Volume 38 June 1965 Number 2

PROCEEDINGS -

of the

PENNSYLVANIA
ACADEMY OF SCIENCE

Founded On April 18, 1024

WILLIAM A. URICCHIO, EDITOR

EDITORIAL COMMITTEE

Umbay H. Burti James H Leathem
George F. Deasy Albert Martin, Jr.

Julius S. Greenstein John J. McDermott
Phyllis R. Griess Arthur W. Shively

George E. Grube Lawrence Whitcomh

40th ANNUAL MEETING
The Pennsylvania State University

Univexsity Pazk, Pennsylvania




PROCEEDINGS
of the
PENNSYLVANIA
ACADEMY OF SCIENCE

VOLUME 38
Number 2
June 1965

PAPERS

Presented at the

FORTIETH ANNUAL MEETING
PENNSYLVANIA ACADEMY OF SCIENCE

March 26 - 28, 1964

THE PENNSYLVANIA STATE UNIVERSITY
University Park, Pennsylvania




PENNSYLVANIA ACADEMY OF SCIENCE

INFORMATION RETRIEVAL AND THE GOLDEN HAMSTER

Hulda Magalhaes
Bucknell University, Lewisburg, Pennsylvania

ABSTRACT

Three styles of punched cards have been adapted for the discovery and recovery of
information on the golden hamster, particularly, in respect to its uses as a laboratory animal.
These cards have been identified as author card, bibliography card, and journal card. Their
use has facilitated the preparation of an extensive bibliography on the golden hamster.

INTRODUCTION

At the same time that a colony of
golden hamsters, Mesocricetus auratus
(Waterhouse, 1839), was established at
Bucknell University in 1946, work was
begun on the compilation of a compre-
hensive bibliography. At that time very
little was known concerning the char-
acteristics or requirements of this species
as it had been introduced as a laboratory
animal only fifteen years before (Adler,
1948). The very fact that so little was
known concerning the animal contributed
to its desirability for investigations by
beginning students at either undergradu-
ate or graduate levels since there was
much basic work to be done. As the
bibliography grew in both size and scope
its usefulness was increased by the use
of edge notched bibliography cards,
which have been described previously
(Magalhaes, Meister, and Kunkel 1953;
Magalhaes 1954). The biblography has
proved useful not only for students and
faculty at our university but also for other
investigators including Whitney (1963).

A “Ditto” edition of the bibliography
was finally typed in 1959 but unfortu-
nately it was comprehensive only for
1931 through 1953 with scattered refer-
ences from 1954 through 1958. Several
hundred copies of this bibliography were
distributed and the edition was soon ex-
hausted. In response to many requests
for additional information the present
study was undertaken during the aca-
demic year 1963-1964 when the com-
bination of a sabbatical year and a con-

tract from the National Medical Library
of the National Institutes of Health pro-
vided the time and necessary secretarial
help. Grateful acknowledgment is made
of the use of books at the libraries of
Harvard Medical School, Princeton Uni-
versity, the College of Physicians in
Philadelphia, New York Medical Li-
brary, Tulane University, and Geisinger
Memorial Hospital in Danville, Pennsyl-
vania. Finally, without the cooperation
of many authors, students and librarians
the bibliography would never have reach-
ed its present state.

PROCEDURE

The first task of the present study was
to convert the form of literature citation
from the style adopted by the Conference
of Biological Editors of the American In-
stitute of Biological Scences (1960) to
that used by Index Medicus. The major
change was in the journal abbreviations,
but the position of the date, the form for
name(s) of author(s), and punctuation
were modified. In addition to these
changes in the literature citations them-
selves, additional subject categories were
needed. For the last ten years have seen
not only an increase in numbers of arti-
cles published, but also an increase in
the fields of biological and medical sci-
ences. Biology has become molecular
as well as organismal and man and ex-
perimental animals have moved out into
space thus increasing the complexity of
the environment as well. With all of
this in mind three styles of punched cards
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were designed to assist in the extension
and analysis of the hamster bibliography.

JoURNAL CARD—ASs shown in Figure
1, the journal card provides a handy
reference to the abbreviations used for
the titles of journals. The style is that
adopted by Index Medicus, which lists
both the abbreviations and the full titles
and place of publication of all journals
abstracted. A new list appears each year
in the January issue. For journals not
included in Index Medicus, abbreviations
were devised by consulting Rogers and
Charen (1962). Information on the li-
braries in which copies of the journal
were found, the journal code number,
the total number of references found in
the journal, the types of articles publish-
ed, the major subjects covered, abstract-
ing journals which include the journal in
their coverage and finally the years of
the publication that were checked can
be stored in the holes at the edge of the

card by notching appropriate places. In-
direct or numerical codes were used for
the journal code number, number of ref-
erences, years checked, and libraries con-
sulted. Other items were coded directly
with each hole representing a single sub-
ject or abstracting journal. In prepara-
tion of the bibliography, when five or
more references were found in a specific
journal, a careful search was made of
indices, tables of contents, summaries or
conclusions, material and method sec-
tions of individual papers and finally au-
thor indices were checked for familiar
names. In this way many references
were uncovered even when the titles
themselves did not give a clue to the
fact that hamsters had been used. Finally,
the journal cards were used to record
the year, volumes, and issues scanned for
references and the names of authors of
hamster articles and the total number of
hamster article per volume consulted.
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BiBLIOGRAPHY CARD—This card rep-
resents a revision of the card previously
used. A double row of holes at the
edges make it possible to store more in-
formation than was possible with the
single row of holes on the cards previous-
ly used. As is shown in Figure 2 the
literature citation is typed directly on the
face of the card with the author, title,
journal name and volume, pages, and
date. The author’s name is coded in the
field across the top of the card using the
deep holes for the initial letter, the group
of vowels or “other letter” for the second
letter, and the outer holes for the third
letter of the author’s name. This system
of indexing author’s names was devised
by Hyslop and Wassenberg (1958) for
a filing system for metallurgical litera-
ture. The number of authors is record-
ed next. For a single author the card is
not punched; for two authors the outer

hole (author no. 2) is punched, and for
more than two the deep hole is punched.
The type of article is shown by punching
the appropriate regions of the next group
of six holes; shallow punches indicate
title only, note or letter, or comparative
study in which hamsters were used inci-
dentally, or in small numbers; deep
punches signify abstract, original re-
search with hamsters the principal subject
or in large numbers, or review article,
and finally, intermediate punches indi-
cate the use of hamster serum or anti-
bodies, hamster cells cultures, or ham-
sters as hosts for pathogenic organism or
transplants.

A notch in copy or index holes shows
that a reprint or photocopy is available
in our collection and that it has been in-
dexed. The time of publication and
journal code numbers are indicated in
their fields by numerical double row
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selective coding as explained in the Royal
McBee Corporation Instruction Manual.
The seven holes in the lower left portion
of the card are used to show the location
of abstracts in standard abstracting jour-
nals. Major subject categories are re-
corded at the bottom of the card, while
the minor subjects are indicated in areas
at the right and bottom left of the card.

AutHOR CARD: Figure 3 is a copy of
a typical author card with the name of
author and his current address, co-au-
thors, and record of letters sent and re-
ply received. The author code, and
major subpects are the same as those
previously described for the bibliography
card. The geographical location of the
author is recorded along the bottom of
the card. A code book was prepared
of the numbers assigned to continents,
states or countries, cities, and labora-
tories.

RESULTS

JOURNAL CARDS: By March 1964, 446
journal cards were prepared giving ab-
breviations and code number for the
journals in which hamster articles had
been found. In 1953 only 204 titles
were included in the code list for journal
titles. 'Thus, in the last ten years the
number of journals in which hamster

articles have appeared has more than
doubled. The journal cards have been
most useful as a means of checking ab-
breviations for journal titles. Tt is ex-
pected, however, that the record of jour-
nals searched and the summaries of au-
thors included in different volumes will
help to avoid duplication of search and
aid in the recovery of information once
the cards are completed.

BIBLIOGRAPHY CARDS: All of the cita-
tions included in the original biblio-
graphy of 1953 and twice as many more
references from 1953 through 1963 have
been typed onto the cards of the style
described for a total of over 3,500 refer-
ences. The advantage of the biblio-
graphy cards is that they provide a means
for recording and recovering much more
information than was possible in previ-
ously used cards or on cards of the tradi-
tional type. It is hoped that these cards
will also speed the preparation of an ex-
tentive index for the bibliography.

AUTHOR CARDS: The author cards
have proved their value in making pos-
sible a systematic survey of research
workers who have made use of hamsters
in their investigations. Authors have
been particularly helpful in locating arti-
cles published in symposia, international

.
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congresses, book chapters, theses, and CONCLUSION
other irregularly published, but neverthe- Punched cards have been found to be

less important materials. Evc.an I useful not only as bibliography cards, but
nal scanning knowledge of active authors

is essential if new material is to be lo- X )
cated journal files.

also for the maintenance of author and
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A MICROSCOPIC STUDY OF LETHAL ELECTROTROPISM IN PLANTS

L. E. Murr
Department of Engineering Mechanics
The Pennsylvania State University
University Park, Pennsylvania

ABSTRACT

Plant response to an electrostatic field is defined as electrotropism, and characterized as
stimulative, destructive, or lethal. The growth response or destructive mechanism which is
apparently activated in plants by the action of an electrostatic field is discussed in terms of

micro-chemical analyses and microscopic data.

It is shown that increases in active element

concentration of iron, aluminum, and zinc are 110, 230, and 220 per cent respectively as com-
pared with control plants when orchard grass is exposed to an electric potential gradient of
75 kV/m magnitude. The absence of polarized salts in the damaged plant tips strongly sug-
gests the presence of polarized molecular complexes such as proteins or metallo-enzymes.

INTRODUCTION

Several examples of severe plant dam-
age resulting from growth in an electro-
static field-environment have been re-
ported by the author (5) (6), and sev-
eral examples of plant growth stimu-
lation have also been reported in earlier
work by Blackman and Legg (1), and
Musso (8). It cannot be stated with
complete certainty that plant growth re-
sponse in an electric field is impeded in
all cases, but all work reported by this
author certainly supports this opinion.
However, it will be conceded that the
possibility of plant growth stimulation in
a field whose properties are defined in a
particular manner does exist, both from
the standpoint that numerous investiga-
tors have indicated this trend, and from
the standpoint that such a phenomenon
is certainly physically possible.

In any event, it has been established
by Murr (5, 6) that plant growth is
definitely impeded by electrostatic fields
of sufficient magnitude and defined in
such manner that the natural electrical
environment is duplicated. This phe-
nomenon has been observed in several of
the common grasses. Since it has been
previously shown by Murr (7) that the
mechanism of growth impedance involves
more than a mere ionic transfer within
the plant tissue, the response must involve

more than a simple migration of charged
particles by the action of the applied
field. Such a response is termed elec-
trotaxis. A more proper description of
the responses observed in the experiments
to be described seems best defined as
electrotropism. In this respect, electro-
tropism will be taken to mean any phy-
siological or chemcal response of the
plant or cell systems to an electrostatic
field.

Considering the nature of the plant
damage already observed (5, 6, 7), and
the possibility of beneficial responses
being induced by the action of an elec-
trostatic field, electrotropism might be
conveniently classed as three types or de-
grees of field action, i.e.; (1) Stimulative
electrotropism, (2) Destructive or de-
generative electrotropism, (3) Lethal
electrotropism.  This paper will deal
primarily with the last category of elec-
trotropism.

In a previous paper dealing generally
with the destruction of plants in an elec-
trostatic field, it was suggested by this
author (5) that the mechanism of de-
struction consisted of a simple physio-
logical-physical response as a result of
the field action. However, a detailed
micro-chemical analysis in later research
completely refuted the simplicity of the
original mechanism (7). On the basis
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of this new experimental data, it was
proposed that damage results from a dis-
turbance of the normal metabolic enzyme
functions in the plant and most likely an
increase in the availability of certain
enzymes which, in view of the experi-
mental data, appear to be associated with
the respiratory process in cells.

The present paper will attempt to con-
struct, using spectroscopic and micro-
scopic data, a suitable model for the ex-
planation of all phases of electrotropism;
with special emphasis being given to
lethal electrotropism. It will also be
shown that through the use of certain ex-
perimental-mathematical approximations
in conjunction with analytical data, the
nature of crop damage may be estimated
when it occurs in the natural environ-
ment as a result of destructive electro-
tropism.

MATERIALS AND METHODS

The procedure employed in experi-
mental work to be reported in this paper
was similar to that employed in previous
research reported by Murr (5, 6, 7). Ex-
periments were performed at four elec-
trostatic potential gradient reference
levels (as defined by Murr (4) ), name-
ly; 30 40, 50, and 75 kilovolts per meter.
The plant material in the 30, 50, and 75
kV/m experiments was used for spec-
trometric analysis, while that at 40 kV/m
was employed primarily for microscopic
invc stigations.  Standard quantitometer
methods were employed in the plant
spectrometric analyses of both active and
cortrol plant leaf-tip samples. The re-
sul's were computer corrected by cali-
bration standards and reference to stand-
ard sample data.

The microscopic investigations con-
sisted of sectioning both active and con-
troi leaf specimens and safranin-fast
green staining of these sections using
techniques previously reported by Murr

(6). Of particular interest in this in-
vestigation was the observation of micro-
scopic detail at comparatively high mag-
nifications. This also included an ac-
curate microscopic counting of chloro-
plast densities in both the active and con-
trol leaf sections representing the entire
tip damage range, and a comparison of
average differences observed.

RESULTS
Figure 1 shows an important phase of
the spectrometric analysis of the orchard
grass samples subjected to destructive
field action compared with control sam-
ples. The data here is presented as a
ratio § as defined by

- (M« 1) .

= (Mx )
where M o« and M 8 are the active and
control sample concentrations of the
elements represented in ppm. It has
been previously established by the pre-
sentation of the results of similar spec-
trometric analyses (7) that there is no
occurrence of major elements representa-
tive of inorganic salt radicals concen-
trated in the damaged tips as proposed in
an earlier theoretical damage mechanism
(6). In this same analysis, however, it
was also shown that extremely significant
differences did exist in the concentrations
of zinc and iron in the damaged tips of
plants exposed to continuous electric field
action. The analysis presented in Fig. 1
is nearly identical to previous results ob-
tained by Murr (7), and attests to the
reproducibility of the results.

Looking at these micro-analytical re-
sults with the possible thought that they
might indicate cell damage of a more in-
ternal nature than originally conceived,
the microscopic analysis was intended to
reveal possible internal cell damage. The
sequence of photomicrographs shown in
Fig. 2 illustrates rather strikingly the tip
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Fig. 1. Spectrometric analysis for minor elements in the leaf tips of active and control orchard
grass plants. (tips here refers to leaf segments approx. 2 inches in length.)

voiding produced in the orchard grass
plants exposed to relative potential
gradients of 40 kV/m. Figure 2 (A)
shows a transverse leaf section in a dam-
aged tip. The voids, seemingly caused
by the absence of internal cell structure
and regular arrangements of chloroplasts,
occur with this same unmistakable regu-
larity in all leaf sections in the damaged
Zones.

In Fig. 3 is shown the results of a
microscopic analysis of chloroplast den-
sity in the 10 micron thick sections
microtomed from representative tip seg-
ments of both active and control plant
leaves. The leaf areas shown in the leaf
schematic, A, B, C; correspond to the
brown damage zone, the dark green tran-
sition zone, and the undamaged active
leaf portions respectively, as previously
outlined by Murr (6). In this analysis,
both active and control leaves were ex-
amined at approximately the same struc-
ture stations as indicated in Fig. 3. Three

separate studies were performed on sec-
tion areas excluding the main stem area
(i.e., the central vascular system was not
included in the density count), and the
histograms of Fig. 3 represent the aver-
age chloroplast density for these observa-
tions. The chloroplast density itself, it
should be pointed out, is a relative mag-
nitude devised merely to illustrate the
differences which occurred.

Although Fig. 3 illustrates an unmis-
takable concentration of the chloroplast
density in the dark green transition zone
(B) of the active plants, the density is
still less than the normal density in the
control leaf sections. It seems unlikely,
therefore, that this density rise could ex-
plain the color change in this transition
zone, but it might shed some light on the
mechanism of leaf tip damage.

While the microscopic analysis of
chloroplast density properties presented
in Fig. 3 has neglected the central vascu-
lar system, the sequence of photomicro-
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graphs in Fig. 4 illustrates similar dam-
age transitions in the central vascular
area of a typical orchard grass leaf which
has been subjected to continuous action
potential gradients of 40 kV/m for sev-
eral weeks. Figure 4 illustrates two very
obvious properties of the damaged leaf.
First, chloroplast and supporting cell
structure is not definable in the damaged
zone, and the stain density of the active
sections is possibly indicative of some
field induced reaction, and second; epi-
dermal protection in the tip regions is
completely absent.
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DISCUSSION AND THEORETICAL
ANALYSIS

Considering the photomicrographic
evidence presented in Figs. 2 and 4, and
with reference to the spectrometric data
presented in Fig. 1, it would seem logical
to conclude that the damage mechanism
which is activated during destructive elec-
trotropism in plants has an internal ori-
gin rather than an external one (external
here refers to the leaf epidermis, etc.).
That is, in the original investigation of
this problem by Murr (5, 6), it was con-
cluded that the cell damage resulted from
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Fig. 3.

Chloroplast densities in orchard grass sections exposed at 40 kV/m. Schematic leaf
section shows (A) brown damage zone, (B) dark green transition zone, (C) undam-

Outer portions of active (A) and control (B) sections of orchard grass co.ntinuousy
exposed to a relative potential gradient of 40 kV/m for 2 weeks. (V) indicates void
formations. Section thickness—10 microns.

| Fig. 2.

aged active leaf tip zone. Section thickness—10 microns.




Fig. 4.

Lethal electrotropism in the central vascular system in orchard grass exposed con-
continuously for 2 weeks at 40 kV/m relative potential gradient. (A) brown damage
zone, (B) undamaged active leaf tip zone just below the dark green transition zone,
(C) unexposed (control) leaf section in approximately the same position as the un-
damaged active leaf portion of (B).
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the bursting of epidermal cells which al-
lowed protoplasmic dehydration to take
place-resulting in the destruction of the
leaf-tip areas. Thus, destruction was as-
sumed to be triggered with the bursting
of the epidermis. However, in view of
the information presented in this paper,
it would be conceivable to assume that
the respiratory or related metabolisms of
the cells are considerably accelerated by
the field action (Fig. 1). The immedi-
ate result of this metabolic acceleration
seems to be the production of an in-
creased number of chloroplasts (as evi-
denced by the histograms of Fig. 3)
which precedes the lethal tissue damage;
and which essentially forms the dark
green color zone (Fig. 3 (B) ), not by
virtue of the chloroplast density, but
rather by a chemical-enzyme change
which takes place in this zone. As this
enzyme action becomes rapidly acceler-
ated, it appears as though a general tissue
deterioration develops. This develop-
ment then continues to accelerate, while
the epidermis, disrupted in a similar man-
ner, allows dehydration to commence.
The catastrophic cell disruption by the
enzyme concentrations, combined with
accelerated protoplasmic  dehydration,
eventually causes the chloroplasts and tis-
sue systems to agglomerate into seeming-
ly dried, unidentifiable bodies as illu-
strated in Fig. 4 (A).

If one assumes that the concentrations
of metal ions in the active plants as rep-
resentative of enzyme activity, then it
would seem logical to assume that the
action causing the enzyme acceleratons
would also accelerate mineral variations
in the soil as the plant strives to meet the
demands of the distorted metabolism. A
careful emission spectroscopic study was
undertaken to clarify this point. Figure
5 shows the results of this study for
aluminum. The aluminum analysis is
here presented as concentration of the

AlLO; group. The histograms shown
definitely establish the contention that
the soil surface or upper soil strata is de-
pleted of its aluminum reserve as the po-
tential gradient is increased, and as the
metabolism becomes increasingly de-
manding through the electrotropic action.
The demand here seems to be met by
root action or some similar physiological
response as opposed to a charged particle
transfer process such as electrophoresis
and related types of electrotaxis.

The assumption that these enzyme
complexes are representative of the re-
spiratory metabolism is based in part on
the studies of metallo-enzyme systems by
Schulke (9) and Vannotti (11), in which
the role of iron and zinc appear to be
well documented. In the case of alumi-
num, however, it is not certain what role
it might play in plant cell metabolisms.
Horecker, et al (2) have shown that cer-
tain Cytochrome C reducing enzymes
may be activated by aluminum ions,
while Szucs (10) contends that alumi-
num ions in excess cause protoplasmic
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Fig. 5. Emission spectroscopy soil analysis
for aluminum in the active plots after
continuous exposure exXperiments us-
ing relative potential gradients of 30,
50, and 75 kV/m. Control plot soil
concentration remained approximate-
ly constant and is not shown.
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hardening. Now in the case of enzyme
stimulation as presented in the preceding
paragraphs, either of the previously men-
tioned roles of aluminum could be incor-
porated into this scheme, and adequately
interpreted in terms of the microscopic
studies showing what might well be cell
hardening along with the apparent ag-
glomeration of structure.

It may be well to discuss the impor-
tance of electrotropism with reference to
the natural environment. Actually,
there has never been any direct evidence
(to this author’s knowledge) which re-
lates plant or crop damage of any kind
to an electrostatic field action. How-
ever, if one now considers the evidence
presented in this paper and others (5, 6,
7), it will be realized that certain crop
damage occurring in the natural environ-
ment may be the direct result of electro-
tropism. Miller (3) refers to the occur-
rence of cereal damage in the Great
Plains during the dust storms and similar
charge phenomena.

From the graph of Fig. 1 and by vary-
ing the form of eq. (1) it will be observ-

ed that
mE) o

where Mo« and M O are the element
concentrations as previously defined. The
equations for the curves shown in Fig. 1,
having been obtained in the following
forms:

|ong -43 E(Fe) +1.90

logoE =118t HITY (3

log,E = 218,728

can then be transformed, by use of eq.

(2) into the interesting relationships;
Equations (4), although technically

only good approximations, might be ex-

((:_;)Fe = 2-3( log. £ - ,77)\
(Mi:)m 5.7(’05%E -,,30) L
l“(%:)z.. ) 3'7( log £ - '?8))

tremely helpful as an analytical ‘“meas-
uring stick” of the degree of electrotro-
pism, if any, experienced by a damaged
leaf tip in the natural environment under
certain defined conditions. Theoretically
speaking, the relative potential gradient
might be approximated if a spectrometric
analysis were performed on the damaged
plant leaves, and comparing such an
analysis with a control sample analysis.
Thus, finding the ratio Mo« /M3 in ppm
concentrations by spectroscopic analysis
would reveal the approximate relative
potential gradient magnitude (E) in kilo-
volts per meter causing the leaf damage,
or operating on the plant system.

It must be observed that when the
conditions exist where there are no meas-
urable differences in element concentra-
tios, the left-had terms in eq (4) are
equal to unity. In this case, the value of
E for each element will still have some
finite value (as shown in Fig. 1), which
will be defined as the threshold gradient.
Although the threshold gradient has lit-
tle physical significance, it should be un-
derstood that the values of E which ex-
ceed these quantities represent, essen-
tially, the reference potential gradient in-
flicting destructive or lethal electrotrop-
ism in the plants under study.

P

r

SUMMARY AND CONCLUSIONS

The results presented in this paper tend
to strongly support the hypothesis that
destructive and lethal electrotropism in
plants results from some still undefined
enzyme acceleration. Destructive elec-
trotropism may be defined, with refer-
ence to the microscopic data presented,
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as the damage of plant tissue which does
not necessarily involve the total immedi-
ate death of the plant. Lethal electro-
tropism is the complete destruction of
plant life by the electric field action. De-
structive electrotropism may be a re-
coverable phenomenon when it occurs
following the short duration exposure of
plants to an electrostatic field. Actually,
the degree of electrotropic damage is de-
pendent upon the degree of enzyme ac-
celeration and concentration stimulated
by the electric field action.

It is possible, perhaps, to stimulate
enzyme activity to a level which would
enhance plant growth without damaging
normal metabolic functions. Such con-
ditions may have resulted in the experi-
ments of Blackman and Legg (1) and
Musso (8) who reported plant growth
increases following the short period ex-
posure to an electric field. Electrotrop-
ism of this nature would then be classi-
fied as stimulative.

Based on the experimental informa-
tion introduced in this investigation, the
following conclusions may be drawn:

(1) Leaf damage in orchard grass
which results from prolonged exposure to
an electrostatic field is associated with a
significant increase of minor element con-
centration, presumably in a combined
form.

(2) Since the electrical arrangement
of the system will not support an ex-
planation of spectroscopically detected
minor element concentrations in the ac-

tive leaf tips by a simple electrotaxis
mechanism or some related electrophore-
tic action, it is concluded that the ele-
ments detected, namely iron, zinc, and
aluminum, are representative of some
respiratory protein or metallo-enzyme
complex. Such a molecular complex
could conceivably polarize under the in-
fluence of the electrostatic field.

(3) The assumption that a molecular
polarization action is activated by the
electric field action could be established
to some degree by relieving the field ac-
tion on the plants at an early stage in
their growth. In such instances, field re-
laxation will necessitate relaxation of
dipolar molecules. The relaxation of
these dipolar molecules in turn should
allow plant growth recovery.
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POLLEN ANALYSIS OF THE BEAR MEADOWS BOG
OF CENTRAL PENNSYLVANIA

Anton J. Kovar
Department of Botany, Pennsylvania State University, University Park, Pennsylvania

ABSTRACT

Samples from a core 285 cm (92 feet) deep taken in the Bear Meadows bog of central
Pennsylvania have been analyzed for their pollen content. The pollen profile indicates a com-
paratively diversified forest from the very bottom. The spruce maximum is absent, instead
pine predominates with some admixture of oak, birch and fir. Since the age of the lowermost
organic level at 213 c¢cm (7 feet) is known to be 10,320 years, this means that during the
Valders readvance central Pennsylvania harbored already a somewhat complex forest cover.
This would seem to confirm Braun’s hypthesis of forest refugia during Wisconsin time within

Allegheny Plateau and Allegheny Mountains.

INTRODUCTION

The Bear Meadows Bog, a Pennsyl-
vania State Monument, is located in the
Ridge and Valley Section of the Appa-
lachian system of Central Pennsylvania.
It lies about six miles southeast of State
College and is easily accessible by car.

Its altitude is 1820 feet above sea
level. It is surrounded almost entirely
by rather steep ridges, some of which
reach an elevation of 2400 feet. (Fig. 1).
Only to the east-north-east is there a nar-
row valley through which the drainage
takes place. The outlet is known as
“Sinking Creek”.

The geology of the area is compli-
cated, as is usual in this region of strong-
ly folded strata. In general, the high
ridges consist of resistant Tuscarora
sandstone of Silurian age, while the bog
itself rests on Ordovician rocks of the
Juniata formation which consists of
sandstone interbedded with shale.

The present vegetation of the area is,
with the exception of that of the bog it-
self, typical of this section of Pennsyl-
vania and has been described by Wester-
feld (41, 42).

Bear Meadows lies well south of the
Wisconsin glacial border and, as far as
is known, has never been reached by
any of the preceding glaciations. Its
formation, then, is not due to any direct

glacial action, but to the special topo-
graphic features of the site and to the
damming of the outlet either by land-
slides or by animal (beaver) activities.

Sears (37) considered Bear Meadows
an “apparently beaver-made Lake.”
Braun (1) refers to it as “an unusual fea-
ture of the Ridge and Valley Section.”
While bogs are common in the glaciated
northeastern and northwestern corners
of Pennsylvania, they are rare in this part
of the Commonwealth. Thus while a
great deal is known about the history of
vegetation in glaciated areas, where many
bogs have been investigated, our knowl-
edge of the post-glacial vegetational de-
velopment in nonglaciated areas is rather
spotty. This study, it is hoped will help
to fill the gap at least in part.

METHODS OF INVESTIGATION

Bear Meadows is a rather shallow bog.
Sears (37) has given a somewhat con-
densed 7-foot profile of this bog as a part
of a general survey of North-American
bogs. Dr. Potzger took a 7-foot core in
1951 which was eventually analyzed for
pollen by Trotter (39). He analyzed
every 6 inches but counted only 100
sporomorphs for each level. As he him-
self admits, his was a rather hurried in-
vestigation. Several sporomorphs, such
as Nyssa pollen, were overlooked. In
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the present study up to 22 percent of
Nyssa pollen was found at certain levels.

Since there are reports of 13 or even
24 feet of peat in Bear Meadows, a spe-
cial effort was made to locate these deep-
er deposits. The search was, however,
fruitless. The profile obtained for the
purpose of this study is 9%2 feet (285

cm) deep. The first 7 feet (213 cm)

consist of peat and the last 22 feet (72
cm) of very fine bluish-gray clay. Since
the clay was very compact and there was
danger that the sampling end of the borer
would be lost, it was decided to stop at
the indicated depth. The thickness of the
clay layer remains, therefore, unknown
although it is suspected that some of the
greater depths of peat reported above

BEAR MEADOWS

?=

OAK FOREST

OPEN MEADOW

may include part, at least, of the clay
layer.

It should be noted that the deeper part
of the bog, as reported in this paper, was
not found in the open part but rather in
the spruce-covered section to the north.
(Fig. 1).

Sampling was done with a Hiller peat
borer provided with a removable sleeve.
Since the sleeve is 25 cm long, each
sample was divided into five sections,
each 5 cm long. Only the central part
of cach section was taken and stored in a
vial.

In the laboratory the samples were
boiled in KOH, acetolyzed (12), stained
with an aqueous solution of safranin and
stored away in cellosolve for eventual

B sPrucE-WHITE PINE

Figure 1. Map of the Bear Meadows area.
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study. When clay was found admixed,
the sample, after boiling it in KOH, was
boiled in HF and then acetolyzed and
stained.

Pollen and spore counting was carried
out with an AO Microstar microscope at
a magnification of 430x. For each level
counting was continued until at least 200
grains of arboreal pollen (AP) were
counted. In many instances, when a
more representative picture was deemed
necessary, many more than 200 AP were
counted.

The pollen of the following genera
was considered as arboreal pollen: Picea,
Abies, Larix, Pinus, Tsuga, Fagus, Cas-
tanea, Betula, Ostrya, Carpinus, Acer,
Juglans, Carya, Tilia, Fraxinus, Nyssa,
Liriodendron, and Ulmus. Pollen of
Alnus and Salix was not included in the
AP count, since these genera, under the
prevailing conditions of central Pennsyl-
vania, are localized and restricted to val-
ley streams and to the few scattered
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swamps and as such are not part of the
larger regional vegetational picture.

The percentage representation of the
pollen of shrubs (including Alnus and
Salix), herbaceous plants, of spores of
ferns and fern allies, and mosses was cal-
culated in relation to the total arboreal
pollen.

The results of the pollen analysis are
presented in fig. 2 and Table 1. Since a
pollen diagram containing the percent-
ages of all sporomorphs found during the
analysis would have been too unwieldy,
only the more important taxa have been
included in the diagram in fig. 2, while
Table 1 gives the percentages of sporo-
morphs omitted from the diagram as well
as the unknowns.

Very useful in sporomorph identifica-
tion were the publication of Erdtman
(12, 13), Faegri (14), Wodehouse
(43), Sears (35), Dombrovskaya, Ko-
reneva and Tiuremnov (10), and a small
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Figure 2. The pollen diagram of Bear Meadows Bog.

PENNSYLVANIA ACADEMY OF SCIENCE 19

but representative collection of slides of

modern pollen and spores.
The inability to attain specific identi-

fications in certain genera is disappoint-

ing. It limits considerably the ecological
and phytogeographical applications of
the pollen spectrum. In western and
central Europe generic identifications are
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50 T 2 T 2 1 T 1 2 T 5 goh
55 1 T T T 1 2 1 2 735
60 1 T T T 1 1 1 1 635
65 T T T 1 T T T 1 1 1 883
70 T 2 T 1 T 2 3 T 3 874
75 2 T T 1 T T T 1 1 T 2 793
80 1 T 1 1 T 1 T 2 8h1
85 2 T T 2 T 1 T T T 2 T 3 891
90 1 T 1 T T T 4 2 T 3 967
95 2 3 2 2 T 2 1 T i 9hé
100 2 2 T 1 1 T T T 1 4 1 T T 3 994
105 1 2 T 1 1 1 T T 4 1 T 3 951
110 2 2 T 1 1 T T T 2 2 1 T 2 902
115 3 2 1 1 1 T 1 1 2 T T T 2 9442
120 3 2 T 1 T T 1 1 1 T 3 826
125 1 I 1 T T 1 1 T 3 914
130 2 1 1 T 2 2 1 3 884
135 2 1 T T i 1 2 T 3 740
140 1 4 T 1 T T 3 T 4 538
145 3 4 T 1 T 2 T 2 763
150 T 4 T 1 1 1 1 3 639
155 2 1 T T 1 1 T 2 6Ug
160 T 4 T 1 T 1 2 968
165 3 T T T 1 T 2 729
170 1 1 T 3 635
175 1 2 1 T T 3 789
180 2 1 4 656
185 2 2 3 684
190 1 1 3 637
195 3 T T T T 2 660
200 1 T 3 692
205 1 1 T 1 A 719
210 2 1 i ™
215 T 1 1 5 637
220 T
225 1 3 716
2 1 r 3 7
235 1
240 T T 3 69
s T T 3 - : 643
250 T 739
255 2 652
260 T T 3 718
265 1 T o 3 739
i T -
275
280 1 774
285 2 741
4 677

Table 1. Percentage representation of sporomorphs not included in the pollen diagram, of
the unknown sporomorphs, and the total number of sporomorphs counted for each
level. (T indicates less than 1 percent).




T .

20 PENNSYLVANIA ACADEMY OF SCIENCE

in most cases quite satisfactory but in
North America where the flora is much
richer, a more precise pollen identifica-
tion would be highly desirable.

It is customary among American paly-
nologists to separate the recovered Pinus
pollen into two classes based on size; the
small-sized pollen being generally con-
sidered as belonging to P. banksiana and
the large-sized pollen being generally
lumped together as Pinus spp. During
the course of this study differences in the
size of pine pollen were noticed, but it
was felt that very little from the ecologi-
cal point of view would be achieved by
including the small pine pollen counts in
the pollen spectrum for several reasons.

First of all, there is a lack of con-
formity in taking the measurements.
Some palynologists measure the entire
pollen grain from wingtip to wingtip.
Others, like Martin (24), have present-
ed data based on wing length measure-
ments. Still others have measured only
the body lengths.

In second place, it is by no means
certain what species of pine are actually
represented by the various size classes of
pine pollen. As already mentioned,
some palynologists assign the small-sized
pollen to P. banksiana and the large-sized
pollen to P. spp. Others, like Martin
(24) find the three size classes represent-
ed. Martin assigns these provisionally to
P. banksiana, P. resinosa, and P. strobus.

Finally, the small-sized pollen grains
were observed to occur throughout the
entire pollen profile including the upper-
most levels. Since it is very improbable
that this small pollen, at least at the up-
per levels and in Bear Meadows, could
belong either to P. banksiana or P. re-
sinosa, it appears obvious that its pres-
ence must be explained in some other

way.
Zaklinskaya (44) in her work on
gymnospermous pollen grains of the

Cenozoic sediments of Kazakhstan has
adopted a morphological approach in
identifying pine pollen grains. During
the course of the present work an at-
tempt has been made to bring her de-
scriptions under some sort of a key in or-
der to apply her results to our pine pol-
len. The attempt has been unsuccesstul.

At the 15 and 20 cm levels many fine
clay particles were observed. They did
not reappear again until the 210 cm
level. From this level on, the samples
consisted entirely of clay. The presence
of clay particles in the upper levels is
probably due to floodings.

At several levels particles of charcoal
were also observed. These levels are:
20, 70, 75, 80, 100, 115, 175, and 260
cm. The presence of charcoal may in-
dicate forest fires.

Certain levels are rather poor in pollen
content and the pollen itself appears cor-
roded. This was observed at the 110,
120, 175, and 210 cm levels. Whether
this can be correlated with the peat oxi-
dation mentioned by Westerfeld (42)
remains to be seen.

In the coarse fraction from the 80 cm
level fragments of a microsporangiate
Alnus catkin and a fern sporangium were
seen. This probably accounts for the
sudden icrease of Alnus pollen and Dry-
opteris spores at this level. Pine pollen
also increases suddenly at the same level
but no evidence of a Pinus microsporan-
gium was found. It should be noted that
Sears’ (3) profile shows a similar in-
crease in pine pollen percentage at the
4 foot level and Trotter’s profile another
at the 3 foot level. The fact that the
80 cm level is one of those in which
charcoal was observed may be impor-
tant. In this region there is always an
increase of pine after forest fires and,
perhaps, such an occurrence may be in-
dicated here.
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The question of percentage representa-
tion of pollen of the various species as
related to the actual vegetation of a reg-
ion, has been discussed by Erdtman
(12), Davis and Goodlett (7), and
Walker and Hartman (40). The dis-
persal of pollen is discussed by Erdtman
(12), Rowley (32), Fedorova (15, 16),
Monoszon (26), and the vertical migra-
tion of the various pollen types within
the peat by Rowley and Rowley (33).
Since no detailed phytosociological study
of the Bear Meadows is available, it is
not possible to make any comparisons
for this bog. In general, it may be as-
sumed that wind disseminated pollen is
over-represented and the insect borne
pollen under-represented in the present
profile. It is also probable that the
pollen of plants growing within the bog
is better represented than that of plants
growing on the surrounding ridges.

In this connection mention must be
made of the small amount of Acer pollen
recovered from the Bear Meadows sam-
ples. Trotter (39) reports that in his
analysis a total of only 6 pollen grains,
possibly of Acer, were counted in the
entire profile. Sears (37) does not re-
port this pollen at all. In this study Acer
pollen was found, but in quantities much
smaller than one would expect, since
Acer rubrum is rather common in the
bog and on the surrounding ridges. Ex-
cept for the fact that Acer is entomophil-
ous, it is difficult to explain the near
absence of its pollen from the profile.
Otto (29), Richards (31), Cox (4),
Walker and Hartman (40) and others
report fair percentages of Acer pollen
from bogs studied by them. It appears
that profiles of bogs in glaciated areas
show higher Acer pollen percentages

than those from bogs from unglaciated
areas.

In general, the pollen profile given
here is similar to those of Sears 37

and Trotter (39), except that more taxa
are included and the profile is 2%2 feet
deeper.

Westerfeld (42) gives two radiocar-
bon dates for Bear Meadows. The age
of the lowermost organic level at 7 feet
(213 cm) is 10,320+ 290 yrs B. P.
and that of peat at the 12 inch (31 cm)
level has been determined as being
7804+ 150 yrs B. B. If the first date is
correct then the age of the 7 foot level
is about identical with that of the Man-
kato substage of the Wisconsin glaciation
(38).

The spruce maximum, which is found
in most bogs located in the formerly
glaciated regions, is absent here.
Schrock’s Glade bog, although from an
unglaciated area also shows it and so
does Martin’s (24) profile from south-
eastern Pennsylvania. Thus it would
seem that the Bear Meadows profile, as
given here, is truncated, especially since
the greatest part of the clay sediment was
not examined. The gradual increase in
Picea pollen toward the bottom indicates
a possible spruce maximum below the
reach of the present sampling.

The above notwithstanding, the pres-
ent spectrum is useful in reconstructing
the vegetational history of central Penn-
sylvania at least since Valders glacial
readvance.

Flint ((18) and Hough (21) give a
series of maps tracing the development of
the Great Lakes and showing the posi-
tion of the glacial front at the various
stages. Moore (27) correlates these
stages with radiocarbon dates. Accord-
ing to Moore 10,500 years ago, which
is about the age of the lowermost or-
ganic level of Bear Meadows, the glacial
margin was only about 170 miles direct-
ly north of this location. It is interesting
that, when the glacial front was still so
close, the vegetation of Bear Meadows,
as indicated by the pollen assemblage, re-
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sembled the extant vegetation of the
Great Lakes region, known to ecologists
as the Lakes Forest.

Except for relatively short summaries,
such as those of Sears (36, 37), Deevey
(8), Leopold (23), and in part Braun
(1, 2), no comprehensive studies of
postglacial vegetational development,
comparable to those of Godwin (20) for
Great Britain, Firbas (17) for Central
Europe, and Neishtadt (28) for the
USSR, have been published in North
America. Thus it is somewhat difficult
to project the Bear Meadows picture on-
to the broader regional background.

The region immediately west of Penn-
sylvania was studied by Potzger and his
students. For the New York State the
profiles published by McCulloch (25),
Cox (4), and Durkee (11) are available.
New Jersey was studied by Potzger and
Otto (30). Deevey (8), Leopold (22),
and Davis (5, 6) report on profiles from

.New England. Cocke, Lewis and Patrick
(3) studied Dismal Swamp of Virginia
and Frey (19) the Singletary Lake of
North Carolina. In Pennsylvania,
Schrock (34), Martin (24), and Walker
and Hartman (40) have published pol-
len profiles of bogs in various locations.
Only four of those mentioned above,
namely those of Dismal Swamp, Single-
tary Lake, Schrock’s Glade Bog, and
Martin’s Marsh Creek, show profiles
from unglaciated areas. But again, Dis-
mal Swamp and Singletary Lake are a
little too far south to be comparable with
Bear Meadows. The profile from Marsh
Creek is taken to indicate the presence
of a tundra flora; the “uncorrected” pro-
file, however, is in substantial agreement
with the Bear Meadows profile, except
for its greater age. Schrock’s profile is

also similar. The minor differences may,
perhaps, be explained by differences in
elevation of the three bogs.

The xerothermic period or hypsither-
mal interval (9) is fairly well indicated
in the present profile by the increase in
oak pollen and the appearance of Cas-
tanea and Nyssa pollen. Undoubtedly,
the hypsithermal interval could be even
more clearly indicated if more exact spe-
cific determinations of pollen, especially
in the genera Pinus and Quercus, were
possible.

The sharp increases in pollen percent-
ages of Alnus, Salix, Gramineae, Com-
positae, Dryopterfis, and Osmunda in the
uppermost levels are apparently due to
recent floodings of the bog and the con-
sequent regression of tree cover.

It is difficult to delimit in the present
profile the various zones established by
Deevey for the New England ibogs. Only
zones B and C seem clearly indicated.
It should be pointed out, however, that
these zones are based on profiles from
glaciated areas which is not the case in
Bear Meadows.

Every pollen profile, apart from indi-
cating the climatic trends of the region in
which the bog is located, reflects also
conditions which are peculiar to each
bog. Bear Meadows is now without a
body of open water. That this was not
always so, is shown by the occurrence of
nymphaeaceous pollen at various levels.
Small amounts of this pollen occur at the
260 cm level. It reappears at intervals
up to the 20 cm level. Since the age of
peat at the 1 foot level (31 cm) is about
780 years, it seems probable that until
recently there must have exXisted in Bear
Meadows an open body of water, if not
continuously then at least periodically.
Typha is absent from the extant vegeta-
tion; its pollen, however is present in the
profile and seems to correlate fairly well
with nymphaeaceous pollen.

It appears, then, that the water level
must have varied considerably in the
past. Even during the present century

f
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there have two rises in water level as in-
dicated by the dead trees which now
stand in the open part of the bog. These
historic rises were due to beaver activi-
ties. Whether the prehistoric changes in
water level were due to the same cause
or to some other agents, cannot be de-
termined on the basis of knowledge now
available.

Thus, contrary to some opinions, the
Bear Meadows bog is of a relatively
great antiquity and as such can be useful
in the study of the development of the
postglacial vegetation in Pennsylvania.

The presence of a comparatively di-
versified forest, such as is indicated by
the pollen assemblage at the 7 Foot (213
cm), during the Valders readvance,
seems to lend support to Braun’s hypo-
thesis of forest refugia during Wisconsin
time within the Allegheny Plateau and
Allegheny Mountains. The age of 10,-
3202290 yrs. B. B. and the vegetation
inferred from the pollen assemblage for
the 210 cm level seem to be in close
agreement with date of 9310 yrs. B. P.
for the pine period of the Hartstown bog
in northwestern Pennsylvania.
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ANTIMETABOLITES IN LICHENS
11I. ADDITIONAL CHARACTERIZATIONS OF THE EXTRACTS!

Erston V. Miller and Thomas Schaefers
University of Pittsburgh, Pittsburgh, Pennsylvania

ABSTRACT

It was previously reported that extracts of the lichen Umbilicaria papulosa contain phy-
tocidal and fungicidal substances. This paper reports additional characterizations of the ex-
tracts. Samples of lichens collected from three areas in Pennsylvania and one in Virginia all
showed similar antimetabolic activity. Although the original aqueous extracts showed little
if any fugicidal activity, concentrating the extracts five times increased fungicidal potency
without markedly changing phytocidal activity. Phytocidal activity was not reduced by adding
indoleacetic acid to the medium. Neutralizing the extracts did not reduce antimetabolic

potency.

INTRODUCTION ties. The methods off bioassay were de-

In a previous paper (1) it was report- scribed in the earlier paper.
ed that extracts of the lichen Umbilicaria
papulosa contained two types of inhibi-
tors. One type is phytocidal and is solu-
ble in water. The other type, which is
fungicidal, is soluble in ether. This paper
reports the results of aditional studies on
the character of the extracts.

All studies during the first year were
conducted with samples of U. papulosa
which had been collected on Laurel Hill
of the Allegheny Mountains near Rector,
Pennsylvania. During the current year
collections were made in three additional
areas, two in Pennsylvania and one in
Virginia. It seemed desirable to test the
antimetabolic potency of extracts of the
lichen collected in several different locali-

COMPARISON OF SAMPLES FROM
DIFFERENT AREAS

Relative phytocidal potency of lichen
extracts from the four areas is present-
ed in table 1. The results indicate that
samples of this lichen which were col-
lected in four different regions possess
similar antimetabolic activity. A ten per
cent solution of the crude extract in-
hibited growth of cucumber roots in the
range of 68.7 to 79.5%. In regard to
antifungal activity (table 2), ten ml of
extract per 15 ml of agar produced
100% inhibition of the growth of both
test fungi. This concentration of extract
is apparently well above the optimum for
et wes swaportod by Nut . preve.ntmg growth, especially for Molinia
of Henlth grant number Al 04743050 C" Stittes  frycticola. A better idea of relative po-

TABLE 1

Relative Phytocidal Potency of Extracts of U. papulosa from Four Areas

(Per Cent Inhibition)

Area MI. Extract Per 100 ml. H,O

2 4 6 8 10
Cooksburg, Pa. 21.8 47.5 59.2 58.6 68.7
Highfield, Pa. 20.6 46.9 62.8 71.0 75.6
Rector, Pa. 32.7 59.9 63.5 68.2 - 153

Panorama, Va. 28.0 60.4 65.2 69.7 : 79.5
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TABLE 2

Relative Fungicidal Potency of Extracts of U. papulosa from Four Areas

(Per Cent Inhibition)

Area Fungus

Ml. of Extract C

Cooksburg, Pa. G. cing.
Highfield, Pa. G'. cing.
Rector, Pa. G. cing.
Panorama, Va. G. cing.
Cooksburg, Pa. M. fruct.
Highfield, Pa. M. fruct.
Rector, Pa. M. fruct.
Panorama, Va. M. fruct.

1 5 10

0 80 100
14.1 72 100
5.1 93.5 100
0 91.3 100
51.6 100 100
58.0 100 100
60.0 100 100
43.4 100 100

tency can be gained from observing the
effect of only one ml of the extract on
M. fructicola. Inhibition caused by this
concentration ranged from 43.4% to
60%. These slight fluctuations in de-
gree of inhibition of growth can be at-
tributed to variation in rate of growth of
the test organisms.

EFFECTS OF CONCENTRATING
EXTRACTS

It was stated in the first paper (1)
that the crude extract was separated into
an aqueous phrase and an ether phase,
showing phytocidal and fungicidal acti-
vity, respectively. In many of the ex-
periments it appeared that a very slight
amount of phytocidal activity was pos-
sessed by the ether phase and that the
aqueous fraction might have a little fun-
gicidal activity. To test this more exten-
sively, we concentrated the two fractions
five times. The results of these tests
appear on table 3. Concentrating the
ether phase served to increase phytocidal
activity from 28.1 to 41.2%. Concen-
trating the water phase increased the
fungicidal effect on Monilinia fructicola
from 18.4 to 62.5%. The fungicidal

effect on Glomerella cingulata was in-
creased only from 13.6 to 16.4%. This
can be explained by the fact that M.
fructicola is much more sensitive to the
action of the lichen extract than is G.
cingulata. This “double activity” of the
two extracts could be due to impurities.

TABLE 3

Effect of Concentration on Antimetabolic
Activity

Phytocidal Activity
(Per Cent Inhibition)

Single Concentrated

Strength 5 Times
Water Phase 77.2 88.7
Ether Phase 28.1 41.2

Fungicidal Activity
(Per Cent Inhibition)

Single Concentrated
Strength 5 Times

Water Phase G. cing. 13.6 16.4
Water Phase M. fruct. 18.4 62.5
Ether Phase G. cing. 69.5 100.0
Ether Phase M. fruct. 100.0 100.0
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TABLE 4
Effect of 1.A.A. on Inhibtion by Lichen Extract

Phytocidal Activity
(Growth of Roots; Per Cent of Control)

Molar Concentration of L.A.A.

10-12 10-10 10-8 10-6
f&ﬁ)ﬁ 99.3 96.4 92.7 65.9
LA.A.
1 Lich
5 36.0 36.8 46.9 30.1

COMBINATION OF INDOLEACETIC
ACID AND LICHEN EXTRACT

Since the lichen extract prevents
growth of cucumber roots, it was sug-
gested that the active principle in the ex-
tract may affect production of indole-
acetic acid. Experiments were set up
to test this theory by adding various con-
centrations of IAA to the lichen extract
before testing it on cucumber seeds.
First, solutions of TAA alone were em-
ployed to compensate for the effect of
TAA itself. Then inhibitory concentra-
tions of lichen extract plus a range of
concentrations of IAA were added to
petri dishes containing the cucumber
seceds. In table 4 it will be observed
that IAA in concentration of 10¢ Molar
is definitely inhibitory and that this com-
pound must be diluted down to 1012 be-

fore it loses its inhibitory effect. Con-
centrations of 106, 108, 10-°, and 1012
M were all used with the lichen extract
just in case that quantities of TAA which
were inhibitory alone might still offset
the effect of lichen extract when the two
were combined. It will be noted that
IAA in any of the above-mentioned con-
centrations had no mollifying effect on
the lichen extract.

EFFECT OF CHANGING THE pH ON
ANTIMETABOLIC ACTIVITY

All of the lichen extracts were acid in
reaction. It is possible, therefore, that
inhibition of growth in these experi-
ments was due to the acidity of the ex-
tract. To investigate this point some of
the crude lichen extract was treated with

TABLE 5
Effect of Changing pH on Antimetabolic Potency

Fungicidal Activity

Phytocidal Activity
(Per Cent Inhibition)

Series
Original Extract
(pH 4.4) 93.8 512
Original Extract Corrected
to pH 6.5 91.4 50.7
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NaOH until the pH was equal to 6.5
(the pH of the solution was 4.4). The
pH of 6.5 was selected because it is op-
timum for growth of most plants.

The results of these experiments are
presented in table 5. It will be observed
that changing the pH of the extract from
4.4 to 6.5 did not affect the phytocidal
or the fungicidal activity.

SUMMARY
Extracts of the lichen Umbilicaria
papulosa were previously reported to
contain phytocidal and fungicidal sub-
stances.

Additional characterizations of the ex-
tracts revealed the following information:

a. Samples collected from four differ-
ent regions showed similar antimetabolic
activity.

b. Concentrating the fractions in-
creased phytocidal activity of the ether
extract and the fungicidal activity of the
aqueous fraction.

c. The addition of indoleacetic acid
to the extract did not counteract the phy-
tocidal effect on cucumber seedlings.

d. Changing the pH of the crude ex-
tract from 4.4 to 6.5 did not affect anti-
metabolic potency.
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OCCURRENCE OF THE PINE FALSE WEBWORM IN PENNSYLVANIA
(HYMENOPTERA, PAMPHILIIDAE)

Homer C. Will
Juniata College, Huntingdon, Pennsylvania

ABSTRACT

This European pine sawfly is reported from Penfield, Clearfield County; Lake Ariel,
Wayne County; and Berwyn, Chester County. Collections were made in pine nurseries by

state inspectors.

There were only two records for the Commonwealth prior to 1958. The

webworm seems now to be entrenched in Pennsylvania. Of immediate concern is its presence
in the Valley Forge Park Area. The report on this insect enemy of pine was done in coopera-
tion with the Department of Plant Industry, Harrisburg.

The sawfly considered in this paper
was first reported in Pennsylvania in
1925. Middlekauff (1958) found two
records for the Commonwealth. The
first was the capture of two males flying
around an Austrian pine at Chestnut
Hill. The label read V-7-25 (F. F.
Smith, U.S.N.M.). The second was a
female from Philadelphia, labeled IV-22-
39 (D. Poe, U.S.N.M.). This European
sawfly is reported now from these addi-
tional stations: Penfield, Clearfield
County; Berwyn, Chester County; and
Lake Ariel, Wayne County. Investiga-
tions and collections made by state nur-
sery inspectors led to these new records.
I am indebted to the Commonwealth of
Pennsylvania, Bureau of Plant Industry,
Harrisburg, for making samples available
for study and determination.

The pine false webworm, Acantholyda
erythrocephala (Linnaeus), has a geo-
graphic range from England, through
central and northern Europe to Lapland,
Caucasus, western Siberia and Korea.
The North American records are from
Connecticut, New J ersey, New York, and
Pennsylvania. It seems to be rather
widespread in New Jersey with speci-
mens taken in various localities. But the

first record in the United States was from
Pennsylvania.

| Johnston’s Nursery at Penfield, Clear-
tield County, was the scene of a serious

sawfly infestation in 1944. Young red
pines (Pinus resinosa Ait.) were under
attack and being defoliated by webspin-
ning larvae. N. C. Farr, state nursery
inspector, investigated the occurrence
and collected material from the nests of
pellets and frass on the pines. Specific
identification of the collections at first
was inconclusive because so little larval
material was available for comparison
and study. With the Yuasa key (1922),
the specimens ran to the family Pam-
philiidae and to the genus Acantholyda,
A. Costa. Additional collections at other
stations in the ICommonwealth provided
material which confirmed the identifica-
tion as the pine false webworm.

On April 1, 1954, Mr. George B.
Sleesman collected a number of adults
from around a large white pine (Pinus
Strobus L.) at a Christmas tree nursery
near Berwyn, Chester County. Speci-
mens were found in great numbers which
later stripped the needles from the tree,
leaving only buds on the naked frame of
the white pine. From this collection,
16 &’s and 4 9’s are in the possession
of the Bureau of Plant Industry, Harris-
burg. Periodic annual visits to the sta-
tion show that at intervals the white pine
is completely defoliated when hundreds
boil out of the ground from their earthen
cells and attack the tree. It is believed
that the Valley Forge Park area is wide-
ly infested with this sawfly.
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The latest record we have occurred
this past summer. Larvae were taken
on red pine (Pinus resinosa Ait.) at Pine
Grove Nursery, R. D. #1, Lake Ariel,
Wayne County, by Mr. Andrew Andrey-
chik, state nursery inspector for that
region. There is only one generation per
year and collection was made at the most
destructive phase of the feeding stages.

The pine false sawfly is a striking and
robust species which may be easily iden-
tified. The male is almost entirely steel
blue with minor light colored areas. The
female may be recognized by the orange
head and steel blue body.

The webworms tend to be gregarious
but do not feed openly on the plant host.
They are found concealed in silken webs
at the base of the leaves and may be
collected from the accumulation of pel-
lets and debris of the nests. Specimens
taken from the webbing show dark yel-
low heads with the thorax and abdomen
greenish white. The bodies were slender,
somewhat cylindrical, and flattened on
the ventral side. The heads were well de-
fined, exposed, and globular. Body seg-
ments were distinct and numbered thir-
teen. The cephalic three are thoracic
and the caudal ten abdominal.

The anterior aspect of the webworm
reveals a globose to circular head which
is well exposed beyond the body. Pig-
mentation is very deep, but the surface is
smooth and polished. The vertex of the
head is separated in the middle by the
epicranial suture which divides into two
arms, producing a figure like an inverted
Y. The area enclosed by the two
branches of the epicranial suture is the
front and is heavily pigmented. Ventral
to the front is the clypeus which appears
as an indistinct sclerite with light pig-

mentation. The labrum is entire and is
attached to the ventral margin of the
clypeus. Rudimentary setae are present
as slight protuberances on the lateral
edges of the labrum. The mandibles arti-
culate with the lateral edges of the cly-
peus and the inner margin of each mandi-
ble fits under the edge of the clypeus and
labrum. The single ocellus on each side
is ventral and lateral to the antennae and
is hidden in the anterior view. Anten-
nae composed of seven segments close
the frontal aspect of the head.

The lateral view of the webworm
shows a thoracic region composed of the
three anterior segments of the body. Each
segment bears prominent spiracles on the
lateral edges. Three pairs of thoracic
legs occur. These are conspicuous,
straight, sharply pointed, and five seg-
mented. The ten abdominal segments
are well defined and much alike in struc-
ture except for the last. The dorsal
region is subdivided into three or four
annulets and several spiracles are scat-
tered on the ventrolateral side. Prolegs
are absent. The last segment is convex
on the lateral area and bears a pair of
subanal processes with ventral setae. An-
nulets are indistinct or missing on the
dorsal surface of this segment.

