Coryna. Lepeletier (Brulle), Hist. Nat. Ins., vol. 4, p. 664 (1846). 
Tenthredopsis. 0. Costa, Fauna Napoli, Tenthr., p. 98 (1859). 
Ebolia. 0. Costa, i bidem, p. 105 (1859). 
Aglaostigma. W. F. Kil-by, List Hym., Brit. Mus., vol. 1, p. 325 (1882). 
Thomsonia. Konow, Deutsche Ent. Zeits., vol. 28, p. 327' (1884). 
Tenth1·edopsis. MacGillivray, Conn. Geol. Nat. Hist. Survey, Bull. No. 22, 1916, p. 

82. 

Tenth?-edella attract a (Norton) 

Tenthreclo attractus Norton, Trans. Amer. Ent. Soc., vol. 2, 1869, p. 240. 
Tenthredopsis attmcta (Norton) Kirby, Dalla Tone, Cat. Hym., vol. 1, 1894, p. 28. 
Tenthredopsis attracta (NOJ"ton), Cresson, Trans. Amer. Ent. Soc., 1887, p. 169. 
TenthTedopsis attracta (Norton), Konow, Gen. Insectorum, fascicule 29, 1905, p. 126. 
Tenth?-edella attmcta (Norton), Smulyan, Proc. Bas. Soc. Nat. Hist., vol. 36, 1923, 

p. 400. 
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Lagi1~m at1·oviolace1tm (Norton) 

Allantus atroviolaceus Norton, Bos. Journ. N a t. Hist., vol. 7, 1860, p. 255. 
Tenthredopsis at1·oviolacea (Norton) Provancher, Dalla Torre, Cat. Hym., vol. 1, 

1894, p. 28. 
Tenthredopsi s ctt?·oviolacea (Norton) Cresson, Trans. Amer. Ent. Soc., 1887, p. 169. 
Timtl!?"edo at1·ov iolacea (Norton ) , Dyar, J. New York Ent. Soc., vol. 5, 1897, p. 192. 
Lagimn atToviolacenm (Norton) , Konow, Gen. Insectorum, fascicule 29, 1905, p. 124. 
Lagium atroviolacemn (Norton), Rohwer, Proc. U.S. Nat. Mus., vol. 43, 1913, p. 216. 

Lagiwm tarcl1tm (Norton) 

Allantus tarcl1!S Norton, Bos. Journ. Nat. Hist., vol. 7, 1860, p. 246. 
Tenthredopsis at?·oviolacea var. taTda (Norton), Dalla Torre, Ca t . Hym., vol. 1, 1894, 

p. 28. 
TenthTedo tardus (Norton), Cresson, Trans. Amer. Ent. Soc. 1887, p. 169. 
Lagium tarclum (Norton), Konow, Gen. Insectorum, fascicule 29, 1905, p. 124. 
Lagi.1tnt tardmn (Norton), Rohwer, Proc. U. S. Nat. Mus., vol. 43, 1913, p. 21 3. 

Zalagium cinct1tlum (Norton) 

Tenthredo atToviolacea var. cinct1tlus Norton, Trans. Amer. Ent. Soc., vol. 2, 1869, 
p. 240. 

:Jfacrophya abbotii Kirby, Dalla Torre, Cat. Hym., vol. 1, 1894, p. 44. 
llfacrophya Abboti Kirby, Konow, Gen. Insecto1·um, fascicule 29, 1905, p. 119. 
Lagium cinctulmn (Norton), MacGillivray, Conn. Smvey, Bull. No. 22, 1916, p. 81. 
Zalagimn cinct1!lmn (Norton), Rohwer, Proc. U. S. Nat. Mus., vol. 43, 1913, p. 217. 

Lmtcopel11wnus confusus (Norton) 

Tenthredo con{1tsus Norton, Trans. Amer. Ent. Soc., vol. 2, 1869, p. 241. 
Tenthredopsis confusa (Norton) P1·ovancher, Dalla Torre, Cat. Hym., vol. 1, 1894, p. 

28. 

Tenth!-eclopsis conf1tsa (Norton), Konow, Gen. Insectorum, fascicule 29, 1905, p. 126. 
Tentlwedopsis annulicorm·s Harrington, Can. Ent., vol. 25, 1893, p. 61. 
Pm·ineum turbata Rohwer, Proc. U. S. Nat. Mus., vol. 41, p. 408. 
Leucopelmonus annulatus MacGillivray, Conn. Survey, Bull. No. 22, 1916, p. 83. 
Leucopelmonus conf1tsus (Norton), MacGillivray, Can. Ent., vol. 51, 1919, pp. 33-35. 

B ivena delta (Provancher) 

P<.£Oli !J1li"01tl8.is delta P nwnneher 1o.turnl. an. vol. 10, 1878, p. 108. 
B~vontt ?llfll"ta MacGillil'l"ay n n. E nt. \'Ol 26 1894 p 328 
Tont./~t·cc1o ru;is delta (Pra,,l; llclteJ•) Dil;h Ton' Cat' Hym .vol 1 1894 29 

. I I · "! • ! ! p. . 
T on111 r dopsls delta (P1·ovnnchcr) , Konow, Gen. Insectorum fascicule 29 1905 

12i. ' ' ' p. 

Homoeone1t1"a clelta (Provancher) Ashmead Can Ent vol 30 1898 313 
B" ' ' . ., . ' 'p. . 

wena delta (Provancher ) , MacGillivmy, Conn. Survey, Bull. No. 22, 1916, p. 82. 

.Bivena quatt rodecimpunctata (Norton) 

Tenth!-eclo quattuordec-imp1t?Ul/(l/ 118 No1-ton, Proc. Ent. Soc. Phila., vol. 1, 1862, p. 143 

Tenth?·;~~~~18 quattuorc1coimi711L1tclata (Norton), Dalla Torre, Cat. Hym., vol. 1, 1894: 

·• 
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Tenth1·edopsis quattuo1·deoimpunotata (Norton), Konow, Gen. Insectorum, fascicule 
29, 1905, p. 128. 

Neop1ts 14·punctat1ts (Norton), MacGillivray, Rep. N.J. State Museum, 1909, p. 585. 
Neopus 14-punctat1ts (Norton), MacGillivray, Can. Ent., vol. 46, 1914, p. 138. 
Bivena q1oatt1·odeoimpunotata (No1·ton), Rohwer, List Insects N. Y. Cornell Univer-

sity, Mem. 101, 1926, p. 882. 

Bivena similutea (Norton) 

TenthTedo semiluteus Norton, Proc. Boston Soc. Nat. Hist., vol. 9, 1862, p. 121. 
Tenthredopsis semilutea (Norton) Provancher, Dalla T'orre, Cat. Hym., vol. 1, 1894, 

p. 37. 
Tenthredopsis semilutea (Norton) Konow, Gen. Insectonun, fascicule 29, 1905, p. 128. 
Bivena se1llil1ttea (Norton) Rohwer, List Insects N. Y. Cornell University, Mem. 101, 

1926, p. 882. 
Rhogogastera eVU?lSi (Harrington) 

Tentlwedopsis Evansii Harrington, Can. Ent., vol. 21, 1889, p. 98. 
Tenth?-edopsis evansii Harrington, Dalla Torre, Cat. Hym., vol. 1, 1894, p. 30. 
TenthTedo evansii (Harrington) Kincaid, Proc. Wash. Acad. Sci., vol. 2, 1900, p. 362. 
Tenthredopsis Evansi Hanington, Konow, Gen. Insectorum, fascicule 29, 1905, p. 127. 
RhogogasteTa evansi (Harrington) MacGilliVl'ay, Conn. Sur., Bull. No. 22, 1916, p. 83. 

Lau1·entia nobens var. ntfi.oorna (MacGillivray) 

Tenthredopsis ntficorna MacGillivray, Can. Ent., vol. 25, 1893, p. 242. 
Tenth1·edopsis 1'ufico1·nis MacGillivray, Konow, Gen. Insectomm, fascicule 29, 1905, 

p. 128. 
Kincaidia ntficoma (MacGillivray), Can. Ent., vol. 46, 1914, p. 137. 
Astoohus fletcheri MacGillivray, Can. Ent., vol. 46, 1914, p. 108. 
Laurentia edwa1·dsii var. 1'Uficonta (Rohwer), Proc. Ent. Soc. Wash., vol. 20, 1918, 

p. 159. 
Tenthl-edo 1'efraotari.a MacGillivray, J. N. Y. Ent. Soc., vol. 31, 1923, p. 113. 
Lmtrentia 1·ubens var. TuficoTna (MacGillivray), Ross, Annals Ent. Soc. Amer., vol. 

24, no. 1, 1931, p. 109. 

P1·ototaxonus transve1'S1ts (MacGillivray) 

Tenthredopsis tmnsve1·sa MacGillivray, Can. Ent., vol. 25, 1893, p. 242. 
Tenthredopsis transveTsa MacGillivray, Konow, Gen. Insectorum, fascicule 29, 1905, 

p. 128. 
PTototaxomts transve1'S1lS (MacGillivray) Rohwer, (F1·om unpublished notes, U. S. 

N. M.),'l 

1 Mr. Rohwer kindly permitted the writer to use and study the notes on the genus 
Tenthredopsis. 
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The course of study for science in the secondary schools has been 
going through a process of evolution ever since the beginning of our 
American high schools in 1825. Many sciences have been included in 
the curriculum during that time and the variety ran the gamut from 
agriculture to astronomy. Since 1890, however, the number of different 
sciences in our high schools has been decreasing. By the turn of the 
century, the science courses had been pretty well crystallized into the 
present standardized four years consisting of general science in the 
freshman, biology in the sophomore, chemistry in the junior, and physics 
in the senior year. Within the last decade this arrangement has so 
entrenched itself in our schools that it has been accepted without com­
ment and became the stereotyped pattern for new schools when they 
were organized. Indeed, the four types of science fitted in so well with 
our standard four year high schools that curriculum builders rejoiced 
at the very beauty of the fit. 

I sometimes think a curriculum maker finds much in common with 
the theory builder who constructs a theory t(} explain all facts so plau­
sibly and so inclusively that it almost reaches divine sanction. Then 
some new situations arise. The theory fails to explain the new facts and 
because of this incompatibility the validity of the facts is questioned. 
But more facts are discovered and still more. A time comes when they 
can no longer be denied. A last attempt is made to adjust the theory 
to accommodate the new situations-But alas! we suddenly realize that 
our beautiful theory so well constructed, so meticulously built up is 
doomed. Our tranquility is upset and we are obliged to build anew. 

In much the same way the present accepted courses of study in sci­
ence for our American hig·h school may have to be blasted. Especially 
is this true in physics, to which subject I shall confine my remarks. 

t the pr~ cnt time a year, usually the enior, although occa ioually 
he junior year is o-iven to th study of phy.-ic. ·, :five hom· . .1 er week or 

approximately 1 0 hour. of cla time. 1bout 2-5 to 35 cperiments are 
performed by the student , tal:;ino· an hour each and reducing the instruc­
tional P ri ~. to about 150 hour · actually the time i even le.OSJ becau. e 
of xaminatiollS, holidays tests, etc. 

What, then, has happened to disturb our accepted one year's course 
of study in physics~ · Because the subject-matter has enlarged beyond 



.. 
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proportions, and because universities and colleges insist on the ma the­
matical aspect of physics, it becomes exceedingly difficult in the space of 
a y ear's course to drill sufficiently to meet the rigid requirements of the 
colleges, and at the same time to realize those unique values of which 
the subj ect is inherently capable and to present those broader aspects of 
physics that touch life in so many ways. 

Considering only the past two decades, the developments in physics 
which touch every-clay life have been enormous. While the content of 
most subjects in the hig·h school has remained relatively constant, physics 
has grown beyond all anticipation. For example, here are just a few 
of the additions that have been made during this time to each of the five 
major divisions into which physics is normally divided: 

Mechanics: The automobile with its many physical accessories, pneu­
matic tools, dirigibles, airplanes, rotor ships. 

Heat: Household mechanical refrigeration, both electric and gas, 
mechanical ventilation. 

Electricity and Magnetism: Radio, t elevision, photoelectric cells, and 
the induction compass. 

Light: Motion pictures, neon signs, artificial sunlight, color photog­
raphy. 

Sonnd: (a topic, by the way, frequently treated as a physics step­
child) Talking pictures, acoustical information on public address systems, 
studios, theaters, etc. 

All this means that physics has simply outgrown its quarters. The 
study has become entirely too "heavy" for a year's course. 

But even more pressing than this expansion of subject-matter are two 
other problems. The first problem concerns those students planning to 
go on to college. Universities, colleg·es, a~d examination boards are con­
stantly insisting on a thorough mastery of fundamentals, besides a broad 
knowledge of the general field of physics. Since these authorities hold 
the whip in the form of a rigid examination for admission their demand 
must be taken seriously. For these students it becomes necessary, there­
fore, to emphasize a mastery of the principles, la>vs, and rules. This 
requires a rather mathematical treatment of the subject with consider­
able drill to insure retention for examination purposes. Time spent on 
this phase of physics may be justified because the students will in all 
probability take additional physics in college, perhaps even specializing 
in it. The broader field of applications to every-day life may be re­
stricted to the time remaining or even omitted entirely. 

The second problem concerns those students whose formal education 
ends with the high school course. An increasing number of high school 
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not C'f i:ng n to coli g . It i fo • t lli. ""roup of students 
t hat 1b . P ~" blem becom I ciaUy urgent. 'rh pltrpo. e of modern 
bj ooh . · lto I dn >at.ion have chan no d - con i i erabl y jn t h la. -t t wenty 
year . '\\ herea a g neration arto mo. t graduate. 1 lann c1 and ncht,ally 
w nt to coli. g , now Lhet· is an increas ing 1mmb r not even plannin~>" to 
go. In deed t h r i: 11 o-rowing attitude that some of the : tuclents now 
n·oh1g t college shottl l n t g a all. · t woul l be 1•raut I, I u li ve t1lat 
:ci 11 ·e ltas a p roper pl ace iJ1 ~he cltwation of t hi g1·oup. 1\![od tn life 
pl'etty n. nrly a mnud. famili~rity with he pt·in ipl eJ · aud l.lp]; licatiollS 
o:l' ph 'Si in th !tom , ga1·age, shop farm tc. It wonll cem rather 
wast ful to a ttempt to pr ' n ph . ·ics a a step toward hi•• her specializa­
tion ot· to mpbash:e t h math matical pha. o th xclu ·iou of liet· 
mor e ill.trrtediHt ly u.scfnl materiaL To pr pa1· tbi. t·oup fo1· an xami­
nation which they will never take, is not only inefficient educational 
practice, but it is also undemocratic. 

Recently two proposals for reorganizing the physics course have been 
made. The first proposal comes from the Association of Science Teach­
ers of the Middle Atlantic States and Maryland. ''Their suggestion is 
that some of the topics be omitted in a one year course and that 
the course consist of one of the following groups : 

GROUP I 

Mechanics (a) 
Electricity (a) 

GROUP III 
Mechanics (b) 
Electricity (a) 
Heat or light 

GROUP II 
Mechanics (a) 
Electricity (b) 
Heat or light 

GROUP IV 

Mechanics (b) 
Heat 
Light 
Sound 

Note: Mechanics and Electricity (a) to constitute complete and more 
technical courses with problems and applications. 

I\{echanics and Electricity (b) to cover fundamentals only and to be 
less technical in character.' ' 1 

The second proposal grew out of the first and comes from the East­
ern Association of Physics Teachers, a New England organization. 

T~is group opposed the omission of topics on the ground that "to 
sanctron the omission of two of the five major topics of the subject would 

1 School Science and Ma thematics, vol. XXXIII, No. 2, p. 199. 
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be to admit that these topics at least, if not the whole subject, were not 
important.'' They suggested the following: 

"That there be two different courses in physics: 
(a) A one year course of six periods per week, of a more qualitative 

nature with considerably less mathematical work than is now required 
by the College Entrance 'Examination Board, and (b) a two year course 
of five or six periods per week, with the same mathematical requirement 
as at present. " 2 

·whether we agree with the suggested. proposals or not, coming from 
such representative bodies, they must be considered. The fact that these 
large groups have deliberated on the problem indicates its importance. 
That the more formal phase of the work must be permitted to crowd out 
the practical every-day applications because of time is to be regretted. 
That this is true for the non-college group is still more regrettable. 
Since this group must receive the maximum educational value from its 
studies because of their shorter schooling, it is important that specially 
desig·ned courses be prepared for them. It is very doubtful if the college 
and the non-college groups should receive the same type of material or 
even the same kind of instruction. With the increase of leisure time, 
training in the proper use of it becomes a worthy educational objective. 
Helping students develop hobbies is justifiable and the broad field of 
physics furnishes an abundant source for selecting such hobbies. 

That our present course in secondary school physics needs reorgani­
zation is quite obvious. Science courses are the most expensive formal 
courses in our high schools. If we allow laymen to assume charge of 
this reorganization we are apt to find both the time and the equipment 
reduced. This would be little short of a trag·edy. 

·The State Academy through its affiliation with the American Asso­
ciation for the Advancement of Science and because of its strategic posi­
tion in the State would be a proper body to initiate reorganization of 
science education. Indeed this idea is not new, for several State Acade­
mies have already clone this very thing. The Texas Academy was in­
strumental through its committee in reorganizing the science in the 
junior high schools of the State. 

In closing, therefore, I should like to suggest that we, too, consider 
this a proper activity for our State Academy. 

2 Ibid. 
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ix bat of the genu 1l1yotis occur east of the Mississippi Rivet : 
jlf.yot·i mt ·t·rm·itJa·rius, M. g1·isescens, M. lceewii septe1~M'ionaUs, M. lzwi­
f1tg1t lucif7c.gu ill. ·odalis, and M. '1tb7dat·lts le·ibili. All except the fu· t 
two JHw been ta ken in Pen.n yJvania. 

M. <vust·roripcwims occur 1·ather connnot1ly al'ound Gainesville; Flor­
ida an :t cloub I in other parts of that State. Strangely enough the 
only oth r region f rom whlch this species is reported is Indiana, where 
w. L. Hahn collect d asp cimen in a cave near Mitchell in December, 
1906, and four specimens in August, 1917. They were recognized by 
Miller and Allen as belonging to this species. With the range of this bat 
so incompletely known, it should be watched for throughout the East. It 
seems likely that if the species is found in this region, it will be as a sum­
mer visitant. 

M. grisescens has a rather wide distribution, but records indicate that 
it is restricted to caves along tributaries of the Mississippi River, from 
eastern Tennessee to Missouri. Throughout its range it is common only 
in summer; in fact, its winter range is at present unknown. The absence 
of caves along the Ohio River or its tributaries, in Pennsylvania, makes it 
unlikely that this species will be found here. It should occur in neigh­
boring States to the southwest, however. 

I have taken the four Pennsylvania representatives of the genus in 
considerable number during the past two years, the following notes being· 
supplementary, on the most part, to previously published articles. The 
summer observations were limited almost entirely to the region around 
Reading, in southeastern Pennsylvania. All caves mentioned, unless spe­
cifically located, are described and located in "Pennsylvania Caves" by 
R. W. Stone, published by the Pennsylvania Topographic and Geologic 
Survey. 

My otis keenii septentrionalis-While this species is one of the most 
common bats in this region, remarkably little is known about its habits. 
It is very rarely found here in winter and in those caves where it does 
occur only a few individuals have been' taken. In May and June, 1932, I 
netted Shofer Cave, where during the night of August 15, 1931, we cap­
tured 149 bats entering the cave, 65 of them being of this species. Dur­
ing April and May, however, not more than a dozen bats were taken at 
any time. Not until August did the bats occur in large numbers. At 
that time this was the most numerous species at the entrances of the caves 
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near Reading. I have never learned of the discovery of a roost of these 
bats, and nothing is known concerning their breeding habits. 

Jliyotis lt~cifugns lucift~gus-A colony of about 500 of these bats 
found in the walls of a frame house near Kempton, 30 miles north of 
Reading, included young born as early as June 17, and as late as July 5.1 

The young bats were taken on .the wing three or four weeks after birth. 
As in the previous year, collections made during late summer showed 

striking sexual segregation. On September 6 and 7, 1932, at Hopewell, 
in southern Berks County, 30 bats of this species were shot, all of them 
males. Twenty more, shot a week later, also were all males. These bats 
were feeding over the water. Possibly the females feed on types of in­
sects that do not ordinarily occur over water, or perhaps they have mi­
grated to other regions. Several deserted bat roosts were discovered near 
caves in Berks and Centre counties early in the fall of 1932. By means 
of tagging I hope to discover whether the bats which occupy these roosts 
simply move into nearby caves during the winter or have an extended 
migration. It is certain that these bats, whether their migration is 
lengthy or simply a movement to nearby caves, do spend several weeks 
away from their roosts before they settle in caves for the winter. For 
instance, in September, in Centre County, roosts were deserted but no 
bats had yet entered the caves for the winter. 

JJiyotis sodalis-Observations during the past ·winter strengthened my 
belief that the distribution of this species is largely determined by the 
presence of water in caves. As pointed out last year2 the four caves in 
which it occurs abundantly: Penn's Cave, Centre County; Bear Cave, 
\Vestmoreland County; Aitkin Cave, Mifflin County, and Hipple Cave, 
Bedford County, all have streams of water flowing through them. An­
other colony, numbering 150 individuals, was located on April 2, 1933, 
in a newly-found cave on the Jacob Shalter farm, two miles east of 
Centre Hall, Centre County, and just about three miles from Penn's 
Cave. A stream of water flows into the entrance of this cave and the 
bats hang within 60 feet of the entrance. 

Throughout its range from Alabama to Vermont, this species is found 
in caves in the Allegheny Mountains, or to the westward. I have been in 
scores of caves east of the mountains but have never found JJ!. sodalis in 
any of them. All attempts to locate it in summer in Pennsylvania have 
failed. I have netted the entrance of Aitkin Cave during early summer 

1 Observations on the young of cave-dwelling bats. Jour. Mamm. Vol. 14, No. 1, 
pp. 49-53. 

2 The seasonal distribution of bats in Pennsylvania, Proc. Pa. Acad. of Science. 
Vol. 6, pp. 100-105, 1932. 
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without taking a single bat. The absence of summer records throughout 
the range indicates that there is a general mig-ration away from the win­
ter haunts. I have found no evidence that this species is active during 
winter in Pennsylvania, and even early in April the colonies were quite 
torpid, in many cases heavily covered with moisture that must have been 
accumulating for months. On April 16, this species was beginning to 
show signs of activity but the clusters had not visibly diminished in size. 

Jl!yotis snbulatt~s leib1:i--The discovery of a single specimen of this 
bat in ·woodward Cave, in January, 1931, was followed during the next 
winter by the finding of eleven additional specimens; two more in vVood­
warcl Cave, two in Aitkin Cave, six in Stover Cave, and one in Dulany 
Cave. During the past season I was unable to revisit these caves until 
February, but since that time I have found 38 bats of this species, nine 
of which were collected and made into scientific study skins, the remain­
ing 29 being tagged or banded and released. The data on these bats fol­
lows: 

Date Locality Number Collected or Ma1·lced 

Feb. 4, 1933 Stover Cave 2 specimens ( (I; , <;1 ) 

10 bats tagged (5 (I;, 5 <;1) (278, 279; 281-285; 
287-289) 

Feb. 4, 1933 Aitkin Cave 2 bats tagged ( (I;, <;1 ) (276-277) 
Mar. 19, 1933 Aitkin Cave 1 specimen ( (I; ) 

4 bats tagged (3 <;1, (I;) (290-293) 
1 recovery (277) 

Mar. 19, 1933 Little Aitkin Cave 3 specimens ( 2 (I; , ~) 
3 specimens ( 2 (I; , <;1) 

Mar. 19, 1933 Stover Cave 1 recovery ( 287) 
Apr. 1, 1933 Stover Cave 2 bats tagged ((I;, ~) (210-280) 
Apr. 2, 1933 Stover Cave 3 " banded (2 (I;, <;1 ) ( 198-200) 
Apr. 2, 1933 Aitkin Cave 4 " " (3 (I;' <;1) (194-197) 
Apr. 2, 1933 Little Aitkin Cave 4 " " (3 (I;' <;1) (190-193) 

l~'orty-nin o:t th fifty bats hat hav been collected or marked during 
he la t thx e year· have b n taken iu £our caves which ar located 

" 'ithiu a :few miles of ach oth r in entre m1ll\i.ifflin cotmties. In fact 
it a il·cl with a radius of 5f miles w t' ch·awn u the map it "ould in~ 
h't(le th f Oul' aves. La t :r m· I t k thi pecies in Aitkin Stover and 

\Voo~wa.rc1 cave ; thi yeat itl··11, Little itkin (a small c~ve one-cruar­
~er mtle f~rther north), and tover caves. 'I'he abtmdance £the bats 
Ill ·u •h a ~nit dIll' a is vru·y L' n arkable in vi w f th fact that nly 1 
oth r · ~em:m~ns ar believed to be in e.·i. ·tence, the type, collectect om -
where m lrt onnt hi b . . . . Y o, emg m1 mg. I know of the followino-
pectm n "' 
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United States Biological Swrvey-National Museum Collection 

No. 
71926 ~ 

187853 g 
150274 ~ 

150275 ~ 

202783 2 
224614 2 

248210 -
249138 iS 
249139 iS 

1285 iS 
6921 iS 

3 iS' 1 2 

1 2 

1 2 

1 2 

Locality Dnte Collector 
Sing Sing, New York June 9, 188\t A. K . Fisher 
" " " Juno 29, 1881 A. K. FislJer 

Plummer Island, Md. Aug. 24, 1907 A. K. Fisher 
'' '' '' Aug. 31, 1907 A.. K. Fisher 

Chittenden Cave, Vt. Apr. 101 1913 Geo. L. Kirk 
"Near Bat Cave," Vt. 

(Chittenden') 
Cornwall Cave, W. Va. 
Near Crystal Cave, Ky. 
Near Mammoth Cave, 

Ky. 

Apr. 7, 1917 
Mar. 16, 1928 
Aug. 22, 1929 

Aug. 22, 1929 

Museum of Comparative Zoology Collection 

Hickman's Cave, Ky. '' 1860-64'' 
White Sulphur Springs, 

W.Va. Apr. 16, 1897 

Private Collections 

Chittenden Cave, 
Proctor, Vt. .Jan. llJ 1914 

Chittenden Cave, 
Proctor, Vt. .Jan. 11, 1914 

Chittenden Cave, 
Proctor, Vt. Nov. 221 1914 

Mt. Brydges, near 
London, Ontario May 9, 1929 

D. R. Mahaffy 
A. B. Brooks 
L. Giovannoli 

L. Giovannoli 

Alpheus Hyatt 

Thaddeus Surber 

Duane E. Kent, 
Rutland, Vt . 

Geo. L. Kirk, 
Rutland, Vt . 

Geo. L. Kirk, 
Rutland, Vt. 

Eli Davis 
London, Ontario 

Observations on the habits of this bat r eveal several interesting facts. 
In the first place, my belief that this species will be found only in very 
definite ecologic situations seems to have been further confirmed. The 

· area in central Pennsylvania is wild and mountainous, the Seven Moun­
tains which separate Woodward and Stover caves from Aitkin and Little 
Aitkin caves being heavily wooded and r ising to 2000-foot altitudes. 
The caves themselves are in unusual situations, three of them being 
located in hemlock forests, the fourth near-by. Likewise Dulany Cave is 
in a heavily forested location on the top of Chestnut Ridge in western 
Pennsylvania. The only other cave in this region from which the bat has 
been taken is Cornwall Cave, in West Virginia, about 30 miles south of 
Dulany Cave. Cornwall Cave is located on a steep mountainside over­
looking the Cheat River, a remote and wild situation, practically inac­

cessible in winter. 
Another observation on the habits of this bat that seems significant is 

that it is not only comparatively abundant but also very active in late 
winter and deserts the caves long before the other hibernating bats. I 
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believe that this indicates a migratory movement in late winter. With 
scarcely an exception the least bats taken responded quickly when 
touched, and a number which were seen escaped before they could be 
caught. Indeed, during the past few months we saw at least a dozen of 
these bats which could not be reached with the fishing pole which we 
used, or which flew as we attempted to catch them. The attitude of the 
bat as it hangs on the walls or ceilings of the caves is so characteristic 
that it offers a very definite means of identification at a distance. The 
arms instead of hanging practically parallel are extended about 30° from 
the vertical, and almost every least bat was found in this position, other 
bats seldom. The last least bats were taken this year on April 2. No 
caves were visited the following week but visits to Dulany Cave on April 
15, Cornwall Cave on April 16, and Aitkin, Little Aitkin, and Stover 
Caves on April 17, failed to show a single bat of this species although 
the other hibernating bats were still inactive. 

Apparently, then, the least bat may hibernate in caves in the Alle­
gheny Mountains from Vermont to West Virginia, migrating southward 
during February and March, and possibly earlier; and stopping over for 
short periods in remote caves in heavily forested sections of the moun­
tains. That it may remain near the caves after it leaves them early in 
April is indicated by Giovannoli's shooting of two specimens in August, 
one on the hotel grounds at Mammoth Cave, and another at Crystal Cave, 
about four miles farther west. 

The tagging and banding of 29 least bats offers hope for learning 
more about the unusual habits of this little known species. Continued 
search for these and other specimens in Pennsylvania and in other known 
.haunts is planned for the coming winter. 

SOME EFFECTS OF FIRFJ ON FOREST SOILS OF 
SNOvVY MOUNTAIN, :MONT ALTO STATE 

FOREST, PENNSYLVANIA 
BY GEo. S. PERRY AND C. A. CoovER 

In the lunmer of 1930 a .forest road ~wa. con. h·ucted dia<'·onally ttl) 
the w st J:a f .., c o nowy Mountain, expo. ing th . oil proftle nrac ically 
:v rywh .r alo "" ' t "' n 11 1 s cours · • amples of oil were careful] coJlected 

·o:t~ thes profiles and oth J' :lata cured a shown in the tabulations. 
'l'h J.teld work wa don in t b d th 
tl 

. . P e.m er an e laboratory work durin,. 
1e ucceedin"' wmter AU , 1. • 'tl ':' · "Ortc '" 88 execute :t uniformly and in accord 

WJ. 1 a outhue drawn · d . up m a vance. tat1011s for . ampllilg we1·e 
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located every 200 paces (about 550 feet) apart along the road. Four 
stations at the lower end were in forest growth that showed no traces of 
fire injury. The first three of these were in soil partly or largely derived 
from a red igneous rock (rhyolite). All the other stations were in soils 
of \Veverton sandstone origin. Four stations ·were on sites where fire 
burnt last about 1902. Four were on sites burnt over in 1902, 1917 and 
probably earlier. Three stations were on a typical scrub oak area where 
fires have probably been frequent for decades and are of record for 
1902, 1917, and 1926. Difference in elevation is the chief factor of error 
in making comparisons of the data given, but since the trees now present 
are those typical of the sprout hardwoods, it is very probable that all 
the areas were originally so much alike in soil composition, mo~sture, and 
physical structure, that the habitats ·were closely comparable and better 
suited to the mixed oaks, chestnut, red maple, pignut hickory, etc., than 
any other species. The changes now noted in soil conditions and shown 
in the tables are chiefly attributable to forest fire. Clear-cutting of the 
forest growth for charcoal once or twice also reacted on the sites in some­
what the same way as fire, and naturally the more elevated and exposed 
parts of the area have been slower to recover from denudation whether 
by axe or fire. All the areas have a western exposure and vary 
but slightly in gradient. The bearing of elevation on the comparisons 
here made is considered nearly negligible, because at the same elevation 
on near-by mountains where fires have not burnt, there are good forest 
stands and soils similar to those of areas 1 and 2 (Table I). 

As to the fine fractions of the soil from which trees derive nearly all 
their mineral nourishment (Table I, column "a"), the two upper min­
eral layers have lost heavily because of rapid water percolation. Fig­
ures for the humus layer are not significant in this connection. But 
protected sites show an average of 29.6 per cent fine soil in the leached 
and enriched layers, as against 18.8 per cent in those layers on burnt-

over sites. 
The podsol type of soil is rarely met on the protected sites but its 

horizons are very pronounced ·where fires have been frequent (Column 
"b "). The absolute loss to a forest soil because of poclsolization and 
the physical transportation of fine mineral soil fractions by downward 
moving water is not significant. The enriched layer retains much of the 
soluble humus compounds and some of the mineral particles, while the 
unaltered subsoil catches most of the rest. However, the rearrange­
ment of these soil fractions on the burnt sites is far less favorable to tree 
growth than their original distribution, which can be surmisecl from the 
values for protected sites. Any one who has studied or noted the root-
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ing of trees in the forest, will recall how great a proportion of the fine 
feeding roots are found in the upper soil. A few large roots for anchor­
age and to get water in times of droug·ht are all that usually occur at 
lower levels. 

While forest fires apparently have but little altered the chemical reac­
tion of the soil layers, yet the slight changes indicated are logical, since 
calcium and other basic minerals are an important part of the downward 
transported material. The enriched layer and subsoil below are less acid 
because of such leaching (Column "c"), and subsequent deposition. 

Hygroscopie moisture in sandy loam soils is primarily a funetion of 
humus content (Columns "d" and "g"), and varies more or less pro­
portiona ely thereto wh re other £actors ar e the same. Except for fi r 
causin"' h ~evelopme.o t of a ratJ1er t ril leached horizon of slowly in­
creasi.J10' tl1icknes. , no other importan t trects are appare11t in the distri­
but ion of or <>'A nic matter in the burnt-ov r oils. In c m· of tim , how­
ever, the leached. oil layer t ends to cut off or s pa L·ate mor and mor 
wid ly the rich . tores of organic plant food in the humus and litter f rom 
the depo ited compounds aud the ver im1 ortant and iuexhaustibl min­
eral nourishment below. 'l'he ro t. of many tre . ani plants ·eem to 
shy at this sterile zone. This is the most probable reason why podsol 
.soils are characterized by a meager flora, since inability to secure needed 
mineral food elements, and dry weather effects soon eliminate the ill­
adapted species; naturally tending to favor forms with strong tap roots, 
or those with very extensive and efficient shallow roots or some protec-
t iv adaption a"'ainst drought. . 

'l'he oro·anic matter content per acre (Column "f") can easily be mis­
interpreted, as it t h r ein r efer to soil and humus layers of vari-

TABLE II 

Content of orgar,ic ma.tter in 1~pper mineral soil and humus layer for 
protected and burnt-over sites 

Designation of area 

1. Protected area _ ..... _.,,.,_, ... _, _____ ,, 

2. Area burnt last in 1902, etc ...... . 

3. Area burnt last in 1917, etc ...... . 

4. Area burnt last in 1926, etc ..... . 

Average amount 
of slope 

Per cent 

4.5 

7.0 

13.5 

2.8 

Weight of organic 
matter in humus 

and upper foot of 
mineral soil 

Lbs. per acre 

200,627 

141,844 

148,279 

128,718 
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able thickness. The true status of this soil feature is seen in Table II 
where values are given for the upper foot of soil and the humus layer. 
The total weight of vegetable matter is 10 tons for the protected area, 
as compared to 7i t ons per acre on the burnt sites. The effect of fire 
seems to be a concentration of organic matter in the peaty layer and the 
enriched or deposition horizon of the mineral soil (Table I, columns "b" 
and "d " ) . Where the forest is protected there is a far more desirable 
and even distribution of the decomposition products derived from the 
litter. This may be in part due to physical action of insects, earth­
worms, and rodents, but is more likely caused by greater biochemical 
activity in the protected soil. Many organisms of decay are unable to 
exist where they are subject to extreme diurnal and seasonal fluctuations 
as to temperature and moisture. The area burnt last in 1902 shows 
rapid and complete decomposition of the litter. The area burnt in 1917 
has not yet shown accelerated activity in this way, and is characterized 
by a very heavy layer of peat (Columns "b" and "f") and a strongly 
developed deposition layer. Probably the annual fall of litter is slightly 
heavier on this area than on the others, but it is the general assumption 
that this factor is about the same on all the areas as an average, since 
dense fully stocked stands occupy the whole mountain slope·. Of course, 
in case of area 4, the cover is mostly a dense growth of scrub oak. It is 
a matter of surprise to find that the organic matter on sites frequently 
burnt over should total so high as compared to a somewhat more fertile 
and moist protected area near-by. But the slowing up of decomposition 
processes in a forest soil for a decade or so following a severe fire, is a 
most fortunate circumstance, since loss by erosion and leaching might 
otherwise be far greater than it is. 

A parallel study· on soils of another portion of Snowy Mountain, in­
cluding all organic matter down to five incheS deep in the mineral soil, 
gave figures that check fairly well against those in Tables I and II. In 
this series the best protected area had 62,570 pounds of organic matter 
per acre in the humus layer and upper mineral soil, while the worst and 
mo t fr queutly burnecl had 76 108 pounds. F or areas where pr otection 
ha.· been intermediate in etrectiveness the organic mat ter varied between 

9 1 0 and 178 49 pound with au average of 135 200 pounds . 
The final test for r ult. in term of for est rowt h is seen in Table 

III. 'l'he good height and ro. - ction increment on the protected area, 
as well as that bmnt la t in 1902 demonstrates most emphatically the 
advantages f thorough forest fire protection. 

When avera"'e height growth is multiplied by ·ectional area incre­
lllent .for the thr ee ar ea with older tand , it gives a factor that illus-
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2. 

3. 

4. 
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TABLE III 
Growth rates of dominant t1·ees on protected and burnt-over sites 

AVERAGE GROWTH DATA FOR DOMINANT TREES TO 1930 

Breast high eross-seetional 

Designation of area Mean area inerement 

with respeet to 
Mean Mean 

height For period end-
past forest 

height DBH 
growth ing with 1930 

fires to During 
1930 1930 5 I 10 

years years 

(ft.) (in.) (ft. ) ( sq. ft.) (sq. ft.) (sq. ft.) 

Protected area ........... .... 57 8.0 1.42 .0113 .0766 .1400 

.Area burnt over last 
1.18 .0140 .0828 .1560 

in 1902, etc. .. .. ....... .... 50 9.0 

.Area burnt over last 
1.02 .0057 .0316 .0551 

in 1902, 1917, ete. 26 4.9 

.Area burnt in No da.tn. as tree are over 
only five years old 1902, 1917, 1926, 

etc. -·········--·····"······ .. ···-······ 6 . ..... 1.15 

Note: On areas 1, 2, and 3, the dominant trees average respectively 43, 45, and 
30 years old. 

DBH means "diameter breast high" (4! feet above the ground). 

t1·ate very closely the proportionate woo 1 volum gr wth pe_r t ree. For 
ar eas 1, 2, and 3, the volume growth factor. \\'OUI :J be r 1 actively : 1 0 , 
977, 325 for the last fi.v year. . '\Yhieb show. ha: the g1·owth made by 
trees not killed by rec ut firs, on ar a. f reqn ntl, burnt ovel' (3) , aver­
a,.es less than a thir d f the volum put ou by' similar dominan tree.· on 
the f ully and well p rotected site. (1 and 2). 

The study as a whole indicates: 
(1) F orest fir es, at their ·worst, permit flood water to carry a\vay 

much fine matel.'ial by 1.1rface wa:lting. B ut they alway ~ tr oy th 
productive poSJ ibilit ies o£ for e t soiJ by permitting 1:ercolating '~ater 
to al'l'y downward the finest anl mo. t valnable f r11ct1on of the · oil.' o 
i t js deposited in t he subsoil where the £ din"' roots of m st tr es d rwe 
li t J benefi t herefrom, and orne oluble nu1tter i. lo t in the dr ainage 

water. 
(2 ) F orest fi1· ar a contributing au. e of p1:iml1ry impor tance ~ 

Penn ·ylvania for that type of for ·t oil degenerlltJou know a podsoli­
.zat ion, which i di. tinguishNl bj the pre: enc of. a zone r horizon of 
a. by gray and relativ ly terile oarse oil jw below tbe dark peat or 
bumus layer formed by d composit ion of the litter . 
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Other conditions the same, the thickness of the leached horizon is a 
good index to the progress of soil deterioration in the forest, whether it 
be caused by fire, improper forest management, or some natural feature 
of topography or constitution. Of course, red shale soils, for example, 
do not develop typical podsol profiles, but it is also probable that they 
do not degenerate from a forestry standpoint to the same degree that 
sandy soils do. 

(3) Fires tend to destroy the normal and fairly uniform gradation 
of organic content in forest soils. On sites frequently burnt over, the 
organic matter gradually seems to become more concentrated in the 
humus and enriched layers, lying respectively just above and below the 
ashy gray leached layer, which with the lower mineral subsoil tends to 
decrease in content of vegetable fertility and is therefore less suitable 
as a substratum for root development. 

( 4) While fire naturally somewhat reduces the organic matter store 
of forest soils, it does not, however, make such a great difference in the 
total- content of the true soil layers, since the sterilizing effect of denuda­
tion caused by fire tends to slow up decomposition for a good many 
years thereafter. 

(5) The forest stands investigated showed a reduction of 60 to 70 
per cent in the volume growth of trees on frequently burnt sites as con­
trasted with similar trees on protected sites, despite wider crowns and 
more growing space where fires occurred. 

CONCERNING THE EFFECTS OF EQUAL PRACTICE 
ON INDIVIDUAL DIFFERENCES 

ALFRED G. DIETZE 

Department of Psychology, University of Pittsburgh 

One of the unsettled problems of educational psychology concerns the 
question whether differences in ability which exist before practice tend 
to increase, to decrease, or to remain the same if the members of a group 
receive the same training. 

The hypothesis of the equalizing effects of equal opportunity is super­
ficially supported by the fact that the same kind of training brings about 
a m• ~ter qnalit ativ itlti lad y, u h a. the fact that p •·actical!y all p o­
ple ol ?tu· c unt r) 1 nrn to r ad an 'l wl'i e a.ncl o perfor m the lementary 
O~)era.hot: f atithmetic. In tudyin"' th e effects of practic on indi­
vtdual lfl' •· 11 .• h w •v r the p ·ycholoO'j t i not . o mucb int t· -te 1 in 
gualitatiY ' imilaritie.·. It i po . ibl .for p ople to become qualitativ ly 
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more like each other, yet within the system of qualitative similarity to 
become increasingly different in a much more important quantitative 
sense. It is with such quantitative differences that psychologists are 
concerned. 

CRITICAL SUMMARY OF EXPERIMENTS 

Five reasons may be enumerated in support of our contention that 
the problem under consideration is still unsettled: 

(1) The results of different experiments appear to be contradictory. 
(2) The interpretations of the same results by different workers con­

flict. 
(3) Experimental conditions have been inadequately controlled. 
( 4) The statistical devices used for analyzing and interpreting the 

findings are equivocal. 
( 5) The units of measurement to show ability are equivocal. 
The literature on the subject was summarized by Margaret Kincaid in 

1925 and again in 1931 by Homer B. Reed. We shall in the following 
briefly present Reed's criticism and elaborate somewhat more fully our 
own. 

Contradictory and conflicting results. A tally of the conclusions re" 
ported in the original papers reveals that most of the earlier studies 
favor the hypothesis that equal practice increases the differences between 
subjects, while those appearing since 1920 favor the contradictory hy­
pothesis. One worker finds no change in variability and another arrives 
at no definite conclusions. Several workers ( cf. especiaUy Reed, op. cit.) 
have reanalyzed the data of others and have often reached opposing con­
clusions. It becomes evident, therefore, that the statistical analysis fol­
lowed by the various experimenters is in need of examination and that 
an unqualified solution of the problem depends upon our finding an un­
equivocal method of measurement. 

Experimental conditions. Reed lists three desiderata of experimental 
conditions relative to equality of practice. Practice, he says, should be 
the same in kind of material, the same in difficulty, and the same in 
amount. He points out that these conditions are only approximated in 
the experiments which he reviewed. He also sho-ws that in sqme experi­
ments the attempt is made to keep amount of training constant in terms 
of work performed; in others in terms of the· time spent in practice. 
Often these conditions are only approximated. Let us note that the time 
constant method gives an advantage to the faster subjects because they 
do more work during the time allotted than the slower ones. On the 
other hand the work constant method gives an advantage to the poorer 
subjects because they spend more time at practice. 
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In many of the experiments, furthermore, too few subjects were used 
to give statistical reliability. Finally, it is inconsistent with the aim of 
the present type of investigation to use in the same group subjects who 
have had considerable experience in the performance studied together 
with subjects wlho have had no experience, as some have done. The 
problem is not to discover the effects of practice on individual differences 
that are, to start with, produced by varying previous training, but to dis­
cover the effects of equal practice on individual differences that are pres­
ent prior to any practice. These considerations cast doubt upon the 
meaning of any correlations and other statistical constants used to 
analyze the data. 

Equivocality of statistical devices. Nine different measures, with 
variations of these, have been used for interpreting the experimental 
data. In some cases a combination of several measures was used and the 
conclusion based on a count of those measures which support one hy­
pothesis as over against those which support the other. ( Cf. Kincaid, 
op. cit.) We question whether valid conclusions may be drawn from a 
summation of measures of doubtful validity. Let us, therefore, examine 
the measures from the point of view of their utility for the present 
purpose. 

Ratios, relative gain, correlation of ini£1"-al performance and relative 
gain. Most equivocal are devices involving ratios based on the raw 
scores. Thorndike's earlier study was based upon the ratios of best to 
worst, next best to next worst, and so on, before and after practice. This 

. device is also found in variations in which two points of a distribution 
are compared. 

. Reed criticizes Thorndike's ratios on the basis that they compare only 
the extremes of a group and reveal nothing concerning· the middle. A 
more fundamental objection than Reed's to the use of any kind of ratio 
based on the original scores is the fact that the scores themselves are 
equivocal. A comparison of two ratios is only valid when the scores are 
measured from a true zero, and when the units of measurement at dif­
ferent parts of a scale are equal and comparable. Neither .of these con­
ditions obtain in the experiments under review, as will be brought out 
later. 

. ~u~h use has been made of the relative gain of subjects as a measure 
md1eatmg convergence or divergence of abilities and Reed considers the 
correlation of initial performance .with relativ: g·ain as the most valid 
me~sure of the trend in question. However, since relative gains are 
ratw ·t· · s, our cr1 1msms of ratios with unknown zero and unknown true 
score value at various parts of a scale obtain. Nor does subjecting them 
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to a correlation procedure by some Pythagorean magic make them valid 
measures. 

Abso~ute gains and correlations with initial performance. Most of 
the studies are based on a comparison of absolute gains of the better and 
poorer subjects. Chapman says relative to this device, "The only 
assumption that this .method makes is that the units at different points 
of the scale are equal." We have already indicated and will later show 
that this assumption is untenable. Correlation of initial performance 
with gross gain, of course, depends upon the unequivocality of the gross 
scores. 

Comparison of curves. One or two experimenters have compared the 
practice curves of their subjects by plotting them a:n the same coordi­
nates. However, the meaning of a separation of two curves at any point 
cannot be determined by mere inspection, but must be interpreted rela­
tive to the value of the point intermediate between the curves compared. 

Standard devia.tion. Reed has shown that the standard deviation 
cannot be used as a measure of variation since it depends upon its rela­
tion to the average from which it is computed. 

CmTelatt:on of initia~ and fina~ performance. The correlation of 
initial and final performance merely indicates the degree to which the 
members of a group tend to retain their original rank positions after 
practice. It tells us nothing concerning increase or decrease in the dif­
ferences of ability. 

