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ON THE AUTHORSHIF OF THE ANONYMOUS PAM-
PHLET PUBLISHED IN LONDON IN 1760 ENTITLED
« THE INTEREST OF GREAT BRITAIN CONSIDERED
WITH REGARD TO HER COLONIES AND THE AC-
QUISITION OF CANADA AND GUADALOUFPE.”

By 1. MINIS HAYS.
(Read April 24, 1924.)

The Seven Years' War—the conflict maintained by Frederick the
Great of Prussia against Austria, Russia and France—began in 1756;
England allied herself with Prussia and undertook to curb the power
of France in America and especially in Canada, where her arms
met with marked success. In July, 1758, Louisburg, with its strong
fortress commanding the mouth of the St. Lawrence, was captured
by General Amherst; in September of the following year Quebec
fell to Gen. Wolfe and the War in this country was ended in Septem-
ber, 1760, by the surrender at Montreal of the French Army in
Canada.

In England the terms of the coming peace had been actively dis-
cussed for some time previous thereto. Two anonymous pamphlets
on this subject, which appeared in the beginning of 1760, attracted
marked attention. The first was entitled “ A Letter Addressed to
Two Great Men on the Prospect of Peace; and on the Terms Neces-
sary to be Insisted Upon in the Negotiation ™" (Lendon, 1760), which
is supposed to have been inspired by William Pulteney, Earl of Bath,
and to have been written by John Douglas, afterward Bishop of Salis-
bury ; and the two great men to whom it was addressed were William
Pitt, Earl of Chatham, and the Duke of Neweastle, both influential
members of the Government, Among other points it strongly urged
were the acquisition by Great Britain of Canada rather than territory
in the West Indies.

This pamphlet was promptly answered by another entitled “ Re-

" marks on the Letter Addressed to Two Great Men ™ (London, 1760),
1 1



2 HAYS THE INTEREST OF GREAT ERITAIN

which ran through three editions in Great Britain, and was reprinted
in Boston in the same year. In it opposite views were urged and the
retention of Guadaloupe, captured by the English in 1759, was
strongly advocated, and it was claimed that its sugar trade was more
important to Great Britain than was the fur trade of Canada. It was
probably written by William Burke, the supposed auothor of the
* Letters of Junins,” but it has also been ascribed to Rt. Hon, Charles
Townshend,

These anonymous pamphlets were promptly [ollowed by another,
entitled “ The Interest of Great Britain Considered with Regard to
Her Colonies and the Acquisition of Canada and Guadaloupe ” (Lon-
don, 1760), which immediately attracted marked attention and was
reprinted in the same year in Dublin, in Philadelphia and in Boston
in two editions, and a second edition was issued in the following year
in London, so great and widespread was the interest it excited. Tt
summmarized the arguments of both the preceding pamphlets and
strongly supported the views advanced by Douglas. The authorship
of this pamphlet has been attributed by some bibliographers to Frank-
lin and by others to Richard Jackson.

The American colonies were becoming alarmed by the proposals
concerning the restoration to France of Canada and the Island of
Guadaloupe and they felt that the outcome was of vital interest to
them. There was no abler advocate for the retention of Canada than
Dr. Franklin, who was then in London, whither he had been sent in
1757 by the Assembly of Pennsylvania to secure its right to tax the
estates of the Proprietaries in common with the other lands in the
Colony. 1In this, his first diplomatic mission, he had been eminently
successful and thereby acquired considerable prestige. He remained
abroad until 1762 and in all matters relating to the American Colonies
his opinion was eagerly sought.