From the mew records reported in this
paper it would appear that the pine false
webworm is firmly established in Penn-
sylvania. The species is capable of caus-
ing local defoliation of various pines.
Light infestations seem to be the rule on
red pines while severe defoliation occurs
on white pines. The most serious prob-
lem for the Commonwealth is at Valley
Forge. State inspectors believe that the
infestation is entrenched in the Park area.

m— -
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A PRELIMINARY SURVEY OF THE AQUATIC GASTROPODS OF
CUMBERLAND COUNTY, PENNSYLVANIA AND INCIDENCE
OF THEIR TREMATODE LARVAE

R. H. Guckert
Dickinson College, Carlisle, Pa.

ABSTRACT

Collections of aquatic gastropods were made at forty arbitrarily selected stations through-
out the County from mid-September through early November of 1963. Species of gastropods
were examined for trematode larvae and approximate incidences calculated. Species of gas-
tropods found were Campeloma decisum (Say), Fontigens attenuata Haldeman, Goniobasis
virginica Gmelin, Mudalia carinata (Brug.), Stagnicola palustris elodes (Say), Fossaria obrussa
(Say), Pseudosuccinea columella (Say), Helisoma anceps Menke, Gyraulus (Torquis) parvus
(Say), Ferrissia rivularis Say, Physa gyrina Say, Physa heterostropha Say. Cercarial types
found were monostome, stylet, strigeid, echinostome, and species of Notocotylus and Quin-
quiserialis.

INTRODUCTION

This paper consists of a checklist of
the snails found in Cumberland County
thus far (Figure 1). The checklist is
annotated in the following manner:

A species followed by a list of num-

bers which refer to Figure 1; an ap-

proximate incidence percentage of

trematoda larvae followed by a num-
ber in parenthases which also refers to
Figure 1; and any other pertinent in-
formation.

Phylum MOLLUSCA

Class GASTROPODA

Order Ctenobranchiata Schweigger
Family VIVIPARIDAE (Gray) Gill

%)
2
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Figure 1. Cumberland County, Pa., collecting sites.
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Campeloma decisum (Say): 1; no infec-
tions
Family AMNICOLIDAE (Tyron) Gill
Fontigens attenuata Haldeman: 2; 10%
(2) monostome and 3% (2) stylet;
very abundant
Family PLEUROCERIDAE Fisher
Goniobasis virginica Gmelin: 1, 9, 13,
15, 27, 30; no infections; found
with heavy growths of algae
Mudalia carinata (Brug.): 1, 6,7, 8, 9,
13, 22, 29, 30; no infections; found
in shallow rapid water with a fila-
mentous alga growing from spire.
Order Pulmonata Cuvier
Family LYMNAEIDAE (Broderip)
Baker
Stagnicola palustris elodes (Say): 1, 2,
7, 14, 18, 24, 25, 29; no infections;
more stunted than pond form.
Fossaria obrussa (Say): 2,; no infec-
tions; found with S.p. elodes.
Pseudosuccinea columella (Say): 41
(pond north of Carlisle); not col-
lected by author

Family PLANORBIDAE H. and A.
Adams
Helisoma anceps Menke: 8, 13, 18, 23;
no infections
Gyraulus (Torquis) parvus (Say): 11,
8; 7% (11) Quinquiserialis
Family ANCYCLIDAE Menke
Ferrisia rivularis (Say): 1, 7, 13; no in-
fections
Family PaysipAg Dall
Physa gyrina Say: 7, 8, 9, 10, 11, 15,
18, 22, 24, 25, 26, 27, 29; 2.5%
(7) strigeid, 5% (25) echinos-
tome, 10% (26) Notocotylus.
Physa heterostropha Say: 2, 8, 11, 13,
14, 22, 24, 29; 3% (24) echinos-
tome
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ADRENAL-LIKE FUNCTIONS OF GONADOTROPHIN
STIMULATED OVARIES

F. B. Leftwich,* C. W. Laird** and J. H. Leathem
Bureau of Biological Research, Rutgers—The State University, New Brunswick, N. J.

ABSTRACT

Treatment of immature female rats with pregnant mare serum gonadotrophin will extend
survival following adrenalectomy. The reduction in serum albumin synthesis associated with
adrenal cortical insufficiency is delayed by gonadotrophin treatment.

INTRODUCTION

The extended survival of various mam-
mals subjected to adrenalectomy during
pregnancy or pseudopregnancy has im-
plicated the ovary as a potential substi-
tute. Stimulation of the ovary to de-
velop lutein tissue and to extend the life
span following adrenalectomy has pro-
vided both favorable and unfavorable re-
sults (Emery and Schwabe, 1936).
However, pregnant mare serum gonado-
trophin (PMS) did improve survival
despite evidence that the ovary was less
sensitive to PMS after adrenalectomy
(Mandl, 1954). The usual interpreta-
tion of such experiments is that proges-
terone is the agent responsible for ex-
tending life but the possibility cannot be
excluded that the ovary may also secrete
corticoids (Zuckerman, 1953). Further-
more, normal levels of corticosterone
have been noted in the serum of adrena-
lectomized-PMS treated rats and the con-
centrations of serum NPN and of liver
and muscle glycogen support the idea of
an adrenal-like function of the ovary
(Leathem and Anilane, 1964).

Protein metabolism is adversely influ-
enced by adrenal insufficiency as evi-
denced by a decreased synthesis of serum
albumin (Levin and Leathem, 1942).
In fact, a subnormal serum albumin con-
centration was noted in adrenaléctomized
rats maintained on NaCl (Aschkenasy,
1960) but not on cortisone acetate
(Leathem, 1962). The serum proteins

% Postdoctoral fellow, U, S, P, H. 2G-8835.
¢ Predoctoral fellow, U. S. P. H. 2G-835.

provided another end point for assessing
the PMS-maintained adrenalectomized
rat.

MATERIALS AND METHODS

Immature female rats were purchased
from Charles River Breeding Labora-
tories. The rats were brought to 60-65
gm body weight on Purina Chow; there-
after they were fed a semi-purified diet
containing 20% casein and 25% fat
(Wolf and Leathem, 1955). Pregnant
mare serum gonadotrophin (PMS, Cut-
ter) was injected subcutaneously once
daily in 10 I. U. dosages for five days.
The rats were then adrenalectomized and
the hormone continued for five or ten
days. Normal animals with and without
PMS treatment but fed the casein diet
served as controls. In addition, un-
treated adrenalectomized rats were ex-
amined. Since survival averaged only
6.8 days in this group, autopsy was per-
formed on day five.

Total serum protein was estimated by
the biuret technic (Gornall, Bardawell,
and David, 1948). Electrophoretic
separations of serum components were
accomplished using the Spinco model R
paper electrophoresis for twenty hours.
The paper strips were stained in brom-
phenol blue dye and read on the analy-
trol.

RESULTS AND DISCUSSION
Feeding a semi-purified diet for ten
days improved the nutritional state of
the immature female rat. Total serum
protein increased accompanied by an in-
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Table I

Serum Proteins of #drenalectomized

PMS Ireated Rats

Total
i Days No. Protein
Tredtment ¥ e e o
NONE - 11 S.23
FED CASEIN 10 7 ST
CASEIN + PMS 10 23 6,06
ADX S 15 5.81
PMS x 5; ADX
+ PMS 3 9 5.66
+ PMS 10 5 5.72

crease in serum albumin from 2.65 to
3.05 gm/100 ml. Simultaneous casein
feeding and administration of PMS im-
proved both total serum protein and
serum albumin over that of the dietary
control. Steroid release from the ovary
may have caused the improvement in the
serum proteins (Levin and Leathem,
1942).

To provide a nutritional state com-
parable to control animals, the rats used
for adrenalectomy were prefed the casein
diet for 5 days. Adrenalectomy was per-
formed and 5 days later the sera were
obtained. The adrenalectomized rat ex-
hibited a decrease in serum albumin de-
spite a decrease in plasma volume.
Hemoconcentration prevented, at least in
part, a change in total serum protein.
(Table I).

Immature rats treated with PMS for
5 days to iduce ovarian stimulation, then

Albumin Globulin
o =1 g -2 B rs
2.65 0.61 0.L1 0.85 0,51
3.05 0.56 0.39 0,70 0.61
3.32 0,72 . 0.L0 0.8 0.69
2,15 0.71 0.L5 0.93 0,85
2,72 0.7h 0.49 0.99 0.56
2,12 0,98 0.61 1.04 1,04

adrenalectomized and continued on PMS
therapy will survive for 18 days (Lea-
them and Anilane, 1964). Similar ani-
mals examined at 5 days after adrenalec-
tomy exhibited serum albumin levels ap-
proximating normal concentrations. How-
ever, at 10 days after adrenalectomy and
despite PMS therapy, serum albumin was
clearly subnormal and serum globulin
was elevated. Continued ovarian stimu-
lation may with the dosage of PMS used
exhaust the ovarian function. Neverthe-
less an adrenal-like function of the ovary
is indicated.
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KIDNEY ENZYMES AND ANABOLIC STEROIDS
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ABSTRACT

Alkaline phosphatase and Beta glucuronidase activities in the mouse kidney are influenced
by androgens. Androgenicity can be detected by a decrease in alkaline phosphatase and a
protein anabolic effect may be indicated by an increase in Beta glucuronidase. The enzymes
permit an estimation of longevity of steroid action.

INTRODUCTION

It is well known that androgens will
stimulate growth and protein metabolism
in the prostate and seminal vesicle. An-
drogens will also cause nitrogen reten-
tion, body weight gain and an increase in
muscle mass. Reduction in nitrogen and
creatine excretion can be obtained with
testosterone in castrated humans of both
sexes, human eunuchoids, postmeno-
pausal women and prepuberal children.
Testosterone induced nitrogen retention
is of value in panhypopituitarism, in
breast cancer and in the recovery from
debilitating disease. However, the an-
drogenic effect is an undesirable “side
effect” especially in females, thus
prompting a search for methods to esti-
mate anabolic steroids. In this regard,
the levator ani/seminal vesicle weight
ratio has been used to relate anabolic to
androgenic activity but the results must
be interpreted with reservation (Ahren,
et al., 1962).

Fishman (1961) has called attention
to renal Beta glucuronidase as being sen-
sitive to slight changes in the steroid
molecule with a view towards measuring
anabolic effects. Testosterone propion-
ate is known to increase Beta glucuroni-
dase, while reducing alkaline phosphatase
in the mouse kidney (Leathem, 1962)
suggesting an anabolic and androgenic
activity. Another steroid, A'-17a methyl
testosterone (Dianabol) which is ana-
bolic in man but only a weak androgen
exhibited an effect on only renal Beta

glucuroidase activity when tested in mice
(Leathem, 1962). Further studies on
renal enzymes are presented.

MATERIAL AND METHODS

The Fishman procedure involves the
use of adult male mice and the injection
of 1 mg of steroid on alternate days for
7 injections. On day 14 the mice were
autopsied, fresh kidney weight obtained
and the organ examined for Beta glu-
curonidase activity (Fishman, et al.,
1948). In the current studies, kidney
alkaline phosphatase activity was also
estimated (Huggins and Talalay, 1945).
To determine whether a change in renal
alkaline phosphatase was dose related,
adult male Swiss mice were studied after
0.7, 1.4, 2.8 and 5.6 mg total dosages of
testosterone propionate (Perandren, Ci-
ba). In addition, the renal enzyme acti-
vity were measured in Swiss mice follow-
ing 7 mg of testosterone propionate,
A'17« methyl testosterone (Dianabol,
Ciba, in oil and in suspension) and A!
testosterone undecylenate (Ciba). The
reaction of adult male C,;H mice to 7 mg
of testosterone or Dianabol was examined
in animals fed Rockland mouse pellets or
a semi-purified diet containing 24 %
casein and 25 % fat.

Longevity of hormone action was
studied in Swiss mice castrated when 8-
10 grams body weight. After a two week
postoperative period a single subcutane-
ous injection of 19 nortestosterone deco-
nate (Organon) was administered. Mice
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were examined at 5, 10, 15 and 20 days
after injection of 0.25, 0.5 and 5.0 mg

dosages.
RESULTS

Adult Swiss mice were given testo-
sterone propionate in 7 doses of 0.1, 0.2,
0.4 and 0.8 mg each on alternate days.
Kidney weight per 100 gms body weight
increased from 1417 in untreated con-
trols to 1757 in mice given 5.6 mg. Only
the lowest dosage did not increase kid-
ney weight. Nevertheless, the 0.1 mg
dosage decreased renal alkaline phospha-

_tase activity significantly from 86 ug/

mg/hr to 55 pg/mg/hr. Renal enzyme
activity was 48, 35 and 23 pg/mg/hr
following 0.2, 0.4 and 0.8 mg daily dos-
ages respectively.

Testosterone propionate, 1 mg x 7,
caused a significant decrease in alkaline
phosphatase and a significant increase in
Beta glucuronidase in the mouse Kidney.
Dianabol in suspension did not influence
renal alkaline phosphatase despite the

7 mg total dose but significantly in-
creased renal Beta glucuronidase. Di-
anabol.in oil had no effect. A! testos-
terone undecylenate in a 7 mg total dos-
age over the 14 day period decreased
alkaline phosphatase activity from 34 to
14 pg/mg/hr and increased Beta glu-
curonidase from 707 to 2005 u/gm/hr.

The response of adult male C;H mice
were examined in response to testo-
sterone propionate and to Dianabol. The
renal enzyme changes simulated those
obtained with Swiss mice. Testosterone
propionate in 1 mg dosages given on al-
ternate days for 7 injections reduced
renal alkaline phosphatase and increased
Beta glucuronidase. Dianabol at the 7
mg dosage was primarily effective on re-
nal Beta glucuronidase. Diet influenced
the enzyme activities of untreated mice.
C;H mice fed the semi-purified 24 %
casein diet for 14 days exhibited renal
alkaline phosphatase activities of 46 ug/
mg/hr as compared with 86 pg/mg/hr

KIDNEY ENZYMES IN CASTRATED SWISS MICE
FOLLOWING ISNORTESTOSTERONE DECANOATE

ALKALINE PHOSPHATASE

BETA GLUCURONIDASE

UG/MG/HR U/GM/HR
100 2000
\ /
-\ ’[
80 1600 S A
Y s/
Vd
60 1200 ‘\\_
e ' /
20 S 400
/‘_’ -
5 10 15 20 5 10 15 20
DAYS DAYS
CONTROL ——

0.25MG DOSE v
0.5 MG DOSE ——:
5.0 MG DOSE ——-
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in pellet fed mice. However, Beta glu-
curonidase activity was 284 ./gm/hr fol-
lowing the casein diet and 94 p/gm/hr
following the commercial diet.

The effect of a single injection of a
long acting steroid, 19 nortestosterone
deconate was tested in Swiss mice cas-
trated when immature. Treated control
mice were compared at each of the 5,
10, 15 and 20 day post-injection periods.
Following 0.25 mg and 0.5 mg renal
alkaline phosphatase was not influence
but the 5.0 mg dose depressed enzyme
activity in 5 days and sustained this ac-
tion. Renal Beta glucuronidase was not
altered by 0.25 mg of steroid but 0.5 mg
increased enzyme activity in 5 days and
sustained the effect for at least 10 more
days (Figure 1). Following a 5.0 mg
single injection of steroid renal Beta glu-
curonidase rose 1000 units of activity/
gm/hr above control and remained at
this level for the duration of the experi-
ment.

DISCUSSION

The kidneys of adult and immature
rodents exhibit a renotrophic response to
testosterone propionate (Kochakian, et
al., 1954; Kochakian and Harrison,
1962). The increased kidney size is ac-
companied by an increase in kidney pro-
tein (Kochakian, et al., 1950; Korner
and Young, 1955; Granitsas and Lea-
them, 1962) but may also involve an
increase in water (Pfeiffer, et al., 1940).
Testosterone will stimulate the incorpora-
tion of C* glycine into renal protein, but
the effect returns to normal in 2-4 days
(Freiden, et al., 1961). Using RNA:
DNA ratios to measure protein synthesis,
Kassenaar, et al.,, (1962) characterized
the androgen response of the kidney as
due to an increase in cell size as opposed
to the seminal vesicles which undergoes
both hypertrophy and hyperplasia.

The kidney is well known to contain
enzymes which respond to androgens. In

this regard d-amino actid oxidase, argi-
nase, glutamic-pyruvate transaminase,
acid phosphatase, alkaline phosphatase
and Beta glucuronidase have been ex-
amined. Kochakian (1959) noted an
increase in enzyme activity when a kid-
ney weight response was noted. How-
ever, alkaline phosphatase exhibited a
dose related response in which this renal
enzyme increased following a low dose
of androgen but decreased following a
large dose. Kochakian (1959) consid-
cred the decrease in enzyme as represent-
ing an overstimulation. In the present
experiments a decrease in alkaline phos-
phatase was noted in the absence of a
kidney weight change. Kochakian (1959)
indicated that arginase activity was more
sensitive to 17 methylated steroids and
Fishman (1961) observed that renal
Beta glucuronidase was remarkably sen-
sitive to slight changes in the steroid
molecule.

Previous investigators have called at-
tention to the influence of diet on the
renal enzyme response to androgens
(Kochakian, 1945; Fishman, et al.,
1955). An influence of diet was noted
in the present studies, but the response
to androgen was not modified. Further-
more, sex and strain of mice have been
noted as factors to be considered (Fish-
man and Farmelant, 1953). Current in-
vestigations reveal that Swiss and C,H
mice responded well and that castration
does not modify the response but castra-
tion will minimize variations in the as-
sessment of longevity of steroid action.
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PROTEIN METABOLISM, PROTEIN NUTRITION
AND HYPOPHYSECTOMY
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ABSTRACT

The influence of hypophysectomy and protein nutrition was studied in adult male rats

following a month of protein-free feeding. Hypophysectomy slowed the rate of protein reple-
tion, induced organ weight changes and prevented synthesis of serum albumin. Lactalbumin,
caesin and wheat gluten failed to modify the effects of pituitary ablation. Wheat gluten

restricted the repletion of normal animals.

INTRODUCTION

Feeding a low level of protein, despite
adequate caloric intake, will deplete the
body protein stores. As the proteins of
the body are expended in protein deple-
tion, organ function begins to change, the
digestive tract is altered, and hormone
production is reduced. The tissues soon
begin to conserve nitrogen, and protein
catabolism is reduced. The refecding of
protein reveals an enhanced tendency for
tissue protein anabolism. Data are need-
ed to clarify whether or not hormones
will aid adequate nutrition in the refilling
of body protein stores (Leathem, 1962).

It is well known that protein anabol-
ism is reduced by hypophysectomy and
restored by growth hormone (Russell,
1957). However, at least part of the
physiological change ascribed to pituitary
ablation does not occur if protein stores
of the body are depleted prior to the op-
eration. Thus if adult male rats are hy-
pophysectomized at the end of one
month of protein free feeding and then
refed protein, a body weight gain and
nitrogen retention are observed (Lea-
them, 1958). However, body weight gain
is subnormal and kidney mass «clearly de-
creases.

Hypophysectomy is known to alter
serum protein concentrations by decreas-
ing albumin and increasing globulin
(Levin and Leathem, 1942). If rats are

*Dr. H. Koishi on leave from Osaka City Univer-
sity, Osaka, Japan, 1962-64.

fed a protein-free diet for 30 days, total
serum protein decreases primarily be-
cause of a loss of serum albumin. Re-
feeding 18 % casein resulted in a return
of total serum protein to normal con-
centrations despite hypophysectomy ow-
ing to an increase in globulin; serum al-
bumin failed to improve. In contrast,
the normal rat exhibited an increase of
total serum protein levels during refeed-
ing because of an increase in albumin.

Despite the many physiological studies
relating protein metabolism to the pitui-
tary, the precise nutritional requirements
of the hypophysectomized rat are not
known (Meites and Nelson, 1960). The
present investigation is concerned with
an examination of dietary protein quality
on several aspects of protein metabolism
during the repletion of hypophysecto-
mized rats.

MATERIALS AND METHODS

Adult male Long-Evans strain rats
were used. These animals were fed a
semi-purified agar based diet (Glasser,
1954) devoid of protein for 34-45 day
periods to deplete the protein stores. Hy-
pophysectomy was then performed and
for the next 20 days, diets containing
18 % casein, lactalbumin or wheat gluten
were fed ad libitum. Paired fed un-
operated rats served as controls for each
dietary group. Normal rats fed 18%
casein for 30 days or fed a protein free
diet for 37 or 70 days provided addi-
tional control data.
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At autopsy, blood serum was obtain-
ed and total protein was estimated by the
biuret method (Gornall, Bardawell and
David, 1948). Serum was separated
electrophoretically — using tht.a Spinco
model R paper electrophoresis system.
For serum protein analysis, strips were
stained in bromphenol blue dye and read
on the Spinco Analytrol. In addition the
fresh weights of liver, kidney, testes, heart
and gastrocnemius muscle were obtained.

RESULTS

A diet lacking protein induced a sharp
decrease in body weight. Associated
with the body weight loss was a signifi-
cant decrease in liver, kidney, heart, testis
and gastrocnemius muscle weight. Testis
weight was reduced only 12 %, however.
Relating organ weight to body weight re-
vealed that, in general, organ weight de-
creases paralleled the loss in body weight.
Extending the protein depleting period
to 70 days did not substantially reduce
liver or kidney weights beyond that noted
after 37 days. In fact, liver weight re-
lative to body weight was greater in
long term protein depleted rats than in
fullfed rats (3.6 vs 2.5 gm/100 gm body
weight). However, the more prolonged
depletion period did reduce heart, muscle
and testis weight.

Table 1

As anticipated, protein depletion de-
creased total serum protein due to a re-
duction in serum albumin. The degree
of change was related to the duration of
the depletion period.

After one month of protein depletion,
the refeeding of 18% casein induces a
rapid gain in body weight. However,
the part played by the endocrine system
in the repletion process is not clear.
Therefore, adult male rats were hypophy-
sectomized before refeeding the 18%
casein. Contrary to the loss in body
weight usually associated with pituitary
ablation, these rats gained 50 gm during
20 days despite the lack of growth hor-
mone. The hormone deficiency was ap-
parent, nevertheless, as the paired fed
normal rat gained 102 gm. The greater
body weight gain by the normal rat was
reflected in enhanced kidney and heart
weight increases in comparison with the
hypophysectomized rat. In fact, the
kidney failed to participate in the ana-
bolic process in hypophysectomized rats.
This organ not only failed to increase in
actual mass but became smaller in re-
lationship to body weight. Testis atrophy
induced by hypophysectomy was not in-
fluenced by available dietary protein
(Table 1).

Hypophysectomy, Protein Metabolism and Protein Nutrition

FProteln Froo Diet

"..
No. bf rats
B 8 6 6 1h b
Body Wt. Ch ~
o:gn W Z: N ¥50 x 22 +102 ¥ 29 +21 + 30 +77 + 29 +12 + 15 +10 + 1
Liver 10.27 + 1.2 9,48 + 1.38 10
+ i L8 o+ 1, $76 41,33 B.41 + 1,29 10.48 + 1.39  9.49 + 1,79  10.33 + 2.43
hidney LI630.27 1707015 2317035 1553018 2.4030.21 1.88F0.22 2,03 T 0,30
Heart O-'g3 +0:2L 094, 70,20 3,00 F0.2h 1.0270.22 2.8570.35 1.10T0.16 2.79 7 0.34
tusele Yo i ol 0793008 1.0530.5 0.67F0.11 0,96F0.0 0703010 0857 0.1
i i (AR 2¢2 0.l 1.33%¥0.20 1.5370.20 1.17 ¥ 0.13  1.h2 70.20 1.16¥0,16 .1.1770.18
L1
Fidney g'gg 3031 2894042 2.5 5 0.13 2.5k 0,20 2.67+0.16 2.89 +0.27  3.16 + 0.38
Testis od 7 0-‘1’g 0.47 0,03 0,553 0.0 0.[7 T0.04 0.6270.05 0.46T0.03 0.63 T 0.05
Hoart 0125 3 0°81 0.26%0.06  0.73%0.13 03170.0k 0.7370.05 0.3, 70.05 0.6770.20
Huscle 0 oL 0:22£0.02  0.25%0.02 0.20%0.03 0.23%0,02 0.21%0.02 0.27F 0.02
Serum Protein 20 20 0.36 70.03 0,36 ¥0.03 0.3570.02 0.3 70,03 0.3 70,04 0.3 T 0,02
Total gm/100 ML, B - - -
A bunin 12103 621200 540,28 5033 S22 0.28 506504 5.30 5 0.76
Globulin 2.97 % O'go 2.07%0.20  2.55%70.12 1.89 7 0.36 2.48 70.31 1.93 7 0.28  2.20 T 0.47
A/G ratio 061 F oy wWT02E 320To0n 3ST0E 2.9, 3031 3937037  30Folke
| xo. 50%0.06  0.8170.10 0.5170.05 0.86F0.17 0.9 7020 0.71 7 0.1k

* S.D. = atandard deviation
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Refeeding of casein was followed by
an increase in total serum protein which
was greater in the hypophysectomized
than in the normal rat. In the absence of
the hypophysis, however, serum albumin
failed to improve whereas serum globulin
increased resulting in no improvement in
the albumin/globulin ratio. In the nor-
mal rat being refed 18 % casein, a signi-
ficant increase in serum albumin was
noted with a lesser increase in globulin
(Table 1).

Proteins differ in nutritive value when
tested in normal animals, but few data
are available on hypophysectomized rats.
Therefore, 18% lactalbumin and 18 %
wheat gluten were substituted for casein
during the repletion of normal and hy-
pophysectomized rats prior protein de-
pleted. Hypophysectomized rats gained
21 gm in body weight compared with a
77 gm body weight gain exhibited by
normal rats fed lactalbumin for 20 days.
Organ weight and serum protein changes
simulated those seen when casein was
fed. Total serum protein increased in rats
with and without pituitary glands but un-
like casein refeeding, the feeding of
lactalbumin did not differentiate between
the two physiological states. The failure
to synthesis albumin did, however, char-
acterize the pituitary deficiency.

Prior protein depleted hypophysecto-
mized rats gained only 12 gm when fed
18 % wheat gluten, but the normal rat
failed to outgain the operated animal.
Organ weights revealed that kidney and
heart weights were less in hypophysec-
tomized rats and that muscle failed to
increase in normal animals. Further-
more, liver weight to body weight ratios
remained abnormally high in wheat
gluten fed rats. Total serum protein in-
creased significantly in hypophysecto-
mized rats fed wheat gluten but not in

normal rats. In both groups of rats
serum albumin was not improved but
serum globulin did increase (Table 1).

DISCUSSION

Hypophysectomy is followed by a loss
in body weight, a decrease in nitrogen
retained and a reduced uptake of amino
acids into liver and muscle (Manchester
and Young, 1959; Korner, 1961). Thus
protein anabolism is reduced by hypo-
physectomy. However, at least part of
the physiological changes ascribed to
pituitary ablation do not occur if the pro-
tein stores of the body are depleted prior
to the operation. Hypophysectomy does
not negate enhanced anabolism of reple-
tion as determined by amino acid incor-
poration into the diaphragm (Wool,
1960) or by nitrogen balance (Leathem,
1958). However, body weight gain is
subnormal, kidney mass decreases, and
serum albumin concentration fails to im-
prove. The feeding of lactalbumin, a
protein superior to casein in nutritive
value, was not beneficial (Leathem,
1962). In the present studies, a protein
of lesser biological value (wheat gluten)
revealed that a normal rat pair fed to
the hypophysectomized animal did not
exhibit a greater body weight gain, nor
an improved serum albumin synthesis.
Perhaps pituitary hormone synthesis is
less efficient in wheat gluten fed animals.
The data emphasize that hormones con-
trol rates of reaction and that protein
metabolism in a hormone deficiency cir-
cumstance may be markedly influenced
by the state of the body-protein reserves.
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PLANT GROWTH RESPONSE FOLLOWING EXPOSURE TO A SHORT
DURATION ELECTROSTATIC FIELD

L. E. Murr

Department of Engineering Mechanics
The Pennsylvania State University, Univers'ty Park, Pennsylvania

ABSTRACT

Crop yield on a dry weight basis is less for grain sorgum seedlings grown under the
influence of a short period electrostatic field of 40 kilovolts per meter reference potential
gradient as compared with an equal number of control plants under identical growth conditions

with no field applied.

Normal crop yield returns following successive harvests after the

removal of the electric field, which appears to be indicative of some polarization phenomena

associated with plant metabolisms.

INTRODUCTION

In a study of plant growth under the
influence of an electrostatic field con-
ducted by Briggs, (1926) some 40 years
ago, it was shown that over a ten year
period that plants treated in the field
and in the greenhouse showed no re-
sponse to charged networks suspended
above them. Several other investigators,
e.g.; Jorgensen and Priestley, (1914),
Jorgensen and Stiles, (1917), Shibasawa
and Shibata, (1927) about the same
time reported plant growth increases for
cereals and grass crops grown under the
influence of a short duration electric
field. More recently, however; Murr,
(1963) has shown that grass crops
grown under continuously simulated en-
vironmental electrostatic fields of suffi-
cient magnitude produce less growth,
and are observed to develop a leaf dam-
age which, under proper electric field
magnitudes, can completely destroy the
plants. This leaf damage mechanism is
not completely understood, but existing
experimental evidence seems to suggest a
polarization phenomenon which may ef-
fect enzyme constituents of the respira-
tory metabolism (Murr, 1963).

Since exposure of plants to an electro-
static field for long periods of time tend-
ed to cause leaf burning and general
growth damage (Murr, 1963), it seem-
ed only logical to assume that contrary

to experimental findings of the past sev-
eral decades, that plants grown under
short period electric fields might respond
to these conditions by developing sub-
normal crop yields. It was further pro-
posed that growth normalcy would re-
turn following the elimination of the elec-
tric field, and the consequent relaxation
of dipole stresses.

EXPERIMENTAL PROCEDURE

Two identical plots were each planted
with thirty germinated seeds of grain sor-
gum in the greenhouse (mean tempera-
ture of 80°F) as in previous experi-
ments by the author, (1963). A refer-
ence potential gradient of 40 kilovolts
per meter was established across one plot
(Murr, 1962), while the other plot re-
mained uncharged in order to establish
an experimental control. Three days
after the initial planting and the applica-
tion of the electrostatic field, the excita-
tion voltage for the field was turned off;
and the plants in both the activated and
the control plots allowed to grow norm-
ally.

Following the initial saturation of the
soil, the moisture level in each plot was
maintained at approximately 16% by
weight (75 % field capacity for the sand-
lime-soil mixture used). All other en-
vironmental factors, e.g., light, tempera-
ture, etc. associated with the plots in the
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greenhouse were maintained as nearly
identical as possible for active and con-

trol plants.
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Fig. 1. Activated plant growth decrease ex-
pressed as a percentage of the con-
trol plant yield on a dry weight basis.
Three harvests are shown.

The plant heights in each were meas-
ured twice daily throughout the course
of the experiments, and the average plant
height per day for both the activated and
the control plots computed. Units of
inches were used to make the measure-
ments since it was desired to show only
apparent differences in plant height of
the active and control plots, and not a
low correlation-statistical average of
micro-measurements. The plants in each
plot were harvested at intervals of ap-
proximately one week to a height of 1
inch above the soil. The harvested dry
weights were then compared on a weight
per plant basis.

RESULTS
Figure 1 shows the results of the com-

parison of the dry weights of harvested
plants. These results appear to be in
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complete agreement with the proposed
theory and the previously reported in-
vestigation of electric field polarization
by Murr, (1963). The results appear
to be quite contrary to the earlier results
of Blackman and Legg, (1924) and
others, e.g., Jorgensen and Priestley,
(1914) and Jorgensen and Stiles,
(1917). The present concept is further
supported by the plant height response
curves illustrated in Figure 2. Similar
response curves have also been obtained
for orchard grass started from seedlings.
It should be pointed out that in the short
period exposure experiments presented
here, no plant or leaf damage was ob-
served.

DISCUSSION AND CONCLUSIONS

The results of the present investiga-
tion clearly indicate that short period
electrostatic potential gradients of suffi-
cient magnitude can cause a decrease in
plant growth and subsequent crop yield.

If this phenomenon is extended to in-
clude crop yields in a general sense, it
may be that the mechanism involved
would give a possible explanation for
crop damage following large storms and
similar localized charge density phe-
nomena as reported by Miller, (1938).
The return of the activated plants to
normal crop yield as a function of grow-
th and increased harvests shown in Fig-
ure 1 seems to be in line with what one
would expect in considering a polariza-
tion-relaxation concept, which would al-
low for a gradual return of normal meta-
bolic responses.
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THYROIDAL UPTAKE AND TURNOVER OF 1-131 IN RATS EXPOSED TO
REDUCED BAROMETRIC PRESSURE#

Jack E. Harclerode,** Rodney T. Houlihan and Adam Anthony
The Pennsylvania State University, University Park, Pennsylvania

ABSTRACT

Albino rats exposed to a simulated altitude of 20,000 to 23,000 feet (350-308 mm Hg)
exhibit transient alterations in thyroid function as well as changes in body weight, water balance

and foo

INTRODUCTION

For several years our group has been
concerned with the mechanisms of
adaptation of animals to lowered oxygen
tension. Much of our previous work
dealt with compensatory adjustments
which occur in the cardiovascular sys-
tem and in respiratory enzymes of rats
exposed to a simulated altitude of about
20,000 feet (1-7). Briefly, the main
findings of these carlier studies are as
follows. One of the most striking changes
noticed in altitude exposed animals is a
marked increase in the volume of blood
vessels. For example, Kreider observed
that the total blood volume increases in
rats exposed to altitude while the blood
plasma volume decreases (1). It was
further shown that there is an increase in
the volume of larger blood vessels as
well as capillaries during altitude acclima-
tion (1, 2). A separate study showed
that an increase in the concentration of
cardiac and skeletal myoglobin consti-
tutes another feature of adaptation (3, 4,
5). Cellular metabolism, however,
seems to be unaffected by altitude ex-
posure (6, 7).

During the course of this earlier work
we were continually impressed with the
observation that the adaptive changes in
the cardiovascular system are initiated
very shortly after the introduction of ani-
mals into the altitude chamber. Also,
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d consumption. These changes are most marked during the first few days of exposure.

these changes follow in the wake of an
immediate and marked drop in body
weight of animals. In view of the cardi-
nal role of the thyroid in the regulation
of metabolism, the present study was de-
signed to investigate the role of the thy-
roid gland during the initial period of al-
titude acclimatization. The specific aim
was to determine if measurable changes
occur in thyroid function during the on-
set of altitude exposure.

PROCEDURE

Fifty-four mature, female Sprague-
Dawley rats, weighing about 200 grams
were used during the course of the pres-
ent study. Twelve of these were used for
data on body weight changes, water and
food consumption and urinary volume
for 8 days prior to decompression and 6
successive days following introduction in-
to a decompression chamber maintained
at 308 mm Hg pressure. Forty-two rats
were used for radiometric analyses of
thyroid function. In all cases control rats
were maintained at the State College alti-
tude of 1200 feet (ca 725 mm Hg). The
altitude-exposed groups were housed at a
pressure of 308 mm Hg which simulates
an altitude of about 23,000 feet.

In vivo measurements of radioactivity
in the thyroid region of the neck were
made using a DS-101 scintillation de-
tector and a model 181-A decade scaler
(Nuclear Chicago). Briefly, the proce-
dure was as follows. Rats were intrap-
eritoneally injected with 5 microcuries of
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I8 (Tracervial, Abbott) upon introduc-
tion into the decompression chamber and
the radioactivity was counted using a lead
collimator positioned over the thyroid
area of immobilized, unanaesthetized
rats. Corrections were made for the
radioactivity in extrathyroidal tissues and
for isotopic decay. Radiometric data
were taken during three time intervals
within the first one hour after I'*! injec-
tion to determine the maximal count in
the neck region and subsequently at 24
hour intervals for 6 successive days with-
out removing the rats from the decom-
pression chamber. Five groups of rats
were used: (a) controls kept at ambient
pressure (725 mm Hg); (b) rats given
I8t at the onset of altitude exposure
(308 mm Hg); (c) rats given '3 after
15 days of previous exposure and kept in
the chamber for 6 additional days (308
mm Hg); (d) thiouracil fed (0.09% in
drinking water) controls; and (e)
thiouracil treated rats given I'*! at the
onset of altitude exposure (308 mm Hg).
For convenience, the data are presented
as semilog plots of average counts per
minute against time intervals after I3
injection. Straight lines are obtained for
the comparison of raidoiodine release
rates. In all cases, average neck counts
were made on the same 5 groups of rats
during the first hour and at daily inter-
vals for 6 days using 7-11 rats per group.
The standard error of the mean radio-
active counts ranged from 5 to 8 percent.
The radiometric data were analyzed us-
ing Student’s ¢ test.

RESULTS

Before summarizing the thyroid data
it is pertinent to briefly describe the im-
mediate behavioral response of rats sub-
jected to an altitude of approximately
23,000 feet above sea level. One first
notices that the rats are very lethargic,
they do not move about the cage, con-
sume no food and drink very little water

during the first 24 hours after introduc-
tion into the altitude chamber. The con-
sequence of this is a marked drop in
weight, which reaches its lowest value at
the end of the second day of exposure,
and begins to increase slowly thereafter.
The growth rate continues to be slower
than in the control animals, so that they
normally do not regain their pre-exposure
weight until about four weeks of confine-
ment in the altitude chamber.

A typical set of data on a group of 12
rats is shown in Figure 1, which sum-
marizes the weight changes for a week
before altitude exposure and for six days
during altitude exposure. The data on
food and water consumption and urinary
excretion are also presented. It is seen
that the precipitous weight loss which
occurs during the first day of exposure
can be largely attributed to the decrease
in the amount of water and food con-
sumed. It may also be noted that al-
though there is a drop in urine volume,
the magnitude of this drop is not as great
as the decrease in water intake.

Radiometric analyses of thyroid func-
tion showed that the onset of exposure to
reduced pressure is also characterized by
transient alterations in thyroid activity.
Specifically, it was observed that a higher
percentage of radioactivity remains in the
thyroid gland of altitude exposed rats
relative to control rats at the end of 24
hours following I*3! injection. However,
there was no appreciable difference in the
rate of release of radioiodine of hypoxic
rats as compared to controls after the
first day of exposure to reduced pressure.
The data supporting these findings are
summarized in Figures 2 and 3.

The rate of disappearance of radio-
activity from the thyroid region during
the first 24 hours after I'3! injection is
shown in Figure 2 for control rats, ac-
climated rats, unacclimated rats and two
thiouracil treated groups. These data

show that maximal counts werc obtained
in all groups within the first hour after
adioiodide.
he thyroid region proved to
be significantly lower (p<.01) in unac-

injection of r
the counts in t
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climated rats exposed to hypoxia than
those of controls or of rats which had ac-
climated for 15 days prior to injection.
The higher neck counts observed in un-
acclimated rats exposed to hypoxia for

At this time,
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which were not fed thiouracil. It was of
interest, however, that thiouracil ap-
peared to be less effective in blocking
recycling of radioiodide in the hypoxic
rats than in the controls during both the
first 24 hour interval as well as during
the next 5 day period.

To recapitulate, the above radiometric
data indicate that: (1) unacclimated rats
exhibit a transient hypothyroidism during
the first day of exposure to hypoxia, as
reflected in an increased retention of
labeled thyroid hormone at the 24 hour
point but no difference in the rate of re-
lease of hormone beyond day one, and
(2) rats which have acclimated for 15
days appear to be euthyroid with respect
to both the 24 hour uptake of radioiodide
and the rate of release of thyroid hormone
during 6 additional days of continued ex-
posure.

An indirect measure of the relative
amounts of thyroid stimulating hormone
(TSH) being released from the pituitary
can be obtained from a comparison of
the weights of the thyroids of rats ex-
posed to altitude and their controls. This
was done from representative animals
from both the thiouracil treated groups
and the rats which received no thiouracil.
It was found that the mean weight
(= SE) of the thyroid glands of the al-
titude exposed rats (7 == 0.4 mgm.) de-
creased to about half the weight of the
controls (15 = 1.6 mgm.). The thioura-
cil treated control thyroids were also sig-
nificantly heavier (24 + 2.8 mgm.)
than the thiouracil treated altitude ex-
posed rats (13 == 0.7 mgm.). Histologic
and histochemical analysis of these thy-
roids supported the interpretation that
hypoxia resulted in reduction of TSH
output and consequently a lowered thy-
roid function.

DISCUSSION

The decrease in water consumption
and volume of urine excreted by altitude
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exposed rats agrees with the results of
Mefferd and Hale (9) who studied the
effects of thermal conditioning on the
metabolic response of rats to altitude ex-
posure. Similar results were also obtain-
ed by Anthony who observed no ap-
preciable drop in urine volume with a
highly significant drop in water intake
during the first day of exposure of rats
to a simulated altitude of about 23,000
feet (10). It is probable that one of the
factors which accounts for the rapid in-
crease in hematocrit, which is a well
documented feature of altitude acclima-
tization, is a negative water balance at
the onset of exposure. The increased
hematocrit is most marked during the
first day of altitude exposure and occurs
too rapidly to be a consequence of ery-
thropoiesis.

Stickney and Van Liere (11) report-
ed that growth and body weight drop in
rats exposed to altitude. The present
finding that altitude exposure induces a
lose of body weight agrees with the find-
ings of Mefferd and Hale (9). Mefferd
et al. observed an increased fasting
weight loss in altitude acclimated rats,
but concluded that this was not due to
water imbalance, since the water:urine
ratio was not altered.

There can be no doubt that the meta-
bolic adjustments such as lethargy, tran-
sient anorexia, and weight loss which re-
flect the immediate response of rats to
hypoxic conditions are tied in with
changes in thyroid function. It was sug-
gested by Verzar et al. (12) that the
thyroid may play an important part in
the metabolic adjustment of animals to
altitude. They found that rats subjected
to 18,000 feet simulated altitude had a
decreased thyroidal uptake of I-131, but
at lesser altitudes only a light decrease
was noted. It was further noted that
after several days of exposure to altitude
I-131 was again taken up with normal
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velocity, so that presumably the changes
in thyroid function were only tcmpor:n\-ry.
Their data agree with the present f.mdm_gs
of decreased thyroid function ldun-ng .the
initial phase of altitude acclimatization
and of a restoration of thyroid function
after 15 days of exposure.

These thyroid changes are presumably
the consequence of a decreased output of
thyroid stimulating hormone by the
pituitary, as evidenced by decreased .thy-
roid weight and histological and histo-
chemical changes in the thyroids from
the animals used in this experiment.
Many kinds of environmental stimuli af-
fect the release of thyroid hormone. It
is well known that systemic stressors
(13) usually induce a prompt and pro-
longed inhibition of thyroid secretion,
presumably a consequence of decreased

release of TSH.

It is possible that the initial response
of rats to altitude (i.e. loss of body
weight, drop in food and water consumed
and urine produced, lowered thyroid
function) reflects a reduction in the me-
tabolic rate of these animals. It is rea-
sonable that such a response could be
beneficial during hypoxia. For example,
lowered metabolism and conservation of
energy is known to be associated with
many stressful situations. Inactivity and
lowered metabolism of rats immediately
upon exposure to hypoxia could reduce
their oxygen consumption until perma-
nent physiological changes, such as in-
creased hemoglobin in the blood and
cardiovascular enlargement, restore an
adequate oxygen supply to the various
tissues and organs.
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GENETICS OF GRIZZLE-BELLY (Sl**) IN THE MOUSE*

Donald J. Nash and Leon H. Venier
Department of Zoology, Rutgers, The State University, New Brunswick, New Jersey

ABSTRACT

Matings of Grizzle-belly mice with both Steel and Steel-Dickie mice produce anemic
progeny. The interactions of these genes indicate that they are alleles. Additional evidence
of the allelic relationship is provided by linkage tests of Steel-Dickie and Ames-waltzer. The
recombination value of 16.9 =+ 3.0% is in agreement with the value of 16.0% reported be-
tween Grizzle-belly and Ames-waltzer. On the basis of these results both the Steel and
dystrophia muscularis loci are considered to be part of linkage group IV.

Hematological investigations revealed that Grizzle-belly heterozygotes possess a macro-

cytic anemia through adulthood.

INTRODUCTION

The mutant Grizzle-belly in the house
mouse was first described by Schaible
(1960) apparently having arisen spon-
taneously from an untreated non-agouti
female of igenetic constitution (aa bt bt
Mi*h/+). The mutant behaves as a
dominant producing one-half grizzle-
belly progeny in outcrosses of Grizzle-
belly to normal mates. Matings of
heterozygotes (SI®*/4-) produce ap-
proximately one-fourth anemic progeny
and three-fourths normal progeny when
classified at birth or shortly thereafter.
The anemics apparently represent
homozygous Grizzle-belly (SI>/SleP)
and usually die during the first postnatal
week of life. Grizzle-belly heterozygotes
exhibit a normal or near normal viability
and fertility. Grizzle-belly was reported
by Schaible (1963a) to be in Linkage
group IV on the basis of testcross results
with Ames-waltzer (av). There was re-
ported a value of 16 % recombination be-
tween the two loci. Additional three-
point testcrosses which included silver
(si) reported by Schaible (1963b) in-
dicate that the gene order is silver, Griz-
zle-belly, Ames-waltzer (si-SI&-av.).

Grizzle-belly with its effects on pig-
mentation and hematopoetic organs close-
ly resembles alleles at the steel locus

®This research was supported by Grant HD
00148-02 from the United States Public Health Ser-
vice. .

(Russell, 1963). Several alleles have
been described for this locus including
Steel (S1) and Steel-Dickie (S1¢), and
some 30 other “steeloid” mutants have
been discovered, many of which have
been considered to be allelic to Steel.
Recombination tests between Steel and
dystrophia muscularis (dy) and Steel-
Dickie and dy yielded a recombination
value of 31.9 = 2.2% (Wolfe, 1963).

Since Grizzle-belly and Steel were so
similar in their effects, it was felt of in-
terest to examine the allelic relationship
of the genes. The present investigation
is concerned with the interactions of
Grizzle-belly with Steel and Steel-Dickie,
establishment of the Steel locus in Link-
age Group IV of the mouse, and a hema-
tological study of Grizzle-belly.

ALLELIC TESTS OF GRIZZLE-BELLY
WITH STEEL AND STEEL-DICKIE
Steel and Steel-Dickie mice were ob-

tained through the courtesy of Dr. H.
Glenn Wolfe of the Jackson Laboratory,
Bar Harbor, Maine. Both mutants were
on a C57BL/6J background, having
been backcrossed to this strain for 5 and
7 generations respectively at the start of
these investigations. Grizzle-belly was
originally obtained from Dr. Robert
Schaible and was subsequently back-
crossed into the C57BL/6 strain main-
tained at Rutgers University.
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Table 1. Results of Crosses of Grizzle-belly (SI#P)
with Steel (SI) and Steel-Dickie (S19)

Progeny

Mating Anemic (S1/SIgP)
sl/+ x Slsb/+ 6
Anemic (S19/SI&b)
12

Sld/+ x Slev/+

“Steeloid” (S1/+ or SlgP/+) Normal (4/+)
20 6

“Steeloid” S14/+ or SIsb/+) Normal (4-/+)
45 15

Results of crosses of Grizzle-belly with
Steel and Steel-Dickie are given in Table
1. It may be seen that in both sets of
crosses anemic progeny were produced.
These progeny apparently represent the

&b d
compound heterozygotes S1/S1e*  an
Sleb/Sla. Most of the anemics died dur-
ing the second week of life although one
individual of genetic constitution SI£?/SI
survived to adulthood. The mouse, a
male, was a black-eyed white and was
anemic at all stages, having a red blood
cell count of about 3.04 x 10% per mm?®
at 6 months of age compared to a
10.25 x 10° for normal mice. Although
it was mated to females of known fertili-
ty, no progeny were produced. The in-
dividual was dissected at seven months
of age. The testes were seen to be
atrophic and there was no sign of sper-
matogenesis in microscopic sections.

Although the number of progeny in
each cross is small, the observed num-
bers of anemics, steeloids, and normal are
close to what is expected. There is a
slight deficiency of anemic progeny,
which, if real, might indicate that some

of the compound heterozygotes die in
utero.

LINKAGE OF STEEL-DICKIE AND
AMES-WALTZER

Further evidence of the allelism of
Steel alleles and Grizzle-belly was pro-
vided by testcrosses involving Steel-
Dickie and Ames-waltzer in repulsion
heterozygotes (S194-/+-av x J-av/4-av).
Results are shown in Table 2. Linkage
is established between Steel-Dickie and
Ames-waltzer. The recombination value
of 16.9% is in agreement-with the value
of 16% reported by Schaible for grizzle-
belly and Ames-waltzer. Results indi-
cate that the Steel-locus is located with
Linkage Group IV of the mouse. The
position of dystrophia muscularis (dy)
in Group IV remains to be elucidated.

HEMATOLOGY OF GRIZZLE-BELLY

A detailed hematological investigation
of Grizzle-belly was undertaken, and the
complete results will be presented else-
where. Some of the preliminary data
are presented in Table 3. Standard

Table 2. Testcross Results of Steel-Dickie with
Ames-Waltzer

Progeny (classified 3-4 weeks of age)

; No. No.
Mating Litters born Sl av + Sldav
SH+/4 avx + av/+ av. 19 178 72 61 16 11
_ 27
3 Recombination = — = 16.9 + 3.0
160
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Table 3. Mean values with standard errors for red blood cell counts (RBC), per cent hematocrit
(H%) and cell volumes (MCV) for adult males and females of grizzle-belly and normal

mice.
Genotype Sex n RBC/mm?3 x 108 H %) MCYV (u?)
Slsb/+ Q 10 8.51 = .27 48.82 * 72 5775 = 4.24
+/+ Q 10 10.81 = 24 4974 * 43 45.80 = 0.99
Sleb/+ & 10 8.77 = 21 4590 * .85 52.30 = 1.33
+/+ 3 10 1025 * 32 48.10 = .60 47.40 * 1.89
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that have been studied in some detail is
the difference in viabilities of the hom-
ozygous types. For example, almost all
S1/S1 homozygotes die in utero Whe'reas
nearly all SI»/SIE® types survive to I?uth,
but die shortly thereafter. This differ-

ence in viability appears to hold regard-
less of genetic background. In general,
the Grizzle-belly allele appears to be
similar to Steel and Steel-Dickie in the
nature of its pleiotrophic effects on pig-
mentation and hematopoiesis.

LITERATURE CITED
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hematological methods as applied to the
Unopette (Freundlich and Gerarde,
1963) were used to determine the red
blood cell count per cubic mm., the
hemoglobin determination per 100 cc. of
blood, and the percentage of packed red
cells (hematocrit) in Grizzle-belly heter-
ozygotes and their normal litter-mates in
adults of both sexes. It may be seen
from Table 3 that Grizzle-belly heterozy-
gotes appear to possess a slight macro-
cytic anemia. Red blood cells showed
a decrease in numbers of about 21 per
cent and 14 per cent in the female and
male heterozygotes respectively. How-
ever, Grizzle-belly heterozygotes exhibit-
ed a greater mean cell volume.

DISCUSSION

Until recently Linkage Group IV was
difficult to test against newly arisen mu-
tants due to the unsuitable nature of the
known markers in the group including
rodless retina (r), pigmy (pg) and silver
(si). The establishment of Ames-waltzer
in this linkage group and the subsequent
discovery of linkage of Grizzle-belly
with Ames-waltzer has provided some
valuable markers for testing this linkage
group. The results reported in this paper
indicate that Grizzle-belly is an allele of
the Steel locus and also places dystro-
phia muscularis in Linkage Group IV.
As of the time of this report, 19 of the
minimum possible 20 linkage groups
have been discovered. Since some of the

groups are based on only a few markers
and in some cases could not be adequate-
ly tested against Linkage Group 1V, it is
possible some of these other groups are
in fact part of Group IV.

Based on the hematological results the
macrocytic anemia of Grizzle-belly he-
terozygotes persists through the adult life
of the animal. The degree of red blood
cell decrease in number is comparable to
that reported for Steel. In the initial de-
scription of Steel, Sarvella and Russell
(1956) noted that red cell counts were
20-30% lower in Steels than in their
wild-type litter-mates when tested be-
tween 7 and 13 days postnatally. Ben-
nett (1956) in a more comprehensive
hematological study of steel observed
red blood cell counts throughout life of
Steel heterozygotes and normal mice.
Red bleed cell counts in Steels reached a
low of 62.6% of the normal counts at 1
week of age, climbed to 78.9% at 2
weeks of age and remained around that
value through adulthood (2-5 months of
age). The number of red blood cells in
Steel was of the order 7.70 x 10%/mm?®
at 2-5 months. Results for Grizzle-belly
of comparable age give a mean red blood
cell count of about 1 million more cells.
This difference may be due in part to
differences in genetic background and in
part to differences between the two
alleles. One of the principal differences
among the three alleles at the Steel locus
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l-emiilood, 21:648-655.
Russell, E. S. 1963. :
in Mammalian Geneti
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TWO UNUSUAL NEW CERCARIAE FROM CRAIG COUNTY, VIRIGINIA!

Thomas C. Cheng,? Alan Blumenthal,? Randall W. Snyder, Jr.* and Arthur W. Rourke?
Mountain Lake Biological Station, University of Virginia, Pembroke, Virginia

ABSTRACT

Two new species of cercariae are described from the gastropod Anculosa subglobosa
(Say) collected in John’s Creek, Craig County, Virginia. Characteristics by which both of
these cercariae can be distinguished from morphologically similar species are given.

INTRODUCTION

During the months of June through
August, 1963, the authors conducted a
survey of larval trematodes infecting
freshwater molluscs in the proximity of
Mountain Lake Biological Station, Uni-
versity of Virginia, Mountain Lake,
Giles County, Virginia. The purpose of
this survey was to determine locations
where there existed a high percentage of
infection among molluscs by larval tre-
matodes so that subsequent embryologi-
cal studies on larval trematodes and
physiological studies on host-parasite re-
lationships between these helminths and
their molluscan hosts could be carried
out. The results of such studies are be-
ing reported elsewhere. During the course
of this survey, a number of new cercariae
were encountered. In this paper is re-
ported two new species of cercariae iso-
lated from Anculosa subglobosa (Say)
collected in Craig County.

MATERIALS AND METHODS

A total of 140 specimens of Anculosa
subglobosa were collected from that seg-
ment of John’s Creek in Craig County
approximately one mile from the Giles
and Craig county line. The snails were

1 This research was supported in part by Grant
AT 3443-03 from the Institute of Allergy and Infec-
tious Diseases, National Institutes of Health, and in
part by a grant to the senior author from the Na-
tional Seience Foundation administered by the Moun-
tain Lake Biological Station, University of Virginia.

9 Northeast Shellfish Sanitation Research Center,
U. S. Public Health Service, Narragansett, Rhode
Island.

3 Division of Biological Sciences, California Insti-
tute of Technology, Pasadena, California.

4 School of Medicine, University of Virginia,
Charlottesville, Va.

5 Department of Zoology, University of Connecti-
cut, Storrs, Connecticut.

brought into the laboratory, individually
isolated in distilled water in finger bowls,
and fed lettuce leaves. Daily examina-
tion of the snails revealed that 48 or 34.2
per cent emitted a monostomate opthal-
mocercaria while 2 or 1.4 per cent emit-
ted a relatively large distomate cercaria.
Most of the snails began emitting cer-
cariae within 48 hours after being iso-
lated; however, a few did not commence
releasing cercariac until after 72 hours.
All the snails were maintained for 14
days before they were discarded. No
instances of dual infections were found.

Specimens of both species of cercariae
were studied in the living state by use of
a phase-contrast microscope. The cer-
cariae were slowed down by the weight
of a No. 1, 18 mm. square cover-glass.
In some instances staining with neutral
red was employed to facilitate the study
of internal morphology.

The shells of a number of the infected
snails were subsequently removed and
the redial generations of both species
were studied in smear preparations of
the hepatopancreatic tissue.

All the measurements given below
were made with an ocular micrometer
and given in millimeters.

Cercaria multiglandulosa n. sp.
(Figures 1, 2)

This unusual monostomate cercaria
resembles the members of the “Biocu-
late” group of Faust (1917) since there
are two eye-spots present. In compar-
ing this cercaria with the morphologically
similar ones, it was decided that it should
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be considered as representative of a new
species. . .
The specific name, multiglandulosa, is
derived from the Latin words multus,
meaning many, and gladulosus, meaning
glandular, to describe the many penetra-
tion glands present in this species.
Description of cercaria (based on 10
specimens): Opthalmomonostomate cer-

caria with fin tail. Body elongate, 0.170
(0.152-0.192) long by 0.089 (0.072-
0.104) wide; cuticle completely spinous
except for that covering tail; three promi-
nent papillae present at anterior end, one
medial, two mediolateral; oral sucker sub-
terminal, 0.033 (0.025-0.041) by 0.029
(0.025-0.032); esophagus long, bifur-
cating in middle third of body to form
short intestinal ceca; no pharynx observ-
ed; intestinal ceca short, terminating at
midlength of body; two irregularly shaped
eye-spots, one on each side of midlength
of esophagus, composed of brownish-
black pigment granules; parenchyma in-
cludes light brownish pigment granules;
12 large penetration glands, roughly ar-
ranged in two rows, situated immediately
posterior to cecal bifurcation; ducts from
penetration glands directed anteriorly
along midline of body, empty to exterior
anteriorly in area of papillae; excretory
vesicle large, V-shaped, containing re-
fractile granules; tail 0.321 (0.280-
0.360) long by 0.032 (0.031-0.032)
wide, pointed terminally, with two trans-
parent membranous fins; tail fins extend
from anterior one-third of tail length to
posterior extremity.