Coefficient of va1'iabi~ity. Reed considers the coefficient of variabil­
ity, i.e., the ratio of the standard deviation to· the mean, as· a reliable 
measure of the effect of practice on individual differences. This is 
usually indicated by the symbol V. The one objection that Reed mal,es 
to these devices is that they compare only certain points of the distri­
bution. 

The writer agrees with Reed that if the scores are measured in equal 
units from a true zero, and we compare two parts of a practice curve in 
terms of the coefficient of variability, an increased V would unequivo­
cally indicate increased variability, and a decreased V would be strong 
evidence for decreased variability, at least for the two points of the curve 
compared. As already indicated, however, the former condition does not 
exist in our present method of measurement. 

Equivoca~ measures. 'fhe crux Qf our criticism is the fact that our 
measures of learning have no precise meaning. This is due to two con­
siderations which must not be taken into account, viz., that the measures 
are taken from an arbitrary zero and that the values of the raw scores at 
different parts of the scale are not comparable. 
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We have seen that statistical devices which make use of ratios depend 
upon scores measured arithmetically from an absolute zero. Whether 
for learning data in the form of raw scores such a zero may be statisti­
cally approximated, I am not at present in a position to say. The writer 
believes that a scale such as will be described belo·w may give a rational 
series taken from an approximately absolute zero. That, however, will 
have to be decided by experiment. 

Our other point is that as learning has been measured the values at 
different parts of the scale are not comparable. The assumption that 
the units at different parts of the scale are equal is not tenable. The 
learning curve, plotted in terms of work done per unit of time, is a curve 
of negative acceleration. It rises rapidly at first, then more and more 
slowly. Increments of achievement, therefore, become increasingly dif­
ficult as practice continues and as the limits of improvement are approxi­
mated. It is, therefore, also possible for the absolute and relative differ­
ence between two subjects in terms of the raw accomplishment scores to 
be less at the end of practice than at the beginning, and yet for this dif­
ference to be actually greater. 

A PsYcHOPHYSICAL ScALE FOR MEASURING LEARNING 

AcHIEVEMENT 

Having· criticized the work done in this field and shown it to be 
equivocal, we oug·ht at least try to suggest a way out of the dilemma. 
Let us start with the assumption that the scale of measurement should 
be weighted in terms of the difficulty of adding an increment of achieve­
ment from one part of the scale to another. We may, then, define diffi­
culty in terms of the amount of practice required to achieve successive 
degrees of accomplishment. If we grant that equal amounts of practice 
are equal, we can devise a psychological unit for measuring learning ac­
complishment in which the units are equal and comparable. This would 
be done by projecting· the physical achievement scale in terms of work 
or time upon a psycholog·ical scale of difficulty, i.e., amount of practice 
required to reach each successive degree of proficiency on the original 
scale. 

One method for doing this is in terms of averag~ amount of practice 
required by a group to reach each successive point on the accomplish­
ment scale. The effects of practice would be measured at a large number 
of equally spaced intervals. For each of the original score values we 
would determine the average amount of practice required to reach it and 
substitute this value for the original scale value. Such a method would 
give us a scale in equal and comparable units measured from a true zero. 
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It would not, however, take into account the fact that plateaus dD not 
occur for all individuals in the same part of the learning curve. Our 
results would necessarily be the values obtained from a smoothed curve. 
The writer believes that the advantages of the method would outweigh 
its disadvantages. 

Another possibility is to make use of a practice quotient, i.e., a sub­
ject's difficulty score divided by the actual amount of practice he re­
quired to achieve the degree of proficiency which it signifies. Chang·e or 
constancy of this quotient would give conclusive evidence of the true 
effect of equal practice on individual differences. 

As a final point, it is the writer's opinion that a generalization re­
garding· the problem in question should not be arrived at by a compari~ 
son of initial performance with a single end performance, but on the 
basis of a trend obtained from a comparison of the initial performance 
and a sufficiently large number of subsequent performances, and also of 
adjacent performance levels within the series. The conclusions of the 
experiments thus far reported, if valid at all, are valid only for a very 
specific amount of practice. It may well be that variability is increased 
or decreased for any given amount of training, while at the same time 
the true trend is in an ppposite direction. The problem, as stated, de­
mands a general statement of the effects of equal practice on individual 
differences rather than the effects of a specific amount of practice. It 
may also well be true that such effects are different for different types of 
performance and for different ages of the subjects. This should also be 
investigated. 
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DINOSAUR FOOT TRACKS NEAR YOCUMTOWN, 
YORK COUNTY, PENNSYL V AN'IA1 

BY vVM. o. HrcKoK, 4TH, AND BRADFoRD WILLARD 

Pennsylvania Geological Survey, Ha1'1'isburg 
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Three- and four-toed foot tracks were discovered many years ago in 
the Triassic sedimentary rocks of the Connecticut Valley. At first, they 
were considered to be bird tracks because of their similarity with the 
tracks of modern birds. Eventually, however, dinosaur skeletons were 
found associated with the tracks and it was concluded that the tracks 
were made by dinosaurs. Dinosaur tracks are abundant in the Triassic 
rocks of Connecticut and Massachusetts, and common in New Jersey. 
They have been found at few localities in Pennsylvania. 

The tracks which are described below were found in the summer of 
1932 b;\' J. Carroll Hayes who informed Dr. Geo. H. Ashley, State 
Geologist, of their occurrence near Y ocumtown, York County. Hickok, 
who was investigating the Triassic rocks of the New Cumberland quad­
rangle, independently discovered them several weeks later in the course 
of his investigation. Later, the tracks discovered by Hickok were found 
to be those previously found by Hayes. 

Several blocks of sandstone with footprints on them were collected 
by Hickok, F. T. ]\![oyer and M. N. Shaffner, of the Survey. Subse­
quently, Bradford Willard visited the locality with Shaffner and addi­
tional specimens were brought in. The better specimens were mounted 
and displayed at the Pennsylvania State Farm Show held at Harrisburg 
in January, 1933. Some of them have been loaned by the Geolog·ical 
Survey to the Century of Progress exposition in Chicago, where they 
are on display in the Hall of Science; others have been turned over to 
the State Museum in Harrisburg. 

The greater part of the foot tracks may be classified in two genera 
and species, Grallator tenu.is E. Hitchcock and Anchisauriptts sillimani 
(E. Hitchcock) ; the former being more abundant than the latter. 

lVIeasurements on Grallator tenuis are as follows: Pes, length of digit 
II, 39 111m; III, 55 111111; IV, 45 mm; entire foot, 79 mm; distance between 
lateral claws, 48 mm ,· divarication of di!!'its II and III 19° · III and IV 

L} ' ' ' 

22o. The length of stride is 190 mm; the width of the trackway was not 
determined. 

The measurements on Anchisauripus sillimani are as follows: Pes, 
length of digit I, 32 mm; II, 56 mm; III, 82 mm; IV, 62 mm; entire foot 
not including hallux, 112 mm; with hallux, 130 m.'m; distance between 

1 Published with pel'mission of Geo. H. Ashley, Pennsylvania State Geologist. 
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lateral tips 55 mm; divarication of digits I and II, 135°; II and III, 
13°; III and JV, 20°. The length of stride and width of trackway are 
unknown. 

Occasional footprints, which appear to belong to species other than 
those mentioned above, ·were found, but they are too poorly preserved 
to be identified. 

C. H. Hitchcock and A. Wanner (see bibliography) have reported 
previous finds of dinosaur footprints from this area, but neither has 
given specific identification of them. A. Wanner, however, has reported 
the finding of a bone fragment of Belodon (Rutiodon) along the banks 
of Little Cone>vago Creek near its junction with Big Conewago Creek. 
The fragments came from a sandstone bed lying far below the zone 
at which the dinosaur footprints occur. 

A rough correlation between the Triassic of the Connecticut Valley 
with that of southern Pennsylvania can be drawn from these meagre 
data. In Connecticut the Triassic (Newark series) is divided as follows: 

Upper series-sandstone and shale with 
some conglomerate ............................... ................... . 

Posterior trap sheets ........ , ......... .................. , ................ . 
Posterior shales .................................................................... . 
Main trap sheet .................................................................... . 
Anterior shales ................................................................... .. 
Anterior trap sheet ........................................................ . 
Lower series-sandstone, shale and con-

glomerate ......................................................................... .. 

Feet 

3,500 
100- 150 

1,200 
400- 500 
300-1,000 

0- 250 

5,000-6,500 

In the New Cumberland quadrangle the Newark series 
follows: 

is divided as 

Gettysburg formation ....................... .......................... . 
New Oxford formation . ......................................... .... . 

Feet 

15,000 + 
8,000 

The foot t r acks of Grallator tenuis and Anchisauripns sillimani occur 
at an horizon near the middle of the Gettysburg formation and lie about 
6,000 feet above its base and 14,000 feet above the base of the Newark 
series. The Belodon (Rutiodon) remains, o:ri the other hand, were found 
above the middle of the New Oxford formation and lie barely 4,500-
5,000 feet above the base of the Newark series. 

In the Connecticut Valley Grallator temtis and Anchisau1·ipus silli­
mani occur only above the posterior trap sheet in the upper series. This 
indicates the contemporaneity of the upper series of the Connecticut 

c 

PENNSYLVANIA ACADEMY OF SCIENCE 

m 

III 

nz: 

I 
I 

I 
I 

I 

... , 
I \ 

' \ \ . 
I ' I I 
I \ 

/, --', \ 
, ______ / ',,._j 

I 

57 

II 

PIG. 6 .. A. F oot t rack of Grallator ten1ris, natural size. B. Foot tracks of Anchi­
osmmpu~ sillimani, natural size. C. Restoration of Podolcesausus holyolcenlfis, 

thought t o have made the Grallato1· t enuis tracks (afte1· Lull), f., natural size. 
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Valley Triassic with the middle of the Gettysburg .fonuation o£. ou thern 
Penru;ylvania. On the other hand, the Belodon (Rutiodon) remains indi­
cate the contemporaneity of the upper half of the New Oxford for mat ion 
with the Connecticut Valley lower series where they have also been 
found. The three trap sheets which lie between these two zones in 
the Connecticut Valley are lacking from the Newark series of southern 
Penru;ylvania. 

In the Connecticut Valley the Newark series mea.sures 12,000 feet, 
whereas in the New Cumberland area it measures 23,000 feet, which is 
almost twice the thickness attained in New England. Although the 
thickness below the footprint horizons is only slightly greater in south­
ern Pennsylvania than in the Connecticut Valley, the Newark series 
extends many thousand feet farther above this zone in Pennsylvania 
than in the Massachusetts-Connecticut area, thus indicating that Triassic 
sedimentation continued in southern Pennsylvania after it had ceased 
in the Connecticut trough. 
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NEW CRITERIA FOR THE TAXONOMIST 
BY EDWARD H. GRAHAM, PH.D. 

Assistant Curato1· of Botany, Carnegie Museum, Pittsburgh, Penna. 

The taxonomist's chief aid in determining species has always been 
morphology. It is true that the modern taxonomist is growingly con­
scious of the broadened view which ecology and genetics have given, but 
their help has been in elaborations of old ideas or systematically imprac­
tical. What is needed to revitalize taxonomy perhaps more than any­
thing else are new criteria for the identification of those forms 1ve refer 
to as species in nature. Many of these criteria appear on the horizon. 

There is, for example, the study of behavior or habit. G. K. Noble, of 
the American Museum of ·Natural History, has done considerable to en­
large the significance of this criterion in his experimental studies of am-
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phibians and reptiles. In a recent paper1 he states: "Habits are more 
stable than adult characters .... The phylogenetic position of an am­
phibian is best determine~ by compari_son of i~s h~~its and life history, 
as well as its structure, with those of Its relatives. As an example of 
this in the field, Hyla 1·osenbergi, a frog of Panama, is known to make a 
nest pool in the mud, in the water of which the eggs are laid. Morpho­
loaically this species has shown a close relationship to Hyla maxima of 
s:uth America and Mr. M. Graham Netting, Curator of Herpetology at 
the Carnegie Museum, informs the writer that in 1929 he found Hyla 
maxima in Trinidad making the same unique type of nest pool in grav­
elly soil, thus corroborating its relation to Hyla rosenbergi with habit 
evidence. 

A second new criterion of aiel to the systematist is that involving a 
time element, and one so far little appreciated. The time-lapse movie 
mechanism, which permits us to see. what our ordinary perception denies 
us, may be of considerable aid, particularly to the botanist. Clements 
and Clements2 have made careful observations on time and arrangement 
of the vernation or opening of flower buds in relation to pollination and 
its taxonomic significance. Alfred Gunderson3 has studied the flower 
before it opens, a kind of floral embryology, and has verified many of our 
generic and family conceptions and given us some new information, the 
value of which cannot be questioned. Such studies might be enhanced 
by time-lapse moving pictures like those of Norman McClintock and 
Arthur C. Pillsbury and one cannot help but wonder what a complete 
series of such pictures of opening flower buds in a chosen family or group 
of related families would teach us of natural relationships, for the man­
ner of bud unfolding has always been of taxonomic significance. With 
the new lighting arrangement invented by Edgerton and Germeshausen, 
which permits a photograph in 1/100,000th of a second, still further pos­
sibilities are hinted. 

Another criterion ·which may be of definite assistance to the taxono~ 
mist is that of serum diagnosis. 'rhe work of Carl Mez and Ziegenspeck4 

has resulted in the development of the extensive Koenigsberger phylo­
genetic tree. 

Still another method has recently been advanced by Werner and used 
successfully by a Japanese, Kiichi Ohki. We find a review of his work5 

inN atnre as follows: ''A New Method in Plant Taxonomy.-Kiichi Ohki 
1 

Annals of the cw York .A ndomy of cience 30 : 119. 1927. 
2 

Flower FnmiJic · nnd Au estoJ·s. New rork, 192 . 
3 

Flower buds ancl the directions of fl oral evolu tion. Torreya 32: 154-158. 1932. 
4 Proc. In t rn. ongt•. 2 ; 1402. 1929. 
5 

Nature, November 26, 1932. (No. 3291, 130: 816.) 
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appears to have given the 'spodogram' method of distinguishing species 
a very thorough examination in connection with his studies of the J apa­
nese Bambusaceae, and does not appear dissatisfied with the method. 
The spodogram is obtained by taking a small piece of the leaf from the 
middle region and incinerating it carefully, using a special apparatus first 
suggested by Werner (Biologia Generalis 4: 1928). The ash when cool 
is mounted on a slide, with xylol and Canada balsam. In this way the 
outlines in particular of the epidermal cells are retained because of the 
silica contained in their walls. At first sig·ht it would appear more rea­
sonable, if such microscopic characters are to be used in taxonomy, to 
examine the full leaf tissue without resort to incineration, when the same 
characters together with others will be available for study, but the 
method of incineration certainly reduces the salient microscopic charac­
ters to a limited group, recognizable after incineration, which may be 
more simply treated in systematic study. Ohki 's paper will be found in 
the Journal of Science (Tokyo, Section 3, Botany, vol. 4, part I)." 

Dr. Mildred Mathias, working with the Umbelliferae or Carrot Fam­
ily of plants, assures the writer that it is possible to identify many of the 
Umbelliferae by odor aione, and that it may be quite possible to distin­
guish all of the species in the family by the essential oils which they 
contain. Since the chemist has been of little aid in helping us to identify 
highly complex protein molecules we turn to the physicist. Perhaps it is 
in physics that we may find some of the most strikingly new tools for the 
taxonomist's use. For example, each of the essential oils possesses a dis­
tinctive surface tension, and methods for determining the changes in sur­
face tension are already available. If this, or some similar physical 
method, will work for the Umbelliferae, it will work for other families 
possessing unique essential oils, such as the Ericaceae, Cruciferae, Labi­
atae and many others. 

Not only may the physicist prove to be of practical help to the taxono­
mist, but his caution and tolerance of new ideas, if not his exacting tech-
nique, are already winning the taxonomist's attention. · 

These aids, and many others, the taxonomist must learn to recognize 
and to use, and his keeping alert to such new criteria as appear on the 
horizon, may cause his science to gain new vigor and reach a fuller sig­
nificance. 
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FROM H 20 TO 3.2 
BY 1\iAX TRUMPER 

Consulting Medical Chemist, Philadelphia 
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H aving aclhe ··· d the Academy twi.ce on the ·ubject of water and last 
yenr on th ubjec £. peclalizatlon h~zards I fe 1 that I should practi e 
my wn preH •bing and chru1g th e ubJect. 

In t he e time fr 111 H~ on goe. to 3.2. lcoholism in tlli. count ry 
is one of those subjects on which many people feel so strongly that they 
cannot think. For this reason it becomes all the more necessary for the 
scientist to do careful thinking unbiased by prejudice for or against ex­
isting legislation. Legislation concerns itself with the liquor traffic while 
education concerns itself with the liquor habit. My paper will concern 
itself with the toxicological aspects and with the physiologic processes 
which underlie them. 

People vvill drink more beer than they did before prohibition. The 
enthusiasm accompanying the revival has given the initial impetus. The 
fact that the stronger beverages are still withheld from legal public sale 
will give beer its chance to make stable its present popularity. But also 
the fact of the poor quality of the drinking water in so many of our cities 
will cause many to choose beer as a less dangerous drink since its ingre­
dients are more carefully determined than are those of the water ad­
mitted to homes as potable. The breweries usually secure the water con­
tent of their beer from artesian wells. The drinking water sources are 
rivers and lakes much more subject to both trade waste and bacterial pol­
.lution. The alcoholic content of beer is measured, its other ingredients 
are based on definite recipes and no chemicals are added. The inorganic 
chemical contents of drinking water are unmeasured and further chem­
icals are introduced to rid the water of disease-producing bacteria. In 
so doing we may merely be replacing a certain evil by an uncertain one. 
It was in the brewing industry that the science of bacteriology found its 
beginnings. I refer to the researches of Pasteur on fermentation in 
brewing. Bacteriology in turn has taught us how to free our drinking 
water from disease-producing bacteria, but we know little as yet concern­
ing the effect on the human body of the chemical contents of water when 
consumed daily over a long period of time. All the stages of the various 
processes of brewing are usually subject to careful supervision in order 
to m_aintain a fixed quality for the beer. Until equal care is given to the 
quahty of our drinking water, it will require scientific investigation to 
determine whether the water of a given community or its beer is to be 
recommended. 
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Now that the controversies on the 18th amendment are on the wane, 
the public is once again interested in fundamental facts of physiology. 
Alcohol is one of the few substances that may be absorbed directly from 
the stomach. Like water and glucose, alcohol is absorbed within a few 
minutes and undergoes no change during digestion. While the rate of 
absorption is rapid, it varies with the motor activity of the individual's 
stomach and intestines. Absorption also depends on the concentration 
of the alcohol ingested, whether taken on an empty or full stomach and 
also upon the kind of food in the stomach. For instance, fat foods retard 
absorption. In drinking 3.2% beer even on an empty stomach, the quan­
tity of alcohol is not sufficient to produce intoxication. Though an indi­
vid"Q.al have a rapidly emptying stomach, a glass or two of beer requires a 
period of one and one-half to two hours before all the liquid contents 
leave the stomach. It is this time factor of a few hours in the absorption 
of the beer plus the so-called tolerance or rate of oxidation which prac­
tically precludes the possibility of beer intoxication. While it is true 
that an ounce of concentrated alcohol to exceptionally few people might 
be considered excessive, to the vast majority of individuals this amount 
would not have any intoxicating effect. To-day we know that the effect 
of alcohol does not depend on the amount consumed but on the amount of 
alcohol that reaches the brain or the spinal fluid. In the case of the 
habitual drinker, less alcohol reaches the brain because his tolerance or 
metabolic rate of utilization is greater than in the case of the non-drinker. 
The habitual drinker as a rule oxidizes his alcohol quickly and thus less 
reaches the brain, but intoxication develops when an excess of alcohol is 
ingested. The alcohol in the brain and spinal fluid exerts a constant effect 
on all persons irrespective of their drinking habits. 

A question frequently asked is-does the drinking of beer affect the 
efficiency of the worker 1 From the standpoint of the industrial toxicolo­
gist, I would say that the moderate drinking of 3.2% beer or non-intoxi­
cating beer is harmless, but that when taken in excess it is harmful and 
reduces the efficiency of the worker. Immoderate beer drinking will in 
time produce a sluggish mind and body-a sort of lethargic obesity. In 
some instances it predisposes to accidents. Thus 3.2% beer, like carbo­
hydrate food, becomes harmful only when taken in gluttonous excess over 
a long period of time. 

One progress-born factor brings the alcohol question before us with 
renewed vigor, namely the automobile. Our courts are glutted with 
motor accident cases in many of which alcohol plays an important role. 
This is especially so in motor fatalities where the court wishes to know 
whether the deceased was sober or, if intoxicated, to what degree. In 

PENNSYLVANIA ACADEMY OF SCIENCE 63 

·IJ ·e non-fatal ca f intoxication with :ymptorns of. delirium o-r coma, 
spinal puncture is usually :tone to relieve the p re ure on the brain. The 
spiuu l flui 1 obtained in th ·e 'We ·hould be analyzed for the pel:ceutao-e 
content of alcoh l. ettler ·who has examin d several th011sand fatal 
C< es of u1toxi atio1t n.nd whom consider to be our foremost authority 
in t11 i. work 1· p r t that all ca . having 0.265 per cent or more of al-
ohol iJ h spiJ1al finid wer ouud to have been in fact intoxicated." 

Thus this information should be incontrovertible evidence. In the less 
severe cases of intoxication Bogen contends that the effects of alcohol are 
in direct ratio to the content of alcohol in the blood stream. Thus in 
these non-fatal cases, blood specimens should be promptly obtained and 
if alcohol is found to the extent of 0.2 to 0.5%, this would indicate that 
the individual was intoxicated. When the blood concentration of alcohol 
exceeds this figure, the intoxication may prove fatal, in which ·Case a 
spinal fluid specimen is to be preferred. But the circumstances of most 
cases of collision make such exact tests difficult to obtain and the officer 
on the spot usually relies merely on smelling the breath and other super­
ficial tests which prove only that the individual has been drinking. The 
question as to when drunkenness begins is still legally moot. 

In some instances symptoms are incorrectly attributed to alcoholism 
which may arise from an entirely different cause. For instance the 
symptoms of drunkenness are sometimes not unlike those of carbon 
monoxide poisoning, and it may be extremely important to decide which 
is the case. The diagnosis of alcoholism once made, the individual is very 
apt to be neglected and given little further consideration, whereas he 
may in reality be suffering from a condition in which his only hope lies 
in prompt and effective treatment. 

These are all modern phases of the age old question which gave rise 
to public measures of restriction on the use of alcohol. Since, however, 
in this motor age even the slightest deviation from normal efficiency may 
have disastrous effects, it becomes important for the scientist to study 
even more closely than heretofore the effects of small quantities of al­
cohol on varying human systems. Until such knowledge is available, it 
is the part of wisdom for those whose vocation is the operating of vehi­
cles of the road, water, or air to abstain even from beer drinking prior to 
and during their work. 

. r; 
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STUDY OF AN INTRA-MUSCULAR PARASITE IN THE 
SALAMANDER TRITURUS VIRIDESCENS 

BY ELIZABETH E. McKrNNiss 

Department of Zoology, University of Pittsburgh, 
Pittsburgh, Pennsylvania 

Animals with swellings along the tail have from time to time appeared 
in the laboratory stock of Triturus viridescens. The swellings are char­
acteristic; that is, they are fairly smooth with the skin stretched taut, 
and are usually located at the base of the tail. In a few cases an enlarge­
ment has developed on a limb, along the spine in the body region, or 
even on the head. Otherwise the animal is normal. That this might be 
a laboratory-induced condition is disproved by finding such individuals 
in the free population in the lakes where collections are made. The 
ratio of diseased to normal animals is low, and both sexes are afflicted. 

On dissection the swelling appears as a mass of fairly hard cysts in 
a gelatinous matrix. This replaces the muscular tissue, adhering closely 
to the skin and bone, both of which are unaffected. Smears made from a 
fresh wound and stained with methylene blue show bits of muscular and 
connective tissue, and small capsules containing more deeply staining 
oval forms. In paraffine section the skin and bone are intact. The 
space normally occupied by the muscles is filled by the round or oval 
capsules. Faintly staining connective tissue fibers show up between the 
capsules in some places, though not filling the entire space. The gela­
tinous matrix apparently does not stain. A few disconnected muscle 
fibers have also been found. 

The capsules are composed of endothelial tissue. Stained with methy­
lene blue and eosin each shows a deep blue body surrounded by a clear 
area. This body I believe to be the parasite. Each is criss-crossed by 
heavier blue threads having a pattern somewhat like that of chromatin 
threads. Food vacuoles which usually appear in protozoon parasites 
are not present, but this is not out of the ordinary in the encysted state. 

Infestation does not occur through an open wound. I have tried plac­
ing whole cysts or minced tissue on open wound beds or under flaps of 
skin. In both cases the foreign material is sloughed off and the wound 
heals normally. Once infested the animals dO' not recover. I have 
excised small swellings on the tail, but the wounds healed slowly, death 
intervening before complete recovery. Usually the skin over the swelling 
splits just before death, thus releasing the encysted parasites, which are 
probably then picked up by the secondary host if there is one or by 
another salamander if there is not. 
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'rran mi ion i undoubtedly through the alimentar y canal and th 
bl oc1 tr am. As j · u ual iu blood stream di ·ea e., histol of>"icul changes 

0 ur in tJ1e liver . The liv r of a normal alamander ha a fa i1·ly clefu1ite 
~edJJ patic reo·ion v"tb tlte cell ri ut d o ea h oth r, and no mitotic 
~ .... m· pr nt. In the pa1·a itiz d animal , cl:u:omo ome i11 all phas 
of mit . is ap1 ccu· in the liver cell an 1 th IJeriphcral arrang ment 
i r tol"t d. Teith r the common in testinal para ·ite T1''JJ2)£L?~O oma 
cle'im yctyli nor tb brain parasite a fiat-wor m, which is prach cally 100 
pel' c ut in the . a1amanc1 r of we tem Peunsylvanin. cau such cban~ges. 

J)an : are that om· healthy normal alamander contra ted t th di -
eased one is infested with both. It is quite likely, however, that some 
stage of this parasite is passed in the intestine. 

Morphology alone has led me to believe that this parasite is a proto­
zoon, probably an ameba. Further study will. give a more definite 
diagnosis. 

HISTOLOGICAL CHANGES INDUCED BY HEAT 
AND IN HIGH FREQUENCY FIELDS 

BY HAROLD A. BRUCE 

Zoological Laborat ories, University of Pittsburgh 

McKinley (1930) found that young albino rats, placed in high fre­
quency electrostatic field, suffered a violent rush of blood to the extremi­
ties. These r esults were seemingly duplicated by subjection to an oven 
heat of 160° C. or higher. McKinley, Schereschewsky, and others f ound 
that animals which were exposed to sub-lethal treatments later developed 
hemorrhagic areas in the appendages. 

It was thought desirable to examine microscopically the principal 
tissues of these experimental animals to determine the extent and pos­
sible differences of the injuries. The animals used were 6-day-old rats 
all from the same litter . The tissues were fixed in B<l'uin 's fixative, 
stained in Delafield's H ematoxylin, and counterstained with a mixture 
of Orange G and Sudan III. The usual histological technique was fol­
lowed throughout. 

The tissues of the animals which had been killed in high frequency 
fields showed a pronounced increase in the quantity of blood present. In 
the appendages the blood was not confined to the vessels alone but was 
scattered between the muscle bundles and throughout the connective 
tissues. This was obviously due to the rupturing of the capillaries. · The 
same condition existeQ. also in the liver, spleen, and lungs with the con­
gestion of blood in the lungs most nearly corresponding to that in the 
appendages. 

' r-: 
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The tissues of the animals killed by heat showed similar changes but 
in no case was the congestion of blood as pronounced either in the in­
ternal organs or in the appendages. 

It has previously been reported (by McKinley, 1930, and others) that 
abdominal temperatures taken on rats killed by external heat were essen­
tially the same as for high frequencies. The variations pointed out in 
the histological pictures could not then be due to any variation in inter­
nal heat but were probably produced by the stimulating effect of the 
high frequency oscillations on the tissues of the animal entirely inde­
pendent of the heat factor. 

SUMMARY 

1. Gross changes produced on young rats by heat and high frequency 
fields appear somewhat similar. 

2. Microscopic examination, however, shows that the tissues of the 
animals subjected to the high frequency currents were much more con­
gested with blood than the tissues of animals killed by heat. 

3. Since there was no demonstrable difference in the internal body 
heat produced by either treatment the marked difference between the 
results are probably due to a stimulatory effect, other than heat, that 
was produced by the electrical field. 
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THE MECHANICS OF ANTENNAL MOVEMENT 
IN HABROBRACON 

B. R. SPEICHER AND F. w. MILLER 

Zoological Laboratory, Unwersity of Pittsburgh 

The antennae of Habrobracon are capable of considerable movement 
and assume definite positions und.er certain conditions. The movements, 
unlike those of many other insects, originate in all of the segments and 
are shown to be caused by two types of mechaniqal force: first, muscle 
contraction which controls the ·basal segments and second, internal fluid 
pressure which controls the distal part. 
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Observations were made on living wasps under magnification and by 
the use of both sectioned material and whole mounts. The sectioned 
material was cut at .eight microns and was stained with Mallory's triple 
stain. -whole mounts, which were unstained and cleared in xylol or 
Euparal, were used for studying musculature. 

The muscles which effect the movement of the antenna ar.e associated 
with the first two segments, the scape (SO) and the pedicel (PD) re­
spectively (Fig. 7, B) . The remainder of the antenna is composed of a 
varying number of segments which, collectively, are called the flagellum. 
The flagellum is inclined at an angle of about 23° to the first two seg­
ments. The scape is articulated very loosely within the antennal socket 
so that ·on depression and elevation of the antenna the scape is rotated 
within the antenna! socket through an arc of about 45°. This rotation 
of the scape may be observed by an .examination of the segment during 
the raising and lowering of the antenna. The scape has a slight bulge 
on one side and this raised region may be used as a mark for observa­
tions on the rotation of the segment. When the antenna is elevated, this 
raised portion or bulg·e is medial in position, but when the antenna is 
lowered, the bulge is dorsal. Thus, there is a 45° rotation between the 
"elevated" and the "depressed" positions of the antenna. A small 
apodeme (x) on the medial rim of the proximal end of the scape (SO) 
serves as the point of articulation to the head capsule (Fig. 7, 0 and D ) . 
This apodeme moves quite freely within a groove located in the medial 
circumference of the antennal socket. 

There are two sets of muscles located within the head capsule which 
effect elevation and depression of the antenna. These are as follows: 

Elevato1· of the antenna ( el. ant.) (Fig. 7, 0 and D) : This is a 
double muscle. One point of origin is on the anterior arm of the 
t~ntorium (AT), the other on its dorsal arm (DT). Both branches pass 
duectly upward to their point of insertion on the elevator apodeme (m) 
on the dorsal rim of the proximal end of the scape. 

D p1·essor of the amtenna (dep. ant.) (Fig. 7 and D ): '!'hi is 
al a two-ln·anched mu cle W·hi h has one point of oti rriu on t he anter.ior 
a~·m of the tentorium ( T) the otlwr in its dor al ar·rn. It pa . e 
du·ec.t.ly lll w~1· l to the cl p1·e or apodeme (n) on the ventr al ide of the 
proxunal ml o.f the cupe. A p o terior view o£ t he e mu cle i hown 
iu. i igure 

Within the scape (SO) are located the extensors and the flexors of 
the flagellum. These may be described as follows: 

If!xtensor of flag ellum (ex. fig.) (Fig. 7, B): Arises dorsally and 
med~ally on the base of the scape (SO) and is inserted (p) dorsally and 
medially on the base of the pedicel. 
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FIG. 7. Section of antennae and antennal muscles in Habrobracon 

Flexor of the flag ellum (fl. fig.) (Fig. 7, B): This is a larger muscle 
than the extensor. It arises ventral and medially at the base of the 
scape (SO) and passes forward, diagonally across the segment, to the 
insertion ( q) on the dorso-lateral rim of the proximal end of the pedicel. 

Aside from the separate movements of the scape and the pedicel, the 
flagellum is capable of independent movement. Some\vhat like the action 
of the pedicel, the movement of the flagellum is limited to one plane, a 
downward flexing and a return to the extended position. AU segments 
take part in this movement although the distal third are most active. 
'\Ul,n~ -!'.,llu .fl~v<>rl tho .fl_., .,ollnYn i<L hnt _cli O'ht.lv 1'111"VPn in t.llP h::t~al re ~rion. 
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b t th enr\'e become mor abrupt towal'd th tip. In mal th tip of 

tlu fla" limn mny 'be o rongly r curved, when tlte fl exing i can ie:t to 
te o . 1 . f l au extrem con lition, thnt a complete cu·c e 1 ormec . 

'l'lte inclel endent movemeut of the fl a"' llmn i not due Ur ctly to 
u cular a tion ince no muscles are present in thi. r e ion . Durinrr 

~1atomical ob ·e ·val:.ion ·on th livin <Y wa p it wa noted thnt t he charac­
:eri t.i (iexiu"' of a flagellum could be ·111·tificinlly produced by applyiuo-
li&ht pre m· to any of tlt egrneu t ompo ing it. Tl1e am r eac ion 

could be brou.,.ltt a bout. imultaneou ly in both antennae by qu eziug 
either he heacl or th · t horax w:ith a pair of f orcep . Thi fa t SUO'"' t 
tha tlte action i produced by cli fference in pre sm e of the body fluid 
an incr ea e i pr . ure cau in(P a downward mo' ement of the flagell um 
and a release of pressure allo;ving the flagellum to return to its resting 

position. 
Sagittal sections of antennae (Fig. 7, A ) show a series of heavily 

sclerotized regions (SG) representing the body of the segments. These 
are connected together by flexible sutures in which r.egions all movement 
takes place and which differ in form aud extent on the dorsal and 
ventral sides. 

On the dorsal side between any two segments this membranous area 
(d. sut.) is rather extensive and thrown into wavy folds . Extension of 
this area allows the sclerotized regions of the segments to separate slightly 
from each other. But on the ventral side the membranous areas (v. sut.) 
are less extensive and those r egions of the inter-segmental sutures which 
they bridge are deeper than the corr.esponding regious on the dorsal side. 

It is evident that increased pressure within the flagellum would tend 
to expand the inter-segmental sutures, spreading the individual seg­
ments farth er apart and resulting in .a lengthened flagellum. But, since 
the dorsal side (Fig. 7, E, d. sut. ) of the flagellum is capable of gTeater 
expansion than is the ventral side (Fig. 7, E, v. sut.), each ventral 
suture pulls the axis of its corresponding segment downward. The sum 
of these individual curvings is a fle+ure of the entire flagellum. Upon 
release of the fluid pressure the flagellum then returns to its relaxed 
position. 

VARIATIONS IN THE \'TING VENATION OF APHIS 
FEMINEA (HOMOPTERA-APHIDIDAE) 

BY FoRREsT vr. MILLER 

University of Pittsb1wgh 

Certain veins of both the primary and secondary wings of aphids are 
subject to variation. In this connection Patch1 has poiuted out the 

1 
Patch, E. M., Homogogies in wing veins. Ann. Ent. Soc. Amer., 2, p. 101, 1909. 
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variation of the median vein in several species. Other accounts inake 
mention of the variability of a certain vein with regard to a particular 
species but no study has been made which takes into account the varia­
tions in the wing venation of a large number of individuals belonging 
to a particular species. 

For observations of this nature the red and black cherry aphid, Aphis 
feminea Hottes, was used. This species was very abundant in the region 
of \Voods Hole,' Massachusetts, during the summer of 1932. The host 
plant was P1·unus sero•tina. Collections were made at different times 
between June 15 to September 1. These collections consisted of indi­
viduals chosen at random from the colonies inhabiting the host plants. 
In this manner a total of 756 alate females was collected. These were 
examined and the state of the primary and secondary wing venation 
recorded as follows. 

The radial sector vein of the primary wing varies as to its length. 
Normally this vein arises at a median point on the stigma and curves 
downward and again upward to the apex of the wing. This condition 
was arbitrarily given the numerical value of four ( 4). The variation 
here consists in a shortening of the vein, starting in the distal region. 
Where the basal three-fourths of the vein remains the condition was 
tabulated as three (3); where the basal half remains, as two (2) ; where 
the basal one-fourth remains, as one (1) and with all traces _of the vein 
gone the condition was tabulated as zero (0). 

· In this species the median vein of the primary wing is twice branched, 
(M1 - M2 ) and (M3 - M4 ). In the individuals examined, the median 
vein varied in that it consisted of but a single branch. This, according 
to Patch, is due to a coalescence of M1 and M2 forming M1_ 2 • Thus, the 
remaining two veins are M1 _ 2 and M3_ 4 • 

In the secondary wing the variation of the median vein was recorded. 
In the normal wing this vein appears single. The variation here con­
sists of a forked condition. Recordings were made as ''normal'' and 
''forked.'' 

It seemed desirable, in the case of the radial sector vein, to determine 
the degree of correlation between the right and left wings. Accordingly 
the data recorded as mentioned above were arranged in the form of a 
correlation table. The coefficient of correlation was found to be .4000 
with a probable error of + .0443. 

The median vein of the primary wing was found to consist of a single 
branch in several cases. In the 756 cases counted, this vein consisted of 
a single branch 56 times; 12 on the left alone, 24 on the right alone and 
20 times on both right and left wings. This vein was effected, therefore, 
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. on the r ight and 32 times on the left. The liffer enc ,e bet-.reen 
44 tun~<J f tl ,,,0 would be .0159 with a probable error of ± .00755. 
t he r a 10 o Je . 

· 20 :iucUvi lualJ both tl1 e r ight and the left wm !l'S wer e 
By count, m · 1 b bt · · t l . 'I'1 e' ·peete 1 n umb er may be ca culated y o ammO' 1e 
a:ffectecl 1 e -~ · h ( ·' " ) d t .f the ratio of th tota l number of cases on the r ig "±"r an 
producl~t ( 2) win<Ys) . F rom thiJ the r atio of coinciienee may be c~l-
011 the tl ocl im:ilar to t he on u e :1 in gen tic work for d ternun-
culated b)~ am l f ~ · . ~ d b 

. .f e iu cro in"'-over · the actual numb r o ca e.s .llVI .le ·. y ing mter erenc · ' 

L 
e 
f 
t 

Right 

the expected number of cases. For the median vein of the primary wing 
this ratio was found to he 1.07. There is, therefore, an equal cha~ce that 

th e·n be effected in 'both the right and left wings at the same time. 
e v 1 · 'l 1 The median vein of the secondary wing may be treated simi ar y. 

Among the 756 individuals counted, there were 412 no~mals, 96 ~rith left 
alone forked, 144 with right alone forked; and 104 with. both nght and 
left forked. This median vein was, therefore, effected m 248 cases on 
the right wing and in 200 cases on the left wirig. In this wing the dif­
ference between the ratio of the right and left sides was .064 with a prob­
able error of + .01157. Here the ratio of coincidence is found to be 1.57. 

We find, therefore, that there is a correlation between the radial sec­
tor vein of the right and left primary wing·s. There is also a direct cor­
relation between the right and left wings of the median vein. 

THE INFLUENCE OF ALCOHOL ON THE 
PROGENITURE 

BY ALFRED GoRDON, M.D. 
Neuro-Psychiatrist, of Philadelphia 

The problem of inheritance has presented, from time immemorial, 
great difficulties for its solution. With the advent of Darwin's laws of 
natural selection (Origin of Species), in 1859, it received its first scien. 
tific orientation. 
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Among various agents which are capable of deteriorating the germ­
cells and thus producing a lasting alteration in the hereditary energies of 
these cells, which will be manifested in anomalies and defects involving 
the embryonal development of various organs, syphilis and alcohol oc­
cupy a most conspicuous place. We shall be concerned here exclusively 
with the effect of alcohol on the progeniture. 

The three series of pedigrees presented here come from families about 
whom the most careful investigation with regard to other pathological 
conditions has been made. The information about the medical histories 
of several generations was obtained from the near and distant relatives 
with whom a correspondence was kept up for many months. Diseases, 
infection, or intoxication, other than alcohol, could not be traced as far as 
the statements of the members of the families could be relied upon. 
Every one of the surviving members of the last generation was submitted 
to a Wasserman test of the blood-serum and spinal fluid, and the results 
were negative. It appears that alcohol was the sole, or at least the most 
conspicuous, agent that created the abnormalities in several successive 
g·enerations. 

Case I. In the three generations we find individuals with various de­
grees of mental deficiency, epilepsy, choreiform movements, tremors, ec­
centricity and violent t emper; we find also miscarriage and dead-born 
children. There are only two apparently normal children. Alcoholism 
was present in two generations-namely, in the great grandfather and in 
one of his sons, who married and brought into the world four living chil­
dren and two dead-born. The youngest died at four, one developed 
tuberculosis at twelve, one was feeble-minded, and one was epileptic. A 
glance at the pedigree will show the remaining ravages. In the entire 
family tree alcohol seems to be the only pernicious agent. 

Case II. Alcoholism was present in the grandfather and one son. 
The latter had three children, of whom one died at six months from 
meningitis ( n, one is epileptic, and the third is a masturbator. The 
other children of the grandfather were not alcoholic but abnormal, and 
two of them were married and gave birth to several defective children. 

Case III. The family tree is traced from the grandparents, one of 
whom was profoundly alcoholic. Out of six children, only one was nor­
mal but he never married. Of the others, two married and gave birth to 
several defective children and one normal child. 

The conclusion to which these exceptionally striking pedigrees lead, 
although small in number, is that alcoholized individuals procreate de­
fective children. These in their turn, if permitted, continue the chain of 
pathological condition. One such family is capable of throwing into the 
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community dozens of useless or dangerous individuals, who, if capable 
of multiplying, will produce their like. If by depopulation is meant loss 
of individuals, not only in a quantitative but also in a qualitative sense, 
alcoholism is undoubtedly one of its causes. 

Heredity consists of the transmission of physical and mental charac­
teristics of parents to the offspring by means of the energy of the nuclear 
plasm of the characteristics of both cells follows. Should any change oc­
cur in the qualities of the plasm of the germ cells, a lasting alteration 
will develop in the hereditary energ'ies of these cells. Alcohol is one of 
the agents capable of producing the blastophthoria of Forel or germ de­
terioration, which, in its turn, causes many anomalies and defects, in­
volving the embryonal development of various organs. Blastophthoria 
or germ deterioration can be perpetuated for many successive genera­
tions through habitual hereditary transmission. 

COMPARATIVE RUST RESISTANCE OF SHINGLE 
NAILS 

BY J. A. FERGUSON 

Forest1·y DepaTtrnent, The Pennsylvania State College 

The literature of trade magazines for many years has contained 
articles on the relative lasting qualities of shingle nails. Especially was 
this true twenty years or more ago when the modern wire nail began to 
supplant the old fashioned blue cut or wrought iron nail. It has been 
held by many that the wire nail is the inferior. In order to attempt to 
answer this question the Pennsylvania State Agricultural Experiment 
Station through the Forestry Department of The Pennsylvania State 
College in 1914 started a test to compare the rust resistance of different 
kinds of shingle nails by placing the nails on a roof under similar con­
ditions. 

The roof selected is on the wing of the Forestry Building at State 
College, Pennsylvania, with a southeast exposure, covering about 60 by 
30 feet. The pitch is slig·htly steeper than is ordinarily used, being 4 
to D or about 41 o with the horizontal. The base for the shing·les consists 
of 6-inch and some 8-inch boards spaced 4 inches apart, with no roofing 
papet between the boara. au] hinrrJ , t hu: p rmittitw fttll cil.'culntion 
of air to th 1111ll r ide of the ·o f . '!1he rainfa 11 at tc'lte o]J (Te, Penn­
s ~lvania, 1n •erag about 39.1 jnclJes per ' ar. The mean r cJativ lrum1d­
j~· ~m·ing ~~~ . ·nmm l' mont11 · for til 1 A. t ] 0 lear averages 77.1. The 
an~ 1• c 1: ' ldered r ematkabl)t pure. In •orrosio 1 t t with metal. by 
t.h Am ncaH · 'oe.i t,r f r 'r tin<> Ma t rial · , tate oll eg , P mt ylvania 
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was . elected as a testing locality becm.lSe of the p·m·ity of the air. Ex­
aminations 11ave failed to clete t he presence of ulplmr ga or otheJ: 
impm·iti~. It js possible that orue of these faeto1·s may ~ave a ~eariug 
on the results of thi shingle mtil test aud . bould be con. tde1·ed m com­
paring the results with tests made in other localities. 

The nails used were purchased locally. Shingles were the Eureka 
brand of red cedar shingles purchased by the College for repair pur­
poses. The roof was divided into 5 sections, about 12 fe.et by ~0 feet, 
and the shingle~ laid 5 inches to the weather. The followmg· nails were 
used: wire nail, blue clad or old wrought iron cut nail, zinc clad, pure 

zinc, and pure copper nails. . . 
An examination of the roof after 19 years shows the copper nmls, zmc 

nails and zinc clad nails to be practically as sound as when introduced. 
The results with the wire nails and blue cut nails, however, were not 
what was expected. The examination shows that these nails, except for 
surface rusting, are practically as sound as the naturally more rust re­
sisting nails. Comparing the wire nails with the blue cut nails, the wire 
nails are as sound as the latter. This is surprising also as the portion 
of the roof nailed with wire nails receives the drip from the upright part 
of the building. About 20% of both the wire and blue cut nails were a 
quarter rusted through. No reason was assigned for this other than 
cracks or imperfections in the shingles. So the result is contrary to the 
generally accepted opinion of the modern ·wire nail. 