That he was deeply interested in the terms of the coming Treaty
and was endeavoring to influence British opinion in relation thereto
is shown by his letter to John Hughes, of Pennsylvania, under date
of London, January 7, 1760, in which he says:

" There has been for some time a Talk of Peace, and probably
we should have had one this winter, if the King of Prussia’s late

kel s b



CONSIDERED WITH REGARD TO HER COLONIES." 3

Misfortunes had not given the Enemy fresh Spirits, and encourag’d
them to try their Luck another Campaign and exert all their remaining
strength that if possible they might treat with Hanover in their
Hands. If this should be the Case, possibly most of our Advantages
may be given up again at the Treaty, and some among our great Men
begin already to prepare the Minds of People for this, by discoursing,
that to keep Canada would draw on us the Envy of other Powers,
and occision a Confederacy against us; that the Country is too large
for us to people, not worth possessing, and the like. These Notions
I am every day and every where combating, and I think not without
some Success. The Event God only knows. The Argument that
seems to have a principal Weight is, that in Case of another War, if
we keep Possession of Canada, the Nation will save two or three
Millions a Year, now spent in Defending the American Colonies, and
be so much the stronger in Europe, by the Addition of the Troops
now employ'd on that side of the Water. To this I add, that The
Colonies would thrive and increase in a much greater Degree, and a
vast additional Demand arise for British Manufacturers, to supply
so great an Extent of Indian Country, etc., with many other Topics,
which 1 urge occasionally, according to the Company 1 happen into,
or the Person I address.” (Franklin Mss. in American Philosophical
Sodety, XLV., 10¢).

Richard Jackson, to whom the authorship of this last pamphlet
has also been and is still not infrequently attributed, was an English
lawyer interested in politics and from his extraordinary stores of
knowledge was commonly known as “ Omniscient Jackson.” At the
time of its appearance he was Agent in London for the Colony of
Pennsylvania and Franklin rated him as one of the best authorities
“ for everything related to America” (Smyth, loc. cit., V., 67). S0
learned an authority as Hildeburn says in his * Issues of the Pennsyl-
vania Press” (Philadelphia, 1883, L, 350) that this pamphlet was
* commonly attributed to Franklin when first published, but is now
known to have been written at his instance by Richard Jackson,” but
he does not give his proof for this statement. Sabin (** Dictionary
of Books Relating to America,” New York, 1877, 1X., 184) and
Cushing (“ Anonyms,” Cambridge, 1890) follow him. On the other
hand, Evans (“ American Bibliography,” Chicage, 1905, 111, 254),
Halkett and Laing (* Dictionary of Anonymous and Pseudonymous
Literature of Great Britain,” Edinburgh, 1885, 1L, 1241) and Rich
(* Bibliotheca Americana Nova,” London, 1833, 1., 133) ascribe it to
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Dr. Franklin. In the Catalogue of one of our largest historical li-
braries the writer has found the author-entry for this pamphlet under
Jackson and no reference whatsoever to it under Franklin,

After diligent search and with every desire to do justice to Richard
Jackson, the facts upon which Hildeburn based his conclusion have
not been found—indeed, the available data regarding Jackson are
very meagre. * The Encyclopedia Britannica " does not mention him,
and the * Dictionary of National Biography " (London, 18g2, XXIX,,
104 ) accords to him less than a half page and makes no reference to
his having been in any way connected with the authorship of “ The
Interest of Great Britain Considered.”

Contemporary writers with considerable unanimity ascribed the
authorship to Dr. Franklin, Chief Justice Edward Shippen in a let-
ter, quoted by Hildeburn, dated October 2, 1760, says: “ I have seen
B. Franklin's Pamphlet, and think it the best book that has been pub-
lished in England concerning American Affairs. He appears to have
thoroughly understood his subject and has done justice to the cause
he espouses. Certainly we should be dupes to give up Canada " (loc.
cit,, L, 350). In a letter to Lord Kames, under date of London,
May 3, 1700, Dr. Franklin says: "1 have endeavoured to comply
with your request in writing something on the present situation of
our affairs in Ameriea, in order to give more correct notions of the
British interest with regard to the colonies, than those I fonnd many
sensible men possessed of. Inclosed you have the production, such as
itis. I wish it may in any degree be of service to the public. I shall
at least hope this from it, for my own part, that you will consider it
as a letter from me to you, and take its length as some excuse for its
being so long acoming” (* Memoirs of Hon. Henry Home of
Kames,” Edinburgh, 1807, 1., 268, consult also Franklin's letter to
Lord Kames, of Jan. 3, 1760, Smyth, lec. cit., IV., 4). The en-
closure was clearly a printed copy of the pamphlet in question.