Host: Anculosa subglobosa (Say)

Type locality: John’s Creek, Craig Co.,
Virginia.

_ Cercaria multiglandulosa is highly mo-
tile. It swims actively by thrashing its
POWEl'fu'I tail. Tt will settle to the bottom
of thf: dish periodically where it is not as
e_fﬁcle{u at crawling as many distomate
cercariae.  When attached to the sub-

stratum, its body will extend and con-
tract. With each contraction, the size of
the excretory vesicle is greatly diminish-
ed. Continuous observation of C. multi-
glandulosa at the bottom of finger bowls
and on glass slides did not reveal any
symptoms of encystment. It is acutely
positively phototrophic. When placed in
a bowl half covered with black paper, the
cercariac will congregate in the exposed
portion within 15 to 20 minutes.

Cercaria multiglandulosa develops in
rediae which are situated between the
hepatopancreatic tubules in the mollus-
can host. When teased out of the host’s
tissues, the rediae are highly motile,
their movement is made possible by the
extension and contraction of the body
wall musculature and by flexual move-
ment. The older rediae examined (Fig.
2) include from 23-30 fully developed
cercariae. No naked cell aggregates,
germ balls, or developing cercariae are
present. In younger specimens, germ
balls and developing cercariae, as well as
fully developed cercariae, are present in
the brood chambers.

Description of redia (based on 8 speci-
mens): Body elongate, with blunt an-
terior and posterior ends, averaging 1.300
long by 0.276 (0.264-0.280) wide, may
be as long as 1.664 when extended, and
1.000 when contracted; brownish in ap-
pearance due to pigment granules in cer-
carial parenchyma; pharynx at anterior
end, 0.043 long by 0.039 wide; intestinal
cecum unbranched, simple, 0.138-0.180
long by 0.043 wide, terminating in an-
terior one-fifth of body; fully developed
cercariae motile in brood chamber; no
birth pore observed.

As stated above, Cercaria multigland-
ulosa is most similar to the members of
the “Bioculate” group of Faust (1917)
since like the latter, it is pigmented,
without a ventral sucker and a pharynx,
with two eye-spots, and develops in
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EXPLANATION OF FIGURES

= acetabulum; AS = anterior sucker; C = fully developed cercarin; DC — developing emcnrif_i;
= acetabulum; AS = anterior sucker; C = fully developed cercarin; DG = developing cercaria; E =
eye-spot; ES = esophagus; EV = excretory vesicles; F = fin-fold; GB = germ ball; 1C = redil
intestinal cecum; INT = cercarial intestinal cecum; OS = oral sucker; OV = developing ovary; P =
papilla; PG = penetration gland; PH — pharyny; PPH = prepharynx; T = tail; = developing
tes. :

iie-s Cercaria multiglandulosa n; sp.; drawn from living specimen. (Ventral view.)

2. Redia of C. multiglandulosa; drawn from living specimen. o
8. Cercaria magnivesica n, sp.; drawn from living specimen, Cystogenous glands not shown, (Ventral

view. )
4. Redia of C. magnivesica; drawn from living specimen.
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rediae. However, there are some strik-
ing differences in that posterolateral “ad-
hesive” or “locomotor” pockets are ab-
sent in C. multiglandulosa, prominent
penetration glands are present, and thm:e
is a fin-tail. In comparing C. n:mln-
glandulosa  with the morphologulzall-y
similar species, it was found .that it is
most similar to Cercaria aurita Faust,
1918 from Goniobasis pulchella in 1lli-
nois, C. hemispheroides. Faust, 1924
from Planorbis saigonensis in Soochow,
China, and C. yenchingensis Faust, 1930
from Bithynia fuchsiana in Peking,
China. The new species differs from
these three species primarily by the pres-
ence of longitudinal fin-folds on its tail
and by the presence of prominent pene-
tration glands. In these morphologically
similar species, such structures are ab-
sent. It can be further distinguished
from C. aurita by the absence of postero-
lateral “locomotor” pockets and lappet
processes situated just lateral to the eye-
spots. Furthermore, the short intestinal
ceca of C. multiglandulosa differs it from
C. aurita since in the latter the ceca are
club-shaped and reach to near the pos-
terior end of the body.

C. multiglandulosa can be further dis-
tinguished from C. hemispheroides by its
body shape which is not rotund on the
dorsal surface and somewhat discoid and
concave on the ventral surface as it is in
the latter. Furthermore, the shape of the
eye-spots in the two species differ, being
elongate oval in C. hemispheroides, and
the body dimensions of C. multiglandu-
losa (0.170 mm. by 0.089 mm.) are
smaller than that of C. hemispheroides
(0.20 mm. by 0.18 mm.) Like the new
species, C. hemispheroides lacks postero-
lateral pockets.

. The new species can be further dis-
tinguished from C. yenchingensis by the
length of its intestinal ceca since in the
latter the ceca terminate near the pos-

terior end of the body. Furthermore, the
body dimensions of C. yenchingensis, be-
ing 0.006 mm. by 0.046 mm., is con-
siderably smaller than that of the new
species.

Cercaria magnivesica n. sp.
(Figures 3, 4)

Of the 140 specimens of Anculosa
subglobosa examined, only 2 were in-
fected by a globose, leptocercous cer-
caria which is being described herein as
representing a new species.

The specific name, magnivesica, is de-
rived from the Latin words magnus,
meaning great or large, and vesica, mean-
ing vesicle, to describe the large, con-
spicuous excretory vesicle found in this
cercaria.

Description of cercaria (based on 10
specimens) : Distomate, leptocercous cer-
caria. Body pear-shaped, slightly dor-
soventrally flattened, 0.538 (0.020-
0.540) Iong by 0.322 (0.300-0.340)
wide; slightly wider in anterior half; cuti-
cle covering body beset with large, con-
spicuous spines arranged in symmetrical
rows, that covering tail is aspinous; an-
terior sucker terminal, 0.066 (0.062-
0.68) long by 0.068 (0.062-0.070)
wide; acetabulum, 0.042 (0.038-0.044)
long by 0.063 (0.060-0.064) wide,
smaller than anterior sucker, situated in
middle of body; prepharynx, 0.024
(0.019-0.026) long, pharynx, 0.045
(0.041-0.045) long by 0.043 (0.041-
0.044) wide, and short esophagus, 0.054
(0.049-0.056) long, present; cecal bifur-
cation immediately anterior to acetabu-
lum; intestinal ceca long, reaching near
posterior end of body; developing ovary
present, ovoid, situated to right and
slightly posterior to acetabulum; de-
veloping testes, two in number, ovoid,
situated intercecally in posterior one-
third of body; excretory vesicle V-shaped,
large and conspicuous, containing refrac-
tile granules, arms extending to mid-
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length of body; tail, 0.330 (0.320-0.338)
long by 0.040 (0.038-0.042) wide,
shorter than body, blunt posteriorly.
Subcuticular cystogenous glands present
in body proper. '

Host: Anculosa subglobosa (Say)

Type locality: John’s Creek, Craig Co.,
Virginia.

Cercaria magnivesica is a sluggish
swimmer, spending most of the time
crawling along the bottom of the finger
bowl by utilizing its suckers. Its body
is capable of a certain degree of contrac-
tion and extension although not drama-
tically. By far the majority of the cer-
cariae emitted from infected snails are
found at the bottoms of finger bowls.
Continuous observation of C. magni-
vesica revealed that after swimming and
crawling for from 10-45 minutes, it un-
dergoes preparation for encystment by
losing its tail and its body contracts so
that it is practically round.

C. magnivesica develops in rediae
which are embedded between the gas-
tropod host’s hepatopancreatic tubules.
Unlike in the case of the rediae of C.
multiglandulosa, relatively few rediae of
C. magnivesica are present in each in-
fected snail. Approximately 10-25 rediac
per snail are present. Furthermore, each
redia only enclosed from 2-4 fully de-
veloped cercariae in its brood chamber.
This redia is very sluggish.

Description of redia (based on 5 speci-
mens): Body elongate, posterior end
more rounded than anterior end, 3.080
(3.020-3.152) long by 0.484 (0.463-
0.492) wide; pharynx at anterior termi-
nal, 0.210 (0.207-0.216) long by 0.124
(0.116-0.128) wide; intestinal cecum
unbranched, simple, 0.488 (0.484-
0.490) long, terminating in anterior one-
fourth of body; germ balls, 3-6 in num-
ber, situated in posterior portion of brood
chamber; fully developed cercariae, 2-4

in number, sluggishly motile, situated
more anteriorly, developing cercariae
may be present; no birth pore observed.

Since the morphological features of
Cercaria magnivesica, except for the pres-
ence of the large excretory vesicle and
the gonadal anlagen, is common to most
distomate leptocercous cercariae, it is dif-
ficult to state which of the known species
it is most similar to. However, a search
of the literature revealed that this cer-
caria resembles Cercaria complicata
Faust, 1930, to a certain degree but dif-
fers from it since it lacks the 6 pairs of
prominent penetration glands found in
C. complicata. 1t is surprisingly similar
to the cercariae of Fasciola spp. in pos-
sessing a pear-shaped body, no penetra-
tion glands, and apparently does not re-
quire a second intermediate host. How-
ever, its body dimensions are larger; its
tail is shorter than the body; its excretory
vesicle is conspicuously larger; there is a
prepharynx, and the morphology of the
redial stage is different from that of
Fasciola spp. in that no ambulatory buds
are present.

DISCUSSION
It is of interest to note that monosto-
mate cercariae of both the “Bioculate”
and “Trioculate” groups of Faust
(1917), which roughly correspond with
the “Urbanensis” and “Ephemera”

groups of Sewell (1922) respectively, do =

not require a second intermediate host
but will encyst on stones, aquatic vegeta-
tion, etc. and the encysted metacercariae
are ingested by the definitive host. In
this respect, Cercaria multiglandulosa dif-
fers biologically from the known cer-
cariae of these groups since it apparently
does not encyst outside of a host. The
utilization of a second intermediate host,
or possibly direct penetration into the
definitive host, is suggested by its pos-
session of prominent penetration glands
since the function of such glands is
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known to be associated with the process
of penetration. ]

The fact that the older rediae of C.
mudtiglandulosa only include fully de-
veloped cercariae and no birth pore is
present may be suggestive that the cer-
cariae escape by rupturing the redial wall
thus destroying the rediae in the process.
In addition, the synchronized develop-
ment of cercariae in rediae, i.e., the cer-
cariae develop at approximately the same
rate, is apparent since all the cercariae
observed in the older rediae are fully
developed. Even in younger rediae,
where germ balls exist in addition to fully
developed cercariae, the former have all
commenced to elongate thus indicating
that the process of differentiating into
cercariac has begun (see Cheng and
James, 1960; Cheng, 1961). No young
germ balls, i.e., those composed of a few
cells enveloped within a membrane, or
naked cell aggregates are present.

In the case of Cercaria magnivesica,
although only a few cercariae and germ
balls are present in the brood chambers
of the rediae, the relatively early stage
of differentiation and growth of the germ
balls observed in the same rediae in which
fully developed cercariae are also found
suggest that synchronized development,
as observed in the rediae of C. multi-
glandulosa, does not occur.

The absence of penetration glands in
C. magnivesica and its preparative be-
havior for encystment, ‘while attached to
the bottom of finger bowls, both suggest
that this cercaria does not require a sec-
ond intermediate host.
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FOOD HABITS OF THE TOADFISH, OPSANUS TAU (L.,
IN NEW JERSEY WATERS

John J. McDermott
Franklin and Marshall College, Lancaster, Pennsylvania

ABSTRACT

The digestive tract contents of 136 toadfish collected from 1952 to 1957 were analyzed.
One hundred seventeen fish were obtained in Delaware Bay and its tributaries while the
remainder came from the Mullica River. The fish ranged from 5.0 to 33.1 centimeters in total
length. There was a 2:1 ratio of males to females, and no female was over 28 centimeters in
length. Food organisms were found in 106 (78%) of the animals. Crustaceans were found
in over 98% of the fish with food. Xanthid crabs, hermit crabs and prawns were the dominant

food items among the thirteen identifiable species of crustaceans.

Neopanope texana sayi,

Pagurus longicarpus and Crangon septemspinosa were the dominant species. Although thirteen
species of molluscs were identified, their incidence and numbers were insignificant in com-
parison to the crustaceans. The incidence of fish in the stomach contents was also low. There
is a positive correlation between the availability of various crustacean species in the environ-

ment and their incidence as toadfsh food.

INTRODUCTION

The toadfish is a common permanent
inhabitant of the oyster grounds of New
Jersey and elsewhere along the Atlantic
coast. Suitable shelter and an abundance
of food organisms for this voracious
feeder are provided in the oyster-bed
community. Although the toadfish is
somewhat of an indiscriminate feeder, all
of the available evidence indicates that
its diet consists principally of crustaceans
(Linton, 1905; McDermott and Flower,
1952; Chrobot, 1951; Schwartz and
Dutcher, 1963). Reid (1954) reported
a similar predominance of crustaceans in
the stomachs of the related species Ops-
anus beta Goode and Bean from the
Gulf of Mexico.

Aside from the above mentioned
studies there is relatively little quantita-
tive information available on the food
habits of O. tau. Previous observations
on the food of this species in New Jersey
waters is limited to the short accounts of
Verrill (1871), Stauber (1943) and
McDermott and Flower (op. cit.). It is
the purpose of this paper to present the
food analyses of over one hundred fish
collected primarily in Delaware Bay and
its tributaries, and also in the Mullica

River, the principal tributary of Great

Bay located along the southern Atlantic
coast of the state. The food habits in re-
lation to the available bottom fauna will
be discussed.

COLLECTIONS AND METHODS
OF ANALYSIS

The majority of the 135 toadfish ex-
amined from 1952 to 1957 (Table I)
were collected in oyster dredges, while
the remainder were obtained with hook-
and-line or from the compartments in
cement blocks used as weights for oyster
spat collectors. One hundred and seven-
teen fish were collected from the New
Jersey side of Delaware Bay. Most of
these were captured on the main oyster-
producing areas of the Bay (Maurice
River Cove), while several were collected
in the adjacent tributaries. The other 18
fish came from the oyster beds of the
Mullica River.

The total lengths of most of the fish
were measured to the nearest 1/16 inch
and later converted to centimeters, while
others were measured to the nearest 0.1
centimeter (Table I). All but 12 of the
135 specimens were sexed. Of those not
sexed, 7 were in the 5-10 cm. category.
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TABLE 1

Toadfish collections

Location

Number, mean total length and range (cm.)

and year Apr. May June July Aug. Sept. Oct. Nov.
. -
Dela\;/gg% Bay 9 1 13 14
20.4 8.2 21.4 21.9
8.0-27.0 5.0-32.0 5.2-30.0
29
UEEs 24.5
16.8-31.1
1954 1
20.9
24 25
135 254 21.5
16.0-33.1 13.1-26.7
1957 1
30.8
Mullica River
1955 3 7 2
20.5 21.7 17.8
15.3-31.0 14.8-26.0 14.7-20.0
1956 6
20.9
5.3-24.8

o
W
@m
=
oo}
4

Fig. 1.
from

D TOTAL

. WITHOUT FOOD

20 22 24
TOTAL LENGTH — CM.

1952-1957.

1ze distribution of toadfish in one-centimeter intervals collected in Delaware Bay
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from the Mullica River (Table IIT).
Data presented in Table II (last column)
reveal that crustaceans account for
94.8% of the toadfish food. The two
fish collected in November, 1954, and
October, 1957 (Table I), were both
feeding on crustaceans. The former con-
tained 2 Eurypanopeus and 1 Panopeus,
while the latter had 1 large Pagurus pol-
licaris with Crepidula fornicata and C.
plana attached to its shell.

Xanthid crabs comprised 54.1% of
the fish food, with Neopanope the domi-
nant species. As many as 12 of the lat-
ter were found in a single fish. Since the
bulk of the fish were collected in Dela-
ware Bay proper, where Neopanope is
the most common xanthid (McDermott
and Flower, 1952; McDermott, 1960),
there is a positive correlation between the
availability of this crab and its incidence
in the toadfish. Rhithropanopeus was
found in five fish from the Delaware Bay
collections. These fish were captured in
the tributaries of the Bay. This crab is
the dominant species in the lower salinity
areas. Twelve of the 14 crabs came
from toadfish collected in the Maurice
River and Nantuxent Creek. This spe-
cies also appeared in 2 of the 9 fish from
the Mullica River. It would appear that
there is no preference for certain xanthid
species but the availability of the species
determines their incidence as toadfish
food. Schwartz and Dutcher (1963)
found only Rhithropanopeus and Eury-
panopeus, of the five species of xanthids
occurring in Chesapeake Bay, in the large
number of toadfish which they examined.
This correlates very well with the known
distribution of these two species in the
headwaters of the Bay (Ryan, 1956).

Pagurus longicarpus is the next most
common food item in Delaware Bay. As
many as 12 were found in a single
stomach. In Delaware Bay it is the domi-
nant hermit crab on the oyster grounds,

whereas the larger P. pollicaris occursg
predominantly in the lower high-salinity
regions, but even here it is subordinate to
the other species. There appeared to be
no seasonal differences in the incidence
of these pagurids or the xanthids men-
tioned previously.

The prawn, Crangon septemspinosa,
was far more prevalent in the digestive
tracts than Palaemonetes sp. (probably
vulgaris). The annual and seasonal in-
cidence of Crangon was rather erratic. In
1952, one prawn was found in the 9 fish
with food collected from June 5-28, while
none was found in the fish obtained in
August and September. Of the 29 fish
collected in June of 1953, 7 had fed on
this species. In 1955, 19 of the 24 fish
collected in May had Crangon, with up
to 10 in a single stomach. However, in
the July collection of the same year
prawns were absent. These observations
indicate that Crangon may be one of the
more important food items in the diet of
the toadfish during the spring.

Callinectes and Libinia are common
residents of the oyster beds, but they
were rarely found in the toadfish. Oval-
ipes, a more stenohaline species and not
a frequent inhabitant of the oyster beds!
of Delaware Bay, would not be expected
to be a significant item in the diet. Tts
only occurrence was in May, 1955, in a
fish from the lower part of the Bay along|
the Bay Shore Channel.

Upogebia affinis, the mud lobster, was
found in one fish from Delaware Bay
and in three from the Mullica River.
This animal is the only truly burrowing
species of all the crustaceans listed. AS
it seldom if ever leaves its burrow once
it becomes established (Pearse, 1945,
one would not expect it to be a very
common food item.

Although 13 species of molluscs were
identified in the intestinal contents of the
toadfish, there appears to be no ques-
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tion that they were incidental items in
the diet. Their low frequency of occur-
rence and very small numbers (Tables
II and III) illustrate this point. Ap-
proximately 4% of the toadfish fooq
consisted of molluscs but about half of
this figure consisted of the various Crepi-
dula species which were always attached
to or associated with hermit crabs in the
same stomach. These limpets are just as
incidental as the hydroid Hydractinia and
the tubiculous annelid Sabellaria which
were also found on the hermit crab shells.
The other four species of gastropods
were always associated with large num-
bers of crustaceans except in one case
where one Anachis was the only food
item present.

The clams Mya and Ensis found in a
single stomach in June, 1952, were prob-
ably of the 1952 year-class, and were
thus very small nad fragile. The same
fish had 2 Neopanope and 5 P. longi-
carpus in its stomach. In a fish collected
in September, 1952, the fragments of ap-
proximately 2 oyster spat were found
with 5 Neopanope and 5 P. longicarpus.
The other small bivalves were also al-
ways associated with many crustaceans.

It appears that the ingestion of mol-
luscs by the toadfish is only a chance oc-
currence, that is, they are taken up inci-
dentally by the toadfish in its quest for
the more conspicuous surface dwelling
crustaceans. Stauber (1943), who was
interested in the predators of oyster drills
ir.l Delaware Bay, drew the same conclu-
sion concerning Urosalpinx cinerea. He
examined an undetermined number of
toadfish, and on only one occasion did
he find that a living Urosalpinx had been
ingested. Any other drill shells were
usually inhabited by hermit crabs.

' Fis.h are probably a more important
ltem in the diet than are the molluscs.
The remains of fish were found in 6 of
the 97 toadfish from Delaware Bay, and

3 of the 12 from the Mullica River. If
volumetric data were obtained there is
no doubt that their value as toadfish food
would be considerably greater than the
molluscs. Schwartz and Dutcher’s
(1963) observations suggest the same
conclusion. The only fish identified in
the present study was a seahorse from a
Mullica River specimen (Table IIT).

There were no apparent seasonal food
species preferences in the toadfish except
for the one suggested above. Further-
more, there did not appear to be any dif-
ferences in the food habits between the
sexes or in various size groups within
each sex. Even the very young fish
(under 10 cm. in length) fed primarily
on crustaceans such as small mudcrabs,
prawns and amphipods.

The nematode Contracaecum habena
(Linton) was found in the digestive tracts
of 80.1% of the toadfish collected in
Delaware Bay (Table IT) and in 66.7 %
of the small sample from the Mullica
River (Table III). These data confirm
the generally high incidence of this para-
site as reported for other areas by Linton
(1905), Gudger (1908), Chrobot
(1951), and Schwartz and Dutcher
(1963).

DISCUSSION

Linton (1905) examined the digestive
tracts of 136 toadfish from Beaufort,
North Carolina. As his primary con-
cern was the degree of parasitic infection,
he did not present quantitative data
which can be compared easily with those
of the present study. Nevertheless, his
observations showed that crustaceans
comprised the bulk of the diet. In 34
(90%) of the 38 collections of toadfish
with food (1 to 11 fish per collection)
crustaceans of various species were
found. Hermit crabs, shrimps and a
variety of other decapods were the domi-
nant forms.
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Reid (1954) examined 26 Opsanus
beta collected at Cedar Key, Florida.
Twenty-two contained food. Various
brachyurans occurred in 82% of the
stomachs, and penaeid and crangonid
shrimps were found in 32%. Hermit
crabs, while present, were not important
food items.

Verrill’'s (1871) observations are of
special interest with regard to the Mullica
River information. He examined toad-
fish collected in the Great Egg Harbor
area of New Jersey, and the Mullica
River is a part of this estuarine system.
Callinectes, Crangon and Palaemonetes
were the principal food species, but he
also “often” found the mud snail Nas-
sarius obsoletus and small fishes includ-
ing the pipefish Syngnathus. While he
apparently did not find Upogebia in the
toadfish, he did record this burrowing
species from the flounder, Lophopsetta
maculata, collected in the same region.

The present study confirms the obser-
vations of previous investigators (op.
cit.), that Opsanus tau feeds primarily on
crustaceans. Only two of the 106 fish
with food (less than 2%) lacked some
species of crustacean in their digestive
tracts. The importance of the individual
species in the diet is probably related to
their availability or abundance in the
particular environment. The uniformity
of the per cent frequency of Neopanope
in toadfish stomachs collected in Dela-
ware Bay during 1952, 1953 and 1955
is one illustration of this point (Table
1I). The dominance of Rhithropanopeus
in toadfish from low salinity areas is an-
other example, and this was also shown
quite clearly in the data of Schwartz and
Dutcher (1963).

Nearly all of the crustaceans listed in
Table II are surface dwelling or epi-
faunal species and consequently would
be more subject to capture than some of
the burrowing crustaceans, bivalves, gas-
tropods and polychaetes. The conspicu.
ous activity of the crustaceans may at-
tract the toadfish whereas, for example,
the sluggish activity of some of the sur-
face dwelling gastropods may not. Toad-
fish collected in areas where the snail
Nassarius obsoletus was very abundant
apparently did not consume this species.
In the same areas, sprightly hermit crabs
inhabiting Nassarius shells were frequent-
ly found in the intestinal contents.

Toadfish collected in the dredges o
the commercial oystermen of Delaware
Bay are often killed with the oyster cull-
ing tools and thrown overboard. This
practice would seem inadvisable in light
of the fact that the toadfish is a predator
of the xanthid crabs which in turn are

known predators of oysters and other

commercial bivalves
1960).
toadfish would appear to be an important
element in the population dynamics of
the crustaceans comprising the oyster-
bed community.

(McDermott,
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MICROSPECTROPHOTOMETRY OF THE
ANTERIOR PITUITARY OF THE PIG

Kenneth Rockwell** and Adam Anthony
The Pennsylvania State University, University Park, Pennsylvania

ABSTRACT

Absorption spectra, obtained with a simplified microspectrophotometer from 2 micron?

cytoplasmic areas of PAS-positive cells of the porcine anterior pituitary, permit the differentia- =

tion of two types of basophils. Such studies may aid in the .standardization of techniques
used to demonstrate specific cell types and the quantification of intracellular hormones.

INTRODUCTION

Our present concepts of the cytophy-
siology of the anterior pituitary are far
from complete (8, 10). Six hormone
fractions are known to be secreted by the
adenohypophysis (4), and many studies
have attempted to link these hormones
to histologically distinct cell types. Classi-
cal staining techniques differentiate only
3 cell types within the gland (11) while
modern histochemical procedures permit
further differentiation (1, 7, 9, 13).

Photometric analysis of tissue sections
has facilitated the quantification of nu-
clear desoxyribonucleic acid in pituitary
cells (6) and the characterization of
cytoplasmic  constituents (2). Such
studies support the belief that microspec-
trophotometry may provide the histologist
with the microbioassay tool necessary for
identification and quantification of in-
tracellular hormones in endocrine tissues
(14,

A simplified microspectrophotometer
patterened closely after an instrument
described by Strother and Wolken (12)
has been constructed in this laboratory.
It is being used to study the basophil cells
of the anterior pituitary. We wish to
present the results of some pilot studies
done on periodic acid-Schiff stained, por-
cine, anterior pituitaries and describe the
major details of this instrument and its
operation.

©o Asst, Prof. Biology, Juniata College and doc-
toral candidate at Pennsylvania State University. This
work was supported in part by Public Health Re-
search Grants GM-05112 and GM-07678 from the
Division of General Medical Sciences.

MATERIALS AND METHODS
Tissues:

Whole pituitary glands were dissected
from the heads of 5 immature female and
6 castrate male pigs (average live body
wt. = 204 = 5 1bs.) within 10 minutes
of the time of death. Subsequent ob-
servation of the glands showed no dif-
ferences in the cell types present, and all
animals were treated as a single group.
Freshly removed glands were placed in
isotonic saline at 0° (C. for return to the
laboratory. One half of each of the
glands was fixed in 10% formalin, rinsed,
dehydrated in dioxane (2 changes, 2
hours each), and embedded in paraffin;
blocks were sectioned at 6 p. Mounted
sections of each gland were hydrated,
oxidized for 5 minutes in 1.0% aqueous
periodic acid, and immersed in Schiff’s
reagent (5) for 15 minutes. After rins-

ing in bisulfite solutions and tap water,)
the sections were stained in Harris’ he-
matoxylin to bring out nuclear details,:
dehydrated in alcohol, cleared in xylol;

and mounted in Permount.
Microspectrophotometer:

The microspectrophotometer used in
this study differs little from the simpli-
fied microspectrophotometer (M-1) de
scribed by Wolken and Strother (14).

Construction of the present instrument]
was carried out, in part, with the assist-*

ance of Dr. G. K. Strother. The majo

components of the instrument are shown!
in Fig. 1. Absorption spectra are ob-

tained using the 90X, oil immerision ob-
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jective of the microscope with individual
readings being taken at intervals of
10mp. throughout the wavelength range
of 400 to 700 mg. At this magnification
the area from which the spectrum is ob-
tained does not exceed 2 p?2. Calcula-
tion of the percent absorption for any
given wavelength requires that two read-
ings be made as close to simultaneously
as possible. The first of these is taken
with the photoconductive cell in place
over the specimen, while the second is ob-

tained from an adjacent area of the slide.
Accordingly, specimens for study are
selected, in part, on the basis of their
proximity to blank areas of the slide.
Raw data are corrected for uneven il-
lumination of the microscope field by ob-
taining readings from the photoconduc-
tive cell in both “on” and “off” positions
without any specimen in place. From
these readings a correction factor is cal-
culated. Percent absorption, so deter-
mined, is plotted against wavelength to

F.igure l: Drawing of Microspectrophotometer - major components
21. H'olgsmg for CdSe. photoconductive cell (Clairex Corp., N. Y.).
. Sliding shutter with reflective underside mounted above a viewing ocular used

f‘:‘) (;ocate the photoconductive cell over exact portion of specimen to be examined.
Spencer research microscope, apochromatic objectives, revolving, calibrated,

B. & L. (model 33-86-02) diffraction grating monochromator, with tungsten fila-

Hewlett-Packard (model 412 A) DC vacuum-tube voltmeter, used to display the

3.

! mechanical stage, and substage condenser (N.A. = 1.3).
ment lamp.

2. B. & L. Nicol illuminator, used as source of white light.
output of photoconductive cell.

Bi :
1as Voltage Control, wired between the photoconductive cell and the voltmeter

and used to balance the darkfield output of the photoconductive cell and bring

the voltmeter to zero before taking

a reading.
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give a spectral curve characteristic of the
specimen. The results presented are
based on spectral data obtained from a
total of 60 individual cell determinations.
Replicate determinations were made ini-
tially on the same cell. However, since
the spectral curves were reproducible
even on adjacent sections of the same
cell, this was not adopted as routine pro-

cedure.
RESULTS

To check the performance character-
istics of the above instrument, an absorp-
tion spectrum was obtained using a Corn-
ing CS 1-60 didynium glass filter in place
of the usual tissue specimen. Comparison
of the spectrum so obtained with a spec-
trum for the filter, supplied by the manu-
facturer, shows that tthey are in close
agreement (Fig. 2) and indicates that
the sensitivity of the instrument is satis-
factory for the investigation of biological

100

90

Microspectrophotometer

materials. - -

analyses of two visually distinct, PAS-
positive, basophil cell types, can be sum-
marized as follows: (1) both the PAS-
red and PAS-purple cells have absorption
spectra of the same general shape with
an absorption maximum in the wave-
length range from 480 to 620 mp. (2)
the two cells, however, can be differ-
entiated ‘on the basis of the magnitude of
the absorptive index (percent absorp-
tion) in the violet region of the spectrum
(400 to 440 mu.). Since all of the spec-
tral data obtained for the two types of!
basophils studied gave the same results,
only one typical series of spectral runs,
based on three individual cells of each
type, is shown in Fig. 3. For visua
orientation, the in vitro spectrum of}
Schiff’s reagent reacted with formalde-
hyde (obtained with a Beckman DB

Manufacturer' s data

The major results, based on spectral
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spectrophotometer) is superimposed on
the mean spectral curves of the PAS-red
and PAS-purple basophils.

The absorption spectra for the two
types of basophils are observed to be in
close agreement except at wavelengths
shorter than 450 mp. At these shorter
wavelengths, PAS-red cells show greater
absorption than PAS-purple cells. This
is precisely the difference which would
be predicted from visual identification of
the two cell types. The close agreement
of the greater portion of the mean ab-
sorption spectra for both PAS-positive
cell types with the in vitro absorption
spectrum of Schiff’s reagent after adding
formaldehyde can be taken as positive
evidence that the color seen in the tissue
sections is due to the occurrence of the
Schiff-aldehyde reaction at appropriate
cellular sites.

DISCUSSION

Halmi (3) was among the first to sug-
gest that pituitary basophils could be sub-

divided into at least two different struc-
tural and functional types. Purves and
Griesbach (9) subsequently demon-
strated that similar differentiation of
basophil cell types was possible in pitui-
taries stained with the periodic acid-
Schiff technique alone. The porcine an-
terior pituitary gland displays at least two
distinct PAS-positive cell types based
upon slight differences in the color of
the stain and upon the general structure
of the cells. The first of these types con-
sists of large, round cells with vesicular
nuclei and cytoplasm homogeneously
filled with smail, red, PAS-positive gran-
ules. These were designated PAS-posi-
tive, red cells. The second type consists
of smaller, more irregular cells with
smaller nuclei and cytoplasm packed
with dense, PAS-positive material stain-
ing deep magenta. These were designated
PAS-positive, purple cells. No attempt
has been made to determine the endoc-
rine functions of these two types. How-
ever, on the basis of differences in cyto-
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morphology, staining affinity with PAS
and spectral characteristics it is reason-
able to conclude that they are function-
ally distinct. Further analysis of the
specific functions of these cell types
would be desirable.

Fand and Thorell (2) recently have
demonstrated that the intensity of the
color developed in the PAS reaction is
proportional to the amount of the given
glycoprotein hormone present, although
the chromogenicity per biological unit
varies from one hormone to another.
The possibility thus exists for utilizing
this reaction to quantify the amount of
intracellular hormone under varying phy-
siological conditions. To obtain such
measurements, the exact thickness of the
tissue section must be known. Studies
are presently underway in this laboratory
to discover a simple, reliable method for
obtaining such data which does not re-
quire the use of interference microscopy.

We are persuaded that microspectro-
photometric analysis of endocrine organs
such as the anterior pituitary can yield
important qualitative and quantitative in-
formation concerning the specific func-

tion of individual cells within intact or-
ganisms. Responses of individual cells,
in terms of hormone output, to chang-
ing physiological conditions could be fol-
lowed in routinely prepared microscopic
tissue sections, a procedure not previous-
ly possible.

SUMMARY

A simple microspectrophotometer has
been constructed in this laboratory and
is being used to characterize the periodic
acid-Schiff positive cells (basophils) of
the porcine anterior pituitary. Prelimi-
nary studies have shown that this instru-
ment is capable of detecting qualitative
differences in cells judged to be of dif-
ferent types on the basis of appearance in
pituitary sections. Specifically, it was
found that PAS-purple basophils have a
lower absorptive index than PAS-red
basophils in the 400 to 450 mp. region
of the visible spectrum, although the
maximum absorptive band is the same
(560 mp.). Studies are presently un-
derway to further characterize these cell
types spectrophotometrically and to de-
velop possible methods for quantification
of intracellular hormone content.
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PROBLEMS IN PRODUCING CHANGES IN CHROMOSOME BEHAVIOR

Alburt M. Rosenberg
Swarthmore College, Swarthmore, Pennsylvania

ABSTRACT

Approaches to experimental formation of polytene chromosomes are discussed. Specula-
tions are advanced that a chromosome may be viewed stoichiometrically.

It should be possible soon to evoke the
more gross behavioral patterns of
chromosomes by manipulating their en-
vironment. There is a growing effort
(7) to apply to cell division processes
the insight we have from the DNA, mes-
senger RNA, ribosome protein factory
model. Flying in the face of today’s too
neat and tidy nucleic acid dogma, studies
with excesssively irradiated wheat seeds
(2) have shown that correlative growth
and differentiation into seedlings is pos-
sible without DNA synthesis or cell divi-
sion going on. In addition there re-
mains the possible uncoupling of nuclear
division and cytokinesis in many forms,
both normal and abnormal, even though
generally chromosomes are equally dis-
tributed to two daughter cells.

Much of the chromosome behavior one
is interested in involves the movements in
the mitotic and meiotic dances. We
should be attempting the production of
these movements in isolated subcellular
systems. And once the normal process
has been elucidated, there are the weird
variations yet to explain. Metz (5) has
described in Sciera a monopolar condi-
tion in which some of the chromosomes
move opposite to the direction in which
their spindle fibers pull them. This ani-
mal also provides us with instances of
special chromosomes limited only to the
germ line, precocious behavior of sex
chromosomes moving before the others
from the metaphase plate, and finally
nuclear membrane formation which is
completed before all the chromosomes
have reached the newly forming nuclei.

But perhaps most fascinating is the
problem of formation of the giants. We
are certainly still full of questions con-
cerning development of the very large
specialized chromosomes (1) as the
ovarian lampbrush chromosomes and the
highly polytene forms in certain dipteran
cells. The familiar giant polytene chomo-
somes of the salivary gland of Drosophila
more than match the nuclear duplication
in the polyploid salivary gland cells of the
snail, Helix (8). Yet as far as interpret-
ing the initiation of either, we have no
satisfactory mechanism.

For modification of chromosomes
along the path to polyteney, there are
four approaches open to the researcher:
1) to produce the proper induction to
become polytene by the fortunate addi-
tion of the effective chemical or chemi-
cals at the right position, concentration,
and time. 2) to interfere with the pro-
cess in the normal development of poly-
teney and hope to explain the effect of
the inhibiting agent employed. 3)to dis-
cover natural biological variations in
ploytene production within or between
species in which there are also seen cor-
relative chemical differences. 4) to move
chromosomes from cells in which they
do not become polytene to cellular en-
vironments in which chromosomes norm-
ally become polytene.

Some transplantation experiments (3)
of giant chromosomes have been under-
taken to observe the puffing reaction of
the specific bands of the chromosome to
specific cytoplasmic situations. Other
transplants (4) have been accomplished
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to introduce radioactive forms of native
nuclear proteins and nucleic acids in or-
der to follow autoradiographically the
movement of macromolecules into re-
cipient cytoplasm or nucleus. Attempts
should be made to introduce a normal
diploid cell into a salivary gland cell. As
yet unavailable is a culture medium in
which to maintain isolated salivary
glands while chromosome differentiation
proceeds, or a suitable medium in which
to move nuclei about. To date one either
pipettes a donor nucleus within a blob of
its original cytoplasm or micro-probes
the nucleus through two plasma mem-
branes when donor and recipient cells are

tightly opposed. Beside the basic im-

portance of such proposed studies to
chromosome physiology, the possibility
of making giant chromosomes in any or-
ganism, including a human, offer intri-
guing cytogenetic possibilities.

Most chromosome cytologists have
studied, for basic or applied science rea-
sons, the behavior of chromosomes fol-
lowing irradiation (6). This work will
continue to furnish clues and more diffi-
culties for tomorrow’s physiology of the
chromosome.

In pursuing studies of chomosomes it
it well to remember there is a realm of
stoichiometry in living systems and there
is a realm of chemical mixtures. Al-
though we no longer dream of a biogen
molecule of protoplasm, yet our view of
the cell has developed with more and
more definite molecules found within the
cell. These are definite chemical entities.
We talk of a definite protein although it
may change its three dimensional con-
figuration, its binding to different coun-
ter ions at its charged sites, or its com-
bination with substrate and regulator
molecules. Currently viruses are viewed
in the main as macro-molecular com-
plexes for which one should be able to
write structural formulas good to the last
carbon atoms. By the time we reach
the level of bacaeria, though, we have left
the realm of the law of definite atomic
proportion. However, might the chomo-
some, except for its skin, be a specific
macromolecular complex precise to the
last atom? = Perhaps even the polytene
chromosome will be ultimately suscepti-
ble to synthesis by an artful organic
chemist.
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ELECTROPHORETIC, SOLUBILITY, AND CRYSTALLINE STUDIES
OF GALLINACEOUS HEMOGLOBINS

Bob G. Sanders, S. Friedman, and C. Bleifeld
Department of Biology, Lafayette College, Easton, Pennsylvania

ABSTRACT

Hemoglobin of three species of gallinaceous birds were examined as to electrophoretic,
solubility, and crystalline differences. These species were: domestic fowl (Gallus domesticus),
Japanese quail (Coturnix coturnix), and bob white quail (Colinus virginianus). Each hemo-
globin exhibited two electrophoretic components with identical mobilities; however, the three
hemoglobins differed on the basis of solubility and crystalline formation. Intra-specific

hemoglobin differences were not found.

INTRODUCTION

Within the past few years rapid de-
velopments have occurred in the study
of hemoglobins. This paper is involved
with three aspects of Gallinaceous hemo-
globins: electrophoretic, solubility, and
crystalline. The species of Gallinaceous
birds involved in this study were: do-
mestic fowl (Gallus domesticus), bob
white quail (Colinus virginianus), and
Japanese quail (Coturnix coturnix) . This
experiment was begun as an attempt to
find interspecific as well as intraspecific
hemoglobin differences that could be
used as appropriate genetic markers.

Electrophoretic: The electrophoretic
analysis of bird hemoglobin is a relatively
unexplored field. Johnson and Dunlap
(1955), Misra and Choudhury (1960,
and Fraser (1961) worked with chicken
hemoglobin and found-two distinct frac-
tions with paper electrophoresis. Fraser
(1961) found a complete reversal of the
concentrations of hemoglobin with chick
development. The slower moving frac-
tion of the embryonic hemoglobin con-
tained 84 % of the protein, while at the
time of hatching this fraction contained
only 28% of the protein, and this
situation remained through adult life.
D’Amelio and Sulvo (1959), working
with starch, found three fractions for

1A contribution from the Laboratory of Immuna-
fencetics, gcnks Biological Laboratories, Lafayette Col-
A‘:'l!l'- made possible by s Research Grant from the
Cgvuncc-d Studies and Research Fund of Lafayette
I }1989- The author is grateful to Mr. Jack Carty,
Wlayette College for photographic assistance.

chicken hemoglobin. Agar plate dou-
ble diffusion tests indicated that two of
the fractions exhibited serological speci-
ficity. The third and slowest moving
fraction had specific serological charact-
eristics. )

More extensive work has been done
in human and other mammalian hemo-
globins. Popp and Cosgrgove (1960)
found different electrophoretic patterns
for different strains of inbred mice.
Much of the work in hemoglobin electro-
phoresis in humans has been summarized
by Ingram (1963).

Solubility and Crystalline: Popp and
Cosgrove (1960) have found that gene-
tically different mouse hemoglobins dif-
fer in solubility and in crystal formation.
Using a different technique of crystalliza-
tion, Drabkin and Wise (1962) were
able to separate artificial hybrid hemo-
globins of dogs and albino rats. Conse-
quently, there appears to be a sound
basis for the use of this technique as a
means of determining hybridization and
genetically pure lines.

Hemoglobins have also ‘been artifi-
cially crystallized by Pick (1962) using
polarized light and by Ellfolk (1963)
with the use of chromatographic paper
and ammonium sulfate. Adding strength
to the concept of using solubility and
crystalization as means of separating
hemoglobins is the recent work of Rumen
and Love (1963). By observing minor
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differences in crystals and in solubility in
strong salt solutions, they were able to
separate lamprey hemoglobin into 6 frac-
tions.

MATERIALS AND METHODS

Electrophoresis: The following pro-
cedure, adopted from Block, (Durram
and Zweig (1958) was followed in pre-
paring the hemoglobins: The blood was
collected by cardiac puncture with sodium
citrate as the anti-coagulant. The ery-
throcytes were separated from the serum
by centrifugation. The serum was dis-
carded, and the cells washed three times
with 0.75% sodium chloride to remove
serum proteins. After the third washing
an equal volume of distilled water was
added to the packed erythrocytes. To
this, 0.4 % of the total volume of toluene
was added and agitated 30 minutes to
remove the lipid content. This mixture
was centrifuged, and the layer contain-
ing the hemoglobin was removed with a
disposable pipette. The resulting hemo-
globin was used directly or stored at
-20° C.

The electrophoretic epuipment em-
ployed was a Beckman Durrum type
electrophoresis migration chamber
(Model R, Series D) supplied with cur-
rent by a Spinco Duostat. Two buffers
were used with the first Veronal buffer
maintained at a pH 8.6, and the second,
Sodium and Potassium Phosphates, main-
tained at a pH of 5.2. 0.01 ml samples
of hemoglobin containing 3 grams of
proteins per 100 grams were used. All
migrations were for 18 hours at starting
and terminal sources of 5 milliamperes
and 52 volts. The electrophoretic strips
(Whatman No. 1 paper) were stained
in the customary manner with alcoholic
bromophenol blue, then treated with am-

—— L

pared following the method outlined by
Popp and Cosgrove (1960). Erythro-
cytes were obtained by heart puncture
and treated as previously described in
washing erythrocytes for electrophoretic
studies.

Varying molarities of buffer were pre-
pared by mixing the phosphate buffer
with distilled water in appropriate prede-
termined amounts. Preparations con-
tained 0.1 ml of HbCO in a total volume
of 5.0 ml distilled water added as neces-
sary to change the molarity of the phos-
phate buffer. Each reduction in the buf-
fer by 0.1 cc and a corresponding in-
crease in the amount of water reduces
the molarity of the final buffer solution
by 0.07. Washed erythrocytes (0.1 cc)
were added to the tubes with an equal
amount of distilled water to hemolyze
the cells. This addition of blood also
reduces the molarity of the buffer solu-
tion by 0.07.

Carbon monoxide was bubbled
through the hemoglobin solution for one
minute to convert the oxyhemoglobin
(HbO,) to carbon monozyhemoglobin
(HbCO), a procedure that reduces the
rate of hemoglobin deterioration. The
buffer solution was added to the carbon
monoxyhemoglobin and shaken vigorous-
ly to produce a foam which slows the
transfer of gases which, in turn, slows
the rate of hemoglobin deterioration.
The tubes were incubated at 30° C. for

twenty hours and filtered. The optical"

density of the filtrate was recorded with
a Coleman Junior Spectrophotometer
with the wavelength at 575 millimicrons.
The optical density was plotted as a func-
tion of buffer molarity. Precipitate forma-
tions were examined under a microscope
at 100 X for characteristic shape and
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ginianus, and 4 samples of Gallus domes-
ticus hemoglobin were analyzed indivi-
dually with each showing comparable
electrophoretic patterns. In all cases,
hemoglobin examinations involved adult
birds representing both sexes.

Two electrophoretic fractions, desig-
nated A and B in order of their electro-
phoretic mobility measured in mm from
point of application, were present in the
3 different hemoglobins with fraction B
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1,24

0.9 Gallug domesticus
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representing the major hemoglobin frac-
tion in each of the three species. The
mobilities of A and B were identical, with
50 mm for fraction A and 69 mm for
fraction B for each of the three species
of birds when examined with the sodium
and potassium phosphate buffer main-
tained at a pH of 5.2.

Solubility and Crystaline: Figure 1
shows the salting-out curves for HbCO
as prepared from erythrocytes of the
three species of birds.

Coturnix coturnix

Colinus virginianus

0
2,10 2,17 2,31 2745 2.59

2173 2,87 3,01 315 3,29

Molarity of K2HPO4-KH2P04 at pH 6.5
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Table 1. Comparison of hemoglobins of three Gallinaceous birds as to electrophoretic, solu-

bility, and crystalline properties.

Genus and species Electrophoretic Patterns

Solubility Crystal formation

(No. fractions) (Mobilities mm) (Optical Density) (Type) (Size in mm)

Gallus domesticus 2 50—69 1.0-1.3 Needle 0.3100 x 0.00775
Colinus virginianus 2 50—69 0.8-1.1 Needle 0.1550 x 0.0310
Coturnix coturnix 2 50—69 0.6-0.8 Needle 0.0620 x 0.0155

The individuality of a particular hemo-
globin is determined by observing the op-
tical density at a determined molarity.

Fig. 2—Crystalline Formations

A. Gallus domesticus

B. Coturnix coturnix

C. Colinus virginianus

The saltingout curve for Gallus is dis-
tinct; however, the curves for Colinus and
Coturnix are quite similar.

A comparison of the electrophoretic
fractions, optical density, and crystalline
properties are depicted in Table 1.

The electrophoretic patterns are iden-
tical; however, the solubility and crystal-
line properties are characteristic for the
particular species. The greatest amount
of distinct crystals with Gallus hemo-
globin was observed between 2.59-2.94
molarities. Molarities below :2.59 con-
tained few crystals; whereas, molarities
above 2.94 gave few distinct crystals
with  much amorphous precipitation.
Colinus and Coturnix hemoglobin ex-
hibited characteristic crystals between
molarities 2.80-2.94. Molarities below
2.80 exhibited very few crystals and those
above 2.94 exhibited few crystals with
much amorphous precipitation. Figure
2 depicts the characteristic crystalline
formation. Crystals were formed in 2.80
M phosphate for Gallus, 2.73 M phos-
phate for Coturnix and Colinus — the
molarity at which size and definition
seem to be maximum.

DISCUSSION

Comparative studies as to electro-
phoretic fractions and mobilities of hemo-
globin from Gallus, Colinus, and Cotur-
nix failed to reveal hemoglobin differ-
ences. Hemoglobin from the three spe-
cies of birds contained two fractions with
fraction B being larger. Also, the mobi-
lities were identical with fraction A
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migrating 50 mm and fraction B migrat-
ing 69 mm, respectively.

However, additional studies involving
solubility and crystalline properties of
hemoglobins clearly demonstrated that
the three hemoglobins were distinct.

The optical density of HbCO filtrate is
an expression of the solubility of HbCO
at a specific pH and salt concentration.
Since K,HPO,-KH,PO, at pH 6.5 has a
large buffering capacity, the pH of ‘the
solution remains essentially constant as
HbCO is salted out. As can be seen
(figure 1), small differences in salt con-
centration caused significant changes in
HbCO solubility. Thus, the optical den-
sity varies with the molarity used. Red
blood cell antigenic studies of Gallinace-
ous birds by Sanders and Novikoff
(1962) demonstrated that a greater im-
munological affinity is indicated between
Colinus and Coturnix than between
Colinus and Gallus or Coturnix and
Gallus. It is of interest to note «(figure 1)
the close similarities of the salting-out
curves in Colinus and Coturnix hemo-
globins. The crystals formed from the
three hemoglobins were needle-like in ap-
pearance and varied as to size (Table 2).
No intraspecific differences in needle
formation were observed for Gallus and

Coturnix. However, 3 Colinus hemo-
globins failed to exhibit needle formation
at 2.73 Molarity. Amorphous crystals
were observed; however, the optical den-
sity readings were identical for all Colin-
us hemoglobins studied.

The final optical density readings were
slightly less than the initial readings.
This was probably due to some non-spe-
cific denaturation of labile hemoglobin.

CONCLUSIONS

1. Hemoglobin from adult Gallus
domesticus, Colinus virginianus, and
Coturnix coturnix were examined as to
electrophoretic, solubility, and crystalline
properties.

2. The three hemoglobins exhibited
two electrophoretic fractions with identi-
cal mobilities.

3. Solubility and crystalline properties
were characteristic for the particular spe-
cies when examined with K,HPO.,-
KH,PO, buffer maintained at pH 6.5.

4. Intraspectific diferences in needle
formation and solubility were not ob-
served in Gallus and Coturnix hemo-
globin.

5. Intraspecific differences in needle
formation were observed for Colinus
hemoglobin at 2.73 M phosphate buffer.
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CELLULAR ENERGETICS IN LIVER AND KIDNEY HOMOGENATES
OF THE CARP (CYPRINUS CARPIO)*

Adam Anthony and Donald W. Munro
Department of Zoology, The Pennsylvania State University, University Park, Pennsylvania

ABSTRACT

Respiration rates of kidney and liver homogenates of Cyprinus carpio were measured
using an oxygen electrode respirometer. The cellular factors regulating respiration in carp
tissues proved to be the same as exist in warm-blooded animals; however, the respiratory
enzyme concentrations were higher in carp kidney than in carp liver.

INTRODUCTION

Present knowledge of cellular ener-
getics in vertebrates is mainly based on
studies using tissues from homeothermic
animals, most commonly the rat. Little
information is available on metabolic
regulatory mechanisms in tissues from
cold-blooded animals. The need remains
to determine the extent to which the cel-
lular metabolic reactions demonstrated
in mammalian tissues can be applied to
explain metabolic regulatory mechanisms
in poikilotherms, which differ from
homeotherms in their oxygen depend-
ence, metabolic requirements and tem-
perature dependence (1, 2).

An approach which has proven useful
in studies of tissue energetics is polaro-
graphy, or oxygen electrode respirometry,
since this method facilitates the rapid
measurement of respiration rates in small
samples of isolated tissue (3). The pres-
ent study deals with the polarographic
analysis of respiration rates in kidney and
liver tissue from carp (Cyprinus carpio).
Specifically, the investigation entails: (a)
the measurement of endogenous respira-
tion rates of carp kidney and liver tissue
homogenates, (b) measurements of the
effects of the metabolite, succinate, and
of the effects of the two nucleotides, ade-
nosinediphosphate (ADP) and adenosi-
netriphosphate (ATP) on the respiration
rates of carp tissues, and (c) evaluation

of these measurements in terms of the
® This investigation was supported in part by

Public Henlth Research Grant GM-7678, from the
Division of General Medical Sciences.

cellular mechanisms involved in the regu-
lation of respiratory rates in carp kidney
and liver tissue.

MATERIALS AND METHODS

Nine mature carp weighing about 1.6
& 0.2 kg. served as the source of the
tissue; of these, 6 were males and 3
females. Since there were no sex dif-
ferences in the tissue respiration rates,
the data obtained from these fish were
combined. The carp were collected
from the Benner Springs Hatchery, Belle-
fonte, Pennsylvania, and kept in an
aerated laboratory tank for 1 to 4 days
at a temperature of 20 = 0.2° C., which
corresponded to that of the collection
stream.  After stunning a carp with a
sharp head blow, the entire liver and/or
kidneys were removed and immediately
placed into ice-cold homogenization
medium, cut into small fragments, and
homogenized with a Potter-Elvejhem
homogenizer (4). The homogenization
medium contained 250 mM (millimoles)
sucrose and 0.10 mM EDTA (ethylene-
diamine tetraacetate), pH 7.4 =+ 0.1.
The reaction medium contained 50 mM
sucrose, 40 mM KCIl, 20 mM MgCl,
and 20 mM potassium phosphate buffer,
pH 7.3 (5).

The detailed procedures for preparing
homogenates, calibrating the respirometer
and making measurements of homogen-
ate respiration are described in earlier re-
ports (3, 6). The reagents were pre-
pared in triple distilled water. Succinjc
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acid (Calif. Biochem. Co.) was prepared
as a 1 M solution, pH 7 == 0.1; ATP
(Sigma Chem. Co.) was prepared as a
0.1 M solution, pH 7 = 0.1 and ADP
(Sigma) as a 0.05 M solution, pH 7 =+
0.1. Small vials containing 1 ml of each
of the above reagents were generally
stored at -20° C. until used. The con-
centrations of ADP and ATP stock solu-
tions were assayed spectrophotometrically
at 259 my using an extinction coefficient
of '15.4 mM™* cm™ (7).

The respirometer itself simply con-
sists of a Clark oxygen electrode (Yellow
Springs Instrument Co.) inserted in a
3.2 ml reaction vessel which is surround-
ed by a constant temperature water jacket

85

(24° C.) (Fig. 1). The platinum cathode
of the electrode was maintained at -0.6
volts relative to a silver anode; at this
polarization voltage, oxygen is reduced
as rapidly as it reaches the platinum tip,
so that the electrode potential is depend-
ent upon the oxygen concentration in the
closed reaction vessel. This enables one
to continuously monitor the rate of
change in the oxygen concentration
within the closed vessel, such as occurs
when various substrates or reagents are
added to a respiring homogenate sample.
The physical theory of the oxygen elec-
trode method is detailed in a recent re-
view by Davies (8).

Briefly, the steps involved in making

Fig. 1. Photograph of the equipment used for measuring liver hc_:mogenate and mltochondmlﬂ
respiration. A. Electrode vessel (enlarged inset of reaction vessel. 1. Rubber bottle
stopper and hypodermic needle. 2. Clark oxygen elec(rod!e. 3 Constant !empFramre
water jacket with reaction vessel in center). B. Magnetic stirrer. C Bronwill con-
stant temperature circulator. D. Chassis containing batt‘efy and resassors. E. Hew-
lett-Packard D.C. precision volt meter with built-in amplifier. F. Varian recorder.
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measurements of tissue respiration can
best be described by following a typical
series of measurements obtained during
one experimental run, such as is illustrat-
ed in Figure 3. After a homogenate is
prepared, the respirometer vessel is fill-
ed with 3.20 ml of air-saturated reaction
medium and measured volumes of homo-
genate, and subsequently of reagents, are
injected into the system through a vac-
cine-bottle stopper. Before the homo-
genate is added, the initial tracing (read-
jng the record from right to left) is a
§traight line since no oxygen utilization
is occurring. The oxygen concentration
of the air-saturated reaction medium was
calculated as 240 pM O, (at an ambient
pressure of 730 mm Hg at 24° C.) using
data on solubility of gases in solution
presented in the International Critical
Tables. When a small volume of homo-

genate is introduced, the oxygen concen-
trzftl'on immediately drops since the re-
spiring homogenate had become anaero-
b_1c during storage in ice. After this ini-
tial drop, the slower decline in oxygen
concentration reflects the endogenous
respiration rate, since oxygen utilization
by the homogenate depends upon the in-
terflal energy stores of the tissue sample.
It is then possible to measure the effects
of introducing an excess of an exogenous
metabolite, such as succinate, or the ef-
fects of nucleotides on respiration. This
is done by determining how much the
rate of oxygen utilization has been in-
creased relative to the endogenous rate.
These respiration rates expressed in uM
O./sec., are obtained from the slopes
o.f the dotted lines in Figure 3. The
nitrogen content of all the homogenates
was determined by the micro-Kjeldahl
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FIGURE 2, RESPIRATION OF LIVER AND KIDNEY HOMOGENATES
OF THE CARP (Cyprinus carpio),
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method (9) so that the average respira-
tion rates could be expressed in uM O,/
sec/mg N. : '

The respiration data obtained are
based on 15 tissue homogenates (8 liver,
7 kidney). Four types of measurements
were made on each homogenate, with
each respiratory rate measurement based
on triplicate determinations. Thus, the
average rates presented for endogenous
respiration, - succinate respiration, succi-
nate-ADP respiration and succinate-ATP
respiration of liver and kidney homogen-
ates are based on a sum total of 180
respiratory rate determinations. The
data were analyzed using Student’s 7 test
(10).