The roof in question is on a one-story wing. The first floor is a gen­
eral classroom. Above is a storage for wood specimens. In other words 
the roof covers a dry loft. There is but little moisture in the air beneath 
the roof and consequently little condensation of moisture on the nails. 
Roofs that have been removed by carpenters because of failure of the 
"ire nail hav usually been found on investigation to be barn roofs or 
. he is. Hay ancl other moist material placed in a barn naturally give off 
con iderable moi tur as do cattle and horses. The greater humidity in 
the air in such structures would naturally tend to cause greater conden­
sation of moisture on the nails from the under side of the roof, and so a 

greater tendency to rapid rusting. . 
Is the rusting of nails in shingle roofs due more to the mmsture con­

tent of the air inside the building than to external conditions~ Would 
it be fair to infer that the kind of nail to use in a shingle roof should 
depend on the use to which the building is to be put~ If t~e above a~­
sumption is true it should be possible to gauge the lund of. nail 
that should be used with roofs shingled with western red cedar slungles 
by the use of the building, so that the life of the shingles and the nails 

would be practically equal. 
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~IITOCHONDRIA OF INSECT INTESTINAL TRACT 
BY CLARENCE A. HoRN 

Albright College, Reading 

75 

This study is an outgrowth of a larger study of the general metabolic 
processes taking place in th~ an~erior end of an insect's intestinal tract 
secreting enzymes for the chgestwn of the foods as they pass along the 
tract. There are secreted in this region of the intestine, proteolytic, car­
bohydrate and fat splitting enzymes. The fluid of the anterior intestinal 
tract has a pH 7.2. It was desirous to know what morphological changes 
take place in the mitochondria of the cells, and possibly some method of 

secretion of the enzymes. 
Shaffer, E. L. ( 1920), Princeton, described the mitochondria in the 

"'erm cells of Cicada ('l'ibicen) septemdecim. In all stages of the sperma­
~ogonia, the mitochondria are in the form of granules, usually localized 
at the end of the cell directed toward the cyst cavity. Very often they 
are located diffusely throughout the cell. During mitosis the mitochon­
dria are spread along the outer spindle fibers and by the time the telo­
phase and cell constriction occurs, the mitochondria become gTouped as 
granular masses, lying above the daughter nuclei. During the stage of 
maturation, the mitochondria appear in granular and filar forms. The 
number also increases, although ther,e is no evidence that they increase 
by any process of pairing. In the cell, the mitochondria begin to migrate 
from one pole towards the opposite side and finally surround the entire 
spindle. In the spermatids, the mitochondria become more deeply stained 
and are collected into a compact mass caUed "Nebenkern." In the 
oocytes, the mitochondria are always in the form of granules, never as­
suming the filer form. During the latter synaptic stages the amount of 
mitochondria is greatly increased, which is localized at one pole in homol­
ogous position to that in the ·spermatogonia. After syna-p ·e the ma of 
mitochondria i till found at one pole of the nucleus, 'but gradually it 
compl.etely en ircles the nucleus. During the growth period, the mito­
ehonclria increase greatly in number and continue to be located in the 
d .limited periJ1u l ar zon . \.t the later tage of the growth period 
mi~ochondl'ia disper e toward the periphery. acuoles are formed, in 
whtclt are mitochondria as is shown by their tainin()' reaction . In the 
later tag of maturatiou o.f the oocyte. , when thi dispersal of mito­
chondri · t 'ts 1 · '· . a 1 a 1 1e1gut aucl vacuole a11e formed the cytoplasm will more 
easily t~ke tlt ba ic dye , a which time large amount of yolk granule 
appear 1n Ute eytopla m. 
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Fro. 8. A. Regenerated cell showing the spherical mitochondria cliffuselj: scat­
tercel throughout the distal region of the cell, and the cilintccl cuticle begimnng to 
rupture. B. The secreting eel! with ruptured cuticle 11·ith cytoph1~mH~ n_wtena'l and 
fragments of mitochondria being pom·ecl into the lumen of the mtestmc. U. ~e­
g·eneratecl cell with rod-shaped mitochondria located in the ba se of the cell extenclmg 
clistally as far as the nucleus. 

Beans (1928) observed the mitochondria of the mammary glands of 
the albino rat during secretion. He says the mitochondria in the early 
stao·e of secretion of the cells are rod-shaped and at other times spherical 
ancl evenly distributed throughou-t the cell. . 

Shinocla ( 1926), Japan, was the first to study mitochondria of the m­
testinal tract of the insects. He used as his material the tract of the larva 
of ~the wild silkmoth. As to structure he class,ified tl1e cells into two 
g-roups: cylindrical, and goblet cells. 'l'he first group is divided into two 
classes: secretory, aml absorbing. The mitochondria of the first cl~ss 

clurino· the stao·e of secretion were spherical in form ancl densely chs­
tribut~d throu;hout the cell which disappeared during the period of 
senescence and now restricted to ~the basal portion of the cell. In the sec­
ond group, no mitochondria were seen. Shinocla fixed the tissues in 
Bonin's solution and in the different grades of alcohol. . 

The study of mitochondria to be described was made on the ant-enor 
portion of the intestinal tract of tobacco or tomato hornwonns (_Phle~·e­
thontius sexta). The actively feeding J cn·ya 11·ere opened and tbe chgest.lYe 
tract remoyecl and placed in Densley's fluid for 24 hours. Sections _w:re 
cut 4-5 1-l thick. Bensley's methyl green acid fuschin method for stammg 
was used. The mitochondria stained reel. 

I have grouped these cells structurally into ( 1) The secreting ce~ls. 

(2) Goblet cells. The cells of the first group are long columnar cells with 
the nuclei located nearly central slightly toward the base of the cell. The 
goblet cells are of the type found in vertebrate animals. 
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The secreting cells are divided according to location and structure of 
the mitochondria into three groups, namely, (1) Functional, 2) Deg·en­
erating cells, and (3) Regenerating cells. 

The mitochondria in the functional secreting ce,lls are small spherical 
granules densely and evenly distributed throughout the cell. In many 
of the cells large pinkish granules were seen scattered throughout the 
cell, more densely around the nucleus. In some cel-ls during secretion the 
granules at the basal two-thirds of the cell are large spherical bodies, but 
as the distal third is approached there is a marked demarcation, where 
the granules seem ·to disintegrate into ·smaller spheres and particles. 

Just before secretion takes place the free end of the cell is ciliated. 
This free end, the cell membrane or cuticle, breaks open and allows the 
cellular material to be given off into the lumen of tlle fore intestine. This 
cellular material is secreted from the cell in the form of round and oval 
masses, almost like glo:bules of fat. After the secretion of the greater 
part of the material of the eeU, the cell seems to degenerate to such an 
extent that the cell seems empty -except that the basal region remains 
normal as far as cytoplasm is concerned. The nucleus also at this time 
becomes smaller and indistinct and moves more to the basal region of the 
cell. In some cases nearly alol of the nuclear material has disappeared. 

After a period of rest the cell begins to regenerate itself by forming a 
new cell membrane in the place \Yhere the cutic.le was ruptured and torn. 
'rbe new membrane ,then becomes ciliated. The mitochondria and eellular 
substance seem to be formed from the remaining materials from the ba ~e 
of the cell. 

'rhe mitochondria form as small spherical bodies mTm1ging them­
seh·es along· the inner surface of the cell wall. The distal end r emains 
elear for a time, but as regeneration progresses the mitochondria become 
evenly dis,tri'bnted through~ut the ceH and become very numerous. In 
some of the cells, toward and near the base of the cell, rod-shaped gran­
ules were found, arranged parallel to the long· axis of the cell; elsewhere 
in the cell spherical bodies appeared. 

It seems that the breaking up of the spherical mi-tochondria into small 
par-ticles a·t the time when secretion begins is significant and shows that a 
chemical and physical change o_f the cytoplasm takes p-lace at this time. 
Giraud, A., conducted microchemical 1tests on the intestinal. cells of As­
cm·is, in which was shown the presence of complex proteins and ]jpoicls. 
Tbe sulphydril group, which \Yas always present, was shown to be more 
or less intimately linked with these substances. 

·when the regeneration of the cell is in progres~, the formation of rod­
shaped mitochondria in the basal region of the cell, which later become 
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egi:on of the cell, has also a place in 
nation of enzymes for digestive pur-
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A very usual, but by no means invariable, arrangement of the chromo­
somes at the first metaphase plate is with the four small members about 
equidistant from each other at the center, and the ix larger chromosomes 
rather regularly spaced around them with the long axes 1·adiating from 
the center of the plate. This suggests the compad ons between cllromo­
some arrro1g m nt and the position assumed b floating magn ts lis­
cu ed by 1 uwada a nd other .8 'rlte theor etical arrangement given for 
ten element i three at the center and seven 'i n the peripheral ring. 
However , in the figures given, the elem nt are of &bout the arne ize, 
wltile in the Polygonatmn it i the f our 'Small chromo:ome that ar e 
often found in the center of the ring. 

Smear preparations made with dilute i!'lon--aceto-carmine show, at 
lea•st in each of the larger chromosomes, a single coiled chromonema a·t 
second anaphase. At fir t anapha e the ultimately single coil ar e 
already partly separated. At first metapha e the suspected qu adripa1·tite 
structure has not been observed, but. l:t is apparen.t that the e chromo­
somes repres~mt some sort of a chromonematal 0omplex. It is hoped that 
other Liliaceae with larger chromosomes will yield more information on 
this point. 

SOME INTERESTING ALGAE FROM WESTERN 
PENNSYLVANIA 

BY J. LINCOLN CARTLEDGE 

University of Pittsburgh 

Since the time of Francis Wolle, whose identifications and descrip­
tions have been the despair .of algologists ever since, interest in fresh­
water algae seems to have been at low .ebb in Pennsylvania, and even the 
earlier collectors seem to have neglected the western half of the State. Re­
ccntl Gott chall l1as r epor ted on the pl-ank ton f orms of resque Isle Bay, 
and Morris ey ba li ted •the alo~ae o£ the pool on P re que Isle ; both h1 
the proceedi ng. of this Academy. an Dersal ha · prepa1·ed an ext n i e 
li t of the 1yxopllY'Cea~ oi Pem1 yhania which i con Werably ampHfied 
by his own coll ction in the western 1 ar t of th~ tate. In connection 
with a course on 1algae at the University of Pittsburgh we have made a 
considerabl•e number -of collections in the western counties. An intensive 
study of the local algal flora would require repeated collections at brief 
intervals throughout the year. Many of the Chlorophyceae may be iden­
tified ·only when they are in fruiting condition, and many of these fruit 

3 Kuwada, Y. (et al.) Chromosome Arrangement. Mem. Coli. Sci. Kyoto Imp. 
Univ., Series B, 4(3): 199-369. 1929 . 
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spherical bodies in the more diSital region of the cell, has al~o a ~lace in 
the metabohsm of the cell in ,the formation of enzymes for digestive pur-

poses. 
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CHROMOSOMES OF POLYGONATUM 
BY J. LINCOLN CARTLEDGE 

Unimersity of Pittsburgh 

Pollen-mother-cells of Polygonatttm biflorwrn and P. commutatum 
were studied in iron-aceta-carmine smear preparations. The best results 
were obtained when the st•ain was much more dilute than is usually rec­
ommended. Some of the slides were later dehydrated and mounted in 
damar. The chromosomes were found to be t en in number for both spe­
cies. Of these six are large and four are small, while all are smaller than 
the chromosomes of many of the better known species of the Liliaceae. 
Twelve haploid chromosomes have been reported for the species P. mul­
tifiorurn by von Boenicke.1 Ten is an unusual chromosome nu~b~r for 
this family, although the rather clo&ely related Asparagus offictnalts has 
also ten haploid chromosomes, of which six are likewise large and four 

small.2 
1 von Boenicke, L. Ber. Deutsch. Bot. Ges. 29: 59-65. 1911. 
2 Kamo, I. Bot. Mag. (Tokyo). 43: 127-133. 1929. 
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A very usual, but by no means invariable, arrangement of the chromo­
somes at the first metaphase plate is with the four small members about 
equidistant from each other at the center, and the six larger chromosomes 
rather regularly spaced around them with the long axes radiating from 
the center of the plate. This suggests the comparisons between chromo­
some an·ange1 tent and the position assumed by floating magnets d:i -
cu ·ed by K uwada and other .3 'l he theoretical arrangement giv·en f m· 
ten element i tlu:ee at the center ancl seven in the peripheral ring. 
H owever , in the figur.e given, the elements are of aibout the arne . ize 
while in the Polygonatum it is tbe f oUl' small chromo omes that ar ; 
often found in the center of the ring. 

Smear preparations made ·with dilute il"lon~aceto-carmine show at 
lea-st in each of the larger chromosomes, a single coiled chromon:em~ a-t 
second anaphase. At fir t auapha c the ultimately single coils are 
already partly separated . At fi r t metapha e the suspected quadripartite 
structure has not been observed, but it is apparent that these chromo­
somes represent some sort of a chromonematal c.omplex. It is hoped that 
other Liliaceae with larger chromosomes will yield more information on 
this point. 

SOME INTERESTING ALGAE FROM WESTERN 
PENNSYLVANIA 

BY J. LINCOLN CARTLEDGE 

Unimersity of Pittsburgh 

Since the time of Francis Wolle, whose identifications and descrip­
tions have been the despair of algologists ever since, interest in fresh­
wa~r algae seems to have been at low ebb in Pennsylvania, and even the 
earher collectors seem to have neglected the western half of the State. Re­
cently Gott chall ha. repor ted on the plankton f orm of P resque I sle Bay 
ancl Mo~ris ey h.a listed the al "'a of th pool on P r-e que I le; both U: 
th proccedinrn o£ thi Academy. au Der al ha prepared an extensive 
1i t of t he 1\!yxopby>eeae of Pem1sylvauia, which i considerably amplified 
by his own collections in the western part of the State. In corulectioJl 
with a course on algae at 1he Univer ity o.f P ittsburgh we have macl a 
con iderable number o£ colle<rtion in the we t rn countie . Au iutensjve 
study of the local algal flora would r equire repeated collections at brief 
intervals throughout the year. Many o.f the Chlorophyceae may be iden­
tifi.ed only when they are in fruiting condition, and many of these fruit 

3 Kuwada, Y. (et al.) Chromosome Arrangement. Mem. Coll. Sci. Kyoto Imp. 
Univ., Series B, 4(3): 199-369. 1929. 
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in the summer when we are unable to collect them. While these collec­
tions would be inadequate for a comprehensi\ne account or list of the algal 
flora a number of forms have been found, which, for some reason other 
than' the record o:f their ·occurrence, seem to be of sufficient interest to 

note. 
The yet unfinished portions ·Of the lawn surrounding our towering 

monument •to a period of past prosperity-the Cathedral of Learning­
has numbers of rain pools in it, and these have yielded several species of 
algae. I n a period of drying during ctob r <the maraiu of one of the e 
pool wa carpeted with a pure stand of P1·oto ipho?t bot1·yoide . ·Prot~­
siphon i a ter L'C trial alga whi h it eems, i often both in nat ure and m 
t he mind of the tudent. of ·al<>'ae mixed witll member of the heterokont 
genus Botrydium. We found Botrydi1Mn mixed witlL P1·otosi1>h()?l, on an­
other part of this same lawn, and also separately at Pymatuning swamp. 
Although essentially similar in appearance, these two forms may be dis­
tinguished by the somewhat larger size, darker color, and more glo?ular 
vesicle of the Botrydium; but especially by the behavior of Protos~phon 
in culture and by the compact bundles 'Of individuals in this latter form, 
apparent!~ the result of vegetative division of the plant. When rapid~y 
dried in the laboratorjr, the Protosiphon plants formed a number of 
rounded cysts. Those in the rhizoidal portions booame orange-red; those 
in the v•esicular portion remained green. Upon being flooded with wa;ter 
the green cysts released bi-ciliate swarm cells, in 2-4 hours, ~orne of 
which were observed to function as gametes. Approach and contact was 
at the anterior end of the cell, and while attempting conjugation the two 
cells whirled round and round together, without moving very far from 
their place of meeting. After .conjugation the zygote settled down, hav­
ing lost motility. The unmated cells retained a high degree of motility 
for at least several hours. Further observations on the fate of both 
swarmers and zygotes have not been made. 

A number of aquaria are kept in our laboratories, chiefly for the deco-
rativ·e effect, and for the domiciling of some water plants and some trop­
i·cal fish. One of these aquaria became coated with a small attached green 
alga on one inner face. When this material was scraped off we found 
that we had an unusually pure and an unusually dense stand of a species 
of Characium, identified as Characi1tm pringsheimii. About a month 
later after most of the Characium had been disposed of, the same aqua­
rium' turned dense green throughout, the water being fiHed with minute, 
floating green cells. Many of the fish died, due possibly to the concen­
tration of the alga. I am convinced that this was the same form as that 
described by Smith under the name of Golenkinia radiata in the plank-
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ton of the Wisconsin lakes, although our specimens are somewhat smaller. 
The wall of the cell is studded with long and very delicate bristles-so 
delicate indeed that they are to be seen only with difficulty. The bristles 
bec_ome ~ppa~ent when the 'cells are dried on the slide, or when they are 
stamed m amd fuchsin. They might very easily be overlooked in usual 
methods of pres·erving or mounting specimens. 

Microthamnion kuetzing·iamtm has been found in several collections · 
attached to Vaucheria filaments, or free-floating with other algae. Th~ 
miniature size and the curious and regular branching of this alga make it 
at on0e a most distinctive and a most ornate form. Trentepohlia aurea, 
an orange-colored alga which is well adapted to aerial habit, is said to be 
rarely found without lichenizing fungi. Possibly because of this we have 
noi found it as common as was to be expected, but one 'Collection made 
aJpong- mosses in a rather dry place yielded this form without any trace 
of lichenization. 

Lemanea grandis (described by Wolle under the name of Tttomeya 
grande, although it is apparent from his own description that it belongs 
to the genus Lemanea, and not to Tuomeya) was collected in immature 
condition from rocks in swif·t running water. Differing from other 
Lernanea species in the absence of external nodal swellings, this species 
showed extensive development of the filamentous Chantransi•a stage. A 
much simpler red alga, the coccus form known as Porphyridium cnwn­
tmn may occur in this region under natural conditions, but .so far we 
have found it only in its adopted habitat, on the wet earth floors and 
benches of green-houses. 

Of the forms mentioned in these notes the Protosiphon and Golenkinia 
seem not to have been previously reported for this State. However, 
Wolle's figures for Botrydium granulatum include some which are un­
mistakably Protosiphon. Wolle lists the Lemanea as found at Bethle­
hem, and it is inferr.ed from his text that Porphyridium was also col~ 
lected there. Collins cites Characium pringsheirnii from Pennsylvania, 
but does rrot name this State in the distribution of the other forms all of 
which are treated in Wolle's book without citation of locality. T'he ap­
pended bibliography includes the worl{js used in identifying the species 
noted. 
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T i BLUE-GR..~E ALG E OF PE.r N'SYLVANIA 
BY WILJ:..lAJ\'! R. vAN DERSAL AND J . L. CAIVr.LiEJDGE 

Dcpart1u6nt of Bota11y, V1~ivBrsity of Pitts'b1WU1l 

The list of plants here presented includes all the member of the 
.1\ifyxophyceae occuning in P ennsylvania as far a known to tbe authors. 
The majority of th m (94 pecies) have been1·eported in various other 
place ; t11e rema:ind r (54 pecie ) are here publi hed for the fiT t time. 
It se m o£ value to publi h a complete check-list since, in the compru:a­
tiv~ly tm. tudied ooro11p of blue-gra algae, t11e la.st work clone in this 

tate prior to 1930 wa publishecl by H. . Wood in 1872 and by Francis 
"i' ollc in 1886- The pecie found by the e men a1·e i.ncludecl in Tilden's 

wo1·k on t l1e .1\'finne ota Algae. 
will be observed the elate of collection of pecimen i not .given 

below. The r port · of Wol1e and of Wood, who coli cted mo tly in east­
ern P enn ylvania, clo not inch:tde the date exc pt in a few in tauc.e ; nor 
do they inci leu tally, include very e..'\':a'Ct locaUtie . ollections by Mr . 
A. B. Lord, of Pitt burgh, were mad from 1925 to 1930- Dr. R. Y. 

ott cl all in connection with hi plankton work at Lake Erie duriucr 
1931-32 o1.md 1 pecie in the free-floatinO' form in Pr.e 1oe Isle Bay 
at Erie Penn ylvania. ollection by :rYlr. V\. R. Witz and the authors 
were made from 1932 to 1933- All the -collectio11S except those of Wood 
and Wolle -were made i1 we tern part of the tate. 

tile determination of pecimens the followit1g books were u ed by 

tlle autl10rs in order named: 
. Pa cher Die u swa ·. erflo1·a Deu chland o teneichs, und der 

Schweiz H eft 12l yanophyeeae, by L. eitler, 1925; ~[:inne ota Algae, 
lume I, by Jo ephine Tilc1en, 1910; J. B. e 'roni '.s yllocre garum, 

Volume . Myxophyceae, by A. 'orti, 1907; Algae, Volume I, Myxophy­
eeae, tc., by '. . We t, 1916; Green Algae of North .Amer~ca, 'l'uft' 

ollege tudi s, Volume IV, No. 8, by F. S. ollins, 1905- 1909 · Phyto­
plankton of the Inland Lakes of \1 i.·consin, Part. 1, by G. M. mitb, 

920; Fre. h-\Vater Algae of the nited State:, by Franci Wolle, 1 7; 
and the 'ont ribntion to the Hi tory of tbe Fresh-Water Aln-ae of North 

me1·ica, by H . . Wood in 1 72. 
In the l i t below, the cla ·ification given in the ylloge Alganun i 

foHowed except tl1a.t the genu At·t7~~·o pim is included in tJi1'11·lin(~ and 
auy speeie. of Gl.oeot1·ichia is eparated f rom Riv11lM"ia if tJ1 pecimen 
po .. esses por ( dauerzellen). Both the ·e change are in ac:co1·d with 

Geitle1·' work given above. 
All pecimens noted below wh~ch were ollected by Van Der al are 

dep.o ited in the Herba1·h1m <>f the a ·ne ... ie Museum both in the form of 
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permanent slides ~nd as bottled material preserved in suitable solutions 
They are here available for further study. · 

LIST OF THE SPECIES OF MYXOPHYCEAE OCCURRING IN PENNSYL~ANIA 
CHROOCOCCACEAE 

1. Oh1'oococcus rubrapunctus w olle Old d b . 
0 

. · woo asms, etc.· Wolle 
2. . multtcoloratus Wood. Wet rocks. Wood · ' · 
3. 0. decorticlllns A. Braun Submerg a' t' b . · e rm era; Wolle. 
4. 0. refractus Wood. Wet rocks: Wood. 
5. 0. m::utu; (K:etz.) Naeg. ldlewood, mixed with Oscillatoria growing along 

re:dealge~ oV anDopenlsewer; Lord. In cistern on road 5 miles south of War~ 
, an ersa. 

6. 0. limneticus Lem. Presque Isle Bay, Lake Erie. Gottschall 
7. Synechococcus racemosus Wolle Gla 'd f ' . · 8 Gl . ss SI es o an aquanum. Wolle 
. oeocapsa granosa (Berkeley) Kuetzing. Wet rocks. wo{le 0 . 

greenhouse, Bakerstown; Van Dersal. ' · n boards of 

9. G. polydermatica Kuetzing. No locality; Wolle. 
10. G. sparsa Wood. On rocks with other algae; Wood. 
11. G. magma (Breb.) Kuetzing, var. itsigshonii (Barnet) Hansgirg Wolle. · Shaded rocks ; 

12. G. lcu~tzingiana Naeg. On old plank at edge of Gear's Pond II v D near Shermans-
VI e ;. an ersal. Wildwood, on wet rocks. Van Dersal ' 

13. G. caldartorum Rab 0 ld d T ' · 
14 

G . . · n ° woo ' ree 's greenhouse, Treesdale · Van Dersal. 
. . muralts Kuetzmg. Wet rocks, Wildwood; Van Dersal. ' 

15. Gloeothece oonfiuens Naegeli. Wet rocks; Wolle. 
16. G. magna Wolle. On water plants or floating in ponds. Wolle 
17. Aphanocapsa grevillei (Hassall) Rabenhorst S b ' d . pool; Wolle. · u merge stones in shallow 

18. A. riv~laris (Carmichael) Rabenhorst. In ponds on wood or stone· Wolle On 
soil,. Penn State greenhouse, State College. Van Dersal ' . 

19. A elachtsta W a d s G w ' · . . n . . est. Presque Isle Bay, Lake Erie. Gottschall 
A b;a:; c~n~rta W. and S. G. West. Presque Isle Bay, Lake Erie· Gotts~hall 

20. A. d {. ~~s . . Braun. On soil, Phipp's Conservatory, Pittsburgh . 'van Dersal. 
21. . e wa tsstma W. and S. G. West. Presque Isle B L k . ' . 
22. Aphanothece pallida (Kuetzin ) R b . ay_, a e Ene; Gottschall. 
23 A . . g a enhorst. Wet or marshy ground. Wolle 

. . ntdula~~ P. Rlchter. Presque Isle Bay, Lake Erie; Gottschall. ' . 
24. A. naegeltt Wartm. On rocks and in moss clumps near D b 
25. Microcystis pulverea (Wood) Migula. Bottom of 'r t un a~; Van Dersal. 
26. M. piscinalis (Bruegg) DeToni. In pools . Wolle. lmes one sprmgs; Wolle. 

27. M. fios-aquae (Wittr.) Kirch. Presque I~le Bay, Lake Erie. Gottschall M d 
Lake, Hartstown; Van Dersal. ' · u 

28. M. holsatica Lemm A · c . 29. Ol th t' ·. quarmm, arnegle Museum Herbarium; Van Dersal. 
30. G:m;:::;h:r:r:~n~sa ~ue:z~ng. Presque Isle Bay, Lake Erie; Gottschall. 

Crystal Lake Hanrmat t ue zVmg. DPresque Isle Bay' Lake Erie; Gottschall. 
, s own; an ersal. 

var. ca~diformis Wolle. Small ponds; Wolle. 
31. Ooelosphaenum dubium (Grunow.) Rabenhorst. pond; Wood. Scum on a stagnant brick 

.. 
r; 
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32. 
33. 

34. 

35. 
36. 
37. 
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C. naegelianum Unger. Crystal Lake and Mud Lake, Hartstown; Van Dersal. 
Merismopedium elegans A. Braun. Entangled in filamentous algae, Schuylkill 

River, Philadelphia; Wood. Presque Isle Bay, Lake Erie; Gottschall. 
M. convolutum (Brebisson) Kuetzing. Layer on mud, pool near Philadelphia; 

Wood. 
M. glaucum (Ehr.) Naegeli. Presque Isle Bay, Lake Erie; Gottschall. 
M. tenuissimum Lemm. Presque Isle Bay, Lake Erie; Gottschall. 
Eucapsis alpina Clements and Shantz. In the cold water from the overflow of 

a gas well, Rochester Mills; Lord. (Doubtful). 

CHAMAESIPHON ACEAE 

38. Chamaesiphon incrustans Grun. On roots in shallow water, Crystal Lake, Harts­
town; Van Dersal. 

OSCII.oLATORIACEAE 

39. Oscillatoria princeps Vaucher. Bethlehem; Wolle. 
40. 0. proboscidea Gamont. Shaliow ditches along railroad track, Manayunk; Wood. 
41. 0. major (Aubert) Scarbro. Ponds and pools; Wolle. 
42. 0. bonnemasonii (Cronan) Desmazieres. Wet, recently inundated soil; Wolle. 
43. 0. tenuis Agardh. Dripping mossy rocks, pools, and free-swimming in hot water; 

Wolle. On soil, greenhouse at Canonsburg; Van Dersal. 
44. 0. chlorina Kuetzing. Stagnant brick pond near Philadelphia; Wood. 
45. 0. violacea (Wallroth) Hassan. Greenhouses; Wolle. 
46. 0. cruenta (Grunow.) Rabenhorst. Mountain spring at 1500 feet; Wolle. 
47. 0. cm·tiana Meneghini. Floating on hot waste water at a large steam mill, 

Bethlehem ; Wolle. 
48. 0. agardhii Gamont. Growing on the outside of a barrel at a spring, Raccoon 

Creek, Beaver County; Lord. On soil at Allen 's Spring, Idlewood; Lord. 
On soil of dry creek bottom, Harmarville; Lord. 

49. 0. Zi?rtosa A g. Pot of soil, PhipJ? 's Con er"atory, Pittsblll'gh; Lord. Green­
house pool, Croton burg; Van Dersal. treiUll-bottom near bermrmsville · 
van Dorsal. In n. mucilaginous mass nttac.hed to plants Rll<l dead leswes iu 
:1 spring at ·Harmony Jnn<rtion, Butler ou nty; Lord. Edge o a t.agnaut 
pool, ~orth TraJrord; Lord. • tufaee of mttd aloug Raccoon Creek Be:wer 
County; Lord. 

50. 0. nigro-viridis Thwaites. Bottom of an open sewer, Idlewood; Lord. 
51. 0. amphibia Agardh. Edge of an open sewer, Idlewood; Lord. 
52. 0. brevis Kuetzing. Bottom of a running stream of mine water, Thornburg, 

Allegheny Couuty; Lord. Mud along a stream, Glenshaw; Lord. Drain­
age from a spring, Idlewood; Lord. 

53. 0. f ormOS(£ Bory. At edge of a swamp among Cylindrospermum spp.; Lord. 
Edge of lUI iron bucket at a spring 2 miles east of Finleyville; Van .Der~al. 

54. 0. a11f'/'ll•ina. (Bory) Gomont. In an aquarium, Botany Department, Umvers1ty 
of Pittsburgh; on soil of pots, Phipp 's Observatory, Pittsburgh; and on 
the walls of several private aquaria about the city of Pittsburgh; Van 
Dersal. 

55. 0. animalis Ag. Phipp 's Conservatory, Pittsburgh; Van Dersal. 
56. 0. limnetica Lemm. Mixed with other algae, in an aquarium, Johnstown; Van 

Dersal. 
57. 0. nigra Vaucher. Olive greeu layer on mud, bottom of pools around Cathedral 

of Learning, Pittsburgh; Van Dersal. 

58. 

59. 
(10. 

61. 
62. 
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0. sdncta. Kuet~ing. On soil at Phipp 's Conserva tory, Pittsburgh; Van Dersal. 
var. caldanorum (Hauck) Lager. reel\ house, Penn State, State ·College; 
on soil, Canonsbu rg greenhouse; Van Dersal. 

0. ,plend·i<7a Grev. • hore of lnke near CnnOJtsbu.rg ; Van Der n.l. 
llir-uli'll(~ j 11'1101'~ ( titz.) Goitler. (.4rtllrospil'<~ jenneri (Knot¥..) titz.) tng-

nant wateJ" Wolle. Ten teet deep in Mud Lake Hn~tstown · Vall Dorsal. 
Bo1·roia tri/oculori.s Cohn. Water reservoir wi. sva le~ Von Derso't 
Pl101'?1~idillt?n la·mi71oswn~ (Ag.) Gom. Quiet waters; Wolle. In nn open sewer, 

Icllewood; Lorcl. On pot of soil, Cantegie Museum B:crbru:ium
1 

Pitt burgh· 
Van DersnL ' 

63. Ph. incrustatum Yar. cataractum (Naegeli) Gomont. Waterfalls and milldams; 
Wolle. 

64. 
65. 

Ph. naveanum (Grunow.) Nave. Pools; Wolle. 

Ph. autumnale_ (Ag.) Gomont. Damp earth; Wolle. In aquarium, below water 
level in sand against glass, Botany Department, University of Pittsburgh, 
Pittsburgh; Van Dersal. 

66. 

67. 
Ph. temte (Meneg.) Gomont. In open sewer, Idlewood; Lord. 
Ph. foveolarum (Montagne) Gamont. Iu hollow places in rocks along road at 

Red Row, Idlewood; Lord. 
68. Ph. corium (Ag.) Gomont. On pot of soil, Phipp's Conservatory, Pittsburgh; 

Van Dersal. 
69. 
70. 

71. 

72. 

Lyngbya ochracea (Kuetz.) Thuret. Pennsylvania ; Wolle. 
L. aesturarii (Mertens) Liebman. In small ponds; Wolle. Lake near Canons­

burg amon·g other algae; Van Dersal. 

L. bicolor Wood. Adherent in tufts to bottom of stream, Schuylkill River near 
Spring Mills, Philadelphia; Wood. 

L. nana Tilden. Wet soil along driveway of Carnegie Museum, Pittsburgh; 
Lord. 

73 . L. martensiana Menegh. In pools of water, Trafford ; Lord. On Elodea 
canadensis leaves, Crystal Lake, Hartstown; Van Dersal, W. R. Witz. 
Attached to a water plant in an aquarium, South High School, Pittsburgh· 
Lru~ · ' 

74. L. aer1tgineo-caerulea (Kuetz.) Gamont. With Lyngbya 1nartensiana on leaves 
of water plants, aquarium, South High School, Pittsburgh; Lord. In an 
aquarium, Pittsburgh; on mud in the overflow of a dam east of Dunbar. 
Van Dersal. ' 

75. 
76. 

77. 
78. 

79. 

80. 
81. 

82. 
83. 

L. putealis Mont. On leaves of Cabomba, aquarium at Johnstown· Van Dersal 
L. distincta (Nords.) Schmidle. On submm·ged wood, Crystal Lak'e, Hartstown: 

and commonly on grass, sticks, logs etc., in water anywhere; Van Dersal. 
Symploca fuscescens (Kuetz.) Rabeuhorst. Pennsylvania; Wolle. 
S. muscorum (Ag.) Gomont. On old logs, partially submerged· Wolle. 

var. rivularis (Wolle) Tilden. River Lehigh, Bethlehem; Wolle. 
Hydrocoleus homeotrichus Kuetzing. On stones in rapid water, and in sphagimm 

swamps; Wolle. 

H. heterotrichus (Kuetz.) Gamont. In swamp near Bethlehem; Wolle. 
Hypheothrix U) hinnulea (Wolle) DeToni. In trenches for warm waste water 

for steam engiues; Wolle. 
H. tenaa; Wolle. On stones in stagnant water; Wolle. 

H. bullosa Wolle. Shallow sluggish water, Susquehanna River, Harrisburg; 
Wolle. 
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84. H. t1~ricen.sis (Naeg.) Kuetzing. Moist rocks; Wolle. 
85. Inactis tinct aria (Ag.) Thuret. On aquatic plants; Wolle. 
86. Schizothrix hyalina Kuetzing. Wet rocks; Wolle. 
87. Dasygloea arnorpha Berkeley. In l"ocks with trickling water, in mountain ravine, 

Glen Onaka; Wolle. 
88. Microcoleus lacust1·is (Rabenh.) Farlow. According to Setchell, this form was 

distributed as Phormidium congestum by Wolle, and was probably collected 

in Pennsy 1 vania. 
89. Mic1·ocoleus paludosus (Kuetz.) Gamont. On damp earth along a creek, Mars; 

Van Dersal. 
NOSTOCACEAE 

90. Nostoc sphaericwrn Vaucher. Adhering to mosses and twigs in water, Spring 

Mills, near Philadelphia; Wood. 
91. N. pruniforme (L.) Agardh. In stagnant water, Bethlehem; Wolle. 
92. N. verrucosum (L.) Vaucher. Cold limestone spring in Centre County; Wood. 
93. N. parrnelioides Kuetzing. Stones, rocky bottom of Susquehanna River, Har-

risburg; Wolle. 
94. N. spongiaeforme Agardh. On Blasia pusilla L., the leaf auricles, generally two 

at the base of each lobe, become filled with the colonies of this species, 

Patton's Bt·idge, Beaver County; Lord. 
95. N. muscomm Agardh. On mosses on the bank of the falls in the ravine, Glen-

shaw; Lord. 
96. N. foliacettm~ :Mougeot. In mos e on cliff n.t Wildwood; Van Dersal. 

97. Nodularia. pahtclosa. Wolle. Penn ylvauia.; Wolle. 
98. Nod. Mt•vcyMta (Thwaites) Thmet. On n1ud near rtwine, Glenslmw; Lord. 
99. roa. SjJ1111l~igcna :Mertens. Vicinity of Pittsbtu:gh, collector UJlimown. 

100 . .8 tabae·na <Wcinali (Kuetz.) Rnbonhorst. In scum 011 a brick pond; Wood. 
101. A. · osoi.Uar-ioida.~ Bory. Iu dark grottOCll frruned by shelving rocks, R eadiDg 

Rnilrond just above the Flat Roek Tunnel ; on wet ground by a l1orse 
t rough, uen1· west cud of upper bridge at Mn:nnyunk; on banks of the 
Schuylkill River, vicinity of Philadelphia; Wood. On dripping rocks nnd 

on wet ground; Wolle. 
102. A. gelatinosa Wood. Near Philadelphia; Wood. 
103. A. Sltbrigida (Wood) DeToni. In scum floating on ditches near Philadelphia; 

Wood. 
104 . .8 . jl.os.·af[!UI6 Kuet~1ng. Presque tsle Bay, Lake Erie; Gottschall. 
106. .A. lG!Will.tl!'11!U'Mii P . R.ichte1·. Presque Isle Bay, Lake Erie ; Gottschall. Float­

ing, no1·th end of Mud Lnlte, and i11o sluggish creek between Mud and 

rystal Lakea, Hartstown; Vl1ll. Dersal. 
106. A. li·mne'tiou3 'mitb. Floating nlo)lg with diatoms in Mud and Crystal Lakes, 

Hartstown; Van Dersal. 
107. Aphanizomenon fios-aquae (L.) Ralfs. In surface plankton in Crystal Lake, 

Hartstown; Van Dersal. 
108. Cylindrospermwm rnajus Kuetzing. Near a spring, McKeesport; edge of the 

swamp, Harmarville; Lord. Oil! soii at Presque Isle, Erie; W. R. Witz, 

Van Dersal. 
109. C. minutwm Wood. With other algae on soil in dense shade, Powers Run; on 

banks along roadside, Sandy Creek; with moss protonemata, New Kensing-

ton; Lord. 
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110. C. cornc,tum Wood. ~am,p soil along a stream, Raccoon Creek, Allegheny 
County; Lord. Phtpp s Conservatory, Pittsburgh. W R W 1'tz va D 1 ( ~) T , ' · · , n ersa . 

· ree s greenhouse, Treesdale, Butler County, on soil· Van Dersal ( ~) 
111. C. catena.tum Ralfs Ed f k t 'b ' · : ge o cree n utary, R.accoon Creek, Allegheny County. 

H
Lord. ~n so1l along road, Sandy Creek; on soil near edge of swamp' 

armarvtlle; Lord. ' 
112. C. stagnale (Kuetz.) Born. et Flah. W 11 f Dersal. a o an aquarium, Johnstown; Van 

11 3. C. licheniforme (Bory) K t · On · . ue zmg. soil of flowerpots, Phipp 's Conservatory 
Ptttsburgh; on swampy ground, Raccoon Creek, Beaver County; Van Dersal: 

114. 

SCYTONEMACEAE 

Plectonema toma.sinianum (Kuetz.) Barnet. Attached 
spring which supplies Bellefonte with water. Wood 
Wolle. ' · 

to mosses in a large 
In spring, Bethlehem; 

115. P. wollei Farlow. Bethlehem; Wolle. 
116. Scytonerna crispum (Ag.) Barnet. In a pond near Bethlehem· Wolle. 
117. S. oc_ellatu_m ~yngbye. Moist rocks and shaded walls; Wolle.' On soil of pots 

m _P~tpp s Conservatory, Pittsburgh; Van Dersal. 
118. S. a.usttnn Wood. On rocks; Wolle. 
119. S. guyanense (Montagne) Barnet et Flahault On al k 
120. S myochrous (D'll ) A . c careous roc s; Wolle. 

· I 1 wyn gardh. Moist ground and on dripping rocks. w olle 
n mosses along cliff, i mile north of Oakmont. on rocks east of D b . .' 

Van Dersal. ' un a1 , 

121. S. c_rusta~eum Agardh. Not infrequent on wet cliffs; Wolle 
122. S. Ja~antcum (Kuetz.) Barnet. On stones in the Godwin Greenhouses 

vtlle; Van Dersal. , Bridge-

123. Tolypothrix tenuis Kuetzing. On very wet rocks D b . t f C ' un ar ' on old plank in 
wa er 0 rystal Lake, Hartstown; Van Dersal. 
forma bryophila Rabenhorst. Pennsylvania. Wolle 

124. T. lana:a (Des~aux) Wartmann. Adherent to ~quatic .plants in an aquarium, 
Phtladelph1a; Wood. 

125. T. Tupestris Wolle. 0 d · · k n nppmg roc s, Delaware Water Gap; Wolle. 

STIGONEMACEAE 

126. Hapalosiphon fiexttosus Borzi. On pupa cases attached to rock d 
oth~r a~gae on which water is constantly falling; Lord. ' an among 

127. H. t;~~~~hs var. tenuissimus (Grunow) Collins and Setchell. Pennsylvania; 

128. H. intTicatuB W West On sph · h' P'tt b h . . agnum m ore ld pots, Phipp 's Conservatory 
1 s urg ; on Potamogeton leaves, Crystal Lake Hartstown ( ~) ,· va11' 

Dersal. ' 
129· ~tigo.nerna panniforme (Ag.) Kirchner. Wet mountain cliff Pike County. Wolle 
130. S. mtnutum var. saxicola (Naeg.) Barnet et Flahault. P~nnsylvania· Wolle . 
131. · turfaceum (Berkeley) Cook. On rocks near Philadelphia· Wood ' . 

var. parvus Wood. On rocks along Wissahickon Creek' near Philad 1 1 · . 
Hunt. e p ua, 

132. Nostochopsis lobat W d FI · Wood. us oo . oatmg, Schuylkill River just above Manayunk; 



88 PENNSYLVANIA ACADEMY OF SCIENCE 

RIVULARIACEAE 

133. Caloth?'ix fusca (Kuetzing) Bornet et Flahault. Pennsylvania; Wolle. 
134. C. violacea (Walle) DeToni. Parasitic on Plectonema in shallow l'iver waters; 

Wolle. 
135. C. castellii (A. Massalongo) Bornet et Flahault. On shelves, walls and flower 

pots, greenhouses, Harrisburg; Wolle. 
136. C. clonnellii (Wolle) DeToni, Pennsylvania ( ~) Wolle. 
137. C. aclscendans (Naegeli) Bornet et Flahault. Pennsylvania (~) Wolle. 
138. Dichothrix baueriama (Grun.) Bornet et Flahault. On old zinc tank walls, 

Phipp 's Conservatory, Pittsburgh; Van Dersal. 
139. Mastigonerna elongatum Wood. Moss in an aqual'ium; Wood. 
140. M. feTtile Wood. Stagnant pool at Bear Meadows, Centre County; Wood. 
141. M. fib7·oswrn Wood. Wet dripping l'Ocks near Manayunk; Wood. 
142. M. paracloxnm Kuetzing. ·wet sides of wooden water box; Wolle. 
143. Mastigothrix tnrgicla Wolle .. Gelatinous coatings on submerged timbers; Wolle. 
144. Gloeotrichia natans (Hedwig) Rabenhorst. On water plants, Bethlehem; Wolle. 

Incrusting leaves of Potamogeton robbinsii, Crystal Lake, Hartstown; Van 
Dersal. 

145. G. incrustata. Wood. On water plants, Schuylkill River near Spring Mills. 
Philadelphia; Wood. 

146. G. pis~~m (Ag.) Thuret. On leaves of Potamogeton robbinsii in Crystal Lake, 
Hartstown; Van Dersal. 

147. Rivulm·ia paradoxa (Wolle) DeToni. Pennsylvania; Wolle. 
148. R. haematites (DC) Agardh. Stones, Susquehanna River; Wolle. 

APPLIED GEOLOGY1 

BY R. w. STONE 

Geological S1!Tvey, Harrisburg 

1\IIany people, including members of the Legislature, have only a faint 
idea, if any, as to the uses of geology. They know perhaps that geology 
has to d·o with rocks and minerals and that the State Geological Survey 
makes maps showing the di•stribution of different kinds of rocks or rock 
formations. Some appreciate also that geologists can identify minerals 
and tell what they are good for and whether or ·where there is a market 
for them. Few people, however, have any real appreciation of the appli­
cation of geology to business or the affairs of every-day life. 

Geology is a science, and the sciences are divisible into two kinds, pure 
and applied. Pure science is the pur-suit of knowledge for itself alone. 
Applied science is the making use of that knowledge in business. In geol­
ogy as in other sciences, the attainment of knowledge must precede the 
appli-cation of knowledge. The geologist must determine by field experi­
ence the relation of mineral deposits to their inclosing bedrock before he 
can indicate the places where such deposits may reasonably be sought. 

1 Published with permission of the State Geologist. 
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The earlier Geological Surveys were eng·aged largely in pure science; 
they were seeking knowledge of Pennsylvania's rocks and rninerals, lay­
ing· the foundation for future application of that knowledge. The pres­
ent Survey continues that search for knowledge, pure science, but it also 
is applying the accumulated knowledge in the solution of problems of 
public and private welfare and interest. 

The work of the Survey directed toward the attainment Df increased 
knowledge of the geology and mineral resources of the State is its prin­
cipal and most important .function, but the usefulness of the Survey to 
the taxpayers -..; ill be b t er UJ.ld l ' tood by a recitation of some of the 
problems brought to it for solution. 

In recent months some of the more important que-stions have had to 
do with ground-water supply. "\Vhen a State hospital with nearly 200 
patients was suddenly deprived of its water purcha-sed from a town water 
company, the Survey helped by selecting a well site and suggesting the 
probable depth to be drilled. At a State ·school where several wells were 
being pumped the problem was where to locate a well for increasing the 
supply without affecting the discharge from ·wells already in use. A vil­
lage in Adams County wanting more water asked the Survey if there 
was any choice in well sites and the selectmen were shown that an incon­
spicuous dike of trap rock probably limited the rcatchment area of their 
preferred site and that a well located on the other side of the dike would 
require a few hundred more feet of pipe line, but have a much greater 
catchment area and storage capacity and presumably larger and more 
permanent yield. 

Studies of the occurrence of ground water have now been made of 
about two-thirds of the State. ·with the information thus obtained as 

, to the principal aquifers, together with detailed knowledge of the stratig­
raphy and structure, it is pos-sible in many instances to give definite an­
swers as to the depth at which water may be obtained and as to the char­
acter of the water, whether hard, soft, fresh, or salt. 

As for the coal areas, particularly the bituminous field, detailed geo­
logic mapping ·shows the outcrop of the various coal beds, innumerable 
measurements in mines and deep wells give the variations in thickness of 
the individual beds, and of the distance between them. The lay of the 
beds also has been worked out. vVith all these data, the Geological Sur­
vey is prepared to tell a land mvner whether his holdings are underlain 
by coal, and if so at what depth, how thick the coal beds are, and how 
many tons of coal are probably recoverable. 

The Associated Press asked the State Geologist last fall what was the 
chance of coal being found near Elizabethtown in Lancaster County by 
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RIVULARIACEAE 

133. Caloth1·ix fttsca (Kuetzing) Bornet et Flahault. Pennsylvania; Wolle. 
134. C. violacea (Walle) De Toni. Parasitic on Plectonenw in shallow river "·aters i 

Wolle. 
135. C. castellii (A. Massalongo) Bomet et Flahault. On shelves, walls and flower 

pots, greenhouses, Harrisburg; Wolle. 
136. C. c10111!CUii. (Wo.lle) Do'l'oni. P ennsylvania (~) Wolle. 
137. C. a<1SOCIIC1am ( :rnegoli) Bomet et Flahault. Pennsylvania ( ?) Wolle. 
138. Diclwt ht·ix bmterill4ta (Grun.) Bornet et Flahault. On old zinc tank walls, 

Phipp 's Conservatory, Pittsburgh; Van Dersal. 
139. M astigouema clo?I!J(II!t~1n 'Noo<1. Moss in an aquarium· Wood. 
HO. ill. f er tilo Wood. 'tngnant pool aL Bear ~ endows; entre County; Wood. 
14 . 'J\f. fibi·osrmll Wood. Wot dripping 'rOeks near Mannyuul; · W ood. 
142. 'M. 21m·aclo:ttlill~ Kuctzing. Wet ·i<les o wooclen wnter box· Wolle. 
lt!S . Jllastigotltrix t?1rgida Wolle. Oclntiuo•ls coat ings on ·ubmoo·gecl timl> •·s · Wolle. 
144. Glocotrichia ;w.ttnlll (E.edw.ig) Rabenliorst. On water p la nts, Bctlll ·Item; Wolle. 

Incrusting leaves of Potamogeton robbinsii, Crystal Lake, Hartstown; Van 
Dersal. 

145. G. incnlstata. Wood. On water plants, Schuylkill River near Spring Mills. 
Philadelphia; Wood. 

146. G. pist~m (Ag.) Thuret. On leaves of Potamogeton robbinsii in Crystal Lake, 
Hartstown; Van Dersal. 

147. Ri!l)t!lm·ia paradoxa (Wolle) DeToni. Pennsylvania; Wolle. 
148. R. haematites (DC) Agardh. Stones, Susquehanna River; Wolle. 

APPLIED GEOLOGY1 

BY R. w. STONE 

Geological Sw·vey, Harrisburg 

Many people, ineluding members of the Legislature, have only a faint 
idea, if any, as to the uses of geology. They know perhaps that geology 
has to do with rocks and minerals and that the State Geological Survey 
makes maps showing the distribution of different kinds of rocks or rock 
formations. Some appreciate also that geologists can identify minerals 
and tell what they are good for and whether or where there is a market 
for them. Few people, however, have any real appreciation of the appli­
cation of geology to business or the affairs of every-day life. 

Geology is a science, and the sciences are divisible into two kinds, pure 
and applied. Pure science is the pur·suit of knowledge for itself alone. 
Applied science is the making use of that knowledge in business. In geol­
ogy as in other sciences, the attainment of knowledge must precede the 
appli,cation of knowledge. The geologist must determine by field experi­
enc·e the relation of mineral deposits to their inclosing' bedrock before he 
can indicate the places where such deposits may reasonably be sought. 

1 Published with permission of the State Geologist. 
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The earlier Geological Surveys were engaged largely in pure science; 
they were seeking knowledge of Pennsylvania's rocks and n1inerals, lay­
ing the foundation for future application of that knowledge. The pres­
ent Survey continues that search for knowledge, pure science, but it also 
is applying the accumulated knowledge in the solution of problems of 
public and private welfare and interest. 

The work of the Survey directed toward the attainment of increased 
knowledge of the geology and mineral resources of the State is its prin­
cipal and most important function, but the usefulness of the Survey to 
the taxpayers will be better understood by a recitation of some of the 
problems brought to it for solution. 

In recent months some of the more important questions have had to 
do with ground-water supply. \Vhen a State hospital with nearly 200 
patients was suddenly deprived of its water purchased from a town water 
company, the Survey helped by selecting a well site and suggesting the 
probable depth to be drilled. At a State ·school where several wells were 
being pumped the problem was where to locate a well for increasing the 
supply without affectJing the discharge from ·wells already in use. A vil­
lage in Adams County wanting more water asked the Survey if there 
was any choice in well sites and the selectmen were shown that an incon­
spicuous dike of trap rock probably limited the :catchment area of their 
preferred site and that a well located on the other side of the dike would 
require a few hundred more feet of pipe line, but have a much greater 
catchment area and storage capacity and presumably larger and more 
permanent yield. 

Studies of the occurrence of ground water have now been made of 
about two-thirds of the State. vVith the information thus obtained as 

,to the principal aquifers, together with detailed knowledge of the stratig­
raphy and structure, it is possible in many instances to give definite an­
swers as to the depth at which water may be obtained and as to the char­
acter of the ·water, whether hard, soft, fresh, or salt. 

As for the coal areas, particularly the bituminous field, detailed geo­
logic mapping shows the outcrop of the various coal beds, innumerable 
measurements in mines and deep wells give the variations in thickness of 
the individual beds, and of the distance between them. The lay of the 
beds also has been worked out. \Vith all these data, the Geological Sur­
vey i·s prepared to tell a land owner whether his holdings are underlain 
by coal, and if so at what depth, how thick the coal beds are, and how 
many tons of coal are pro.bably r ecoverable. 

The Associated Press asked the State Geologist last fall what was the 
chance of coal being found near Elizabethtown in Lancaster County by 
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150 men then busily prospecting for it. The reply was "No chance. 
Coal does not occur in commercial quantity in the Cambro-Ordovician 
a11d Tl'iassic rocks that form the surface uenr Elizabethtown.'' It wns 
not nece ·sary for a geologist to vi. it the locali y in order to answer the 
question £01· the a1·ea had been mapped geologically and knowledO"e of .the 
age of he rocks made it po . i·ble to answer l :(il itely that i1te proJect 

wa futile. 
imil.arly when local re idents claim d that bed of coal ba 1 been 

found in Mifflin Co1,1.nty the u1·, ey could say " ou may have und 
ornething that looks like coal but it .i not coal. ' 'l'h Survey doe ~10 

o·et excited about uch annom1cement <ll1d u ua1ly can calm the exClte­
~lent of others. In this ca e the ..,.oolo<>'i maps show that the rock in 
that a1·ea are o:f ilUl'ian or older age rock· thnt wer lai 1 dqwu long 
befot·e eed-beadug plants had appeared on the face of the earth and o 
befor there wa 'egetation to mak coal 'fh supposed coal proved to 
be black shale that had .been queez a and rub be i hniug folding of tl:e 
rock in the earth's ern t and had developed hiny surface tbat made 1t 
look lil e coal. Being only a shale of com· ·e it would uot bum. 

F·or a sjmila · reason all attempts to nncl oil and "'a ·a t and south o£ 
the Allegheny Frout are di com·aged by geolo<>"ist . lthou"'h the ro~l~ 
may ha1~e contained enough organic matter to fo:tm oil or gas when ol'lgl­
nally depo ited, tl1ey have ub ·eqnently been so . m tamor~hos :1 frae­
tured, and turned on end that any hydroca.rbom 01 ce contam d m them 
have long since been distilled off or b oome eli sj )ated by e cape. o by 
application of knowledge o:f th constitution and truc~"Lu·e of the rock 
needle s expenditure for what woul prove to be a vam sea1·ch can be 
:fore tailed, if only prospector or pro pective i.nve tors would con ult the 
Geological Survey first or abide by its advic . . . . . . 

A n ·o1·e constructive application of geologlC Cl nee 1 that wlnc~ 
directs the driller to the mo. t likely or favorable trnc "Ure to test for ~11 
or gas and tells him the iepth at which he may expect to find certam 
sancls that are prod-uctive in other ftelds. fu the la t t'':o fi.el~1 a ons 
h eolo'"ical ul'Vey has mapped the location of the continuatiOn of the 

stl~uc ·u1·c ~on which the Farminu on and Heb1·on ga fi ld. were discov­
ered and traced -the a.xes of other anticline fo1· n:a~y ~1iles ac~o · the 
northern counties thus indicating where future drilhng 1s mo t likely to 

be productive. . . . 
A tudy o:£ our rooldiug ancl resomce r~sulted m showm~ certam 

foundrymen in central Pennsylvania that wh1le fJ1ey were payu1•" mo1·e 
than $100 pet· car f reight charge on saud from . Albau~, ' · Y., molder 
of the same procluct in Buffalo, N. Y., were gettmoo then· ana from cen-
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tral Pennsylvania. In other words, they could get sand of the same qual­
ity within 50 miles and save $100 a car in freight. 

Pointing out locations for roadside quarries to furnish construction 
material and save long distance truck haulage to specific jobs is applied 
geology, as is also the listing of mineral resources along rivers proposed 
for improvement or along projected railroads. 

Another service performed rby the Geologi<cal Survey, and at times 
proving of almost inestimable value to the inquirer, is that of discussing 
the pros and cons of a proposed mineral development. Many factors, in­
cluding quantity of ore or mineral, accessibility, distance from a railroad 
or market, freight rates, competitive products, cost of preparation or 
refining, capacity of competing plants, etc., are sometimes overlooked by 
prospective producers and when called to their attention are determi­
native as to procedure. 

Such common inquiries as to where limestone of specified chemical 
?o~position or building stone of a certain kind can be found, or by whom 
1t IS produced can now be answered from the data accumulated in past 
investigation. 

vVe know now that lead and zinc ores are confined to certain limestone 
ar.eas, that the principal occurrence of native copper is in the old lavas 
in South Mountain on the Adams-Franklin County line, that feldspar 
occurs in commercial quantity only in pegmatites in Delaware and Ches­
ter <counties, and graphite deposits are limited to the greatly metamor­
phosed pre-Cambrian and early Paleozoic rocks of the southeast corner 
of the .State. There is an annual output of gold to the value of several 
thousand dollars as a by-product from concentrates derived from the 
magnetic iron ore mined at Cornwall, Lebanon Oounty, but reports of 
gold -or.e from other parts of the State are assumed at once to be errone­
ous identification and prove usually to be iron pyrite or yellow flakes of 
mica. 

The Geological Survey not only serves the public but also the various 
departments of the State government. Recently the Highway Depart­
ment called on the State Geologist for an opini.on as to whether the dis­
lodgment of several thousand tons of rock in a road cut could have been 
fore·seen and so whether the cost of its removal devolved on the State or 
on the contr.a<ctor. 

The Survey has been asked by the Game Commission whether title to 
lands in a prop·osed game refuge was weak because of non-transfer of 
mineral rights. Money has been saved for the Aeronautical Commission 
in the designation of a source of white rock for markers on landing fields, 
the Welfare Department has been advised on sources of building mate-
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rial, and other departments similarly are assisted in problems having to 
do with geology and mineral resources. 

Further instances would only reiterate the point that the practical ap­
plication ·of geologic principles to the problems of every day justify the 
continued maintenance of trained geologists in the employ of the Com­
monwealth. 

IN-EXTENSIBLE CHAINS ON FIXED PLANE CURVES 
BY Jos. B. REYNOLDS 

Lehigh University, Bethlehem 

It is the purpose of this paper to present a method of treating the . 
theory of flexible chains so as to bring under one head subj ect-matter 
that is ordinarily given .as several distinct treatments. Two equations of 
motion containing parameters are derived. When proper values are as­
signed to these parameters the equations lead to the analysis of the fol­
lowing cases: 

I. The motion of a chain sliding down the line Qf greatest slope 
of a plane with or without a ' portion hanging vertically over 
the edge. 

II. The theoretical rim tension in fly-wheels. 
III. The theory of snubbing and cases neglecting the mass of the 

chain. 
IV. Belt tension taking into account the speed and weight of the 

belt. 
V. The uniform chain suspended between two points. 

VI. The theory of cables of suspension bridges for uniform hori-

zontal load. 
· VII. The chain of uniform strength suspended between twD points. 

VIII. The elastic catenary. 
IX. The motion of a chain on a smooth inverted fixed cycloid and 

other curves. 
X. The velocity attained when a 'chain slides down any fixed 

smooth curve in a vertical plane. 
Details of the solution will be given in Oases I and X and the required 

substitutions and final results in the other cases. 
To develop the gen r al th or y, opp e a I er.fectl y flexible, iuex:ten i­

ble cllain ( ~ ig. 9) threaded on H r ou o-h m·ve in a." t·tical pla n . 
on ider t h equation of motion for a . hor t 1 ngtlt l:ls of the chain 

of wei,.ht fllV. L t the po ition of thi · /'1 be at a c1i tance s mea nred 
along the ar c of the cur ve from ome fixed point of 1' fer enc . et the 
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nearer· end Of the chain be at a distance a from the reference point and 
the further end at a distance a+ l measured .along the arc of the curve. 
Suppose the chain to .be moving with a velocity v in the sense of increase 
of s. Let the tangent to l:ls at the end nearer the reference point make an 
angle ¢ with a fixed horizontal line, OX, of the plane. 

X 

FIG. 9 

Then there will act upon 1:::. W the reaction, I:::.R, of the curve normal to 
it, the tension T + I:::.T at an angle ¢ + 11¢ with OX, the tension T at an 
angle rr + ¢ with OX, the friction, + !JR, at an angle ¢ with OX and 
k/1 W at ·an angle rr with OY. If OY is vertical and the weight is taken 
into account k = 1. If the weight is neglected k = 0. If the curve is 
s~ooth and lies in a plane inclined at an angle a with the vertical k:::::: 
Sin a. 

The ·equations of motion in terms of increments attained by the resolu­
tion of forces along the tangent and along the normal to the curve lead 
to the two following differential equations: 

(1) 

(2) 

dT + dR _ . l vdv 
dW-1-ldw-ksmcp+g da' 

dcp dR l v2 

T dW+dw=kcoscp+-­g p 

in which p is the radius of curvature of the curve and IJ the coefficient of 
friction. 

If the curve is that fr.eely assumed by the chain R is identically zero. 
In (1) the sign is+ when the force of friction is in the positive sense of s. 
It is - when friction aets in the opposite direction. . For uniform chains 
dW = wda = wds where w = weight per unit length. 

Consider now Case I mentioned above for which we analyze the situa­
tion when part of the chain hangs vertically over the lower edge of a 
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rial, and other departments similarly are assisted in problems having to 
do with geology and mineral resources. 

Further instances would only reiterate the point that the practical ap­
plication of geologic principles to the problems of every day justify the 
continued maintenance of traill€d geologists in the employ of the Com­
monwealth. 

IN-EXTENSIBLE CHAINS ON FIXED PLANE CURVES 
BY J OS. B. REYNOLDS 

Lehigh Unive1·sity, Bethlehem 

It is the purpose of this paper to present a method of treating the . 
theory of flexible chains so as to bring under one head subject-matter 
that is ordinarily given as several distinct treatments. Two equations of 
motion containing parameters are derived. When proper values are as­
signed to these parameters the equations lead to the analysis of the fol­
lowing cases: 

I. The motion of a chain sliding down the line 'Of greatest slope 
of a plane with or without a 'portion hanging vertically over 
the edge. 

II. The theoretical rim tension in fly-wheels. 
III. The theory of snubbing and cases neglecting the mass of the 

chain. 
IV. Belt tension taking into account the speed and weight of the 

belt. 
V. The uniform chain suspended between two points. 

VI. The theory of cables of suspension bridges for uniform hori­
zontal load. 

· VII. The chain of uniform strength suspended between two points. 
VIII. The elastic catenary. 

IX. The motion of a chain on a smooth inverted fixed cycloid and 
other curves. 

X. The velocity attained when a •chain slides down any fixed 
smooth curve in a ·vertical plane. 

Details of the solution will be given in Cases I and X and the required 
substitutions and final results in the other cases. 

To develop the general theory, suppose a perfectly flexible, inextensi­
ble chain (Fig. 9) threaded on a rough curve in a vertical plane. 

Consider the equations of motioh for a short length !::.s of the chain 
of weight !::. W, Let the position of this !::.s be at a distance s measured 
along the arc of the curve from some fixed point of reference. Let the 
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nearer end of the chain be at a distance u from the reference point and 
the further end at a distance u + l measured along the arc of the curve. 
Suppose the chain to be moving with a: velocity v in the sense of increase 
of s. Let the tangent to !::.sat the end nearer the reference point make an 
angle cp with a fixed horizontal line, OX, of the plane. 

FIG. 9 

Then there will act upon !::. W the reaction, f:.R, of the curve normal to 
it, the tension T + f:.T at an angle cp + f:.cp with OX, the tension T at an 
angle rr + cp with OX, the friction, + ~R, at an angle cp with OX and 
kf:. W at an angle rr with OY. If OY is vertical and the weight is taken 
into account k = 1. If the weight is neglected k = 0. If the curve is 
smooth and lies in a plane inclined at an angle a with the vertical k ~ 
sin a. 

The equations of motion in terms of increments attained by the resolu­
tion of forces along the tangent and along the normal to the curve lead 
to the two following differential equations: 

(1) 

(2) 

dT dR . l vdv 
dW + ~dw= ksm cp +g du' 

dcp dR l v 2 

T dW+dw=kcoscp+-­g p 

in which p is the radius of curvature of the curve and ~ the coefficient of 
friction. 

If the curve is that freely assumed by the chain R is identically zero. 
In (1) the sign is+ when the force of friction is in the positive sense of s. 
It is- when friction acts in the oppooite direction. . For uniform chains 
dW = wdu = wds where w = weight per unit length. 

Consider now Case I mentioned above for which we analyze the situa­
tion when part of the chain hangs vertically over the lower edge {)f a 
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rough inclined plane, the other part lying on a line of grewtest slope on 
the plane (See Fig. 10), on the assumption that the lower end of the chain 
was initially at the lower edge of the plane. 

FIG. 10 

Let s be measured from the initial position of the upper end of the 
chain and consider the instant when a length a hangs vertically. 

For the portion of the chain on the plane, cp =- a, p = oo , k = 1 and 
dW = wds. ·Hence equations (1) and (2) give the equations 

from which 

whence 

dT dR . · w vdv 
ds - ~dS =- w sm a + g da ' 

dR 
ds=w cos a, 

dT . w vdv 
-d =-W (sma- ~cos a)+- -d , s g a 

T =- w (sin a-~ cos a) s + (~ v:av) s +C. 

From the conditions that T = 0 for s =a and T = T 1 at the edge of the 
plane where s = l we get, by the elimination of the constant of integra­
tion, a 

w vdv . 
T 1 =- w (sin a- ~ cos a) (L- a) + g da U- a)· 

For the hanging portion of the chain, R = 0, cp =- n/ 2, p = oo, k = 1, 
dW = wds. With these values equation (1) gives 

dT w vdv 
ds =-W+g da' 

whence 
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vdv 
T=w (-1+-d ) s+C1 • 

g a 

Since T=T1 for s=O and T=O for s=a we get 

1 vdv 
T 1 =w (1-- -)a. 

g da 
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E t . th "- l f T fi d ft l · f vdv h qua mg e 'LW·O va ues o 1, we n ,a er so vmg or da t e 

value 
vdv g . 
da = T [ ( sm a - ~ cos a) ( l - a) + a], 

whence 

2 2g [ ( . ( ) V =-y sm a-'-~ cos a) la-ia2 +ia2
] +03• 

Since v = 0, for a= 0, 0 3 = 0. The speed of the chain when it leaves the 
plane is found by setting a= l to be 

v = [gl (sin a-~ cos a+ 1)]'! 
vdv 

By eliminating da from the two equations for T1 we find for the 

tension at the edge of the plane where a length a hangs over 

T1 = W
2
a (1-sina+wcosa) (l-a). 

With thi·s illus•tration of the use of the equations (1) and (2) we pass .oi:J. 
to short outlines of the next eight cases. 

In Oase II the formula for theoretical tension iri the rims of fly­
wheels is given by equation (2) with the substitutions R = 0, s = 1'cp, 
dW = wds, k = 0 and p = 1'. It is 

wv2 

T=-­
g 

For snubbing and circumstances where the mass of the chain may 
be neglected covered in Case III we have v = 0, dW = 0, k = 0 leading 
to the two equations 

whence 

T = T0e~<P 
Under Case IV which takes into account the speed and weight of a 

belt (chain) running round a pulley of radius r, the substitutions are 
dW = wds, k = 0, v = constant, ds = ?'dcp, p = r, giving the two equations 
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whence 
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T ==Toe~</> + wv2 (ell</> -1) 
g 

For a uniform chain (Case V) suspended between two points we set 
dW == wds, v == 0, R == 0, k == 1; whence there arise the equations 

dT . d<f> 
ds == w rsm<f>, T ds = w cos<f>; 

The solution of these equations leads to the well known catenary from 

wx -wx 
2wy==T0 (eTo+e~). 

For Case VI, that of ·ca'bles of suspension bridges with uniform hori­
zontal load (w per foot), dW == uJdx, v == 0, R == 0, k == 1; and therefore 

dT . Td<f> 
-d = w •Sm<f>, -d == w cos<f>. 

X ·X 

The solution of these equations gives the parabola 
2 T 0 y == wx2

• 

For the case (VII) of a chain suspended between two points with 
variable cross-section c such that the chain is equally likely to break at 
any point in it we have, )._ being a constant, dW == A.Tds, R == 0, v == 0, 
k == 1; whence dT == sin<f> dW == )..T sin<f> ds, Td<f> = cos<f> dW == )..T cos<f> ds j 
from which we get 

ef..Y =sec A.x 

and 
c = c0 sec AX= c0 ef..Y. 

Case VIII deals with the problem when the elasticity and stretch in a 
suspended chain or wir is tak n into acCQlmt. If A is the .coefficient of 
elasticity and w

0 
the w igllt per unit 1 ngth of the unstretched wire, the 

substitutions are d1V = wcls = w 0ds j (l 1'/), ), R = 0, k = 1, v == 0; whence 
dT = dW sin<f> == W t) ill.</> cls j (l + T / l) == w0dy/ (1 + '1'/A.) ; 
Td<f> == dW cos</>= w0coscf;> cl. / (1 + 1.' j ),) = W 0dX/ ( 1 + T /A.). 

if z be defined by T == T 0 eo:h z the. e equations lead to 

x= To [z + T
0 

sinh zjl..], y =To [cosh z + T 0 cosh2 z/21..]; 
W 0 .Wo 

the parametric equations of the curve. 
For the motion of a .chain of length a sliding down a .smooth, vertical, 

inverted, fixed cycloid of length 8a, starting with the upper end of the 
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chain at 'One of the cusps of the curve which are in the same level, 
dW = 4aw COS</> d<f>, 

dT 2 . . 2 d 4aw (vdv) = aw SI~ </> </> + g du oos<f>d<f>. 

T·hese equations give 

T 2 . 2 4aw (vdv) . = aw Slll </> + g du Slll<f> + a. 
Since T=O for sin<f>=u/4a and for sin<f>= (u+a)j4a, 

vdv 
du =-g (2u+a)j8a, 

wh~c~ gives for the v·elocity v at any position and the time t to that 
positiOn 

V=i [g (3a-u) (4a+u)jap and t=2 (~J cos-1 [(2u+a)/7]. 

The tension T oat any point in the chain is given by 

T=w (s-a') (s-u-a)j8a2.· 

From these values we, find that when the midJpoint of the chain has 
reached the lowest point on the curve, t hat i when u =- ia, t = n(c~/r;) ~ . 
the s~e as f.or a particle sliding down the curve. At the midpoint of 
~cham where s= u +ia the te;nsion is T.,, =-waj 32; that· the chain 
lS under a con taut pre w·e at its midpoint durin"' th motion. 

~f a uniform flexible chain slidoes down any smooth, fixed curve in a 
vertical plane without leaving the curve from a position where its center 
of gr~vity is the point (h, k) to a position where it is the point (l m) 
then m the latter positiun . ' 

V 2 =2g (k-m) +v0
2 (Case X). 

In this case, k = 1, J.l = 0, dW = cds; so that, by equation ( 1) 

dT = c sincpds + ..£ (vdv)ds. 
g du 

Upon integrating this we find 

T = cy + c; (vad:) +a 

in which the constant of integration a must satisfy the conditions that 
T=O for Y=y(u) and for y=y (u+l) which functions correspond to 
s = u and to s = u + l. This leads to 

vdv 
du = (gjl) [y(u+l) -y(u)]. 

Suppose Y = fj(u) is the ordinate of the center uf gravity at any time 
then · 



98 PENNSYLVANIA ACADEMY OF SCIENCE 

l u!t-l 
y ( u) = yds = F ( u + l) - F ( u). 

. CT 

where J yds = F(y). Hence 

ldy=~F(u+l) _dd F(u) ~=: [y(u+l) -y(u) ;] dds' 
du du a u 

But, so long as the chain coincides with the curve, we have over the 
range covered by the chain ds = du which gives 

d-
l d:=y(u+l) -y(u) 

and, therefore 

wh.ence 

which is the same as for a particle sliding down a smooth curve. 
Other problems such as the motion of a chain sliding on a rough 

vertical circle .can 'be analyzed by the use of these equations, but the 
cases presented seem to illustrate sufficiently the breadth <Jf theory 
covered by them. 

A PRELIMINARY LIST ·OF THE AMPHIBIANS OF 
LACKAWANNA COUNTY 

BY WILLIAM STANAKA 

;Everhart Musewm, Scrwnton 

This local list can hardly contribute more than to aid in establishing 
definite records for the different species of the a~phibian~, and ~ith. a 
knowledge of their relative abundance, may help m p.lottmg th.eir dis­
tribution. During the past three seasons, rather intensiV~ collectmg was 
done to determine what amphibians occur within the giVen area. ~y 
piecing such records from different localities a fairly complete checklist 

could be made. . . . . 
The species are arranged according to the prevmlmg class1ficatwn, 

and are annotated with remarks of interest. . 
Hellbender. Oryptobranchus aUeganiensis. During ~he fishmg sea­

son this large salamander is commonly taken on hooks m the Susque­
hanna River. Most specimens average 18 inches. One taken measured 

24. 
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:r wt. l.'1'it1~1·us vi1·idescen . very common. peci s found throu"'h-
ont this re.,.iou. 'l'h hmd form i mo t a bun hmtly f u nd durh1g th 
·ummer . •rue Aq·uatic nclult i.- in th ponds thr ou"'hout they ar . 

'pott d alamander. Ambystomct maculatwm. Dur.iug he bt· djng 
a on f r om the middle of J.\farch to the econd N ek of April it i abun­

dant in all th pond . Difficult to :find at oLher time . . 
Marbled Salamander. A. , opacum. Rare. Two specimens taken, a 

full grown adult in June under moss in a dry hollow, and a young adult 
under a log in August. 

Jeffer on' alamander . A. jef/e?·sonianmm. Not couun ll . nly two 
females were talcen when they came to breed in a p1'ing alontr with th 

pott cl Salamanders. Both laid egg in captivity. 'l'he first e(rb"S of 
this SI ecies we1·e found on March 17 of this year. 

Dusky Salamander. Desmognathus fuscus. Perhaps the most abun­
dant species. Found along the banks of every creek and spring. 

Mountain Dusky Salamander. D. fuscu,s ochrophaeus. Common, 
especially in the springs of the higher mountains. 

Slimy Salamander. Plethodon glutinosus. This species has a prefer­
ence for wet, rocky ledges, where it is usually found at the base under 
moss and stones. 

Red-backed Salamander. P. cinereus. Both forms, the red-backed 
and grey, are common. Often taken together under a single stone. 

Purple Salamander. Gyrinophilus porphyriticus. The larvae are 
common in creeks and springs. During the day the adults hide along the 
bank. 

R d ala man ler. P e1tdot1 it on n~bm· . Young pecim ns are of a 
_paler red \vith maller dots over theh· b ely. 'l'he micldl -aged specimen 
are the most brilliap.t i:n color , while in t he old the spot mer .,.e to form a 
blue-gr y color . The charact t'i tic blue toe are noticeab.l e in all ages. 

Two-lin d alamander. E 1trycea b·i lvneata. Common in the .tr eams 
which flow out of springs. 

Long-tailed Salamander . E. longicauda. Common. Specimens were 
taken during June, July and August, usually along the banks of creeks 
where they wer e hiding under rocks. 

Common Toad: Bufo americanus. Abundant everywhere. , 
Fowler's Toad. B. fowleri. Common in some sections alorig river 

banks and ponds. 
Common Tree Toad. Hyla versicolor. Found everywhere. 
Spring Peeper. Hyla crucifer. Common in every swamp. 
Bullfrog. Rana catesbiana. Ponds and lakes. Common. 
Green Frog. R. clamitans: Common. 
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Leopard Frog. R. pipiens. Not common. Specimens taken in 
springs. 

Pickerel Frog. R. palustris. Common along all creeks and springs. 
Wood Frog. R. sylvatica. Common. 

THE AMPHIBIANS OF PENNSYLVANIA 
BY M. GRAHAM NETTING 

Carnegie Museum 

Recently I had the opportunity to examine the keys to salamanders 
and to frogs which students are expected to use in one of our colleges. 
These keys were hoary with age. Whether they were compiled last year 
or 30 years ago I could not say, but it was evident that they were based 
on the herpetological knowledge of 1900. Yet I do not hold the biology 
teacher responsible for the fact that these keys included species which do 
not occur within many miles of this area or for the fact that common 
local species were omitted. The fault lies rather with me and with my 
fellow herpetologists for we have held ourselves aloof from static lists. 
We have written little in popular vein about the amphibians of our own 
regions. In the face of this crying need for general information I feel 
that we should lay aside, from time to time, the more intricate problems 
which tempt us and clevote ourselve to the common cause. 

'l'he present list i. based upon the Pennsylvanian collection of the 
Carnegie Mu eum, which consist of 4000 alaman ieL'S and 20~~ fro!!S, 
and upon the reco1·ds which I have accumulated in the past LX yea . 
Additional work will clarify certain details of distribution· it Jnay re. ul 
in a few change in nomenclature; and it may add one or two sp ci . f 
, alamancler probably, to the list. 'rhe Green alamander A1wd~s 
a.ene1tS ( ope and Packard) which I took last year at ~oper Rock m 
West Vi1·ginia, six miles south o.f the bo1·der of Penn ylvarua, shoul~ e:·­
tainly be aclded. With the e reservations I believe that the followm"' J 

as accurate as present know1e ige permits. . 
I 1·earet that I cannot include a l<ey to the species in a paper of th1 

length, but I believe tl1nt the remarks 011 di tribution will .enab~e teachers 
to li t the species of their respective area and from such liS~ s1mpl key 
can be prepared. The external morphology of th~ e fol'ln. 1 ac~equate1y 
treated in the tandard work on vertebrates and m certam maJor works 
on herpetology, but que tions of nomenclature and of distT~uti~n are 
the especial province of the mu emn worker who ha ~m e.xtensnre library 
and a large collection of specimens at his eli po al. 
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SALIENTIA-SALAMANDERS 

Most herpetologists divide the living salamanders into nine families 
and about 250 species. Five families and 19 kinds occur in Pennsyl­
vania. Salamanders are frequently, and erroneously, called ''water 
lizards.'' True lizards are reptiles and have a body covering of scales 
while salamanders, although similar in body shape, have the smooth skin 
of amphibians. Salamanders have tails throughout life and their hind 
legs are only slightly larger than the fore legs. 

Family Oryptobranchidae-Giant Salamanders 

In addition to the Hellbender this family includes the largest liv!ng 
salamander, the Giant Salamander of Japan, which attains a length of 
:five feet. 

1. Hellbender, Creek Alligator, Oryptobranchus alleganiensis (Daudin) 

The Hellbender is the largest, and probably the ugliest, salamander 
in Pennsylvania. It is gray, red-brown or dark brown in color with a 
broad, flat head and a flattened body. There are folds of loose skin along 
the sides and on the hind margins of the legs. The eyes are very small 
and without eyelids; gill slits are present. The Hellbender crawls along 
the bottom of streams, being completely aquatic, and feeds upon :fish, 
crayfish, worms, mussels, insects, and even its own eggs. Many of the 
fish which it secures are dead specimens which it :finds floating in the 
water. The eggs are laid in long strings in the water about September 
1st. This salamander, although completely harmless, is greatly feared by 
:fishermen, many of whom will cut their lines rather than remove Hell­
benders from the hooks. Laymen frequently confuse it with the Mud­
puppy (no. 19 in this list). The Hellbender occurs in the larger unpol­
luted, or slightly polluted, streams of the Ohio drainage, and it has also 
reached the Susquehanna drainage, probably by stream SJapture. It has 
been recorded from 21 counties in Pennsylvania. 

Maximum length-27 inches. 

Family Ambystomidae-Blunt-nosed Salamanders 

2. Jefferson~s Salamander, Ambystoma jeffersonianum (Green) 
This species is dark gray or black in color, often marked with a 

sprinkling of small bluish silver spots. It is sometimes confused with the 
Slimy Salamander, which it resembles in coloring, but its spots are 
smaller and less distinct and its toes are much longer and more slender. 
It is rarely found except in the early spring when it migrates to ponds 
to breed. The eggs, which may be deposited singly or in grape-like clus-
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ters attached to leaves or sticks, hatch in from two to four weeks; the 
larvae transform in mid-summer and then leave the ponds. Eventually 
this species should be found throughout the state, since it has been re­
corded from 17 scattered counties. 

Maximum length-7i inches. 

3. Spotted Salamander, Ambystoma maculatum (Shaw) 

The name of this species refers to the yellow spots, often more than 
one-eighth inch in diameter, which are arranged in a row on each side of 
the blackish body from the head to the end of the tail. An early spring 
rain rouses this salamander from hibernation and starts its migration to 
the ponds. The eggs, enclosed in jelly, are laid in masses the size of a 
woman's fist. These masses may be either cottony white or clear and 
transparent. After breeding the species leaves the ponds and during the 
remainder of the year adults are very hard to find. The Spotted Sala­
mander probably occurs in every county in Pennsylvania for it has been 
recorded from 48 counties to date. 

Maximum length-9 inches, 

4. Marbled Salamander, Ambystoma opamtm (Gravenhorst) 

This species is black with a series of about fourteen gray, hour-glass 
shaped markings crossing the back and tail. The eggs are laid in the fall 
in hollows on the ground, or under debris, in places which will later be 
flooded. It has been recorded from 6 counties, distributed from Chester 
County in the east to Crawford County in the west, but it must be ex­
ceedingly rare in this section for I have never succeeded in collecting 
specimens in western Pennsylvania. 

Maximum length-5 inches. 

5. Tiger Salamander, Ambystonia tigrinttm tigrinum (Green) 

This salamander is marked with yellow spots as is the Spotted Sala­
mander, but the spots a;l'e more i rregular both in sllape and in distribu­
tion ancl the belly tends to be mot tled with yellow as w ll. Th egg 
mas. es are deposited in pond in tl1e spring generally attached to leave 
or to the stems of water plants. This specie · a Coa t al Plain form in 
the eastern part of its range, and it is consequently rare in Pennsylvania. 
It has been definitely recorded from Londongrove, Chester County, and 
there is, in addition, a questionable record for Cumberland County. 

Maximum length-S inches. 
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Family Plew·odelidae-N ewts 

6. Common Newt, Red-Spotted Newt, Triturus viridescens viriclescens 
(Rafinesque) 

This species, which is familiar to most aquarium fanciers, can be rec­
ognized by the presence of from one to eight or more red clots, encircled 
with black, on each side of the body. The eggs are laid in the spring, at­
tached singly to the leaves of plants under water. The larvae may trans­
form in the late summer and live on land for two or three years, or they 
may remain in the water after transformation. The Newt probably oc­
curs in every county since it has been recor ded from 52. 

Maximum length-4i inches. 

Family Plethodonticlae-Lungless Salamanders 

This is the most important family of salamanders at the present time. 
A large proportion of the species are specialized for a mountain brook 
habitat and numerous specializations in breeding habits have arisen. 
Members of this family may be recognized by the naso-labial groove 
which extends from each nostril down to the edge of the lip. 

7. Purple Salamander, Gyrinophilns porphyriticus (Green) 

The color of this salamander is not purple but pinkish or salmon 
clouded with brown. It is readily identified by a cream colored line 
which extends from the eye to the nostril on each side of the head. It in­
habits farmers' spring houses and cold mountain springs and streams, 
and feeds upon other salamanders, worms, insect larvae, and spiders. 
The eggs ~re laid on the under surface of stones in running water during 
the summer. Like the preceding, this species occurs throughout the 
state, having been recorded from 50 counties. 

Maximum length-7i inches. 

8. Rare Red Salamander, Pseudotriton montantts montanus (Baird) 

This dull red salamander is distinguished from the next species by 
the fact that it has only a few scattered black spots on the body. It lives 
in, or close to, springs and small streams. To the best of my knowledge, 
it has been taken in Pennsylvania only near Carlisle in Cumberland 
County. 

Maximum length-7 inches. 

9. Common Red Salamander, Pseuclotriton ruber rttber (Sonnini) 

This bright red salamander is plentifully sprinkled with black dots, 
which may fuse in old specimens so that only a little red is visible. It is most 
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easily found in cold mountain springs and streams, but it may occur 
under bark or debris in muddy places. It feeds on other salamanders, 
insect larvae, worms, snails and slugs and lays its eggs on the under sur­
face of stones in cold running water. The species occurs throughout 
the state since it has been taken in 43 scattered counties. 

Maximum length-6! inches. 

10. Two-lined Salamander, Eurycea bislineata bislineata (Green) 

This slim and dapper salamander ranges from golden yellow to dark 
brown in color, and the back is bordered on each side with a black line. 
The species is common in leaf mold and under stones in wooded regions, 
or in streams. From 12 to 68 eggs are laid on the under surface of a 
stone in running water in late spring. ·This species has been collected in 
44 counties so it must occur throughout the state. 

Maximum length--4! inches. 

11. Long-tailed Salamander, Eu1·ycea longicauda (Green) 

This species is bright yellow in color, and the long tail, which is re­
sponsible for its name, displays a row of black herring-bone markings on 
each side. It occurs under logs and stones in the woods, under debris in 
stream bottoms, and in springs. It has been taken in 45 counties so it, 
also, must occur throughout the state. 

Maximum length-61 inches. 

12. Red-backed Salamander, Plethodon cinereus (Green) 

This extremely common terrestrial salamander may display on its 
back either a bright red stripe or a dark stripe, ranging from gray to 
black, but in all cases the belly is finely mottled with black and white, 
which produces a salt-and-pepper appearance. From 3 to 13 eggs are 
laid during the summer in rotten logs or under logs or stones in the 
woods. It is distributed throughout Pennsylvania with records for 51 
counties. 

Maximum length-5 inches. 

13. Slimy Salamander, Plethodon glutinosus (Green) 

This species is dark black, more or less spotted with white, and it is 
aptly named, for when roughly handled it secretes considerable slime, 
which is perfectly harmless on the hands but which is difficult to wash off. 
It occurs in the woods, and near cliffs, under much the same conditions 
as the Red-backed Salamander but generally under larger rocks and logs. 
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It has been taken in 55 counties in Pennsylvania and must occur in every 
county. 

Maximum length-7-! inches. 

14. !V"ehrle's Salamander, Plethodon wehrlei (Fowler and Dunn) 

This rare species is difficult to separate from the Slimy Salamander. 
However, the throat is ·generally whiter and the white spots are restricted 
to the sides of the body. In West Virginia I have found the species in 
cave entrances, in deep rock crevices, and near "ice caves." The only 
records for Pennsylvania, of which I am aware, are for Indiana and Mc­
Kean Counties. 

Maximum length-6 inches. 

15. Four-toed Salamander, Hemidactylium scutatum (Schlegel) 

This, the smallest salamander of our state, is best recognized by the 
constriction around the base of its tail and by the jet black flecks on its 
ivory white belly. The eggs are laid under grass, moss, or sphagnum 
close to water in boggy areas. The Four-toed Salamander should eventu­
ally be found in suitable localities in most of the counties of the state. 
To date, it has been taken in 22. 

Maximum length-3 inches. 

16. Dusky Salamander, Desmognathus fuscus fuscus (Rafinesque) 

This, the ·commonest salamander in Pennsylvania, is red brown to 
gray brown in color. Only a trained herpetologist can accurately sepa­
rate it from the next species. It is everywhere common near streams and 
• I 

Its eggs are deposited in moist cavities within a few feet of the water. 
Specimens of this species are on record for 58 of the 67 counties. Be­
yond any doubt it occurs in every county and in each county it probably 
occurs at more localities and in greater numbers than any other sala-
mander. · 

Maximum length-51 inches. 

17. Mountain Salamander, Desmognathus fuscus ochrophaeus (Cope) 

The stripe which extends down the back of this species ranges from 
bright red or yellow to dull brown or black in color. It is more apt to be 
found in the woods a long distance from streams than is the Dusky Sala­
mander. This species is almost confined to the Appalachian Plateau in 
Pennsylvania, and it is largely absent from the southeastern corner of 
the state. It has, however, been recorded from Adams and Monroe 
Counties in the east as well as from 25 counties further west and north. 

Maximum length-3! inches. 
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1 eal Salamander , DesmognatlMtS phoca ( 1:atthe ) . . . r 
. 'l'hls 1 andel' is brown :in color with black and occa J nally red o 

ll sa·l~ (t abo e. It frequ nt cool mountain tream and water-
ye ow ma:r on., f · th t ·earn 
f Us and attaches i ts eg!!S t h under urface o stoue U1 e ~ 
b~d . I t has been found only in Allegheny, learfteld, Fay t 'Indtana 

and westmoreland ountie . 
Maximum length-5i inches. 

Famuy Proteidae--Jllndpttppie 

W aterdo"' 1 ect1w 'lt '11ta.Citlos1tS maculoszts (Rafin que) 19. 1\IIu puppy, · .,, 1 · ala 
This peci j ea ily di tin"'tti bed from all other ~CllllSY varua~ s f 

manders by th.e preseuce of tluee bu hy bright l'ed gill OJ eac~ s~cle. \ 
the neck. I t ha beeu calle l he "Pet r Pan ' of · a lamaude~s or 1 

" , p " Oth L' local alamauders have ·ternal gills only 
never gr ows u · . . 't ~>'ill . The 

during the hn·val stage bnt th Iulpuppy ~ever l o ~ . : . ld 
th l . may be brown or gray in color Wlth severaliO\\ S o I UI ' 

~mot u:n the bacl· Youn" Sl;ecirnen are brown with. a }ic:rht str ipe 
ar \: spl o . 1 of the ba~lc which extends fr m the t ip of the ·nout to the 

on ac 1 siC e 1 t . ·e t on the 
l il t l t il 'rhe lVIudpuppy 11ev r leave t 1e 'Na et . r . 

en OL 1 a · ,, ~ 1 f d at 1u~>'ht on 
b ttom of th e b ·eams and lake. chu·.ing t.~.le Ctfl.Y anc ee . . o 

c~ayft h mall :fish, worms ll.lld ins ct ·. During the stlmmer It lay abou 
. . d gO's under" board or stone in t he water. T he fuclp.uppy . u ty pea- 12e e ., •• . . · · 

0 
t 

. . the Ohio Susquehmma and Delawal'e d ·awag s, but I t JS m 
occu1s m • 'bT tl th }aware 
conmton in t he ll io dTajuaae, au 1 tb r e i a po. Sl 1 J~ ta 
rec~r l mny 'be basecl u pon e caped r iutr duced p mmeu ·. 

Maximum length- 17 inch es. 

S ALmN'.l'll1- F ROGS AND 'l'OADS 

. . · f amili' . and ab ut 1900 pecies. The living f rogs axe div.Lded mt ten . s . t • and 
f rr· cl 15 kind ar rept·e nted m tlus tate. :E rog 

Four am lesilan 1 . tlle lai·val r tadpole stage and theil' hind leg 
toads have t a s on Y m , • 
are g reatly enlarged for jun1ping. 

F~nvt1Jy Pelobatidae-- pacle-Foot Toacls 

J -foot toad S caph·ioptt h~~b , ·ookii holbroolc·i:i (Hatlan) 
1. p llCLe ' 1 d d' ' 1 pacle OU each 'l'h.i rar e burrowing specie has an en arge tggu g . 
hind foot . It may be epar atecl f r om all the other :t;o(Ts of. the State. b:: 
the ver t ical pupils of its eyes. I t i occa ionally f ound . I~ t he prm 
when it emerge f r om jt, burrow 'or a few clays to depo tt J~ eg:s. r,n 
thi tate it }laS been collected in D elaware, ni[omoe and l[ont ornery 

counties only. 
1\IInximom size-3 iuehe . . 
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Family Bnfonidae-Toads 

The local species possess the warty skin and prominent paratoid 
glands which characterize hundreds of other species of this family. They 
secrete mucous which protects them from some animal enemies but which 
is non-irritating to our skin. 

2. American Toad, Bufo americanus Holbrook 

This, the common toad of our gardens, generally has a black-spotted 
belly and only one or two ·warts within each dorsal spot. It lays about 
4000 eggs in long strings in the water during April or May. It should 
occur in every county in the State for it has been recorded f rom 47 coun­
ties. 

Maximum size-4! inches. 

3. Fowler's Toad, Bufo fowleri Garman 

This gray and dapper species is an inhabitant, primarily, of river 
banks and of lake and ocean beaches. It can generally be distinguished 
from the American Toad by its immaculate or lightly spotted belly and 
by the fact that it has more than two warts to each dorsal spot. It lays 
its eggs in the same fashion as the preceding species but it breeds about 
one month later in this region. In P ennsylvania it has been recorded 
from 14 scattered counties . 

Maximum size--3 inches. 

Family Hylidae-Tree Frogs 

The frogs of this family possess adhesive disks on the tips of the 
:fingers and toes. The seven local species may be separated, partially, by 
the difference in size of the disks and by the amount of webbing present. 
Thus, Acris has very small disks and toes which are almost completely 
webbed; the forms. of Pseudacris have very small disks and toes which 
are slightly webbed; and the forms of Hyla have prominent disks which 
are moderate in size in the Spring Peeper, and large in size in the other 
two species. 

4. Cricket Frog, Act·is grylltts (LeConte) 

This rough-skinned f rog is found along the banks of streams and 
ponds. It derives its name from its cricket-like song which really sounds 
like two pebbles being struck t ogether. The Cricket Frog changes its 
colo1· readily, leaps into the water with great agility when disturbed, and 
feeds upon insects. It has been recorded f rom eight counties in the 
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southeastern corner of the state, and from Allegheny and Potter Coun­

ties as well. 
Maximum size-li inches. 

5. Mountain Swamp Tree Frog, Pseudacris brachyphonus (Cope) 
The few dark accent marks or blotches which this species disp~ays on 

its back sometimes bear a faint resemblance to a c~os~ and cause .1t t~ be 
confused with the Spring Peeper. However, its skm 1s rougher, 1~s d1sks 
smaller its call quite distinct, and frequently it has yellow markmgs on 
the hi~d legs. The eggs are deposited in April in the water of small 
ditches and marshes. It has been collected in Allegheny, Beaver, Fay-

ette, and Westmoreland Counties only. 
Maximum size--11- inches. 

6. Eastern Swamp Tree Frog, Pseudacris feriarum (Baird) 
This frog is marked with three, more or less broken lo~git~dinal dark 

stripes on the back. Laymen will have difficulty .separ~tmg 1t from the 
following form except by locality, and herpetologists will prob~bly come 
to consider it a subspecies of trise1·iata. It has been collected m Bucks, 
Carbon, Chester, Cumberland, and Huntingdon Counties only. 

Maximum size--1 inch. 

7. Western Swamp Tree Frog, Psettdac?·is t1·iseriata (Wiedh) d' 
The markings of this form are essentially the same.as t e prece mg. 

It has been collected in Allegheny and Venango Counties only. 

Maximum size-li inches. 

8. Anderson's Tree Frog, Hyla ande1·sonii Baird 
The upper parts of this beautiful frog are uniform pea~green. The 

color of the upper parts is sharply demarcated from the ~wlet-gray of 
the under surfaces by an edging of white, which in turn lS black-edged 
below. To the best of my knowledge the species has been recorded only 

in Delaware County in Pennsylvania. 
Maximum size-2 inches. 

9. Spring Peeper, Hyla crucifer Wied . . . 
The bird-like whistle of this tiny, smooth-skinned species 1~ the earh­

est frog voice each year. It may be heard during warm spells m January 
and February but breeding does not begin until March .. About 800 eggs 
are attached singly or in masses to grass or other vegetatiOn under wate.r, 
and the larvae which hatch in about ten days are ready to transfo~m 1_n 
July. The specific name refers to the dark cross ~n the back which. IS 
visible whether the frog is light tan or dark brown m color. The specieS 

- .. 
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is state wide in distribution although it has been recorded from only 35 
counties. 

Maximum size-1 inch. 

10. Common Tree Frog, Rain Toad, Hyla versicolor versicolor (Le 
- Conte) 

The call of this frog is known to many country-dwellers but few are 
acquainted with the rough-skinned creature itself. It can change its 
color from light gray to bright green but the groin remains orange yellow 
and a number of dark markings on the back are usually visible. As many 
as 1500 eggs are deposited in clusters at the surface of ponds and swamps 
in May or June. After breeding the frogs may be heard calling high in 
the trees on moist nights. The species occurs throughout the state and 
has been recorded in 23 counties. 