RESULTS

The respiration rate data are sum-
marized for both liver and kidney homo-
genates in Figure 2 which shows the
four types of measurements made along

i TR
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the ordinate. The endogenous rate is
the average respiration rate in reaction
medium containing no exogenous energy
source. The succinate rate is the aver-
age oxygen utilization by the homogenate
after the addition of an excess of succinic
acid. The ADP and ATP rates reveal
the extent of respiratory stimulation
when an excess of either of these nu-
cleotides is added to a homogenate con-
taining excess succinate. The latter two
rates will hence be referred to as succi-
nate-ADP and succinate-ATP respira-
tion rates, respectively. The R; value is
the ratio of succinate-ADP respiration to
succinate respiration and is a useful index
of the extent of respiratory stimulation
caused by the addition of ADP. The
standard errors of all the average values
represented was approximately 10%.
The following conclusions can be
drawn from the data shown in Figure 2.
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First, it is apparent that liver and kidney
homogenates are comparable with re-
spect to both the endogenous and the
exogenous (succinate) rate of energy
utilization. For example, the average en-
dogenous respiration rates for kidney and
liver homogenates were 0.10 == .007 and
0.09 = .01 uM O,/sec., respectively.
Similarly, the mean succinate respiration
rate of the kidney (0.15 + .02 uM O,/
sec.) was the same as that of the liver
(0.12 == .01 uM O,/sec.).

A second conclusion is that kidney
homogenates are more sensitive to ADP
stimulation than are liver homogenates,
e.g. the succinate-ADP rate of the kidney
was 0.41 = .04 and that of the liver was
0.20 = .03 uM O,/sec. (P<.001).
This is also reflected in the R, values
which show that the succinate respiration
rate of the kidney is enhanced 2.8 fold
whereas that of the liver is increased only
1.7 fold following the addition of excess
ADP.

A noteworthy finding was that ATP
was as effective as ADP in stimulating
the succinate respiration rate of both kid-
ney and liver homogenates. For example,
in Figure 3 it can be seen that the
respiration rate following addition of
ATP was identical to that obtained
with  ADP. This was a consistent
finding irrespective of the sequence
in which the two nucleotides were
added. This could only occur in the
presence of appreciable amounts of
adenosinetriphosphatase (ATPase) in
both liver and kidney homogenate prep-
arations (see Discussion). Thus, one
can conclude that carp liver and kidney
homogenates both contain high concen-
trations of ATPase enzymes.

DISCUSSION
Since several types of measurements
were made during the course of the pres-
ent study, it is pertinent to briefly discuss

the significance of each of these as it re-
lates to the detailed regulation of cellular
metabolism in carp tissue.

Endogenous respiration rates provide
a basis for comparing general levels of
metabolic activity in different tissues and
arc useful for comparing the effects of
different substrates or nucleotides on re-
spiration. The endogenous rate, how-
ever, does not enable one to ascertain the
cellular basis for any differences in the
respiration of various tissues since too
many factors simultaneously control this
rate. Some of the factors known to reg-
ulate endogenous respiration are: the
type and concentration of substrate, en-
dogenous nucleotides and ATPase enzy-
mes (6). Thus the finding that the en-
dogenous respiration rates were com-
parable in both liver and kidney homo-
genates demonstrates that both of these
tissues have the same endogenous rates
of energy utilization.

The fact that the addition of excess
succinate stimulated endogenous respira-
tion in carp liver and kidney tissue dem-
onstrates the presence of the enzyme,
succinic dehydrogenase, in both these tis-
sues. This is in keeping with the recent
reports of others that succinic dehydro-
genase is present in carp tissue (11).
Since it was also shown that the respira-
tion rates in the two tissues were com-
parable, it can be concluded that the con-
centrations of succinic dehydrogenase in
the liver and kidney were equivalent.

On the other hand, the succinate-ADP
respiration rate provides one with an in-
direct measure of the functional respira-
tory units present in the tissue; that is,
this measure reflects the concentration
of respiring mitochondria or mitochon-
drial fragments (12). In this metabolic
state, respiration proceeds at the maximal
rate since all reactants known to be
necessary are present in excess, and the
respiratory rate is limited only by the

_—7—
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number of functional respiratory units
(12). The finding that kidney homo-
genates had a higher succinate-ADP re-
spiration rate relative to liver homogen-
ates indicates that there is a higher rate
of energy utilization and energy produc-
tion in the kidney than in the liver per
unit volume of tissue.

Tt has been demonstrated by other
workers that the substrate-ATP respira-
tion rate reflects the endogenous rate of
ADP production (12). ATP per se has
been shown to have no effect on the sub-
strate respiration rate and acts indirectly
when ATP is dephosphorylated to ADP
(13). Since the extent of respiratory
stimulation one obtains with ATP is di-
rectly dependent upon the amount of
ADP formed from ATP (ATPase activi-
ty), the substrate-ATP respiration rate is
useful as an indirect measure of ATPase.
In the present study it was found that
maximal respiratory stimulation was ob-
tained with ATP in both kidney and
liver homogenates. This could only
mean that the rate of dephosphorylation
of ATP to ADP was sufficiently high to
result in the presence of an excess of

ADP. In other words, both the liver and
kidney contain high concentrations of

ATPase enzymes.

In summary, the major conclusion
that can be drawn from the present study
is that tissues of the carp appear to
have the same basic mechanisms of
energy release at the cellular level as are
known to exist in mammals. Thus it
was evident from the finding that the
substrate, succinate, is an energy yield-
ing metabolite and that maximal respira-
tion is obtained with ADP. The data on
the effects of nucleotides extend the find-
ings of Gumbmann (11), who compared
the effects of various substrates on re-
spiration of carp liver tissue and con-
cluded that enzymes of the Krebs cycle
are found in fish tissue. Our data are
also in keeping with the concept that the
same high energy compounds exist in all
vertebrate animal tissues.
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METHODS OF DIFFERENTIATING TREMATODES
OF THE GENUS NOTOCOTYLUS*

Elmer C. Herber
Department of Biology, Dickinson College, Carlisle, Pennsylvania

ABSTRACT

From collections of snails in several different states it was found that one species of the
genus Notocotylus develops in several species of the snail, Stagnicola, and another one in the
snail, Physa. Cysts from Stagnicola infections readily developed in the ceca of birds and
those from Physa infections in the large intestines of rodents.

INTRODUCTION

Yamaguti (1958) lists 29 different
species of the genus Notocotylus from
birds and five from mammals. A study
of the drawings and descriptions of some
of those species shows that some names
are probably not valid. The reported
methods of fixation and staining vary
considerably. So few drawings were
made of adults taken from feeding ex-
periments that it seemed advisable to
study adults recovered in this way as aids
in substantiating species. This study in-
cludes data of previous feeding experi-
ments as well as a goodly number of new
feeding attempts from collections made
in Minnesota, Michigan, Pennsylvania
and Tennessee. An attempt is also made
to reevaluate the most useful characters
for the separation of species of the genus
Notocotylus. A characterization of the
family and the genus is presented first to
give us points of reference.

The genus Notocotylus belongs to the
family NOTOCOTYLIDAE and the
sub-family NOTOCOTYLINAE. This
family has the following diagnostic char-
acteristics: small to medium-sized monos-
tomes, body usually elongate, tapering
anteriorly and rounded posteriorly. Ven-
tral surface usually concave, and usually
with longitudinal rows of glands or
ridges. Cuticle spined ventrally. Oral
sucker comparatively small and terminal:

® This work was supported in part by NSFG-17005
and 22079. Highlands Biological Station, Highlands,
North Carolina and University of Minnesota Bio-
logical Station, Lake Itasca, Minnesota.

pharynx absent; esophagus short; intesti-
nal ceca slender, often with short diverti-
cula and terminating medial or posterior
to testes. Testes symmetrical, close to
posterior extremity. Cirrus pouch elon-
gate, enclosing part or all of seminal vesi-
cle, prostatic complex and long eversible
¢jaculatory duct; ovary median; usually
inter-testicular; shell gland complex in
front of ovary; uterus coiled transversely
in intercecal field; eggs with polar fila-
ments at each pole. Vitellaria generally
follicular, lateral or dorsal to testes.
Semina] receptacle absent. Genital pore
median and usually directly posterior to
intestinal bifurcation. Excretory pore
dorsal, near posterior end of body; excre-
tory vesicle with short stem and long
arms which unite near anterior end of
body. Parasitic in alimentary canal of
birds and mammals.

The genus Notocotylus has these char-
acteristics and more specifically three
longitudinal rows of ventral glands; testes
and vitellaria lateral to ceca, the testes
varying in the number of lobations and
the vitellaria, located anterior to the
testes, varying in the number of follicles.

Genotype: N. attenuatus (Rudolphi
1809), syn. N. triserialis Diesing, 1839,
in Scolopax gallinago; also in many other
aquatic birds; cosmopolitan. Cercaria of
N. attenuatus develops in Planorbis ro-
tundatus, Joyeux (1922): cercaria ma-
tures in Lymnea limosa, encysted, de-
velops in ducks in ten days, Mathias
(1930); cercaria evolving in Lymmea

PENNSYLVANIA ACADEMY OF SCIENCE 91

palustris grows in ducks, L & U Szidat
(1933).

In N. stagnicolae, a species similar to
the genotype, Herber (1942) reported
experimental infections in Anas platyr-
hynchos, Gallus domesticus, Querquedula
discors and Mergus merganser. Eleven
specimens of N. stagnicolae were taken
from a natural infection in Aegialitis
semipalmata. Cercaria of this form were
found in Stagnicola emarginata angulata
and S. e. canadensis. Wu (1953) made
further studies of this monostome. He
found the cercariae in S. palustris from
Ottawa River.

In 1955, Herber reported studies on
N. urbanensis, a species often confused
with N. stagnicolae. In that article Cata-
tropis fimbriata and Paramonostomum
echinum were listed as cospecific with
N. urbanensis.

In the latter two papers the following
characters were listed as most helpful in
distinguishing species of the Notocoty-
linae: (1) the number of ventral glands
in each row, (2) the anterior extent of
the vitellaria, (3) the lateral lobation of
the testes, (4) the body and tail size of
cercariae, and (5) the course of the ex-
cretory tubules of cercariae.

MATERIALS AND METHODS

Recent observations on studies of N.
stagnicolae are based on 462 S. caberata
snails collected at the source of the Mis-
sissippi River, Lake Itasca, Minnesota in
1961 and 81 S. e. angulata from Walloon
Lake, Michigan in 1963. On N. ur-
banensis studies, 1004 P. gyrina from
near Lake Itasca, 1642 P. gyrina from
near Erwin, Tennessee, thousands from
Carlisle and several hundred from the
Chgboygan, Michigan area gave us the
larval infections. Collections were
brought to the laboratory in pond Wwater
containing sticks, stones or vegetation.
When long distances were involved, ice

was used to cool the jars containing the
snails.

Isolation of snails in the laboratory fol-
lowed standard methods. Local spring
or lake water and four snails were added
to stender dishes or wide mouthed bottles
to a height of about an inch. Often lights
were turned on to stimulate emergence of
monostomes. At the end of 24 hours
the dishes were examined with the aid of
a dissecting microscope for evidence of
cercarial emergence. The actual cyst
can be seen or the discarded tails were
evident. If infection was certain each of
the four snails was isolated individually
to locate the positive snail. If no cer-
cariac or cysts were noted another 24
hours delay was allowed to give the lag-
gards a chance to emerge.

Cercariae were studied in the living
state, first without and later with the ad-
dition of neutral red, a vital dye. For
permanent slide material, cercariae were
fixed in hot 10% formalin and stained
in Grenacher’s Alum carmine.

For feeding experiment material, the
infected snails were placed in lettuce-
lined stender dishes partially filled with
spring water. Sherman live traps were
used to trap Microtus and Peromyscus
to be used as experimental animals. The
Highlands, North Carolina, area was
ideal because there are no monostome in-
fected snails in the area. Cysts become
infective within a short time. If no
feedings were planned the cysts were
stored in the refrigerator. When labora-
tory rats were used, bits of lettuce con-
taining cysts were packed into holes of
cheese; for Microtus cysts were forced
into slits of apple; chicks were forced fed.

Recently 23 bird and 18 mammal
feeding experiments were attempted with
Physa cysts. In all, previously reported,
unreported and recent feedings, 147
mammals and 55 birds were used in
Physa cyst research.
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Recently (1961-63) nine birds and
two mammals were fed cysts from Stag-
nicola cercariae. In summary, 55 birds
and 13 mammals were fed Stagnicola
cysts.

After a predetermined interval follow-
ing the feeding of cysts, the host’s ali-
mentary canal was cut into sections, slit
and examined individually for flukes in
petri dishes or enamel pans. Collected
worms were examined for eversion of
ventral glands, fixed and stained.

RESULTS

There was a 1% infection of noto-
cotylid cercariae in Physa snails. Three
of seven laboratory rats and five of eleven
meadow mice were infected following
cyst feedings from the cercariae men-
tioned. Only one of the 23 birds fed
these cysts became infected and that was
a doubtful positive. Including all Physa
cyst feedings from the beginning of my
experiments to date, 30 mammals out of
147 became infected, while only two
birds out of 55 feedings were positive
and these were immature forms. For the
first time in my work a permanent slide
was made of an experimentally produced
adult. See Plate I. Nine other mature
specimens were stained from recent ex-
perimental feedings.

In Stagnicola snails collected recently,
slightly over 1% were infected with a
notocotylid cercaria. This emerged later
in the day than the one from Physa snails.
Three of the nine birds used in Stagnicola
cyst feedings developed adults. In the
negative results several of the animals
were fed very few cysts and some from a
snail in the death throes. None of the
mammals allowed the N. stagnicolae
cysts to develop. Summarizing the total
set of Stagnicola cyst experiments: 19 out
of 26 birds became infected while only
four mammals out of 11 showed any
kind of development. Several of the

latter animals were fed whole snails
which makes the experiment a doubtful
one. Stagnicola caberata is reported as
a new host from the Lake Ttasca area.

A very high incidence of a monostome
infection was also noted in an amnicolid
snail, Fontigens. Tt appears to be simi-
lar to Quinqueserialis quinqueserialis
cercariae. So far no adults have been
recovered from feeding experiments.

DISCUSSION

From the data presented it is evident
that experimental birds can be readily
infected with cysts from Stagnicola snails.
Adults mature and shed eggs in eight
days or more. Very few mature adults
can be recovered from similar cysts fed
to mammals. It takes longer to mature
the same lot of cysts in a mammal.

Physa cysts fed to laboratory rats and
meadow mice, under certain unexplained
conditions, develop to maturity. Per-
haps lowered vitality is conducive to in-
fections since old and tumorus rats are
more likely to become infected than
young active animals. Pregnancy also
seems to favor infection since one preg-
nant rat was fed cysts, gave birth to nine
young, and after posting exhibited four
adult worms. This would be an almost
ideal laboratory experiment provided one
knew all the conditions necessary for in-
fection. Schell (1960) reported a Q.
quinqueserialis infection in Physa. Nor-
mally this species is found in Gyraulus.
This has not been reported from any
other region but Idaho. It would be in-
teresting to know how we could get our
Physa to become infected with the Quin-
queserialis monostome. In the areas
mentioned all Physa cysts fed to mam-
mals produced the notocotylid mono-
stome.

Eggs shed by N. stagnicolae adults and
placed with young Physa snails show no

== —=————_ e T e
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infections but if placed with young Stag-
nicola snails all became infected. Since
N. stagnicolae does not develop to ma-
turity in mammals as fast as in birds,
it might be a good idea to keep such ex-
perimental animals at a higher tempera-
ture to see if that would speed up ma-
turity or conversely to try to keep birds

fed Physa cysts at a lower temperature.

It should be noted that the stagnicola
form grows in at least four species of
snail—Stagnicola emarginata angulata,
S. e. canadensis, S. caberata (Minne-
sota), and S. palustris. This makes it
appear as if it was less specific than N.
urbanensis.
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Besides this evident specificity in both
larval and adult forms the following char-
acters are helpful in distinguishing these
two species: (1) the anterior extent of
the vitellaria, (2) the lateral and medial
lobation of the testes, (3) the course of
the excretory tubules in the cercariae, and
(4) the time of emergence of the cer-
cariae.

CONCLUSIONS

Stagnicola caberata is reported for the
first time as a host for N. stagnicolae.

N. stagnicolae matures readily in birds

in about eight days. Now at least four
species of the genus Stagnicola are infect-
ed with the larval stage of this form.

N. urbanensis, under certain condi-
tions, matures in both laboratory rats and
Microtus in about 24 days. The larval
stages are always found in Physa snails.
A drawing is made from an experi-
mentally produced adult. N. urbanensis
is always found in the folds of the large
intestine near the posterior end while N.
stagnicolae always develops in the ceca
of birds.
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AN INTESTINAL HELMINTH STUDY OF CATOSTOMUS COMMERSONI
FROM THE BUSHKILL CREEK, NORTHAMPTON COUNTY,
PENNSYLVANIA, WITH OBSERVATIONS ON SEASONAL
DISTRIBUTION OF TRIGANODISTOMUM sp. (TREMATODA)

AND FESSISENTIS sp. (ACANTHOCEPHALA)!

Bernard Fried, James G. Kitchen, and Richard S. Koplin
Department of Biology Lafayette College, Easton, Pennsylvania

ABSTRACT

Sixty-five (73.9%) of 88 Catostomus commersoni collected from the Bushkill Creek,
Northampton County, Pennsylvania in 1963 were infected with one or more species of Caryo-
phyllacidae (Cestoda), Triganodistomum (Trematoda), and Fessisentis (Acanthocephala). The
only species positively identified was Triganodistomum attenuatum Mueller and Van Cleave,

1932.

Specimens of Triganodistomum were abundant in the spring and sparse in the fall.
Fessisentis sp., absent in the spring, was present in the fall. These findings suggest a seasonal
distribution of species of Triganoditomum and Fessisentis from C. commersoni from the Bush-

kill Creek.

INTRODUCTION Suckers were examined within a few

White suckers, Catostomus commer- hours after collection. Intestines were
soni, collected from the Bushkill Creek, removed, cut into 6-inch sections and
a tributary of the Delaware River in placed in 0.65% saline. Each section
Northampton County, Pennsylvania, was opened longitudinally and examined
during May, October, November, and under a dissecting scope. Parasites were
December of 1963 were examined for removed, relaxed in cold tap water or
intestinal helminths. Trematodes of the saline, flattened with moderate cover

genus Triganodistomum Simer, 1929, an
acanthocephalan of the genus Fessisentis
Van Cleave, 1931 and monozoic cestodes
of the family Caryophyllacidae were
found.

The purpose of this paper is to report
the incidence of infection and seasonal
distribution of the intestinal helminths
found in C. commersoni in 1963.

MATERIALS AND METHODS

Suckers were collected with the aid of
an electric shocking device. Two elec-
trode grids attached to poles and operated
by a 115 volt, 5.2 ampere generator
driven by a gasoline motor, were placed
in the water. The electric shock im-
mobilized the suckers facilitating collec-
tion with hand nets.

1 This research was supported in part by a Re-
search Grant from the Advanced Studies and Re-
search Fund of Lafayette College.

slip pressure and fixed in hot A.F.A., or
fixed in A.F.A. without flattening. Hel-
minths stained in Gower’s (1939) car-
mine, Harris’ haematoxylin, and
Grenacher’s alcoholic borax-car-
mine were prepared as whole mounts ac-
cording to procedures described in Meyer
and Penner (1962).

RESULTS

The trematodes were identificed as
members of the genus Triganodistomum
from descriptions and figures in Mueller
(1934), Mueller and Van Cleave (1932)
and Van Cleave and Mueller (1934).
‘The only species positively identified was
T. attenuatum Mueller and Van Cleave,
1932. Some specimens were tentatively
identified as morphological variants of
T. attenuatum or as other Triganodisto-
mum species. The acanthocephalans
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were identified as a species of Fessisentis
from Dr. Wilbur L. Bullock’s Acantho-
cephala key published in Meyer and Pen-
ner (1962). The identification was
confirmed by Dr. Bullock.

Sixty-five (73.9%) of 88 Catostomus
commersoni collected from the Bushkill
Creek in 1963 were infected with one or
more species of Caryophyllaeidae, Trig-
anodistomum, and Fessisentis. Al spe-
cies were from suckers collected in shal-
low, fast moving, slow moving, and deep
water.

Twenty-two (91.7%) of 24 suckers
collected in May were infected with a
total of 1086 specimens of Triganodisto-
mum sp. The maximum number of flukes
found in one host was 190, and the
minimum number was 2. The mean
number of trematodes from the 22 in-
fected hosts was 49.4. Five (7.8%) of
64 suckers collected in October, Novem-
ber, and December were infected with 6
flukes.

Fessisentis sp. was not found in May.
Twenty-five (39.1%) of 64 suckers col-
lected in October, November, and De-
cember were infected with 113 specimens
of Fessisentis sp. The maximum num-
ber of acanthocephalans found in one
host was 33 and the minimum number
was 1. The mean number of acanthoce-
phalans from the 25 infected hosts was
4.5.

Twenty-nine (33.0%) of 88 suckers
collected in May, October, November,
and December were infected with caryo-
phyllideans. The number of cestodes per
host was not recorded, but worm bur-
dens were approximately the same in the
spring and fall.

DISCUSSION
Species of Caryophyllaeidae, Trigano-
distomum, and Fessisentis were common
intestinal helminths of Catostomus com-
mersoni collected in the Bushkill Creek,

Northampton County, Pennsylvania in
1963.

Reports of Caryophyllacidae from C.
commersoni are numerous and include
those of Van Cleave and Mueller (1934)
in New York, Hunter (1942) in Con-
necticut, Bangham and Venard (1946)
in Ontario, Fischthal (1952) in Wiscon-
sin, Sindermann (1953) in Massachu-
setts, Hoffman (1953) in North Dakota,
Meyer (1954) in Maine, Meyer (1958)
in Towa, and Hugghins (1959) in South
Dakota.

Species of Triganodistomum have been
previously reported from C. commersoni
in New York by Van Cleave and Mueller
(1934), in Ontario by Bangham and
Venard (1946), in Wisconsin by Fisch-
thal (1952), in North Dakota by Hoff-
man (1953), in Towa by Meyer (1958),
and South Dakota by Hugghins (1959).
T. attenuatum was the only species posi-
tively identified from C. commeyrsont
from the Bushkill Creek. Van Cleave
and Mueller (1934) found 2 of 36 C.
commersoni in Oneida Lake, New York
infected with a total of 6 speciments of
T. attenuatum. Eleven of 53 C. com-
mersoni examined in Ontario by Bang-
ham and Venard (1946) were infected
with 7. attenuatum, and Fischthal
(1952) found 9 of 89 C. commersoni
from Wisconsin each infected with 1 to
10 specimens of 7. attenuatum. Meyer
(1958) recovered a total of 11 T. at-
tenuatum from 3 C. commersoni from
Trumball Lake, lowa. T. attenuatum
has also been reported from the longnose
sucker, C. catostomus by Meyer (1954)
in Maine, from the northern creek chub,
Semotilus a. atromaculatus by Bangham
and Venard (1946) in Ontario, and from
the greater redhorse, Moxostoma rubre-
ques, by Fischthal (1952) in Wisconsin.
Haderlie (1950) described T. polylo-
batum from C. occidentalis in California,
but Meyer (1958) reported that T. poly-
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lobatum was a possible synonymn of T.
attenuatum.

There are no published reports of spe-
cies of Fessisentis from C. commersoni.
Two species of Fessisentis have been de-
scribed, F. fessus from the freshwater
drum, Aplodinotus grunniens in Missis-
sippi by Van Cleave (1931), and F.
vancleavei from the sunfish, Lepomis gib-
bosus in New Hampshire by Haley and
Bullock (1953). Because specimens
from C. commersoni differ from the de-
scription of F. fessus and F. vancleavei
a specific identification was not made.

Specimens of Triganodistomum from
suckers in the Bushkill Creek were
abundant in the spring and sparse in the
fall suggesting a seasonal distribution of
this parasite. Data on seasonal varia-
tion are lacking since other workers
have recovered species of Triganodisto-
mum only during the summer months.

Fessisentis sp. was absent in the spring
but present in the fall indicating a sea-
sonal variation of this parasite. Van
Cleave (1916) observed seasonal dis-
tribution of a fish acanthocephalan,
Neoechinorhynchus gracilisentis, finding
it present in the fall, winter, and early
spring, but absent in the late spring and
summer. Haley and Bullock (1953)
examined 383 Lepomis gibbosus and
found a total of 6 specimens of F. van-
cleavei. They did not state when their
collections were made, but suggested that
the low number of worms might be a re-
sult of seasonal variation. They also
stated that F. vancleavei might be in an
unnatural host. Because 39.1% of the
suckers collected in the Bushkill Creek
were infected with approximately 5 speci-
mens per host it appears that C. com-
mersoni is a natural definitive host of
Fessisentis sp.

SUMMARY
1. Sixty-five (73.9%) of 83 white
suckers, Catostomus commersoni, col-

lected from the Bushkill Creek, a tribu-
tary of the Delaware River in Northamp-
ton County, Pennsylvania, during May,
October, November, and December of
1963 were infected with one or more
species of intestinal helminths.

2. Trematodes of the genus Trigano-
distomum Simer, 1929, an acanthoce-
palan of the genus Fessisentis Van
Cleave, 1931, and monozoic cestodes of
the family Caryophyllaeidac were found.

3. The only species positively identi-
fied was Triganodistomum attenuatum
Moueller and Van Cleave, 1932.

4. Twenty-two (91.7%) of 24 suck-
ers collected in May were infected with
a total of 1,086 specimens of Trigano-
distomum sp.

5. Five (7.8%) of 64 suckers collect-
ed in October, November, and Decem-
ber were infected with a total of 6 speci-
mens of Triganodistomum sp.

6. Fessisentis sp. was not found in
May.

7. Twenty-five (39.1%) of 64 suck-
ers collected in October, November, and
December were infected with a total of
113 specimens of Fessisentis sp.

8. The results of the survey suggest a
seasonal distribution of species of Tri-
ganodistomum and Fessisentis from C.
commersoni collected from the Bushkill
Creek.
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LABORATORY MAINTENANCE OF THE TURTLE
BLOOD FLUKE, SPIRORCHIS sp. (TREMATODA)'

Bernard Fried?
Department of Biology, Lafayette College, Easton, Pennsylvania

ABSTRACT

Laboratory procedures used to maintain Spirorchis sp. (Trematoda) are described and
illustrated. Miracidia hatched from spirorchiid eggs obtained from naturally infected Chrysemys
picta lung tissue are used to infect a small planorbid snail, Menetus dilatatus buchanensis
(Lea). Cercariae subsequently emerging from these snails are used to infect juvenile

Chrysemys picta.

INTRODUCTION

Fried and Goodchild (1963) reported
on the reproduction, growth, and sur-
vival of a planorbid snail, Menetus dila-
tatus buchanensis (Lea), an experimental
host of Spirorchis sp. (Trematoda).
Goodchild and Fried (1963) experi-
mentally infected laboratory-reared M. d.
buchanensis with miracidia from spiror-
chiid eggs obtained from naturally in-
fected Chrysemys picta bellei. The pur-
pose of this paper is to describe and illu-
strate procedures used to maintain the
life cycle of this species of Spirorchis in
the laboratory. Individuals of this spe-
cies show considerable morphological
variation depending upon their age and
location in the final host. Identification
of this species and taxonomic criteria no
longer valid in distinguishing spirorchiid
species will be published elsewhere.

METHODS AND DISCUSSION

The procedures used to maintain the
snail phase of this life cycle have been
described previously (Goodchild and
Fried, 1963). In brief, they are as fol-
lows: Menetus snails are reared in enamel
pans or finger bowls containing pond
water and fed boiled lettuce. Spiror-
chiid eggs are obtained from the lungs

1 This investigation was supported (in part) by a
training  grant  (2-TI-AI-37) from the Institute of
Allerggy and Tnfectious Diseages, National Institutes
of Health, U, S. Public Health Sorvice, and a re-
search grant from the Advanced Studies and Research
Fund of Lafayette College.

2 Based in Inrge part on work done at the Depart-

ment of Biological Sciences, Emory University, At-
lanta, Ga.

of naturally infected Chrysemys picta
bellei purchased from a commercial
dealer in Minnesota (J. R. Schettle Frog
Farm, Inc., Route 1, Stillwater). Lung
tissue is teased and the eggs are prepared
and embryonated essentially as described
by Cable (1950) and Goodchild and
Fried (1963). Individual snails are ex-
posed overnight in shell vials with fully
embryonated eggs or are placed in spot
plates with miracidia (Figs. 2 and 4).
Because miracidia are shortlived and
usually hatch in the early morning hours
it is technically difficult to expose large
numbers of snails to miracidia in spot
plates. Following exposure snails are
maintained in 4-inch finger bowls.
Sporocysts and cercariae are usually ob-
servable through transparent snails’ shells
12 days later. Cercarial emission be-
gins approximately 2 to 3 weeks after
exposure and is temperature dependent.
If snails are placed in a lightproof cabi-
net equipped with a timing switch operat-
ing a 15-watt fluorescent tube (Fig. 3),
and exposed to an altered light-dark
cycle, maximal cercarial emission occurs
in the morning rather than evening
(Goodchild and Fried, 1963).
Parasite-free juvenile painted turtles,
Chrysemys picta are purchased from a
commercial dealer in Wisconsin (The
Lemberger Co., P. O. Box 482, Osh-
kosh) and maintained in 10-gallon
aquaria containing tap water approxi-
mately 1 to 2 inches deep (Fig. 1).
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Rocks placed in aquaria allow turtles to
climb out of the water. Turtles are ex-
posed to sunlight or artificial illumina-
tion and a temperature of 20 to 30 Cis
maintained. Once or twice a week tur-
tles are fed cat food (Puss’n Boots Cat
Food, The Quaker Oats Co., Chicago,
11l.) in separate aquaria to avoid foul-
ing the water. Occasionaly the diet is
supplemented with live guppies, Gam-
busia, mealworm larvae, and a variety of
Wardley’s (Long Island City, N. Y.)
prepared turtle foods. Although the nu-
tritional value of the various components
of the diet have not been determined, un-
infected and infected juvenilt Chrysemys
picta have survived for over a year in the
laboratory.

Turtles are exposed overnight to cer-
cariae in 4-inch finger bowls or for a 1
to 2 hour period in exposure chambers.
Cercariae are pipetted into finger bowls
containing approximately 20 ml of water,
and cercarial penetration is indicated
when turtles forcefully open and close
their mouths, or violently scratch their
heads with their foreclaws. An exposure
chamber consists of a 3/4 x 3/4 inch

sewing thimble held in place with cotton
in the bottom of a 2-inch petri dish (Fig.
5). A turtle is immobilized with model-
ing clay or with elastic bands so that its
head is just above the opening of the
thimble filled with 2 to 3 ml of water and
a known number of cercariae. A turtle
usually moves its head in and out of the
water during the exposure period. This
technique has the advantage of concen-
trating cercariae in the head region, and
¢acilitates counting cercariae that have
not penetrated. Turtles’ carapaces are
marked with finger nail polish, but since
the polish occasionally rubs off, claws and
digits are clipped according to a code.

Turtles are mecropsied from approxi-
mately 2 to 12 months after exposure.
Infections are determined by the pres-
ence of spirorchiid eggs in internal or-
gans, or adult worms and eggs in the
heart, pulmonary, systemic, mesenteric,
and other arteries (Fig. 6).

Eggs obtained from laboratory in-
fected juvenile turtles provide an excel-
lent source of material to infect a new
generation of Jaboratory-reared M. d.
buchanensis.
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EXPLANATION OF FIGURES
The scale to the left of each figure represents approximately 1.0 cm.

Tuvenile Chrysemys picta maintained in an aquarium.

Individual Menetus d. buchanensis exposed with spirorchiid eggs in shell vials.
Infected M. d. buch sis maintained in finger-bowls in lightproof cabinet.
Individual M. d. buchanensis exposed to spirorchiid miracidia in a spot plate.
Juvenile Chrysemys picte exposed to cercariae in an exposure chamber.

Experimentally infected juvenile Chrysemys picta The i
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LARVAL DENSITIES AND ADULT BODY SIZE INTERACTIONS
IN DROSOPHILA MELANOGASTER

Thomas V. Come and John Schutzbach

Edinboro State College, Edinboro, Pa.
University of Pittsburgh, Pittsburgh, Pa.

ABSTRACT

A highly inbred line of Drosophila ‘melanogaster was produced at three larvae densities;
10, 30, and 50. The thorax length of all adults that emerged (55% survival) was measured.
Significant differences were found among the three groups for the character measured. Cor-
relations for males was 0.44; for females 0.84.
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Table 1 Mean thorax length for females and males with larval densi
¢ ensity controlled.
below means is number of adults eclosing. A=10 larvae; g:30; OCe:SO.NIg?itlfg;

indicate males.

INTRODUCTION

The affect of variation in population
densities in morphological characters in
Drosophila have been studied by numer-
ous workers, notably: Tantawy and Mal-
lah (1961), Tantawy (1961). Parsons
(1961) using ebony, wild type and
heterozygous larvae grown at two levels
of competition (25 and 100 larvae at
25°C) found that fly size decreased at
the higher levels of competition. Moree
and Krug (1961) concluded that larvae
crowding produces a corresponding de-
crease in body weight. Further, the re-
lationship between larvae density and
adult body weight is non-linear. Come
and Nash (1962) in a selection study
for thorax size in Drosophila found a
high correlation between size and adult
densities, even at low density levels.

This study was undertaken to deter-
mine the extent of interaction between
adult body size and larvae densities of
fifty and below. At these levels it would
appear that little competition for food
would exist.

METHODS AND MATERIALS

The inbred stock used in this study
was derived from a wild population of
Drosophila  melanogaster collected at
Woodycrest, near State College, Pa. The
line, designated A3V, had been inbred
over 200 generations prior to this study,
and is maintained at the Department of
Zoology, Rutgers University.

Adult flies were produced in vials con-
taining three levels of larval density; 10,
30, and 50. Five replicates were made at
each density. Larvae were produced by
placing adults from the A3V line in petri
dishes with a thin layer of standard
media. Two day old larvae were trans-
ferred to clean shell vials (25mm by
95mm) and allowed to develop. A num-
ber of methods for transferring larvae
were tried; the method described gave
about 50% survival.

Two day old larvae hatched in petri
dishes were removed to the culture vials
with a hooked Drosophila needle. The
needle was moistened before each trans-
fer and in most cases some food was
transferred at the same time. In this
manner it was possible to transfer from
3 to 5 larvae at a time.

The thorax length of all adults was
measured with a special device designed
specifically for use with Drosophila by
the Drummond Scientific Company of
Philadelphia. Details of the apparatus
are furnished by Mitchell (1958).
Thorax length was determined by the
profile length between parallel lines at
right angles to the body axis, at the head-
thorax juncture, and at the posterior tip
of the thorax. Measurements were taken
of etherized flies lying on their side;
measurements were taken to the nearest
0.005 mm.

(Replicates)

1 2 3 4 5 Totals

A 102.00 102.07 102.92 102.44 97.47 101.44
1 3 5 5 3 17

B 98.48 97.88 99.25 98.05 100.16 98.76
15 5 8 11 11 50

C 99.71 98.06 98.90 98.63 97.58 98.58
18 14 14 17 6 69

A 85.88 91.95 90.60 89.48 89.48
5 2 1 4 12

B 84.14 86.45 84.68 86.28 86.11 85.72
5 8 4 10 31

C’ 87.42 85.53 85.85 83.44 84.02
10 12 18 21 6 2325
RESULTS The mean thorax value for males and

The mean thorax length for all males
and females eclosing is given in Table 1.
A 55% survival of larvae was achieved
using the method previously described.
It may be safer then to interpret these re-
sults on a 5, 15, 25 larval density bases.
At all densities less males eclosed than
females. An analysis of variance for
mean thorax length within each of the
five replicates is given in Table 2. The
results of the analysis favor the pooling
of the information within each subgroup
as no significant difference was found. A
slight significant difference found among
males in the C* replicate is ignored.

Table 2 Analysis of variance for subgroups 1-5.

females declined with increasing larval
density, the larger slope between the 10
and 30 larval densities. An analysis of
variance of the pooled values for females
and males is given in Tables 3 and 4, re-
spectively. Highly significant differences
are recorded in all cases, except the dif-
ference in mean female length at 30 and
50 densities. Here only a slightly sig-
nificant difference was found.

The correlation between larvae den-
sity and thorax length is given in Table 5.
A higher negative correlation was found
for females than males: males—0.44,
females—0.84.

df ms F
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Table 3 Analysis of varjance for females.
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df ms F
Among Groups 2 124.55 10.65%**
Within Groups 133 11.70
Avs. B 1 197.20 16.85%%*
B vs C 1 65.90 5.63*
Table 4 Analysis of variance for males.
df ms F
Among Groups 2 595.00 3221k
Within Groups 107 18.21
A vs. B 132.6 17.09%%*
Bvs. C 1 139.0 16.49%**
Table 5 Correlation between larvae density and thorax length.
r
Mal Thorax Length (x) 89.48 85.72 85.25 —0.44
2 Larval Density (¥) 10 30 50
Thorax Length (x) 101.44 98.76 98.56 —0.84
Females Larval Density (¥) 10 30 50
DISCUSSION fective in altering some quantitative mor-

This study, undertaken to examine 1e-
sponses between larval density and body
size in Drosophila, shows the necessity
for careful control of laboratory condi-
tions. Very low larval densities were ef-
fective in limiting body size; the actual
competition in this study may have been
as low as § larvae per vial. Also, at low
densities, differences of 20 larvae per
vial can produce a significant thorax
length response. It is very probable that
at higher densities and at extremely low
densities (1-5 larvae per yial) variations
in larval competition may not be as im-
portant a factor in determing body size.
However, of particular concern here is
that even small variations in larval den-
sity, between 10 and 30, could be ef-

phological characters. .

The affect of very small changes in
larval density can be explained by the
behavior of the female fly. The female
layS'mbst of her eggs along the perimeter
of the vial; therefore, although per vial
density may be small, any given larvae
may find his immediate environment
highly competitive. This same situation
could have occurred in this study, as
many larvae were transferred at one time,
and located in “close” proximity to one
another.

The results indicate that density effects
on body size are linear between 5 and
50, and at low densities (1-5) and at
extremely high densities (above 50)
plateaus would be reached. ’
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EFFECTS OF VARIOUS ADRENAL STEROIDS ON
WATER AND ELECTROLYTE SHIFTS IN THE
ADRENALECTOMIZED FORCE-FED RAT

R. T. Houlihan and W. J. Eversole

Department of Zoology, Pennsylvania State

University, University Park, Pennsylvania

Indiana State College, Terre Haute, Indiana

ABSTRACT

The effects of eight 11-oxy-corticoids were tested for their effect on body weight, urinary

sodium and potassium, and terminal serum so
on the effect of one steroid, A

dium and potassium levels. Emphasis was placed
u, with regards to its life-maintaining properties. It was found

that these steroids have effects on mineral and water metabolism.

INTRODUCTION

The steroidal secretions of the adrenal
cortex play important roles in rcgulat.ing
water, mineral, and carbohydrate utiliza-
tion in vertebrate organisms. However,
the actions of so called glucocorticoid
steroids on water and electrolyte meta-
bolism are not well understood. In the
human, Soffer et al. (1), have shown
that desoxycorticosterone acetate (DCA)
decrease NaCl excretion in the normal
individual and it is well known in Cush-
ings syndrome that there is urinary loss
of sodium and chloride. The work of
Woodbury et al. (2) indicated a differ-
ence between the electrolyte response (0
ACTH when DCA was given concomi-
tantly and when the animals had been
pretreated with chronic doses of DCPf.
Selye (3) found that certain morphologi-
cal effects of aldosterone were inhibited
by cortisol when these two steroids were
administered concurrently. Eversole and
Romero (4), investigating the effects of
several 11-oxy corticoids and their ana-
logues on electrolyte metabolism, report-
ed considerable differences between the
steroids in the response of animals main-
tained on a forced feeding regimen. They
found that while one steroid might have
an effect of augmenting sodium and

" investigtion was supported in part by grants
[ronl:"lmlhe Nn{;ional Institutes of ch!lh to W. I.
Eversole at the University of New Mexu.:o. A‘I._'huquer-
gque, New Mexico. The steroids used in this stud'y
were supplied by the Merck Institute for Therapeutic

Research.

potassium excretion it may not change
appreciably the serum levels of these
clectrolytes. More recently Uete and
Venning (5) investigated the effects of
cortisone, cortisol, and 9 « fluoro -16-
OH-A’ cortisol with respect to the action
of DCA and aldosterone on electrolyte
excretion. These workers demonstrated
that one group of steroids antagonized the
other with regards to natriuresis but both
groups facilitated potassium excretion.

Tt was therefore felt that an investiga-
tion to ascertain the effects of various
11-oxy corticoids on sodium, potassium
and water turn-over in the force-fed ad-
renalectomized animal might shed some
light on the effects of certain glucocorti-
coids on salt and water metabolism. The
force-fed adrenalectomized preparation
was used in order to standardize con-
sumption of water and salt and to avoid
possible complication of interaction with
endogenous corticosteroids,  Cortisone,
cortisol, their A' analogues (Prednisone
and Prednisolone), corticosterone, 9 «a
fluorocortisol, and A'*-pregnadiene =17;
20, 21-triol-3, 11-dione (A! U) were
chosen as a representative series of
steroids to be studied in attempts to shed
some light on the effects of 11-oxy (glu-
cocorticoid) steroids on water and elec-
trolyte balance.

METHODS

Ten groups of Long-Evans male rats
(approx. 230 g were used. One intact
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group and one adrenalectomized group
served as controls and received no hor-
mone while the others were adrenalec-
tomized and treated with one of the fol-
lowing corticoids: cortisone, prednisone,
cortisol, prednisolone, 9 « fluorocortisol,
A'U, corticosterone, or 11 dehydrocorti-
costerone. Daily urine volumes, daily
excretion of Na and K, terminal blood
plasma levels of Na and K, and body
weight changes were criterea in evaluat-
ing hormonal effects. The rats were
maintained in air conditioned quarters for
at least ten days prior to commencement
of each experiment. After this adapta-
tion a tube feeding regimen was estab-
lished, using a semiliquid diet (Ingle and
Oberle, 6). The amount of food admin-
istered was gradually increased from 5 to
20 ml/day over a 6 day period. During
the preliminary feeding Purina Chow and
water were supplied ad lib. After 8 days
on forced feeding the animals were bi-
laterally adrenalectomized and hormone
treatment initiated. Each day for 9 days
the rats were fed morning and evening
and given 12 ml of water at noon. Each
rat received 1 mg hormone/day: .4 mg
in morning and evening, and .2 mg at
noon. The steroids were dissolved in al-
cohol, suspended in Merck Aqueous Ve-
hicle No. 1, and injected subcutaneously.
Animals were housed in individual meta-
bolism cages which separated urine and
feces. Body weights and urine volumes
were recorded daily. Urine collected on
alternate days was used for Na and K
assay by a flame photometer with an in-
ternal lithium standard. Terminally, blood
collections were made from decapitated
trunks, and clear plasma analyzed for Na
and K. Standard error was calculated by
use of the formula recommended by

Fisher (7): SE = i// dz
V N(N-1)

RESULTS

Table 1 shows the values obtained for
urine volume, urinary Na and K, and
plasma Na and K. Adrenalectomy alone
resulted in increased urinary output and
6 of the 8 steroids augmented significant-
ly (P<.05) urine volume above the level
found for the adrenalectomized animal;
prednisone was most effective; corticos-
terone was ineffecitve in this respect
while A'U decreased the daily urine
volume of the adrenalectomized animal to
the level of the control. The total urinary
Na was decreased with AU, 9 « fluoro-
cortisol . and corticosterone, slightly in-
creased with cortisone, and not changed
with the other steroids tested. The cor-
ticoids, excepting AU, increased urinary
K levels above those found in intact or
adrenalectomized controls. While A'U
had no effect on terminal plasma Na
concentration the remaining steroids to
varying degrees, elevated plasma Na con-
centration above the level of that found
in adrenalectomized untreated animals.
Of the compounds which lowered plasma
potassium to levels below those charact-
eristic of the adrenalectomized rat, 9 «
fluorocortisol was most effective, even
depressing the level below that found in
intact controls. The steroids, excepting
AU accentuated weight loss to a greater
extent than adrenalectomy alone.

From Fig. 1 and Table 2 it can be
seen that A'U was the only steroid of
those employed which gave a gain in
body weight and recovery of the water
from the level found in the adrenalectom-
ized rat to near that found in the intact
controls.

DISCUSSION

These experiments demonstrate that
small daily dose of either cortisone, corti-
sol, their A! analogues, or 9 « fluorocor-
tisol increased urine volume and potas-
sium excretion in adrenalectomized force-
fed rats. These steroidal effects are simi-
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Table I. Effects of adrenal steroids on water
tomized rats (treatment 1 mg/day).

lar to those obtained in the intact force-
fed animal (4). The effect on natriure-
sis in this study differs from that seen in
the intact animal where it formerly was
found that most of the steroids augment-
ed Sodium excretion (4). In the pres-
ent study, where the effects were studied

intact Control

I,

Adx. Control

Adx. Cortisone

]

Adx. Hydrocortisone

—_—

Adx. Prednisone

Adx, Prednisolone

Adx. 9«xFluoro
Hydrocortisone

Adx. A" U

Adx. Corticosterone

Adx. lldehydro
Corticosterone

and electrolyte balance in force-fed adrenalec

in the adrenalectomized animal, there
was little, if any, effect on sodium excre-
tion. In other words these 11-oxy ste-
roids were natriuretic in the intact animal
but not in the adrenalectomized one. The
reason for such a difference is not clear
but it could be related to the probability

-3 -2
gms./day

Fig. 1. Effects of adrenal steroids on body weight in force

ment 1 mg/day).

Avg. body wt. ol stort
of experiment.

fed adrenalectomized rats (treat
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of an interaction of affects between the
administered steroids and endogenous
ones in the intact animal, whereas in the
adrealectomized rat the administered ste-
roid could exert its effect without inter-
ference from adrenocortical secretions.
The finding by Uete and Venning (5) of
antagonistic effects between mineralocor-
tioids and glucocorticoids on sodium ex-
cretion but similar effects of these steroids
on potassium excretion lend credence to
the idea of complicated interrelationships
between endogenous and exogenous ste-
roids acting simultaneously on metabolic
processes. A low plasma sodium char-
acteristic of the adrenalectomized animal,
was found in the force-fed adrenalecto-
mized rats studied here and administra-
tion of the corticoids (excepting A'U)
elevated  plasma sodium, cortisone and
hydrocortisone being most effective. The
steroids failed to lower the high plasma
potassium level of the adrenalectomized
rat while stimulating urinary loss of this
element. Hormones effective in replac-

ing adrenocortical function generally de-
crease urinary loss of sodium, elevate
plasma sodium levels, increase urinary
potassium excretion, and depress plasma
potassium levels. Since the steroids test-
ed here failed to depress plasma potas-
sium and halt renal loss of sodium and
water it is quite likely that they would
have poor life-maintaining properties in
adrenalectomized animals. This has been
our experience, particularily with corti-
sone. Furthermore, it seems quite clear
that the steroids used here, while gener-
ally are thought of as primarily active in
carbohydrate metabolism (8, 9), have a
marked but somewhat unpredictable in-
fluence on water and electrolyte meta-
bolism.

Corticosterone and 11-dehydrocorti-
costerone considered to be hormones nor-
mally secreted by the adult rat (10), had
little effect on renal excretion of water
and electrolytes; this was formerly shown
to be true for the intact animal (4).
Reasons for such findings are not clear

HOH Na K
Intact Control 57 % 76 % T2 %
Adx. GControl 68 % 92 % 76 %
Adx. Cortisone 84 % 97 % 89 %
Adx. Hydrocortisone 8l % 93 % 94 %
Adx. Prednisone 94 % 91 % 96 %
Adx. Prednisolone 90 % 92 % 97 %
ﬁ:élrogcoéﬂgsot:r?e 88 % 83 % ) 92_'%
Adx. A" U 57 % 8l % 75 %
Adx. Corticosterone 66 % 87 % 87 %
Table II. Effects of adrenal steroids on the percent of administered water sodium and potas-

sium recovered per day (treatment 1 mg/day).
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but it may be that the rat metabolizes or
inactivates these natural products more
readily than other steroids, and hence re-
quires larger doses to obtain similar ef-
fects.

Effects with A*U were somewhat inter-
esting in that in the adrenalectomized
animal it was the only compound which
promoted gain in body weight and de-
pressed the urine volume to that char-
acteristic of the intact animal. It did not
appreciably affect plasma or urinary elec-
trolytes. This compound then seems to
have mild physiological properties favor-
able to survival in the adrenalectomized
rats. At the termination of the experi-
ment the rats treated with AU appeared
healthier and were more active than the
animals treated with any of the other
steroids. Such results, lead us to tentative-
ly suggest, that AU promotes anabolic
offects more so than the other steroids
used here. In confirmation of others
(11), 9 « fluorocortisol increased urine
volume and potassium, but depressed
urinary sodium excretion. This steroid
lowered the plasma potassium sufficiently

to cause hyperexcitability and probably
affected cardiac functions. It would be of
interest to study its effects on cardiac ac-
tivity. ,

All of the steroids tested, except AU
cither had no effect or augmented re-
covery of administered water, sodium,
and potassium in adrenalectomized rats.
Since AU was the only compound which
depressed water recovery to normal levels
and promoted gain in body weight it
probably exerted beneficial homeostatic
effects by acting somewhat selectively on
the transfer water from one body com-
partment to another, or by promoting
renal tubular reabsorbtion of water. Such
assumptions are based mainly on the
findings that plasma sodium and potas-
sjum were not appreciably affected by
the steroid, and urinary sodium was only
slightly depressed while urinary potas-
sium remained unchanged. Effects some-
what similar have been reported in the
adrenalectomized dog by Swingle et al.
(12) after administration of 2 methyl-9
a fluorohydrocortisone.
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THE BIOLOGICAL AVAILABILITY OF RIBOFLAVIN
SOLUBILIZED WITH SODIUM SALICYLATE

Warren C. Gewant and Harry K. Lane
Franklin and Marshall College, Lancaster, Pennsylvania

ABSTRACT

] Th(.e vitamin solubilized with sodium salicylate (25 g of sodium salicylate and 1.2 g of
r1bof1av1.n per 100 ml of solution) was fully available when tested with Lactobacillu.s casel
after .b‘emg stored for three weeks at 370 C and nine weeks at 6° C and 23° C. The freshl
solubilized vitamin was also found to be available when tested with chicks . e

INTRODUCTION

The limited solubility of riboflavin in
water has stimulated investigators to seek
agents which increase the water solubility
of the vitamin without interfering with
its biological usefulness.

Miller (1946) and Sengupta and
Gupta (1949) reported that sodium
salicylate acts as a solubilizer for ribo-
flavin.

The experiments reported in this paper
were carried out to determine whether
the sodium salicylate when used as a
solubilizer interferes with the biological
usefulness of the vitamin in solutions
containing 25 g of sodium salicylate and
1.2 g of riboflavin per 100 ml of solu-
tion.

PROCEDURE

The sodium salicylate solubilized sam-
ples of riboflavin were compared with
unsolubilized riboflavin by two biological
procedures: microbiologically with Lac-
tobacillus casei (Snell and Strong, 1939)
and biologically with Kimberchik K-137
chicks as the test animals.

The procedure used in the microbio-
logical assays is found in the ninth edition
of the Difco Manual published by Difco
Laboratories, Detroit, and is a slight
modificaiton of that of Snell and Strong.
The microbiological evaluations were
based on the titration of the lactic acid
produced after seventy-two hours of
growth.

The procedure used in the chick test

follows quite closely that used by
Armold, et al. (1952) in determining the
availability of riboflavin solubilized with
sodium 3-hydroxy-2-naphthoate. The
day-old, male chicks were fed a ribo-
flavin-deficient diet for one week prior to
placing them on test. The tests were be-
gun with twelve chicks in each group.
The riboflavin used in these studies
was obtained from Nutritional Biochemi-
cals Corporation and its activity was

pl
10

" °
8
E | H
]
o
13 -
=
(=] -
zc, © Standard
] ® Solubllized
z
= 4 -
(=]
= !
2 L
»
i i L 1 i 1 A A i 1 1 1
) 005 [o]e] 0I5 020 025 030
7 Riboflavin

Fig. 1. Microbiological response to ribo-
flavin freshly solubilized with sodium
salicylate compared with that of un-
solubilized riboflavin (standard).
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found to be equivalent to that of U.S.P.
riboflavin when tested with Lactobacillus
casei. The riboflavin-deficient diet was
obtained from the same source.

For the microbiological tests the solu-
tion was simply diluted to the appropri-
ate concentrations before use. Tests were
performed on the solution when freshly
prepared and upon storage in ruby glass
in a dark place for the periods of time
and at the temperatures indicated under
Results.

For the chick tests a suitable aliquot of
the solution was dried on sucrose in a
vacuum desiccator over calcium chloride
prior to regrinding and incorporating in-
to the diets. The solution and riboflavin
powder were added to the diets at two
levels of test to supply 116 ad 204 micro-
grams of riboflavin per 100 grams of
diet.
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Fig. 2. Microbiological response to ribo-
flavin solubilized with sodium salicy-
late and stored for three weeks at 37°
C compared with that of unsolubi-
lized riboflavin (standard).

RESULTS

The results of the microbiological tests
on freshly prepared riboflavin-salicylate
solution and on solutions stored at 37° C
for three weeks and at 23° C for nine
weeks are shown in Figures 1 to 3. The
results from the unsolubilized and solu-
bilized vitamin do not differ more than
do the results of the duplicate tests made
on either one. The results of the test of
solution stored at 6° C for nine weeks
agree equally well with the reference ribo-
flavin.

Examination of the growth curves of
the chicks given in Figure 4 and of the
average weekly weight gains per 100
micrograms of riboflavin intake given in
Table I indicates that the gains in weight
of the chicks fed the two riboflavin
sources were not appreciably different at
each of the intake levels.

0 Stenderd
] Selubliized

O.UN NaOH

M.

@ 005 alo 1] Q20 0235 030

7 Riboflavin

Fig. 3. Microbiological response to ribo-
flavin solubilized with sodium sali-
cylate and stored for nine weeks at
230 C compared with that of unsolu-
bilized riboflavin (standard).
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TABLE I

Growth response of one week riboflavin depleted chicks to each of
two riboflavin preparations each fed at two levels of intake

Number
‘ of chicks _chtgltaI Weekly gain

. i surviving riboflavin ;

Rlboﬂz_wm source and test intake per Weights ggi)f}g\(r)i}rll
dietary level period chick Initial 4 weeks intake
Y gm gm

Riboflavin powder, 116Y% 10 183.9 45.9 66.5 2.80
Riboflavin powder, 204y % 10 386.5 46.4 89.7 2.80
Solub_ilized in sodium

salicylate, 116Y% 11 144.8 46.2 62.7 2.85
Solub}lized in sodium

salicylate, 204y% 10 335.6 43.6 77.5 2.52
None 3 41.7 43.6

1001
2047 %
(2]
i g ok 204 7 %
1 4
(L)
60
= 167 %
1167 %
[
I
o 4o - e .
w Control
= Group
20k Powdered Solubilized
Riboflavin Riboflavin
0 L 1 L i i L I J

WEEKS ON TEST

Fig. 4. C?r.owth Tesponse of chicks fed a riboflavin-deficient diet supplemented with unsolu
bilized riboflavin or with riboflavin solubilized with sodium salicylate.

SUMMARY
The biological availability of riboflavin
solubilized with sodium salicylate was de-
termined with Lactobacillus casei and
with chicks as the test organisms. The
riboflavin in a solution containing 25 g
of sodium salicylate and 1.2 g of ribo-

flavin per 100 ml of solution remained
fully available since the solubilizing agent
had no determinable effect.

Tests showed that the solution was
stable to storage for at least three weeks
at 37° C and at least nine weeks at 6° C
and 23° C.
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RESEARCH APPROACH TO COLLEGE CHEMISTRY

Iola B. Parker
Point Park Junior College, Pittsburgh, Pennsylvania

ABSTRACT

Since potential chemists are often lost because of students’ disappointment with college
freshman chemistry a laboratory method has been devised which stimulates interest and un-

covers talents through student-chosen projects.

Motivated by a desire to prepare chosen sub-

stances, thé nécessity for purifying them and proving he has them the student becomes skillful
in his manipulations and acquires a working knowledge of basic chemistry superior to that
obtained from “cook-book” laboratory experiments.

Any teacher of chemistry who has not,
at some time, been dissatisfied with the
results of his teaching has never fully
realized the tremendous responsibility
civilization has placed on his shoulders.
Through our hands are passing the
world’s future chemists, and, unfortu-
nately, through our hands are also slip-
ping some potential chemists. These are
the young people who loved chemistry—
or thought they did—but, because of dis-
appointment with their college freshman
chemistry, became bored and soured on
the science. We have all seen it happen,
and many of us are trying to do some-
thing about it. Ao

For a long time now teachers of fresh-
man chemistry have been looking for
something superior to the “cook-book”
laboratory method. We are all aware
that a student can fill every blank in the
most modern and complete laboratory
manual and still not know chemistry, but
what can we do about it? Just adopting
a newer, thicker laboratory manual is not
the answer.

Several years ago I began to experi-
ment with an entirely different type lab-
oratory instruction, a “learning-by-do-
ing” method which I call the “research”
approach to college chemistry. What does
the researcher have that keeps him plow-
ing on in spite of vitriol, fire, and brim-
stone? Isn’t it his self-chosen goal; his
dream? When [ allowed my students to
attempt the materializing of their own

dreams in the laboratory they became
true researchers, young scientists who
could plan and carry out intricate, diffi-
cult experiments, who could delve into
volumes of reference material, endure
failure after failure, and accept stained
hands and acid-riddled clothing without
losing the shine in their eyes. And,
strange though it may seem, they not
only had a wonderful time, but they
learned chemistry, really learned it, far
better than those who followed cut-and-
dried conventional laboratory procedures.
As one boy put it, “What [ like about
this method is, we learn why.”