Maximum size--2 inches. 

Family Ranidae-Large Frogs 

The local representatives of this family are smooth-skinned, medium 
to large sized frogs. The largest living frog, the Goliath Frog of the 
Cameroons, which reaches a length of one foot, belongs to this family. 

11. Bullfrog, Rana catesbeiana Shaw 

This completely aquatic species lacks the two longitudinal, or dorso­
lateral, folds extending from the eyes to the rump which the other local 
Ranas display. It is green or greenish brown in color and frequently 
mottled with darker spots. Up to 20,000 eggs are laid in floating masses 
about two feet in diameter. These hatch in about a week but the tad­
poles do not transform for two years. 

This is the species which is specifically mentioned in the Fish Code, 
but the Board of Fish Commissioners applies the closed season and bag 
limits to the remaining four species as well, on the ground that few war­
dens and fewer laymen can distinguish the various species. Originally 
the Bullfrog may have occurred throughout the state but recent records 
are of little value since considerable restocking has taken place. 

Maximum size-S or 9 inches. 

12. Green Frog, Rana clamitans Latreille 

This frog may be separated from the preceding by the presence of 
dorso-lateral folds, and by the bright green color of the head and upper 
back. From two to four thousand eggs are laid in the water in masses 
about one foot in diameter in May or June, and the tadpoles transform in 

,. -
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about one year. The Gteen Frog occurs throughout the state and has 
been recorded from 45 counties. 

Maximum size--5 inches. 

13: Pickerel Frog, Rana palustris Le Conte 
This brown frog ha two ro'~' of squarish, dark spots on its back, ana 

bright orange on tlle 1.111der sul'faces of the hind legs. It lays two to three 
thousand eggs in veral globular masses in brooks and marshes in late 
April or early May. The tadpoles t ransform in the fall of the same year. 
Adults leave the water after breedi11g au 1 wander about the fields and 
valleys. The species is widely distril utecl in Pell.ll ylvania with records 

for 41 counties. · 
Maximum size--4 inches. 

14. Leopard Frog, Grass Frog, IJ,ana pipiens Schreber 
This greenish or bi"ownish frog has two rows of rounded, dark spots 

on its back, and no orange tmder the hind legs. Its reproduction is essen­
tially tlle same as that of the p receuing species but generally more eggs 
are laid . vera! weeks earljer. Th species is state wide in distribution 

with records for 30 counties. 
Maximum size--4 inches. 

15. Wood Frog, Rana sylvatica Le Conte 
Tills terrestrial species i. p rominently marked wi th a da1·k patch or 

mask on each side of the head. The g neral color varies f l·om dark brown 
to bright pink and a wash of light green i · :fl-equently present on the 
sides. Tlte Wood Frog migrate to the water in late Mar ch or ea ·ly 
April where it is usually associated with Spring Peepers and Spotted 
Salamanders. After several thousand eggs have been laid in rounded 
masses it leaves the water and retires to the woods. There are 30 county 
records which indicate a state wide distribution. 

Maximum size--3 inches. 

AN ARTERIAL ANOMALY IN RANA CATESBIANA 
BY WM. HUDSON BEHNEY 

Unitversity of Vermont 

The anomaly described in this paper was observed in a large sized 
adult Rana catesbiana which had been injected. Its length fully ex­
tended and measured from the tip of the snout to the tip of the 4th digit 
of the 'hind limbs was 41 centimeters. 'rhe· specimen had been arterially 
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injected throug~ the truncus arteriosus. Examination of the o 
t~ms o: the speCim_en reveale~ the fact. that the reproductive sys~~: :a: 
a so a ~ormal. Smce there Is no obvious connection between the two 
anomahe~ they ~re being described separately. 

In ~his. speCI_rnen the right systemic arch is missing from the oi 
where .It gives rise to the occipito-vetebral and the brachial d p nt 
!~eh~omt wh~re it should join the left arch to form the dorsal ::rt:w;~~ 
br~nc~Y:;e:Ic t arch, the !llb~orma_l vessel, branches off from the. right 

e runcus arterwsus m a normal manner but is smaller in 

FIG. 11. .ARTERIAL SYSTEM- Tracin of h ·:.~;~--· . 
arterial system of R. catesbiana t t g p o_tograph showmg anomaly of the 

· r., runcus artenosus · rt tr · ht b h 
cus; cc, common carotid. oc v oc . 't t b ' · ' ng ranc of tl·un-' · , e1p1 o-ver e ral· br bra 1 · 1 t . · 
arch; pc, pulmocutaneous. lt sa left sy t . ' h ' c na ; r . sa, right systemic 

' . ' s emic arc . coe coel' a . dorsal aorta. ' ' 1 co mesentenc; d. ao, 

size than the l:ft systemic arch at its point of origin. It merely bifur 
cates to form Its two branches and does not show any t d t -t' £ h' · en ency o con-
~nue rom t IS pomt. No rudiment could be located here or at th . 

twn of the left systemic arch and the dorsal aorta Th l ft e tJun~-
arch 1 · · e e sys emiC 

appears arger than m a normal frog but th ' . ' IS may possibly be due 
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to increased pressure in injecting this specimen rather than because of 
its compensatory enlargement from taking over the work given up on the 
right side. 

SEX REVERSAL IN RANA CATESBIANA 
BY W. H. BEHNEY 

Unilversity of Vermont, Burlington, Vermont 

The numerous cases of hermaphroditism in the frog which are to be 
found in the literature attest to the fact that the condition is ·far from 
being an uncommon one. This statement applies t-o European forms to a 
greater degree than to American species. In consideration of the num­
ber of frogs dissected yearly in the classrooms and laboratories of this 
country the hermaphroditic specimens r eported ru:e very few. Evans 
( '31) sums them up to the extent of twelve cases covering all species. 
Clemens ( '21) described one oose of hermaphroditism in Rana cat.esbiana 
but no study of the histological structure of the organs was made. Chi­
dester ( '26) ·in a brief abstract described other cases. These seem to be 
the only recorded instances of hermaphroditism in R. catesbiana. 

The specimen described herein was found in a shipment of class ma­
terial which was obtained from a supply house in Dallas, Texas. The 
ex.act date of preservation of the specimen could not be definitely deter­
mined. From their re<Jords it was ''in the spring of the year.'' 

DESCRIPTION 

The specimen is a large sized adult of R. catesbiana with the follow­
ing measurements: Jength from anus to tip of snout, 17.5 em.; length of 
hind legs extended from anus to tip of 4th digit, 23.5 em.; width of head 
at posterior angles of jaws, 9.0 em.; width of tympanic membrane, 2.0 
em. 

The gonads have the external appearance of testis, the right .one being 
20 mm. long while the left is only 7.5 mm. long. The right gonad is ·SOme­
what irregular in shape, slightly but distinctly lobed, and pigmented in 
the depressions between the lobes. Large fat bodies .are located anterior 
to the gonads. A small fat body is also present on the posterior end of 
each gonad. Y.asa efferentia lead from each gonad to the kidney. Semi­
nal vesicles are present on the posterior ends of the ureters. 

The right oviduct is very small with the exception of its posterior por­
tion. The left oviduct is of nearly normal female size ·and much convo­
luted. The terminal ends of both oviducts are visible in the cloaca when 
seen in cross-section. 
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f ~ross-sectio_ns were made of both gonads includin~ the posterior ends 
o t. e fat bodie~. The cloaca, seminal vesicles and right oviduct were 
sectiOned posterior to the kidneys The left ov'd t t' d 
th . . · I uc was sec 10ne 

roughout Its entire length. 

FIG. 12 .. Cross-section of left oviduct taken at a point on a line with the posterior 
end of the kidney. Three ova are shown as lightly stippled areas. Numerous i _ 
ment masses are present in the wall of the tube 01 p g 
the ov'd t C I . . ear areas represent the lumen of 1 uc. amera uc1dax (53). 

The sections of the g·onads show them to be distinctly testicular in 
nature. The seminiferous tubules of both contain mature spermatozoa 
although n~ne :vere f~und in the vasa efferentia or seminal vesicles. The 
left g_onad IS histologically similar to a normal testis. The right gonad 
contams a g:eater number of interstitial cells between the tubules than 
are pr-esent m a normal testis. Large numbers of pigment masses are 
present between the tubules in the region which was externally pig­
me~ted. O~e tubule of this same gonad contains a degenerate ovum 
which occupies half the lumen. 

. The sections th:ough the posterior end of the right oviduct show that 
Its lumen ~ommumcated with the cloaca. The same condition exists in 
the left OVIduct. In this latter case many degenerate ova are located in 
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the folds of the walls. No attempt was made to estimate the number 
present but practically every section shows from one to a dozen_ova. The 
lumen is continuous throughout the entire length of the left ov1duct. 

FIG 13 Ventral view of urinogenital o1·gans. Note the large right gonad ;~d 
. . fat bodies attached to anterior end of each gonad. e 

the sml atl_l leftofoitlhe.e lLef~r~:iduct were impossible to follow because of the absorption 
convo u wns 
of water by the glandular portion. 

TABLE OF SEX CHARACTERS 

Right Side 
Gonad abnormally large, slightly lobed. 
Pigment visible externally in folds be­
tween lobes. 
Eight vasa efferentia. . 
Mature spermato:tott present. , . 
Pigment present b t\veCJ\ tubules ll\ regwn 
which was externally pigmented. 
What appears to be degen r~te_ ovum 
present in se.veral sections Wlt~nn one 
tubule. Spenn crowded to one s1de. 

L eft Side 
Gonad smaller than normal and of ab­
normal shape. App1·oximately 1/s size of 
right gonad. . 
Six vasa efferentia. 
No pigment present within gonad. 
No ova present within gonad. 

SECONDARY SEX ORGANS 

Oviduet extr mcly rudimentary. ln~c 
ov.idu •t is 110t uonlllllly _prcscut <won n~ 
rudimentary onditiou i11 UJ_o f~~le · 

f this spe ies its p 1·escnce 1s S l gmfl_e~nt. 
viduct opcnhlg into cloaca not ~"sl_ble 

under <1isse ti ng microscope. ' ectioumg 
however shows thot the ca"ity of the duet 
is open into cloaca. 

Oviduct approximately uot·uHll mnt~rc 
female size. Convoluted f rom ~ntcnor 
ell(1 of kidney postel'ior. Post_ nor con· 
, •oluted portion (glnudttlar port1ou) m~cl1 
swollen lutvbJg nbso~b_ed water. Ind1ca· 
tion of functional nbihty. . . . 
Oviduct opening into clonen v1S1ble _w1th 
11t1ked eye in cent r of motutd of bs uc 
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Seminal vesicles present. somewhat larger than the mound on l'ight 
oviduct opening. 
Seminal vesicles present. 
X-sections show that oviduct opening is 
continuous throughout its length. 

Vocal sacs preseu t. 
Thumbs callused. 

DISCUSSION 

Reproductive system: The presence of gonads made up of seminiferous 
tubules which contain mature spermatozoa, vasa efferentia connecting 
them with the kidneys and seminal vesicles located on the posterior por­
tions of the ureters distinguish this specimen as a functional male. 

The slightly lobed condition of the right gonad is an indication that 
it was at one time an ovary (Crew, '21). According to the same authm­
ity the presence of pigment masses also indicates a gonad which is still in 
the process of transformation from female to male. This gonad had 
more interstitial cells present between the tubules than are present in a 
normal testis. This agrees with the findings of Christensen ( '29), and 
as in his case is in disagreement with Maclean ( '29). In this respect the 
smaller left gonad is histologically nearer to being a normal testis than 
its larg·er companion on the right side of the body. However the larger 
size of the right gonad agrees with the cases cited by Crew ( '21) in 
which he states that the transformation is usually initiated on the right 
side of the animal. 

This last conclusion is borne out ·by the condition of the oviduct on 
that side. Degeneration of the ovary and the disappearance of the ovi­
duct seem to accompany one another. 

The larger size of the oviduct on the left side along with the smaller 
size of the gonad leads us to think that the transformation on this side 
started at a later date than on the right. 

The sections of the middle part of the left oviduct show great num­
bers of large gland cells. The absorption vf water to the extent of mak­
ing the oviduct. brittle and swollen is a good indication that the cells were 
functional at the time of the death ·of the individual. Unfortunately the 
date of death cannot be definitely stated as the specimen was preserved 
w'hen obtained. 

The presence of ova even though in a degenerated condition shows 
that the individual was once a functional female, although with the ex­
ception of the degenerating ovum found in the right gonad no ovarian 
material was found in sections of the gonads and the posterior ends of 
the fat bodies. 

It is this last group of facts which make this 'specimen of especial in­
terest. The ova in the ovisac are without doubt degenerated and so were 
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not placed there ju ' t pr ior to death. In all probability between the time 
of deposition of t he ova in the ovisac and the time of death, such ovarian 
material as existed on eiiJher ide was resorbea and · placed by testicular 

material. 
There does not seem to be any obvious connection between the absence 

of the one aortic arch and the condition of the reproductive .organs. Both 
sides of the urino-genital system were supplied by the dorsal aorta. 
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THE PARASITIC WASP, HABROBRACON JUG LANDIS 
(ASHM.) AS LABORATORY CLASS MATERIAL 

P. w. WHITING 

University of Pittsburgh 

Habrobracon has proved to be ideal material for laborat·ory class 
work on account of ease of manipulation, low expense, and brief genera­
tion, ten days. Caterpillars of the Mediterranean flour-moth serve as 
host ;insects. The wasps are about three millimeters in length. They 
are reared in shell vials through which their various activities may be 
readily observed. Points of interest are striking effect of temperature 
on body color, parasitism, parthenogenesis, gynandromorphism, and 
heredity of numerous mutant traits. They have been used in high 
school as illustrative material for insect life history. They serve for 
elementary class work in genetics. Numerous unsolved problems make 
them desirable as research material for graduate students. (Technical 
methods and general account are published in The Journal of Heredity, 

12:255-266, June-July 1921.) 

·---
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REPRODUCTIVE REACTIONS OF GYNANDROMORPHS 
P. w. WHITING 

University of Pittsburgh 

Habrobracon shows definite types of reaction characteristic of sex. 
Females_sting caterp~llars .up~n which they subsequently feed and lay 
eggs. Males are entir·ely mdifferent to caterpillars but show charac­
te:istic. rea·ctions towar:d females flipping wings, mo~nting, and beating 
With wmgs and antennae in process of mating. 

Gy~andromorphs (sex mosaics) prove that in genera1 reactions are 
determmed by head rather than by reproductive organs, those with male 
h~ad and f~male abdomen r.ea<Jting toward females but not toward cater­
pillars, while those with female head and male abdomen are indifferent 
to females but show responses toward caterpillars characteristic of the 
female. Gynandromorphs with mixed heads act in general either like 
males or like females. 

Aberrant individuals were as follows: (1) t hose bowing' momeuta1• 

reversal" fo.r one .or more brief periods giving resl)On characteri tie 
o~ the opposite sex; (2) "'b~sexual" type, whleh attempted to tiug cater ­
pillars .as well as to ~ate with females; ( 3) "wires crossed" type, which 
att~~pted to mate With caterpillars or to sting females. Such irregu­
larities are r egarded as due to mosaic character ·<lf sensory and nervous 
system rather than to hormonal action. (Full account is published in 
The Journal of Comparative Psychology, 14:345-363, December 1932.) 

PRODUCTION OF GYNANDROMORPHS IN 
HABROBRACON 

RAYMOND J. GREB 

University of Pittsburgh 

Worl~ on male. ~osaics and gynandromorphs in Hymenoptera has 
been mamly descriptive.. ~owever, bee breeders, in general, agree that 
when the temperature Withm the hive is lowered an increase in the num­
b~r of gynandromorphs can be observed. TJ:te present investigation deals 
With per{lent of mosaies and gynandromorphs in Habrobracon when the 
" " ' qu.eens _were exposed to certain low or high temperatures. Some 
strams of Habrobracon, especially shot-vein, produce a comparatively 
large number of male mosaics and gynandromorphs. Shot-vein (wings) 
females were mated to ivory (eyes) stumpy (legs) males. In one ex­
periment, 78 triheterozygous F 1 females wer€ exposed to a temperature 
of 5 to 10° C. of one hour duration at four day intervals. No ap-

J 

i 
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pr.eciable difference .from their controls in the num'ber of male mo nics 
or gynandromorphs was observed. Likewise from 147 F 1 females which 
were exposed to -14 to -10° C., in the same way, no noticeable variation 
occurred. None of the 192 females kept at a con "tant temperature of 
18 to 20° C. produced any male mosaics or gynandromorphs. By keep­
ing the F 1 females at a high temperature, 35 to 37° C., a significant in­
crea.se in both the number of male mosaics and gynandromorphs was 
obtained. Further tests have also shown that a high temperature, one 
approaching the upper survival limit of Habrobracon, rather than a low 
temperature, increases the rate of production of mosaics. 

VARIEGATED EYES IN HABROBRACON 
ANNA R. WHITING 

Pennsylvania College for Women 

In Habrobracon several mutations in eye color have <>ccurred. These 
are dahlia, orange, and ivory, forming with type (black) a quadruple 
allelomorphic series; carrot and white, forming wi~h type a triple 
allelomorphic series; and maroon and cantaloup both reces ive to type 
and segregating independently. I n combin.inno white ye with a wing 
mutation, shot-vein, it was found that each eye was vari gated, howing 
a definite pattern of red and pink pots on the posterior ventral side. 
The factor shot-vein is now being combin d 'vith var ious other e color 
combinations in the males, which heina parthenogenetic, contain a single 
dose of each factor and al'e not complicated by heterozygosis. Thirty­
five of the 96 possible e mbination hav thus far been made. Variegated 
eyes have appeared only in presence of white and shot-vein. Dahlia re­
duces amount of variegation ~>lightly and orange reduces it still more. 
It fails to occur in presence of ivory, maroon, or cantaloup, even if 
white and shot-vein be present. 

HOvV WE DRA "\V HABROBRACON 
ANNA R. WHITING 

Pennsyh>ania College for Women 

The stage of a compound microscope is cut oo that only the rim re­
mains. To this is cemented (Duco) a piece of glass which has been 
painted black in a small spot immediately under the objective. A con­
cave reflector (Stickalite) placed on the transparent glass stage con­
centrates light from the substage mirror onto the specimen. The latter 
is placed above the black spot which blocks all transmitted light. The 

, 
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~icroscope is focused on the specimen through the hole in the centre 
o . the refl~ctor. The specimen is mounted in alcohol on a depression 
slide and 1s seen by ·intense reflected light. The method is .especiall 
~se~ul for s~udy of s~rfaces of opaque objects. Since the source of lig~ 
IS diStant, little heat IS present and even this may be filtered out betwee 
the ~ource and the mirror. Minute structures (tarsi ocelli etc ) rna; 
be highly magnified, studied and drawn by reflected lfght. , . 

CHROMOSOMES OF HABROBRACON 
MAGNHILD M. TORVIK 

University of Pittsburgh 

Genetic eviden<Je long ago forced the conclusion that in H b b 
as in H t . a ro racon, 

. . ym~nop era m general, ~emales come from fertilized eggs and are 
~1pl01d while males come from unfertilized eggs and are haploid. Occa­
SIOnally males are produced that inherit from the father as well as the 
mo~her and, therefore, seem to be diploid. Genetic evidence indicates 
thmr daughters to be triploid. 

E •• 

FIG. 14. Chromosomes of Rabrobraoon s · 
haploid male. B. Bipru·ontnl diploid i p1~mat.ogomal metapha.ses: A. N onnal 
C. Normal ma'le· D B ipnr ntnl male ;?a e.d orbve first maturation division: 
male. Second n;a u~·ation division . F Noercmonl spelrmaGtocBy.te metaphase : E. Normal 

· · a rna e ; . rparental male. 
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Cytolo"'ical study bear out the above conclusions. Pres ut tudie 
indicate that there are 10 cla·omosom in the normal haploid male an :t 
20 in the biparental diploid male. The normal female which has been 
studied only uperficially seem also to have about 20 clu:omo. mne. and 
the la·ughters of biparental males have an undetermined but larg r 

number. 
1 ermato(•onial c llll ha been made in each type of male. Foil w -

ing the spermato"'onial cliv.i ion both ha ploicl and diploid m<tl e ho_w. an 
abor iv fir t maturation division-a mall bit of c ' toplasm coutammg 
no ell ·omaiin .is pinched off at the narrow end £ a pear-shaped cell. 'rhe 
. cond mattu-ation. divi. ion i · appar ently qua tiona l in both. M tap base 
plate in econ :tm·y permatocyt ~re similar to tho e in sperm a O"onial 
c Us except that the fot·mer c Us are somewhat lar eT ancl chromo. ome 
can, therefore, be less cr w i d. The two ceD · 1· ultin<Y from the econd 
matutatiou divi. ion metamorpho e into mat1.u sperm cells. 

'ri-rm CHROMO BROBRAC 

LY. BE'l'H lLuriLTON BENKER.'l' 

171~i'l)o rsity of P;ttsbnrgh 

Ill Ha.bt·obl"acon j1tglwtitis stock 50 mutation have been obtained at 
separate loci wbi h are beiuno eel to make up the chromosom map. ?£ 
these one was located in cln·omosome VI and later lo t . Of the remam­
ino· 49 geneJ 27 have been locat i in linJrage groups a follows : 

o I. orange, o, (eye )- miniature m (body)-dwindliug, dw (anten-
na )-ldclney, k, (eye ) ; 

II. crepe wing ,-cw,- defective, duoG• ( l'd vein)-J1oney, ho, (body) 
-Minne ·ota Yellow; My, (antenna )--cantaloup c, ( ye )-long, 1, 
(antennae)-uarrow, n, (wings) ; 

III. wrinkled, w ( win.g ) ; 
IV. re luced, r, (win<Ys) - glas ·, g, (eye )-fused, £, (antennae and 

leO' ) · 
o v. ·wavy wa, (wings)-b1·oad, br, (thorax)-eyeles , el,-gynoicl, gy, 

(body)-aciform, ac, (antennae) ; 
VI. L<unpy, st, (l )- white, wh, ( ye. )- attenuated, at, (an-

tennae) ; 
VII .. ho · vein , . v,-truucate2 tr2, (wu1"' )-ma1·oon, ma, (eyes); 
VIII. crescent, cr (ocelli )-droopy, dr, (will"' ) . 
The last ,.roup ha not been thor ughly tested with the other seven. 

The lono-e t chromo om , V is thu . .far 59 nn.i . T11ere are 22 genes l'e­
maining to be located in the 10 po ible linkage group . 
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X-RADIATION AND SEX RATIO IN HABROBRACON 
MILTON F. STANCATI 

University of Pittsburgh 

Earlier experiments have shown that in crosses of closely related 
st?cks, x-radiation of females increases ratio of males among their dip­
lmd progeny, whether radiation be administered during larval or adult 
life. In two later experiments, radiation of males was not demonstrably 
effective in increasing ratio of males among diploids. Radiation of 
males, however, not only lowers diploid ratio (by killing sperm), but also 
lowers general fecundity, presumably by producing dominant lethal mu­
tations. In the first of these two experiments (stock 3 x stock 1) male 
parents fell into two groups, some producing diploid sons in all m~tings, 
others producing no diploid sons. In the second cross (stock 11

0 
x stock 

11), all femals had large percentages of diploid sons, so that here male 
parent seemed to be of no significance in determination of diploid males. 

It is evident that if x-radiation of females might be shown to stimu­
late production of diploid males from crosses which would not normally 
produce them, the demonstration of effectiveness of x-rays in producin"" 
male biparentalism would be greatly strengthened. Such an experimen~ 
was performed with stocks 110 and 25, which are unrelated. Neither con­
trols nor treated females had any diploid sons. This result is not neces~ 
sarily opposed to the finding· that x-radiation of females has an effect on 
ratio of male biparentalism, since we may suppose that this effect re­
quires a close relationship between the stocks crossed as a basis on which 
to work. 

COMPARISON OF THE CHROMOSOMES OF THE 
SOLDIER AND THE KING OF RETIOULI­

TERMES FLAVIPES KOLLAR 
JOSEPH l\1. BENKERT 

Unive1·sity of Pittsbm·gh 

With the determination of the chromosome number in the soldier 
caste of the termite, the second step in a study to determine whether or 
not there are any observable chromosomal variations associated with 
caste differentiation has been partially completed. 

Five castes are distinguishable in a colony of these termites. Two of 
these castes are blind and sterile. The other three have eyes and are fer­
tile. The most obvious character by which the various castes may be 
recognized is the presence or absence of wings or wing vestiges. The 

. . 
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thre r productive ca tes are: (1) the fu· t form reproductive caste,.l~ng 
wings posse. eel chU'ing the warming period and afterward remaunng 
only as short stubs, the o-called '' cale, "; (2) the econ 1 form rep:o­
ductive ca te, short scale-Ulce wing pocl , vestiges of wings; (3) the th1~·d 
form reproductive caste, absence o£ wings or wing pads .. '.rhe two stenle 
ca t are : (1) the worker small head mall body, no wmg., both sexes· 
(2) the . oldi r, large head with mandible very much enlarn-ed, small 

body, no wings both sexe . . . 
In the first part of the , udy1 it wa. found that the dtplotd clu·omo-

some nmnber of the male of the fir t form rept·oductive caste was prob­
ably 42. The pre ·ent work indicate. that the haploid nurnb.er o! the male 
o£ the oldier easte is probable 21, which would place the d1ploJcl number 
o£ the caste at 42. However, no metaphase plate showing 42 cht·omo· 
someJ have been d-i covered. We are convinced that the chro:nosome 
mtmber i11 the different cast a far a the males aTe concerned 1 prob­
ably the same. Future work lie alon"' the line f compa.r~on of the 
chromo om s of the sex , and a study of the bet romorphic chromo-

somes. 

THE USTILAGINALES OF PENNSYLVANIA! 
GEORGE L. ZuNDEL 

Department of Botany, Pennsylvania State College 

The smuts are a group o£ para itic fungi that attack a wide variety 
of he1•baceous plant . They are u ually best recognized by the sooty 
ma ·s of spo1·e that are produced ingly, in pairs, or as pore balls. The 
sumu may b divided ·oughl. jnto two group : black nmts :ucb .as 
occur in the genera stilago, phacelotheca, Tillet·ia, tc. and. white 
mut , uch as occur iu the gen ra Doassansia, Entyloma, B•1.1!1Till1a, and 

T1·acylt. 
Ther are two families within the ord r tilaginale . .They ~re 

separated by the manner of spoTidial production. In the fam_Dy Ust~la­
gvnaceae the sporidia at·e produced laterally on the promy~elmm, while 
in the family TiUeticweae, the poridia are produced termmally on the 

promycelium. . . 
Apparently, before it is possible for a smut to mfe~t 1ts. host, some 

sort of fusion of nuclei must occur; there is either a conJugatiOn between 

1 Benkert, J. M., Chromosome number of the male of. the first for~ reproductive 
caste of Reticulitermes Flavipes Kollar: Proc. Pennsylvama Acad. of Sc1ence, vol. IV, 

pp. 97-97, 1930. ' . 
1 Conb·ibution from the Department of Botany, The Pennsylvama State College, 

No. 82. 
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two sporidia or <between a sporidium and a cell of the promycelium. It 
seems that the various sporidia and the individual cells of the pro­
mycelium are of different gender. 

The mycelium is internal, slender, hyaline, somewhat septate and 
branched. It is either uninucleate, binucleate, or occasionally multi­
nucleate. ·The hyphae are usually intercellular and send capitate or 
racemoid haustoria into the host cells for food. Most of the cereal 
smuts, however, have intercellular mycelium without haustoria. A third 
class of smut fungi is represented by Ustilago Zeae in which the myce­
lium penetrates the host cells resulting in their death. 

Various organs of the host such as the ovary, anther, inflorescence, 
stem, leaf, or root may be infected. The result of infection may be the 
production of galls; striae on leaves, or culms; the enlargement of the 
ovary; stunting of the host or the failure of the host to produce an 
inflorescence. 

The smuts are of economic importance largely because of the damage 
they produce in the destruction of the various cereal crops. Other farm 
and floral crops that are attacked include the onion, the violet, the 
gladiolus, and the potato. 

The collection of smuts in Pennsylvania has never been intensive and 
little attention has been given to this group of fungi. Schweinitz2 in 
1832 reports only six species of smuts from the entire North American 
continent, of which five were from Pennsylvania. Four of the species 
were collected near Bethlehem, and one near '\Vaterford, Erie County. 
In 1877, Berkeley and Curtis3 reported Urocystis Oarcinodes B. & C. 
The next report of smuts from Pennsylvania was by Herbst4 in 1899 
who reported five species of smuts in four genera from the Lehigh valley, 
viz. Phacelotheca5 polygoni ( U stilago utrictdosa) on Polygonium amphi­
bium; Entyloma M erispermi on yellow Parilla; Tilletia foetans B. & C. 
on wheat; U stilago M aydis Corda. on Indian corn; U stilago segetum 
Pers. on oats. Entyloma Menispermi Farl. & Trel. has not since been 
reported from Pennsylvania. 

Clinton6 in 1906 in his last monograph of North American Ustila­
ginales reports only nine species of smuts from Pennsylvania. 

In 19307 the writer reported thirteen ~pecies of smuts from Penn-
sylvania. 

2 Trans. Am. Phil. Soc. II. 4: 290. 1832. 
a Grevillea 3: 58. 1874. 
4 Fungal Flora of the Lehigh Valley 182-184. 1899. 
5 Phacelotheca is a misspelling of Sphacelotheca. 
6 North American Flora 7: 1-82. 1906. 
7 Mycologia 22: 97-100. 1930. 
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The present list of Pennsylvania smuts is the first comprehensive list 
to be compiled. It is made possible by the cooperation of several agen­
cies. The first source of information is the collections of the writer, 
made at intervals during the years 1928 to 1932. Besides this, the col­
lections in the Carnegie Museum in Pittsburgh, the collection in the 
Bureau of Plant Industry, State Department of Agriculture, in Harris­
burg, and the collections in the Cryptogamic herbarium, Botany Depart­
ment of the Pennsylvania State College, have been used as source mate­
rial. In the present paper, 44 species in ten genera are reported. This 
num:ber of species compares very favora:bly with other state lists. 

In 1906 there were reported 207 species in 19 genera for the whole of 
North America. The writer in his forthcoming list of the Ustilaginales 

of the world reports over 800 species in 23 genera. 
From a study of the known ranges of North American species, it 

would appear that there are possibly about 19 species to be expected in 

Pennsylvania which have so far not been recorded. 

Key to Genera Found in Pennsylvania 

I. Spores simple 
A. Usually :forming a dusty son1s at maturity. 

1. llores Jarg 11suoJly 6-35 It· 
2. pores snmtl to medirun, usually 5-18 11· 

~ Sorus with elntors. 
p Sorus without elators. 

a. Sorus covered with a false membrane of 
definite fungous cells. 

b. Protecting membrane of plant tissue 
only. 

B. More or less firmly agglutinated at maturity. 
C. Permanently imbedded in leaves, producing discolored 

areas. 

II. Spores chiefly in pairs, forming an agglutinated sorus. 

III. Spores in more or Ie s p rmanont balls forming a dusty or 
granular sorus at maturity. 

A. Spore-balls co11sist;ing only of spores. 
1. Oftel\ evo.nescent, spores olive-brown or black-

brown. 
2. Spore-balls rather permanent, spores yellowish or 

reddish. 
B. Spore-balls with a cortex of sterile cells. 

TILLETIA 

FARYSIA 

SPHACELOTHECA 

USTILAGO 
CINTRAC'l'IA 

ENTYLOMA 

SCHIZONELLA 

SOROSPORIUM 

THECAPHORA 
UROCYSTIS 

Family USTll.AGIN ACEAE 

USTILAGO (Pers.) Roussel, Fl. Calvados ed. 2. 47. 1806. 
1. Ustilago anomala J. Kunze. (Fungi Sel. Exs. 23; hyponym. 1877); Winter in 

Rab. Krypt. Fl. 1': 100. 1881. 
On Polygonum cilinodis Michx.: Sullivan County, La Porte (Lake Makoma); 

Susquehanna County, Montrose. 
On Polygonurn durnetomrn L.: Dauphin County, Middletown, Rockville. 
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2. Ustilago Avenae (Pers.) Jens. Charb. Cereales 4. 1889. 
On Avena sativa .L. cult. Found in the following counties: Allegheny, Ar·m­

strong, Cambna, Centre, Clearfield, Delaware, Erie, Franklin, Jefferson, 
Lancaster, Luzerne, McKean, Westmoreland, and Wyoming. This smut 
h~s been observed throughout the state wherever oats are grown. 

3. Ustilago Crameri Korn. Jahr·b. Nassau. Ver·. Naturk. 27-28: 11. 1873. 
On Setaria italica (L.) Beauv.: Cenb·e County, State College (In the Penn­

sylvania State College orchard). 
4. Ustilago Herfieri Fuckel, Symb. Myc. 39. 1869. 

On Erythron·ium americanurn Ker.: Lebanon County Lawn· Philadelphia 
County, Fairmount Park, Philadelphia (Collected by' W. C. Stevenson, Jr., 
May, 1880, in N. A. Fungi exsicc. No. 1095 as Ustilago Ornithogali Schm. 
& Kunze). 

5. Us~Uago Hordei (Pers.) Kellenn. & Swingle, An. Rep. Kansas Agr. Exp. Sta­
twn 2: 268. 1890. 

On Hore.deum vulgare L. cult. Found in the following counties: Butler, 
Ca~brra, Centre, Clearfield, Clinton, Dauphin, Delaware, Elk, Jefferson, 
Leh1gh, and Venango. This smut has been observed in the state wherever 
barley is grown. 

6. Ustilago levis (Kellerm. & Swingle) P. Magn. Abh. Bot. Ver. Prov. Brand. 
37: 69. 1896. 

On Avena sativa L. cult. Found in the following counties: Allegheny, Arm­
strong, Centre, Clearfield, Erie, Jefferson, Lancaster, McKean, Warren, 
Westmoreland. This smut is found thr·oughout the state wherever oats are 
grown. 

7. Ustilago longissima (Sow.) Tul. Ann. Sci. Nat. III. 7: 76. 1847. 
On Glyceria, grandis Wats.: Cenh·e County, Centre Furnace. 
On Glyceria nervata (Willd.) Trin.: Dauphin County, Manada Gap. 
On Gl.yceria obtusa (Muhl.) Trin.: Centre County, State College (Along 

Sprmg Creek) . 
8. Ustilago neglecta Niessl.; Rab. Fungi Eur. 1200. 1868. 

On Setaria glauca (L.) Beauv.: Found in the following counties: Allegheny, 
Armstrong, Beaver, Berks, Bradford, Cambria, Centr·e, Clinton, Columbia, 
Cumberland, Dauphin, Er·ie, Franklin, Jefferson Juniata Lackawanna 

' ' ' Lancaster, Lebanon, Luzerne, Mercer, Monroe, Northampton, N orthumber-
land, Pike, Potter, Susquehanna, Union, Warren, Washington, Wayne, West­
moreland, and Wyoming. 

9. Ustilago nuda (Jent.) Kellerm. & Swingle, Ann. Rep. Kansas Agr. Exp. Sta. 
2: 277. 1890. . 

On Hordeum vulgare L. cult.: Found in the following counties: Centre, Ches­
ter, Clearfield, Dauphin, Elk, Fmnklin, Jefferson, Lehigh, Susquehanna, and 
Venango. This smut is found throughout the state wherever barley is 
grown. 

10. Ustilago Oxalidis Ellis & Tracy, Jour. Myc. 6: 77. 1890. 
On Oxalis corniculata L.: Found in the following counties: Armstrong, Bed­

ford, Berks, Bradford, Cambria, Centre, Chester, Clinton, Columbia Cum­
berland, Dauphin, Delaware, Elk, Erie, Fayette, Forest, Franklin, H~nting­
don, Jefferson, Juniata, Lackawanna, Lancaster, Lawrence, Lehigh, Luzerne, 
Monr?e, Northumberland, Pike, Potter, Snyder, Union, Venango, Warren, 
Washmgton, Wayne, Westmoreland, and Wyoming. 

• 
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On Oxalis stricta L.: Found in the following counties: Adams, Bedford, Blair, 
Bucks, Cambria, Columbia, Dauphin, Delaware, Jefferson, Juniata, Luzerne, 
Monroe, Northumberland, Potter, Snyder, Warren, Wayne, and "\V'yoming. 

11. Ustilago perennans Rostr. Overs K. Danske Vid. Selsk. Forh. 1890: 15. 

March, 1890. 
On .&rrhenatherum elatius (L.) Beauv.: Centre County, State College; 

Venango County, Oil City. 
12. Ustilago Rabenhorstiana Kiihn, Hedwigia 10: 4. 1876. 

On Digitaria sanguinalis (L.) Scop.: Found in the following counties: Arm· 
strong, Beaver, Centre, Dauphin, Erie, Franklin, Lebanon, Lycoming, Sny­

der, Wyoming, and York. 
On Panicum p1·olifentm Am. auct. (P. diclwtornifiorum Michx.): Philadelphia 

County, Philadelphia (Coli. by F. L. Scribner, Oct. 2, 1885). 
13. Ustilago residua Clinton, Jour. Myc. 8: 133. 1902. 

On Danthonia compressa Aust.: Found in Sullivan and Westmoreland counties. 
On Danthonia spicata (L.) Beauv.: Found in Butler, Centre and Forest 

counties. 
14. Ustilago sphaerogena Burrill; (Ellis & Ev. N. Am. Fungi No. 1892; 

hyponym. 1887) Sacc. Syll. Fung. 7': 468. 1888. 
On Echinochloa cntsgalli (L.) Beam•.: Union County, Mifflinburg; Clearfield 

County, Clearfield; Franklin County, Rouzerville. 
15. Ustilago striaeformis (Westend.) Niess!, Hedwigia 15: 1. 1876. 

On Agropy1·on 1·epenss (L.) Beam•.: Pike County, Milford (three miles south 
at the junction of Raymondskill Creek and the Delaware river). 

On .&grostis alba L.: Found in Berks, Cenh·e, Columbia, Dauphin, Erie, Frank-
lin, and Susquehanna counties. 

On .&g1·ostis palustris Huds.: Delaware Co.unty, Media. 
On Agrostis pe1·ennans (Walt.) Tuckerm.: Erie County, Northeast. 
On .&grostis sp.: Adams County, Gettysburg. 
On Bromus cou;wmtatus Scluad.: Cumbel'land County, Bowmansdale. 
On Dactylis glornerata L.: Found in the fololwing counties: Bradfo1·d, Butle1·, 

Crawford, Cenb·e, Erie, Franklin, Luzerne, Mercer, Potter, Susquehanna, 

and Union. 
On Phleun pmtense L.: Found in the following counties: Be1·ks, Bucks, But­

ler, Cambria, Carbon, Centre, Chester, Clearfield, Clinton, Columbia, Cum­
berland, Dauphin, Delaware, Elk, Erie, Franklin, Jefferson, Juniata, 
Lackawanna, Lawrence, Luzm·ne, Lycoming, McKean, Mercer, Mifflin, Mon­
roe, Montgome1·y, Northumberland, Potter, Susquehanna, Tioga, Union, 
Venango, Wayne, and "\Vyoming. 

On Po a compressa L.: Cumberland County, Bowmansdale; Lancaster County, 

Pequea. 
On Poa. pratensis L.: Columbia, Franklin, and Perry Counties. 
On Po a sp.: Centre County, State College. 

16. Ustilago Tritici (Pers.) Rostr. Overs. K. Danske Vid. Selsk. Forh. 1890: 15. 

March, 1890. 
On TTiticum, m~lgare L. cult.: Found in the following counties: Allegheny, 

Armstrong, Butler, Centre, Chester, Erie, Franklin, Lehigh, Mercer, Monroe, 

s Usually the smut on Agropyron spp. is considered to be Ustilago macrosporiurn 
Desm., however, the spores of this specimen are wholly within the measurements of 
Ustilago st?'1'aeformis (West.) Niess!. 
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Northumberland, Westmoreland, and York This smut is usually found 
throughout the state wherever wheat is grown. 

17. Ustilago utriculosa (Nees) Tul. Ann. Sci. Nat. III. 7: 102. 1847. 

On Polygonum amphibium L.: Erie County (Reported by Schweinitz). 
On Polygon urn lapathtfolium L.: Found in the following counties: Bradford, 

Mercer, Northumberland, Westmoreland, and Wyoming. 
On ~olygonwm pennsylvani.cum L.: Found in the following counties: Cum­

be_Iland, Luzerne, Lycoming, Pike, Susquehanna Union Wayne and 
mmg. ' , , vVyo-

On Polygomtm sp.: Found in Wayne and Wyoming count1' es 
18 Ustila 'If · · · go VI ae Wint. Bull. Torrey Club 10: 7. 1883. 

On Vilfa vaginaeflora Ton. (Sporobolus vaginifio1·us 
ter County, Chester County is the type locality of 
Club 10: 7. 1883). 

(Torr.) Wood). Ches­
this smut (Bull. Ton. 

19. Ustilago Zeae (Beckm.) Unger, Einfi. Bodens 211. 1836. 

On
0 

Z ea Mays L.: Found in the following counties: Allegheny Armstrong 
entre, Delaware, Lancaster, Montgomery and York Th1·8 ' t · ' 1 ' · smu IS preva-

ent throughout the state wherever corn is grown · 
FARYSIA Racib. Cracow Acad. Sci. Math. Nat. I. 1.909: 3~4 1909. 

20. Farysia olivacea (DC.) H. & P. Sydow Ann M 17·· 1919_ 
U d . ' . yc. . 41. 

1·e o oltVacea D.C. Fl. Fr. 6: 78. 1815. 
Caeoma olivaceum Schlecht., Fl. Berol. 2: 130. 1834. 
Ery~ibe olivacea Wallr., Fl. Crypt. Ge1·m. 2: 215. 1833. 
Usttlago olivacea Tul., Ann. Sci. Nat. III. 7: 88. 1847. 

On CaTex ?'OSt?·at~ Stokes: Centre Com1ty, Philipsburg (Black Moshanna 
SP Meadows); Sullivan County, La Porte (Lake Makoma). 

HACELOTHECA De Bary, Verg. Morph. Biol. Pilze 187. 1884. 
21. Sp~~c4~Iotheca Hydropiperis (Schum.) De By. Verg. Morph. Biol. Pilze 187_ 

On Polygonum sagitta tum L.: Found in the following counties: Berks, Brad­
ford, Cumberland, Dauphin, Fayette, Franklin, Lycoming Monroe, North-
umberland, Snyder, Union, and Wayne. ' 

22. Sphacelotheca Sorghi (Link) Clinton, Jour. Myc. 8: 140. 1902. 
On Sorghmn v~~lga1·e Pers. var. sacchw·atus (L ) L H B '1 

C 
. . . a1 ey (Kafir Com): 

entre County: State College. 
On Sorghum v~~lgare Pe1·s. var. tecl"·'·C"'" (Ko"1-11 • & w "" ~ '. ern.) L. H. Bailey 

(Broom Corn) : Centre County, State College. 
On Sorghum sp.: Centre County, State College. 

CINTRA?TIA Cornu, Ann. Sci. Nat. VI. 15: 279. 1883. 
23. Cmtractia Caricis (Pers ) Magn Abh B t v p B . . · · . o . er. rov. rand. 37: 79. 1896. 

On Cm·ex lwwsa L.: Pike County, Milford. 
On Carex pen~sylvanica Lam.: Chester County, West Chester. 
0~1 Care~ vana Muhl.: Wyoming County, Mehoopany. 

24. Cmtract1a June~ (Schw.) Trel. Bull. Torrey Club. 12: 70. 1885. 

On ~uncus tem~ls Will d.: Found in the following counties: Adams, Centre 
Clmton, Forest, Huntingdon, Lancaster, Northampton, and Philadelphia. ' 

On J~mcus sp.: Centre County. 
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SCHIZONELLA Schrot. Beib·. Biol. Pfl. 2: 362. 1897. 
25. Schizonela melanogramma (DC.) Schrot. Beitr. Biol. Pfl. _2: 362. 1877. 

On Carex communis Bailey (C. pedicillata Britton): Ene County, Presque 

Isle. 
On Carex pennsylvanica Lam.: Armstrong County, Kittanning; Cenb·e County, 

Pine Hall, State College; Huntingdon County, Alan Seeger Monument. 

SOROSPORIUM Rud. Linnaea 4: 116. 1829. 
26. Sorosporium Ellisii Wint. Hedwigia 22 : 2. Jan. 1883. Bull. Torrey Club 

10: 7. Jan. 1883. 
On A 1·istida dichotoma Michx.: 9Chester County, near West Chester; Dela· 

ware County, near 1\fccHa. 
27. s or osporium Eve1·ha.rtii Em & Gall. .Tom. M •c. G: 32. 1 90. 

On A?Lil1"0110U01~ tw·cat1t8 Mu1l1.: Monroe ounty, Strou(lsburg. 
On Jlnifropog01'" 11irglnious L. : Monroe ounty, troudsburg. 

2 . Sorosporium Snytherismae (P 1< ) l!~arl.; • ad. & eym. Host Index .r'r. A.m. 

Fungi 152. 891. 
n C&nchru.s ca,·otiawus WRlt.: Pike County, i.\[ iltord. 

On Cenolwus 'tr£b11lai<lc$ L .: ""orthmnlJerlaud ounty, Mon~:mdon. . 
Ou Pan·icu1n clwllotomijlon"m 1-fichx.: Foun<l in the .followlllg ounbes : ..t rm· 

strong, :Be1wcr, Chesler, linton, Dauphin, Eri , ;!an~lin, LuzeJ.:Jle Lycom­
i ng, MiJIIin, .r orthumb rlrutd Wn hington, 11nu yonllllg. 

THECAPHORA Finger b. Lilmnea. 10: 230. 1835. 
29. Tbecaphora. deformans Dur . .- Mont . · •rul. Ann. ci. Nat. ill. '1: 110. 1847. 

n Des11toiliunn (ill ibomda Ktr.e.) utl(l i,jlot·a (L.) DC. 

Family TILLETIACEAE 

TILLETIA T ul. Ann. Sci. Nat. ill. 7 : 112. 1 47. 
30. Tilletia. Antboxa.nthi Blytt, Forb. Vid.·Selsk. hl"i.st. 1~fJG': 31. 1896. 

On .ti?tlhoxamthwm oiiorat'tt!llb L.: Lycomjng Cottnly, Umtyvillc, (J. E. Neuhart 
farm). ulUYan ounty, Forksville (at Loyalsock Rod and Gun lub); 

\Vyoming Cotmty, oxen (Engleman orchard).. . .• , · 
T ltis rare smut hns previously 1 een collected tll"sce Ul N~rth A.menCI!r-{)nce 

in om1eeticut and once in Nova cotin. Both collections wet·o made by 

ll1·. corgc P. linton. 
31. Tilletia. f oetans (B. & C.) 'l'rel. Par. F ungi Wise. 3~. 18 4 .. 

On T1·j,twum v1doare L. : cult. Fonnd in tl1c fo llowmg coun tle : Bedford, 
Berks, Blair, Butler, Ccutl"e, hestc.r Crawford, Cumberland, Dauphin, 
Dela.warc, Frauklb1

1 
Laucn!lte:r, Lehigh, Lycoming, and fontgomcry. 

32. Tllletia. Holci (We tend .) Rost. Bot. 'I'Idskr. 2£: 256. 1 99. . 
On Jlot1ms za11at111s L.: Forest ouu ty .Red B1•u h, ~'ionc ta. '£owushll? i J ef-

ferson County, Pansy. 
Tilletia pulcherrima. Ell. & Gall.; Clinton, Proc. Boston Soc. Nat. Hist. 31: 33. 

441.. 1904. 
On Patt'ill"l~m CltpWare L .: Centre County, State College (extremely rare). 

UROCYSTIS Rab.; Klotzscl1, Herb. Viv. Myc. ed. 2. 393. 1856. 
34. urocystis Agropyrl (Preuss) Schrot. Abh. Schles. Ges. Abth. Nat. Med., 

1869-; 872: 7 0 1870. 

Cl b 10 7 1883. No specimens have been avail-
9 Reported in Bull. Toney u : . 

able for examination. 
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On Agropy1·on 1·epens (L.) Beauv.: Found in Erie, Luzerne, Susquehanna, 
and Tioga counties. 

On Poa pratensis L.: Montgomery County. 
35. Urocystis Anemones (Pers.) Wint.; Rab. Krypt. Fl. 1': . 123. 1881. 

On Hepatica aoutiloba DC.: Butler County, on Slippery Rock Creek, Slippery 
Rock, Huntingdon County, Spruce Creek. 

36. Urocystis carcinodes (B. & C.) Fisch. de Waldh. Apercu Syst. Ust. 38. 1877. 
On Actea sp.: Berks County, Wernersville. 
On Cimicifuga 1·acenwsa (L.) Nutt.: Blair County, hills beyond Hollidays­

burg; Franklin County, Edenville; Huntingdon County, Charter Oak. 
37. Urocystis Cepula.e Frost, Farl. in Ann. Rep. Sec. Mass. Board Agr. 24: App. 

175. 1877. 

On Allium Cepa L.: Crawford County, Linesville; Erie County, Gimrd; 
Susquehanna County, Glenwood. 

38. Urocystis occulta (Walh·.) Rab.; Klotzsch. Herb. Viv. Myc. ed. 2. 393. 1856. 
On Secale cereale L.: Berks County, Reading; Dauphin County, Harrisburg; 

Erie County, Northeast; Lycoming County, Muncy. 
ENTYLOMA DeBary, Bot. Zeit. 32: 101. 1874. 

39. Entyloma. australe Speg. Anal. Soc. Ci. Argent. 10: 5. July, 1880. 
On Physalis hete1·ophylla Nees.: Found in Adams and Cumberland Counties. 
On Physalis pubescens L.: Erie County, Northeast. 
On Physalis subglabrata Mackenzie & Bush: Lancaster County, Clay. · 
On Physalis vi1·giniana Mill.: York County, Dillsbmg. 
On Physalis sp.: Found in the following counties: Berks, Dauphin, Monroe, 

Northampton, and York. 
40. Entyloma compositarum Far I. Bot. Gaz. 8: 275. 1883. 

On Ambrosia aTtemisiifolia L.: Centre County, Colyer Gap. 
On Ambrosia t1·ijida L.: Columbia County, Catawissa. 
On Aster sp.: Centre County, State College. 
On Senecio au1·eus L . : Huntingdon County, Charter Oak. 
On Senecio Smallii Britton: Perry County, New Bloomfield. 

41. Entyloma irregulare Johans. Oefv. K. Sv. Vet.·Akad. Forh. 4.1': 159. 1885. 
On Poa pratensis L . : Cenb·e County, State College. 

42. Entyloma Lobelia.e Farl. Bot. Gaz. 8: 275. 1883. 
On Lobelia injtata L. : Found in the following counties : Adams, Dauphin, 

Huntingdon, Juniata, and Perry. 
On Lobelia spicata Lam.: Centre County, Scotia. 

43. Entyloma Menispermi Farl. & Trel. Bot. Gaz. 8: 275. 1883. 
On Menispenn1bm canadense L.: Lehigh County, Lehigh Valley (Reported 

by Herbst in "Fungal Flora of the Lehigh Valley" 183. 1899. Reported 
on leaves o:f yellow Parilla). 

44. Entyloma polysporum (Peck) Farl. Bot. Gaz. 8: 275. 1883. 
On Ambrosia t1·ijida L.: Perry County, Millerstown. 
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SOME CHARACTERISTICS OF DARL DCA IN CULTURE 
BY PAUL D. KEENER1 

The fungus genus Darluca is of considerable interest chiefly because 
~f its reported parasitism on the rust fungi. The members of the genus 
have been reported on hundreds of rust hosts scattered thro~ghout the 
entire world. Various reports have listed them as occurrmg on the 
aecial, uredinial, and telial sari of the various rusts but they are most 

commonly found on the uredinia. . 
The genus Darluca is classed in the Family Sphaer?psidaceae of the 

Order Sphaeropsiclales of the Class Fungi-Imperfect!. I~ was :st~b­
l i h d in the yea.:r 1 51 b Luis a tagne (1). 'rhe mo t Widel~ di ~rlb­
lJted pecie. of tb genu was urst described iu 1 13 a S~haena F 1lum 
by . de Bivona-Bernardi (2) . In 1851, Casta ne made thi same £~ngns 
the type . pecie of bjs new Genu: Darluca <.1). Since the f~unding o~ 
the <Yeu ns t here have ·b en describe l in the literature, ap~roxunntely 2o 
pecies of Daduca in a wicle variety of relationship to t h n· ho ts. ~rob­

ably the majority of these are 11.0t va~d species and repor~ of t hen· oc­
currence as other than true rust parasites, are probably enoneous. 

In nature the fungus is found in the f orm o small, globose to ~~b­
globose, or elongated, black, shiny, .fru~ting bod~es known as pycmdia~ 
These structures vary considerably m size, are slightly beaked, and po~ 
sess distinct ostiolar openings through which the spores are exuded m 
thin white or grayish twisted, mucilaginous threads. 

The pycnidia occ~r either innately or superficially on. the r~st sorus, 
and rarely they are found directly on the host plant epidermis, appa~­
ently unassociated with any rust sori. ~n the latter. case t~e fungus IS 
probably parasitic on the rust hyphae concealed withm the tissues of the 

host plant. 'th' th c 
The spores or conidia are produced in large ~umbers .WI m e PY ~ 

nidia. They are borne singly at the t ips of ped1~els wluch ar e abo~t as 
lonO' as the spores themselves. The spor al·e mmnly 2-celled, s~metimes 
3-4~celled, hyaline, oblong to fusoid, 10-2~ x 3- 7 ~~' s~ooth-walled, an~ 
when young possess two apiculate spine-like pr~JectlOnS, 2 ll long, a 
either end of the spore. These spines tend to disappear as the spores 

become mature. . . 
The hyphae of the fungus vary from 3-5 1..1 m diameter and are of un-

usual interest in that they contain but a small amount of cytoplasm. 

1 
Contribution from the Department of Botany, The P ennsylvania State College, 

No. 86. 
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CULTURE WORK 

Up to this time, so far as can be determined from the literature, the 
members of the genus Darluca have never been grown in culture. 

For this reason, beginning in the fall of 1931, isolations of Darluca 
from various rusts were made with the ultimate purpose of discovering 
cultural and pathological evidence as to the degree of biological special­
ization within the species Filum. This paper is intended as a prelimi­
nary report on the progress of the first phase. Inoculation work is under 
way in the greenhouse to secure pathological evidence and a report on 
this phase will be made later. 

METHODS AND MATERIALS 

Field materials of rusted plants heavily infested with Darluca from 
which isolations were to be made were first washed in a weak soap solu­
tion and sterile water, to rid them of as much field contamination as pos­
sible. 

·with the aid of a binocular microscope, pycnidia of the fungus were 
lifted from the rust sori by means of a sterile scalpel. For each isola­
tion, a suspension of pycnidia and spores was prepared by thrusting the 
scalpel into a tube of sterile water and at the same time crushing out the 
pycnidia by pressing the scalpel against the side of the tube. The quan­
tity of sterile water should be just sufficient to cover the surface of solidi­
fied agar in a petri dish. This suspension was then poured over the sur­
face of solidified agar in a dish and was spread evenly over the agar sur­
face by rotating the dish. Any excess of water was poured off by hold­
ing the dish in a vertical position and raising the lid slightly. Dishes 
prepared in this manner were then inverted on the stage of a compound 
microscope. The low power objective was used to locate individual spores 
and pieces of pycnidia which were then marked with circles of India ink 
on the bottoms of the dishes. When growth had started, the lids of the 
dishes were removed, and pieces of agar in the areas designated by the 
cir.cles were cut out and transferred to agar slants in test-tubes. 

For the isolations three agars were used. These were Lima Bean, 
Potato Dextrose, and Malt. The first two were prepared by using the 
commercially-produced extracts and weighing out the specified amounts 
in 1,000 c.c. of distilled water. The Malt agar was prepared with 15 
grams Malt extract, 20 grams of agar-agar, in 1,000 c.c. of distilled water. 

By the use of this method, 10 isolations from 10 different rusts ( 5 in 
the rust genus Puccinia and 5 in the genus Uromyces), from 9 different 
hosts, collected in three states, were made. The following is a list of 
these isolations with their arbitrary culture numbers, and the states from 
which the original field materials came. 

. 

.; r,. 
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1. Darluca isolated from Puccinia Sorghi on Zea Mays. (Pennsylvania). . 
2. Darluca isolated from Puccinia graminis on Phleum pratense. (Pennsyl.vama) · 
3. Darluca isolated from Uromyces Silphii on Juncus tenu~s. (Pennsylvama). 
3b. Darluca isolated from Uromyces Silphii on Juncus tenms sent by Doctor C. R. 

Orton froll't the University of West Virginia. 
4. Darluca isolated from Uromyces fallens on Trifolium prate~se. (New ~ersey). 
5. Darluca isolated f1·om Puccinia hibisciata on Muhlenberg1a Schreben. (New 

Jersey). 
6. Darluca isolated from Puccinia Violae on Viola sp. (New J e~sey) · 
'i. Darluca isolated from Uromyces Polygoni on Polygonum aVlculare. (Pennsyl-

vania). 
8. Darluca isolated from Uromyces Junci-effusi on Juncus effusus. (Pennsyl-

vania). 
il. Darluca isolated from Puccinia Hieracii on Leontodon Taraxacum. (Pennsyl-

vania). 
RESULTS 

The characteristic field features of the fungus are for the most part 

retained under culture conditions. 
In general pycnidia and spores are readily produced in culture and 

the size range' of these structures corresponds clos~ly to that in the fie~d. 
The shape and color of the pycnidia are also retamed on culture _media. 

In the field the shape of the conidia varies from o bl~ng to. fusmd. In 
culture, however, while the majority of the spores retam their oblong to 
fusoid shape, there is a noticeably large number of ab.errant forms. 
(See Figure 15, 2.) In culture, 3-4-celled spores ~ccur m large num­
bers while in the field material the number of cells IS almost constantly 

2, with only an occasional multi-cellular spore. . 
Under field conditions the vegetative hyphal growth of the fungus IS 

confined to an area within or beneath the rust sorus a~d withi~ the tissue 
of the host plant, so that there appears to be no aenal mycelium d~vel­
oped. In cult1.ne many of the isolation develop two types of mycelimn. 
The first type grows above and on the surface of the a.g:rr a.nd rna~ be 
termed the" aerial mycelium." This type i relatively thm-walied, ligh~ 
colored, and contains a small amount of cytoplasm. The . econd type of 
mycelium is confined to a region beneat~ the ag~r surface ~nd may. be 
called the ''sub-aerial mycelium.'' This type IS comparatively thiCk­
walled dark in color and often becomes densely granular. Some of the 
cultur~s were lacking in both of the above mycelial types, and d.evelo~ed 
on the surface of the agar, a hard, black, "stromatic layer" .m which 
were fused many pycnidia. (See Plate I, Figs. 3-A, 3-B.) Still others 
were totally lacking in this stromatic development. ?'he presence of a 
stroma, even after the preparation of free-ha~d sectwns~ cou~d not be 
detected in any of the field specimens from which the ten Isolatwns were 

made. 
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As a general rule, spore production is limited on Potato-dextrose 
agar. However, this agar affords an excellent isolation medium as it 
gives a stimulus to quick vegetative development. Those isolations which 
developed a stroma produced it in the greatest amount on this agar. In 
the case of the majority of isolations, vegetative hyphal development was 
extremely heavy on this medium. 

Malt agar was especially well adapted to both vegetative growth and 
spore production. Stromatic development was variable on this agar. 

In, general, the best growth and the most abundant pycnidial and 
spore production were obtained on Lima Bean agar. Spore germination 
takes place in a short time on this medium, and pycnidia are produced 
in from five to seven days after inoculation. 

The development of Darluca on Lima Bean agar was found to be as 
near to that in the field as could be desired. In view of this fact, this 
medium was selected for a greater part of the culture work, as the best 
medium on which to grow the various isolations for comparison and de­
tection of possible strains. 

It was found that all the isolations tended to produce certain spore 
types not found in field material. In the literature these structures have 
been called Oidia (see Figure 15, 8) and Chlamydospores (see Figure 
15, 4). The former are produced in variable numbers in chains, 
while the latter occur as either intercalary or terminal hyphal cells. 

Comparing the several isolations on Lima Bean agar it appears that 
there are six distinct groups based on the following characteristics of 
growth: (1) the presence or absence of a stroma and the degree to which 
this is developed; (2) the degree of spore production; (3) the presence 
or absence of ''aerial mycelium''; ( 4) the color of the aerial mycelium; 
( 5) the presence or absence of "sub-aerial mycelium"; ( 6) the color of 
the sub-aerial mycelium. 

The essential differences as shown in Table 1 persisted to a greater or 
lesser extent on other media. A series of acid media, consisting of Malic, 
Maleic, Malonic, Tartaric and Succinic acids, were used primarily to 
determine the ability of the various isolations to make use of these acids 
for growth. The results obtained add further evidence to show that the 
groupings as made on Lima Bean agar are valid. 

In the group descriptions below, characters other than those brought 
out in Table 1 are discussed briefly. 

GROUP I. (See Plate I. Figs. 1-A, 1-B). On Potato·Dext?'ose agm·, tltis 
group develops a very heavy layer of aerial mycelium; medium stromatic growth, and 
medium to heavy pycnidial and spore production. The sub·aerial mycelium is yellow 
changing to deep brown. On Malt agar, the group is also apt to produce heavy aerial 
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TABLE 1 

Comparison of Six Groups of Darluca Filum on Lima Bean Agar 

Group Isolation Stroma Spores 
number number 

------
1 
4 

I 5 - ++ 
6 
7 

II 2 - + 

III 3 ++ +++ 

IV 3b - ± 

v 8 ± + 

VI 9 - ± 

Key to Table 1 
+ + +=present and very heavily developed. 

+ +=present and heavily developed. 
+ =present and slightly developed. 
± =poorly developed. 
-=no development. 

Aerial Sub-aerial 
mycelium mycelium 

+ 
+ Yellow 

White turning 
to orange 

+ 
+ Salmon pink 

White to 
yellow 

- -

± 
± Light brown 

Light turning to 
brown darker brown 

+++ +++ 
White Black 

++ 
+ Brownish 

White yellow turn-
turning ing to deep 

to yellow reddish 
yellow 

mycelium, and medium to heavy stromatic growth. The sub-aerial mycelium is dark 
brown to black. Spore production on this agar is variable. The group can prob­
ably be subdivided after more culture work has been accomplished. It is composed 
ot intergrading characters which correspond somewhat to those of Group II. How­
ever, it is separated from the latter group in that growth of Group I is very poor on 
Maleic acid, while the growth of Group II is very good on this same medium. Group 
I is unable to utilize the other acid media to any great extent. 
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GROUP II. (See Plate I. Figs. 2-A, 2-B). On Potato-Dextrose agar, this group 
produces a very heavy, thick, crust-like aerial mycelium which at first is white but later 
turns to a yellow color. The sub-aerial mycelium on this medium varies from a yellow 
to a deep orange brown color, and comprises a rather heavy layer. Spore production 
on this agar is poor. On Malt agar the sub-aerial mycelium in of a deep brown color, 
and _.of rather shallow nature. There is heavy spore production on this medium. The 
group may be differentiated from Group I in that Group II produces a heavy crust­
like aerial mycelial mat accompanied by relatively few spores on Potato-Dextrose agar. 
On Maleic acid growth of this group is good, which fact further separates it from 
Group I. Only mediocre growth was obtained on the other acid media. 

GROUP III. (See Plate I. Figs. 3-A, 3-B). This group is perhaps one of 
the most distinct of the six. On Potato-Dextrose agar there is very heavy spore pro­
duction which is unusual as a general rule for this agar. The stromatic growth is 
much heavier on this agar than indicated for Lima Bean agar in Table 1. On Malt 
agar the growth is similar with the exception that there is a slight development of fine, 
grayish, aerial mycleium over the surface of the pycnidia. This group is easily 
separated from the others by its extremely heavy stromatic growth developed on 
Potato-Dextrose agar, and the presence of a certain degree of stromatic development 
on all agars. It may be further separated in that there is no growth at all on Malic 
agar, with only poor to fair growth on the other acid media. 

GROUP IV. (See Plate I. Figs. 3B-A, 3B-B). Although this isolation was 
made from the same species of rust an<:f. host plant as that of Group III, there seems 
to be cultural evidence that the strains are not the same. On Potato-Dextrose agar, 
there is produced gray aerial mycelium which is closely appressed to the underlying 
stroma in which the pycnidia are fused. The stromatic growth is only of medium 
intensity. There is no sub-aerial mycelium produced on this agar. On Malt agar the 
strain produced a rather thin layer of gray to brown colored aerial mycelium. 
Stromatic growth on this medium is rather heavy, and spores are produced profusely. 
The group may be differentiated from Group III in that it develops less stroma on 
Potato-Dextrose agar, and a heavier stroma on Malt agar than does the isolation of 
Group III. Furthermore, this isolation develops a thin layer of brown aerial mycelium 
ou Lima Beam agar. The pycnidia are also brown in color. The Group III isolation 
produced no aerial mycelium and black pycnidia on Lima Bean agar. The spore 
production of Group III was very heavy on Lima Bean, while in this group it is 
limited. The group is further separated from Group III in that growth is extremely 
good on Malic acid. Group III did not grow at all on this acid medium. Growth of 
Group IV is poor on Maleic acid. 

GROUP V. (See Plate I. Figs. 8-A, 8-B). On Potato-Dextrose agar this 
group makes a great departure from the growth habits of the other groups on the 
same medium. There is a heavy stromatic development over which grows a thick, mold­
like layer of blue to green aerial mycelium. The color fades to gray on aging. On 
Malt agar the aerial mycelium is stringy and deep gray in color. Spores are not 
readily produced on this medium. It may be further separated from the other groups 
in that this group is the only one of the six that attains good grewth on Tartaric aoid. 
Growth is poor to fair on the other acid media. 

GROUP VI. (See Plate I. Figs. 9"A, 9-B). The growth features of this 
group as shown in Table 1 held true on the other media used. Growth as a whole 
was poor to ~air on all agars. 
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DiscussiON AND CoNCLUSIONS 

This preliminary study of the ten isolations of Darluca Filum from 
various rusts, indicates that there is some cultural evidence of biological 
specialization within that species. . From the study, we can discern six 
distinct groups based on general growth features. It is the author's 
opinion that these six groups constitute a series of six biological strains 
of the species Filum. The author is also of the opinion that after further 
studies have been completed, Darluca Filum will be found to consist 
quite definitely of many biological strains which will be found to have 
distinct preferences for their rust hosts. 

While many species of Darluca have been described, one has only to 
read over the various descriptions to decide for himself that with few 
exceptions, the specific· separations have been based on very slight mor­
phological differences. Some of these names have already been reduced 
to synonomy so that it appears that there are but a few valid species of 
the genus. No doubt many of these will eventually be combined with the 
common species Darluca Filum. 

Up to the present time it is evident that specific separations within 
the genus Darluca, for the most part, have been made on extremely weak 
evidence. At the same time, it is apparent that no thought has been 
given to the possible existence of biologically specialized strains within a 
species. Biological specialization itself is of wide-spread occurrence 
throughout both animal and plant kingdoms and it is well known in 
many of the fungi. Probably most of the previously described Darluca 
species, rather than existing as distinct species, are merely biological 
strains of the species Darluca Filum. 

The rust fungi are well known as one of the most highly specialized 
groups of fungi, and there is a high degree of biological differentiation 
within their genera and species. Up to this time, the rusts have never 
been grown on artificial culture media. In spite of the constant associa­
tion of the Darluca with rusts, it seems quite evident that they are not as 
highly developed parasitically as are the rusts themselves. The cultur­
ing of Darluca Filum on artificial media, as brought out in this work, 
tends to warrant such assumption. 

The author realizes that culture work on artificial media alone will 
never suffice to separate definitely the various biological strains, but that 
this type of work must be supplemented by culture work on the natural 
hosts. The best criteria of strain differentiations among the parasitic 
fungi are the "pathological tendencies" which they display. This phase 
of the problem is now being undertaken with cultures on the rust hosts. 
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The. wor~ h~re reported gives merely an indication of the existence of 
strams Withm the species Darluca Filum. 

It is perha~s also true that after isolations have been made from 
other ~ust speci~s and from the same rusts in widely separated localities, 
many mtergradmg forms will be found to exist. 

The author is greatly indebted to Dr. H. W. Thurston, Jr., of the De­
~artment of. Botany, Pennsylvania State College, for his helpful advice 
m . the carryi~g out of the experimental work, and in the preparation of 
this manuscript; to Dr. C. R. Orton, of the University of Virginia Mor­
~anto~vn for the collection o£ the material f rom which the Gro~p IV 
1 olatwn wa ma~e; and to W. L. White, also of the Department of Bot­
any, . P ennsylvama State College, for t he rust determinations mentioned 
~lere~l and for the collection of the material f rom which the Group II 
Isolatwn was made. 

SUMMARY 

1. This is the first report of cultural work with any member of the 
genus Darluca. 

2. Ten isolations of Darluca Filum from ten different .rusts (5 in the 
rust genu~ Pnccinia and 5 in the genus Uromyces), on nine host plants 
collected m three States, were made. · 

. 3. The essential features of the fungus, as seen in the field, were re­
tamed on culture media. 

4. Th~ is~lations were found to fall into six distinct groups based on 
several criteria of growth on artificial culture media. 

5. Certain spore types, not found under field conditions were com­
mon to all the isolations on all media. The significance of th~se forms is 
extremely doubtful. 

. 6. !rom th~ ?re~in~ry study, there seems to be strong evidence of 
biOlogiCal spec1alizat10n Within t he species Darluca Filum. · 

7. The d "'l' of peciaUzation is probably not as strong as in the 
case of the rust fungi themselves. 
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Fra. 15. 1-9, from lima bean agar cultures of Darluca Filum. All drawings 
made with a camera lucida at an approximate magnification of 975 x. 1, Normally 
formed macro-conidia. 2, Aberrant forms of macro-conidia. 3 and 4, ChlaJnydo­
spore-like hypha! cells. 5, 6, 7 and 8, Stages in the development of the oidia-like cells. 
9, Differentiated hyphal cells (probably a stage preliminary to the formation of the 

Chlamydospore-like cells). 

E~PLANATION PLATE I 

Series A: six strains of Darluca Filum on lima bean agar. 
(Group I) Fig. 1-A, Isolation from Puccinia Sorghi. 
(Group ll) Fig. Z·A, Isolation from Puceinia graminis. 
(Group Ill) Fig. 3-A, Isolation .from Uromyces Silphii (Pennsylvania). 
(Group V) F ig. 3B·A, ! solution from Uromyces Silphii (West Virginia). 
(Group V) Fig. 8-A, Isolation from Uromyces Junci-effusi. 
(Group VI) Fig. 9-A, ! solu tion from Puccinia Hieracii. 

Series B: six strains of Darluca Filum on Potato-dextrose agar. 
(Group I) Fig. 1-B, Isolation from Puccinia Borghi. 
(Group ll) Fig. 2-B, Isolation from Puccinia graminis. 
(Group III) ig. 3-13, Isolation froJU Uromyces Silphii (Pennsylvania). 
(Group IV) Fig. 313-B, IsolatiOl\ .from Uromyces Silphii (West Virginia). 
(Group V) Fig. 8-B, Isolation from Uromyces Junci-effusi. 
(G·roup V'I) Fig. 9-B, Isolation from Puccinia Hieracii. 

PLATE I 
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NOTES ON THE RUSTS OF PENNSYLVANIA.* 
H. w. THURSTON, JR. AND w. LAWRENCE WHITE 

Department of Botany, Pennsylvania State College 

The ru ·t f ungi ,have been for many yen the object of certain studies 
carried on by variou members of th Department of Botany of the Penn­
sylvania State College. In the r port of the first meeting of the Pennsyl­
vania Academy of cience, held in ovember, 1924, there appeared an 
abstract of a paper on the Rusts of Pennsylvania.1 At this time the 
number of species known in the State was 154 and the number of host 
plants 368. In 19292 the list was first published in its entirety, and con­
tained the names of 158 species of rusts on 412 species of host plants. 
During the past four years we have added a large number of collections 
from various -parts of the State. Study of these collections reveals eleven 
species not recorded in the previous list. Two species in the old list were 
found to have been reported in error, thus bringing the total number of 
rusts now known in Pennsylvania to 167, and the number of hosts to 
440. 

The purpose of these notes is twofold: 1, to record the species which 
are new for the State and, 2, to offer additional information and com­
ments upon several of the previously recorded forms, which have come to 
hand largely as a result of collecting during the past four years. In the 
1929 list almost one-third of the recorded species bear the notation 
"Tare" or "known only from a single collection." While no effort has 
been made to collect systematically in all parts of the State, our collec­
tions now cover a period of twenty years and consist of several thousand 
specimens. In this connection it is of interest to point out that twelve 
species have been recorded but once in a hundred years, or in fact, only 
onoo in the history of Pennsylvania mycology. These tw-elve collections 
are all to be credited to Lou1s David Von Schweinitz, known as the 
Father of American Mycology, who lived and collected fungi in the 
vicinity of Bethlehem, Penna., between the years of 1821 and 1834. 
Schweinitz collected in all 71 species of rusts in Pennsylvania. All of 
these but the 12 mentioned have been found at least onc-e since. A list 
of these forms is included in our notes in the hope that by calling atten­
tion to them we may stimulate some interest in this group of f1:mgi and 

*Publication authorized by the Director of the Pennsylvania Agricultural Ex­
periment Station April 13, 1933, ns Tcclmlcal Paper No. 585. Contribution from 
the Department of Botnny, T he Pemtsylvunin State College No. 84. 

1 C. R. Orton, H . W. Thurston, J r . and F. D. K m. The Rusts of Pennsylvania. 
!"roc. Penna. Acad. Sci. 1: 63-64. 1926. 

2 F. D. K ern, H. W. Thurston, Jr., C. R. Orton, and J. F. Adams. The Rusts 
l)f Pennsylvania. Penna. Agric. Exp. Sta. Bull. 239. 1929. 
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some search for these forms in particular. It is our belief that most of 
~hde~ atre not really so rare in the State as our collection records would 
In Ica e. 

SPECIES NOT REPORTED IN PREVIOUS PENNSYLVANIA LISTS 

MELAM~~~;~LLA ELATINA (Alb. & Schw.) Arth., North Am. Flora 7: 111. 

On Alsine longifolia (Muhl.) Britton. II & III 

b t ~h~ rust s~ems to be widely distributed in the ~astern United States 
Ru ISL now~ In Pennsylvania only from a specimen collected at Trout 
u~, ycommg County; June 1925. The pycinia and aecia occur 

Ab~es sp. but have not been found in Pennsylvania. on 

PUCCINIA ALLE~u. (Clinton) Barth, Handbook North Am. Ured. 83. 1928 
On Oarex mr~dula Michx. II & III. · 

t :his species i~ represented in Pennsylvania by a single collection made 
a resque Isle m 1868, by A. P. Garber The p . d . 
known t Sh · ycma an aeCia are 

. o occur ~n epherdia sp. but have not been found in Penns 1-
vama. W"_e are mdebeted to Doctor J. c. Arthur p rd . .Y 
for a speCimen of this collection. ' u ue Umversity, 

PUCCINIA ARALIAE Ell. & Ev., Jour. Myc. 6: 120. 1891. 
On ~anax trifolium L. III. Shaver's Creek, 3 miles southwest of 

Pme Grove Mills, Centre County, May 9, 1930, M. c. Ries. 

A con~pic~ous short-cycled rust not heretofore known outside of th 
type locality In Massachusetts. e 

PUCCINIA B~TESIANA Arth., Bull. Torrey Club 28: 661. 1901. 
On Helwpsis helianthm'des (L.) Sweet. O, I, III. 

C Kno~n in Pennsylvania from a single collection from Bedford 
~unty, ept. 18, 1918, by Mrs. Joseph Clem-ens. Our specimen was con-

tributed from the Arthur Herbarium Purd Un' · , ue Iversity. 

PUCCINIA DOUGLASII Ell. & Ev., Proc. Acad. Phila. 1893. 152 1893. 
On Phlox subulata L. 0, I, III. · · 

. A specimen of this rust collected near Philadelphia by Th M h 
In 1893 has bee? contributed to our collection by Doctor J. ~s .. A:t~:: 
No other collectiOns from the State are known. · 

PUCCINIA T~TMIDIP~ Peck, Bull. Torrey Club 12: 24. 1885. 
On Lymum hahmifolium Mill. II, III. State College Oct. 26 1931 

H. W. Thurston, Jr. ' ' ' 

This r.ust was report:d (Bull. Penna. Ag. Expt. Sta. 239, 1929) as 
P. globos~pes. At the time of the previous report onl d' · 

Y ure miOspores 
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had been found in the State. Subsequent collections of telia in Pennsyl­
vania as well as in New York and West Virginia make it seem certain 
that all of the eastern collections on this host should be referred to P. 
tumidipes, and that P. gLobosipes is a western species. The two are not 

separable in the uredinial stage. 

PUCCINIASTRUM GALli (Link) Ed. Fischer, Beitr. Krypt. Schweiz. 2: 471. 

1904. 
On GaLium trifiomm Michx. II, III. Olivet, Armstrong Co., Aug., 

1932, W. L. White. 
This rust is reported in North American Flora from Vancouver Island 

southward to central California and eastward to central Colorado, with 
one locality in central New York and one in Wisconsin. GaLi~~m tri­
fiorurn is its only recorded host in this country. The pycnia and aecia 

are unknown. 

UREDINOPSIS coPELAND! Sydow, Ann. Mycol. .2: 30. 1904. 
Uredinopsis Atkinsonii Magn., Hedwigia 43: 123. 1904. 

On AspLenium Fel1:x-[oernina (L.) Bernh. II, III. Ingleby, Centre 

Co., July, 1931, H. W. Thurston, Jr. 
This species has for sometime been known to occur in northeastern 

United States but has not been recorded previously from Pennsylvania. 
The aecial stage is known to occur on Abies sp. but has not been found 

in Pennsylvania. 

UROMYCES ALOPECURI Seym., Proc. Bost. Soc: Nat. Hist. 24: 186. 1889. 
On ALopecw·nS' aristulaft~s Michx. II, III. State College, Centre 

Co., July 28, 1931, H. A. Wahl & W. L. White. 
This is a western species, not heretofore reported east of Minnesota. 

The pycnia and aecia have been reported on RantmcuLus sp. from Colo­
rado and western Canada but have not been found in Pennsylvania. 

UROMYCES HALSTEDII DeToni, in Sacc. Syll. Fung. 7: 557. 1888. 
On Leersia oryzo1:des (L.) Sw. II, III. Hunter's Run, Cumberland 

Co., Sept. 1, 1921, C. R. Orton. 
This is apparently an uncommon but widely distributed species. The 

pycnia and aecia are unknown. 

UROMYCES VERRUCULosus Schroet., Jahresb. Schles. Gaz. 50: 140. 1873. 

On Lychnis aLba. Mill. II. 
There are at hand two collections from Pennsylvania, one from North­

east, Erie Co., Oct., 1920, W. A. M-cCubbin, 1185, and the other from 
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State C?llege, Oct., 1932, P. D. Keener. The former collection was re­
corded m Bull. Penna. ~g. Expt. Sta. 239, 1929, as Uromyces s~?.enes 
(Schlecht.) Fucke_L on StLene noctifiora L. 'rhis was an error, and it now 
~ppears that U. StLenes has never been found in Pennsylvania. The rust 
Is apparently rare, having been reported elsewhere only from Michigan 
and New York. · 

NoTES ON SoME PREVIOUSLY REPORTED SPECIES 

COLEOSPORIUM CAMPANUI.AE (Pers.) Lev., Ann. Sci. Nat. III 8 373 
1847. . : . 

On Campamtla rapunct~Loides L. II, III. Campus State College, 
Centre Co., Sept. 22, 1932, H. W. Thurston, Jr. ' 

This c_ollection adds a host to the Pennsylvania list. The rust ap­
paren~ly IS not common. It was included in the previous list based on 
a specimen collecte~ in \V:estmoreland County, by Sumstine in 1908, and 
on the re~ort of this species from Pennsylvania on SpecuLaria perfoliata 
(L.) DC. m the North American Flora. 

GYMNOSPORANGIUM GERMINALE (Schw.) Kern Bull. Torrey Club 35. 506 
1908. ' . . 

On ~rataegus macracantha Lodd. 0, I. Bald Eagle Mts., above 
Fillmore, Centre Co., Sept. 18, 1930, L. 0. Overholts. 

On Crataegus Oxyacantha L. (Cultivated), 0, I. Campus, State 
College, Centre Co., July, 1931, W. IJ. White. 

On Crataegtts roanensis Ashe. 0, I. Bald Eagle Mts.; above Fill­
more, Centre Co., Sept. 18, 1930, L. 0. Overholts. 

we have found ?0 ~ecord of the occurrence of this rust on any of the 
a?ove named hosts m North America. Crataegus Oxyacantha L. is some­
times confused with C. monogyna J acq. The host here reported is to be 
refe~red to the :orm~r na~e and is not C. monogyna Jacq. as the 'two 
species are described m Bailey's Encyclopedia. 

MELAMPSOROP~rs CASSANDRAE (Peck & Clinton) Arth., Result Sci. Congr. 
Bot. VIenna 338. 1906. 

On Chamaedaphne calyculate (L:) Moench. II, III. 

. This ru~t has. been. considered rare in Pennsylvania, the report of it 
m. the pr~vwus list bemg based on a single collection from a high moun­
tam bog m Centre Co. known as Bear Meadows where it is known to ap­
pear each summer. A collection was made in Mercer Bog, Mercer 
County, Jun~, 1932, H . W. Thurston, Jr., which adds a new locality for 
the State. Smce the host is limited in its distribution to scattered b0gs 
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and swamps, it is to be expected that the rust would be collected infre­
quently. Judging, however, from our collection in widely er arated 
localities and from reports of its occurrence in surroundincr tate it is 
likely that the rust is more constantly associated with this ho t than was 
formerly believed. 

PUCCINIA ACETOSAE (Schum.) Korn., Hedwigia 15: 184. 1876. 
On Rumex Acetosella L. II, III. 

This rust has been previously recorded from only two inland states, 
Indiana and Pennsylvania, the latter based on a single Clinton County 
collection. During the summer of 1932 collections have been made from 
three additional counties-Armstrong, Centre, and Indiana. 

PUCCINIA CLEMATIDIS (DC.) Lagerh., Tromso. Mus. Aarsh. 17: 47. 1895. 
On Ran1mculus recurvaft~s Poir. 0. I. Near State College, Centre 

Co., Mar. 16, 1930, C. S. Moses & L. 0. Overholts. 

This plant is not recorded in the North American Flora as a host for 
Puccinia Clematidis, though the rust is a common and widely distributed 
species and known to occur on a large variety of Ranunculaceous hosts. 

PUCCINIA CURTIPES Howe, Bull. Torrey Club 5: 3. 1847. 
On Micranthes virginiensis (Michx.) Small, III. 

This rust, which had previously been represented in our herbarium 
by a single Huntingdon County collection, has been taken several times 
in the vicinity of State College, during the last two years. 

PUCCINIA CYPERI Arth., Bot. Gaz. 16: 226. 1891. 
On Erigeron anut~s (L.) Pers. 0, I. Three collections from south­

ern Pennsylvania are at hand. 
On Cyperus strigosus L. II, III. Biglerville, Adams Co., Sept. 22, 

1931, W. L. White. 

The rust is known only from the southern part of the state and had 
not been reported from Pennsylvania on the above named hosts. The 
pycnia and aecia have been unknown nutil Doctor J. J. Da·vi prov d 
recently (Trans. Wis. Acad. Sci., L't. & Let. 27 : 1 7. 1932) by cultm·e 
that they occur on Erigeron. In the pa t all aecia on E1·igC'J·o-n in P enn­
sylvania have been referred to P1wc•i.n·ia aste1··wm ( cbw. ) K rn, which is 
common in the state and develops its uredinial and telial stages on Carex. 
It is pointed out by Doctor Davis that the aecidial stage of Puccinia 
Cyperi Arth. is very similar to that of P. asterum, the principal difference 
observed being a thickening of the spore wall at or near the apex in the 
former species. Subsequent examination "Of material previously filed in 
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our herbarium as p t h 
. no~ be. referred to ·t:Is e;;te:i:s ~::~n~h~:s s~:r~!t!h:t~ollections should 
It Is of mterest to note that the collect· E . g~s on ~yperus. 
with thickened walls were from th IOns on . ngero~ ha~mg aecwspores 
part of the st · . · e .sam~ general regwn m the southern 

telial stages h:~~ ~:!t~:~:!t:~o~yC;p:~~s~ection that the uredinial and 

PUCCINIA GROSSULARIAE (Schum.) L h T 
1895. ager . romso. Mus. Aarsh. 17: 60. 

On Carex digitalis Willd. 
1928, A. R. Bechtel. 

II. Near Windber, Bedford Co., July 11, 

On Carex pedunculata Muhl II III Nea~ PhT b 
Co. June 2 1923 L W N. ' . . L I Ips urg, Centre 

' ' , . . uttall. 
On Carex torta Boot. II. Oleona, Potter Co. May 28 1932, G. L. 

Zundel & W. L. White. ' ' 
A common rust not heretofore 

from Pennsylvania. reported on the above named hosts 

PUCCIN1IA HIERACIATA (Schw.) H. S. Jackson, Brooklyn Bot Gard Mem 
: 251. 1918. . . . 

· On Hieracium venosum L. 0, I. B 
arrens, Centre Co., June 19 1931, H. \V. Thurston, Jr. ' 

On t9a3c1tuLcaOcanOadenh.nl·s L. 0, I. Near Scotia, Centre Co., June 9 
, · . ver o ts. ' 

On Lactuca hirsuta Muhl 0 I B 
1931 S W . ' . arrens, Centre Co., June 19 

, . entzel. ' 
On Lactuca sp 0 I Al S 

H . . ' . ong usquehanna River, above Lock 
aven,. Clmton Co., May 29, 1932, L. 0. Overholts & W. L. White. 