Of course the “research” that my
freshmen do is not the frontier-moving
research of the advanced scientists. They
are not doing things that have never
been done before—though at times they
come close to it—but they are pushing
their own frontiers of knowledge back
while traveling their self-plotted courses.
To them it is research, research with all
its agonies and ecstasies.

First, let me say that I use a conven-
tional laboratory manual—"“cook-book”
procedure and all—for the first half of
freshman chemistry. Here, in Chemistry
101, the students learn the basic techni-
ques and do the 'standard experiments
which are essential for all beginning
chemists. 'However, all along the way I
keep pointing out ‘the reason for this
rigorous, difficult—and -sometimes bor-
ing—training. Thgy are told that this is
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all preparation for a new exciting kind of
chemistry where they will be given a
great deal of choice in their experiments.

Near the end of Chemistry 101 each
student is told to choose a metal which
is to be the spring-board for his 102 “re-
search.” Any other type of base-material
could be used, but I use the metals be-
cause the lectures at this time in the
course usually deal extensively with the
chemistry of the metals. Work with the
chemistry of one metal may seem a nar-
row path for a freshman, but it soon de-
velops that it is far from narrow. Before
long the path begins to branch, and
branch again, until it joins the chemistry
of other metals and cuts deeply into the
chemistry of the non-metals, thus con-
necting much of the whole, vast field of
inorganic chemistry.

With the choice of a metal decided the
student begins his reading. Starting with
his own text book, and almost immedi-
ately adding more advanced works, he
goes on to search the libraries and ma-
terial from industries for information
about his metal. As he reads he keeps
looking for things Ae might be able to
do: compounds to produce, processes to
try, tests to make. At first he may feel
completely bewildered, but eventually he
spots some simple thing he can try, and
once launched he soon realizes that al-
most every paragraph in a book such as
MELLOR’S MODERN INORGANIC
CHEMISTRY (1) contains a potential
experiment. '

The first day in the 102 laboratory the
student is introduced to standard refer-
ence material and taught how to use it.
He meets the Chemist’s Handbook (2)
(3), which soon become his trusted
friends. He is also told more about other
library facilities and how to use such
encyclopedic works as Mellor’'s COM-
PREHENSIVE TREATISE ON INOR-

GANIC AND THEORETICAL
CHEMISTRY (4).

There are certain other instructions the
student must be given on this first day
so he will know how to regulate his lab-
oratory procedure. He is warned that
never, absolutely rnever, is he to do an
experiment without first clearing with
me! This is an iron-clad rule and
breaking it can lower a grade. He is in-
structed how to keep accurate, dated
notes of every step he takes. Failure to
do this reduces his experiments to “chem-
istry-set messsing around,” and can re-
sult in failure for the course. He is also
taught how to judge and limit quantities
for safety and thrift. For a quick rule-
of-thumb we say to use no more than
two grams of a metal, and no more than
five milliliters of anything. Special cases,
of course, vary these quantities both
ways.

On this first day, just as soon as the
instructions are completed, the students
whose projects and experiments have
been approved are free to begin work.
One by one they quietly get up from their
tables and start to assemble apparatus
and materials. This is a frightening time
for me. As I watch those first hesitant
steps I always ask myself, “Will it work?
Will it really work this time?” But it
always does. With the first two or three
on their feet, it is not long before the
others, too, timidly ask for permission to
try something they have found in their
reading.

Most students begin by attempting to
make some simple compound, but even
that has its problems, as it soon becomes
evident that each metal presents a set of
problems all its own. One student may
find he can make a sulfate of his metal
in one quick step, while another must go
through a long, laborious procedure for
his, and still another may find his metal
forms no sulfate at all. There is no
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chance of trailing along in the footsteps
of the “brain” of the class for everyone
is working on a different metal. The
“brain” has problems of his own. Within
two or three weeks most have enough
knowledge, skill, self-confidence, and
daring to try any reaction they can find
in their reading. I can actually see them
grow as, day by day, they discover the
reductions, the complexes, the different
oxidation states, the individual, “per-
sonal” traits that characterize the ele-
ments themselves. And, no one is limit-
ed by a missing reagent. What he needs,
he makes!

This “making what he needs” is one
of several ‘“‘secret” ingredients of the re-
search approach which makes it such
an cffective way to learn chemistry. I
keep only one or two sources of each
metal on our supply shelf. By all sorts
of chemical gymnastics the student has
to change these into all the various sub-
stances he desires to make, and, in addi-
tion to making the compounds of his own
metal, he is quite likely to find it neces-
sary to make his other reagents. Com-
plications build on top of complications,
and each one teaches him a little more
about chemistry.

Another ‘“secret” ingredient is that
nothing is ever thrown away just because
“it didn’t work.” Students and teachers
alike learn more from the failures than
from the successes. If a reaction does
not turn out as expected there is a reason
for it that must be discovered, if possible.
With the teacher as a consultant the stu-
dent puts his hopeless-looking results
through reaction after reaction in an ef-
fort to get it back into an identifiable
form. Also, everything possible is re-
claimed and purified for reuse. For in-
stance, we rarely throw away a silver or
mercury compound.

In every case the student must purify
his product and prove he has what he

says he has. This is accomplished by
tracking down chemical and physical
properties, bit by bit, from the Chemist’s
Handbooks (2) (3), Mellor’s (1) (4),
et cetera. It is here he Jearns about solu-
bilities, crystallizations, and the delicate
separations and washings of products.

There must be correct equations for
every reaction. No lazy guesses will do.
Sometimes it takes the whole department
to find the accepted equation, or to
write those we cannot find, but our stu-
dent-teacher combination rarely gives up.

Although the student is on his own I
am with him all the way, not in front of
him, but beside him, ready to suggest a
reference book, an improved set-up, a
different technique, a safety measure, a
possible solution to a knotty problem,
and eternally, purification and proof.

When possible, purified samples of
the final products from the various proj-
ects are mounted on uniform sheets and
posted on a large bulletin board just out-
side the laboratory door. In addition to
the sample with its name and formula
these sheets give all the reactions which
produced it and the reasons for their go-
ing to completion. Also the student
must record how he separated and puri-
fied this substance from any others pres-
ent. Little knots of students congregate
in front of this display all during the day
to exchange experiences and offer sug-
gestions. In this way all students in all
of the 102 classes share in the glory of
each others successes and sympathize
with their difficulties. They are proud of
these samples because each bit of Saran-
wrapped crystal or powder is the ma-
terialization of an idea, not just some-
thing they had to do to pass chemistry.
Even the poor students take pride in their
part of the display, for they know some-
thing of the “why” of each reaction.

It is difficult to describe what hap-
pens to both students and teacher as the
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course gains momemtum. I can see each
one pass from fumbling and doubts to
poise and confidence. As interest be-
comes first warm, then hotter and hotter,
“lab” ceases to be a smelly ordeal that
must be endured for science credit, and
becomes a time and place to work out
ideas, a place where a bit of “goo” in an
evaporating dish can become very preci-
ous because it is the tangible results of
labor combined with a dream. Before
long they are standing in line anxiously
waiting for me to unléck the laboratory
door at the beginning of the period. Soon
they forget to watch the clock for their
“break,” and I have to drive them out
at the end of the period. As for the
teacher—{ have more fun than anyone!
At the end of each term T feel T have
had another wonderful course in ad-
vanced inorganic chemistry.

It is impossible to tell adequately how
this method functions. You would have
to follow me around the laboratory for
several weeks and actually see it in ac-
tion to apreciate what is accomplished.
Rarely do T say an experiment cannot be
done. If someone insists on trying a
project, even in the face of my doubts of
his success, I usually give in. T have
seen too many inspired young chemists
do the impossible. Of course, I do not
permit any reaction that could produce
an extremely poisonous gas, such as ar-
sine or cyanogen, and I am very careful
about explosives. When allowing a reac-
tion with which I am unfamiliar, one that
could be dangérous in any way, we use
only “pin-head” amounts and work up
from that. I am constanfly amazed at
the ever-newness of the course taught in
this way. Certainly many, many reac-
tions are repeated térm after term as each
new class discovers them for themselves,
but each term someone does something
that has never been>done in the class: be-
fore. - o™ el ey S

A few examples will illustrate how the
determination of the student to reach a
chosen goal can carry him cross-grain in
chemistry to learn many things. “Mr.
Silver” read where a 25-75% silver-iron
alloy could be made by the simultaneous
aluminothermic reduction of the corre-
sponding oxides of the two metals. 'This
seemed simple enough until he discover-
ed we had neither silver oxide nor iron
oxide. Our source of silver was silver
nitrate and our sources of iron were
metallic iron and ferrous sulfate. He had
recently reviewed nitrates and knew they
would all decompose when heated, and
all but the nitrates of the alkali metals
would give .the oxide. The silver oxide
would be easy; but, would the ferrous
sulfate decompose when heated? Some
sulfates do, but they give the oxides? He
could, of course, make iron nitrate and
decompose that—provided nitric acid did
not render iron passive as it does some
metals. After studying the chemistry of
iron and properties of sulfates for some
time he chose the one-step method of
heating the sulfate. (As a by-product
of - his reading he learned that the dis-
tillation of the hydrated ferrous sulfate
was the first method for making sul-
furic acid.) His reading done and his
plans. made, the next thing was to cal-
culate the amount of hydrated ferrous
sulfate needed. T told him to base all his
calculations on three grams of ferric
oxide. From this three grams of ferric
oxide he figured both ways to determine
the amounts of hydrated sulfate, silver ni-
trate, and aluminum needed. Some tedi-
ous figuring was necessary before he
could even start his reactions, but he did
not mind that, or the reading, or the care-
ful weighing, because he knew why he
was doing it. It was the vision of a little
gray lump of metal that led him criss-
cross - through all sorts of by-ways of
chemical knowledge. :
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And then there was little “Miss
Barium” who had been so nervous and
afraid of chemistry 101 that she had
begged to drop the course, but in 102
she became so fascinated with the chem-
istry of barium that she was afraid of
nothing. One day she asked for permis-
sion to try for metallic barium. When I
asked her how she planned to do it, she
rattled with confidence:

“By the electrolysis of barium chloride
using mercury as a cathode. Then you
distill off the mercury.”

I doubted that she would get very far,
but I told her she could try. In a few
minutes she was back. “There isn’t any
barium chloride.” Her eyes questioned
me for a suggestion.

“I know,” T laughed.

She grinned back at me. “TI’ll have to
make it, won’t 1?”

“That’s right,” I said.

Soon she was back again. “It says
here,” she indicated a paragraph in
“Mellor’s”, “that the chloride is made
from barium oxide. But we don’t have
the oxide, only the peroxide . . .”

The look on my face answered that
one. She spent half a period trying to
adjust the heat so as to get the oxide
without its reverting to the peroxide be-
fore she discovered that she could use
the peroxide for making the chloride.
She prepared her chloride, did a well-
planned, successful electrolysis, and ob-
tained her barium dissolved in the mer-
cury cathode. During the distillation of
the mercury she learned much about its
properties and how to handle it safely.
She did get her barium, a little round ball
of metal left from the distillation, but it
oxidized too rapidly to recover as a sam-
ple. Even though this project did not
result in a sample that could be posted,
it was far from a failure.

These are just two examples of the
many experiments done by these stu-

dents. Before the term ended all their
activities had woven for them a net-work
of chemical knowledge covering far more
territory than that of the conventional
laboratory manual. 7 *

This laboratory method is so unusual
for the undergraduate that is raises a
number of questions.

First, do the students actually cover
the material and experience the techni-
ques and disciplines presented by the ac-
cepted laboratory course? One doubt-
ing evaluator asked me to make a check-
list to determine if this is so. I checked
the material covered by my research
method against that covered for chemis-
try 102 in three laboratory manuals
which are used extensively in other col-
leges—Sorum’s (5), Kanda and Burtt’s
(6), and Frantz and Malm’s (7)—and
I found it did not differ from these any
more than the four differed from each
other, except that most of my students
go beyond the scope of these manuals,
excellent though they are.

Second, with the students choosing
their own activities how can I be sure
that the experience of each will be broad
enough? This is done by a little gentle
steering. True, they are not dragged
through the course by the force of my
will, but neither are they left to flounder.
The teacher is a partner in this “research
program.”

Third, does not this method require
some kind of super-teacher, someone
with a special gift of imagination, en-
thusiasm, and skill in the art of teaching?
And, does it not require someone with a
vast reservoir of chemical knowledge?
With the first set of qualifications I
agree. It does require such a person, but
any chemistry course requires these in
the teacher. As for the super-knowledge
of chemistry, anyone who is qu
teach college chemistry by a
method is qualified to do it b
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search approach. The teacher is not sup-
posed to know all the answers; the best
processes to use, the “whys” for all un-
predicted results, the identities of surpris-
ing products. No one person could. When
I am stumped, as I often am, I set the
student to digging deeper into reference
material, then, after all the evidence is
in from experiment and reading, we draw
our conclusions together. Some of the
best learning situations we have ever had
in my classes developed from my own
ignorance. There is nothing that stimu-
lates learning quite so much as beating
the teacher to the answer.

Fourth, does this method prepare the
student for advanced chemistry courses
as well as the conventional method?
Emphatically, yes! He is thoroughly at
home in the laboratory. He can plan
experiments, judge quantities, calculate
amounts, devise methods, and improvise
equipment; and the whole library is his
text book. He has learned an independ-
ent way of study, the self-disciplined way
of the researcher. He thinks as a scien-
tist thinks; from vision, to plan, to pro-
cedure, to conclusion and proof. He is
prepared to take the next step up with
confidence and poise.

This is not a magic process that turns
every student into a serious scientist. I
am claiming only that I have found the
results from this method far better than
those from the “cook-book” laboratory
manual method. I still have failures.
Also T still have a few of the lazy, the
vague, the flighty—and those who would
be bored at a Cape Kennedy count-
down. But even these usually get
caught up in the excitement of some
project before the course is finished, and
surprise themselves by learning a little
chemistry.

In evaluating this method, or any
other, teachers must ask themselves the
following questions. Which is more im-
portant: being able to answer the ques-
tions, by fair means or foul, in a labora-
tory manual, or being able to prepare a
desired compound from almost any given
source? Which is more important: duti-
fully performing a list of prescribed ex-
periments in order to pass a course, or
discovering latent talents and acquiring a
deep love and appreciation for chemistry.
Which is more important: learning about
the laws of nature, or learning how to
use these laws to bring about a desired
result?
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SOME TEMPERATURE-VISCOSITY RELATIONSHIPS FOR
CERTAIN ESTERS OF NAPHTHENIC ACID. 1IV. !
CHARACTERISTICS OF HIGHLY FRACTIONATED
ETHYL NAPHTHENATE

M. 1. Hart, U. Burti, D. M. Solomon, and M. J. Kuhar
University of Scranton, Scranton, Pennsylvania

INTRODUCTION

It has been demonstrated that certain
esters of naphthenic acid have unique
temperature-viscosity relationships in
comparison with dioctyl sebacate, whose
temperature-viscosity relationships are
well known (Brennan, 1961). More
specifically, Appleton et al. (1962) have
shown that the ethyl and n-propyl esters
have superior temperature-viscosity re-
lationships to the other naphthenic esters.
(By “superior” is meant that the curves
exhibit a small rate of change of viscosity
with temperature. “Inferior” refers to
those curves which show a marked or
rapid increase of viscosity for some tem-
perature change.) This publication re-
vealed the heterogeneity of the low-boil-
ing fraction of naphthenic acid and its
esters by the use of gas liquid partition
chromatography, as did the later work of
Burti et al. (1963).

The present paper is an outline of
further work using a more discrete cut
of naphthenic acid and a finer fraction
of its ethyl ester.

OBJECT AND PLAN OF INVESTIGATION

The object of this investigation was to
obtain a relatively more homogeneous
ethyl ester of naphthenic acid and to de-
termine the temperature-viscosity rela-
tionships of this fractionated mixture.
This was accomplished by fractionation
techniques and improved methods of
preparation. Gas liquid partition chroma-
tography was utilized to demonstrate the
degree of homogeneity involved. Also,
infra-red spectra of the ester fractions
were obtained for the purpose of identi-
fication and analysis.

METHODS

The initial phases of this investigation
were concerned with the separation from
the crude naphthenic acid of all com-
ponents boiling below 250°C. The
separation of this range of acid was ac-
complished at atmospheric pressure by
means of a simple ground glass distilla-
tion apparatus. The distilled acid sam-
ples thus obtained were then fractionated
at a reduced pressure of approximately
2 mm. Hg. The fractionating column
employed in this operation was a 4-foot
Podbielniak-type column, packed with
3/32 inch glass helices and rated at 14.7
theoretical plates (Weissberger, 1951).
The fractionated acid is specified by the
data listed in Table L

The ethyl ester of the fractionated
naphthenic acid was prepared by the
method of Appleton et al. (1962) with
one modification. It was observed that
overheating of the acid chloride, in the
process of removing excess thionyl chlo-
ride from the reflux mixture, resulted in
polymerization of the acid chloride, as
evidenced by a dark, tarry residue in the
distillation vessel. Therefore, the major
portion of the excess thiony! chloride
was removed by the simple distillation
method, but the last traces were driven
off by a direct steam distillation from the
two-phase system that exists following
the esterification reaction and hydrolysis
procedure.

The ethyl ester thus prepared was
purified by successive washings with
sodium bicarbonate and distilled water
and was fractionated by means of the
Podbielniak-type colummn described
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Physical Character
Unsaponifiables

Acid Number

Iodine Number

Sulfur Test

Low Temperature Stability
Moisture (Karl Fisher)
Boiling Range (°C)

Table I: Specifications

above. The two fractions collected,
designated as “A” and “B”, respectively,
were then washed and dried over anhy-
drous calcium chloride. The ester frac-
tions are characterized by the data of
table II.

Table 11
A B
Acid Number 1.43 2.00
Saponification Number 191.1 188.1
Refractive Index 14479 14513
Boiling Range 56-69°C* 69-800C*
* at 2mm Hg.

v

v, Table II: Characteristics of Ethyl
ﬂ._f Naphethenate Fractions Investigated

All viscosity measurements were made
with a Brookfield Model LVF Synchro-
lectric - viscometer, following the proce-
dure of -Appleton et al. (1962).

Thé gas chromatographic data pre-
sented herein were obtained “with a
Fisher-Gulf -Model 300 Partitioner, fit-
ted with a 7% -foot-column packed with
Johns Manville “Celite” -and employing
a liquid’phase of Dow Corning silicone
grease in"the ratio of 1 gram of grease to
5 grams of “Celite.”

‘RESULTS AND DISCUSSION
Infra-red Spectroscopy::
The infracred spectrograms of the
frdctionated acid (Figure 1) and of the
fractionated ester (Figure 2) wete ana-

Light Amber Liquid . "~
10% (maximum)
200-215

10 maximum

negative

Stable at 40°F

0.3% (maximum)-
30-120°C (at 2.5 mm Hg.)

of Naphethenic Acid

lyzed in order to obtain further structural
information and characteristic data on
these compounds. No functional groups
other than those that would be anticipated
for ordinary carboxylic acids and esters
were found to be present. The spectra
of the two ester fractions were found to
be identical, the implication being that
the esters differ only in length of side
chains.

With regard to the acid spectrum, C-H
stretching appears at 3.4 to 3.5 microns
and : C-H bending at 6.9 and 7.3
microns, as would be expected. The
ester spectrum reveals similar bands at
the above-indicated wavelengths. Ab-
sorption at 5.8 to 5.9 microns in both
the ester and the acid is probably due to
C=0 stretching. The remaining bands
in the region of 7 to 9 microns may
seemingly be ascribed to C-O stretching
or O{H bending.

Data for the above interpretation were
obtained from Silverstein and Bassler’s
Spectrometric Identification of Organic
Compounds (1963).

Guas Liquid Partition :Chromatography:

The gas chromatograms illustrated in
Figures 3 and 4 indicate the degree of
homogeneity of the ester fractions in-
vestigated. - . g

‘The “A” and the “B” fractions were
each’ partially' resolved into 4 "peaks.
These may be ccompared with: the low-

boiling ester fraction investigated by
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Burti et al. (1963), which was partially homogeneity of the finely fractionated
resolved into 8 components. These data sample utilized in the present investi-
would seem to illustrate the greater gation.

FIGURE I

Infrared Spectrogram
of Naphthenic Acid.
Scanned between salts,
(Boiling Range -~
250-1200 ¢ at 2mm. Hg)

it
==
7y
o
-
e
£

MICRONS

FIGURE 2

Infrared Spectrogram
of Ethyl N&phthenate.
“Fractions A and B, -
Scanned between salts,

-

3 y 5 6 7 8 9 11
MICRONS

Fig. 1. ‘Infrared Spectrgram of Naphthenic Acid.
Fig. 2. Infrared Spectrogram of Ethyl Naphtheiiate Fractions:*A” and “B”.
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Temperature-Viscosity Data:

The temperature-viscosity data for the
ester fractions investigated are listed in
Table III and are illustrated in Figure 6.
Temperature is in degrees Centigrade
and viscosity is given in centipoise units.

FIGURE 3
Gaes Chromatogram of the "4" Ester Fractlon.

Column Temp. 210°C
Cell Temp. 150°¢
Sensltivity 15

Gas Flow 40 ml/min.
Sample Size .01 ml

3 10 14 16
Time {ml utes}

FIGURE 4 )
Gas Chromatogram of the "B" Ester Fractlon

Column Temp. 200°C

Gell Temp,  155°C
= Sensltivity 10%
Gas. Flow 35 ml/min

Sample Size <01 ml

T L T T LJ T

o 2 i 6 B 10 1h 16
Time (mlnutes)
Fig. 3. Gas Chromatogram of the “A”
Ester Fraction.
Fig. 4. Gas Chromatogram of the “B”
Ester Fraction.

It is evident from the graphs of Figure
6 that the ethyl naphthenate fractions
under present investigation are char-
acterized by temperature-viscosity curves
inferior with respect to rate of change of
viscosity with temperature to those
curves representing fractions investi-
gated by Burti, ef al. (1963). As the
temperature approaches approximately
-60°C., the viscosity of the finely frac-
tionated ester begins to increase relative-
ly rapidly. It may be noted that the
curves of the fractionated ester are, how-
ever, superior to those of the control,
dioctyl sebacate.

These data would seem to indicate
that as the number of components of the
ester decreases, its temperature-viscosity
relationships become less favorable.

PIGURE 5

Gas Chromatogram of Ester Fraotlom
Investigated by Burti, et. al. {1963)

Column Temp.
Cell Temp.
Sensitivity
Gas Flow
Sample Sige

16 12
Time (minutes)
Fig. 5. Gas Chromatogrgam of Ester Frac-

tion Investigated by Burti, et al.
(1963).

“A” Fraction

“B"” Fraction

Temp. (°C.) Visc. (cps.) Temp. (°C.) Visc. (cps.)
—60 239 —60 244
—50 102 —53 144
—39 39 —42 90
—30.5 31 —37 68
—19 13 —28 49
— 17 8 —I18 22

0 5 —13.5 13
0 7
+3 5

Table ITI. Temperature-Viscosity Data For Ethyl Ester Fractions
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= FIGURE 6
~E-——@{—B— DIOCTYL SEBACATE
~—x——X——X~—  LOW-BOILING FRACTION OF BURTI, ET, AL, 1963
l —A~——A——p— [NTEHMEDIATE-BOILING FRACTION OF BURTI, BT, AL, 1963
250 @ —o—— g —p—— ETIYL NAPHTHENATE "A" IRACTION
X ~®@——@—@— ETHYL NAPHTHEKATE "i#" FRACTLON
~ 200+
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<3}
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Fig. 6. Temperature-Viscosity Relationships of the “A” and “B” Ester Fractions, the Esters
of Burti, et al. (1963), and of Dioctyl Sebacate.

SUMMARY AND CONCLUSIONS

1. The ethyl ester of naphthenic acid
was prepared from a fractionated sam-
ple of the acid and the ester thus ob-
tained was itself fractionally distilled
through a 14.7 theoretical plate Pod-
bielniak-type column.

2. The ester was divided into two frac-
tions of boiling ranges 56 to 69°C. and
69 to 80°C., respectively.

3. Infra-red spectroscopy was utilized
to further characterize the fractionated
naphthenic acid and the ethyl naphthe-
nate.

4. Determination of the low tempera-
ture-viscosity relationships of the finely
fractionated ester indicates that relative-
ly homogeneous ethyl naphthenate frac-
tions exhibit temperature-viscosity rela-
tionships inferior to less discretely frac-
tionated samples of the ester in that the
rate of change of viscosity with tempera-
ture is greater in the more homogeneous
samples.
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DYNAMIC ANALYSIS OF METALLIC DEFORMATION
BY TRANSMISSION ELECTRON MICROSCOPY*

L. E. Murr
i ‘ Departmient of Engineering Mechanics
The Perinsylvania State University, University Park, Pennsylvania

ABSTRACT

This paper describes techniques :which enable thin metal foils to be deformed directly, and
immediately observed in the electron microscope. The advantages of these dynamic testing
methods are discussed, and typical ’observations of deformation as a result of fatigue, impact,
and contact stressing are presented. Some consideration is also given to the theoretical in-
terpretation of the imaging of defects by transmission electron microscopy. Selected area
electron diffraction techniques are also employed to investigate the mechanism of contact stress
fracture, which is directly observed in the electron microscope.

INTRODUCTION

HISTORICAL REVIEW

The electron microscope is essentially
quite similar to an optical microscope.
The basic difference lies in the fact that
while the light beam is focused by glass
lens reflection and refraction, the elec-
tron beam is focused by magnetic
lens interactions. And, since the elec-
tron beam is composed of charged parti-
cles of finite mass, the electron beam also
possesses energy or penetration power.
This penetration ability thus allows the
direct imaging of metallic crystals by
transmission of a beam of electrons of
sufficient energy through a foil, the
thickness of which may vary from several
hundred to several thousand angstrom
units.. Then too, since the electron beam
has a very short wavelength, the resolv-
ing capability of the electron microscope
is far in excess of the light microscope.

About 1948, Heidenreich (1) was
successful in preparing a thin metal sec-
tion from polycrystalline aluminum by
electrolytically polishing a hole in - the
metal sheet. He found that the edges
around the hole were transparent to the
electron beam, and so the first transmis-
sion pictures of a metal crystal were ob-
tained. It was later proven by Hirsch,
et al-(2) and Whelan and Hirsch (3),
msem‘ch was supported in part by the Air

Force Office of Scientific Research under : Contract
No. AF-AFOSR-165-63. v

that metallic defects could also be ob-
served .and studied by the method of
transmission-electron microscopy.

Essentially, two types of defects have
been observed by electron transmission;
namely, dislocations and stacking faults.
The method of imaging these defects
may be described, in the simplest form,
as electron diffraction from the distorted
area, or neighboring lattice points effect-
ed by the distortion.

The imaging of defects by electron dif-
fraction is probably best described, both
from a physical or analytical point of
view, by the dynamical treatment de-
veloped originally by Howie and Whelan
(4) through the application of the classi-
cal Schrodinger equation to the electron
diffraction images observed. A work-
ing diagram for this concept is shown in
Fig. 1. Here we imagine a thin metal

8
I
1
ToP
y Z ’1 [ 1 sureace
DISLOCATION % "
LINE ~* X
) dz l
BOTTOM
SURFACE
20
T S

Fig. 1. Schematic representation of defected
lattice section imaged by electron
diffraction phenomenon.
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foil section which corntains a defect (a
dislocation in this particular instance).
The basic equations descriptive of the
transmitted (T) and diffracted (S) com-
ponents of the incident electron beam
(I) as a function of foil penetration are
given by the following differential equa-
tions:

ds ./ 3 _2mi (sg2 +§-R)
rz“m(?;*—;)“ =
dT_ ./ g 271 (g2 +5-R)
a "“”(?g *’g)“ 2)

where §. and §! are constants which
depend upon the atomic scattering factor
(see any classical text on x-ray diffrac-
tion), R is the displacement of an atom
in the shaded region of Fig. | caused by
the dislocation present in the lattice, g is
the reciprocal lattice vector, and s, is the
distance of the reciprocal lattice point
(g) from the retlecting plane of the dif-

fracted beam.

Actually, §. and §! have the dimen-
sions of length, and §, is commonly re-
ferred to as the foil (image) extinction
distance.  This cxtinction phcnomenon
is similar to the familiar Newton rings
observed optically on oil films and other
striated layers. The extinction distance
is then the distance between successive
ring fringes or striae. §! is then simply
a factor which accounts for the electrons
absorbed by scattering and similar inter-
actions within the foil as the beam tra-
verses from the top to the bottom surface.
It has been found experimentally that if

§57§8{ =|(. 078 ¥ . Io)

then egs. (1) and (2) are quite descrip-
tive of the image contrast observed as a
result of lattice imperfection.

As a simple example of what actually

happens as ‘thg electron beam passes
through a metal foil, we can consider

the case where the dot product, (Z.R) is
zero; and where the absorption becomes
quite small so that & approaches infinity.
Thus, eqs. (1) and"(2) become

ds L —amisg2

E‘='g—’.‘l’e g (3
g

dT g 2M1Sg2

o =L )

Now if we differentiate eq. (3) with
respect to the variable (z), we obtain

y

= 2‘7”5,2

LS m dT 2%z gy ;
rel e RS e L
(6D

and substituting eqgs. (3) and (4) in eq.
(5) there results

d*S _ 7 amicds 6)
e A & S

which, written in operator form,
2 . T &
[D + (ZTHSJ)D + (?g) JS =0 (D

appears as a linear second-order differ-
ential equation with constant coefficients.
The roots of the complementary solution
are then

|
€=-m (sg+ 98‘+?'; )
€=-m (Sg—m>
g
and if we let

U=)ls% -1

&
the complementary function becomes

SE)< ke et ke (s5-v)2  (8)

In evaluating the constants, K; and Ko,
we can consider the boundary conditions
associated with Fig. 1. That is, at the
top surface of the foil we have

§aue, o1, 5 oo}

since there is no diffraction at the top
surface, and the transmitted wave at this
point is essentially the incident wave.
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Substituting these conditions into the
preceding equations for T and S we find

that

Then substituting this solution into the
complementary form of eq. (8), the dif-
fraction amplitude (intensity) as a func-
tion of the foil penetration (z) is found
to be

lS‘a)}z: &:(’”’f_)"‘ _ [TV sinem)2)"
&y &) o

It should be observed that eq. (9)
represents a wave function, the ampli-
tude of which oscillates with a sinusoidal
periodicity. Simply stated, this then
shows that the diffracted image will al-
ternate in intensity from bright to dark
as a function of the penetration dimen-
sion (z).

Similar contrast effects such as those
predicted by eq. (9) are actually ob-
served for stacking faults and disloca-
tions, since each type of defect creates a
distortion in the crystal lattice. In Fig.
2 is shown the basic concepts of the
stacking faults encountered in metal foils,
while Fig. 3 illustrates the complete dis-
location consisting of an edge and screw
component.

ABCABCAB C PERFECT CRYSTAL
ABC A’c ABCA misic faur
A B C Af CfB C A B EXTRINSIC FAULT

TOP SURFACE

INTRINSIC FAULT

TOP SURFACE
EXTRINSIC FAULT

Fig. 2. Schematic representation of stacking
faults in a crystal matrix.

Fig. 3. Total dislocation in a crystal lattice
composed of edge and screw com-
ponents.

Both types of defects are created by
a lattice disturbance, usually a deforma-
tion of some sort, or any mode of action
upon the crystal which will create stresses
sufficient to translate a matrix atom or
groups of atoms with respect to the re-
latively undisturbed crystal matrix. Thus,
following a brief review of the contem-
porary observations of defects by trans-
mission electron microscope techniques,
recent observations of defects created by
various deformation modes acting direct-
ly on the thin foil specimens will be pre-
sented along with analyses and compari-
son of these results with this contempo-
rary work dealing with bulk metal de-
formation.

REVIEW OF LITERATURE AND STATE-
MENT OF THE PROBLEM

Since the first examination of thin
mental sections by Heidenreich (1) wus-
ing the electron microscope, a new era of
atomic physics has erupted. In less than
ten years, the entire realm of dislocation
theory in its basic form has been verified

by the critical work of Hirsch, et al (2),

Whelan and Hirsch (3), and countless
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others. More recently, Hirsch, Partridge,
and Segall (5), Whelan (6), and Howe,
et al (7), have extended the basic
knowledge and use of transmission elec-
tron microscope techniques to investigate
such phenomena as simple tensile de-
formation in metals, fatigue of metals,
and the interaction of dislocations during
various simple deformation modes. These
studies, for the most part, have been
confined to the observation of deforma-
tion induced in the bulk metal specimens
which have been reduced to foil thickness
suitable for electron transmission (ap-
prox. 3000 A.U.) using the methods of
Bollmann (8) and Tomlinson (9).

An obvious drawback in these techni-
ques has been the inability to observe
the succession of events which constitute
or describe a mechanism of deformation.
In this respect, the fatigue problem is of
particular interest. At the time of writ-
ting of this paper (1964), the only re-

VARIABLE D-.C-
POWER SUPPLY

ported attempts to actually observe the
phenomenon of fatigue deformation di-
rectly by transmission electron micro-
scopy have been those by Smith (10)
and Murr and Wilkov (11). Preliminary
investigations of other deformation phe-
nomena by direct observation of the
metal foil by transmission electron micro-
scopy have also been performed by Murr
(12) with some success.

There has developed a need, in the
last few years, to investigate in detail the
mechanisms of deformation in metals.
This involves repeated observations of
the same area, a feat only successfully
accomplished for simple tensile stressing
of thin foils directly within the electron
microscope by Wilsdort (13), Hirsch, et
al (14), and very few others. Although
the direct stressing of metal foils seems
quite feasible at first glance, the accom-
plishment of such experimental work is
impeded by the inability to produce good

ULy

ELECTRODE
% d

SPECIMEN EDGE’

STEPI STEP I

Fig. 4. Speciment preparation technique. The electrolyte in this process consists of 34%
sulfuric acid, 429% phosphoric acid, 24% water. Electropolishing current is main

tained at 9 amperes.
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quality metal foils which are capable of
distributing the applied stresses repre-
sentatively throughout the structure; and
the fact that deformations occurring in
thin metal foils might be quite unrepre-
sentative of the actual macroscopic de-
formations of particular interest to engi-
neering and design personnel.

It is, therefore, the purpose of this
paper to first show that simple deforma-
tion experiments involving such modes of
deformation as impact, fatique, and con-

~ | mm

tact stress, may be observed directly-dy-
namically by the direct deformation of
these foils, and examination in the elec-
tron microscope immediately after or
during deformation; and second, to show
that there is strong evidence, in some
cases, to suggest that thin foil deforma-
tion is representative of bulk metal be-
havior.
EXPERIMENTAL METHODS

The preparation of metal foil speci-

mens was accomplished by electrolyti-

Fig. 5. Optical micrograph of a typical stainless steel test specimen. Transverse cross-section
of necked section is shown in schematic form to illustrate specimen-edge thickness

variations.
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cally polishing type 304 rolled (.007
in.)-annealed stainless steel sheet. The
method, basically a modification of the
Bollmann (8) technique, is illustrated
schematically in the diagram of Fig. 4.
This technique consists in first polishing
a hole in a ¥2 in wide strip of stainless
steel sheet, and then to withdraw the
electrodes and shift the specimen so that
one edge of the hole and the nearest
specimen edge polish towards one an-
other. When the closest distance from
edge to edge is approximately 1 mm, the
areas all along these edges a distance
sometimes of more than 100 microns,
are electron transparent. Fig. 5 shows
a typical test specimen prior to deforma-
tion testing. The schematic section in
Fig. 5 also illustrates the foil thickness
variation across the necked region pro-
duced by the electrolytic polishing.

Fatigue experiments were performed
on the Hitachi H.U. 11 electron micro-
scope using specially designed cycling at-
tachments previously described in the
literature by Murr and Wilkov (11). In
these experiments, the specimens were
glued to the standard Hitachi type HD-1
tensile deformation specimen holder and
fatigued at very low cycle rates (12.5
cpm). Repeated observations were then
made of the same area at various inter-
vals in order to detect structural changes
representative of, or caused by the fatigue
stressing. Observations in the Hitachi
electron microscope were made at an op-
erating voltage of 75 kilovolts. The
strain amplitude was adjusted for ap-
proximately 20 microns.

Direct deformation of the thin foil
stainless steel specimens was also per-
formed using the modes illustrated in the
diagrams of Fig. 6. Fig. 6(a) illustrates,
essentially, an impact or high pressure
type deformation; while Fig. 6(b) is de-
signed to produce rolling stress deforma-
tion of the metal foil. It should be point-

. STAINLESS
(b) STEEL

Fig. 6. Direct deformation of thin metal
foils. (a) Impact-shock pressure test-
ing technique, (b) Rolling contact
stress technique.

ed out that each foil used in the deforma-
tion studies was carefully checked in the
electron microscope before testing to be
sure that the material was relatively free
of imperfections.

Impact and compression tests of these
thin foil specimens were performed by
sandwiching the thin foils between two
polished stainless steel blocks. The
lower block was maintained rigid while
the upper block was struck with a ham-
mer. The deformation stresses cannot,
in this case, be accurately measured,
however; the stresses have been approxi-
mated to be of the order of several thous-
and bar during a time interval of applica-
tion of about 10* second or less.
Observations of impact and contact
stress tested foils were performed in the
Jem 6A clectron microscope operating at
100 kilovolts. Because of the stability
and low specimen contamination rate of
the Jem electron microscope, long and
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Fig. 7.
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Fatigue sequence in stainless steel showing (a) unstressed area (b) same area atter

1400 cycles (c) same area after 2500 cycles.
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detailed studies of all transparent foil
areas could be accomplished with con-
tinued good resolution.

RESULTS AND DISCUSSION

The results of low cycle fatigue of 304
stainless foils in the Hitachi electron
microscope were far from conclusive
when considering an actual fatigue me-
chanism or characteristic dislocation phe-
nomenon. Actually, at such low cycle
rates it is difficult to determine whether
or not a fatigue phenomenon is involved
at all. Figure 7 illustrates a sequence
showing dislocation motion after several
thousand stress cycles. It is difficult to
state, with absolute certainty, that the
motion observed is representative of any
fatigue activation; or whether the mo-
tion has resulted from residual unidirec-
tional stresses.

Several features concerning disloca-
tions generally can, however, be pointed
out with reference to the sequence shown
in Fig. 7. The fact that the dislocations
have bowed during movement allows the
direct calculation of the normal stress in
the slip plane (111) by considering the
situation shown in the diagrams of Fig.
8. With reference to Fig. 7, the pro-

) .
~ 7 s

2- DIMENSIONAL
PLANE PROJECTION

AY

Fig. 8. Crystallographic geometry for thin
foil thickness measurements and de-
termination of normal stresses.

jected radius of curvature (R”) of the
dislocations after 2500 cycles of fatigue
may be measured directly. Then since
the (112) plane is parallel to the photo-
graphic surface in this case, the condi-
tions expressed in Fig. 8 are satisfied by
considering

. R (10)
R* =

and since the normal stress is given by
- [ E\r
%= (%)° (11)
where G is the shear modulus, and b is
the magnitude of the Burgers vector,
then from eq. (10);
o (GRh)E (12)
Now the angle, ©, between (112) and
(111) is ~ 60°, therefore, eq. (12) may
be written simply as
~ /6 \; )
o= (ﬁ)s (13
The direct measurement of R’ from
Fig. 7 results in an average radius of
1000 A.U., and since G for 304 stainless

steel is 12 x 10° psi (Marin and Sauer
(15) ), the normal stress becomes

G, = 30005 (14)

where b may be any value less than or
equal to 3.56 A.U. (the inter-atomic
spacing for stainless steel). Thus, the
maximum normal stress will be of the
order of 10,500 psi or approximately
8 kg/mm? This latter value is approxi-
mately 40% smaller than calculations
made by Menter and Pashley (16) for
gold, and about 4 times greater than
similar calculations made by Wilsdorf
(13) for the maximum stress applied to
the thin specimens to initiate dislocation
motion. It will be observed that stresses
of this order are sufficient to fatigue bulk
stainless steel specimens. Thus, from
a stress point of view, it might appear as
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though the thin foils can be representa-
tive of bulk metal specimens in exhibit-
ing the deformation phenomena desired.

Another simple, yet interesting prop-
erty which may be directly determined
from the electron micrographs of Fig. 7
is the foil thickness. By utilizing the
geometrical characteristics shown in Fig.
8, it will be observed that

fonds (Wf) (15)

and since w is the direct projection of
the slip plane (111) on the micrograph
of Fig. 7, the thickness becomes

f:/:?swl (16)

where w is of the order of 1700 A.U. by
direct measurement of the electron micro-
graphs. Thus, the foil thickness from
eq. (16) is approximately 3000 A.U. in
the area under observation.

Figure 9 shows an electron micrograph
typical of unstressed stainless steel foils

prior to impact and compressive deform-
ation tests. Dislocations observed emi-
nating from the grain boundary may have
been activated by stresses induced in
handling of the foil prior to observation
in the electron microscope. In all ob-
servations in thin foils prepared from the
stainless steel sheet described previously,
the surface is either a (110) or a (112)
surface.

Following compressive stressing, many
foil areas were dislocated as illustrated in
Fig. 10. In this instance, dislocations
have been generated by a grain boundary
source, have move across the grain, and
have piled-up against the opposite grain
boundary. Such dislocation pile-ups are
typical of unidirectional stressing, and
have supposedly resulted from similar
stress conditions in the grain section
shown. These simple dislocation arrays
are not necessarily typical of compres-
sive stressing. Murr (12) has previous-
ly shown that large compressive stress

Fig. 9. Typical foil section electron micrograph of an unstressed stainless steel specimen
showing dislocations eminating from a grain boundary. 5

PENNSYLVANIA ACADEMY OF SCIENCE 135

deformation of thin foil specimens pro-
duces regular dislocation arrays and a
quasi-stable cell structure; presumably
resulting from some energy equilibrating
process.

Dislocation arrays resembling energy-
stable configurations are nearly always

observed under impact and high-load
compressive stressing. Figure 11 illu-
strates this phenomenon in two grain
areas separated from each other by ap-
proximately 50 microns or more. Ob-
servations of this impacted foil specimen
showed this effect to be extremely com-

Fig. 10. Dislocation pile-up in compressive stressed stainless steel foil.
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Fig. 11.

Electron micrographs (a) and (b) showing typical dislocation structure in impact-
shock tested thin foils.

v
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mon. Another common example of im- cated stress systems. Several stacking
pact stressing is shown in the electron faults are shown, along with evidence of
micrograph of Fig. 12. Here is shown dislocations splitting into partials. Sev-
the random dislocation arrangement of eral areas indicative of dense dislocation
the lattice caused by the large, compli- cross-slip are also visible. The high re-

Fig. 12. Typical distortion in an impact tested foil in a low pressure grain section. Zig-zag
contrast of dislocations is apparent as well as several well defined stacking faults.
Note cross-slip in areas denoted by (c¢s), and splitting of dislocations into partials at p.
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solution of this particular area in the
electron microscope also shows clearly
the zig-zag characteristics of the disloca-
tions in the (111) slip-planes, and the
contrast phenomena associated with
stacking faults; all capable of explana-
tion by properly solving the dynamic
equations, (1) and (2).

It is interesting here to observe that
the foil thickness in this area (Fig. 12)
can be computed with great accuracy by
observation of the stacking fault contrast.
With reference to eq. (9) it will be ob-
served that §,, the extinction distance, is
the distance, from a maximum to a maxi-
mum in terms of the diffracted wave in-
tensity. This quantity varies in different
metals from a value of 200 A.U. to 600
A.U., and for stainless steel, the value
is approximately 300 A.U. Therefore,
the foil thickness is simply given by

a7

where N is simply the number of dark or
white bands composing the stacking fault.
In Fig. 12, N is observed to be approxi-
mately 10, and the thickness by eq. (17)
is found to be about 3000 Angstrom
units.

There is still more to be said about the
dislocation structure observed in Fig. 11.
In cach example, a definite pattern has
been formed by the dislocations. They
appear to have originated in a twin
boundary in similar (111) slip planes,
and have oriented themselves in a linear
fashion between adjacent slip planes.
Most of the dislocations are straight, pos-
sibly indicative of the uniform-high
stresses normal to the dislocations in the
slip planes. Tangled and looped dislo-
cations observed are probably the result
of internal obstacles in the path of the
moving dislocations.

From these observations it would ap-
pear that the impact or compressive

Fig. 13. Electron micrograph showing a compressed area in a stainless steel foil. Dislocations
have been pinned at one surface, and have elongated in the slip planes under the

action of the applied stress.
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stress has the effect of producing a type
of stable dislocation array as a result of
their seeking a position in the lattice
which constitutes the lowest energy as-
semblage in the stressed matrix. In

similar high pressure tests on bulk nickel
specimens, Nolder and Thomas (17)
have observed the formation of disloca-
tion cell structure resembling that pro-
duced when bulk metal specimens are

Fig. 14. Electron micrograph of a fracture trough in a stainless steel foil produced by rolling

contact stresses. (rolling steel ball)
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fatigued at high strain amplitudes as in
the work of Feltner (18) and Gross-
kreutz (19). Since there has been no
reported work on the direct fatigue of,
or pressure deformation of thin metal
foils at the time of writing this paper
(1964), it is rather impossible to inter-
pret these results in this respect. How-
ever, it may be possible that the stable
dislocation arrays observed in this re-
search are a form of the previously ob-
served cell structure in the thin speci-
mens prepared from the bulk deformed
metal.

It should be pointed out that in the
case of the impact and pressure studies
presented, the results shown have been
repeatedly observed in a number of ex-
periments. The conclusion here is then
that the results obtained by direct im-
pact and high pressure deformation of
the thin foil specimens are representative
of the deformation phenomena observed.

One other interesting point not to be
overlooked in the observation of pres-

sure and impact deformation of these
thin foil specimens is the phenomenon
shown in the electron micrograph of Fig.
13. Here the pressure acting normal to
the surfaces has caused one segment of
the dislocation to be pinned, while the
other segment is moved under the action
of the resolved stresses acting normal in
the slip planes. The result is an elongated
dislocation.  Stacking fault striae ob-
served on a portion of many of these dis-
locations have rezulted from the splitting
of the dislocation into partials at one sur-
face of the foil. Actually, the approxi-
mate depth of the partial may be com-
puted by counting the number of fringes,
and substituting this number for N in eq.
(17). Such dislocation pinning and
elongation has been previously observed
by Murr (12) when thin stainless steel
foils were subjected to very high com-
pressive stresses.

Contact stresses produced by rolling a
steel ball over a stainless steel foil as
shown in Fig. 6 were sufficient, in sev-

L -

Fig. 15. Electron microgrgaph and superimposed selected area electron diffraction pattern of
a typical fracture trough in a stainless steel foil.
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eral experiments, to cause a fracture
trough to form in the path of the rolling
surface in the thinner (edge) portions of
the foils. Figure 14 shows a typical
segment of a fracture trough created as
described. The mode of fracture ap-
pears to be a translation slip and cross-
slip phenomenon with a possibility of
twin deformation as well. Twinning,
however, does ot appear to be definitely
indicated as shown by the superimposed

electron diffraction pattern of Fig. 15.
Several examples of simple (111)
faulting were observed in the thin areas
near the fracture troughs in several foils
investigated. Figure 16 shows a typical
faulted area with a selected area electron
diffraction pattern superimposed. The
faulting shown in Fig. 16 is actually a
double fault system, with the faulting oc-
curring on adjacent (111) slip planes.
The foil surface is a (112) surface, and

Fig. 16. Large stacking faults in a thin foil section several microns from a contact stress
fracture trough. Note dislocation network at upper fault.
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the slip planes are inclined approxi-
mately 19.5° to this surface. This geo-
metry thus accounts for the very large
extinction effects observed in the electron
micrograph. A dislocation network of
a sort is also visible at the upper exten-
sion of one fault in Fig. 16. The foil
thickness here is approximately 3500
Angstrom units by application of eq.
7).

The apparent slip- type fracture ob-
served in rolling stress experiments is in-
teresting since similar fracture deforma-
tion has also been observed in nickel foils
thinned from bulk specimens subjected
to pressures of 350 to 700 kilobars (1
kilobar equals (986) atmospheres), by
Nolder and Thomas (17). The de-
formation mode in the nickel was, how-
ever, definitely established as twinning.

Rolling contact stressing of thin foils
is also of interest since the mode of de-
formation involves extremely high local
compressive stresses at the base of the
trough. Thus, as the steel ball is ac-
celerated across a foil, the stress mode is
somewhat analogous to high pressure
shock phenomena. -

CONCLUSIONS

Several interesting conclusions can be
drawn from the results and techniques
presented in this paper:

(1) Certainly the experimental advan-
tage in the dynamic testing of thin metal
foils directly has been clearly demon-
strated in this paper. The methods in-
troduced illustrate the potential for solv-
ing the problem of deformation physics
in terms of a mode mechanism which
can be directly observed.

(2) In the case of impact and com-
pressive stress studies on thin stainless
steel foils, the same results have been
repeatedly observed. This reproduci-
bility further attests to the validity and
advantages of the direct thin foil testing

and observation by transmission electron
microscopy.

(3) The results of impact tested metal
foils tend to show that stable dislocation
arrays are formed, possibly as a result of
some minimum energy phenomena.

(4) Thin foil deformation and fracture
caused by rolling contact stresses have
been - observed to result from a slip,
cross-slip mechanism which is similar to
the twinning observed for shock loaded
nickel in the bulk form.

(5) When considering all of the thin
foil deformation phenomena it may be
said that while the results do differ in
some instances from those obtained after
testing of bulk metal specimens, the basic
characteristics from a mechanistic point
of view are quite similar. Thus, if one
also considers the proven reliability of
thin foil testing (as in (2) above), it
must be concluded that the results ob-
served by the direct testing of metal foil
specimens are closely associated with the
stress motivated deformation mechan-
isms observed for each deformation
mode.

(6) It must be pomted out, however,
that while the experimental results have
been -representative of deformation re-
sulting from simple impact, compressive,
shock and contact stresses; tensile type
deformation including the fatigue mode
employed in the experimental work dis-
cussed in the text have not been success-
fully observed. Thus, acceptance of the
previous conclusions with respect to
fatigue observations must be reserved
until further, more conclusive experi-
mental evidence has been obtained.

(7) While testing and observation of
bulk metal specimens may represent or
present some distortions created by or as
a direct result of the electro-thinning
technique and the consequent induce-
ment of foreign defect structures into the
same through handling, .the method in-
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troduced and successfully employed in
this paper can, with some care and plan-
ning, give an exact account of the de-
formation phenomenon desired.
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QUINONE TOXINS AND ALLIED SYNTHETICS IN CARCINOGENESIS

Rolf K. Ladisch
Immaculata Collegeg, Immaculata, Pennsylvania

INTRODUCTION

Tumorigenic properties have been
most recently discovered in secretions of
common flour beetles, Tribolium spp.,
and in metabolic products from the rice
mold Penicillium islandicum (Ladisch,
1963; Davidson, 1963). These natural-
ly occurring food contaminants are
quinones. Reports scattered throughout
the literature show that very similar syn-
thetic quinones are carcinogenic. This
fact has received very little attention. In
view of the discovery of the quinoid food
toxins, cancer caused by quinones obvi-
ously becomes of distinct interest. The
present paper deals therefore with the
occurrence of such agents, and with the
significance of quinone -carcinogenesis.

SCOPE OF QUINONE CARCINOGENESIS

The substances discussed in this re-
port are organic aromatic compounds.
Their most outstanding characteristic is
the ease with which they are being
oxidized and reduced. For example,
oxidation transforms phenol to hydro-
quinone. The latter is readily oxidized
to quinone. Sunlight reduces quinone to
trihydroxybenzene. Analogous conver-
sions are very common in the chemistry
of living beings. The pharmacological
properties of phenols resemble those of
quinones; both give rise to hydroquinone:
quinone systems during animal metabol-
ism. Redox systems of this nature in the
environment of man deserve considera-
tion in relation to quinone carcinogenesis.

QUINOID CARCINOGENS AND
PROMOTERS

Table I shows several carcinogenic
and/or tumor-promoting chemicals of
the class referred to. Bracketed num-

erals in the text refer to the compounds
listed in the table.

QUINONE (1), a coal-tar derivative
used in the manufacture of dyes and for
tanning hides, produces skin- and lung-
cancers in mice (Takizawa, 1940).
Hueper (1936, p. 580) has drawn at-
tention to the systemic effects of this
carcinogen.

TOLUQUINONE (2) is a commer-
cial product, obtained by the oxidation
of toluidine. The latter causes bladder
cancer in “aniline” workers. It pro-
vokes liver damage, also lympho- and
myelosarcomatosis in mice (Dittmar,
1942).

GRAIN AND FLOUR BEETLES.
Glandular secretions consisting of the
quinones (2) and (3) have been identi-
fied in Tribolium confusum, T. cas-
taneum, T. destructor, and Latheticus
oryzae (Locontiand Roth, 1953). These
beetles infest grains and flour; also cacao
beans, nuts, powdered milk, and many
stored foods (Ladisch, 1963). Insect
secretion from 7. confusum has pro-
voked lymphomas and leukemias in rats
(Ladisch, 1963).

ROACHES. The quinones (1), (2),
and (3) are given off by the roach
Diploptera punctata (Roth and Stay,
1958). Periplaneta americana and Blatta
orientalis, frequent roaches in flour
mills and in households, secrete a benzo-
quinone derivative (Brunet, 1955),
which is chemically related to the hepa-
toma inducing safrole (Davidson, 1963).

ANILINE DYES AND ALLIED
COMPOUNDS. ‘“Butter-yellow,” an
extensively investigated liver carcinogen,
is readily oxidized to benzoquinone
(Kuhn and Beinert, 1943). Various
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Table I.—Chemicals 1 through 16 provoke or promote cancer. Compounds 17 and 18

are innocuous. Consult text.

(1) 1,4-benzoquinone; (2) 2-methyl-1,4-benzoquinone; (3) 2-ethyl-benzoquinone; (4) 2-
methoxy-1,4 benzoquinone; (5) phenol; (6) 2-methylphenol; (7) 2-ethylphenol; (8) 2,4-
dimethylphenol; (9) beta-naphthol; (10) tetralol; (11) 2-amino-1-naphthol; (12) anthralin;
(13) 1,4-naphthoquinone; (14) 2-methyl-1,4-naphthoquinone; (15) 2,3-dichloro-1,4-naphtho-
quinone; (16) 9,10-anthraquinone; (17) co-enzyme Q; (18) vitamin K.
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other synthetic dyes may produce meta-
bolic benzoquinone and/or substituted
naphthoquinones. Because of the re-
sultant possible cancer hazard, their use
in food has been criticized (Bauer,
1950). Interestingly enough, Stoltzen-
berg and Stoltzenberg have proposed as
early as 1922 that the in vivo transforma-
tion of Sudan III, Scarlet R, indole,
skatole, aniline, benzidine, toluidine, and
beta-naphthol produces carcinogenic
quinones.

PHENOL (5) is a carcinogen for the
mouse skin (Boutwell and Bosch, 1959).
TOBACCO TARS contain many phe-
nols, among them the compounds (6),
(7), and (8). Such phenols initiate
and/or promote cancers of the mouse
skin (Boutwell and Bosch, 1959), and
they are believed to be operative in hu-
man lung cancer (Smoking and Health,
1964).

BETANAPHTHOL (9), used in the
manufacture of rubber antioxidants and
dyes, is moderately active in promoting
skin cancers in mice; TETRALOL, a
solvent, is a potent promoter (Boutwell
and Bosch, 1959). AMINO-NAPH-
THOL (11), a metabolic product from
the ingestion of the bladder carcinogen
beta-naphtylamin (in dogs), is carcino-
genic (Hueper, 1956). ANTHRALIN
(12), which is employed in some medi-
cal ointments, produces malignant tumors
in mice pretreated with a single dose of
125 micrograms of DMBA (Bock and
Burns, 1963).

NAPHTHOQUINONE (13), the
parent compound of polyhydroxy de-
rivatives occurring in micro-organisms
(Themson, 1957), has been reported to
be carcinogenic for mice (Takizawa,
1940). Tumor-promoting properties of
this compound have also been seen in
the mouse skin after DMBA initiation
(Boutwell and Bosch, 1959), and after
pretreatment with methylcholanthrene

(Kline and Rush, 1944), MENADI-
ONE (14), or synthetic vitamin K, a
skin irritant and toxic agent for mice
(Fieser and Fieser, 1944), promotes
cancer in the mouse skin, and so does
PHYGON (15), a seed disinfectant and
fungicide (Boutwell and Bosch, 1959).
The dye intermediate ANTHRA-
QUINONE (16), is carcinogenic for
mice (Takizawa, 1941).

POLLUTED AIR. For every ton of
rubbish burned, more than eight pounds
of emission are phenols (Boutwell and
Bosch, 1959). Quinoid compounds
arise in the catalytic vapor-phase oxida-
tion of benzene and naphthalene when
oxidation is incomplete. In the oxida-
tion of coal, polyquinones are formed
from naphthalins (Yome et al.,, 1953).
Phenol-quinone agents such as these are
carcinogens and/or promoters (loc. cit.).