~he rust Is known to occur in near-by states on the b 
species of Lactuca, but the first host named is new for No:t~vl na~ed 
P~evio~s to this the only record of the occurrence of the rust in~:::· 
sy. van~a was .from the single collection of Schweinitz (2868 -
~~~r:c;um par:wula.turn L. It is interesting to note that the urediniai a~~ 
; Ia s tg€s. on the ~lternate host, Car ex, have not yet been recorded from 

ennsy vama. Tl;us may be due to the fact that althou h 
;ndo~~tedly o~~ur here, they are so similar to tho~e of th: m!!:s:o::~ 
o:r~;:h ~~~;~l~~~t the two species of rust on Carex can be separated 

PUC~NIA JMP~TIENTrs (Schw.)' Arth. Bot. Gaz. 35: 19. 1903 
On Impatwns pallida Nutt. 0, I. Wolf Creek Mercer C~ Jul 23 

1932, H. Vv. Thurston, J .r. ' ., Y · ' 
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On Cinna arttndinacea L. II, III. Mt. Holly Spring·s, Cumberland 
Co., Sept. 2, 1921, C. R. Orton. · 

A collection of this rust from Pennsylvania on bripatiens pallida is 
listed in North American Flora, but th&t recorded above is the first on 
this host in Pennsylvania to be seen by the writers. There seems to be no 
previous report of it on Cinna from the state. 

PUCCINIA PECKII (DeToni) Kellerm., Jour. Myc. 8: 20. 1902. 
On Carex annectans Bicknell. II. Biglerville, Adams Co., July 26, 

1932, W. L. White. 
On Carex nonnalis Mackenzie. II, III. State College, Centre Co., 

Dec. 7, 1932, H. W. Thurston, Jr., & P. D. Keener. 
On Carex vulpinoidea Michx. II, III. Olivet, Armstrong Co., Aug. 

20, 1932, W. L. White. 
This is one of the less common of the seven Carex rusts known to occur 

in Pennsylvania. The hosts named above are new for the state. 

PUCCINIA POCULIFORl\iiS (Jacq.) W·ettst., Verh. Zool. Bot. Gez. Wien. 35: 
544. 1886. 

On Anthoxantlwrn ocloraturn L. II. Biglerville, Adams Co., July 

26, 1932, W. L. White. . 
Though the rust is very common and is represented in our herbarmm 

by a great number of collections, it had not previously been collected on 

this host. 

PUCCINIA RHAMNI (Pers.) vVettst., Verh. Zool. Bot. Gez. Wein. 35: 545. 

1886. 
On Lolium perenne L. 

1932, W. L. White. 
On Poa cornpressa L. 

1932, G. L. Zundel. 

II, III. Forksville, Sullivan Co., July 16, 

III. New Albany, Bradford Co., Mar. 4, 

These are additional hosts for Pennsylvania. 

UROMYCES PERIGYNIUS Halsted, Jour. Mycol. 5: 11. 1889. 
On Carex cristata Schw. II, III. Ingleby, Centre Co., July, 1931; 

Olivet, Armstrong Co., Aug., 1932, W. L. White. 
On Ca1·ex t1·ibuloides Wahl. III. State College, Centre Co., March, 

1933, W . L. White et al. 

These collections add two new hosts for the State. The rust · is of 
rather frequent occurrence but it had previously been represented i:ri our 
herbarium only on Carex scoparia Schkuhr. 

PENNSYLVANIA ACADEMY OF SCIENCE 147 

ScHWEINITZ CoLLECTIONS NoT SrNcE RECORDED 

GYllfNOSPORANGIUM BOTRYAPITES (Schw.) Kern, Bull. Torrey Club 35 : 
506. 1908. 

On Amelanchim· canadensis (h) Medic. 

Said by Schweinitz to be rare. 

GYMNOSPORANGIUM CALVARIAEFORME (Jacq.) DC. Fl. Fr. 2: 217. 1805. 
On Ju,nipe?·us communis T.J. 

Reported by Schweinitz as occurring on a single Juniper near Easton. 

GYMNOSPORANGIUM TRACHYSORUM Kern; Arth. Mycologia 2: 237. 1910. 
On Cmtaegus monogyna J acq. 
Called caeoma cylindrites by Sehweinitz who said it was common 

near Philadelphia. 

PUCCINIA GNAPHAIJIATA (Schw.) Arth. & Bisby, Proc. Am. Phil. Soc. 57: 
221. 1918. 

On Gnaphalium obhtsifolium L. 
Schweinitz says very common about Bethlehem. 

PUCCINIA HYOSOPI Schw. Trans. Am. Phil. Soc. II. 4: 296. 1832. 
On Agastache scrophulatriaefolia (Willd.) Kuntze. 

Said by Schweinitz to be "occasional" near Bethlehem. 

PUCCINIA MACULOSA Schw. Trans. Am. Phil. Soc. II. 4: 295. 1832. 
On Andropogon virginicus (L.) Kuntz. 

Schweinitz says, "not common." 

PUCCINIA VERNONIAE Schw. Trans. Am. Phi. Soc. II. 4: 296. 1832. 
On vernonia N ovebomcensis (L.) Will d. 

PUCCINIA VIRGATA Ell. & Ev., Proc. Acad. Phila. 1893: 154. 1893. 
On Sorghastrum nutans (L.) Nash. 

Reported as "rare" by Schweinitz, who used the name Caeoma 
andropogi. 

PUCCINIA WINDSORIAE Schw., Trans. Am. Phil. Soc. II. 4: 295. 1832. 
On Tridens fiavus (L.) Hitchc. 

FROMYCES FABAE (Pers.) DeBary, Ann. Sci. Nat. III. 20: 80. 1863. 
On V icia F'aba L. 
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UROMYCES PEDATATUS (Schw.) J. Sheldon, Torreya 10: 90. 1910. 
On Y iola pedata L. 

Viola prirnulifolia L. 
Viola sagittata L. 

UROMYCES SPERMACOCES (Schw.) M.A. Curt. Cat. Pl. N. Car. 123. 1867. 
On Diodia tet·es Walt. 

CHEMUNG OF SOUTHWESTERN PENNSYLV ANIA1 

BRADFORD \VILLARD 
Pennsylvania Topographic and Geologic SuTvey 

INTRODUCTION 

Dttl'ing the la t tb1·e field ea OJl.S the author ha stucli~d the D~v -
nian of northeastern, central and southwestern Penn ylvama. Deta1l d 
trati<>'raphic inve tigatious of the po t-Hel i rbern Devonian of the tate 

have heretofore been confined to a few sporadic in tances, excep for t~e 
inten ive work in northwe. tern and northern pru.t o£ the tate dot:e m 
r • 11 year ( a.-ter 4; hadwick 5; IJ.'orry 16).2 ~'he report ~£ . ~he 
Second Pem1 ylvauia Geological ul'vey are econonuc ~1d cl .cr~ptlV 
rather than stratigraphic and paleontolo<>'ic. ueh tratigraphic mter­
pretatiol.1S as were made by that Smvey have often proved erroneou and 
unreliable. These older ideas are gradually bei11g checked and correct d, 
and at the same time new idea are being developed. '!'he. finer llb­
divlsion of the Devonian sy tern in Pennsylvania ar·e becommg known 
with detailed tratigraphic work and the identification of large m1111b r . 
of fos ils. The Hamilton group of ea tern Penn ylvania ha~ recently 
beeu ubdivicled (Willard and Cleaves 22) into its four £ormat10n ~ter 
the New York usal)'e (Cooper 9), and tnese four in turn resolved mto 
lesser ·ubdivisions each with its lithologic and faunal character . ub­
divi ions of the Portage group are being worked out ov-er central and 
ea tern Peun ylvauia. The Chemung and post-Chemung group are also 
beinO' broken up ( aster 4; Chadwick 5 6 ; Willard 23) over mucll of ~he 
ta~. The relation of the Chemung to the "Catskill" has been studied 

to demonstrate the everal tim s at which the Devonian red bed com­
mane c1 to form ft·om northern 1 w J r · y ·outhw tward as far .a· 
'{ pp r D vo11ian out.crops occm· in Penn rlvania (WWard 23) .3 tudies 

1 Published with the permission of the State Geologist of Pennsylvania. 
2 Numbers refer to bibliography at end of paper. . 
a ''Catskill'' is used in this article to include all of our Devoman red beds of 

whatever age. 
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of the Chemung in southwestern Pennsylvania have supplied the data for 
this article. 

CHEMUNG LocATIONs AND FAUNULEs 

The Chemung group in south-central New York as well as in north­
central Pennsylvania is divided into two formations (Williams 25) : 

Wells burg formation, thin-bedded sandstone and shale to flaggy 
sandstone and coquinite lenses. 

Cayuta formation, drab to bluish shale and thin sandstones. 

The base of the Chemung group is commonly drawn where the first 
Spirifer disjuncttts fauna appears. Its. upper limit is less readily de- • 
fined. Conglomeratic bands (Fall Creek, Salamanca, etc.) sometimes 
mark its top in northwestern Pennsylvania, but this criterion fails in the 
southwest ("White 20) where conglomeratic bands appear at intervals in 
the group. Traced eastward, the Chemung passes over into the "Cats­
kill" red beds with which it gradually merges completely in eastern New 
York and Pennsylvania with loss of distinctive faunal characters. Faun­
ally, the upper limit of the Chemung may be, and in this paper is, placed 

· at the top of the highest beds to carry Spirifer disjunctus and Spi1·ifer 
mesacostalis simultaneously. Since the red beds usually supplant the 
nonred in southwestern Pennsylvania while these species are still present, 
the upper limits of the marine Chemung are seldom sharply recorded 
there. Lithologically, the two Chemung formations, Wellsburg and 
Cayuta, are not €asily separable, but intergrade gradually. Paleontolog·i­
cally, they are more readily separated. A number of fossil invertebrates 
are common to both, but the Cayuta fauna seems to be specifically more 
prolific than is that of the Wells burg. 

In Maryland the Chemung group is designated as the "Chemung 
sandstone member'' or the uppermost division of the '' J€nnings forma­
tion." Below, the Chemung intergrades lithologically and faunally with 
the Parkhead sandstone (which, however, lacks Spirifer disjunchts), and 
its upper limits are placed where it passes over into red "Catskill" beds. 
Neither Cayuta nor \Vellsburg formations are designated in Maryland. 
Instead, five lithologic subdivisions are defined (Prosser and Swartz 12) : 

5. Upper shale and sandstone beds 
4. Upper conglomerate 
3. Middle shale and sandstone beds 
2. Lower conglomerate 
1. Lower shale and sandstone beds 

The lmvest division, number 1, is Cayuta in age; and probably so too 
are the lower conglomerate and middle shale and sandstone beds num-

' 
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bers 2 and 3, a correlation based upon comparison of the Maryland faunas 
with those reported by Williams ( 25) for the Ithaca region in New York. 
This correlation has been further substantiated by the observations in 
the geographically intermediate, Pennsylvania sections. The affinities of 
the underlying Parkhead sandstone in Maryland have not been fully 
proved. It has been tentatively correlated with the Enfield of the upper 
Portage of New York (Prosser and Swartz 12). It carries some forms 
suggestive of the Cayuta although it lacks other diagnostic Chemung fos­
sils. The Maryland Chemung faunas differ from those of New York. 

. Some species run higher or are mor·e abundant in later beds in the 
southern sections. Conversely, the lower Chemung of Maryland carries 
species not reported from the New York sections; and, of these, some 
are transitional downward into the Parkhead. 

The foregoing discussion of the relative lithology and paleontology 
of the Chemung of New York and Maryland has been given because of its 
bearing upon the correlation of the Chemung in south-central and south­
western Pennsylvania. The Upper Devonian faunas and lithology of 
these portions of the State are often more suggestive of the Maryland 
than the New York type. This is true of other members beside the 
Chemung. Parkhead rather than Enfield is recognized below the true 
Chemung in the Susquehanna-Juniata valleys region (Willard 21), and 
the lower Chemung of southwestern Pennsylvania carries species de­
scribed from Maryland but absent from that member in New York. 
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DESCRIBED IN TEXT 

FIG. 16. Sketch map showing locations of sections discussed. 
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LOCALITY 1, FAYETTE COUNTY4 

In Fayette County the south-westernmost exposures of the Devonian 
system in Pennsylvania occur on the Chestnut Rid<Ye anticline. As at 
Johnstown (see Locality 2), only a sma U por tion of t he pper Devonian 
beds capped by "Pocono" (probably not the equiva1 n t of the Pocono 
of 110r thwest ru or ev n eastern P enn ylvania) i ex1 o eel. Y ar ago 

tev n on (13 14, 15) rep r ted n th f o: si1 aucl . tra i ·a1)hy of the 
Devonian her e. At tl1e J ohu t own ction D von ian r ed beds ar €:\-posed, 
and f o il are scarce, but h re uo red bed outcrop, and fossils are quite 
J lentiful up to th ba e of the ' 'Pocono. ' ' tevenson listed t he following 
as identified by Jame Hall, and bis unmodified li t i. here quoted: 

1. Lingula, Sp. 
2. Discina grandis? 
3. Spirifer disjunctus 
4. Rhynchonella Stephani 
5. Streptorhynchus Chemungensis 
6. Palaeoneilo maxima 
7. Sanguinolites rigida 
8. Sanguinolites clavulus 

9. Samgttinolites ventricosa 
10. Mytilarca Chemungensis 
11. Pteronites, Sp. 
12. Pteronites, Sp. 
13. Actinodesma 7'ecta 
14. New and undt. form 
15. Orthoceras cmtal1tm1 ? 

This faunule establishes the general age of the beds which Stevenson 
believed were lower Chemung. From collections made in cuts along the 
National Pike east of Uniontown the author has identified the following: 

''Worm trails'' 

Crinoidea, columnals 

Bryozoa, indet. 

Stropheodonta cf. demissa (Conrad) 
Productus ? 
Dalmanella ? 
Camarotoechia congrega.ta var. pa1'khead­

ensis Cla1·ke and Swartz 
C. contracta (Hall) 
C. contracta ? (Hall) 

C. eximia (Hall) 
Liorhynchus ? 
Spirifer disj1mct1ts Sowerby 
S. mesacostalis Hall 
Brachiopod, indet. 

Glossites lingualis Hall 
Cypricardella sp. 
Pelecypod, indet. 

Orthoceras of. pe1'tex tU?n Hall 

Fucoids 
Plant fragments 

This fauna is assigned to the lower Chemung. Spirifer disjunctus is 
common and S. m esacostalis rare, but post-Chemung elements are lack­
ing. Maryland affinities are noted in Carnarotoechia congregata var. 
parkheadensis there confined to the Parkhead and lower Chemung. 
Glossites lingualis is reported from the lower part of the upper Chemung 
in Tioga County, Pennsylvania (Williams and Kindle 24) , and St1·opheo­
donta demisa seems generally more typically Portage than Chemung, al-

4 For convenience and comparison the localities described here are taken up in 
the same m·der and numbered the same as those which the author described in his 
work on the "Catskill" (Willard 23). 
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though the J\·laryland Survey (Prosser and Swartz 12) reports it from 
the latter without restricting its occurrence to a particular portion, and 
in the southern Appalachians Williams and Kindle (24) found it run­
ning up into the Chemung. 

Another faunule was collected from the Chestnut Ridge Devonian 
exposures where transected by Youghiogheny River. Here, west of the 
mouth of Indian Creek in cuts along the Baltimore and Ohio Railroad, 
nonred beds are exposed which carry a few, poorly preserved fossils in­
cluding: 

Bryozoa, undet. 

Lingulella ? 
Camarotoechia congregata var. parlchead­

ensis Clark and Swartz 
C. horsfordi (Hall) 

Grammysia communis ? Hall 
Modiomorpha ? 
Sphenotus clavulus (Hall) 
Cypricardinia sp. 

Fucoids 
Plant fragments 

Consisting chiefly of ill-pr,eserved pelecypods, the age determining 
value of this small group appears questionable until these remains and 
the lithology of the enclosing sediments are checked with those on the 
National Pike, when the two appear to represent nearly the same strati­
graphic position. The Carnarotoechias of the Youghiogheny Valley are 
of the lower Chemung of Maryland. Sphenotus clavulus implies affinities 
with the upper Chemung of southwestern New York, but evidently is 
found in older strata here since Stevenson also reported it on the Na­
tional Pike (his Sanguinolites clavulus). Grarnrnysia communis is known 
from the upper Ithaca but not the Chemung in Maryland, although it 
runs higher in New York. Evidently, the highest recognized Devonian 
marine fossils in southwesternmost Pennsylvania belong to the lower 
Chemung· and may be considered to represent the Cayuta of the New 
York sections. 

LOCALITY 2, JOHNSTOWN 

In the Conemaugh gorge northwest of the city of Johnstown, the top 
of the Devonian is exposed in the Laurel Hill anticline. In the east limb 
the "Pocono" rests upon about 110 f,eet of barren red beds ( cf. Phalen 
11; Butts 2) which are absent in the western limb where the "Pocono" 
overlies directly a succession of brown to gray sandstone and shale con­
taining the following fossils : 

Productus (Marginifera ?) hallanus Wal- Ostracoderm plates 
cott 

Camamtoechia horsfordi (Hall) Fusoids 
C. eximia (Hall) Plant stems (carbonized and casts) 
Spirifer disj1mctus Sowerby 

PENNSYLVANIA ACADEMY OF SCIENCE 153 

This fa~~ule 1~ ~sati faetol'Y because of its meagerness. The pres­
en~e o! S~lnfer iJJi-sJ?tn.ctus without S . mesacostalis might be interpreted 
~s mdiCative of the post-Chemuno- as in northwestern Pennsylvania, were 
1t not that the t wo species of Carnarotoechia occur in the Parkhead of 
Maryland where C. horsfordi is doubtfully reported also from the middle 
and C. eximia identified from the middle and lower Chemung. Produc­
tus (Marginifera ?) hallanus was reported by Clarke (8) from the lower 
?hemung of western New York, and is listed.from the Chemung member 
m Maryland but assigned to no particular subdivision. From these 
ranges and the fact that Spirifer mesacostalis may occur here but was 
not found (it is quite rare at Locality 1) it appears probable that the 
exposed Devonian in the Laurel Hill anticline is lower Chemung 
(Cayuta) or at highest equals the middle Chemung of Maryland. The 
red remnant in the eastern limb then ber.ome Montrose (of V anuxem 17 
not White 18, 19). Neither here nor at Locality wa any definite' 
lithologic correlation with the Maryland section attempted. ' 

LocALITY 3, ALTOONA 

Butts ( 1, 3) has described the Devonian succession along the ''Horse­
shoe Curve" of the Pennsylvania Railroad above Altoona, and Kindle 
(10) listed a few faunules from this section. The latter's Chemung 
faunule appears to be a composite list and so fails to tell us definitely 
what part or parts of the group are present. Because it does not differ 
greatly from the sum of those now to be given it is not necessary to quote 
it here. A number of faunules were collected by S. H. Cathcart of the 
Pennsylvania Topographic and Geologic Survey and the author while 
studying the section. The highest of these came from beds intermingled 
with the lower portion of the red series; the others were scattered 
through about 3,000 feet of nonred, marine Chemung underlyin"' the 
"Catskill." These fossils offer less opportunity for correlation with the 
New York types than with those of Maryland, and the lithology of the 
section is of little help in subdividing· the Chemung. It should be 
observed, however, that Butts (3) reported the "Saxton" conglomerate 
in the upper third of the nonred Chemung and the "Allegrippus" sand­
stone near the base of the middle third. Since, as will be demonstrated 
the marine beds below the red series are lower and middle Chemung' 
these two subdivisions may equal the upper and lower conglomerate of 
the Maryland sections. 

No Tropidoleptus car·inatus zone was found to which the top of the 
Cayuta might be referred (see Lock Haven section, Locality 4). In 
fact, it was only by comparison with the Maryland lists that any faunal 
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subdivision was possible. The highest fossils d~scovered are unim?orta~ 
ents of fish plates and plant remnants m the red successi?ll· 

!::;assembly occurs in marine beds interspersed with the earher red 

strata and is probably upper Chemung : 

Soh1WII ertcllq. che?nt~?lgen.~is ( C~nrad) 
Soh isopltOI'ia. .~tri1rt1tla. ( eltlothetm) 
Spirf,fer aisj?V!1Gt?t8 . owerby 
s. mosa.costalts Rnll 

Sphenotus contractus Hall 

Several faunal zones were found in the upper part of the nonred 

Chemung which, combined, are as follows: 

"Worm tube" 

Crinoidea, columnals 

Stropheodonta maynarili Clarke and 

~r~ (Hll) 
L et>tostropll ia pcrplaua vnr. 1lCI"'IOSa a · 
L. i11ter triaUs 1 (Vnm•xem) 
Dotwillu w. cayuta. ? (Hall ) 

ciLuclwrtclla c1ul?n11'11UC118is (Com ad) 
.P?·orlltotolla. lo.c1t''W?Itosa (Conrad) 
Da{111 a11 c7la t·ioga (Hnll) . 
SohitopltOria st?·iq.li!~la ~Sc.ltlotheuu) 
Otwlm·otoochia liQl'IJfo?·(h (Hall) 
c. cf. eximia (Hall) 

Atl'ypa h?JS~ria; Hall. 
Cyrtift(£ )ll!-mi!tone!ISis ? Hall 
Spirifcr ais,jwnet1tS owerby 
s. ?nesastrialis Hnll 
s. mesacostalis Hall 
S. sp. 
Ambocoelia umbonata (Conrad) 

Lunulicarili1£m ? 
Leptoilesma sp. 
Pelecypod, indet. 

Tentaculites decissus Clarke and Swartz 

Trilobite, pygidium undet. 

Plant stems 

n the e remains t? ·opheodon.tc~ ma,ynanZi, P?·od zwt~Ua lacMy~ 
mDoa~tan eaa tioga chizophoria ·t·ria·t-ztla, Cama:l·otoechta hm·sfordd~ 

?nasa, ' ' . . . 1 . . . · in the lower an 
and Cy,·ti1ta hctm:iUone?lSlS are report c a occm: n ng h UD"' 
.., h "Maryland The l wet em o 
middle but not the upper · emun~ O.L . • • • • 

:faunule :fol.UlCl contains only the followmg pecies . 

· Crinoidea, eolumnals 

Prodllotella l ao1WY?Il08a (Conra<l~ 
oMzophoria stl·ia.t1tla (• ehlotllclm) 

Spit· ~fe l' llisj-wnct1cs ( owerby) 
.4?n l>ocoelil~ 11.mboJrata (Conrad) 

Tentaculites sp. 

OI These .fos Us are not 1 articulady distinctive,. but th_ pre ence 
Ambo oelia very near the ba e of the hemung is llltle; tmg lb c~: ~~ 

t l . . r ew Yorlt and nor th-centr a ennsy varu . 
its abundance lere m . . thi s ction p 0 sibly the lo"iver 

.found in only one h1gher zone Ul · . . d 
: :cunene.e is actually A.mbocoel-ia. grega.t·ia a . recorded by Williams an 
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Kindle (24). From the observations her~ recorded, the base of the red 
beds is dated as Montrose since the lower or middle Chemung runs up 
almost into the red beds. Presumably the Chemung below the red beds 
is roughly the equivalent of the New York Cayuta, thus making the lower 
Chemung even thicker here (about 3,000 feet) than at Lock Haven 
(Locality 4), but such a thickness is not incompatible with those reported 
in Maryland. It should be noted, however, that the pre-red Chemung 
probably equals lower and middle Chemung in Maryland and so may 
run somewhat above the Cayuta. 

LocALITY 4, LocK HAVEN 

The thickness of the Chemung of the Lock Haven section is of the 
order of 3,000 feet, probably somewhat under that figure. Chance (7) 
gave 3,314 feet for the "Portage-Chemung" which included some of the 
Portage (Naples 1) dark shale at the base and a considerable portion 
of interbedded red and nonred beds at the top. Lithologically, the whole 
Chemung group of this section is a succession of gray or olive-colored 
sandstones and shales with little distinctive variation, although the shale 
seems more prevalent in lower and the sandstone more common in higher 
portions. Marine fossils occur below and above the earliest red beds . 
The Cayuta-Wellsburg separation is placed above the following faunule, 
occurring about 1,000 feet below the first red bands, because it suggests 
Williams's Third Tropidoleptus Zone ( 25) which he located at the top 
of the Cayuta. 
Aulopora ? 

Crinoidea, columnals 

Fenestella sp . 
Bryozoa, indet. 

Lingulella sp. 
Leptostrophia interstrialis ? (Vanuxem) 
L. sp. 
D mwf!IV!ta cf. cayuta (Rnll ) 

ohuchol'tclla c11 C?It1~1UC11Sis (Conrad) 
P·rocl1~c:tclla laolwymosa ( 011rad) 
Dltltu(lnclla i ioga (Hall) 
Sohi$op1roria stria'Wtla (Schlotheim) 

Camarotoechid eximia (Hall) 
Liorhynchus mesacostale Hall 
T?'Oll idolcplttts cari1mt1os (Conrad) 
Spiri.fer ilisjltnchts Sowerby 
S. ?llGSacostalis Hall 
Ambocoelia umbonata (Conrad) 

Palaeoneilo sp. 
Pterinia chemungensis (Conrad) 
P. chemungensis ? (Conrad) 
P. sp. 
Pelecypod, indet. 

Fucoids 

These fossils associated with Tropidoleptus carinatus agree only 
slightly with Williams's list, but this zone forms a convenient, if arbi­
trary, separation point between lower and upper Chemung. The under­
lying Cayuta is fairly unfossiliferous; and neither fauna nor lithology 
has yet proved any of the Ithaca type present above the dark Portage 
shales in the lower part of the section. The first important faunal and 
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lithologic break marking the base of the Chemung therefore seems to be 
that at the top of the highest dark shale about 2,000 feet below the 
Tropidoleptus zone, and here the base of the Chemung is tentatively 
drawn. Williams's First and Second Tropidoleptus Zones were not 

identified. 
The red beds appear in this section simultaneously with the disap­

pearance of Spirifer mesacostalis, marking the top of the Well~burg and 
dating the base of the Catskill type as Blossburg. .A compos1te of the 
Wells burg fauna is as follows : 

Aulopo1·a of. se1·pens Goldfuss 

Stropheodonta maynardi Clarke and 
Swartz 

Sohuchertella ohemungensis (Conrad) 
L eptost1·ophia pm·plana var. nervosa 

(Hall) 
Dmwillina oay1tta ? (Hall) 
D. cayuta var. g1·aoiliom ? Clarke and 

Swartz 
Chonetes cf. scitul1ts Hall 
P roductella laohrymosa (Conrad) 

P. laohrymosa ? (Conrad) 
P. hyst1·ioula Hall 
Produotus (Marginifem ?) hallanus ? 

Walcott 
Dalmanella tioga (Hall) 
Sohizophoria striatula (Schlotheim) 
Cam;:wotoeohia horsfordi ? (Hall) 
C. eximia (Hall) 
Spirifer disjunctus Sowerby 
S. mesastrialis Sowerby 
S. mesaoostalis Hall 
Amboooelia umbonata (Conmd) 

Fucoids 

.Although this fauna is assigned to the latter Chemung, it carries 
members which suggest an earlier age. Possibly it would be wiser to 
say that it is nearest equivalent to the middle Chemung of Maryland 
rather than attempt to correlate it precisely with the Wellsburg of New 
York. So many of its species occur lower at Localities 1, 2 and 3 that 
one hesitates to assign it to so high a position. The first red beds contain 
comminuted fish remains. .Above these a restricted marine assemblage 

contains: 

Crinoidea, columnals 

Spiri f er disjunotus Sowerby 
Amboooelia umbonata (Conrad) 

L eptoclesma longispinum ? Hall 

L. medon Hall 
L. sp. 
Pelecypod, indet. 

Tentaculites, sp. 

It is noticeable in the Lock Haven section that southern (Maryland) 
types although they are still present have decreased in abundance in 
favor of New York species. 

LocALITY 5, SusQUEHANNA-JUNIATA VALLEYS 

Because of its important bearing upon and relations to the Chemung 
of southwestern Pennsylvania, this section from the Susquehanna-Juniata 
Valleys region of south-central Pennsylvania is inserted. Most of the 
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lower part of the "Catskill" here is Catawissa since it carries inter­
bedded, marine, lower Chemung (Cayuta) faunules (Willard 21, 23). 
The nonred Chemung belovv the red beds is thin or absent, in which latter 
case the basal red beds are chronologically equal to the Parkhead with 
which they intergrade even when sporadic Chemung forms recur higher 
among the ''Catskill'' strata . 

.Along Susquehanna River, west bank, below Half Falls Mountain the 
nonred, marine Chemung is exposed and carries the following : 

Orbiou /oirloa p. S. ?llesacostallis H all 
ProdncteUa lcu;hrymosa (Conrad) S. ?narey~ var. superstes Clark and 
Cwmarotoecllia sp. wnrtz 
A trypa n:ticulm·is (Linnaeu s) 
.d. sp. 
Spirifer disjunctus Sowerby 
S. mesastrialis Hall 

Tentaculit es decissus Cla1·ke and Swartz 
T. of. spiculus Hall 

This assembly is seen to possess both Cayuta elements and fossils 
characteristic of the lower Chemung of Maryland. Interbedded with 
the lower third of the red beds in Perry County have been found a few 
marine fossils. .A composite fauna of some of these localities is assign­
able to the Cayuta, thus : 

Crinoidea, columnals 

Spirifer disjunotus Sowerby 
S. mesaoostalis Hall 

P. sp. 
L eptodesma sp . 
Schizodus 1·hombeus Hall 
Pelecypod, indet. 

Palaeoneilo of. plana H all Ostracoderm plates, indet. 

Evidently, the marine Chemung in this region is assignable to the 
Cayuta and at the same time to the lower Chemung of Maryland. No 
Wells burg or upper Chemung was recognized as such. 

We observed that where nonred Chemung is absent below the "Cats­
kill'' the red beds may intergrade with marine strata possessing a Park­
head fauna. .An example of this fauna from Perry County is: 
Crinoidea, columnals 

Fenestalla sp. 
Bryozoa, indet. 

O!·biculoi<lea sp. 
Stl·op7li~OdOnta maynardi Clarke and 

war tz 
Leptostrophia perplana var. nervosa 

(Hall) · 
olnu;hertella olz cmunoe•nsis (Conrad) 

P·rod1wtclla laohrymosa (Conrad) 
.B7~ipidomella va1111Zem~ (Ha ll) 
SC11ir!Oplzoria stria.tftla (.Scblotheim) 
Camarotoechia cougregata. vnr. parklzead· 

ensis Clarke and Swartz 
C. eximia (Hall) 
Liorhynohus globuliforme (Vanuxem) 

Tropidoleptus carinattlS (Conrad) 
Atrypa retioularis (Linnneus) 
Cyrtina hamiltononsi.s H1tll 
Spirifer mesastrialis Hall 
S. mucronatus var. posterus Hall and 

Clarke 
S. mesaoostali.s H all 
Athyris sp i?'if e?·oides ? (Eaton) 

_palaeoneilo plana Hall 
L iopteria c.f. lingulifonnis Hall 
A ctinopt eri(J epsilon Hall 
.d . boydi (Conrad) 

Bellerophon naotoides Clarke and 
Swartz 

Buchanopsis mae1·a ( 7) (Conrad) 
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The above fauna is peculiar in that it contains Liorhynchus globuli­
forme hitherto not found as high as the Parkhead as also Actinopteria 
boydi. Conversely, Stropheodonta maynardi and Actinopteria epsilon 
are assigned to the Chemung in Maryland. The Parkhead has been 
aligned with the Enfield, but this correlation is not yet fully established. 
Rather, some Parkhead elements suggest a Portage-Chemung tr~nsition. 
In this case, the red beds chronologically equal to the Parkhead are 
unnamed and lie between or partly embrace the Catawissa of Enfield age 
and the ''true Catskill'' (Chadwick 6) of Cayuta age. For these red 
beds of Parkhead age the name Wheatfield is proposed. This is taken 
from 'Wheatfield Township, Perry County, where the lowest red beds 
interfinger with marine Parkhead. Higher, the same red beds are inter­
rupted by a zone carrying Cayuta fossils. The Wheatfield ·member of 
the Devonian red beds is thus represented by 200 feet or more of conti­
mental strata. The red beds of southeastern Perry County are believed 
to cut down still lower into the Parkhead, possibly even to the underlying 
Ithaca, but this has yet to be fully established. 

SUMMARY AND CONCLUSIONS 

From the observations made and faunas identified, we may conclude: 
1. The Chemung group of the Upper Devonian of southwestern and 

south-central Pennsylvania carries fossils which possess strong affinities 
with the Maryland types and as such may be correlated with the Mary­
land rather than New York sections with a g-reater degree of assurance. 

2. The age of the highest exposed Chemung strata below the red 
Catskill type of sediment in southwestern and south-central Pennsylvania 
rises northwestward. Considering conditions known for the Upper 
Devonian in northern and north-western Pennsylvania where are ex­
posed the youngest marine Chemung (and later) beds in the State, there 
must be a progressive northwesternward rise of Upper Devonian marine 
conditions in our concealed western regions. Subsurface data from 
below the bituminous coal fields should be investigated to demonstrate 
the Upper Devonian off-lap in a northwestly direction. 
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FOUR SHALE-BARREN PLANTS IN PENNSYLVANIA1 

EDGAR T. WHERRY 
Associate P1·ofesso1· of Botany, University of Pennsylvania 

In the writer's summary2 of data as to the endemic plants of the Ap­
palachian shale-barrens, thi type of habitat was mapped a develo}2ed 
only between latitudes 37° 15' and 39° 45' nor th. At the same t ime, how­
e~'er, it wa ' pointed out that at least one of the endemics in question­
the large fl wered Eveniug-primro e, Oenothe1·a cwgilUcola Mackenzie­
occurs on hale, of the same geological age a that underlying the bar­
rens, in Perry County, Pennsylvania. Other similar range-extensions 
can now be reported. 

9 0 

FIG. 17. Map of the ranges of Trifolium vi1·ginicum and T. rejleX'!tm as known np 
to April, 1933, bringing out their interpretation as the only surviving descendants of 
an ancestor which lived somewhere in the upper Great Lakes region during pre­
Glacial time. 

1 Contribution from the Botanical Laboratory and Morris Arboretum of the Uni­
versity of Pennsylvania. 

2 Journal Washington Academy Sciences 20: 43. 1930. 
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TRIFOLIUM VIRGINICUM Small. 
Discovered in 1893, this plant was described by SmalP the following 

year, the type locality being Kates Mountain, Greenbrier County, West 
Virginia, which for many years remained the only known station for it. 
In 1908 Miss McDermott4 stated it to be ''abundant throughout the Ap­
palachian Mountains,'' and although this :is somewhat exaggerated, :it 
has subsequently been found in at least 10 nmv localities. Since several 
of these lie not far south of the Pennsylvania line, there seemed a possi­
bility that it might extend locally into the latter State, and in 1932 Pro­
fessor S. C. Palmer, of Swarthmore College, joined me in a search for it 
there. Several hours were spent in scanning shaly slopes of various de­
grees of sterility without results, but finally, on June 17th, a colony of 
it was found one mile south of the villlage of Artemas, in Bedford 
County, a like distance north of the Mason and Dixon line. Its closest 
relative, T. refiexum L., ranges far and wide over the interior provinces. 
The Shale-barren Clover differs in being perennial with more elongated, 
fleshier roots, dwarfer stature, and narrower leaflets, though does not ex­
hibit any recognizable floral differences. Miss McDermott, in the paper 
cited, considered these f eatures to justify only varietal separation; since, 
however, no intermediates between the plants occur, they may as well be 
maintained as distinct species. 

0ENOTHERA ARGILLICOLA Mackenzie. 
Like the preceding, this plant was discovered at Kates Mountain, and 

subsequently found to be wide-spread m the shale-barren country. In 

FIG. 18. Map showing by dots the 12 localities of Oenothem a1'gillicola known 
up to April, 1933. 

s Mem. Torrey Botan. Club 4: 112. 1894. 
4 North American Species Trifolium: 273. 1908. 
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1920 I observed it opposite Losh Run Station in Perry County, Pennsyl­
vania 6 but the construction of a highway (U. S. No. 22) along the north­
east bank of the Juniata subsequently exterminated it t~ere. It was col­
lected 2 miles southeast of Huntingdon by State Botamst ~- M. Gr~ss a 
few years later, and in the State College herbarium there IS ~_specimen 
of it from Hawn Bridge, also in Huntingdon County. _A VlSl~ to _out­
crops of De~onian shale during August, 1932, resulted m findm~ It _at 
two new localities-on a stream bank 3 miles so~thwest of O~b1soma, 
Huntingdon County; and on steep slopes between highway and nver two 
miles west of Newton-Hamilton, Mifflin County. 

CoNVOLVULUS PURSHIANUS Wherry. 

In announcing the discovery of three shale-slope plants i~ M~ryland,6 

the name Convolvt~lus stans Michaux was revived for the der1vat1ve of C. 

FIG. 19. Map of the ranges of Oonvolvul1t8 spithamae1t8, C. pwrshianus-,· and 
c. stans as known up to April, 1933, bringing out the interpretation of the last two as 
regional segregates from the :first. 

6 This occurrence has recently been discussed, and the plant illustrated in color, 
in Addieonia 17: 55, pl. 5'72. 1932. 

s Torreya 29: 10.5. 1929. 
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spithamaeus L. occurring on the shale-barrens, since his description 
seemed to apply to the Appalachian plant, although the locality cited was 
''Canada near Lake Champlain.'' In September, 1932, under the gui­
dance of Brother Marie-Victorin, I visited the sand-plains east of Mon­
treal and collected what may be regarded as topotype material of 
Michaux's species. It proved to be merely a hairy extreme of C. spitha­
maeus, not. identical with the shale-barren plant, so th~t the name C. 
stans is not correctly applied to the latter, after all. Pursh 's name,7 

Calystegia tomentosa, can not be recombined because there is already a 
Convolvulus tomentosus in another part of the world. Accordingly, the 
Velvet Convolvulus of the shale-barren country is here renamed in honor 
of its discoverer. 

Convolvulus purshianus, nomen novum. 
Calystegia tomentosa Pursh, 1814, not Convolvulus tomentosus L. 1753. 
Convolvulus stans Wherry, 1929, not Michaux. 

Plant spreading into large colonies on shale-slopes by rootstocks; 
aerial branches 10 to 40 em. tall, the internodes little exceeding the peti­
oles; herbage densely white velvety-pubescent; leaf-blades mostly oblong 
or elliptic-sagittate with conspicuous auricles 5 to 10 mm. long; petioles 
10 to 20 mm. long, about t the length of the blades; bracts ovate, often 
cordate, and rather strongly keeled; corolla white. 

Type specimen collected in dry woods on ''Top of the ridge behind 
Rattlesnake Den, Sweet Springs,'' Monroe County, West Virginia, by 
Frederick Pursh in 1806, in herbarium Academy Natural Sciences, 
Philadelphia: 

The range of this Convolvulus hitherto reported is from Alleghany 
County, Virginia, to Allegany County, Maryland. In June, 1920, it was 
collected at Charter Oak, Huntingdon Co., Pa., by W. C. Muenscher, but 
distributed to herbaria as C. spithamaeus. Search for it in 1932 resulted 
in finding it at several places in Bedford, Fulton, and Huntingdon 
Counties, Pennsylvania, on slopes of Devonian shale. 

SENECIO ANTENNARIIFOLIUS Britton. 

The occurrence of this plant in Pennsylvania has already been re­
corded by State Botanist Gress,8 and no new stations for it have been dis­
covered. This plant shows a different geographic relation than the other 
species here included: instead of being related, like these, to plants which 
approach or enter the Appalachians, its nearest relative occurs in the 
Rocky Mountains, two thousand miles away. The only reasonable ex-

7 Flora America Septentrionalis 1: 143. 1814. 
s Proc. Penna. Acad. Sciences 4: 29. 1930. 
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FIG. 20. Map of t~-~ ~anges of Senecio camt,S and S. antennar.ii~olius as known 
t April 1933 bringing out their interpretation as the only surVlvmg descendants 

up o ' ' . d . GI . l of an ancestor which lived somewhere in the Hudson Bay regwn urmg pre- acm 
time. 

}Jlanation o such a di tribution i tha~ dming .'rertiary time. the an­
c tor of both speci o-rew omewhere lll what 1 now c ntt·al Caua~a, 
and descendants chanced to migrate out far enouo-h to escape iestructJ.On 
by th Quater11ary ice sheets in two regio11s. iuce the ice ~·etreated the 
we tern pecie: has been able to regain ome of the lost t.erritory but the 
ea tern one, having seemingly become more con rvat1ve, l1a not yet 
returned even a far a he Wiscon in terminal moraine. 

A CONIFER FROM THE TRIASSIC OF BUCKS 
COUNTY, PENNSYLVANIA 

EDGAR T. WHERRY 

University of Pennsylvania 

In the railroad cut south of Sellersville, Buck. County, where a prob­
lematical fOS! il plant hal previously been found there has been col­
.lected a single specimen r preseuting the impression of a female ~ro~ilus 
of a couifer. It do s not show ·ufficient tructure for ve~·y certam Iden­
tification but res mbles a cone nAmed by Sewar l tt·ob1'htes la:111ts from 
the Triassic of South Africa. The specimen i to be depo ited in the 
State Mu.seum at Harrisburg. 
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REACHING A DISTRIBUTED SCIENTIFIC PUBLIC 
THOMAS D. COPE 

University of Pennsylvania 

165 

Physicists, like other scientists, are distributed geographically, and 
no two are interested in just the same things. Fields of interest are 
widely distributed. To hold the whole group together during recent 
years has demanded effort and resourcefulness. Until recently decen­
tralizing forces were at work. Old groups were tending to break up, each 
part following its own special interest. 

Movements organized a few years back have turned the tide. Two 
years ago The Institute of Physics was established by federation of exist­
ing organizations, with the result that the physicist ·wherever he lives or 
whatever his interest is now served by one central body, whose constitu­
ent organizations, cultivating various fields, appeal to a ·wide variety of 
tastes. 

The number of periodicals devoted to physics has multiplied until 
eight separate journals are now issued by the Institute. One of them The 
J onrnal of Scientific Instruments with Physics News and Views, reaches 
every member of each constituent group and every subscriber to each of 
the other seven journals. For it is claimed the widest circulation of any 
journal of physics in the world. 

These remarks introduce the newest member of the Institute's rapidly 
growing family-The American Physics Teacher. Volume 1, number 1, 
is just off the press. 

A famous Pennsylvanian, and an eminent physicist, Benjamin Frank­
lin, once asked the rhetorical question ''Of what use is a baby~'' . The 
progenitors of this baby have great hopes for him. 

Until the Institute was established the teacher of physics had scant 
recognition in national bodies. Simultaneously almost with the Institute 
was formed the American Association of Physics Teachers. This Asso­
ciation was federated into the Institute as one of its constituent bodies. 
The newborn American Physics Teacher is its official organ, and affords 
the first opportunity for teachers of college physics to communicate with 
one another professionally. 

And there remains much to be done. Scattered over the country are 
independent local physics groups. Our State has two of the oldest and 
best known, the club in Pittsburgh and the club in Philadelphia. Prob­
ably there are others in the State. An effort is now being made to estab­
lish contact with all such groups throughout the country. 

In fact the recent college graduate who is teaching· physics in the vil­
lage or township is an important factor in determining the part taken by 
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physics in our public life and thought. There are hopes that the power­
ful organization just described may presently reach, stimulate, and sup­
port this graduate. Perhaps our new journal may function in this ser­
vice, as its altogether exemplary elder relative The Journal of Chemical 
Education has done in a closely related field. 

SURFACE FILMS ON METALS 
RAYMOND MoRGAN 

University of Pennsylvania 

(Abstract) 

The study of surface films becomes quite important in relation to the 
corrosion of metals. In the case of the world's supply of iron and steel 
alone, the annual loss due to rusting is over three billions of dollars. 
There are numerous cases where the natural oxide films formed on metal 
surfaces are of great value as inhibitors of corrosion. To-day the films 
are being studied in many interesting and varied ways. 

At the University of Pennsylvania the author, with the assistance of 
Mr. Newbern Smith, has in progress two researches upon the problem. 
Over fifty potential-time curves have been plotted for variously prepared 
surfaces. Apparatus for the study of surfaces by electron diffraction 
has been assembled and observations are being made. It is hoped that by 
the combination of the two methods the nature and influence of the sur­
face layers may be still more fully established. In this connection it is 
interesting to note that on the day this paper was presented there came 
to the writer an editorial on surface films in the April issue of Metals and 
Alloys which was much the same in content as this paper. 

REMOVAL OF IONS FROM CONVECTION CURRENTS 
BY ELECTRIC FILTRATION 

JOHN J. HEILEMANN 

R01ndal MdrgOtn Laboratory of Physics, University of Pennsylvania 

(Abstract) 

A piece of demonstration apparatus is described which is simple and 
easily set up, the purpose of whi<Jh is to show (1) that ions are present in 
the convection current from a gas flame and (2) that these ions can be 
remove~ by means of an electrically charged filter. 

The filter consists of a metallic funnel which directs the convection 
current through a wire gauze. The funnel and gauze are oppositely 
charged. 

rr 
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A CONCHOLOGICAL EXPEDITION TO CUBA 
HORACE G. RICHARDS 

Academy of Natural Sciences of Philadelphia 

In January, 1933, I had the opportunity of making a brief visit to 
the island of Cuba. The main object of the trip was to visit a number 
of Pleistocene localities in the provinces of Matanzas and Pinar del Rio 
and to collect material from them. This work was done at the suggestion 
of Dr. Roy E. Dickerson, Chief Geologist of the Atlantic Refining Com­
pany of Cuba. To Dr. Dickerson and the staff of the Refining Company, 
I am deeply indebted for much valuable assistance in the field. In addi­
tion I was very fortunate in having as my companion on several of my 
trips, Dr. Pedro J. Bermudez, who was kind enough to point out to me 
many interesting localities. While the main object of the trip was to 
collect fossils, a certain amount of time was spent collecting recent mol­
lusks, and the present paper is a report on the land and fresh-water 
mollusks collected on the trip. 

Three days were spent in the field in the vicinity of Matanzas, most 
of the time collecting at Pleistocene localities in the vicinity of the 
Bahia Ma tanzas. 

The land mollusks of the Matanzas region have been rather thoroughly 
collected and it was hardly to be expected that anything new would turn 
up. The varieties of Cerion along the Bahia Matanzas are always 
fascinating to collect. 'fhe species or subspecies are usually restricted 
to a very limited region and always close to salt water. 

Following the collecting in Matanzas Provence, a brief trip was taken 
to the Sierra de los Organos (Organ Pipe Mountains) in the western 
part of Pinar del Rio. These mountains are the snail hunter's paradise. 
Many snails live almost exclusively on limestone, and consequently these 
limestone mountains afford an excellent habitat for these forms. Th~se 
mountains, especially in the western part of the range, have been eroded 
into series of individual limestone hills or mogotes with extremely steep 
limestone sides. In many cases certain species of snails, particularly of 
the family Urocoptidae, are restricted to a particular mogote, and con­
sequently even though the region has been rather thoroughly collected 
by Poey and many of the earlier Cuban naturalists, further information 
of the distribution of these calciphils is always desirable. 

Near the town of Guane, at the western extremity of the railroad, 
the Sierra ends with two very prominent mogotes, the Sierra de Guane, 
just east of the town, and Sierra Mendoza (or Paso Real) a few kilo­
meters southwest of the former mogote. Beyond these mogotes, to the 
west and southwest, the land becomes very flat as it narrows into the 
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Peninsula de Guanahacabibes stretching out toward Cabo San Antonio 
and Yucatan Channel, less than sixty miles from Guane. 

1\'Iost of one day was spent in exploring the region around Guane, 
the almost perpendicular limestone mogote, the fascinating caves and 
canons and the beautiful Rio Cuyaguatje. With the aid of a g-i.1ide and 
a young boy from Guane, I was able to collect a considerable number of 
mollusks. The following day we turned our attention to the other 
mogote, Sierra Mendoza, with even greater success. On our way back 
to Guane we collected at some swamps near Catalina and Mendoza, the 
latter locality yielding a new Ponwcea. 

The fiat country to the west of Guane did not promise very rich col­
lecting, but in a few places near Rio Guasimal, between Guane and 
Mantua, there ·were some very small outcrops of limestone, on two of 
which I collected snails. While only two or three species were repre­
sented, they were quite interesting because they were not the species 
which I had found on the two mogotes, but rather were those ·which I 
had collected around l\iatanzas, some two hundred miles to the east. 

Upon leaving Guane, I rejoined Dr. Dickerson at Artemisa, and 
motored with him to Mariel, on the Bahia Mariel, an arm of the Gulf 
of Mexico. Here we returned to fossil collecting and with the help of 
a swarm of youngsters made a large collection from the bluffs on the 
west side of the Bay. 

1\'Iy final day in Cuba, January 15, was largely spent in collecting 
marine mollusks and Cerions at Marianao, Habana Provence. 

LIST OF LAND AND FRESH-WATER MOLLUSKS COLIJECTED IN CUBA 

GASTROPODA 

H elioina adspe1"sa Pfr. 
Sierra Guane 

Ent!·ochetella jugulata (Poey) 
Siena Guane 
Siena Mendoza 
R-oad n ear Catalina 

Viana s1~bung1tioulata (Poey) 
Siena Guane 
Sierra Mendoza 
R-oad near Catalina 

P1·osm·pinidae 

Proserpina dep1·essa (Orb.) 
Sierra Guane 
Siena Mendoza 

Helioinidae 
Enoda sag1·iana (Orb.) 

Sierra Guano 
Sierra Mendoza 
Road near Catalina 

Enoda remota (Poey) 
Siena Guano 

Aloadia dissi1m~la1"is (Poey) 
Siena Guane 
Siena Mendoza 

Cyalophor·idae 

Megalomastomn apert·um Poey 
Siena Gua ne 
Road near Catalina 

Megalomastoma au1·iculaturn (Orb.) 
6! km. east of Colon, Matanza s Prov . 

• 
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Ampulm·iadae 
PomiU) l~ 1ia.11(ilosa garoiM 11 w snb pl1cie (figure 21) 

;rhin shell; ~'cry low spil·e; snrfa e smootJ1 to finely mnlleMc; outer color brown 
or ohv~ brown.· 1~1-n~r color -~·nrk b.rown or purple _b!OWil with mor or less pronlimmt 
d~ P. b1o~vn bn•!d , mner border pnle purple; umbliJ u open but not veJ·y pi·mnblont. 
D1st~ng:m l1 d .from P. zu1lndosa (Say) by its lower spire and U1e pur})IC border on 
the ms1dG of the s.hell. 

Type: length, 43.3; gr. width, 41.G; aperture length, 38.0; width, 18.0. 

FIG. 21. Pomaoea pal11dosa garoiae Richards (type on right). 

Ten specimens :\'ere collected from a S1Y~mp near the town of Mendoza (or Paso 
Heal) about fiye lnlomcters from the tenmnus of the Ferro-Carilcs Unidos de la 
Habana at Guane, Pinm· del Rio, Cuba. 

Named in honor of my young guide, Carlos Garcia. 

Type in the Academy of Natmal Sciences of Philadelphia. (Catalogue num· 
her 160873.) 

Chond1·opoma sagebieni (Poey) 
Siena Guane 

Chondmpoma obesum (Menke) 

Pomatiasidae 

A long Bahia l\fatanzas, eas t of town of Ma tanzas 
Beuyvaquita Playa, Bahia Matanzas 
Near Punta Sabanilla, Bahia Matanzas 

Chondropoma goulclimmm Poey 

Along Bahia llfa tanzas, east of town of l\fa tanzas 

Chondmpoma pfeijferanum (Poey) 

Ridge ovel'looking Yummi Valley, Matanzas 

Chond1·opoma JJiotum (Pfr.) 

Cave near Ermita de Jlilontserrat, l\fatanzas 

Chond1·opoma bilabiatum (Orb.) 

Rocks 1 km. from Guane Pinar del Rio 
Sierra Guane ' 
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Sierra Mendoza 
Road near Catalina 

Chond1·othyra shuttleworthi (Pfr.) 
Sierra Guane 
Sierra Mendoza 

Troschelvindex illustris (Poey) 
6i km. east of Colon, Matanzas P1·ov. 

Pupillidae 

Pupoides marginatus nitidulus (Pfr.) 
Sierra Mendoza 

Achatiniclae 

Subulina octona (Chemn.) 

Oleacina cubensis (Orb.) 
Rocks, 1 km. from Guane 
Sierra Guane 

Oleacina oleacea staminea (Desh.) 

Oleaoinidae 

Cave near Ermita de Montsenat; Mntanzas 

Oleacina solidula (Pfr.) 
Sierra Guane 

Oleacina sub1tlata (Pfr.) 
Cave near Ermita de Montserrat, Matanzas 

Polygyridae 

Praticolella griseola Pfr. 
Cave near Ermita de Montserrat, Matanzas 

Thysanophora incrustata (Poey) 
Sierra Guane 

Suavitas stigmatica (Pfr.) 
Sierra. Guane 
Siena Mendoza 

Volvidens tichostoma (Pfr.) 

Sagidiclae 

Cave near Ermita de Montserrat, Matanzas 

San Juan Road, town of Matanzas 
Mariel, Pinar del Rio 

Camaeniclae 

Zachrysia auricoma (Fer.) 
Along Bahia Matanzas, east of town of Matanzas 
Cave near Ermita de Montserrat, Matanzas 
Yumuri Gorge, Matanzas 
Bellamar Playa, Matanzas 
6! km. east of Colon, Matanzas Prov. 
2 km. west Rio Guasimal on road to Mantua (P. del R.) 

Zachrysia guanensis (Poey) 
Siena Guane 
Sierra Mendoza 

Cepolis pa1·el!ela (Poey) 
Sierra Guane 
Sierra Mendoza 

Cepolidae 
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Cepolis bonplandi (Lam.) 
San Juan Road, town of Matanzas 
Sierra Guane 

Cepolis cubensis (Pfr.) 
East side Bahia Matanzas 
Cave near Ermita de Montserrat, Matanzas 

Bulimulidae 
Liguus fasciatus Miiller 

• an Juan Road, town of Mntanzas 
Cave naar E rmi ta de Montserrat, Matanzas 
P unta abanilla1 J3ahia Mn.tanzn 

ierra Gunne, P inar del R.io 
Road near Catalina, P. del R 

Liguus murreus vignalensis Pilsbry 
Rocks, 1 km. from Guane 
Sierra Guane 
Sierra Mendoza 

Bulimulus sepulcralis Poey 
Mariel, P. del R 

Cerion infandum (Shuttl.) 
Cerionidae 

Punta Sabanilla, Bahia Matanzas 
2! km.' N. E. Punta Sabanilla 
4 km. N. E. Punta Sabanilla 

Cerion mumia magister Pils. & Van. 
Bahia Matanzas, east of town of Matanzas 
Bellamar Playa, Matanzas 

Cerion mumiola (Pfr.) 
Beuyvaquita Playa, Bahia Matanzas 

Cerion mediurn Maynard 
Beuyvaquita Playa, Bahia Matanzas 

Cerion spp. 

East and west shores of Bahia Matanzas 
Cerion marielinun~ Torre 

Near Lighthouse, Mariel, east side of Bahia Mariel, P. del R. 
Cerion marielinum var. 

Mariel 

Urocoptis coerulans (Poey) 
Urocoptidae 

Rocks 1 km. from Guane, Pinar del Rio 
Sierra Guane 
Sierra Mendoza 

Urocoptis discors (Poey) 
Rocks, 1 km. from Guane 
Road near Catalina 

Urocoptis poeyana variegata (Pfr.) 
Cave near Ermita de Montserrat, Matanzas Prov. 
Yumuri Gorge, Matanzas 
2 km. west Guane on road to Mantua, Pinar del Rio 
2 km. west Rio Guasimal on road to Mantua 
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Urocoptis nubila (Poey) 
Sierra Mendoza 
Road near Catalina 

Urocoptis dautzenbergiana (Crose) 
Sierra Mendoza 
Road near Catalina 

Uroooptis lowei Torre 
Sierra Mendoza 

Uroooptis handi Torre 
Road near Catalina 

Hemisinus ornatum (Poey) 
Rocks, 1 km. from Guane 
Sierra Guane 

Planorbula albicans (Pfr.) 
Sierra Guane 

Nephronais scamnatus (Mor.) 
Rio Cuyaguatje, Guane 

Melanidae 

Planorbidae 

PELECYPOD A 
Unionidae 

DAILY AND MONTHLY METEOR RATES 
0HAS. P. OLIVIER AND DoRIS M. WILLS 

Flower Observatory, University of Pennsylvania 

The determination of hourly meteor rates for each day of the year 
may at first glance seem to be a mere compilation of uninteresting data, 
but the.se data, like others of seeming insignificance, serve for the 
solution of important problems and for the testing of various hypotheses. 

The American Meteor Society has in its files a wealth of data refer­
ring to the observation of meteors, and at present a considerable per­
centage of the total has been studied for hourly rates. Two sets of re­
sults are compared in this paper: the first set depends upon work from 
1898 to 1918 inclusive (21 years), about 30,000 observations made in 665 
periods of observation on 301 out of a possible 366 days of the year; the 
second set depends upon work from November, 1929, through October, 
1932 (3 years), about 15,000 observations made in 916 periods of obser­

vation by 68 observers on 313 dates. 
In both cases the unit for ''rate'' is the number of meteors recorded 

per hour by one observer only, the sky being clear and the Moon absent. 
When these weather conditions did not exist, the observed rates were 
corrected by standard factors to allow for the unfavorable circumstances. 
The periods of observation ranged from one hour to six hours. For most 
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of the observations used, the conditions were 0.7 perfect or better. for 
none were they less than 0.5 perfect. ' 

The rates in general dep~nd upon meteors plotted per hour, not upon 
those merely counted. ObviOusly the higher the recorded rate the more 
meteors would have been missed while plotting paths. Hence the hi""h st 

• o e 
pomts of the curve are relatively too low. 

The results can best be shown by means of two graphs. Figure 21 
shows the monthly means, the hollow circles representing the 1898-1918 

YEAN RATE plotted against ~OHTH 

1898 - 1918 0 
1929 - 1932 -+-

0 

0 

0 

0 

A:!>r !.!~ Jun Jul Aus Sep oct 

FIG. 22. Graph showing monthly meteor rates. 

data, the solid circles those of 1929-1932. Henceforth these will be 
called for brevity Group A. and Group B. For both A. and B the fact 
~s obvious that me~eors are more numerous in the latter half of the year 
m roughly.the r~t10 2:1. The somewhat smoother curve in B is partly 
due to the mcluswn of observations from the southern hemisphere which 
formed in those later years an appreciable percent of the total. 

F.igure 23 is the more interesting, for it shows the minor irregularities 
on different dates of the year. Each point is the mean of from 3 to 30 
separate periods of observation. This use of means required the com­
bination of 2 to 4 calendar days' observations, but the result represents 
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the t rne rat ven more accurately. The lin connects poill ts of Grou1> 
B ( olid cir cle ) but it i~ ea ily eu that many of the il-r oonlari ti.es it 
shows ar e confirmed by points of ·ou1 A (hollow circle ·}. The highest 
poin. of cour e appear at the dates of the chi f annual shower : early 
in 1:ay t ll · Eta quarid · in \.ugn t the P er eids, in October the 

1·ionid , in 1 ovember the Leonid in D ecemb r the emi.nids. Th 
high points in late May and June for Group A are due to meteors con­
nected with Pons-Winnecke's comet in 1916, which made that an ex­
ceptional year and hence raised points of A unduly high in those months. 

However, when full allowance is made for those special showers, even 
then more meteors are recorded from July to January than in the first 
six months of the year. If meteors are uniformly scattered in space, 
not associated with our solar system, inore should be met from the di­
rection in which the solar system is traveling. 

The number of meteors met, however, is largely dependent upon the 
altitude of the meteoric apex, i.e., the point towards which the Earth is 
moving at a given time. The total number observed is therefore depen­
dent upon both of these factors but an attempt at their separation is en­
tirely too complicated a matter to be undertaken here . 

Hourly rates can be used to determine the mean velocity of meteors 
in space. We have not as yet determined any velocities from these data, 
but from similar observations Hoffmeister found a preponderance of 
hyperbolic velocities. Such velocities mean that the meteors did not 
originate in our solar system. It is hoped that the present data will 
eventually be discussed with regard to velocity determinations. Mean­
time, however, the close similarity of our A and B series gives some 
reason to believe that a majority of the meteors may have originated in 
the solar system. For if even minor irregularities in rates are dupli­
cated for different weeks in periods whose mean epochs are 23 years 
apart, would it not suggest that the meteors responsible may be so con­
nected with our solar system (i.e., an integral part thereof) that they 
could thus appear cyclically 1 

This is a most tentative suggestion, and one that can be brought 
forward only as possibly indicated by these graphs. Not until the data 
are treated analytically and velocities derived can we be fairly sure of 
their real meaning. 

C. P. Olivier is personally responsible for about 7,000 of the observa­
tions and for the derivation of Group A; Mrs. Wills, for the derivation 
of Group B and for the actual graphs. This paper is the joint work of 
the two. 
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FOLLICULAR ATRESIA IN TRITURUS VIRIDESCENS 

HELEN M. HILSMAN 

Depm·tment of Zoology, University of Pittsb1trgh 

The spring breeding season of the salamander, Trihtrus viridescens, 
occurs from the end of lVIarch to the end of June. The above dates as 
given by Pope ( '24) are actually the dates of egg laying, which is re­
garded as the true breeding season in contrast to the false breeding 
.season which occurs from Octo-ber to February. During the false breed­
ing season mating takes place exactly as it does in the spring. The sec­
ondary sexual characters of both males and females are prominent. The 
males deposit spermatophores and the females gather them up into the 
spermathecae but during the entire season no eggs are laid. lVIating be­
comes less frequent in the months of December and January but on sunny 
clays many pairs can be seen in amplexus. The secondary sexual char­
acters remain continuously from October until the end of the egg laying 
.period in the following June. Active mating is resumed in February 
and continues throughout the true breeding season. For the male the 
author ( '32) has described two spermatogenetic cycles which ripen 
.sperm respectively for the false and true breeding seasons. 

The ovaries of the salamander from October to February contain 
many large yolk laden eg·gs which are actually ready for ovulation. In 
addition there are numerous small eggs which have not yet formed yolk 
and still others in the process of yolk formation. It is known that the 
large eggs are ready for ovulation because many workers have induced 

egg laying by the use of pituitary implants. 
During the false breeding season atretic follicles are found in the 

ovaries. By this process the eggs are phagocytized by the follicle cells 
instead of being laid. Follicular atresia occurs in freshly collected stock 
and is not due to laboratory conditions since these specimens were fixed 
in Bonin's solution immediately after they were collected. The degen­
erative changes in the ovary of the freshly collected specimens are the 
same as those described as due to laboratory conditions (Hilsman) and 

to hypophysectomy (Burns). 
In the salamander population during the false breeding season only 

a few of the yolk laden eggs are disintegrated at a time. When sala­
manders are brought into the laboratory atresia proceeds at a much more 
rapid rate. In the field, however, only the very largest and oldest of 
the ovarian eggs become atretic. At the same time yolk formation con­
tinues and atretic eggs are being replaced progressively. The successive 
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growth of smaller eggs to replace those removed by atresia parallels the 
male reproductive rhythm in which there are two distinct spermato­
genetic cycles. 

The occurrence then of follicular atresia during the false breeding 
season may be an abortive germ cell cycle which corresponds to the male 
fall cycle. (Hilsman '32.) E.15gs are not deposited at the time of the 
false breeding season because of the disintegration of mature follicles 
by the process of follicular atresia. 

The work of (Burns) ( '32) in which he has shown that atresia fol­
lows hypophysectomy, and the work of Adams ( '32) and others who have 
produced egg laying after pituitary implants indicates that the hypo­
physis may be the remote cause in producing follicular atresia during 
the false breeding season. 
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THE EFFECTS OF HUl\fAN PREGNANCY URINE AND 
URINE EXTRACTS ON THE SALAMANDER 

HELEN l\1. HILSMAN 

Zoology Departrnent, Unive1·sity of Pittsbtt1'gh 

AND 

Dn. YuK Yr LEUNG 

Magee Hospital, Pittsbu7·gh 

The work of Smith and Engle ( '27) and Zondek and Aschheim ( '27) 
has conclusively demonstrated a definite interrelationship between the 
gonads and the hypophysis. Human pregnancy urine when injected . . ' 
mto Immature rats and mice, produces growth of the ovaries and char-
acteristic hemorrhagic follicles. This reaction has been used as a test 
for pregnancy. It is well known that the pituitary hormones of the 
anterior lO'be which are r esponsible for the induction of ovulation in the 
rodents. are found in pregnancy urine. Injection of pregnancy urine 
and urme extracts were tried on the amphibian Tritnn~s viriclescens 
with the expectation that it would also induce ovulation in this sala­
mander. 
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Pregnancy urine extracts were used by Adams ( '31) on the toad 
without inducing ovulation. The toad, however, reacts only to homo­
plastic-transplants of the pituitary gland; heteroplastic-transplants and 
injections of any kind are ineffective in inducing ovulation. This animal 
then does not afford a suitable test for determining the effects of preg­
nancy urine for the amphibia in general. 

Injections of whole urine in quantities of 0.25 cc., 0.5 cc., and 1.0 cc. 
were given, respectively, to three series of animals for one month. The 
injections were made subcutaneously three times a week. At the close 
of the experiment autopsies were performed and the specimens were 
preserved in Bonin's solution. These had failed to lay eggs and no 
appreciable changes could be noted in the ovary. 

A concentrated extract of pregnancy urine was made by the precipi­
tation method (Mazer and Goldstein, '32). Injections were given as 
before. 'rhis extract concentrated the sex stimulating hormone from 60 
cc. of urine to 12 cc. of an aqueous solution. The results of injections 
made three times a week are as follows : 

1. Two animals of 16 laid egg·s. 
2. Thirteen animals had atretic ovaries. 
3. One animal was normal and, had the experiment been continued, 

would have laid eggs. 
Control specimens injected with Ringer's solution and untreated 

controls did not lay eggs. All the specimens used in this experiment 
were collected on February 22, 1933. In a previous paper I have men­
tioned the occurrence of follicular atresia in the ovaries of the sala­
mander during the false breeding season, from October to February. 
So that these salamanders already had atretic ovaries before the experi­
ment began. However, in homotransplantation experiments, salaman­
ders with atretic ovaries did lay eggs in three to five days after daily 
pituitary implants. At autopsy it was found that the large eggs had 
been laid and so atresia was limited to those eggs in which it had already 
started. Atresia, therefore, was definitely checked by the pituitary im­
plants and thus was not considered a drawback in the present injection 
experiment. 

The pituitary extract made from pregnancy urine failed to stop 
atresia in the treated animals. Ovulation was therefore an impossibility · 
in these thirteen specimens as degneration was allowed to continue. It 
is not yet known whether this extract will stimulate immature follicles 
to growth; this paper deals only with ovulation of already mature eggs 
present in the ovary. The thirteen treated specimens differed in degree 
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of atresia. Some had only a few atretic follicles, while others had no 
large yolk-laden eggs at all. 

Since the controls treated with Ringer's solution developed atresia 
exactly as did the experimental animals and the counter-controls ·which 
were untreated stock likewise developed atresia, the treatment with the 
pregnancy urine extract had little or nothing to do with the follicular 
disintegration. We have thus explained the seemingly unrelated data 
and we may now consider the induction of ovulation. 

The ovaries of the remaining salamanders had no new atretic spots, 
but only corpora atretica of some previously formed disintegration. 
These three specimens must be considered in advance of the others as 
they had already passed the final atretic stage. Two of these salaman­
ders laid eggs; one starting after two injections and continuing as long 
as the injections were given. After about nine injections, during a 
period of . three weeks, the injectioU:s were discontinued. Egg-laying 
ceased in 24 hours. When the injection was again administered, egg­
laying was resumed and continued until the end of the experiment. Al­
together 45 eggs were laid during the experiment by this female. The 
other one started after five injections and laid a total of 21 eggs. The 
third specimen did not ovulate during the experiment. The extract then 
in this group of specimens was effective in producing ovulation in two 
specimens, and in checking atresia in the remaining one, as laboratory 
conditions ordinarily would have started atresia in the time of the ex­
periment. It may be noted that, of 16 experimental animals, only these 
three could have laid eggs under the given conditions. 

Of hundreds of individuals collected on March 23, 1933, none have 
laid eggs in the laboratory. Neither were there any eggs noted in the 
field during the field trip. This precludes the possibility that the abovr 
mentioned females would have laid eggs without treatment. 
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A BIOLOGIST LOOKS AT EDUCATION 
ROBERT T. HANCE 

University of Pittsbn1·gh 

Lately I have been wondering whether we had the right slant on this 
thing we call education. Called upon to defend the field of our activities 
we, who are trained to go to the heart of problems and do, so long as the 
problems do not deal with personalities, fidget and mumble something 
about leadership and the good life and hurriedly rest our case. Vve have 
saved our master for a long time with this feeble defense but there is 
now a more vigorous prosecution going on. Our case is really strong 
as we know from the results, so let's trot out a few points beside leader­
ship and the good life-the first depending to a large extent upon 
heredity and the latter being an inevitable by-product anyway if the 
main job is well done. Of what good then is education~ 

Man is the only animal not born into its world practically fully 
equipped to cope with its surroundings as it finds them. Although train­
ing is not hereditary each new generation of men faces the social and 
mental accumulations of all previous generations and must, starting from 
scratch, learn its way through this increasingly complex and man-made 
environment. The comfort and success of the members of the rising gen­
eration will be determined by the speed and thoroughness with which 
they become adapted to man's world. This world is one filled with men 
who can do but one phase of the world's ·work, with air-conditioned 
houses, music in the air, high speed transportation, huge cities that de­
pend for sustenance on food produced at great distances, social organiza­
tion, politics. Truly this is an awesome place to be catapulted into at 
birth with no inherited notions as to how to fit in and indeed with a fair 
chance that the unnatural conditions may make life itself difficult to 
maintain. To ease this shock, to bring about this adaptation to a rap­
idly changing world as smoothly, as quickly, and as effectively as possi­
ble is the purpose of education. 

Consequently education is just another man-made institution de­
signed to accomplish the adaptation of the younger generation to a 
highly artificial environment and for which his inheritance has not pre­
pared him. From this point of view leadership and the good life would 
not seem so immediately important and in any case are more likely to 
rise spontaneously out of the innate qualities of the individual than to 
be forced out by formulas. 

If all education, biologically viewed, is for the purpose of better envi­
ronmental adaptation then some of its primary functions become more 
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obvious. The cub generation must, on the physical side, be taught to 
live healthily and satisfactorily. Unless the body is comfortable little 
else matters or is possible. The scope of such training may begin with 
the attention of the individual focused on the functions of his own body 
but would fall far short of its duty if it did not use these activities to 
orient the student in his world. 

The physical side of existence cared for, social habits must receive 
their clue attention. Each member of society must learn to get along 
with his fellows and this involves social conformity and a decent respect 
for custom in the broadest sense. In detail this requires that each of us 
must be able to express ourselves in terms and to exhrbit evidences of 
culture that will make us understood by our associates. 

Another phase of this educated adaptation to an unnatural environ­
ment is that it must fit for earning a living. The individual must serve 
society according to its needs and along lines indicated by his aptitude 
and training. The more extensive the training, the better the knowledge 
of how other men have behaved under various historic 0ircumstances, the 
better should be the chances of solving current problems (that cannot in 
principle differ greatly from those of the past). 

Since man has now (at least in theory) mastered his environment so 
well, as far as making a living· is concerned, he is left with more and 
more free time which, with the old threat of Satan's influence on idle 
·hands in mind, we recognize must be profitably filled. Such amusement 
must be varied to suit man's variability. When vocation and avocation 
can be linked the ultimate would seem to 'be reached. There can be lit­
tle question that education, properly directed, may contribute materially 
to a happy solution of these problems. 

If we summarize the attempt of our educational system to foster bet­
ter biological adaptation it might be said that the departments of learn­
ing are not over four in number. 

1. Life Processes-Biology, psychology. 
2. Social Processes-Sociology, history, political science, eco­

nomics. 
3. Communication-Language and literature. 
4. Technology-Chemistry, physics, g·eology, etc. 

So grouped, the many and seemingly diverse fields of educational inter­
est unite in a concerted effort to contribute to the art of living. From 
this biological angle it is easier to see why education becoming too cen­
tered on a given theory may, through its application, serve a few rather 
than the many. Variability is the keynote of the living world and few 
theories can cover such a range. Recognizing the desira;bility of view-
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ing each human as an individual and training him according to his needs 
it is also easier to see education as a process of trial and error, slow in 
its results and perhaps none too sure. Such a view may induce a little 
more patience on the part of those who evaluate the results of these ex­
periments on human adaptation and a little more common sense and in­
g·enuity on the part of the experimenters. 

There is nothing new in this, of course, but it is sometimes helpful to 
our understanding of a problem to call a spade by its right name and to 
a void the "damn" shovel terminology of Waterson. 

SOME CAUSES OF CHROMOSOMES NUMBER 
VARIATION 

ROBERT T. HANCE 

University of Pittsbu1·gh 

The constancy of chromosome number for any species has been so 
stressed as to be almost commonplace at this time. Recent work on non­
disjunction and polyploidy ha..<; served to emphasize the importance of 
chromosomes in relation to variation. There is, however, another cause 
for number differences in the same species as reported by different work­
ers that does not seem to be clearly understood. These differences may 
be caused by the breaking up of the longer chromosomes, thereby actu­
ally increasing the number although not the quantity of chromatic ma­
terial. Or the o.bserver may fail to see connecting links between portions 
of chromosomes and therefore report too large a number. 

The latter is particularly apt to be the case in the cells of birds that 
are studied in the late prophase of division. My own attention was at­
tracted to this possibility in a study of mitosis in chick tissue cultures 
and later in sectioned embryos. The number of chromosomes in late 
prophase was always greater than found when true metaphase was 
formed. In many cases it was possible to see the threads connecting 
chromatic granules that would proba-bly later coalesce, thereby reducing 
the number of individual bodies. The real test of the basic number is 
to .be found in the count of the chromosomes just after division has begun 
(anaphase). In well preserved material it is possible to pick up both 
groups of chromosomes in polar view and to count them with accuracy. 
These counts will not be influenced by such factors as unfinished conden­
sation as might be the case in late prophase chromosomes. 

This may be the explanation for the very high chromosome number 
in the domestic fowl ( 66) reported by White ( '32). My own count had 
indicated 35 as the approximate number in this bird. The smaller chro-
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mosomes of the chick are very tiny and it is not at all difficult to be led 
astray as to t~e possible independence of chromosome particles. Any 
other explanatwn would at once suggest a difference between the chromo­
s~me make-u~ o~ British and American chickens, which is the less likely 
sm~e the vanatwn seems wholly concerned with the smallest and least 
eas1ly observed bodies. 
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A NEW MICROTO:!\fE KNIFE 
RoBERT T. HANCE 

University of Pittsburgh 

(Galus domes-

J ourn. Genet-

. A new.I~icrotome knife has been designed to include the superior cut­
tmg qualities of the usual type of heavy blade and the convenience of 
the safety razor blade. The new blade has the rigidity lackino· in the 
safety ,blade, c~n be easily sharpened on an inexpensive hone or tl1e palm 
of one s hand, 1s durable but cheap to replace if badly nicked. This out­
fit can be sol.d at a price sufficiently low so that each student in hi<>tology 
ma! be req~ured to hav.e one, thus ·ending the usual difficulties of keeping 
a smgle mwrotome kmfe of the old style in good condition. This new 
knife ha~ been in use for the past year in a large class in histology and 
resultedm much better sections from the entire class than had been usual 
before. · 

THE INTRACELLULAR OXIDATION-REDUCTION 
POTENTIAL OF YEAST 

LYLE v. BECK ' 

Univm·sity of Pittsbm·gh 

The ae~'obic oxidation-reduction potential for Fleischmann's yeast 
suspendedm phosphate buffer solutions of pH 7.0 and 8.0, as determined 
by the immersion colorimetric method described by Chambers Beck and 
G 1 f ' ' reen was ound to lie between 0.115 and 0.047, the Eo values at pH 
7.0 of toluylene blue and cresyl blue respectively. The anaerobic oxida­
tion-reduction potential ·was found to lie below - 0.167, the E

0 
value of 

cresyl violet. 

1 Chambers, Beck, and Green. 1933. J. Exp. Bioi., vol. 10, p. 142. 
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Five percent ethyl urethane, and M/1000 arsenious acid have been 
found to markedly inhibit ~oth cellular dehydrogenations and cellular 
re piratiou.2•5 Iodoacetic acid in a concentration of one par in 5000 
was found by Lunclsgaard• to markedly inhibit yea t fermentation of 
gluco ·e and mnscl glycolysis. olutious of the three com ounds, in the 
conceJltrations indicated above, w re made up in phosphate buffer and 
the solutions brought to pH 7.0 by quinhydrone titration. Yeast sus­
pended in all three solutions were found to exhibit markedly more posi­
tive aer{}bic potenHals than the normal. 

l\'I/1000 cyanicl which almo.<Jt completely inhibits respiration in 
yeast, without affecting deh. ·drogenations,3 was found not to affect the 
aerobic potential of yeast, as measured calorimetrically. 

The conclusion is drawn that the aerobic oxidation-reduction poten­
tial is a measure of the cellular respiratory steady state equilibrium 
point. 

METHYLENE BLUE AS A TOOL FOR CLASS STUDY OF 
CELLULAR RESPIRATION 

LYLE v. BECK 

UniveTsity of Pittsbm·gh 

The apparatus required for direct measurement of oxygen consump­
tion of cells and tissues is both too complicated and too expensive for 
class work in many courses and schools. A simple and inexpensive 
method for class study and demonstration of cellular and tissue respira­
tion is described below. 

Thunberg, Ahlgren1 and others have shown that the rate of oxygen 
consumption and the rate of methylene blue reduction, i.e., decoloration, 
are affected in the same manner and to the same degree by a large num­
ber of factors. Increase in temperature speeds up both oxygen consump­
tion and methylene blue reduction, up to about 45° C., beyond which 
further increase in temperature has irreversible destructive effects on 
both processes. Penetrating acids, as carbon dioxide, inhibit both; pene­
trating bases, as ammonia, in low concentration accelerate both. Nar­
cotics, as ethyl urethane, and many poisons, as arsenious acid and mer­
curic chloride, markedly inhibit both. On the addition of foodstuffs, 
especially glucose, fructose, sodium lactate, and sodium succinate, both 
processes are acceler~tted. 

2 Banga, Schneider, and Szent-Gyorgyi. 1931. Bioch. Zeit., vol. 240, p. 462. 
a Keilin, D. 1928. Proc. Roy. Soc. Biol., vol. 104, p. 206. 
4 Lundsgaard. 1930. Bioch. Zeit., val. 220, p. 1. 
1 Ahlgren, Gunnar. 1926. Skand. Arch. fur Physiol. Suppl. zum. 47 Band. 
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The only exception is that the oxidase poisons, hydrog·en sulphide and 
cyanide, which markedly inhibit oxygen consumption, in concentrations 
as low as M/1000 and M/10,000 have no effect on methylene blue reduc­
tion in the same low concentration. 

The effects of these various agents on methylene blue reduction may 
be readily demonstrated qualitatively in the following manner. A cake 
of Fleischmann's yeast is suspended in about 200 cc. of phosphate buffer 
of pH 7.0 and the resulting suspension is distributed in 5 cc. samples into 
the desired number of test-tubes. One or two drops of l\'I/10,000 methy­
lene blue (about 0.4 percent) is added to each test-tube. The compounds 
whose effects one wishes to test have previously been made up to a con­
centration ten times that desired in the final suspension and brought to 
a pH of 7.0 by titration. 0.5 cc. of each of these solutions is added to 
one of the test-tubes, and the test-tubes are marked. 0.5 cc. of phos­
phate buffer of pH 7.0 or 0.5 cc. of distilled water should be added at 
the same time to the control-tube. The tubes are corked thorouo·hly 

' 0 shaken to mix their contents, and allowed to stand one to two hours to 
permit penetration of the reagents into the cells. On again shaking' up 
the tubes at the end of this period the methylene blue coloration will be 
seen to instantly reappear in all of the tubes. If the tubes are now per­
mitted to stand again without shaking, the methylene blue coloration will 
be seen to gl'adually fade out from all of them, as the cells use up the 
oxygen in the suspensions, and then begin to reduce the methylene blue. 
The rate at ,which this color fading proceeds is a measure of the rate at 
which the yeast has used up the oxygen introduced into the suspension 
by shaking·. It will be seen to be markedly slower for suspensions con­
taining ethyl urethane, arsenious acid, etc., than the normal, and mark­
edly more rapid than the normal for suspensions containing g·lucose, 
fructose, or other foodstuffs. 

If desired, cut up animal tissues, as frog muscle, marine eggs, or other 
cells, may ·be used for such demonstrations instead of yeast cells. 

For quantitative experiments Thunberg tubes, together ~vith a water 
vacuum pump, may be used. Both the tubes and the pump are relatively 
inexpensive. The .technic for quantitative determinations of methylene 
blue reduction is fully described by Ahlgren. 1 
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EFFECTS OF CAPTIVITY ON THE FEMALE REPRO­
DUCTIVE SYSTEM OF TRITURUS 

VIRIDESCENS RAF. 
HELEN M. HILSMAN 

Department of Zoology, University of Pittsburgh 

For a long time it has been known that laboratory salamanders f~il 
to breed in captivity. This is exceedingly inconvenient for the zoologist 
who would like to obtain eggs for the study of embryology. When sala­
manders are brought into the laboratory during the breeding season, 
they may lay a few eggs during the first two or three weeks of captivity 
but they soon stop laying, lose their secondary sexual characters and 

become almost sexless. 
The fact that salamanders fail to breed in captivity is definitely re-

lated to histologic chanues in the ovary. By the process of follicular 
atresia tb.e lm.·ge yolk laden eggs are clisintegrated. Atresia is a Pl'OcesJ 
o.f iegeneration in \vhich tll f olli l e1Js act as phaO'ocytes and diu t the 
yolk particle and protopla m of the eg&. 'l'h.is degeneration is accom­
panied by the presence of eosinophileJ and lymphocytes. 

{any different stimuli may cause atre. ia, but whatever tb.e ca·1.1se 
atre. ia always procee :t. in the arne way. It effec onl egg with yolk 
and acts on the largest ones first. Coincident with the death of the 
nuclen is the presence of larg mnnbet· of white blood cells at the 
periphery. The follicle cells then loose their "stretch cl' ap}Jearance 
and assum a true epithelial shape while the capilla1·i become more 
numerous. oon the follicle cells become more deeply imbecldecl in the 
egg material and approach several layers in thickness. Resorption re­
duces the follicle to a mass of cells containing much debris and dense 
pigment. The final stage in reduction is the corpus atreticum or the rem­
nant of the thecal coat which soon passes over into connective tissue and 
is lost in the o·eneral stroma of the ovary. Burns ( '32) has described the 

~ . 
process of atresia in detail for the axolotl so that a full account here IS 

not necessary. Atresia in Triturus is essentially the same and agrees 
with that of axolotl as described by Burns. 

After a female salamander has been in the laboratory for one month, 
the secondary sexual characters have disappeared. All the large yolk­
laden eggs are in some stage of atresia and the entire ovary has a pec~­
liar bro·wnish color. This is characteristic of early stages of atresia 
which involves the greater portion of the ovary. Histologically the 
atretic follicles contain much unremoved yolk material. The epithelial 
cells range from a single layer to several layers in thickness. Yolk par-

• 
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ticles can be seen inside the follicle cells. Growth of the other follicles 
is not inhibited by atresia; many are in active stages of yolk formation 
at the same time. 

After the process of atresia has continued for three months the old 
corpora atretica appear as dense black knots of connective tissue while 
new atretic follicles have appeared in some of the eggs which have just 
formed yolk. The number of atretic follicles is less than in the pr-eced­
ing because the greatest number of yolk-laden eggs were already involved. 
The eggs which have developed yolk since the specimens were in captiv­
ity are now becoming atretic. The ovary appears lighter in color marked 
by the dense black corpora atretica, by some pigmented eggs and those 
beginning to form yolk, and by clear translucent small eggs which have 
not yet formed yolk. 

At six months of captivity or longer the ovaries have become static, 
that is, atresia has reduced all the yolk-laden eggs to corpora atretica, 
and as soon as a new egg reaches the point of yolk formation it too be­
comes atretic. An equilibrium has been reached between atresia and 
growth of new follicles. At this stage the entire ovary is a translucent 
structure dotted with the black corpora atretica. Microscopically the 
ovary reveals only small eggs without yolk and atretic spots in various 
stages of degeneration. 

The oviducts have gradually become smaller and less convoluted. 
They approach the form of straight tubes in animals kept in the labora­
tory a year or longer. The cloaca also shows the effects of captivity. 
The characteristic nuptial pigment present in breeding females is lost 
during the first month of captivity never to be regained under ordinary 
laboratory conditions. The cloacal glands are reduced so that the 
females can only be distinguished from males by the smaller size of the 
hind legs. 

Many different la.boratory conditions are sufficient to cause atresia. 
Stieve ( '21) working on Triton has shown that abnormal temperatures, 
food conditions, darkness, absence of plants, sand and gravel are each 
sufficient to produce follicular disintegration. Other factors which may 
be added to this list are crowding· and frequent changes of tap water. 
To quote from Burns ( '32) who has also demonstrated ovarian degen­
eration after hypophysectomy: "It can scarcely be supposed that each 
of these modifying factors acts specifically. Proba-bly all work alike 
throug·h the agency of some common factor of a very general nature, and 
we may consider that any condition which depresses the general level of 
physiological activity will inhibit normal development in the ovary.'' 
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May it not be that laboratory conditions so modify tl:e normal metab­
olism of the animal that it also modifies more or less directly the hypo­

physis itself. 
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BRAIN AND SKULL SIZES AND FORMS IN RATS 
MARCUS H. GREEN 

Unive1·sity of Pittsb1P·gh and Albright College 

A OTeat diversity of opinion is found concerning the role played by 
the sk~ll and brain upon each other's size and form. Most of the litera­
ture is based upon opinion instead of experimental evidence. It is the 
purpose of this paper to present an abbreviated review of the literature, 
and to submit my own findings which are yet only casual. 

The following references have been gleaned from publications and 
communications with various authorities. Von Gudden ( '74) concluded 
that both brain and skull have ·within themselves the basic requirements 
for form and size even though, to a certain extent, they may modify each 
other's size and form. Virchow holds to the same opinion. E. G. Engel 
thinks that the skull is primarily altered by factors other than the brain, 
and the brain, in turn, accommodates itself to the altered skull .. Accord­
ing to Fick, the brain molds the skull. Donaldson ( '9.5) thmks. t~at 
mechanical pressure is not the most important factor m deternumng 
brain and skull forms and sizes. Lull ( '17 and '33) regards skull 
growth as conditioned by internal pressure. Conel ( '29) considers (in 
Bdellostoma) the brain to be limited by the skull. Symington ( '03) 
holds that the skull form is determined by thB brain and organs of mas­
tication. Hooton ( '32) believes that cessation of brain growth in apes 
is caused by pull of muscles on the brain case. Kappers ( '29) asserts 
that on an average the brain gives form to the skull. Little ( '32) be­
lieves that the brain has much to do with the size of the calva­
rium. Schwalbe (1802) thought that the brain molds more of the floor 
of the skull than the roof. Keith ('56) believed that the brain molds its 
vault. Topinard thought that the brain did not influence the skull. • 
Lucca states that both cause and effect may be attributed to skull and 
brain. Pickering ( '30) believes that the brain influences skull form. 
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Weed ( '20) proved that if the bones forming the brain case are firmly 
united intracranial pressure will not enlarge the skull. Nicholas ( '30) 
showed that an actively growing substance introduced into the skull cav­
ity of amphibians distorts the skull. Hrdlicka ( '32) believes that con­
ditions of the skull influence the brain. Herrick ( '32) believes that in 
higher vertebrates the skull is shaped by the brain. 

It is well to inquire if the skull and brain can be altered by factors 
other than the brain and skull acting· upon each other. An investigation 
among·st peoples who practise intentional head distortion will reveal that 
it is quite possible to alter skull form. The deformation is accomplished 
by means of bandages and weights. Basler ( '30) reported that if a child 
lies upon the back of the head for a considerable period, the head form 
will be modified. The skull is supposed to return to normal within two 
years . 

The possibility of altering brain form and size by mechanical means 
is always accompanied by injury to the tissues, w~ich complicates the 
problem. Von Guclden showed that decrease in nervous activity of some 
peripheral ending brought about a decrease in size in that part of the 
brain concerned with this particular activity. Donaldson pointed out 
that brains in intentionally distorted skulls were altered. He stressed 
the fact that this was due not to mechanical pressure of the skull, but 
due to disturbed nutrition. He explains that within certain limits the 
brain form is independent of pressure, for even in the absence of the 
skull the gyri will develop as before. If one hemisphere is removed, ac­
cording to Donaldson, the other will not extend much beyond its normal 
boundaries. Von Gudden showed that in several cases, however, the 
remaining hemisphere grew into the remaining cavity. 

It is known that endocrine disturbances can alter the skull, such as 
found in acromegaly. Enormous distentions of the skull in young kit­
tens were obtained by Weed. This was brought about before the bones 
of the skull had firmly united. 

The pull of strong muscles upon the back and sides of the head is 
thought to bring about a dolichocephalic condition. Pickering· believes 
this to be restricted to postnatal life. He thinks that the brain can mold 
the skull long before the muscles exert any traction on the bones. It is 
quite possible that prenatal skull and ·brain relationships differ consid­
erably from postnatal relationships. 

This investigation, for the present, is concerned with postnatal skull 
and brain relationships. It was explained how the skull form and size 
could be altered by mechanical pressure, and how the size of the brain 
may be influenced by sensory activity. It might be added here that 
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chemical and physical states of the brain proteins might affect the brain 
(Bancroft, '30) . 

It was thounoht that the . kull might r~ trail~ the growth of the brain 
so a decompression wa brou.,.ht about by the removal of portions of skull 
bone. The specimens used were both male ancl females of hooded, white 
and Norway gray rats. In the first group of specimens, a part of the 
right parietal bone was excised. In about 27Q days, the rats exhibited 
a lateral flexure to the left side of the skull. This was especially pro­
nounced in the bones surrounding the nasal cavity and the maxillaries. 
Post-mortem examination revealed an atrophy ot parts of the right 
cerebral lobe and a reduction in the size of the right olfactory lobe. The 
nasal cavity in many cases was nearly obliterated on the right side. The 
lateral flexure was caused by the broadening of the left bones of the roof 
and floor of the nasal cavity. The brains fitted quite closely to the skulls 
regardless of the inequality of the sizes of the two cerebral hemispheres. 

Von Gudden secured an atrophy of the optic lobes of the brain by 
destroying the eye, and an atrophy of the olfactory centers by ligating 
one side of the nasal cavity. My experiment just explained shows that 
an injured rhinencephalon can also bring about a reduction of growth 
in the very bones of the nasal cavity. Here it is seen that even though 
the brain may be altered by conditions around its peripheral region, it 
is indispensable that a normal brain be developed to bring about normal 
growth of structures associated with its peripheral endings. Von Gud­
den also observed that over the atrophied brain, the skull grew thick and 
strong. Measurements have not been completed on thCJ e . pechnen as 
yet. Since the injured brain can bring about an altered condition of 
the craniad bones of the skull, it is possible that these, in turn will have 
effect on the other skull bones. Measurements in the future will bring 
this out more clearly. The uninjured roof bones and lateral bones of 
the skull do not appear to be much altered, if any. It is possible to as­
sume that both the nasal bones and the olfactory lobe underwent a simul­
taneous atrophy not related to each other in any way. This could not 
be due to disturbed nutrition in the nasal region because the olfactory 
lobes receive branches directly from the circle of \Villis which was intact 
and uninjured in every case. 'fhe blood vessels supplying the nasal re­
gion were not injured. The brain was the only injured member, the 
nasal region bones were undisturbed during operative work. 

In several other groups large portions of the roof of the skull, includ­
ing practically all of the parietals (both sides), the dorsal regions of both 
temporals and most of the both frontals, were removed. In about six 
to eight weeks a protuberance appeared on the skull above the area of 
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the. ex~ised bone. The protuberance continued to enlarge very slowly 
unt:tl killed the rats at about four months of age. Post-mortem examirLa­
tion revealed a bulging repair membrane, vascularized and stretching 
from the edges of the cut bone across the excised-area. The membrane 
was quite transparent and it was possible to view the remaining brain 
regions beneath it. ·when the membrane was punctured, the fluid was 
ejected from it with considerable force, indicating an internal pressure. 
The cortex was reduced to a thin shell on the sides of the skull and it 
had disappeared entirely on the dorsal and mesial reg·ions. Th~ lateral 
ventricles were entirely uncovered with their choroid plexus intact. The 
caudate nuclei, which stood out very plainly isolated from the cortex 
mainta!ned their normal position in relation with the thalamus. Onl; 
the mam body of the fornix remained. The hippocampi were unmolested 
except their connection with the fornix. 

All of the specimens were operated upon within one or four days 
after birth. 

The cause of this cortical atrophy is still problematical. It is possible 
to suggest what might bring about such an atrophy. In young animals 
the meninges are thought to cling· closely to the skull. If the skull i~ 
removed a part of the meninges beneath this region could be torn out. 
If the skull cap is removed the falx would come with it. This would 
interfere with the nutrition of that region and its proper drainage. The 
great accumulation of liquid in the skull cavity would explain that. Von 
Gudden noticed the same effect after he had removed both cerebral hemi­
spheres in his specimens. The continual accumulation of fluid would 
soon bring the brain under great tension. In the specimens that were 
demonstrated the elasticity of the repair membrane compensated for this 
for a period. The tension of the cerebrospinal fluid would finally exceed 
the blood pressure of the ·exposed cerebral arteries and collapse them. 
Such a condition would cause an atrophy of the regions exposed to this 
pressure. The pressure did not seem to affect the larger vessels on the 
floor of the brain. It is possible that an accessory drainage system com­
pensated for the increased pressure for a time while the dermis of the 
skin ·was in direct contact with the cortex after the operation. The ap­
pearance of the repair membrane would soon occlude the possibility of 
this method by interposing itself between the dermis and cortex. All of 
this is only II10re speculation, however. · 

It ':as s~own how the skull may be altered by mechanical means, by 
endocrme disturbances, and by injury to the brain. The brain, in turn, 
may be influenced by injuries to regions about its peripheral endings. 
Von Gudden by ligating the nasal cavity brought about an atrophy of 
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the corresponding centers in the brain. Injury to the olfactory centers 
of the brain seem to influence the normal development of structures 
associated with its corresponding peripheral endings. The last state­
ment is only tentative, however, until further investigation completely 
verifies it. This, of course, stands only for rabbits in von Guclden 's 
experiments and for rats in this investigation, and post natal influences 
at that. 
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SOME INTERRELATIONS OF PLANTS AND BIRDS ON 
PRESQUE ISLE, ERIE, PENNSYLVANIA 

0. E. JENNINGS 

Carnegie Musettm, Pittsburgh 

Some of the most interesting things which have come out of the vari­
ous studies being carried on at the Lake Laboratory of the University of 
Pittsburgh at Erie, Pennsylvania, are the interrelations between the 

PENNSYLVANIA ACADEMY OF SCIENCE 193 

plant and animal life in the rapidly changing environments on Presque 
Isle. 

The peninsula of Presque Isle is about six miles long and, at its wider 
outer end, is separated from the mainland by Erie Bay, which is there 
from one to two miles wide. The peninsula is shifting eastward at the 
average rate of about half a mile per century, so that the different vege­
tational societies and associations must also shift their positions eastward 
at about the same rate. 

How the plants have migrated to the peninsula and how, in general, 
they 'manage to migrate eastward at the average rate of about half a mile 
per century has been engaging the attention of some of us while working 
at the Lake Laboratory. The part which birds play in this migTation is 
coming to be regarded as very important. 

At the eastern end of the peninsula, where the sands have only re­
cently accumulated to form new land, there are open beaches, and beach­
pools and ponds. This part of Presque Isle is the favorite hunting place 
of the sandpipers and plovers, and, particularly around the sandy beach­
pools, it is the customary resting place of the terns and gulls. The vege­
tation of the lake beach, itself, however, consisting of Scurvy Grass 
(Cakile), Clot-bur (Xanthimn), Beach Bean (Strophostyles), and Sea­
side Spurge (Et~phorbia polygonifolia), evidently arises from seeds 
washed up by the waves rather than from seeds distributed by birds. 

Around the newly-formed pools, however, there are seedling cotton­
woods and willows from seeds blown there by the wind and, also, a num­
ber of kinds of plants which have very small seeds, such as the rushes 
(Jnncns), sedges ( Carex), wild flax (Linnm), Lobelia Kalmii, and 
others which evidently owe their presence in this habitat to the assistance 
of birds. Many small seeds, such as those of the flax, become more or less 
sticky or mucilaginous when wet, or will readily stick to wet objects such 
as the feet or feathers of birds. The various small-seeded plants around 
the more recently formed, sand-bordered pools probably have largely mi­
grated there by reason of the seeds having been carried on the feet or 
feathers of birds. Such pools have no border of trees and are not fre­
quented by perching birds of the kinds that usually eat berries or other 
soft fruits. It is noticeable that there are no plants bearing berries or 
other edible fruits around these sandy beach-pools. 

Farther back, away from the beach, where the willows are full-grown, 
the land is older and the cottonwoods have become trees suitable for shel­
ter and for resting places for perching birds, there appear considerable 
numbers of plants with edible berries or other small fruits commonly 
eaten by various kinds of birds, which thus distribute the seeds. It has 
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been claimed that certain wild cherry seeds showed a better germination 
after having passed through the digestive tract of chickens. Certain it is 
that many small-fruited plants have their seeds successfully distributed 
in this manner by various kinds of birds which either habitually or occa­
sionally feed upon such fruits. 

Studies begun around isolated clumps of cottonwoods near the Lake 
Laboratory in the more or less open expanse of sand-plain where the land 
is now probably about fifty years old, soon disclosed the important part 
that birds have played in the migration of plants into that habitat. 
Further studies showed similar results, also, for the wet meadows· and 
the shrubby borders of the older ponds in this part of the peninsula. 
Birds may be seen flying about, alighting here and there in the scattering 
shrubs and trees and undoubtedly seeds are dropped both on the open 
places during the flight of the birds and, also, under the trees during 
times when they are perched there. Now here else on the peninsula have 
the birds played so large a part in the migration of plants as is the case 
in this newer, open part. In fact, aside from the scattering cottonwoods 
and willows and the bunch-grasses and the wet-meadow grasses, all dis­
tributed by wind, the prevailing aspect of the vegetation is here deter­
mined by plants distributed by birds and enumerated in the following 
lists, grouped by habitat: 

Under cottonwoods on ridges: 
Poison Ivy (Rhns Toxicodendron) 
Stag-horn Sumach (Rhus typhina) 
Wild Black Cherry (Prumts serotina) 
Choke Cherry ( Prnnus virginiana) 
Wild Lily-of-the-VallBy (.Lliaianthernum canadense) 
False Solomon's Seal (Smilacina stellata) 
River-bank Grape (Vitis vulpina) 
Virginia Creeper (Psedem qttinquefolia) 
Climbing Bittersweet (Celastnts scandens) 
Red Raspberry (Rttbtts idaens acttleatissirnns) 

On the sand-plain: 
Bearberry (Arctostaphylos Uva-nrsi) 

In wet meadows or around the margins of ponds: 
Barberry (Berberis vulgaris) 
Bayberry (Myrica carolinensis) 
Dew Berry (Rubus villosus) 
Strawberry (Fragaria vir·giniana) 
Fire Cherry (Pnmus pennsylvanica) 
Cornels ( Cormts Baileyi, C. Ammmtm, and 0. stolonifera) 
Winter Holly (Ilex verticillata) 
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In the older part of the sand-plain, and on the ridges, the bearberry 
has extended its range and formed the heath, into which there have been 
no notable additions through the activities of birds. The Red Cedar is 
undoubtedly distributed by birds and, a number of years ao·o there were 
some interesting examples of young reel cedars underneath

0 

c~ttonwoods 
but almost invariably on the eastern (leeward) side of the trunk. An~ 
o.ther interest~ng case i~ that of the Pin Oak ( Qnerctts palust1·is). Seed­
hugs and saplmgs of tlns tree. are to be found scattered here and there on 
moister spots in the sand-plain or around the borders of wet meadows. 
The acorn of this oak is relatively very small and it is reported as beino· 
commonly ~arried about by the blue jay, and by some of the woodpecl~ 
ers. Blue Jays are frequently seen flying about from tree to tree peering 
about and examining the bark of the cottonwoods. Probably this bird is 
~·esponsible for the fact that the Pin Oak advances much more rapidly 
mto the newer parts of the peninsula than do the other oaks with larger 
acorns. 

Farther back in the older parts of Presque Isle where the ·Heath has 
given way to the mixed \Vhite Pine forest and that, in turn, to the Red 
Oak forest, there are various other plants which were probably intro­
duced, and which keep their place in the eastward shifting of the penin­
sula and its vegetation, largely, if not entirely, by the activities of birds. 
Among such plants are the Sassafras (Sassafras var·iifolium), Sour Gum 
(Nyssa sylvatica), Gree:p.brier (Smilax ?·ottmclifolia), Swamp Rose (Rosa 
carolina), and the High-bush Huckleberry (Vaccinimn corymbosttm). 

Beginning at the newest part of the peninsula, out at the eastern tip, 
and proceeding westward ,through successively older land into the Red 
Oak forest, where the land must have appeared about six centuries ago, 
the most important agents in plant migration arrange themselves as fol­
lows: (1) Beach habitat, water; (2) Beach pools, water birds and wind; 
(3) Sand plain, perching birds; (4) Heath and wooded older parts of the 
peninsula, wind and birds and squirrels. Birds are most important as 
agents in plant migration during the younger stages of the development 
of the peninsula when the vegetation is more open and not occupied by 
forest. 