The benzoquinone derivative co-
enzyme Q (17), and the naphthoquinoid
vitamin K, (18), have been added to
table I as representatives of certain quin-
oid substances that occur naturally in the
animal organism. These compounds
have long-chain substituents. They are
normally non-toxic.

FURTHER EVIDENCE FOR
TUMORIGENIC ACTIVITY OF FLOUR
BEETLE QUINONES

We have most recently studied the
acute toxicity of the quinones secreted by
insect Tribolium confusum and T. cas-
taneum (Ladisch and Suter, 1964).
Cba/ Jax mice, two to three months old,
were used. Aqueous solutions of (a)
the quinones isolated from the beetles,
and (b) synthetic ethyl: methyl-p-benzo-
quinone (80:20), respectively, were in-
jected under the skin of the dorsal area.
The average lethal dose for both, the na-
tural and the synthetic quinones, was
found to be 70 mgs./kg. of body weight
as computed from 24-hour mortality
data.

. W
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Forty-two animals survived a single
dose each of 20 to 70 mgs. of these
quinones per kg. of body weight. With-
in one year and two months following
the injections, fourteen of the surviving
mice died with large subcutancous tum-
ors, four additional tumor-bearing ani-
mals were sacrificed at the age of twelve
months, and thirteen succumbed with no
apparent lesions when they were 6 to 17
months old. The tumor quota was 60
percent, Cba/ Jax mice have been
reared in this laboratory for many years.
They do not develop more than an oc-
casional tumor per hundred of these ani-
mals.

Of the four sacrificed animals, three
had subcutaneous tumors. The fourth
one had developed a cystic lesion of the
kidney which was probably neoplastic.
All the subcutaneous tumors revealed a
similar microscopic appearance. There
are well-formed, glandular structures in
most areas. Occasional mitoses are
noted. The nuclei are moderately irregu-
lar in size and shape. They show some
irregularity in staining and polarity. Some
of the better formed acini contain pink-
ish granular material. In two mice, the
lesions were located in the ventral sub-
cutaneous area(abdomen in nipple line).
The third mouse had a tumor on the
dorsal lateral neck (not in the nipple
line). Skin adnexal gland origin appears
most likely. The tumors are well en-
capsulated as adenomas but appear
rapidly growing. At a later stage of de-
velopment, adenocarcinomatous change
would probably have occurred. Micro-
scopic examination of the wall of the
cystic lesion of the kidney reveals a lining
of cuboidal cells resembling epithelial
cells, many of which are partially or com-
pletely compressed to an atrophic baso-
phylic membrane apparently due to the
pressure within the cystic lesion. The
wall of the cyst is made up of fibrous

connective tissue in which occasional
glands lined by similar columnar or
cuboidal epithielium are noted, and there
is infiltration of lymphocytes. In the
outer portions of the wall, occasional fat
cells are noted. Although this lesion
could be developmental in type, its size
and evidence of rapid growth favor a
neoplastic origin, and because of epi-
thelial and mesothelial elements, a
cystadenofibroma appears to be a justifi-
able designation for this type of lesion.

CANCER-RELATED CHEMISTRY IN
QUINOID TOXINS FROM STORED-FOOD
MOLDS

Like flour beetles, stored-food fungi
have become a problem since about
1900, when centralized processing of
bulk foods was introduced. Aspergillus
and Penicillium spp. are now predomi-
nant on stored grains.

Common stored-food fungi generate
quinones in a great variety (Thomson,
1957). At least some of these quinones
belong to the presently discussed class of
carcinogenic chemicals (see table II).
Anthralin (12) is a powerful promoter
in mouse skin carcinogenesis, and anthra-
quinone (16) causes malignant tumors
in mice (loc. cit.). The physcion an-
throne (19), structurally very similar to
either of these compounds, occurs in five
species of the grain mold Aspergillus. A
simple anthraquinone derivative, islandi-
cin (20), is found together with the
quinoid luteoskyrin (22) in the rice mold
Penicillium islandicum. Luteoskyrin pro-
duces hepatomas, cholangiocarcinomas,
and occasionally a sarcoma in rats and
mice (Davidson, 1963). Di-anthrones
are readily formed in biosynthesis from
anthrones (Thomson, 1957). Thus
fagopyrin (21) is related to compound
(19). Fagopyrin occurs in buckwheat.
The latter produces liver cancer (Kubo
and Fujimoto, 1940).
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Table II—Consult Text.

DISCUSSION AND CONCLUSION lieved, they cannot explain the genesis of
The data reveal that quinone chemis- “spontaneous” cancers, and they do not
try—of great importance in the normal provide fundamental information on the
life processes—is likewise an outstand- actual cancer problem in man. This, he
ing phenomenon in carcinogenesis. One thought, is particularly true “bei den
can only be impressed by the great num- Azofarbstoffen, die ueberhaupt keine
ber of environmental agents that share Beziehungen zu irgendwelchen Stoffen
this distinct principle. der lebenden Materie besitzen.” The

This paper has dealt with aromatic thesis has many proponents.
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a ‘“‘synthetic” carcinogen. Common
stored-food pests produce the same qui-
none biosynthetically. Therefore, the
cancer-related chemistry of the azo-dye
is directly applicable to that of the na-
tura] insect toxins. Also, in analogy to
the well-recognized structural similarities
between carcinogenic hydocarbons and
steroids, benzoquinoid and napthoquin-
oid carcinogens are likewise structurally
very similar to co-enzyme Q and the na-
tural vitamin K,

The presently greatly improved con-
cept of quinone carcinogenesis permits

for the first time the unified considera-
tion of two frequent and extensive poten-
tial cancer inciters, namely polluted air
(cigarette smoke) and stored-food insect
pests. This problem is obviously of con-
siderable interest as it relates directly to
allied chemical contaminants in the food
we eat, and in the air we breathe.
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carcinogens. Bauer (1949, p. 249, 305)
has stated with finality that, in the bio-
chemical sense, most of the known car-
cinogenic chemicals are mere artifices
from the world of synthetics. He be-

The present report, however, demon-
strates that this approach to cancer is no
longer tenable. One of the most familiar
carcinogens, the azo-dye “butter-yellow,”
yields upon oxidation benzoquinone, i.e.
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markedly different metomorphic fold pattern and are associated with the youngest S-surfaces or
| kink planes. The joints are apparently youthful and relatively indépendent structures superim-

i*'i posed on the older fabric of the region. 2

CONTOURS:

INTRODUCTION Glenarm Series of the Mortonville area,

Structural data of Anderson et. al. near Coatesville, Penna. On the basis
(this volume) provides !background to of this work the Mortonville area was
contrast joint versus fold patterns in the subdivided into six regions (Fig. 1) of

Fig. 1. Index map to Mortonville Area. Sub-areas 1-6 are indicated on basis of generalized S,
orientations from Anderson, et al. (this volume).
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search training program to Franklin &
Marshall College. David Drake and
Thomas Anderson kindly provided the
Ss kink plane data of figure 3.

METHODS

Joint statistics used here are those of
Billings (1954) for the lower hemisphere
of equal area nets. Field technique dif-
fered from the customary by selection for
measurement of only those large (plus
10 feet?) joint surfaces which defined
general shape of outcrops. One to four
measurements were taken at each out-
crop and any markedly irregular or arcu-
ate surfaces were rejected.

With this technique an area of at least
one square mile was needed to provide a
meaningful population (about 100 meas-
urements). The method automatically
filters out lesser fractures and by increas-
ing the area minimizes effects of selective
joint enhancement by topography (Chap-
man, 1958).

RESULTS

Three steeply dipping major joint sets

are strongly developed in the plots of fig-

POLES TO 534 MAJOR JOINTS

IN MORTONVILLE AREA, PA,

CONTQUR INTERVAL:

2,3,4,5 B greater %

ures 2 and 3A. Strikes of these sets are:
N70W, N15W, and N35E. The set at
N35E may be part of a pair, the other
member striking N20E (Fig. 3A).

These joint sets maintain constant
orientation despite radical changes in the
older fabric of the rock as determined by
Anderson, et. al. (op. cit.). Sub-areas
1, 3 and 4 (Fig. 1) are influenced by D,
folding along NNW axes whereas the
southern parts of sub-areas 4 and 5 are
influenced by the ENE trending Green
Valley anticline; sub-areca 6 is in the
marble core of this anticline. Neverthe-
less, all have the same joint pattern.

No simple relationship appears be-
tween jointing and the older fold systems
as suggested by Ch’ih (1950, from Pos-
tel) or Goodwin (1961). This apparent
independence is interpreted as the result
of superposition of a younger joint pat-
tern onto a metamorphic complex so
thoroughly annealed as to be cssentially
isotropic to the younger stress system.

KINK PLANES AND JOINTS

Closely associated with joints of the
Glenarm Series are 1 to 4 inch wide

POLES TO 56 S; KINK PLANES
IN COATESVILLE-DOE RUN AREA, PA.

Fig. 3. Contrast of major joint orientations of the Mortonville Area with kink planes in the
Coatesville-Doe Run Area. (Courtesy of Anderson, et al.)
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planar zones of sharp kinking or bending
of schistosity into chevron-like folds.
Along strike these kink planes are transi-
tional into small faults or into joints.
Spacing of kink planes ranges from a few
feet to several hundred feet. In the Mor-
tonville area dips are steep and displace-
ment sense may be normal or reverse.
Near Coatesville sub-horizontal kink
planes are more common and account
for most of the flat dips of figure 3B.

These features have been described as
S. planes by Anderson, et. al. (op. cit.)
and by Freedman, et al. (in press). In
the Lancaster area Wise (1960, p. 60)
describes similar zones transitional into
jointing but having strike-slip displace-
ment,

Statistical parallelism of joint and kink
planes (Fig. 3) plus observed transitions
between the structures in outcrop proves
some genetic relationship. At least some
of the joints were approximately con-
temporaneous with this youngest S-sur-
face in the region. The minor fault dis-
placement on the kinks suggests a shear
environment for the associated joints
even though displacement on joint sur-
faces is not measureable on most out-
crops.

The two major joint sets having as-
sociated kink planes show a conjugate
relationship suggestive of paired shear
planes (Fig. 3). Maximum compression
would have been oriented along a NNE
direction approximately perpendicular to
the third joint set, the one without as-
sociated kink planes. Unfortunately, this
simple explanation requires movement
on the kink planes to be strike-slip rather
than the observed dip slip. Clearly more
complex mechanisms are needed but can-
not be defined until a more exhaustive
study of the kink and joint planes is com-
pleted in the region.

CONCLUSIONS

A genetic tie exists between some
major joint sets and 8, kink planes of
Anderson, et al. (op. cit.). Both fea-
tures are independent of the older meta-
morphic fabric and apparently superim-
posed on it. They seem to be the only
major S-surface developed after the pres-
ent dominant grain of the region was
established. Continuation of this type of
joint study around the Pennsylvania
curve of the Appalachians may yield in-
formation on the nature of this youngest
stress system and its relationship to me-
chanisms of Appalachian curvature.
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CROSS-BEDDING FORMED BY LATERAL ACCRETION IN THE
CATSKILL FORMATION NEAR JIM THORPE, PENNA.

J. Donald Ryan
Lehigh University, Bethlehem, Pennsylvania

ABSTRACT

This paper describes an occurrence of cross-beds whose dip azimuths are oriented perpen-
dicular to the direction of sedimentary transport as judged from the orientation of associated rib
and furrow structure and parting lineation. It is believed that the cross-beds formed on point

bars by a process of lateral accretion.

INTRODUCTION

Cross-bedding, accordingg to Potter
and Pettijohn (1963, p. 69), “is a struc-
ture confined to a single sedimentation
unit (Otto, 1938, p. 575) consisting of
internal bedding, called foreset bedding,
inclined to the principal surface of ac-
cumulation.” Cross-bedding almost al-
ways is assumed to have formed in re-
sponse to currents acting paralle] to the
dip azimuth of the inclined beds. As
such, statistical studies of the orientation
of cros-bed dip azimuths are commonly
employed to determine the direction of
flow of paleocurrents.

This paper describes an occurrence of
cross-beds whose dip azimuths are orient-
ed perpendicular to the direction of
sedimentary transport as judged from the
orientation of other paleocurrent indica-
tors closely associated with the cross-
beds.

The cross-beds described occur in
sandstones of the Catskill formation ex-
posed along Highway 29 just south of
the town of Jim Thorpe, Pennsylvania.

STRATIGRAPHIC CONSIDERATIONS

The Catskill formation, a molasse de-
posit of Upper Devonian age, at this lo-
cality consists of coarse- to fine-grained
gray, pink, and red sandstones (the red
sandstones are usually micaceous), con-
glomerates, micaceous red siltstones and
mudstones, and red shales. According to
Glaeser (1963, p. 57), the total thick-
ness is 5,687 feet. Some disagreement

exists in regard to stratigraphic subdivi-
sions of the Catskill which can be recog-
nized and delineated in this section. Wil-
lard (1939, Fig. 72 facing p. 276), for
example, in his classic study of the De-
vonian of Pennsylvania, at this locality
recognized the Damascus red shale, the
Honesdale sandstone, and the Cherry
Ridge red beds. Read (1953), who
mapped part of the Catskill between
Honesdale, Pennsylvania, and Jim
Thorpe, accepted these divisions. Glaeser
(1963) did not recognize the units used
by Willard and simply divided the section
into 15 informal members based on
“lithologically distinct properties.”

The several rock types described above
clearly are cyclically interbedded. Some
cycles are incomplete but all in general
follow a similar sequence. Each cycle
begins with a generally massive but in
places cross-bedded coarse-to medium-
grained" sandstone or conglomerate or
conglomeratic sandstone. Some basal
units are gray or gray-green, others are
pink or red. The base of this unit is al-
ways sharply defined and in places trun-
cates on a small scale the bedding planes
of the underlying unit. ~This contact
must represent an ancient erosion sur-
face. The massive sandstone or con-
glomerate grades upward into fine-grain-
ed slabby sandstones, usually micaceous
and characterized by an abundarce of
parting lineation and rib and furrow
structure. Cross-beds may or may not
be present. The slabby sandstones in
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complete cycles grade upward into red
mudstones and shales which in their up-
per parts in places contain mud cracks.
This completes the cycle. The top of
each cyclic unit, complete or incomplete,
is marked by the sharp basal contact
with the next higher cycle.

Thus, each cycle is characterized by a
kind of graded bedding on gross scale.

Within that part of the section desig-
nated as the Honesdale sandstone by Wil-
lard and Read, the cycles are incomplete
—the red siltstones, mudstones and
shales found in the subjacent and super-
jacent units are not present. These, or
sediments of similar lithology, could
have been present at the time of deposi-
tion—they may have been removed dur-
ing the period of erosion which preceded
deposition of the next higher cycle.

CROSS-BEDS AND OTHER
DIRECTIONAL STRUCTURES WITHIN
THE SANDSTONES

Directional sedimentary structures
within the sandstones of the section in-
clude cross-beds, rib and furrow struc-
ture, and parting lineation.

Cross-beds - are generally tangential
but the planar variety also are present.
The angle between cross-beds and nor-
mal beds is generally small, averaging
between 12 and 20 degrees. Most cross-
beds are in sets 6 inches to 18 inches
thick defined by upper and lower sur-
faces which in outcrop appear to be
paralle] to normal bedding. In a few
instances, the sets are inclined to normal
bedding, truncating bedding planes in
underlying units. The lower surfaces of
such sets generally are convex downward;
the upper surface is planar or concave
upward.

In two sets, one of which is inclined,
the surfaces of cross-beds were observed
to contain easily recognized and well-de-
fined parting lineation. In both sets,

the parting lineation is oriented parallel
to the strike of the cross-beds (after cor-
rection for tectonic change). A similar
situation was observed in comparing the
orientation of rib and furrow structure in
normal beds immediately overlying a
third cross-bed set with the orientation
of the cross-beds. These relationships
would indicate that the cross-beds in
these sets formed in response to currents
which were moving in a direction parallel
to the strike of the cross-beds. Further-
more, the inclined set which contained
the cross-beds herein described also was
oriented paralle] to current flow.

The surfaces of most cross-beds in
this exposure are not marked with linear
current features. Nevertheless, it is be-
lieved that many are oriented similarly
to those described above with respect to
paleocurrent direction. The orientation
of 20 cross-bedding dip azimuths, meas-
ured and plotted on a circular histogram,
indicated a bimodal distribution: 60%
of the dip azimuths fell in the sector 30°
to 60° 25% of the dip azimuths fell in
the sector 330° to 360°; the remainder
were scattered in the northern half of the
diagram. The mean of this distribution
is 30°. The orientations of 20 linear
features (axes of rib and furrow structure
and parting lineation) also were meas-
ured and plotted on a circular histogram.
For this purpose, the rib and furrow
structures were assumed to be concave
in the downstream direction. The
azimuth of parting lineation was plotted
in the hemisphere which would conform
to that of the rib and furrow plot. The
azimuths of all lineations measured fall
betwen 264° and 310° (mean direction
= 285°). Thus the paleocurrent direc-
tion as determined from measurements of
linear markings was 285°—a direction
roughly 90° from that which is suggested
by the mean of the cross-bed dip azi-
muths.
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The Catskill paleocurrent direction in
this area as determined from measure-
ments of parting lineation and rib and
furrow structure compares well with that
reported by Pelletier (1958) for “Up-
per Devonian” rocks of Maryland and
Pennsylvania (based on 194 observa-
tions of 13 localities) and that reported
by McGucken (1959) for the Honesdale
sandstone (based on 189 readings at 16
localities between Jim Thorpe and Hones-
dale). Pelletier reported a mean paleo-
current direction of 304°; McGucken re-
ported a mean paleocurrent direction of
308°.

CONCLUSIONS

Much of the cross-bedding in the Cat-
skill formation at this locality was form-
ed in response to currents flowing at
right angles to the dip of the foreset beds.
The presence of linear markings located
on cross-bed surfaces and oriented paral-

lel to the strike of the cross-beds, and the
occurrence of the cross-beds in sets which
are inclined to normal bedding would
indicate that the cross-beds observed are
not simply the flank or wing portion of
troughs or festoons. It seems more
likely that cross-beds of this type form-
ed by a process of lateral accretion.

Lateral accretion as a process of cross-
bed (or inclined bed) formation has been
described for several depositional en-
vironments. Considering the various
characteristics of the Catskill rocks, it
scems likely that the cross-beds herein
described represent successive positions
of point bar surfaces in meandering
braided streams. Deposition under these
conditions has been described by Wright
(1959).

Cross-bedding of this type is not com-
mon in the stratigraphic record and prob-
ably is not common in the sandstones of
the Catskill formation at other localities.
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CYCLICITY OF THE CONOCOCHEAGUE FORMATION*

S. I. Root
Pennsylvania Topographic and Geologic Survey, Harrisburg, Pennsylvania .

ABSTRACT

The Conococheague Formation near Greencastle, Pennsylvania, was deposited cyclically.
Each cycle is initiated by intraformation conglomerates-oolites-stromatolites which pass upward
thiough interlaminated limestone-dolomite, into pure dolomites. Conochocheague equivalents
east and west, over large distances, also exhibit cyclicity indicating uniform basin tectonics and

sedimentation during Upper Cambrian time.

INTRODUCTION

In the Cumberland Valley the Cono-
cocheague Formation of Upper Cambrian
Age outcrops principally along the west-
ern flank of South Mountain. The lime-
stones and subordinate dolomites that
constitute this unit have been little util-
ized to date and hence study of the
formation has been neglected. During
recent work conducted by the Pennsyl-
vania Geological Survey, a section of the
Conococheague was measured at Wayne-
castle Dairy, four miles east of Green-
castle, Franklin County and a note-
worthy cyclicity of the sediments was ob-
served (Location I, Fig. 1).

ED yrrer_campriar SHORELINE-

Fig. 1. Index Map of Pennsylvania showing
distribution of outcropping Upper
Cambrian sediments (solid black
pattern), various areas referred to in
text (Roman numerals), and trend
(not position) of the Upper Cam-
brian shoreline. The Waynecastle
Dairy section is indicated by large
arrow at I.

? Published with permission of the State Geologist,
Department of Internal Affairs, Bureau of Topo-
graxl)hic and Geologic Survey, Harrisburg, Pennsyl-
vania.

PETROLOGY OF THE MEASURED
SECTION

The uppermost 500 feet of exposed
Conococheague was measured along
State Highway 16 as previous workers
Wilson (1951) and Long (1953) had
done but the traverse was then offset
1600 feet northeast along strike because
outcrops in the fields expose more detail.
The section measured was 2100 feet
thick; however, it is incomplete because
the top of the formation is not exposed.
Total thickness of Conococheague beds
above the Big Spring Station Member is
1780 feet of which 43% is not exposed.
The Big Spring Station Member is a
limestone-orthoquartzite sequence at the
base of the Conococheague Formation.

In the course of measuring this sec-
tion it was apparent that several distinct
lithologies, averaging two to five feet in
thickness, are repeated in the Cono-
cocheague beds above the Big Spring
Station Member. There are slight varia-
tions of these types but almost all the
carbonates can be classified in the major
categories. The lithologic types are de-
scribed in the succeeding section and for
reference are assigned numbers.

Rock type 1, intraformational lime-
stone conglomerate. In this rock type
are included both edgewise and flat-
bedded conglomerates. This rock con-
sists of pebbles of limestone, less fre-
quently dolomite, discoidal in shape with
rounded edges, usually %2 - 1 inch long
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and clearly derived from the underlying
or adjacent beds. The clasts are set
in a micrite matrix admixed with varied
amounts of calcarenitic and oolitic com-
ponents. This unit is frequently discon-
formable on the underlying unit.

Rock type 2, complex of calcarenitic,
algal, oolitic limestones. The calcarenitic
limestone grains may be of bioclastic or
of inorganic origin. They seldom range
above coarse-sand size and are sct in a
micrite matrix. The few coquinoidal beds
present are included here also.

The algal limestone is composed of
stromatolites mostly of the cryptozoon
form, both cabbage head and sheet varie-
ties.

Also included in this category are
oolitic limestones. The oolites, which
show both concentric and radial structure,
are well sorted attaining a maximum size
of 1-2 mm. Tectonic processes have de-
formed the oolites to some degree. They
are set in a micrite cement.

The calcarenite, algal, and oolitic lime-
stone are all intimately associated. Sel-
dom is there a bed composed entirely of
one lithologic type; there is usually an
admixture or intercalation of the rock
types within this category.

Rock type 3, interbanded limestone
and dolomite. This rock type consists
of limestone interbanded with dolomite.
The limestone bands which comprise
60%—70% of this rock type are usually
157" - 17 thick. Internally the bands may
be finely laminated, structureless micritic,
or, at times, finely clastic. The bands
are wavy, imparting a ripple-marked as-
pect to some of the bands. The silty
dolomite is‘in bands 4" thick and char-
acteristically supports lichen growth. The
contrast between the medium-gray lime-
stone and the silty buff dolomite forms a
dinstinctive banding. Occasionally there
are intercalations up to 6 inches thick of
rock types 1 and 2 within this sequence.

Rock type 4, interlaminated limestone
and dolomites. This rock type consists
of limestone interlaminated with dolo-
mite, The limestone laminae which
comprise usually about 60 % of this rock
type are 0.1 to 5 mm thick. The laminae
are planar and parallel to bedding al-
though gently undulose and cross-bedded
laminae are also present. The limestone
alternates with dolomite of similar thick-
ness and fabric. The finely crystalline
buff-colored dolomite is silty and weath-
ers in relief relative to the medium-gray
limestone laminae.

Rock type 5, dolomite. The thin dolo-
mite beds weather characteristically to
buff tones in contrast to most of the lime-
stones which weather light to medium
gray and are medium to light gray on
fresh surfaces. The dolomite is uniform-
ly finely crystalline throughout and hard-
er than adjacent limestones. The dolomite
beds are generally structureless with
some internal laminations due to varia-
tions in crystal size.

Silt-size quartz and clay are more
abundant in the dolomite than the lime-
stone. Floating sand-size quartz grains
occur in some of the dolomites, and sev-
eral thin grains are intimately associated
with the dolomite beds, “sandstone beds
composed of medium to coarse grained,
rounded, well sorted quartz.”

The dolomite of this rock type and
types 3 and 4, because of their texture
and istructure, are considered as either
primary or penecontemporaneous dolo-
mites.

CYCLICITY OF THE CONOCOCHEAGUE
FORMATION

The five rock types described in the
preceeding section occur repeatedly
throughout the 1800 foot stratigraphic
sequerice. Types 1 and 2 are most
abundant occurring more than 40 times.
Types 3 and 4 are less abundant, and
type 5 is least abundant occurring about
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20 times. The relation to these rock
types to each other at first was not ap-
parent because no obvious pattern exists.
After some study, however, it was con-
cluded that the rock types are part of a
simple depositional cycle (Fig. 2) and
are sequential to each other. Forty-three
cycles, of varying degrees of develop-
ment, are exposed at the measured sec-
tion.

The ideal cycle (Fig. 2) is initiated
by a period of strong wave activity in
which fragments of the limestone sea bot-
tom are torn and broken forming a basal
intraformational conglomerate (Rock
type 1) that is frequently unconformable
on the underlying stratum. Wave activity
decreases and stromatalites, oolites, and
calcarenites—(Rock type 2) are form-
ed. In many places types 1 and 2 are
so intimately associated that they could
be classified as one rock type. With
continued decreasing wave activity and
probably increasing salinity of the waters,
interbanded limestone and dolomites are
precipitated succeeded by interlaminated
limestone and dolomite. As the number
of dolomite laminae increase they merge
to ultimately culminate in a bed of pure
dolomite. Some thin dolomites are de-
veloped in the banded sequence of type
3 also. The dolomite represents the cul-

FEET

ROCK TYPES

Fig. 2. Idealized sedimentary cycle and rock
sequence in the Conococheague For-
mation near Greencastle, Pennsylva-
nia.

mination of the cycle, after a period of
dolomite precipitation wave activity be-
gins to increase and salinity to decrease,
yielding an inversion of the depositional
sequence. The ideal cycle is termi-
nated whenever wave activity is of suf-
ficient magnitude to form rock types 1
and 2.

This ideal cycle occurs in several
places in the ‘Concococheague at Wayne-
castle Dairy. However, there are num-
erous places where part of a cycle de-
velops or where the cycle develops but
one or more of the rock types is absent.
Because of the geologic factors control-
ling the rock sequence it is to expected
that development of the ideal cycle would
be rare. Wave base action which exerts
much control upon the formation of the
high mechanical-energy rock types 1 and
2 would be affected by any shift in
strand line or by periods of variable
storm intensity. Geochemical conditions,
in large part, control the formation of
low mechanical-energy-sediments rock
types 3, 4, and 5. Changes in such fac-
tors as temperature, pressure, ph, ionic
concentration etc. could affect the type
and amount of carbonate being precipi-
tated. Thus the dependence of the rock
sequence in the cycle upon both me-
chanical energy and chemical conditions,
partly independent factors, explains the
paucity of complete cycles in the section.

REGIONAL ANALYSIS

Regionally a cyclic pattern has been
observed elsewhere in surface exposures
of the Conococheague Formation and its
equivalents. In central Pennsylvania
near State College, Pelto (1942) and
Krynine (1946) (Location II in Fig. 1)
noted cyclicity of the dolomite beds com-
prising the Gatesburg Formation (Cono-
cocheague equivalent). The cycles, here,
because of their partly arenaceous na-
ture, are probably the best developed and
most distinctive in the state. At Snake
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Spring Valley, along the Pennsylvania
Turnpike, Raymond Knowles (personal
communication) has observed cycles
similar to those recognized by Pelto (III
in Fig. 2). In the Lancaster area Stose
(1930, p. 33) remarked on the rhythmic
occurrence of algal beds in the Cono-
cocheague and suggested seasonal growth
as a control (IV in Fig. 2). The Rich-
land and Millbach Formations of the
Conococheague Group in Lebanon Coun-
ty are reported to be cyclical in character
(Geyer, 1964) ((V in Fig. 1). In east-
ernmost Pennsylvania, in the Bucking-
ham Valley area the Conococheague
Formation according to Stose (in Bascom
et al. 1931, p. 21) is marked by repeti-
tion of a tripartite limestone cycle (VI
in Fig. 1). Thus, during the Upper
Cambrian, carbonates accumulating in
central and eastern Pennsylvania, a dis-
tance of at least 175 miles parallel to de-
positional strike, and 75 miles normal to

depositional strike were subjected to con-
ditions leading to cyclical deposits.

Unfortunately the paucity of good ex-
posures, distance between outcrops, and
lack of precise faunal markers for corre-
lation cause difficulty in reconstructing
the precise factors controlling the cycli-
city of the Upper Cambrian carbonates.
It appears that a single factor of regional
extent controlls this widespread repeti-
tion and the simplest mechanism is an os-
cillatory onlap-offlap relation. Whether
this is due to rhymthic crustal movements
or eustatic sea level change is unknown.
Rock types 1 and 2 would be deposited
in shallow water during offlap and rock
types 3, 4, and 5 would be deposited in
deeper restricted waters during onlap.
Both the fine varve-like alternation of
limestone and dolomite and the coarser
interbanding may be related to climatic
changes superimposed on a major onlap
period.
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PETROLOGY OF BASIC IGNEOUS INTRUSIVES IN THE
MARTINSBURG FORMATION, LEBANON COUNTY, PENNSYLVANIJA *

Michael G. Jaron
Pennsylvania Topographic and Geologic Survey

ABSTRACT

Analyses of thin sections of rocks collected from traverses across two basic intrusives of
uncertain age reveal that the major rock type is a quartz-bearing diabase. The following types
of alteration, considerably more extensive than in many Triassic diabases, partially obscure the
original textures and composition: amphibolitization, chloritization, sericitization, and serpen-

tinization.

INTRODUCTION

South of Jonestown in Lebanon Coun-
ty, in an area of approximately twelve
square miles, a group of altered quartz-
bearing diabase plutons cut the Martins-
burg Formation. Urry (1936), using
the Helium method of age dating, ob-
tained ages of 375 x 10% + 15 and 355
x 10% == 15 years for these intrusives and
they are, therefore, considerably older
than the Triassic diabase intrusives seen
elsewhere in the region. The structure
and areal distribution of the intrusives as
well as volcanics occurring to the north
(Fig. 1) have been described by Moseley
(1954, 1956). Moseley concluded that
the intrusives, sediments, and volcanics
are cut by dip faults with offsets of a few
hundred feet, and that the intrusives gen-
erally show a concordant relationship
with the surrounding sediments. These
sediments consist of red and green shales,
and feldspathic sandstones and conglo-
merates, all belonging to the Martinsburg
Formation. The purpose of this study
has been to investigate the petrology of
the intrusives, and to compare their ex-
tent of alteration to Triassic diabases.

Samples were collected at fifty foot in-
tervals across the strike of two intrusives.
The site of sample traverse “A” is a dia-
base quarry located west of Route 72,
two miles south of Jonestown. The in-
trusive has a maximum thickness of 350
med with permission of the State Geologist,

Bureau of Topographic and Geologic Survey, Harris-
burg, Pennsylvania,

feet of which 250 feet of its interior are
readily accessible to sampling. The
quarry face is fractured and contains ser-
pentinized slickensides, vein calcite and
quartz. Sample traverse “B” was made
across the strike of an intrusive having a
maximum thickness of 400 feet located
west of a north-south trending road about
500 yards south from Swope school.
All samples collected from this site were
taken from float boulders, some of which
were covered by an orange limonitic
stain. The depth of weathering of the
boulders appears to be quite shallow.
Samples collected from both traverses,
whether from outcrop or float, are simi-
lar, both in hand specimen and thin sec-
tion.

PETROGRAPHY—Megascopically, the
diabase is a fine to medium grained,
greenish gray phanerite having a color
index of 45. Plagioclase feldspar is light
green where alteration has been intense.
Greenish black clinopyroxene is the
dominate ferromagnesium mineral. Con-
spicuous phenocryst-like rounded plates,
up to 4 mm in diameter, are serpentin-
ized pyroxenes. Grains of pyrite and
some ilmenite or ilmeno-magnetite are
scattered throughout most specimens.

Under the microscope, thin sections
from the intrusives exhibit sub-ophitic
and diabasic textures. The average un-
altered rock composition, taken from
twelve modes appears in Table 1. The
unaltered rock composition is arrived at
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Figure 1.

by counting a particular secondary min-
eral as the primary mineral from which
it was derived. Plagioclase often occurs
in euhedral laths about 2.5 mm in length,
and comprises from 34 to 47% of the
unaltered rock composition. It is often
dusted with iron oxide, or extensively al-
tered to sericite, making the percent an-
orthite composition exceedingly difficult
to determine. However, in many sec-
tions six or seven clear grains, with albite
twinning and suitable orientation were
available; these showed a range in anor-
thite content from 46 to 53%. No evi-
dence of saussurite was found in any of
the thin sections. Sericitized plagioclase
of undetermined .anorthite content is
commonly associated with interstitial
quartz. In weathered samples, serpentine
forms along cleavage planes and frac-
tures of plagioclase.

The predominant ferromagnesium
minerals are pyroxenes; they constitute
38 to 52% of the unaltered rock com-
position. Two varieties of pyroxene are
observed. The first is the clinopyroxene
pigeonite, having a 2V of less than 20°

and containing narrow augite exsolution
lamellae. It comprises at least 60% of
the total pyroxene content. Pigeonite oc-
curs as elongate subhedral grains (some-
times crushed or bent, showing undula-
tory extinction) approximately 3 mm
long and 0.5 mm wide, and as stubby
prisms approximately 1.5 mm long and
1.3 mm wide. Serpentine, amphibole
(uralite), and chlorite may form at the
expense of pigeonite. Although some
pigeonites are more extensively altered
than others, as a whole, their degree of
alteration is moderate. Pigeonite, be-
cause of its low Al content, alters more
readily to serpentine than to chlorite;
both may show relic herringbone twin-
ning, exsolution phenomena, and resorb-
ed pigeonite grains. Serpentine itself is
sometimes partially replaced by magne-
site. Pigeonite, which is partially alter-
ed to amphibole, is dotted with magnetite
granules, and its relief is more pro-
nounced. The second variety of pyroxene
occurring in the diabase is pigeonite in-
verted to the orthopyroxene bronzite.
Bronzite is found in one thin section col-
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lected along sample traverse “B”. It oc-
curs as large anhedral grains measuring
2.7 mm across, and as subhedral prisms
1.7 mm long and 1.2 mm wide. Some
of these inverted pigeonites exhibit thick
parallel augite lamellac approximately
0.03 mm in width, and resorbed round-
ed grains of pigeonite which have not in-
verted. This sample contains 24 % pige-
onite, and 15 % bronzite (inverted pigeo-
nite) which is crossed by fibrous ser-
pentine veinlets. Much of the pyroxene
which is now completely serpentinized is
probably inverted pigeonite.

Quartz constitutes 7% of the samples
taken from the two diabasic plutons, It
is an interstitial mineral, and may also
form myrmekitic and graphic inter-
growths with plagioclase and with or-
thoclase feldspar. Quartz often contains
euhedral crystals and long narrow prisms
of apatite. Abnormal quartz, having a
2V of approximately 10°, has been ob-
served.

Orthoclase feldspar comprises less than
2%, occurring as euhedral laths and as
rods associated with plagioclase and
quartz. Ilmenite altering to leucoxene is
the dominant opaque mineral. Pyrite,
magnetite, and in weathered samples,
hematite, are other observed opaques.
Primary hornblende associated with
quartz and apatite, and appearing to alter
to chlorite, is found in amounts less than

Table 1.
Average Unaltered Rock Composition
From 12 Modes (based on a 300 point count)

Mineral Percent
plagioclase (An46-53) 39.75
pyroxene (clino and othro varieties) 43.58
quartz 7.56
opaques 3.17
orthoclase 2.80
amphibole (hornblende) 2.84
biotite 0.23
apatite 0.10

100.03

2%. Biotite occurs as a minor consti-
tuent in both intrusives.

CRYSTALLIZATION SEQUENCE OF Py-
ROXENE—In the material studied, a high
temperature magnesium pigeonite was
the first mineral to crystallize out from a
basaltic magma. The large grain size of
these now inverted pigeonites and their
thick augite lamellae indicate that this
crystallization occurred before the mag-
ma invaded the country rock, in an en-
vironment of slow cooling. The magma
then began the intrusion of the country
rock, and with falling temperature mag-
nesium pigeonite inverted to bronzite.
The broad augite lamellae remain as a
relic structure. The intruding magma
was rich in volatiles and silica, which it
may have obtained by contamination
from the country rock. In the presence
of volatiles, pigeonite (a more ferriferous
variety) is more stable than orthopyro-
xene (Poldervarrt, 1947, p. 169), and
the clinopyroxene once again begins to
crystallize—this time showing very fine
striations of augite. Biaxial quartz, and
curved pigeonite grains showing crush-
ing and undulatory extinction also sug-
gest the possibility that crystallization be-
gan as the magma was being emplaced in
the country rock.

ALTERATION OF TRIASSIC DIABASES—
Extent of alteration in eight thin sections
of ophitic Triassic diabase from Corn-
wall, Pennsylvania, ten miles southeast
of Jonestown, is considerably less than
the alteration of the sub-ophitic, quartz-
bearing diabase from Jonestown. Second-
ary alteration of the Cornwall diabase is
noticeable only where the diabase is as-
sociated with aplite, micropegmatite, or
along vein contacts (personal communi-
cation, D. M. Lapham). Where this oc-
curs, pyroxene is extensively uralitized,
and plagioclase feldspar slightly sericit-
ized. None of the plagioclase in these
sections appeared to be turbid. Serpen-
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tinized pyroxene psuedomorphs are also
noticeably absent in the Cornwall sam-
ples. These differences in alteration be-
tween the Jonestown and Cornwall sam-
ples appear to be quite distinctive.

CONCLUSION

Altered quartz-bearing diabases oc-
cur in Lebanon County associated with
sediments belonging to the Martinsburg
Formation. Pyroxenes, crystallizing from
a basaltic magma high in magnesium
and low in iron and calcium show char-
acteristics of both plutonic and hypabys-
sal environments of crystallization. Ex-
tensive low temperature alteration, after
the crystallization of primary diabasic
minerals, has made plagioclase turbid,
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and has also altered it to sericite; has
altered pigeonite to chlorite, amphibole
(uralite), and serpentine; and homn-
blende to chlorite. These diabases ap-
pear to be much more highly altered than
younger Triassic diabases.
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INTRODUCTION

The Harvey Bassler collection of Peru-
vian fossils -(Willard, 1961) at Lehigh™
University includes invertebrates of Car-
boniferous, Jurassic, Cretaceous and
Tertiary ages. The Cretaceous inverte-
brates are the most abundant and most
widely distributed. There are also verte-
brate fossils .(Willard, 1962) and plants.

FOREIGN RELATIONSHIPS

It is well established that many fossil
vertebrates of South America are unique
and confined to that continent. Isolation
and radial evolution are the bases for
such a development. Years ago, the emi-
nent Argentine paleotologist, Florintino
Ameghino, postulated that South Ameri-
ca (particularly Argentina) had been a
centre of vertebrate evoluution. From
there the mammals, at least, spread
world-wide. The hypothesis is of course
no longer tenable. However, Peru furn-
ishes typical South American vertebrate
remains such as peccaries, toxodonts,
ground sloths, glyptodonts and astraco-
theres, examples of which are illustrated
in the Bassler collection. Today, the pec-
caries range as far north as Texas, and
ground sloths once lived in the United

Paraturrilites lewisensis (Spath)
Desmoceras latidorsatum (Michelin)
Desmophyllites gaudama (Forbes) .

Venezoliceras venezolanum (Steiler)
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Protanisoceras blancheti Pictet and Campiche

Dourvilleiceras monile (Sowerby) ..

Lyelloceras lyelli @Orbigny . . ......
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CRETACEOUS TRANSATLANTIC MIGRANTS

Bradford Willard
Lehigh University. Bethlehem, Pennsylvania

ABSTRACT

Among Cretaceous intvertebrates in the Bassler Peruvian collection at Lehigh University,
some are identical to North African and European species. Assuming the distribution to have
been westward, that of the mobile ammonites may be explained through migration. The ben-
thonic species may reflect current-born larvae or eggs or continental drift.

States of America. Conversely, the mas-
todon worked its way south into Peru, as
too did man, barring transpacific voy-
ages.

The distribution of marine inverte-
brates is unlike that of the vertebrates,
judging from the number and kinds which
appear to be identical to South American
and other continents. Some of the in-
vertebrate faunas show a certain cosmo-
politanism. The few Carboniferous fos-
sils include productid brachiopods which
suggest the Pennsylvanian of North
America and the Upper Carboniferous of
Europe. The most abundant Jurassic
ammonite, Arietites, has a nearly world-
wide distribution (Willard, 1963). The
Cretaceous marine invertebrates include
examples with broad geographic ranges.

The Cretaceous ammonites are a con-
spicuous illustration of wide dissemina-
tion. During the latter half of the nine-
teenth and into the twentieth century,
many were described from Europe,
Africa and North America. Some of
these are identical to ones found in the
Cretaceous of Peru. Benavides (1956)
in his monograph on the Peruvian Cre-
taceous ammonites indicates the follow-
ing as found in Peru and the Old World.

Europe
................... Portuguese

E. Africa
.......... vetve....... Burope
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L. pseudolyelli Parona and'Bonarelli-. . ........ . ... ........ Italy
Mammites nodosoides afer Pervinquiere . ................. N. Africa
Vascoceras cf. silvanensi Choffat (variety?) ................ Portugal
Texanites hourcqi Collignon ... ..........coviivuenn. Madagascar
Barroisiceras (Solgerites) brancoi (Solger) . . . Camaroon, W. Africa
B. (Forresteria) alluaudi Boule . ...................... Madagascar
7B. haberfellneri (von Hauer) . .........cuvruunnnnn.n. Switzerland
Tissotia fourneli (Bayle) . ... ... ... iiuiinnennennn.. N. Africa

In addition to the foregoing ammonites,
Benavides lists one nautiloid, Lissoni-
ceras mermetj (Coquand) originally de-
scribed from North Africa (Coquand,
1862).

It is not particularly astonishing that
presumably free-swimming or planktonic
cephalopods should have a wide distribu-
tion, but when we turn to the pelecypods
we again meet remarkably wide geo-
graphic spread of a number of species.
Roemer (1852) names several pelecy-
pods from the Cretaceous of Texas. His
Exogyra ponderosa, E. costata and E.
arieting are all reported from Peru by
Steinmann (1929), and they are repre-
sented in the Bassler collection, as, too,

are Roemer’s Vola texanus and Pecten
texanus. Three of Roemer’s Texan echi-
noids, Holoctypus planatus, Pseudodia-
dema texanum and Enallaster texanus
are known in Peru (Steinmann, op. cit.
p- 129-130). The echinoid, Hemiaster
fourneli Deshayes (first described from
North Africa), or the variety obliqua of
Briiggen, is recognized by Steinmann
(op. cit. p. 172). All four are repre-
sented in the Bassler collection,

The suite of Cretaceous pelecypods
which Coquand (1862) and others iden-
tified from Africa and Europe and which
appear to be identical to ones in the
Bassler collection is slightly longer than
than for the cephalopods:

Arca maresi (Coquand) .......... .. ...c.¢oiuruunrnenenns N. Africa
Ostrea siphax Coquand . . ... ... ... . 55uese danie=es S % N. Africa
O. nicaisei Coquand ... ......... .. .c.cuiuininrnenanns N. Africa
O. plicatuloides Coquand . ................. Y S N. Africa
O. tevesthensis Coquand . ............... s SR SRl N. Africa
O.senaci Coquand . ............. it N. Africa
Exogyra (Ostrea) fourneli (Coquand) ..........ccovnn.. N. Africa
E. (0.) mermeti (Coquand) . ..........uviriiivnennnn. N. Africa
E. (0.) minos (Coquand) ............ccuvuvuunennnns .. N. Africa
E. (0.) overwegi (Coquand) . ..........ccuiiuiiniinn.. N. Africa
Pecten tenouklensis Coquand . .. ... ...oiuunrernrnnns N. Africa
P. aequicostatus Lamark .. ... ... ... ...c.eiiiiiiiiniinn. England
P. quinquecostatus (SOWerby) ... ... ... iuiiinirnnnnnn. England
Plicatula gurgitis Pictet and Roux ........ I e ) Switzerland
Plicatulopecten ferryi Coquand . .........ccooiinununan, N. Africa
Lima grenieri Coquand . ........... Rl T a e Searas N. Afriea
Liopistha glgantea SOWEIDY vt e e England
L. molli (Coquand) "=.. .0 ..M 5 direabis s 14 N. Africa
Pholadomya elongata Muenst . .. ........uuriunienenennnas Europe
P. nodulifera Muenst ... ... S AT et G e s e ) Europe
Anisocardia hemitei Coquand . ............ e oy TR N. Africa
Venus desvauxi Coquand . . .........c.utvnnnnn.n. . N. Africa

Among the foregoing, Ostrea nicaisei and
ten ferryi are the most abun-
dant numencally and are identified from

more places than any other Cretaceous
invertebrates in the collection. - Knechtel
(1947) reports from-Peru. -a few. other
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pelecypods whose identification is attri-
buted to European paleontologists. Their
Old World affinities are not verified here.
Few gastropods from the Peruvian Cre-
taccous appear to have been reported
from beyond South America. Excep-
tions are Aporrhais costae Choffat from
Portugal (Choffat, 1886-1902), Fusus
bleicheri Thomas and Perén and Fusus
assailyi Thomas and Per6n from Switzer-
land and T'ylostoma cossoni Thomas and
Perén from North Africa.

Citation is due Gustav Steinmann for
remarking on the faunal relationships be-
tween the Peruvian Cretaceous fossils
and those of other regions in the North-
ern Hemisphere (op. cit., p. 287-288).
Although Steinmann cites no specific
ties, he mentions similarities between
Lower Cretaceous invertebrates of Peru
and those of other South American coun-
tries, particularly Brazil, and with Mexi-
co and the Mediterranean region. Among
Upper Cretaceous fossils he recognizes
similarities between Peruvian faunas and
those of northern South America, Mexi-
co, North Africa and southern Europe.
Curiously, he does not allude to Roemer’s
(1852) discoveries in Texas, although he
figures some of Roemer’s fossils as pres-
ent in Peru. Steinmann does not appear
to have offered an explanation for the
wide similarities, but his mention of
northern Brazil suggests a possible step
along a migration route between the Old
World and the New.

The Tertiary invertebrates in the col-
lection are of little significance beyond
Peru. Few are Prepliocene. From the
Pliocene sediments of the Amazon Basin,
there are about a dozen pelecypods and
perhaps two dozen gastropod species
which are represented by countless in-
dividuals. Most of these molluscs are
believed to have been fresh- or brackish-
water animals, which may account for
their relatively restricted distribution.

Like all half-known truths, the distri-
bution of the Cretaceous marine pelecy-
pods reported from Peru, Europe and
Africa is enigmatic. Those few Peruvian
species which coincide with North
American kinds might have migrated
along shallow coastal waters. If one as-
sumes that the Old and New World con-
tinents were separated in Cretaceous
time by an ancestral Atlantic Ocean, in
which direction did the trans-oceanic spe-
cies move, east to west or west to east?
If from east to west, allowing the oceanic
circulation to have been analogous to
that of today, could larvae or eggs have
been current-borne from the Old to the
New World? Could some have survived
the journey if given sufficient time for
many trials and errors? . An alternative
assumption is that the eastern and west-
ern continents were contiguous in Late
Cretaceous time and that the now separ-
ate faunas were in that time near neigh-
bors which were subsequently parted
during continenta] drift.
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EXPERIMENTS ON THE PRECIPITATION OF SALTS FROM SEA WATER

Dale R. Simpson
Department of Geology, Lehigh University, Bethlehem, Pennsylvania

ABSTRACT

Sea water was treated with ethyl alcohol to promote the precipitation of salts. At room
temperature with a system closed to carbon dioxide the sequence of precipitation is gypsum-
mirabilite-thenardite. A similar sequence is found with a system open to an atmosphere of
carbon dioxide. Temperature effects are discussed.

INTRODUCTION

The origin of non-clastic sedimentary
rocks has been a subject of conjecture,
debate, and controversy for many years.
Certainly some of the rocks formed are
an accumulation of chemically precipi-
tated crystals. Some such precipitates
are undoubtedly altered by diagenetic
processes. Before such rocks can be
completely understood the nature of the
material precipitated from saline water
and the sequence of precipitation must
be established. It is the purpose of this
paper to present data from a study con-
ducted to obtain information on the pre-
cipitates from sea water.

METHODS AND RESULTS

Some major problems of experiments
concerned with precipitates from sea
water are: first, and probably most im-
portant, the development of metastable
crystals or the failure of stable crystals to
form; second, the detection of phases
that may form in small quantities; and
third, the identification of crystals in the
state in which they formed. This last
problem is not simple because many of
the hydrated crystals cannot be dried for
oil immersion work or X-ray examina-
tion.

An experimental method was used
that eliminated some of the above prob-
lems. The precipitation was carried out
in a large seperatory funnel that initially
contained one liter of sea water. The
sea water was obtained from about 16
miles off the New Jersey coast, and it

had a chlorinity of 32°/00. Ethyl alcohol
was added to this sea water over a period
of 25 days until the final density of the
solution was 0.80;. After addition of each
100 m] of alcohol, any precipitate that
formed was carefully scraped from the
sides of the seperatory funnel, and after
it settled it was removed. The precipi-
tate was collected on a 25 mm diameter
millipore filter of 0.8 y pore, and it was
X-rayed while still on the filter and still
moist. In this manner very small quan-
tities of precipitates could easily be re-
covered and identified. Because precipi-
tation was induced by the addition of al-
cohol, the salts did not cake or accumu-
late as a rim near the solution-air inter-
face as they do in drying experiments.
In the first experiment the solution
was closed to the air and therefore car-
bonate compounds would not be expect-
ed to form. Gypsum was the first min-
eral to precipitate. It formed at a solu-
tion density of 0.97, and it continued to
form until the solution reached a density
of 0.89. It was observed that the gyp-
sum that formed early in the sequence
was larger—better developed crystals
than that which formed late. At solution
densities from 0.89; to 0.88,, mirabilite
(Na;SO,.10H,0O) formed. This mineral
appeared as very long needles ro threads
under the mircoscope, but megascopically
it appeared as a flocculent precipitate.
At densities from 0.88, to 0.81; thenar-
dite (Na,SO,) formed. No further pre-
cipitation occurred even through alcohol
was added until the final solution had a
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density of 0.80;. The temperature rang-
ed from 21 to 25°C during the experi-
ment.

The effect of alcohol on the pH of sea
water was studied. It was found that
there is a systematic increase in pH with
the addition of alcohol. One part of sea
water with thre parts of alcohol gave a
pH of 8.4. Thus the pH conditions of
the experiment were not greatly different
from those expected in nature.

In another experiment the same meth-
od was used except that the solution was
under an atmosphere of carbon dioxide.
Under these conditions carbonate com-
pounds could be expected; however none
formed. In fact, the same minerals form-
ed as in the first experiment; they form-
ed in the same sequence; and they each
formed over the same density range. Be-
cause of the atmosphere of carbon diox-
ide, the solution was acid and at a density
of 0.86, the measured pH was 5.3. The
temperature ranged from 23 to 25°C dur-
ing the experiment.

Because of the salts that formed, and
the absence of any magnesium salts, one
must conclude that the residual solution
is rich in magnesium and poor in calcium
and sulfate ions. Thus it seems likely
that magnesium carbonate compounds
may form if the pH of the final solution
could be increased and yet keep CO, as
a component of the system.

The CO, content of the final solution
is a function of the temperature of the
solution and the partial pressure of CO,
in the atmosphere over the solution. Be-
cause the solution is rich in alcohol, heat-
ing the solution would have a double-
barreled effect. The solubility of gas in
water decreases with increasing tempera-
ture; and further, the partial pressure of
alcohol and water vapor in the atmos-
phere over the solution will increase with

increasing temperature. Thus heating of
the CO, bearing-magnesium rich solu-
tion from the second experiment could
possibly give conditions under which
magnesium carbonate compounds could
form. The solution was heated to 77°C,
within about a degree of the boiling point
of ethyl alcohol, yet no precipitation oc-
curred. This indicates either: 1) that the
solution is still undersaturated with mag-
nesium compounds even though it con-
tains all the magnesium originally present
in sea water; 2) that the magnesium is
complexed with the alcohol or something
in the sea water; or 3) that the tempera-
ture increase has a greater effect on the
solubility than does the pH change
brought about by the increased tempera-
ture. Why magnesium bearing com-
pounds do not precipitate easily from sea
water remains a frustrating problem.

In comparison to the pioneering work
by Usiglio, more than a century ago,
some major differences are found. Usi-
glio’s sequence, listed by Steward
(1963), is the following:

1. Fe,O;

2. CaCO,

3. CaSO,..2H,0

4. NaCl, MgSO0,, MgCl,

5. NaBr
The present study indicates the follow-
ing partial sequences:

1. CaSO,.2H,0

2. Na,S0,.10H,0

3. Na,SO,

Marked differences are immediately evi-
dent. Possibly ethyl alcohol affects the
system in some manner other than simply
abstracting water. The differences may
be result of either or both studies giving
metastable relations, and last, it is possi-
ble that products studied more than a
century ago without the advantages of
X-ray could be misidentified.

REFERENCE CITED
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‘PALEOECOLOGY OF TWO MARYLAND SECTIONS OF THE
KEYSER LIMESTONE

J. Stewart Nagle
Lehigh University, Bethlehem, Pennsylvania

ABSTRACT

The lower third of the Keyser Limestone, of upper Cayugan age, was deposited during a
cyclical change in turbulence, as indicated by changes in micrite content and clastic particle size.
Coral and stromatoporoid populations predominated in the more turbulent phases of the cycle,
with stromatoporoids most abundant during highest turbulence. Brachiopod and ostracode
populations generally predominated during the less turbulent phases of the cycle.

INTRODUCTION

In the lowest 150 feet of Keyser Lime-
stone, near Hancock, Maryland, the total
faunas preserved in apparent life posi-
tion change from a basal bryozoan—
stromatoporoid zone, through about 80
feet of section in which brachiopods pre-
dominate, to a tabulate coral and stroma-
toporoid zone. These faunas preserved
in apparent life position, remnants of
ancient populations, varied presumably
because of changing ecologic conditions
rather than evolution. This study at-
temps to: (1) infer changes in ecologic
variables during deposition of the lower
part of the Keyser Limestone, and (2)
relate these changes to variations in or-
ganism populations preserved in the
rocks.

The outcrops studied occur in the
Potomac River gap through Tonoloway
Mountain, Maryland, opposite Great
Cacapon, West Virginia; and in a quarry
on the north side of US 40, ¥2 mile east
of Licking Creek, which is approximate-
ly six miles east of Hancock, Maryland.
The sections were remeasured on the
basis of recurring zones of nodular and
laminar bedding. Rock samples were
taken from the middle of each bedding
zone, and in the laboratory were analyzed
for: insoluble residue, mineralogy by
Alizarin Red S staining, micrite content
and skeletal material plus other clastics
by point count of polished surfaces.
Meéan diameéter of pelmatozoan ossicles

was also determined. Remains of organ-
isms in apparent life position were count-
ed on measured areas of polished surface
to define the populations. Some results
of field and laboratory study of the Tono-
loway Mountain section appear in figure
1. The Licking Creek quarry section
was found to be nearly identical in all as-
pects to the upper 60 feet of the Tonolo-
way Mountain section. Therefore, only
the Tonoloway Mountain section is
figured.

SETTING AND CONDITIONS

Sediments now exposed at the sections
under study were deposited under water
near the depocenter of a shallow trough
which was parallel to the present moun-
tains (Willard, et. al., 1939). Evidence
for a possible Keyser shoreline in eastern
Pennsylvania is the presence of redbeds
of probable Cayugan age (Swartz and
Swartz, 1941).

General ecologic conditions that are
known to affect organism occurrence in-
clude: temperature, salinity, solar radia-
tion, oxygen, and availability of plankton
and nutrients (Hedgpeth et. al. 1957).
Evidence indicates that these conditions
changed little over the time of Keyser
deposition.  Salinity was probably nor-
mal for marine waters of the time, as
brachiopods, corals, and echinoderms,
indicators of marine water, are present
through the section. Since extensive
Recent shelf carbonates occur only in
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tropical or warm subtropical seas (Rod-
gers, 1957), it is believed that the exten-
sive Cayugan carbonate deposits were
laid down in a warm sea. Oxygen, plank-
ton and nutrients were present in suf-
ficient abundance to support the sessile
epibenthic populations now preserved.
Evidence for light penetration is weak, as
spherical and irregular plate shaped frag-
ments, possibly algal remains, are rare.
If the fragments are of algal origin, they
(and the other sediments) were probably
deposited within the (photic zone, as algal
fragments do not transport readily
(Chave, 1962). There is no evidence
that could give a positive indication of
changes in absolute or relative changes in
depth of water. Since populations varied
while there is no evidence for change in
these conditions, it appears that these
conditions had no effect on fluctuations
of organic populations.

PROCESSES

Processes that could affect organic
populations, as seen in the geologic rec-
ord include: carbonate solution, biologic
disturbance of sediments, water move-
ment and turbulence, and clastic sedi-
mentation.  Since the faunal lists are
comparable to those of other Cayugan
rocks, it appears that there was no major
removal of shell material by solution. If
mottling or nodularity of sediments indi-
cates biologic disturbance (Moore and
Scruton, 1957), alternate nodular and
laminar zones would indicate recurring
episodes of biologic disturbance and non-
disturbance (figure 1, major lithology).
Micrite content and pelmatozoan ossicle
size give a relative estimate of degree of
water movement and turbulence. For
example, high micrite content and low
pelmatozoan ossicle median diameter
signify quieter, less turbulent water.
From figure 1, physical composition and

pelmatozoan ossicle size columns, it can

be seen that water movement and turbul-

ence was greatest during deposition of
the base of the section, and except for
one reversal, gradually decreased to about
two thirds of ithe way up section, where-
upon it again increased. This change
appears to represent one sedimentation
cycle. Clastic dilution as measured by
percent insoluble residue, also was great-
est at the middle of the cycle. Dolomite
content, not depicted in figure 1, also
varied, with the curve of its changes vary-
ing conversely to the curve of pelmato-
zoan ossicle size. These three regular
changes appear to define one sedimentary
cycle. From published descriptions of
the section under study, four more cycles
of alternating coarse and fine grained
limestone appear to be present in the
Keyser (Stose and Swartz, 1912). Spe-
cific aspects of these cycles have been
correlated into Pennsylvania -(Reeside,
1918).

PALEOECOLOGIC RELATIONSHIPS

Results of population studies are pre-
sented in figure 1. Bryozoans (Cypho-
trypa), stromatoporoid and ostracode
populations are present near the bas¢ of
the section, but quickly decrease up-
wards, and are followed by a brachiopod
(Rhynchospira) and ostracode (Leper-
ditia spp.) zone, in which populations
gradually increase to a maximum two
thirds of the way up the section, and
then decline. Near the top of the sec-
tion, tabulate corals appear, first branch-
ed forms (Cladopora), then massive
forms (Favositesy. These are then re-
placed upwards by stromatoporoids and
ostracodes.

By comparing changes in populations

 to changes in inferred conditions and pro-

cesses, it can be seen that population
changes are related to changes in water
movement and turbulence. Coral, bryo-
zoan, and stromatoporoid populations
developed in the more turbulent zones,
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! while brachiopod populations flourished tabulate corals through zones of massive
in less turbulent water. Numbers of os- tabulate corals to stromatoporoid zones
tracodes fluctuated widely, but generally in increasingly turbulent water was also
" ) seem to vary as brachiopod populations. noted by Lecompte (1960) in Devonian
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MEGAPETROFABRIC OF THE COATESVILLE-DOE RUN AREA, PENNA.

T. H. Anderson, D. E, Drake, and D. U. Wise
Dept. Ge('glogy, Franklin and Marshall College, Lancaster, Pennsylvania

ABSTRACT

An older system of NE striking isoclinal folds related to the Peach Bottom synclinorium is
disrupted by younger basement uplift of the Mine Ridge—Chester Valley zone and by N-S
striking folds associated with the Woodville “dome.” The relations are permissive of younger
strike-slip faulting as suggested by McKinstry (1961) and support his interpretation of multiple

deformation albeit in a different age sequence.

INTRODUCTION

The Coatesville-Doe Run area of the
Pennsylvania Piedmont exposes the com-
plex Peach-Bottom synclinorium (Fig.
1) between basement uplifts of Mine
Ridge on the north and a series of irre-
gular basement masses on the south. The
problematic Martic line along the Ches-
ter Valley on the south flank of Mine
Ridge separates known Paleozoic rocks
on the north from uncertain aged rocks
of the Glenarm series on the south.

Surface distribution of these units is
reasonably well known from the work
of Bascom and Stose (1932) but the age
and structural relationships have been in-
tensely debated, most recently by Mc-
Kinstry (1961) and Mackin (1962).
Mackin interprets the irregular basement
uplifts as erosional remnants of complex
nappes whereas McKinstry interprets
them as irregular gneiss-cored anticlines
resulting from multiple folding.  This
paper is an attempt to test McKinstry’s
hypothesis by detailed work on the maga-
petrofabric.

The work was supported by the Na-
tional Science Foundation undergraduate
research training iprogram of Franklin
and Marshall College.

TERMINOLOGY

Terminology of structural elements in
this paper partially follows that of Freed-
man, Wise and Bentley (1964) who ap-
plied it to the Susquehanna River Sec-

tion, 25 imiles to the west. The system
is:

So,=bedding

Si=major schistosity of the region
and axial planes of isoclinal folds
(F,) formed in the first deforma-
tion (D;) of the area.

S.=a vyounger cleavage (poorly de-
veloped in this area and unrecog-
nized in the Susquehanna area)

D;=a basement related deformation
younger than S, but older than
S.. Folds are discernible in map
patterns but have no detectable
S-surface counterparts in outcrop

(probably correlates in part with
D, of Freedman, et. al.)

S.=kink bands transitional into joints

or small faults

OLDER Forp SysteM (F,; and iS,)

Equal area plots of figure 2 represent
orientations of the dominant schistosity
(S;) along a line of stations across the
region. All are lower hemisphere plots
of lineations or poles to planes collected
within quartermile radii of the areas in-
dicated on figure 1. Although low angle
southeasterly dips dominate the S, pat-
tern of figure 2, younger deformations
have caused highly variable strikes in the
south and sharp increases in dip in the
north.

A very tight isoclinal fold system (F,)
with 8, as its axial plane appears where-
ever bedding is well enough preserved.
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Fig. 1. Index Map of the Coatesville-Doec Run Area. Locations 1-10 refer to figure 2 and A-C
refer to figure 5, Pcs: Peters Creek schist; Ws: Wissahickon schist; Cv: Cockeysville
marble; Sr: Setters quartzite: bgn: Baltimore gneiss; Cc: Chickies quartzite; CO1:
Cambro-Ordovician limestones; Sp: serpentine.

The F, fold axes (Fig. 3) strike N to
NE at sharp angles to the dominant grain
of the area as defined by basement up-
lifts. Although basement may have been
involved to some extent with the F, de-
formation, the bulk of basement disturb-
ance is a younger feature (D;) disrupt-
ing older F, axes and S-surfaces.

The rotation sense of 132 F, fold axes
from the south limb of the Peach Bottom
synclinorium is presented in fig. 3. A
single movement sense of deeper rocks
forcing northwestward with respect to
shallower rocks dominates the plot. The
movement picture is in accord with the
squeezing of material up and out of the

center of a very tight synclinorium. The
exceptions to this picture - (20%) are
minor reversals associated ‘with subsidi-
ary digetations scattered through the out-
crop area.

The rotations indicate that the south
limb of the Peach Bottom synclinorium
acted as single movement domain during
F, development. An inadequate num-
ber of fold rotations were collected on
the north half of the synclinorium to test
for reversal on that limb. Farther south
in Sportman’s Quarry at Avondale, 11
rotation determinations indicate a rever-
sal with respect to the pattern of figure
3. This method of delimiting movement

’
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Fig. 2. Equal area plots of poles to S-surfaces in the Coatesville-Doe Run Area. Locations indicated on figure 1.
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EQUAL AREA PLOT OF 470 PLUNGES OF 4/ SMEAR LINE-

FOLD AXES IN COATESVILLE -  ATIONS IN COATESVILLE -

A/ONDALE DISTRICT A/ONDALE DISTRICT
CONTOURS 14,5,6 % CONTOURS 2,8,25%

ROTATION SENSE OF 132 FOLD'AXES ON SOUTH HALF

PEACH BOTTOM SYNCLINORIUM IN MORTONVILLE- DOE
RUN AREA ‘

CLOCKWISE - o COUNTERCL OCKWISE- x

Fig. 3. Lineation orientations in the Coatesville-Doe Run-Avondale Area. Rotation sense of
lower figure are plotted as viewed down the plunge.
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Fig. 4.. Orientation of S, and S, planes in the Mortonville Area (location on figure 1). Gen-
eralized orientations on index map of Newell and Wise (this volume).
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domains and fold limbs without the help
of stratigraphic units seems promising to
decipher more of the F, system in ad-
joining areas.

S. PATTERN

A poorly developed fracture or strain-
slip cleavage (S.) with little or no asso-
ciated folding occurs sporadically through
the area. Its planar character transect-
ing S; in rocks with intense F, folding
indicates an age younger than D,. S,
generally dips southward at 20°-40° (Fig.
2) parallel in strike but of steeper dip
than S,. The detailed mapping in the
Mortonville area (Fig. 4) shows this
parallelism most clearly where both S,
and S, maintain a constant relative orien-
tation despite marked changes in strike
associated with a younger (D) folding.

S. in this area seems a different struc-
ture, older and more weakly developed,
than the strong, basement-related struc-
tures designated S, by Freedman, et. al.
(op. cit.) along the Susquehanna River.

YOUNGER BASEMENT-RELATED DIs-
TURBANCES (D;)

Irregular basement uplifts and/or dis-
torted S-surfaces mark one or more
younger disturbances :(D3) in which the
present dominant N60-80E grain of the
region was established. The Chester
Valley represents erosion along weaker
carbonates sharply tilted by basement up-
lift of Mine Ridge with respect to Glen-
arm rocks in the Peach Bottom syn-
clinorium. + S, planes along this zone are
more sharply tilted (Fig. 2), more irre-
gular, rippled, phyllitic, and shattered
than in most of the area. The upturned
S, planes have variable strike along the
zone (Fig. 5) but, like the F; axes and
Peach Bottom synclinorium, strike more
northeasterly than the N75E crosscutting
structures of Mine Ridge and the Chester
Valley. Strike-slip movement is possible

along the zone but was undetected in this
study.

The Martic contact lies within the
Chester Valley disturbed zone but that
contact, whatever its nature, is older than
the basement uplift of Mine Ridge as
shown by relationships to the west (Cloos
and Heitenan, 1941; Freedman, et. al,
1964). Accordingly the Chester Valley
zone is emphasized here to avoid con-
fusion with the older but locally coinci-
dent Martic line.

Two NNW trending folds (Fig. 1) in
the Doe Run area project northward
from the basement mass of the Wood-
ville “dome.” Northward in the Morton-
ville area these folds warp both 1S, and
S. in identical fashion (Fig. 4) and twist
the core of the Peach Bottom synclinor-
ium into a sigmoidal shape as mapped
by Bascom and Stose ,(1932).

These folds, disrupting the uniform
movement domain of S, (Fig. 3) and the
S, patterns, must be younger features,
despite their aproximate parallelism with
F. axes, the basis on which McKinstry
interpreted Doe Run folds as part of the

Fig. 5. Equal area plot of 53 poles to S,
cleavage on the south edge of Ches-
ter Valley between Coatesville and
Downingtown. (Locations A, B, C
refer to fig, 1, index map.)
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Fig. 6. Orientation of F, fold axes in the Mortonville Area (location on figure 1).

F; system. Post-S, age and association
with basement in the Woodville “dome”
suggests some genetic tie with the Mine
Ridge basement uplift. Accordingly all
these yoﬁnger basement related elements
have been grouped as D, disturbance in
spite of diverging fold axes and uncer-
tainty whether several sub-phases of de-
formation are involved. S-surfaces as-
sociated with this deformation were not
recognized in the area studied.

One explanation of the unique loca-
tion and orientation of the Doe Run folds
utilizes McKinstry’s (1961) suggestion
of right-lateral shearing along the Cream
Valley fault zone (Fig. 1). Westward
dissipation of right lateral basement
movements into the covering Glenarm
series would result in the observed locali-
zation and sense of shortening of the Doe
Run folds as well as the proper sense of
rotation for the sigmoidal twist of the
Peach Bottom Synclinorium core.
Thoughout the area, but mostly in the
Setters and Cockeysville formations near
Avondale, are strongly developed late-
stage grooves and slickenside-like smears
showing little relationship to the local
fold pattern. This orientation (Fig. 3)
is in perfect parallelism with these pro-
posed strike-slip movements. In addi-
tion McKinstry (p. 564) notes right-
lateral shearing on young S-surfaces east
of the present area of study.

S, PATTERN oF KINK PLANES
Thoughout the area are 17-4” wide
zones of kinked schistosity. They are
steeply dipping in the south part of the
area but relatively flat in the north. The
zones are unaffected by all the older
folds discussed above and hence post-
date them. Transitional into jointing
and small faults they are the youngest
readily discernible structures in the area.
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Apparently the rocks had just enough
mobility to flex locally at the time S,
formed. Orientation and relationship to
jointing are discussed in the companion
paper by Newell and Wise.

CONCLUSIONS

The Coatesville-Doe Run Area has
undergone multiple deformation but pres-
ent data is insufficient to distinguish be-
tween McKinstry’s interpretation of com-
plex multiple uplift versus Mackin’s com-
plex nappe theory for the Woodville
“dome.” The oldest deformation involv-
ed development of major schistosity and
isoclinal folding along NNE trending
axes. At that time the south limb of the
Peach Bottom synclinorium was acting
as a single movement domain squeezing
NW with respect to its cover. A second
deformation had little effect on the area
other than development of a weak strain-
slip cleavage (S;).

A major (D,) deformation broke the
area into basement blocks and establish-
ed the present dominant N60-80E grain
of the region with little regard to the old-
er F, trends. Part of the D; involved
basement uplift of Mine Ridge and up-
turning of the Chester Valley zone.
Presently available evidence on D; struc-
tures is permissive of (but mot conclu-
sively for) McKinstry’s right lateral dis-
placement of basement masses. This in-
terpretation warrants further investiga-
tion in view of the discovery of C. L.
Drake, et al 1(1963) of major oceanic
faulting of the east coast of North Ameri-
ca. That offset projects toward this area
and may well be related to the changing
tectonic trends of the Appalachians.

A final deformation superimposed a
system of S, kink planes on the area
subsequent to the establishment of the
new tectonic trends.
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DISTRIBUTION OF THE AGED IN PENNSYLVANIA

Paul D. Simkins
The Pennsylvania State University, University Park, Pa.

ABSTRACT

In 1960, one of every 10 persons in Pennsylvania was .65 years of age or older. This study
examines the distribution of this group within the state by size and class of community and by
minor civil divison. Gross variations in the distributional patterns reflect the major recent

migratory readjustments of the population.

INTRODUCTION

The relatively rapid and continued in-
crease in ‘the proportion of the total
population :which is 65 years of age or
older has fostered a growing literature on
the distribution, characteristics, and prob-
lems of this group. However, few re-
search efforts have made intensive use of
the age data available in published cen-
sus reports for minor civil divisions, i.e.,
townships and boroughs. This study
examines the distribution of the aged in
Pennsylvania using minor «civil division
data to determine whether generalizations
about the distribution of the aged in other
areas are true for Pennsylvania, and
whether detailed mapping of this distri-
bution can add to, or require a modifica-
tion of, existing generalizations.

THE AGED IN PENNSYLVANIA AND
THE NATION

In 1960, one of every 10 persons in
Pennsylvania had reached or passed his
65th birthday. The relative number of
aged in Pennsylvania was thus somewhat
greater than in the nation as a whole (9.2
per cent) and higher than in 38 of the
other 49 states. Furthermore, the rela-
tive increase of the aged in Pennsylvania
between 1950 and 1960 far outstripped
the growth of the total population. Dur-
ing the last census decade, the number
of oldsters in the Pennsylvania popula-
tion increased by 27.3 per cent, whereas
the total population of the state grew by
only 7.8 per cent. While a 51m_11_ar1y_ dis-

proportionate increase of the aged was
characteristic of the United States popu-
lation, the degree 1of disparity between
the growth of; the total and the aged
population was considerably greater for
Pennsylvania than for the nation'. As
a result, the rank of Pennsylvania among
the states according to the proportion of
their population over 65 years rose from
25th to 18th between 1950 and 1960.

Primarily responsible for the increase
of the aged in the United States has been
a general decrease in fertility levels dur-
ing the last part of the 19th and the early
20th centuries, although a portion of the
increase can be credited to increased
longevity?. The almost universal fertility
and mortality declines in the United
States, however, mean that these vari-
ables are of limited utility in explaining
large differences among the states and
other political units in the relative num-
ber of the aged. Most commonly, local
differences in the distribution of the older
population are a function of the age selec-
tivity in the migratory movements which
affect these localities. Age selective
migration has been particularly impor-
tant in shaping the distribution of the
aged in Pennsylvania, from which an
estimated 460,000 persons were lost by
net migration during the 1950 decade®.
The majority of these migrants were rela-
tively young, having a median age of
26.7 years*. The loss of these younger
age groups obviously increased consider-
ably the proportion of the aged in Penn-
sylvania’s population, '
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RURAL-URBAN DISTRIBUTION OF
PENNSYLVANIA'S AGED

In the United States generally, the
proportion of the population 65 years
and over is highest in the rural farm areas,
intermediate in the cities, and is lowest
in the rural non-farm areas. Pennsyl-
vania departs from this pattern, although
very slightly, in that relatively more of
the urban population is in the older ages
than is either of the rural classes of resi-
dence. However, the proportion of the
aged in the total population of the non-
metropolitan counties, hence chiefly
rural, is greater than in the metropolitan
counties. This apparent reversal is due
largely to the inclusion of large numbers
of rural non-farm suburbanites in the
metropolitan counties. The differences
between the distribution of the aged pop-
ulation in Pennsylvania and the nation
by community class is illustrated in Table
1. In Pennsylvania, while categories of
urban have somewhat higher proportions
than do corresponding categories in the
nation, the greatest departure from the
national norm occurs in the larger cities
(over 10,000) outside the metropolitan
areas. The causes for this discrepancy

- are unknown, although out-migration of

young people from the cities .of this class
which are located in the depressed coal
regions may be a major contributory ele-
ment.

In the rural areas, the greatest de-
parture from the national norm is the
smaller relative numbers of the aged in
the small rural towns and hamlets. How-
ever, in Pennsylvania, as in the nation,
there is a tendency for the proportion of
the aged in the population to increase as
the size of the hamlet decreases. In the
smallest boroughs of Pennsylvania, those
having fewer than 500 people, nearly 14
per cent of the total population is 65
years or over’.

The analysis of the distribution of the
aged population in Pennsylvania com-
munities when extended to differences in
sex ratios adds a new and complex di-
mension. Sex ratios among the urban
aged in Pennsylvania are somewhat high-
er than in the nation in all classes of com-
munities except the smaller urban places
outside the cetropolitan counties (Table
1). The greatest departure from the na-
tional average is in the urban fringe.
Within the United States as a whole, the

TABLE 1

AGED POPULATION: PENNSYLVANIA AND THE UNITED STATES
by Community Class

UNITED STATES PENNSYLVANIA
% over 65 Sex Ratio % over 65 Sex Ratio
Total i 9.2 82.8 10.0 81.8
Urban 9.2 76.2 10.3 76.7
Central Cities 10.0 76.5 11.0 76.6
Urban Fringe 7.3 76.7 8.5 78.5
i 10,000 9.8 73.8 12.0 73.5
2,500-10,000 11.0 76.8 11.8 75.9
Rural 9.3 100.1 9.2 97.4 _
1,000-2,500 12.2 80.5 10.9 834
Other Rural . k 8.9 104.3 8.9 100.6
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sex ratio of the aged in all urban fringe
areas is 76.7 males per 100 females.
The comparable ratio for Pennsylvania is
78.5, indicating a somewhat greater pull
of the urban fringe for 'males over 65
than is true in the nation. Greater dis-
crepancies in sex ratios among the aged
occur in the rural areas. The rural aged
population in the nation has a sex ratio
of 100.1; thus, the aged population is al-
most equally divided between males and
females. Since the females considerably
outnumber the males among the aged
group, such a ratio is indicative of a
sizeable female out-migration from the
rural to the urban areas. The sex ratio
for the rural aged in Pennsylvania, on the
other hand, falls to 97.4. Thus, unlike
the nation, the rural population of Penn-
sylvania is dominated numgrically by
females. The greater representation of
older females in rural Pennsylvania could
be produced by either a greater rural to
urban out-migration rate for aged males
or lower mobility rates for older rural
females than is true within the nation.

REGIONAL DISTRIBUTION OF AGED
IN PENNSYLVANIA

The migration currents experienced by
Pennsylvania during recent years would
seem to account very largely for the gross
patterns of the distribution of the aged
within Pennsylvania. Areas with rela-
tively high concentrations of aged are
located in the northeastern quarter of the
state, the rural north-central counties, the
tier of townships northward from north-
ern Indiana county to the New York
state border, and scattered townships in
the bituminous producing areas in west-
ern Pennsylvania. Within this latter area,
particularly strong concentrations of aged
are located in southwestern Fayette
County, in Greene County, and in west-
ern Washington County. Among these
counties, while there are several excep-
tions, the share of the total population

composed of the aged is generally high-
est in the most rural areas, intermediate
in the anthracite region, and lowest in
the bituminous producing counties. Al-
though there is a lack of direct corres-
pondence between the relative size of the
aged group and the degree of population
loss by out-migration between 1950 and
1960, it is in these counties that the
heaviest out-migration relative to total
population has occurred. The five main
counties of the anthracite region com-
bined, for example, lost an estimated
177,000 people (equivalent to 17.3%
of their 1950 population) by net migra-
tion durin gthe 1950 decade’. Even
heavier migration losses relative to total
population were experienced by Greene
(23.2%) and Fayette (21.4%) coun-
ties.

But while the general areas of out-
migration correspond closely with those
having relatively large concentrations of
older persons, the detailed distributional
patterns of the aged cannot be so easily
explained. A striking example is offer-
ed by Pike County. Pike County has
the highest median age of any county
in Pennsylvania, the highest proportion
of persons 65 years and over, and is an
area designated for redevelopment under
the Area Redevelopment Act of May 1,
1961, because of low rural incomes”.
All of these conditions would lead one to
expect a net outflow of young people and
a consequent increase in median age. Yet,
Pike County registered a gain by net
migration between 1950 and 1960. Un-
less Pike County has experienced an un-
usual population development in the past,
the most likely explanation is that the in-
migration included a substantial portion
of aged retiring to this resort area.

Other areas in which out-migration of
younger people cannot be employed to
explain the distribution of the aged pop-
ulation occur in the anthracite region®.
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Between 1950 and 1960 every minor
civil division within the Northern An-
thracite Field underlain by coal experi-
enced an indicated net out-migration.
Many of the minor civil divisions im-
mediately peripheral to the area under-
lain by coal, however, gained net mi-
grants during this period. Yet, the dis-
tribution of aged persons shows little as-
sociation with these migration patterns.
Indeed, north and west of Scranton sev-
eral of the divisions which apparently
gained population by migration during
the 1950 decade have the highest pro-
portions of aged of any of the minor civil
divisions of the anthracite region. The
explanation of this apparent anomaly
may again be in-migration of older peo-
ple. It could well be that people who
have accumulated capital in the anthra-
cite area during their productive years
have built retirement homes outside of
but adjacent to the area of their previous
residence. Equally baffling are boroughs
wtihin the anthracite region which lost
heavily by out-migration (and presum-
ably lost younger persons) during the
1950’s but which have relatively low per-
centages of aged persons in their popula-
tions. Nor can satisfactory explanations
be offered at this stage of investigation
for the belt of low proportions of aged
people northward from Clearfield Coun-
ty, a belt which divides the north-central
region of high aged concentrations into
two segments. One can only conclude
at this point that the migration patterns
of the aged in rural Pennsylvania are
highly varied, and hope that subsequent
study can provide solutions,

The arcas having the lowest propor-
tions 1of aged in their populations are
concentrated in the southeastern and
south-central parts of the state, the area
surrounding Pittsburgh, and, to a lesser
degree, along the extreme western borders
of the state. In these regions, net migra-

tion during the 1950 decade added rather
large numbers to the population. Since
these migrants ‘were concentrated in the
younger ages the older component of
the population experienced a correspond-
ing decrease. Older people are conspi-
cuously infrequent in the population of
lower Bucks County, into which came
nearly all of the 117,000 net migrants
added to that county’s population be-
tween 1950 and 1960. Falls Township,
which grew from 3,540 persons in 1950
to 29,082 persons in 1960, had the low-
est proportion of aged of any minor civil
division in the state (2.2%). Northern
Bucks County, in contrast, in which the
population was rather stationary or de-
clined during the 1950’s, had an aged
component higher than the average for
the state. While lower Bucks ‘County is
conspicuous because of the low propor-
tion of aged in its population, similar
areas are found in the other counties
surrounding Philadelphia as well as peri-
pheral to most of the larger cities of the
state.

The major metropolitan areas of Penn-
sylvania exhibit highly varied distribu-
tional patterns of their aged populations.
In every central city in the state, with
the single exception of Chester, the pro-
portion of the aged among the total popu-

lation is higher than the average for the

state. Among these large cities the high-
est concentration of the aged is found in
Reading in which 14.4 per cent of the
total population was 65 years or older.
While the central cities which experi-
enced the greatest population losses be-
tween 1950 and 1960 are cities which
have the highest proportion of persons
over 65, the association is far from per-
fect. Away from the central cities into
the suburbs, the aged component of the
population decreases, although the de-
crease is far from regular. - It would ap-
pear 'as though the degree to which the
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aged are represented in the population of
the suburban minor civil divisions is
directly related to the age of the suburb.
Such a speculation is certainly in keep-
ing with findings of studies in other
areas®. Residents of suburbs developed
in earlier years, unless replaced by subse-
quent in-migrants, will age as the suburbs
age. Itis interesting to note that around
nearly every major city in Pennsylvania,
the suburban areas nearest the city, and
presumably the longer-developed areas,
commonly have higher proportions of
aged than do those located at greater dis-
tances from the city.

In non-metropolitan Pennsylvania, and
often intermingled with areas having high
proportions of older people, arc numer-
ous townships and boroughs having rela-
tively small numbers of aged in their
populations. Some of these areas can
be readily explained as in the case of
State College Borough and the adjacent
townships where the large numbers of
students decrease the proportional rep-
resentation of the aged to less than 5 per
cent of the total population. Other areas
remain puzzles which can be solved only
by detailed studies.

Throughout the state, but especially in
the rural areas, a conspicuous feature of

the distribution of the older population
is the degree to which the boroughs ex-
ceed the townships which surround them
in the percentage of the population 65
years of age or over. In the non-metro-
politan counties the average borough has
about 3.5 per cent more of its population
in the older ages than does the township
in which it is situated, a distribution
which reflects the tendency of the rural
town to function as a retirement center
for the surrounding population.

CONCLUSION

This study represents the first phase
of what is to become an intensive exami-
nation of the distribution and character-
istics of the aged population of Pennsyl-
vania. Already, in this stage, the utili-
zation of minor civil division age data
has revealed highly varied and complex
patterns of distribution and migration of
Pennsylvania’s older population, patterns
which remain obscured when analysis is
limited to county totals of aged persons.
Subsequent research 'will examine the sex
ratios of the aged for the minor civil di-
visions in hopes that the patterns reveal-
ed will aid in the explanation of distri-
bution of the state’s older people and in
the unraveling of the complex threads of
their migrations.
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SHIFTS IN TRANSPORTATION ROUTES: THE RHODE ISLAND EXAMPLE

Herbert A. Whitney
The Pennsylvania State University, University Park, Pa.

ABSTRACT

The relocation of a major transportation line has such far-reaching consequences on the
places newly contacted or by-passed that it is worthwhile examining the causes and na’fure of
such relocations. An examination of route shifts in a particular area sheds light on the kinds of
factors that are important as well as on the general processes involved.

When a major road or railroad changes
its course, there are important conse-
quences both for the places newly con-
tacted and for those no longer so served.
Lost or gained are fast and frequent ac-
cess to large urban markets, possibilities
for tapping supplies of raw materials and
finished goods passing along the route,
and opportunities to serve travelers.
Places newly on a major transportation
line tend to enjoy increased employment
and population whereas places no longer
so situated commonly lose employment
and population.

Relocations of a major route have such
far-reaching consequences that the causes
of such shifts are well worth considering.
The present paper considers first the gen-
eral nature of route changes, and then
the particular historical developments in
one area as illustrative of the kinds of
factors important in other places as well.

The course of a road is controlled pri-
marily by its destinations, i.e., by its two
ends, and secondarily by intermediate
points such as mountain passes, river
crossings, swamps, and the like. If
changes occur in either the terminal or
intermediate control points, then the
route may shift. Let us forget the case
of a change in a terminal point (obvious-
ly the route must then change) and focus
our attention on the route whose termini
remain constant but which, nevertheless,
experiences shifts in at least some parts
of its course. That shifts do occur in
such routes there is abundant historical

evidence. In the great majority of such
cases, the change makes the route more
nearly straight, as for example, the early
elimination of twistings around rocks and
fallen trees or, in a later stage of develop-
ment, the complete relocation of a por-
tion of the route. This suggests that the
normal development is a progressive
straightening of a route more direct may
be considered an exception to the rule,
and that any shift in a route which does
not make the route.

Why should a straightening of routes
be so typical? Primarily, it would ap-
pear, because men everywhere scem to
desire the lleast expenditure of effort
necessary, and the straightest route is the
shortest and quickest at least in theory,
and commonly in reality as well. Man’s
desire not to expend any more effort than
necessary would also seem to be respon-
sible for the exceptional cases where a
shift takes place which does not make
the route straighter. In such cases, how-
ever, there is almost inevitably some par-
ticular condition so that in fact the shift
does result in a saving of time or effort,
such as the elimination of a steep grade,
or of the delay at a ferry crossing, or the
avoidance of congested urban traffic.

The speed at which a route becomes
straight depends on a number of factors:
topography, technologic know-how, fi-
nancial ability, and, perhaps, the degree
of social organization. Thus a new form
of transportation such as the railroad, or
a new road surface such as macadam, or
a transportation company uniting several
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tormerly independent Ilinks into one
through system may be the necessary and
sufficient cause of a shift in a route.

A case history can best illustrate these
ideas, and Rhode Island serves nicely
(see map). Situated on the coast of
southern New England, part-way be-
tween New York and Boston, Rhode Is-
land found itself from earliest times on
an increasingly busy thoroughfare. Be-
tween the two major cities, four routes
developed. One was by water eastward
from New York along the coast past
Rhode Island to Cape Cod and then
north to Boston. A wariant of this route
was even more popular because it avoid-
ed the dangerous, exposed passage
around Cape Cod; it traversed Narragan-
sett Bay as far inland as possible, thus
passing through Rhode Island. From
the head of Narragansett Bay, at Provi-
dence, travelers then went by land the
last 50 or so miles to Boston. From
Boston there developed three land routes
which converged in Connecticut: the
Upper, Middle, and Lower Post Roads
as they were known in colonial times.
The Upper and Middle Post Roads ran
from Boston westward and southwest-
ward to the Connecticut River, then
southerly to the coast. They did not touch
Rhode Island and need not concern us
here other than that they offered alterna-
tive routes to the Lower Post Road. This
latter route led from Boston to the head
of Narragansett Bay, and then followed
the western shore of Narragansett Bay to
Long Island Sound whose coast it then
followed to New York. The Lower Post
Road thus essentially traversed Rhode
Island diagonally. Let us look further at
this route and the variants of it which
developed.

Rhode Island is so small, its greatest
diagonal dimension measuring only about
58 miles, that one might not expect the
main route across it to have shifted much.

It did, however, repeatedly. Eight lang
routes have been of prime importance at
one time or another, and some of them
experienced recurring periods of favor.
The shift from, and return to, the several
routes illustrates nicely the effects of to-
pography, technologic skills, social or-
ganization, and other factors.

The earliest important land route
through Rhode Island followed the coast.
Travel by land was commonly preferred
to travel in the small, unwieldy sailboats
of the time, especially when most people
did not know how to swim. Of the sev-
eral Indian trails across the land, the one
along the coast was ipreferred for two
main reasons: the route lay near sea level
much of the way instead of going up hill
and down as did trails further inland, and,
perhaps, of greater importance then, it
was along the coast that most of the early
settlers were located. A traveler quite
naturally took a route through as many
settlements as possible in order to mini-
mize his chances of getting lost and to
increase his opportunities for obtaining
food and shelter. In Rhode Island the
coastal route was known in the 17th cen-
tury as Pequot Path because it led to the
Pequot Indian country along the Thames
River in eastern Connecticut. After
1703 when the road was officially laid
out it was known as Post Road, a name
still used. Along this road passed Ma-
dame Knight in 1704 on her way to New
York, and her diary, one of our earliest
colonial travel records, vividly portrays
the problems and dangers then of getting
lost, hiring guides, crossing hazardous
fords and ferries, horses going lame, and
dirty hostels with inedible food.

During the early decades of the 1700’s,
settlement spread inland from the coasts
of the Bay and the Sound into western
Rhode Island and eastern Connecticut.
Then a shortcut became feasible. A road,
laid out in Rhode Island in 1714, led




190 PENNSYLVANIA ACADEMY OF SCIENCE

southwestward from Providence through
Plainfield, a town in eastern Connecti-
cut, to Norwich at the head of the
Thames estuary. Plainfield Road cross-
ed more hilly country in Rhode Island
than did Post Road, but it was more di-
rect and had the additional great advan-
tage of avoiding a dangerous crossing of
the Thames near its mouth. Through-
out the 18th century, Plainfield Road be-
came increasingly popular, and during
Revolutionary times it was used by
George Washington and by the French
army which disembarked in Rhode Is-
land. '

So popular was this route that toward
the end of the century, when the turnpike
fever which had swept England began
to be felt in this country too, it was Plain-
field Road toward which attention was di-
rected first. But in 1805 when Plain-
field Pike was completed, much of it lay
north of old Plainfield Road; the towns
through whose southern parts old Plain-
field Road passed refused to allow any
turnpike except one more centrally lo-
cated twithin them, an example of the
influence of political boundaries on the
course of a road. The resulting Plain-
field Pike crossed more hilly country than
.did old Plainfield Road, but the turnpike
surface was smoother and better main-
tained and so travel was faster on it. For
some two decades in the early 1800,
Plainficld Pike was the preferred route
across Rhode Island.

Meanwhile, other developments were
taking place to the west in Connecticut
and New York which were to have far
reaching effects on travel in Rhode Is-
land. Steam-power had been found to
be applicable to water transportation,
and steam boats began scheduled runs be-
tween New York and points up the Con-
necticut coast: first to New Haven, next
to the Connecticut River towns, and then
to New London at the mouth of the

Thames. Steamboats offered a ride
which was not only faster than that by
stagecoach but also much more com-
fortable. When steamboat service reach-
ed New London, turnpike connections
with Providence were commenced. Be-
fore the turnpike was finished, however,
Connecticut had granted permission for
steamboats to use its southeasternmost
town, Stonington, and so the turnpike
through Rhode Island ran to Stonington
although it was known by the name of its
original destination, New London.

Opened in 1820, the New London
turnpike was listed in the tourist guides
of the time, but was actually important
for less than eight years. Steamboat
service to Providence began in 1822 and
grew rapidly in popularity; in 1828 the
New London turnpike company sold its
equipment.

Steamboats became faster and larger,
and traffic between Boston and New
York increased tremendously, especially
passenger travel. Until about the end of
the century, the water route was by far
the most popular way through Rhode Ts-
land.

Still, there were other alternatives that
developed. The conspicuously large and
rapidly increasing amount of travel be-
tween Boston and New York made fur-
ther improvements in transportation feasi-
ble, and one of the first three railroads
built from Boston ran to the head of Nar-
ragansett Bay, replacing the so-called
boat coaches. So successful iwas this
Boston and Providence Railroad that an
extension was opened two years later, in
1837, to Stonington where it connected
with the steamboats to New York. Travel
from Providence to Stonington by rail
was much faster than by boat and also
was more comfortable than the choppy
passage around Point Judith at the south-
westernmost corner of Narragansett Bay.
The railroad, compared to the old Post
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Road, followed a somewhat shorter, more
inland route constructed across several
swamps which the Post Road had avoid-
ed.

Throughout the rest of the 19th cen-
tury, Rhode Island, along with the rest of
New England, was caught up in a rail-
road fever, but no serious competitor to
the water route developed until near the
1890°s. A variant of the water route
started at Fall River, Massachusetts, on
the eastern shore of Narragansett Bay.
The Fall River steamboat line ran for
some 90 years, until 1937. In 1854 a
railroad was opened from Providence to
Hartford, where other rail connections
could be made for New York. This
route was the only land route which was
not, basically, a variant of the Lower
Post Road along the coast of Connecti-
cut. There were, however, no through
trains from Boston to New York, because
several competing railroad companies
owned the various links. Thus the great
advantage of the railroad over the steam-
boat, speed, was never adequately real-
ized. Still, many people preferred an all-
land trip and took this route between
Providence and New York. The trains
could never match the so-called floating
palaces, however, in comfort and ele-
gance,

Meanwhile in Connecticut, links in a
coastal railroad were gradually com-
pleted by several companies. The Con-
necticut River was bridged near its mouth
in 1870, and the Thames in 1889, so that
finally a no-ferry rail line existed along
the shore. No through New York to
Boston trains used this route, however,
unti] the several links all came under the
control of one company, in 1893. There-
upon the almost gradeless shore line
route rapidly supplanted the interior
routes with their sharper curves and
heavy grades. It also eventually sup-
planted the much slower steamboats.

191
Thus did the degree of businesg organi-
zation affect the location of the most

traveled route across Rhode Islang,

The final chapter of the shifting main
route concerns the modern highways.
The automobile had one great advantage
over the railroad, convenience. A par.
son determined his own timetable. Roads
at the turn of the century were in very
bad repair, as they had been ever since
the railroads destroyed the turnpike com-
panies. As first bicyclists and then mo-
torists demanded better roads, improve-
ments were made: first in the cities, and
then progressively farther out. From
Providence the first lengthy improved
road ran southward to the various beach-
es and resorts, to which there was the
greatest flow of traffic. Motorists driving
to New York quite naturally took the
best road, and so the old coastal route
across Rhode Island, the Post Road,
came back into favor. As the most used
road, it was continually improved, where-
upon it drew still more traffic. When
numbered highways were established
nationally, old Post Road became part
of U.S. 1.

Other modern highways also were
built, but they did not begin to rival the
coastal route until after the Second World
War. Then an increased demand for a
shorter, faster way across the State,
avoiding the heavy resort traffic, resulted
in the construction of a modern high-
way generally along the course of the old
New London turnpike but swinging away
from it to avoid some steep grades. As
sections of this super-highway, Route 3,
have been opened, more and more
through traffic has used it. In the past
half dozen years, Connecticut has built
a new toll road from its New York bor-
der eastward, essentially parallel to the
old coastal or Lower Post Road. Hop-
ing to attract Boston traffic, the Connecti-
cut Turnpike leaves the coast near New
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London and swings inland past Norwich
toward the northeastern corner of the
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has been stated that even such , small
area as Rhode Tsland reveals much apoyt

State. Its route thus passes within a the nature of routes and their changes.
BOSTON ™ couple of miles of the Rhode Island The particular course which a main road
FPICEE boundary and less than 30 miles west of ~takes may be influenced not only by to-
| o Providence. 'Accordlngly, Route 6, the pography and technologic ipycntions but
I SO [YORK highway running most directly west from also by such factors as political bounda-
{ o Providence to the Connecticut Turnpike, ries and social organization. Distant ag
has recently become the fastest way well as local developments may be sig-
ol across Rhode Island from Providence to nificant. Underlying all shifts is the de-
[ | ROUTE 6 PR ]leENCE New York. sire for the fastest, easiest route possible.
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AREAL DIFFERENCES IN THE IMPACT OF THE
DECLINE IN MINING ON THE ANTHRACITE REGION*

George F. Deasy and Phyllis R. Griess
The Pennsylvania State University, University Park, Pa.

ABSTRACT

This study is concerned with areal differences in the impact of the 1950-1960 decline in coal
mining on the 55 towns of the anthracite region which have a population of 2,500 or more.
Its purpose is fourfold: (1) to document the development of such areal variations during the
decade; (2) to demonstrate, cartographically, the marked degree of spatial correlation between
such variations; (3) to advance an hypothesis as to possible causes for such variations and their
spatial correlations; and (4) to speculate on some implications of these conditions insofar as
they may be related to attempts at revitalizing the anthracite area.

INTRODUCTION

The economic and demographic char-
acteristics of the Pennsylvania anthracite
region (Fig. 1) have been undergoing
marked alterations since the beginning of
secular decline in the coal mining indus-
try of the area about 1930. The changes
have been most traumatic in intensity
since 1950, when mining employment
began to experience drastic percentile de-
cline (Fig. 2).

® Contribution No. 63-69 from the College of
Mineral Industries, The Pennsylvania State Univer-
sity. This investigation is part of a program of
research sponsored by the Mineral Conservation Sec-
tion of the University.

Literally volumes have been written in
recent years about the declining anthra-
cite industry of the state, and the effects
of a shrinking mineral base on the peo-
ple and economy of the anthracite region
as a whole. However, to the authors’
knowledge, no comprehensive study has
thus far been made of areal differences in
the impact of the contracting industry on
its dependent communities. It is the
purpose of this paper, therefore: (1) to
document the development of such areal
variations during the decade, 1950-1960;
(2) to demonstrate, cartographically, the
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marked degree of spatial correlation be-
tween such variations; (3) to advance an
hypothesis as to possible causes for such
variations and their spatial correlations;
and (4) to speculate on some implica-
tions of these conditions insofar as they
may be related to attempts at revitalizing
the anthracite area.

It is assumed throughout the paper
that changes in the economy and demo-
graphy of the region since 1950 are pri-
marily the result of the drastic decline in
its coal mining industry. On the basis
of previous studies that have been made
of the region as a whole, the assumption
is undoubtedly in large measure correct.

SOURCE AND LIMITATIONS OF DATA

Most of the facts and conclusions con-
tained in this paper are based upon
United States census data® concerning the
55 towns in the anthracite region having
a 1960 population of 2,500 or more (Fig.
3). Thirty-three of these are located in
the Northern Field and include eight
towns with populations of over 10,000,
namely, Carbondale, Dunmore, Scranton,
Pittston, Kingston, Wilkes-Barre, Ply-
mouth, and Nanticoke. Four of the 55
towns are situated in the Eastern Middle

Field and one, Hazleton, has a popula-
tion in excess of 10,000. Nine of the
55 towns are in the Western Middle
Field, and three (Shenandoah, Mt. Car-
mel, and Shamokin) exceed 10,000. The
remaining nine of the 55 towns are found
in the Southern Field, with two (Tama-
qua and Pottsville) having over 10,000
population.

It is evident from Figure 3 that, ex-
cept for the southwestern portion of the
Southern Field, most parts of the anthra-
cite region are relatively highly urban-
ized. The essentially urban character of
much of the area is confirmed by a study
of population data concerning its towns
and minor civil divisions; these data in-
dicate that some four-fifths (79.1 per
cent) of the approximate total of 719,-
000 people reside in towns of 2,500 or
more population.

The highly urbanized character of the
anthracite region is emphasized here be-
cause of the vital significance of this
point to all that follows. For the analysis
of spatial variations in the effect of the
contracting mining industry on the region
is dependent solely upon census data per-
taining to the population of its urban
centers, and such an analysis is valid only
to the degree that people of the region
reside in towns.

TYPES OF DATA

Based upon a subjective evaluation of
the relative merits of various indicators
of economic and demographic change,
and subject to the constraint of avail-
ability from census sources, it was de-
cided that 11 measures of change would
be employed to ascertain intra-regional
differences in the impact of the decline
in mining on the character of the 55 an-
thracite towns. Four of the indicators
relate to the employment situation, and
include: percentage decline in total labor
force; and percentile point increase in
total unemployment, male unemploy-
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ment, and female component of total em-
ployed. Three additional indicators are
concerned with the occupational struc-
ture, and include: percentile point in-
crease in manufacturing employment, and
services and trade? employment; and per-
centile point decrease in mining employ-
ment. The remaining four indicators
deal with the age structure of the 55 an-
thracite towns, and include: percentile
point increase in the 0 to 14, 45 to 64,

and 65 and older age groups; and per-
centile point decrease in the 15 to 44
year age group.

Obviously, data relating to additional
or alternative measures of economic and
demographic change are available from
census sources. However, use of added
indices probably would produce redun-
dant results, and certainly would expand
this study beyond permissible limits of
available space; and substitution of other
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indices to replace those selected could be
validated only on the same subjective
basis employed in the original choice.

MANIPULATION OF DATA
The following procedures are employ-
ed to manipulate raw census data into
appropriate form for utilization in this
paper. These procedures apply to all 11
indices of change listed above except the
first, which is evolved by self-evident
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means. The over-all unemployme, situa-
tion is selected to illustrate the process
First, the percentage® of “ﬂﬁmployc;d
in the 1950 total civilian® |
is calculated for each of the 55 anthra-
cite towns. Next, equivalent urban yp-
employment percentages are determined
for 1960, and the difference between
1950 and 1960 percentages for each
town (either plus or minus) is ploteq on
a map (Fig. 4). These figures, which
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represent percentile point (not percent-
age) changes in unemployment between
1950 and 1960, are seen on the map to
range from an increase of 22 percentile
points to a decrease of 4.

Then the average percentage of un-
employment among the combined popu-
lations of all 55 anthracite towns in 1960
is calculated (10 per cent), the equiva-
lent 1950 percentage is determined (7
per cent), and the latter is subtracted
from the former to yield an average de-
cennial percentile point increase in un-
employment for the entire anthracite
region (3 percentile points). On the
map (Fig. 4), shading is placed on those
portions of the anthracite region having
towns with percentile point values of in-
crease in unemployment equal to or
higher than the regional average, thereby
indicating graphically the above-average
impact of the decline in mining on the
unemployment situation in those areas.
Remaining portions of the anthracite
region, which are characterized by towns
having values below the regional average,
are left unshaded and are named, in most
instances the names being those of the
largest city or cities within their limits
(Fig. 4). The unemployment situation
in such unhaded areas, of course, is least
aggravated by the decline in coal mining
between 1950 and 1960, or, indeed, con-
ditions actually might have improved
over the period.

The positions of boundary lines be-
tween ruled and unruled areas on the
map are, in some cases, rigidly deter-
mined by towns in close proximity to one
another having sharply differing values;
but, in other instances, the boundary lines
are more or less arbitrarily positioned by
judgment between widely spaced towns
belonging in opposite categories’. In
the latter situation, when -equivalent
boundary lines between towns must be
constructed on more than one map, care

is taken to duplicate the position and
configuration of such lines on all of the
maps involved.

As a final step in the data manipula-
tion process, the ruled areas on the over-
all unemployment map (Fig. 4) are
transferred to an appropriate summary
map (in this case, Fig. 5) dealing with
all phases of the unemployment situation
under analysis, and are identified by
symbol in the legend of that map.

Applying the above procedures, or
their equivalent, to each of the remaining
10 previously selected indices, one is in
a position to accomplish two of the ob-
jectives of this paper, namely: to docu-
ment the development of areal variations
in the impact of the declining anthracite
industry on its 55 dependent communi-
ties during the 1950-1960 period; and to
demonstrate, cartographically, the pres-
ence of a marked degree of spatial cor-
relation between such variations.

IMPACT OF THE DECLINE IN MINING
ON THE EMPLOYMENT SITUATION
As is well known, the employment

situation in the anthracite region has de-

teriorated drastically in recent years. The
area experienced an average 13 per cent

decline in its labor force between 1950

and 1960, as many workers moved else-

where in search of jobs. The percentage
of unemployment among the region’s re-
maining labor force increased from 7 to

10 per cent during the decennium, and

male unemployment advanced from over

8 per cent to more than 12 per cent. As

mines closed or reduced output, and laid

off more and more male employees, the
female component of the region’s work
force grew from an already high 31 per
cent in 1950 to an even more extreme

tigure of 39 per cent by 1960.

Analysis of 1950 and 1960 employ-
ment data relative to each of the 55 towns
of the anthracite region reveals, however,
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that the effects of the dying mining in-
dustry were not everywhere equally
severe. Decennial change in the size of
the labor force varied all the way from a
decrease of 39 per cent in one town to
an increase of 31 per cent in another.
Change in total unemployment, as was
pointed out earlier (Fig. 4), ranged from
an increase of 22 percentile points in one
town to a decrease of 4 in another; and,

for male unemployment, the equivalent
figures were an increase of 38 percentile
points and a decrease of 6. The female
component of the laboring force grew by
22 percentile points in one town, but by
a mere 1 percentile point in another. It
is apparent from these figures that in-
dividual anthracite towns have been re-
acting in widely divergent fashion to the
recent traumatic confraction of the
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region’s once dominant coal mining in-
dustry.

The map in Figure 5 summarizes
these areal divergencies in employment
trends, and indicates the spatial correla-
tions that exist between such areal varia-
tions. As is indicated in the legend on
the map, towns in the vertically ruled
areas experienced greater decennial per-
centage declines in size of total labor
force than the 13 per cent average for
the anthracite region as a whole. Towns
in horizontally ruled areas had an in-
crease in total unemployment that ex-
ceeded the 3 percentile point regional
average; and towns in areas ruled diago-
nally from upper left to lower right were
characterized by a larger increase in male

unemployment than the 4 percentile

point regional average. Finally, towns
in areas ruled diagonally from upper
right to lower left realized an increase in
the female component of their laboring
force that was larger than the 8 percentile
point average for the entire region.

It is evident from Figure 5 that the
employment situation in parts of the an-
thracite region has undergone relatively
little change between 1950 and 1960.
Scranton, Dunmore, Wilkes-Barre,
Kingston, Pittston, Hazleton, and some
of their small neighboring towns, as well
as the southwestern part of the Southern
Field, all have escaped the more trau-
matic employment conditions that have
shaken the very economic foundations of
less fortunate parts of the anthracite
region. Several other areas have experi-
enced above-average impact in only one
or two of the four aspects of employment
that are mapped; these include the
Shamokin area, in which there was an
above-average decline only in size of
labor force; the greater Pottsville area,
which in most parts had an above-aver-
age increase only in total and male un-
employment; and the Carbondale area,

which nowhere was characterized by
above-average values in more than two
of the adverse aspects of employment.
The towns of the remaining, unnamed,
portions of the anthracite region, in con-
trast, were simultaneously severely af-
fected by above-average values of most
or all of the four employment factors
mapped.

IMPACT OF THE DECLINE IN MINING
ON THE OCCUPATIONAL STRUCTURE

Equally as drastic changes have oc-
curred in the anthracite region’s occupa-
tional structure as have characterized the
employment situation during the 1950-
1960 decade. The mining industry,
which accounted for more than 20 per
cent of the area’s total working force in
1950, hired less than 5 per cent of all
workers by 1960 and thus had dwindled
to insignificance. On the other hand,
manufacturing expanded in importance as
a regional employer, its share increasing
during the decade from 27 to 36 per cent
of the laboring force. Decennial em-
ployment in services and trade also in-
creased, from approximately 48 to 52
per cent. Other occupational categories
—agriculture, construction, fishing, and
forestry—have remained insignificant,
none of them accounting for as much as
4 per cent of the total employed in either
1950 or 1960, and none changing in
significance over the decade by more
than a fraction of a per cent.

Analysis of 1950 and 1960 occupa-
tional data for each of the 55 towns in
the anthracite region, moreover, reveals
the same extremes in values from locality
to locality that characterized the employ-
ment data previously described. Decline
in mining employment between 1950
and 1960, for instance, ranged from a
maximum of 54 percentile points in one
town to a minimum of 4 in another.
Similarly, the decennial change in manu-
facturing employment varied from a 36

percentile point increase to an 11 point
decrease; and, for services and trade em-
ployment, from a 31 percentile point in-
crease to a 17 point decrease. Obvious-
ly, the recent occupational transforma-
tion of the 55 towns in the anthracite
region has been anything but uniform.
The map in Figure 6 summarizes areal
differences in the impact of the decline in
mining on the occupational structure of

the anthracite region between 1950 and
1960. Towns in vertically ruled areas
enjoyed a greater decennial increase in
manufacturing employment than the 9
percentile point average for the region as
a whole; and towns in horizontally ruled
areas were characterized by greater
growth in services and trade employment
than the 4 percentile point average. On
the other hand, urban centers in the di-
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agonally ruled areas experienced declines
in mining employment exceeding the 16
percentile point mean for the region. In
combination, the patterns of superposed
lines on Figure 6 indicate graphically
those portions of the anthracite region
whose occupational framework, between
1950 and 1960, has been literally
wrenched out of all semblance to its
former configuration; as well as other
segments of the region in which there has
been considerably less occupational dis-
location. Among the latter class of areas
are those in the vicinity of Carbondale,
Scranton, Dunmore, Wilkes-Barre,
Kingston, Pittston, Hazleton, Shamokin,
and Pottsville, as well as the southwest-
ern part of the Southern Field. Note that
the patterns of occupational changes rep-
resented on Figure 6 are strikingly simi-
lar to those relating to the employment
situation that are shown on Figure 5.

IMPACT OF THE DECLINE IN MINING
ON AGE COMPOSITION

The movement of people away from
the depressed anthracite region during
the 1950-1960 period, referred to earlier
in this paper, has been a selective rather
than an indiscriminate process. Younger
workers, having fewer personal and em-
ployment reasons for remaining in the
region than older workers and retirees,
and with more opportunity to find jobs
elsewhere, tended to form, together with
their children, a disproportionately large
percentage of the out-migrants. The
residual population of the anthracite
region, consequently, has been increas-
ingly characterized by an age mix differ-
ing from that of Pennsylvania as a whole.
For example, people in the anthracite
region aged 65 years and older increased
from approximately 8 to 12 per cent of
the total population between 1950 and
1960, while the corresponding change for
the state was only from 9 to 10 per cent.
Likewise, during the decennium, people

in the 45 to 64 year age bracket increased
from approximately 22 to 26 per cent of
the total population of the anthracite
region; whereas, in the state as a whole,
the equivalent population group remain-
ed essentially static in percentage. More-
over, people of age 15 to 44 declined
from approximately 46 to 37 per cent in
the anthracite region, while the percent-
age for the state dropped only from 45 to
39. Lastly, the O to 14 year age group
in the anthracite region merely increased
from approximately 23 to 25 per cent,
whereas the same age group in the state
expanded from 25 to 29 per cent. These
variations in percentages, while seem-
ingly of small proportions, actually repre-
sent significant moedifications in the age
mix of the anthracite region which, if
continued into the future for an appreci-
able length of time, would result in major
losses of the more vigorous and promis-
ing components of the population and
hence would render more difficult the
economic rehabilitation of the depressed
region.

Examination of 1950 and 1960 popu-
lation data for each of the 55 towns of
the anthracite region reveals that the ef-
fects of out-migration on age composi-
tion were not everywhere the same.
Decennial increase in the 65 year and
older age group, for instance, varied all
the way from 10.3 percentile points in
one town to 1.0 in another. Change in
the 45 to 64 year age group ranged from
an increase of 14.7 percentile points in
one locality, to a decrease of 0.3 else-
where. Similar extremes can be found
in other age brackets: 15 to 44 years—
a maximum decrease of 16.7 percentile
points to a minimum of 5.1; 0 to 14
years—an increase of 5.7 percentile
points versus a decrease of 8.3. As in
the case of previously examined indices
of change in the anthracite region, it is
obvious that the impact of the decline in
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mining also has not been identical on the
age composition of individual towns in
the area.

The map in Figure 7 summarizes
changes in age structure that have oc-
curred during the 1950-1960 decade in
the anthracite region. As shown in the
legend, towns in vertically ruled areas ex-
perienced an increase in the 0 to 14 year
age group that was less than the 1.7 per-
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centile point average for the region as a
whole. Towns in horizontally ruled areas
were characterized by a decrease in the
15 to 44 year age group exceeding the
9.2 percentile point regional average;
and those in areas ruled diagonally from
upper left to lower right had an increase
in the 45 to 64 year age group in excess
of the 3.8 percentile point regional aver-
age. Finally, localities in areas ruled
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diagonally from upper right to lower left
recorded an increase in the 65 year and
older age group surpassing the 3.7 per-
centile point average for the region.

The patterns formed by the superposed
lines on Figure 7 reveal widespread local
divergencies in the effects on age com-
position of the declining mining industry.
In the more darkly shaded portions of
the map, major demographic modifica-
tions have been in progress since 1950.
In more lightly shaded and unpatterned
areas, changes in the relative importance
of the various age components of the
population were minimal. This latter
group of areas includes many whose
regional designations on the map are, by
now, familiar to the reader: Carbondale,
Scranton, Dunmore, Wilkes-Barre, Potts-
ville, and the southwestern part of the
Southern Field. Note, however, the re-
lative severity of population modifica-
tions in the Hazleton and Shamokin
areas.
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CAUSES OF AREAL VARIATIONS
IN IMPACT

Causes for areal differences in the im-
pact of the decline in mining on the 55
towns of the anthracite region during the
1950-1960 period are undoubtedly mani-
fold and complex, and any attempt at
complete identification and verification of
such causes might well prove to be a
hopeless task. Yet, the fact that approxi-
mately identical patterns are present on
all three maps summarizing spatial varia-
tions in selected economic and demo-
graphic changes (Figs. 5, 6, and 7) leads
one to suspect that only a limited num-
ber of causal factors play a really domi-
nant role in determining areas of major
and minor impact.

Recurrence of the names of such major
urban centers as Carbondale, Scranton,
Wilkes-Barre, Hazleton, and Pottsville
among the areal designations used on the
summary maps to fidentify sections least
affected by change, suggests that perhaps
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Fig. 8. Significance of Mining, and of Services and Trade, as Occupations, 1950. The term,
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engaged in all types of gainful occupations. !
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it is the larger cities which are most
lightly touched by the convulsions now
racking the region, whereas the smaller
towns are not so fortunate. But this sup-
position is disproven when one recalls
that, of the 14 anthracite towns with
populations of 10,000 or more in 1960
mentioned at the beginning of this paper,
five of them—Mt. Carmel, Nanticoke,
Plymouth, Shenandoah, and Tamaqua—
are invariably located in areas of maxi-

mum impact on all three summary maps
(compare Fig. 3 with Figs. 5, 6, and 7).
Conversely, a number of small towns are
to be found in areas of intermediate or
minimal impact on some or all of the
summary maps. Examples of such small
towns include: Lykens and Port Carbon
in the Southern Field; Trevorton and
Frackville in the Western Middle Field;
McAdoo, West Hazleton, and Freeland
in the Eastern Middle Field; and Forty
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Fort, West Pittston, Moosic, Jermyn,
and Forest City in the Northern Field
(compare Fig. 3 with Figs. 5, 6, and 7).

A further possible explanation comes
to mind: if size of population is not sig-
nificant in determining the relative degree
of modification in the economic and
demographic structure of the 55 anthra-
cite towns, then perhaps differences be-
tween towns in the occupational com-
position of their working force may play
a major causal role. To test this hypo-
thesis, two graphs are presented, one
representing the 1950 percentile signifi-
cance of imining as an occupation, and
the other the 1950 percentile significance
of services and trade as occupations, for
all 55 towns (Fig. 8). In theory, towns
with limited percentages of their labor-
ing force engaged in mining in 1950
should have been least affected economi-
cally and demographically by subsequent
major decline in the coal industry; and,
conversely, towns concentrating most
heavily on service and trade functions in
1950 should have benefited to the great-
est extent from the inherent stability of
such woccupations even in the face of
sharp contraction in a basic industry.
Examination of the graphs in Figure 8
confirms the validity of these assump-
tions. All nine towns whose names are
used to designate areas of limited impact
on one or more of the three summary
maps—Scranton, Wilkes-Barre, Hazle-
ton, Shamokin, Carbondale, Kingston,
Pottsville, Dunmore, and Pittston—are
seen to be characterized in 1950 by mini-
mum dependence on mining and maxi-
mum reliance on services and trade as oc-
cupations. On the contrary, other towns
in the 10,000 and above population cate-
gory—Mt. Carmel, Nanticoke, Ply-
mouth, Shenandoah, and Tamaqua—are
not so ffavored. In addition, every small
town on the graphs in Figure 8 having

less than 20 per cent of total employed

in mining, and/or more than 50 per cent
in services and trade, during 1950, is lo-
cated in an area of minimum impact on
at least one of the three summary maps.
These small towns are named on the
graphs, and most of the names corre-
spond to those listed above in the text.

As a check on the significance of the
service and trade functions of each of the
55 anthracite towns in 1950, figures were
compiled on the actual number of em-
ployees in such occupations for each
town. The map in Figure 9 represents
the results, and demonstrates graphically
the importance of (Carbondale, Dunmore,
Scranton, Pittston (including West Pitts-
ton) Kingston, Wilkes-Barre, Hazleton,
Shamokin, and Pottsville as major
regional service and trade centers. Con-
versely, the relative insignificance of Ply-
mouth, Nanticoke, Shenandoah, Mt. Car-
mel, and Tamaqua in these occupational
categories, despite their large total popu-
lations, is evident from the map (com-
pare Fig. 9 with Fig. 3).

In an effort to determine whether or

SIGNIFICANCE OF
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Fig. 10. Significance of Manufacturing as
an Occupation, 1950.
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not the percentage of manufacturing em-
ployment in 1950 also was of importance
in differentiating between high and low
impact towns, a graph (Fig. 10) of this
factor was constructed. It is apparent
from the graph that the nine large towns
of minimum impact, which are named
on the graph, were characterized by
neither appreciably above, nor below,
average percentages of manufacturing
employment.

One can only assunme, on the basis of
the above facts, that differences in the
impact of the decline in mining on the
towns of the anthracite region between
1950 and 1960 are at least in major part
a function of the degree of initial depend-
ence of each town on service and trade
occupations, and an inverse function of
the initial dependence on mining. The
size of a town’s population, and the de-
gree of dependence of a town’s working
force on manufacturing, seem to have no
major significance in determining its re-
action to the sharp regional decline in
mining. One must also presume, in view
of the evidence presented, that neither an
especially strong community spirit, nor
intense promotional drives, nor other
human endeavors to mitigate the effects
of a contracting mining industry have
thus far been able to appreciably modify
the reaction patterns established by the
occupational factor.

CONCLUSION

In conclusion, it appears to the au-
thors that this study can be justified on
two grounds. One is purely academic,
Le., information concerning the variety
of reactions of individual towns in a well
defined economic area to drastic decline
in a basic regional industry is desirable
simply for its contribution to the fund of
human knowledge. The second basis for
justification is more immediately practi-
cal in character. For it is only through
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such studies that federg).
nanced area redevelopey &
extent and types of dﬂmage
communities in an econgpy;
rating region; can evaluate tho rolative
merits of available Corrective measures
that might be prescribed fo, each of these
communities; and can, with wisdom and
judgment, apply such emedial proce-
dures with greatest precision g precisely
those segments of the region megy severe-
ly affected.

In the opinion of the authors, the eyr-
rent federal area redevelopment program
does not employ a sufficiently fine screen
o separate areas requiring assistance
from others that are presently self-syffi-
cient. Most redevelopment areas, and
areas eligible for redeveolpment assist.
ance, in the United States today consist
of large labor market areas or counties,8
both of which criteria obviously are not
appropriate for the anthracite region
where requirements for aid differ so
greatly from locality to locality within
the same county or labor market area.
Some anthracite towns demand immedi-
ate and concentrated attention; others
close by have been relatively successful in
maintaining, or even improving, their
economic status. Such matters as this
must surely plague the conscientious area
redeveloper, once the facts are laid be-
fore him, for only the unsophisticated or
unscrupulous official would prescribe one
set of economic nostrums for the entire
anthracite region.

and state-fi-
an assess the
to individual
cally deterio-

The findings of this study raise an in-
teresting question. Which of the 55 an-
thracite towns have received to date the
major share of state and federal rede-
velopment assistance, and which the
least? Have such towns as Scranton,
Wilkes-Barre, and Hazleton, together
with some of their nearby smaller neigh-
bors, obtained most of the aid? If 50,
the possibility of redirection of funds
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might well be considered, for this investi-
gation has shown that such places have
been least hurt by the decline of mining
in the region. Or have some other, very
badly ailing, towns which are situated in

areas of maximum impact been the chief
recipients of aid? The answer is unknown
to the authors, but the subject would
form a most suitable topic for subsequent
study.

REFERENCES AND NOTES
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census tabulations employed in this paper are based on a total count of the relevant populations, but
some are derived from 20 or 25 per cent samplings.
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entertainment, hospital service, education, religion, professional service, and public administration. It
does not include agriculture, forestry, fishing, mining, construction, and manufacturing,

Percentage figures used in this paper in all instances are rounded off to the nearest whole per cent,
except in the case of certain figures relating to age groups.

The years 1950 and 1960, as used throughout the study, refer specifically to the April 1 dates on
which the censuses were taken.

The data employed in this paper relate only to the civilian component of the relevant populations. In-
dividuals in the armed services, however, represent only a small fraction of one per cent of the anthracite
region’s total population.

The labor force, as defined in this study, comprises individuals 14 years of age and older who are
engaged in gainful employment or are seeking such employment.

In the case of the southwestern part of the Southern Field, there is little available information because
of the absence of towns having populations of 2,500 or more. Hence, conditions in this area may be
misrepresented on some or all of the maps in this study. ‘

See Summary List of Redevelopment Areas and Eligible Areas, Public Works Acceleration Act, Area
Designation Status Report No. 9, Area Redevelopment Admin., U. S. Dept. Com., July 1, 1963.

PENNSYLVANIA ACADEMY OF SCIENCE 209

THE ASHLAND, PENNSYLVANIA, TOURIST FACILITY:
A GEOGRAPHIC CASE STUDY*

Phyllis R. Griess and George F. Deasy
The Pennsylvania State University, University Park, Pa.

ABSTRACT

Data are virtually non-existent concerning operational details of a geographical character
for specific individual private tourist facilities in the United States. Despite this fact, a body of
generalized theory is being developed concerning the tourist industry of the country, and major
Federal and state plans for expansion of tourist facilities are being formulated—all without
benefit of detailed knowledge concerning present day operational units of the industry. This
paper: (1) presents a case study of certain geograph.c facts concerning one such unit—that at
Ashland, Pennsylvania; (2) proposes tentative hypotheses concerning some of these facts; and
(3) pleads the case for similar studies to be made at other tourist sites in the country.

INTRODUCTION

The Ashland, Pennsylvania, tourist
facility, located in the east-central part of
the state at a distance of approximately
85 miles northwest of Philadelphia and
55 miles southwest of Scranton (Fig. 1),
is an assemblage of anthracite-mining
memorabilia consisting of a small-scale
rehabilitated underground mining opera-
tion, a steam-powered narrow gauge out-
door mine railroad, an abandoned strip
mining trench, and various related mis-
cellany. Tt is operated as a tourist at-
traction by a private non-profit corpora-
tion mnder the leadership of local busi-
ness and professional men who donate
their services. This project, through the
kind cooperation of its directors, has
been under study by the authors since its
inception in September, 1962.

An earlier article,® based on data re-
lating to operations of the Ashland facili-
ty during the terminal portion of the 1962
tourist season: .(1) comprehensively de-
scribes its site characteristics and facili-
ties, (2) estimates in broad outline some
aspects of its initial impact on the de-
pressed economy of the local area, and
(3) analyzes in detail the number of

@ Contribution No. 63-76 from the College of
Mineral Industries, The Pennsylvania State Univer-
sity. This investigation is part of a program of re-
search sponsored by the Mineral Conservation Sec-
tion of the University.

visitors and the sources from which they
originate.

The present paper, which utilizes much
more comprehensive data for the full
tourist season of 1963, continues the
previous analysis of number of tourists
and their major source area, and, in ad-
dition, investigates several aspects of the
Ashland project that had not been con-
sidered previously because of lack of in-
formation. Among these are studies of:
(1) routes of approach to the facility
used by visiting groups; (2) status of the
attraction as a destination for visitors,
i.e., whether terminal or intermediate;
(3) average dollar expenditures, by
facility users, at business establishments
in and near Ashland; (4) types of local
businesses patronized by the tourists and
the extent of their patronage; and (5)
dominant factors inducing visits to the
tourist site. In each case, geographical
associations and variations in the patterns
that evolve are noted, and, when possi-
ble, hypotheses are proposed to explain
such variations.

There is ample justification for such
a study. Despite the fact that tourism is
a multi-billion dollar industry in the
United States? in which almost all Ameri-
cans participate, and that recreation and
tourism are reported to be the first, sec-
ond, or third industry in terms of finan-
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LOCATION OF ASHLAND IN EASTERN PENNSYLYANIA
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Fig. 1. Location of Ashland in eastern Pennsylvania. Only selected major highways and towns
of over 10,000 population are shown, except for Ashland.

cial returns in approximately half of the
states,” detailed published data are vir-
tually non-existent for specific individual
private tourist facilities.* Instead, only the
most generalized estimates are available
concerning the number of visitors, their
scasonal concentration, their sources,
their avenues of travel, their impact on
the local economy, the kinds of publicity
that attract them, and similar relevant
data. Moreover, no attempt has thus
far been made to demonstrate, and if pos-
sible to suggest explanations for, pat-
terns of geographical association and

variation that may exist with regard to
each of these topics. Hence, this case
study of the Ashland tourist facility may
be considered somewhat in the light of a
pioneer attempt in the field of the geo-
graphy of individual recreational sites.
To the extent that it is successful in
achieving meaningful goals, it is hoped
that it will serve as a stimulus for a host
of similar research studies of other in-
dividual tourist attractions of both private
and public ownership. The need for
such studies is pressing, for a body of
generalized theory concerning the tourist
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and recreation industry, based largely on
intuition, is even now in process of form-
ulation, despite the lack of information
concerning many of the most elemental
aspects of the industry. Only through
detailed research studies of individual
operating units can a body of basic fac-
tual knowledge and specific explanatory
hypotheses be developed that will make
it possible to verify, modify, or refute
presently propounded generalizations
and to evolve additional principles.

NUMBER OF VISITORS

The number of individuals visiting the
Ashland tourist facility during the 1963
season is unknown, for the grounds are
unfenced and entrance is open to all
without charge. Tickets purchased for
rides on the railroad number 32,995, and
for admission to the underground mine
16,724, but there is undoubtedly almost
complete overlap between these figures
so that total attendance would not be the
sum of the two. It is known that some
visitors to the site do not purchase tickets
for either attraction, and that others,
especially children, buy multiple rides on
the railroad during a single visit, but the
extent of such conditions is believed to
be limited. In the absence of more spe-
cific data, therefore, it may be asssumed
that the total number of visitors to the
operation during 1963 approximates 33,-
000.

A guest registry, voluntarily signed by
many visitors, is maintained at the cen-
tral office and contains the names and
addresses of 11,051 individuals for 1963,
or approximately one-third of the total
estimated to have visited the site. Analy-
sis of the registry shows 903 names and
addressses for May, 1,599 for June, 2,-
787 for July, 3,396 for August, 1,379
for September, 949 for October, and 38
for November, thus conforming to the
August attendance peak that is believed
to characterize almost all summer-orient-
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ed outdoor tourist attractions, Further
examinatiqn of the registry indicates a
concentration of attendance during the
week-end days of those months in which
the facility was in operation on a daily,
rather than on a week-end only, basis:
72 per cent on Saturdays and Sundays in
June, 38 in July, 45 in August, 71 in
September, and 87 in October. To be
noted, however, is the lesser degree of
significance of week-end utilization dur-
ing the traditional family vacation months
of July and August. Of the two week-
end days, Sunday proves to be by far the
more popular, accounting for 65 per
cent of week-end attendance during the
full May through November season, and
36 per cent of total attendance for that
period. Thus, the Ashland facility con-
forms to the common concept of the
tourist industry as a whole in that it is
not only strongly seasonally peaked dur-
ing the year, but also daily peaked during
the week.

All of these facts, of course, have
critical implications with regard to re-
turns on capital investment and stability
of employment conditions at the Ashland
tourist facility, just as they are pre-
sumed to pose problems at most other
outdoor recreational attractions, for
grounds, equipment, and personnel must
be adequate to handle temporary large
surges in demand whereas at other times
they remain under-utilized. Develop-
ment of a multipurpose tourist facility at
the site, with emphasis on winter-orient-
ed attractions, would assist in the
achievement of more nearly year-round
operations, but thus far no considera-
tion to this possibility has been given by
the directors of the infant Ashland opera-
tion because of lack of time and limita-
tions of capital. Smoothing out of week-
end peaks in attendance is probably im-
possible, given present weekly work and
school schedules of potential visitors.
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MAIN SOURCE OF VISITORS

One of the most intriguing aspects of
the present study of the Ashland facility,
to the authors, is the opportunity it pro-
vides to evaluate their previously pub-
lished facts and conclusions concerning
the main source area for visitors to the
project. Their 1962 paper on the sub-
ject,! referred to above, delimits such a
source area, and arrives at a tentative
hypothesis concerning the cause for de-
viations in the location and configuration
of the actual main source are from that
to be expected on the basis of theoretical
principles stated in the literature.

Unfortunately, the information avail-
able at that time concerned only the first
two months of limited operations for a
newborn attraction that had come into
being near the end of a tourist season.
The representativeness of such data might
be open to question on the grounds that
there had been insufficient time to ade-
quately publicize the attraction. Thus,
the main source area for visitors derived
from the data might be correspondingly
warped in location and configuration,
and the hypothesis employed to explain
its aberrations would be invalid.

But, by the end of the 1963 tourist
season, the Ashland project was a full-
fledged operation that had been in exist-
ence for over a year and had been rather
intensively publicized over a wide area
for a protracted period of time. Its
present main source area for visitors,
therefore, should more nearly reflect the
true tributary territory from which it can
normally expect to derive major patron-
age. If the 1963 main source area dup-
licates, or closely approximates, that for
1962, the validity of the previously
stated explanation for deviation from the
expected norm is strengthened. On the
other hand, if the 1963 data should re-
sult in considerable revision in the loca-
tion and configuration of the main source

area, the earlier explanatory hypothesis
would be suspect.

The map in Figure 2 records, on a
town-by-town basis, the sources of all
1963 registered guests at the Ashland
operation coming from eastern Penn-
sylvania and states or parts of states to
the immediate north, east, and south;
Figure 3 is a continuation of the above
map and shows, at a much small scale,
similar data for a more extensive area in
northeastern United States. No really
important contributors of tourists lie out-
side the territory covered by these two
maps. The main source of visitors, as
determined by inspection, is outlined by
a dashed line and labeled. The area thus
enclosed consists of two parts: (1) east-
central and southeastern Pennsylvania,
and (2) the almost continuous line of
large cities and associated suburbia ex-
tending from Washington, D. C. north-
eastward to and slightly beyond New
York City. Reference to the authors’
previous paper on the Ashland facility
discloses a virtually identical delimitation
of the 1962 main source areca, the two
lines differing only in the considerably
greater convolutionary detail of the 1963
boundary. Obviously, 1962 data on
sources of tourists are truly representa-
tive of conditions, and the previously ad-
vanced explanatory hypothesis is not in-
validated by more recent information.

The eccentric shape and off-center lo-
cation of the main visitor source area for
the Ashland project conflict with two
basic economic principles, proposed in
the literature, concerning the sources of
visitors to a recreational facility. The
first of these states, in essence, that the
number of visitors to a tourist site from
two or more towns with the same popula-
tions will be inversely proportional to the
costs involved in traveling to the site, the
costs being expressible in terms of dol-
lars, time, or travel distance.® In other
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words, the farther away from a tourist at-
traction that a potential source town is
located, the fewer the visitors it will con-
tribute to that attraction. The second
principle states that the number of visi-
tors to a tourist site from two or more
towns located at equal distances from
that site will be directly proportional to

the populations residing within those
towns.® Both of these principles appear
highly plausible, but, to test their appli-
cability in the case of the Ashland tour-
ist facility, the map in Figure 4 is pre-
sented. This map shows: (1) the loca-
tion and approximate population (in part
inferred by the physical size of the larger

REGISTRY TALLY OF VISITORS TO ASHLAND TOURIST
FACILITY, BY SOURCE TOWNS IN CORE AREA, 1953

251-537
. ~|0|-250 NUMBER
ﬁ - 51-100 OF
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— 1 -5 0 a0
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Fig. 2. Registry tally of visitors to Ashland tourist facility, by source towns in core area, 1963.
Data are based on a random sampling of tourists during the seven-months period, May
through November. The heavy dashed lines bound the main source area for tourists.
Names of some of the more important tourist source towns in Pennsylvania may be
identified by comparing this map with Figure 1.
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towns as mapped) of all settlements in
central and eastern Pennsylvania; (2)
airline distances of these towns from
Ashland, by means of 20-mile interval
concentric circles; and (3) a generalized
boundary of the main tourist source area
for the Ashland operation. Visual com-
parison of the data on this map with
those showing the number of visitors
from source towns in the equivalent area
in Figure 2, demonstrates almost innum-
erable specific instances of the inapplica-
bility of both of the above so-called basic
principles to this particular situation.
Obviously, some other factor, or factors,
are so dominantly in control that the ef-
fects of relative distance and relative
population are largely nullified. One
such factor has been suggested in the
earlier study by the authors.

SAMPLING STUDY

All of the materials that follow are
based upon a sampling study utilizing in-
formation obtained from a rather lengthy
questionnaire that was completed by
some of the visitors to the Ashland tour-
ist facility. The forms were prominently
displayed at the central office each day
throughout the 1963 season, so that re-
sults would be representative of the en-
tire period; the number of questionnaires
completed ranged from none per day
during slack periods to more than a
dozen on busier days. No attempt was
made by operating personnel to coerce
selected persons into filling out the form;
the action was strictly voluntary on the
part of individual tourists. Question-
naires were completed by young and old,
men and women, individuals traveling

SETTLEMENTS OF CENTRAL AND EASTERN PENNSYLVANIA, 1962

Fig. 4.

Settlements of central and eastern Pennsylvania, 1962. Urban centers of 10,000 or
more population are represented by large symbois; smaller settlements are indicated by
dots, Concentric circles are centered on Ashland and spaced at 20-mile intervals. The
heavy irregularly-curved line indicates the generalizéd boundary of the main source
area of visitors to the Ashland tourist facility.
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alone and those representing both small
and large groups. The returns, therefore,
may be considered to reflect the results
obtainable from random selection.

A total of 352 questionnaires were
wholly or partially completed by visitors.
Of these, 14 are not used in this study
because information on the home towns
of the respondents is omitted; and an ad-
ditional 47 are discarded because the
home towns are so widely scattered and
distant” as to prevent development of
valid geographical generalizations.

The answers on the remaining 291
completed questionnaires, representing
the eastern Pennsylvania area and por-
tions of states immediately to the north,
east, and south, form the basis for the
series of sampling study maps and related
analyses that follow. It should be noted
that all questions are not answered on
every form, and hence the degree of com-
pleteness of the various maps differs
somewhat. The 291 forms represent
2,112 individuals, or slightly more than
six per cent of the total estimated 33,000
visitors to the Ashland facility in 1963.
The greatest number of questionnaires
come from residents of Philadelphia
(59). Other towns and selected regions
with four or more completed forms in-
clude: greater New York City (27), the
Middle and Southern Anthracite Region
(21), greater Baltimore (20), Allen-
town-Bethlehem (16), greater Reading
(14), greater Pottsville (11), the North-
ern Anthracite Region (8), greater Aber-
deen, Md. (6), greater Easton (5),
greater Harrisburg (5), greater District
of Columbia (4), and greater York (4).
There also are smaller numbers of ques-
tionnaires for several score additional
towns. On the whole, the distributional
pattern of questionnaires completed by
residents of eastern Pennsylvania and
vicinity conforms in essential details to
the pattern formed by the much larger

number of registered visitors from that
area (Fig. 2). Such correlation strength-
ens confidence in the representativeness
of the questionnaires.

ROUTES OF APPROACH

Two state highways pass through the
town of Ashland, Pa. 61 and Pa. 45, and
all visitors to the town’s tourist attrac-
tion must approach it from west or east
via one of these routes. A query on the
questionnaire concerns the highway that
was followed by the respondent and his
party. Answers to the question are map-
ped in Figure 5, which shows the loca-
tion of the two highways, and, by sym-
bol, the town of origin for each visiting
group together with the route it utilized
and the direction it traveled. On the
basis of these data, generalized bound-
aries between the several highway tribu-
tary territories are plotted on the map,
and appropriate designations are applied
to each tributary area.

It is evident from Figure 5 that most
Ashland tourist visitors tend to follow
typical business type direct-line routes to
their destination, rather than selecting
circuitous approaches that might perhaps
be considered more appropriate for holi-
day-oriented journeys. Indeed, the areas
mapped as tributary to each of the vari-
ous highway segments, with the one
minor exception of the area due north of
Ashland, could just as well have been
derived from data relating to the move-
ments of trucks and other commercial
vehicles traveling to Ashland from the
tourists” home towns. Of course, indivi-
dual exceptions to this generalization are
apparent, but on the whole, Americans,
even when on vacation, remain “people
with a purpose.”

A second generalization can be de-
rived from data on Figure 5, namely,
most visitors to the Ashland facility stop
there on the out-bound portion of their
journey rather than on the return trip to
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their homes. This is evidenced by the
preponderance of solid black symbols,
indicating approach from the east, to the
cast of an imaginary north-south line ex-
tending through Ashland; and the con-
trasting dominance of outline symbols,
indicating approach from the west, to
the west of the line. Apparently visitors
to Ashland either select that town as the
final destination on a short trip, or else
schedule it as an early stop on the out-
going portion of a longer trip. Relative-
ly few groups (only those represented by

outline symbols to the east of the imagi-
nary north-south line, and others repre-
sented by solid black symbols to the west
of that line) choose to stop at the Ash-
land site during the return journey from
a more distant destination, due to the
fact, one might surmise, that either little
or no vacation time or funds remain
available at that late stage of the trip, or
that the urge to reach their nearby homes
will not permit further delay.

Still a third generalization is possible,
namely, that visitors to the Ashland faci-
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SAMPLING STUDY. ROUTES OF APPROACH TO ASHLAND
USED BY VISITING GROUPS, BY SOURCE TOWNS, 1963
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Fig. 5. Sampling study: routes of approach to Ashland used by visiting groups, by source

towns, 1963.
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lity tend to select the more important and
prominently mapped road when offered
alternative routes of approximately equal
directness, even though pleasure-bent
rather than on business. Pa. 61 is a re-
latively heavily traveled highway, and is
commonly shown by means of a wide red
line on road maps of the state; Pa. 45 is
less intensively used, and is typically
mapped as a narrower black line. In trib-
utary areas plotted on Figure 5 lying

equally direct via either road, the choice
of routes by the tourist is most common-
ly Pa. 61.

STATUS AS A DESTINATION
One of the inquiries on the question-
naire concerns the status of the Ashland
tourist attraction as a destination, name-
ly, is it the terminal goal of a trip or
merely one stop on a longer journey. Re-
plies to the question are given on the

SAMPLING STUDY. STATUS OF ASHLAND TOURIST FACILITY
AS A DESTINATION FOR VISITING GROUPS,
BY SOURCE TOWNS, 1963
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map in Figure 6, with an appropriate
due east and due west of Ashland, where
access to that town is approximately
symbol being plotted at the approximate
site of origin for each visiting group.
Towns® contributing 20 or more visitors
are circled and named on the map.?

Analysis of the data indicates that,
within roughly a radius of 100 miles of
Ashland, most visitors to that town’s
tourist attraction select it as their ulti-
mate objective, and, presumably, make
the round trip from home within one day.
Groups originating at greater distances,
however, are most likely to visit the Ash-
land site only incidentally while heading
for another destination farther away. Such
a pattern of geographical differentiation
conforms to the commonly accepted
principle that visitors to a recreational
area who wish to confine their trip to a
single day must be located within 100
miles of it in order to have adequate
time for enjoyment of the facility.10

The heavy boundary line on Figure 6
which separates the inner, or terminal
destination, zone from an outer zone,
however, is not a 100-mile radius circle
centered on Ashland, but instead is an
irregular closed curve lying at distances
ranging from 65 to 120 miles from that
town.  Presumably, if data upon which
this visually determined line are correct, 1!
many visitors from Baltimore are willing
to travel considerably longer distances
for a one-day visit to the Ashland attrac-
tion than are other tourists whose homes
lie to the west, north, and east of the
town. Reasons for irregularities in this
zonal boundary line have not been in-
vestigated by the authors. One might
expect that, in some cases (greater New
York City, for instance), highway con-
gestion is a factor, but the traffic ele-
ment certainly is not involved in such
relatively uncongested areas as central
Pennsylvania and south-central New
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York. Another possible cause might he
the very attractive and prominent pub-
licity given the Ashland facility by a large
Baltimore newspaper,'2 undoubtedly the
most elaborate news media story to date,
which may have provided added incen-
tive for Maryland residents to travel long-
er than normal distances to visit the site
during a single day. Certainly, the analy-
sis of this problem would involve an in-
structive study in the various factors mo-
tivating tourist movements.

EXPENDITURES BY TOURISTS

Among the various items of informa-
tion requested in the questionnaire is an
estimate of the amount of money spent,
or to be spent, by each group at business
establishments in and near Ashland dur-
ing its visit. To simplify the procedure
for the respondent, a series of bracketed
sums ($0.00 to $1.00; $1.00 to $5.00;
$5.00 to $10.00; etc.) is listed on the
form so that it is only necessary to check
the most appropriate amount.

In tabulating the results, the mean
figure for the bracket checked is selected
as the amount spent by a party, the as-
sumption being made that differences in
expenditures by all parties checking a
particular bracket will average out to
something approaching the mean for that
bracket. Division of the appropriate
mean by the number of individuals in a
group yields the average dollar expendi-
ture per person for that group. When a
town® is represented by more than one
questionnaire, expenditures of all of the
groups involved are totaled, and divided
by the sum of the individuals composing
the groups to arrive at the average ex-
penditure per tourist from the town as a
whole. The resulting data, on a town-
by-town basis, are plotted on Figure 7.
Towns with total expenditures of $20.00
or more are emphasized by being circled
and ruled;'® the names of most of these
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are given on the preceding map (Fig. 6).
Finally, expenditures by all groups are
totaled, the sum is divided by the num-
ber of individuals in these groups, and
the average expenditure per tourist for
the entire area is determined, namely,
$1.35. This figure is employed to plot
a line on Figure 7 enclosing an area—
“the low expenditure zone’—within

which almost all town figures are below
the regional average. Beyond the line,
most figures exceed $1.35.

Analysis of the data mapped on Figure
7 reveals a number of interesting facts
as well as a problem. First, there is no
relationship between the size of a town’s
population and average expenditure per
tourist. Large towns (generally those

SAMPLING STUDY. AVERAGE DOLLAR EXPENDITURE
ER TOURIST AT BUSINESS ESTABLISHMENTS
IN AND NEAR ASHLAND, BY SOURCE TOWNS, 1963

THE

LowW EXPENDITURE

Fig. 7. Sampling study: average dollar expenditure per tourist at business establishments in
and near Ashland, by source towns, 1963. Towns and selected regions spending a total
of $20.00 or more are circled and ruled, except Lansdale, Pa., which cannot be so
indicated on the map because of crowding; the names of many of these are indicated
on the previous map. The “low expenditure zone” includes most towns with an average
expenditure per tourist of less than $1.35, the mean regional figure. The letter x, indi-
cates no data for a town.
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ruled) and small both are characterized
by a considerable range of expenditures.
However, the extent of the range is far
greater for small towns, due probably to
the fact that many of them are repre-
sented by single questionnaires which
quite often reflect extremes of spending
among individual groups. Second, while
there is no regularly progressive increase
in individual spending outward from
Ashland, there certainly is present the
expected inner core of towns with below
average per capita expenditures. Third,
this inner “low expenditure zone” lacks
the relatively symmetrical shape that
theoretically is supposed to characterize
such an area. Instead, long fingers ex-
tend outward from its main body toward
the southeast and southwest, to or be-
yond the state border. The reason for
such extensions is unknown to the au-
thors. The fingers are not aligned along
particular routes of transportation; nor
do they conform in position to the eco-
nomically depressed regions of eastern
Pennsylvania; nor do they encompass,
exclusively, either large or small towns.
They present a most intriguing problem
in the geography of tourism that thus far
has not been solved.

BUSINESS PATRONAGE

A further item included on the ques-
tionnaire involves the use of specific
types of business establishments in or
near Ashland by visiting groups. A
check list of the four presumably most
commonly patronized facilities (gasoline
station, restaurant, retail store, and hotel
or motel) is provided on the form, to-
gether with a blank space for naming
other types of establishments not individ-
ually specified.’*

Tabulation of returns from the forms
is here limited to those representing the
14 tourist source towns® providing total
expenditures of $20.00 or more each

(Fig. 8). Such a limitation is dictated
by the cartographic impossibility of map-
ping the complex results of the tabula-
tion for all source towns on a small-scale
map. However, returns from unmapped
source towns, in a majority of cases, do
not differ significantly from those given
for the nearest mapped town.

The percentage figures plotted on Fig-
ure 8, for each of the 14 towns, are de-
rived by determining the total number of
individuals represented by all question-
naires from a town, and dividing this fig-
ure into successive sums of individuals
represented only by those forms on which
each of the specific business establish-
ments is checked. On many forms, of
course, more than one type of establish-
ment is designated, so that the sum of all
percentages for most towns exceeds 100.
Using greater New York City as an ex-
ample of the process followed, the ques-
tionnaires for the town represent a total
of 223 individuals, of which 25 (11 per
cent) made purchases at gasoline stations
located in or near Ashland according to
the forms, 41 (18 per cent) dined at
Ashland’s restaurants, 11 (5 per cent)
visited the town’s retail stores, none (0
per cent) stopped at a local motel or
hotel, and 177 (79 per cent) patronized
no business establishment whatsoever in
or near Ashland.

When the data plotted on Figure 8 are
analyzed and classified geographically,
some striking patterns evolve. Visitors
from the two anthracite areas, for exam-
ple, indicate strong predilection toward
the use of dining facilities in Ashland,
and lesser degrees of patronage for other
types of business facilities. These visi-
tor sources are designated on the map as
the “restaurant group.” In contrast,
visitors from Pottsville and greater Read-
ing to the southeast of Ashland, as well
as from greater New York City to the
east, apparently have an aversion to us-
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ing any business establishments in and
near Ashland, for the great majority re-
port no use whatsoever of local facilities.
These sources are labeled the “penurious
group.” The remaining nine source
towns, located mostly to the south and
southeast of Ashland, give a predomi-
nance of their business to gasoline sta-
tions, and are so named.

Factors underlying such geographical
differentiation in the employment of

Ashland’s business facilities by tourists
have not been investigated by the au-
thors. However, on the basis of per-
sonal knowledge concerning conditions
existing in the area as well as general ob-
servations concerning tourists, a number
of hypotheses can be advanced. The
preference for Ashland’s alimentary faci-
lities evidenced by tourists originating in
the anthracite region can perhaps be ex-
plained in large part by the general ab-
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sence of quality dining establishments in
most towns of the coal region, together
with the existence in Ashland of a hotel
whose cuisine is of some regional renown.
Elsewhere in eastern Pennsylvania and
adjoining states there are many facilities
of equivalent or superior quality, and
hence visitors from these arcas are less
likely to be attracted by what Ashland
has to offer. The status of Ashland’s
gasoline stations as chief beneficiaries of
the tourist trade from most towns, of
course, scarcely merits comment. The
almost universal need for their products
and services by a motoring public that
has traveled scores of miles to reach its
destination virtually assures such busi-
nesscs a major role. The presence of
the “penurious group” of tourist source
towns shown in Figure 8, however, de-
fies explanation by the authors. They
can offer no reasons to account for its
existence or location. Again, therefore,
a neat little problem in recreational geo-
graphy presents itself for investigation.

PUBLICITY
The last of the questionnaire items
used in this study deals with types of pub-

news stories over television (on a very
limited number of nearby stations, but
including several lengthy presentations);
(7) letters to friends from Ashland resi-
dents (probably in considerable num-
bers because of the intense local pride in
the facility); (8) conversations with
friends by Ashland residents (probably
in considerable numbers); (9) roadside
signs (only a few local signs in use dur-
ing 1963); and (10) postage meter ad-
vertisements (employed by certain local
businesses on their out-going mail). A
number of other means of advertising
were initiated as the 1963 season pro-
gressed, but these were not introduced
into the questionnaire because of the un-
desirability of modifying its contents
during the survey period. The impact
of these latter types of publicity, there-
fore, is not assessed, but their omission
does mnot affect seriously the evaluation
of the main promotional devices surveyed
in the questionnaire.

Returns relative to the matter of pub-
licity are tabulated and manipulated in
exactly the same manner as that des-
cribed above in connection with business

ngno

licity that induced each party to visit the ~¢stablishments, except that publicity
| Ashland tourist attraction. Items listed items applicable to less than 10 per cent

I in the form for checking by respondents ©f the tourists from a source town® are
I include: (1) a brochure that was dis- 1ot included. This restriction is employed
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Fig. 8. Sampling study: types of business establishments in and near Ashland patronized by
tourists, by major source towns, 1963. See text for full explanation of percentage

or more at business establishments.
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the basis of conversations with friends:
Surprisingly, however, word-of-mouth
publicity is also the most potent factor
in enticing Philadelphians to the facility,
presumably because of the fact that many
earlier residents of the general Ashland
area who now reside in greater Philadel-
phia maintain close personal ties with
their relatives and friends back home.
Newspaper stories about the Ashland op-

eration are, understandably, the most in-
fluential means of attracting visitors from
most of the more distant source towns;
but brochures, for reasons unknown to
the authors, are the dominant factor in
southeastern Pennsylvania and parts of
adjacent states. Also to be noted on
Figure 9 is the wide diversity in types of
publicity operative in many of the towns
in east-central and southeastern Pennsyl-
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vania, as compared with the more limited
number of types that are effective else-
where. For example, six types are in-
fluential in the Middle and Southern An-
thracite Region; five in greater Philadel-
phia; and four each in greater Harris-
burg, greater Reading, and greater Eas-
ton. In contrast, only two types per-
suade significant percentages of visitors
to come from greater Baltimore, greater
Aberdeen, and Wilmington; and only
three types induce tourists to make the
trip from greater District of Columbia,
greater New York City, and the North-
ern Anthracite Region.

CONCLUSIONS

This study has raised far more ques-
tions than it has answered. Certainly,
no pretense is made by the authors that
it is comprehensive in coverage or defini-
tive in treatment. Its primary contribu-
tions have been to demonstrate the ex-
ceedingly complex nature of the effects
of one relatively small tourist attraction,
to indicate a few of the many as yet un-
solved problems associated with an un-

derstanding of such effects, and to plead,
by example, with workers in the field of
tourism to produce a multitude of simi-
lar or improved studies of individual op-
erating units before embarking on the
momentous task of developing a set of
basic theoretical principles applicable to
the industry as a whole. For theory that
does not rest on an ample foundation of
facts is little better than guesswork, and
facts concerning almost all facets of the
tourist industry are virtually non-existent.

Despite its primarily academic focus,
there is much of practical value in this
study both for the operators of the Ash-
land facility and for administrators in
governmental agencies at the state and
Federal levels that are charged with pro-
moting and financing tourism. If its con-
tents are carefully studied, they can pro-
vide a basis for the more successful con-
duct of the specific operation under con-
sideration, and can serve as a guide for
assessing and beneficially modifying the
effects of future tourist attractions to be
established elsewhere in the nation.
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'TRENDS IN THE COAL MINING INDUSTRY OF THE
UPPER SUSQUEHANNA BASIN (WEST BRANCH), 1925.19¢2

E. Willard Miller
The Pennsylvania State University, University Park, Pq.

© INTRODUCTION

The dévelopment of coal mining was
one of the first economic activities in the
Upper Susquehanna Basin (West
Branch). As early as 1785 a tract of
land was purchased along the Susque-
hanna River for the purpose of mining
coal which was to be shipped to the east-
ern seaboard market. Records indicate
that the first coal was shipped eastward
using the Susquehanna River in 1804,
Coal mining thus has been an important
economic activity since the early nine-
teenth century.

It is the purpose of this study to in-
vestigate modern trends in this mature
coal mining economy and to analyze the
importance of coal mining in the indus-
trial structure of the Upper Susquehanna
Basin (West Branch). This study is
confined to the four counties of Clear-
field, Centre, Clinton, and Lycoming,

COAL RESOURCES OF THE REGION

In the Upper Susquehanna Basin
(West Branch) the coal is located pri-
marily in the Allegheny group of the
Carboniferous period. The Allegheny
formation is not evenly distributed over
the area, The greater portion of Clear-
field County is underlain by coal bearing
rocks belonging to'this group. In Cen-
tre, Clinton, and Lycoming counties its
distribution is much more limited. In
Centre County there are two principal
coal areas; the first lies southeast of Mo-
shannon Creek in Rush Township and
the second lies in Snow Shoe and Burn-
side townships, extending north and east
from Snow Shoe. In Clinton County the
coal areas are small and confined to the
highest elevations of three basins which

cross in a general northeast—southwest
direction in the western portion of the
county. The coal bearing areas of Ly-
coming County are confined to the Little
Pine Creek Basin in Pine and McHenry
Townships and to Melntyre and MeNe
townships. Only the highest points in
these townships contain coal.

There are eight coal beds in the region.
Of these the Lower Kittanning and Low-
er Freeport are most important. The
Brookville, Upper and Middle Kittan-
ning, and Upper Freeport are mined lo-
cally. The Clarion and Mercer coals are
thin and unimportant.

The Lower Kittanning is a persistent
coal seam in the region. The bed is
usually 2 to 3 feet in thickness but may
reach 6 feet in thickness in two or three
benches. In places the bed is rather
badly ' split with partings which range
from one-half to 10 inches in thickness.
The Lower Kittanning coal ranges from
20 to 24 per cent volatile matter, 59 to
67 per cent fixed carbon, 6 to 16 per
cent ash, and 0.6 to 3 per cent sulphur.
It is a soft, friable, non-coking coal with
stick and block structure. ’

The Lower Freeport is less regular
than some of the other coal beds in the
region, but it is one of the most inten-
sively mined seams, particularly in Clear-
field County. 1In large areas it has a
thickness of 3 to 5 feet, and locally may
attain a thickness of 9 feet. In places
the coal is found in two benches which
may be as much as 55 feet apart. The
coal usually has one parting in it. The
roof is commonly shale but may be bony
coal. This coal has the same percentage
of fixed carbon and volatile matter as the
Lower Kittanning coals of the region,
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but usually has a higher ash and sulphur
content,

The Middle Kittanning coal is not
mined extensively in the region. Its aver-
age thickness is only about 30 inches,
but has the advantage of being a solid
bed without partings. The Upper Kit-
tanning is one of the most irregular of
the principal beds of the Allegheny
group. It is mined only when it attains
a good workable thickness of from 2 to
4 feet. The Upper Freeport is a thin but
fairly persistent bed in the coal region.
Its thickness is commonly less than 3
feet, but locally may attain 5 feet or
more,

The original coal reserve of the Upper
Susquehanna Basin was 4,670,865,000
tons of which 3,992,000,000 tons were
found in Clearfield County and 514,-
485,000 tons in Centre County. Cumu-
lative production of the region between
1800 and 1962 totaled about 598,272.-
000 tons, of which about 480,000,000
tons were produced in Clearfield County.
If 50 per cent of the coal is lost in min-
ing, the coal produced and lost in the
mining process totals approximately 1,-
196,000,000 tons. Thus within the area
the remaining reserves total about 3,-
474,865,000 tons. Of this amount 3,-
050,000,000 tons are located in Clear-
field County and about 350,000,000
tons in Centre County.
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Fig. 1. Coal production by counties.

THE COAL MINING INDUSTRY

Distribution of coal mining. With-
in the Upper Susquehanna Basin (West
Branch) coal is mined in each of the four
counties (Fig. 1). However, Clearfield
dominates with 80 to 85 per cent of the
total output. Centre County is second in
importance with 10 to 15 per cent of
total production. Clinton County has
from 5 to 8 per cent and Lycoming from
1 to 2 per cent of the regional produc-
tion.

Underground and strip production
trends. Since 1925 two distinct coal
production trends can be distinguished in
the Upper Susquehanna Basin (Fig. 2).
The period from 1925 to 1940 was dom-
inated by underground production. Since
1940 strip mining has become increas-
ingly important, surpassing underground
production in 1945,

Underground production was highest
in 1925 when 6,563,696 tons were pro-
duced. The economic recession of the
early 1930’s caused coal production to
decline. From 1930 to 1945 under-
ground output remained fairly stable.
Since 1945 there has been a steady de-
cline with underground production de-
creasing from 3,810,000 to 1,233,414
tons in 1962. This was but 16 per cent
of the total coal output in the region in
1962,

Strip mine production became impor-
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Fig. 2. Coal production by type of mine.
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tant in the Upper Susquehanna Basin
during World War II when demands for
coal soared. In the post-war period the
output of the strip mines has continued
to rise from 3,892,000 tons in 1945 to a
peak of 6,685,653 tons in 1962. The
proportion of coal mined by stripping op-
erations rose from 51 per cent in 1945
to 84 per cent in 1962. As a result of
the rise in strip production the total
annual output of coal since 1945 has
been remarkably stable varying from 7,-
532,563 to 7,834,437 tons.

The Upper Susquehanna is the lead-
ing strip mining area in the state, pro-
ducing 30 per cent of the total bitumin-
ous strip mining production. Clearfield
is the leading county in strip coal pro-
duction with 25 per cent of the state’s
output. The development of the strip
mining industry has been encouraged by
the availability of high quality coals with
large reserves which outcrop high on
the valley slopes so that the overburden
is relatively shallow. The development
of huge diesel stripping shovels has made
it possible to remove 10 or more feet of
overburden for each foot of coal mined.

Employment. Total employment in
the coal mining industry has steadily de-
clined from a high in 1925 of 11,130
employees to a low of 2,858 in 1960
(Fig. 3). In underground mining the
employment decline was from 11,130 in
1925 to a low of 842 in 1962. The
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employment ip strip mining has been
rather stable varying from 1,700 to 2,-
300 employees since 1945. The pro-
portion of workers in underground mines
to tot_al mines has declined from 100 per
cent1n 1925 to 28 per cent in 1962. In
contrast, the number of strip miners in-
creased from 39 per cent of the total in
1952 to 72 per cent of the labor force
in the coal mining industry in 1962, Al-
though coal production” has remained
stable since 1945, the number of miners
has declined about 50 per cent. This
illustrates the greater productivity per
miner in the region.

Average number of days worked.
There is a significant difference between
the average number of days worked an-
nually by the underground and strip
miners (Figs. 4 and 5). The number of
days worked annually by the under-
ground worker rose from 153 in 1925
to a peak of 265 in 1945 during World
War II.  Since then the underground
miner has worked between 180 and 211
days per year. The strip miner normal-
ly works 20 to 40 more days per year
than the underground miner. The aver-
age number of days worked per year by
the strip miner has varied from 200 to
236 since 1945.

Within the region there are some vari-
ations in the number of days worked per
year. The underground miner in Clear-
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Fig. 3. Employment in coal mining by type
of mine.

Fig. 4. Average number of days worked per
miner in underground mines.
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Fig. 5. Average number of days worked per
miner in strip mines.

field County has a greater number of
work days than in Centre, Lycoming, or
Clinton counties. For example, in 1962
the underground miner in Clearfield
County averaged 193 days work while
in Centre the number was 163, Lycom-
ing 126, and Clinton only 86 days. In
the coal basins of Centre, Lycoming, and
Clinton counties coal mining is frequent-
ly a part-time operation engaged in by
men during the slack work period of the
year.

Number and employment in mines.
The number of underground mines has
varied from a high of 231 in 1925 to a
low of 85 in 1955 (Fig. 6). The num-
ber of mines in operation from year to
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Fig. 6. Number and employment in under-
ground mines.

year fluctuates considerably. For exam-
ple, in 1960 there were 173 underground
mines in operation, but in 1962 there
were but 130. This illustrates the ease
of opening an underground mine, and
also the  possible short duration of its
existence.

Between 1925 and 1962 there has
been a major change in the size of the
labor force in underground mines. In
1925 of a total of 231 mines 85 had 1
to 20 employees. This was 27 per cent
of the total underground mines. By
1962, of 130 mines 125 had an employ-
ment of 1 to 20 miners, or 96 per cent
of the mines. In 1925, 24 of the mines
had an employment of over 100 workers,
or about 10 per cent of the total. In
1962 there were no mines with 100 or
more employees and only one mine with
an employment between 61 and 100
workers. The largest underground mine
in the region employed 880 miners in
1935.

Today the underground mine is nor-
mally developed by a small number of
workers who open a mine and operate it
for a short period. As a consequence the
traditional coal mining community of the
nineteenth and early twentieth centuries
that developed at a mine with a large
employment is not developing today. Of
even greater consequence the decline of
the large coal mine has stranded the one
economy coal towns. It is a rare instance
when a new economic activity has re-
placed the declining coal economy of
these towns.

The number of strip mines has steadi-
ly increased from 105 in 1945 to a peak
of 144 in 1962 (Fig. 7). There have
also been changes in the size of the labor
force in strip mines but not of the mag-
nitude of the underground mines. The
number of strip mines with a labor force
of over 50 has always been small. The
proportion of mines with employment of
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Fig. 7. Number and employment in strip
mines.

31 to 50 has gradually declined from a
maximum of 18 in 1950 to § in 1962.
At the same time the proportion of mines
with 1 to 10 employees has increased.
In 1962 one-half of the 144 mines had
1 to 10 employees while in 1950, 32 of
the 105 mines had 1 to 10 workers, or
only 30 per cent of the total. As the
strip mining equipment becomes larger
and more efficient the size of the labor
force is reduced.

Average employment per mine. The
average employment in the underground
mine has steadily declined from a high
of 67 in 1930 to 6 workers in 1960 and
1962 (Fig. 8). In 1925 there were es-
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Fig. 8. Average daily employment in under-
ground mines.
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sentially no variations of the average ¢m-
ployment per mine within the region in
tl.le underground mines. By 1962 re-
glonal variationg were apparent. In
Clearfield County the average employ-
ment per underground mine was 7. It
was, however, only 4 in Centre County,

2 in Clinton County, and 1 in Lycoming
County.
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Fig. 9. Average employment in strip mines.

The average employment in strip
mines has also declined from 20 in 1945
to 15 in 1962 (Fig. 9). Regional varia-
tions also exist in strip mining employ-
ment. In 1962 Clearfield and Centre
counties each had an average employ-
ment in strip mines of 15 workers, while
Clinton County had 10 and only 7 miners
were in the average strip mine in Ly-
coming County. On the margins of the
coal field in Clinton and Lycoming coun-
ties the magnitude of the operation is
smaller than in Clearfield and Centre
counties.

Average tons per man per day. The
average tons mined per man per day has
risen in both underground and strip
mines (Figs. 10 and 11). In the under-
ground mine the output per man per
day has risen from an average of 2.87
tons in 1935 to 7.73 tons in 1962. In
the strip mine the productivity has risen
from an average of 9.02 tons per man
per day in 1945 to a high of 15.38 tons



(=)
taw
[\

AVERAGE TONS PER MAN PER DAY
UNDERGROUND MINES

01‘!}‘5 1930 1935 1940 1945 1950 1955 1960 1%

Fig. 10. Average tons per man per day in
underground mines.
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Fig. 11. Average tons per man per day in

strip mines.

in 1960. In 1962 there was a slight de-
cline to 13.57 tons per man per day in
strip mines.

There is a large variation in the out-
put per man per day in both under-
ground and strip mines. In 1962 the
productivity in the underground mines
varied from a low of 0.95 tons per man
per day in one mine in Clinton County
to a high of 19.31 tons in one mine of
Clearfield County. The large mines were
the most productive. As a consequence
the small mines were usually producing
below the regional average.

1. The Pennsylvania Deparment of Mines and
Mineral Industries has devised a formula for estimat-

ing acres in strip pits and acres in strip pits plus
spoil banks. The formula for acres in strip pits is:
tons
5,000
spoil banks is derivedd by multiplying the acres in
the strip pits by 1.5.

= acres in strip pits. Acres in strip pits plus
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There is also considerable variation in
the productivity of the strip mine. In
1962 the productivity varied from a low
of 2.19 tons per man per day to 61.4
tons. The variation in strip mine pro-
ductivity is primarily due to the size of
the shovels used in the mining opera-
tion, the ease of mining the coal, and the
thickness of the seams.

Acres in strip pits and spoil banks.
Between 1945 and 1962 it is estimated
that 20,132 acres were converted to strip
pits, and the acreage of strip pits and
spoil banks combined was 30,199.! 1In
1962 the acreage affected by strip pits
and spoil banks totaled 1,998 (Fig. 12).

Within the region, southern and cen-
tral Clearfield County has been most af-
fected by strip mining (Fig. 12). Near-
ly 20 per cent of this area is in strip pits
and spoil banks. Only a small percent-
age of the land has been reclaimed by
leveling and planting in trees. Acid water
from the abandoned strip pits has ad-
versely affected the streams. Fishing has
been destroyed and the polluted waters
discourage certain types of industry from
entering the region. An effective con-
servation policy is needed to restore the
strip mined areas. With a minimum of
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Fig. 12. Acreage in strip pits and spoil
banks.
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effort many of the strip pits could be con-
verted into small lakes which could be
utilized for fishing, boating, and swim-
ming. The fees collected from strip
mining should provide the necessary
capital to restore the forests of this region
so that a revitalized forest industry could
develop in the future.

Transportation of coal. The coal
from the Upper Susquehanna Basin has
always been primarily marketed outside
the area. The market within the region
has been limited due to its relatively
small market for coal to be used for do-
mestic purposes, the limited industrial
development in the region, and the lack
of a coking industry. Although coal
was first shipped from the region by
barges on the principal water routes, a
network of railroads was developed at an
early date in Clearfield County. 1In the
early 1860’s a branch of the Pennsyl-
vania Railroad entered Clearfield County
from the south at Osceola Mills and ex-
tended to Philipsburg, Clearfield, and
Curwensville with mining branches to
Houtzdale and Philipsburg. Another
branch line extended into Clearfield
County from Bellwood to Coalport and
Irvona. At about the same time the
Buffalo, Rochester and Pittsburgh Rail-
road entered the region and within a few
years had routes covering most of the
southern part of Clearfield County. The
railroad line along the West Branch of
the Susquehanna was built in the early
twentieth century.

The coal districts of Centre County
are served by two railroads. The Penn-
sylvania Railroad serves the Philipsburg
district and a branch line enters the Snow
Shoe area. The New York Central Rail-
road extends through the mining districts
of Moshannon and Snow Shoe. In Clin-
ton County the coal districts are served
by the Pennsylvania and New York Cen-
tra] railroads. The railroads of Lycom-

ing County do not serve the coal reglons
directly,

Until the early 1930’ well over 90
PEr cent of the coal was marketed Dby
railroad transportation (Figs. 13 a:_u'l
14).  Since then the importance of rail-
roads has declined with the introduction
Of truck transportation, In 1962 about
20 per cent of the coal mined from un-
derground and |¢ per cent of the coal

from = strip mines was marketed by
trucks.

There are some significant differences

in marketing practices among the coun-
ties. The marketing of coal by railroads
from Cilhcr undel'grm;m{ or Strip pro-
duction remains most important in Clear-
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Fig. 13. Transportation of coal from under-
ground mines.
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mines,
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field County: In 1962, 87 per cent of
the coal from underground mines and
82 per cent from strip mines in Clear-
field County were marketed by railroads.
In contrast, in Centre County only 60 per
cent of the strip mined coal and none of
the underground coal production was
marketed by rail. In Clinton County 93
per cent of the strip mined coal was
marketed by rail, but none of the under-
ground coal production. All coal,
whether by underground or surface min-
ing, was marketed by truck in Lycoming
County in 1962.

A number of observations may be
made about the transportation of coal.
Railroads still play a dominant role in
transporting coal from the region. Their
importance within the region depends on
their accessibility to the coal mines.
Truck transportation will undoubtedly
continue to increase in importance as the
railroad system declines.

ECONOMIC IMPORTANCE OF THE
COAL MINING INDUSTRY

Within the Upper Susquehanna Basin
(West Branch) the coal mining industry
is most important in the economic struc-
ture of Clearfield County. The economy
of Clearfield County was long dominated
by the primary economic activities of
agriculture, mining, and lumbering, As
recently as 1930 mining provided the
greatest source of employment with 27
per cent of the total, followed by trade
and services 22 per cent, manufacturing
19 per cent, transportation and com-
munications 12 per cent, and agriculture
11 per cent (Fig. 15).

Since 1930 the importance of mining
as a source of employment has declined
greatly and in 1960 provided only 10
per cent of the employment in Clearfield
County. Employment in agriculture has
also declined as well as employment in
transportation and communications. In
contrast employment in trade and serv-
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Fig. 15. Employment structure of Clearfield
County.

ices is now most important with 41 per
cent of total employment, followed by
manufacturing with 30 per cent of the
total. Total employment in Cleartield
County declined slightly between 1930
and 1960 from 26,972 employees to 25,-
470.

Although employment in mining has
declined, the coal mining industry re-
mains important to the economy of the
Upper Susquehanna Basin (West
Branch). The annual value of coal be-
tween 1945 and 1962 varied from $25,-
646,000 to $33,841,000 (Fig. 16). Of
the annual value of coal produced, be-
tween 77 and 85 per cent came from
Clearfield County. : :

PENNSYLVANIA ACADEMY OF SCIENCE 235

VALUE OF COAL PRODUCTION
33.8

w
2
o

282 — 29.3__28.9—|

]
b
n

Miltions of dollars

,..
el
(=]

)
o

0
1940 1945 1950 1955 1960 1962

Fig. 16. Value of coal production.

Within Clearfield County the annual
payroll of all employees in bituminous
coal mining totaled $9,387,000 in 1958.
During the same year the capital ex-
penditures totaled $3,327,000; cost of
supplies were valued at $12,955,000, and
the value added in the mining process
totaled $17,411,000. Nevertheless the
mining industry has a lower economic
impact on the economy of Clearfield
County than manufacturing. In 1958
manufacturing had an annual payroll for
all employees of $22,027,000 and the
value added in manufacturing totaled
$40,144,000. However, capital expendi-
tures in manufacturing totaled only $1,-
895,000.

CONCLUSION
The coal mining industry of the Upper
Susquehanna Basin (West Branch) re-
mains one of the most productive in the
state. While coal production within the
state declined from 135,266,612 tons in
1925 to 65,648,015 in 1962, a decrease

of 69,618,597 tons, coal production in
the four counties of the Upper Susque-
hanna Basin rose from 6,563,696 to 7,-
784,353 tons, an increase of 1,220,657
tons. Because coal reserves in the region
are large and efficiency in mining has in-
creased productivity, the production of
coal will continue to be important for
the foreseeable future.

Although production has been main-
tained the coal region has been plagued
with economic problems in recent years.
As a response to increased mechanization
and growth of surface strip mining, the
importance of the coal mining industry
as a generator of employment has drasti-
cally declined. Unemployment of 10 to
11 per cent of the labor force in Clear-
field County places this county near the
top in unemployment in Pennsylvania.
The availability of fuel, a dense network
of railroads, and an excess supply of
skilled, mechanical labor have not over-
come the handicaps of lack of most in-
dustrial raw materials, long distances to
major markets, and high-cost labor in
attracting new manufacturing plants to
the area in sufficient numbers to stabilize
employment. As a result of economic
problems Clearfield County is experienc-
ing one of the highest rates of out-migra-
tion of population in Pennsylvania. In
conclusion, the coal mining industry of
the Upper Susquehanna Basin which
once was a dynamic force in the growth
of the regional economy has lost its ef-
fectiveness in maintaining the economy
of the coal region.
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