Dr. Franklin evidently sent copies of this pamphlet to some of
his friends. William Thomson, in a letter to him from Worcester,
England, under date of November 18, 1760, says: “ I take this Op-
portunity to return yvon my sincere thanks not only for the pleasure
of your Company afforded me during your short stay in Worcester,
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but also for the Entertainment I am confident I owe to you after
your Departure—The Interest of Great Britain with Respect to Her
Colonies gave me a more distinct view than 1 ever had before of our
Connexions w* our fellow Subjects in distant parts of the Globe.”
( Franklin Papers in Amer. Philos. Soc., I, 60). The conclusion to
be drawn from this note is that, in evidence of appreciation of his
hospitality, Dr. Franklin sent to Mr. Thomson a copy of his pamphlet,
and had it not been written by him he, at the time, certainly would
have disclaimed its authorship which under the circumstances Thom-
son would be sure to attribute to him.

Benjamin Vaughan, who was an intimate friend of Franklin and
in frequent correspondence with him, in his edition of Franklin's
“ Political, Miscellaneous and Philosophical Pieces” (London, 1779)
included this pamphlet, and in an “ Addenda” stated that “ Dr.
Franklin has often been heard to say that in writing this pamphlet
he received considerable assistance from a learned friend who was
not willing to be named.” Franklin, under date of Passy, Novem-
ber 9, 1770 (Smyth, loc. cit., VI, 410), thanked Vaoghan * for the
great Care and Pains " he had taken in preparing this edition of his
writings and says that he has “ noted some Faults of Impression that
hurt the Sense, and some other little Matters which you will find all in
a Sheet under the title of Errata,”’ but he in no way disclaimed the
authorship of this pamphlet which had been set down to him. In
the Ttalian translation af Vaughan's Collection, which appeared four
vears later, this essay was still included (Padua, 1783).

Paul Ford in his * Franklin Bibliography " (Brooklyn, 1889, page
117) states that Francis Maseres wrote to Vaughan claiming that
nearly two thirds of the pamphlet was written by Jackson, but failed
to satisfy him as to the accuracy of the statement.

Appended to the pamphlet on “ The Interest of Great Britain "
is an essay entitled * Observations Concerning the Increase of Man-
kind, Peopling of Countries, etc.,” which reinforces the argument in
reply to the contention that * if we had Canada we could not people
it without draining Britain of its inhabitants.”

In 1754, Dr. William Clarke, of Boston, was corresponding with
Dr. Franklin in regard to measures for the protection of the English
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Colonies against the encroachments of the French (Massachusetts
Historical Society, Collections, IV., 74), and in the following year
Clarke published an anonymous pamphlet entitled * Observations on
the late and present Conduct of the French, with Regard to their
Encroachments upon the British Colonies in North America. To
which is added, wrote by Another Hand, Observations Concerning
the Increase of Mankind, Peopling of Countries, &c.” (Boston, 1755,
and reprinted in London in the same year). The added essay is
* universally attributed to Dr. Franklin and is said to have been written
by him as early as 1751. It seems most natural then for him, if he
were the author of this new pamphlet entitled the * Interest of Great
Britain considered with Regard to her Colonies,” to have appended
his former pamphlet in support of one of his main arguments and
with the following explanatory introduction : * In Confirmation of the
Writer's Opinion concerning Population, Manufactures, &e. he has
thought it not amiss to add an Extract from a Piece written some
Years since in Americe, where the Facts must be well known, on
which the Reasonings are founded.”

In the Boston reprint of “ The Tnterest of Great Britain Con-
sidered " the following was added to the title page: “ As the very
ingenious, useful, and worthy Aunthor of this Pamphlet [B...... u
=L n, LL.D.] is well known and much esteemed by the principal
Gentlemen in England and America; and seeing that his other Works
have been received with universal Applause; the present Production
needs no further Recommendation to a generous, a free, an intelli-
gentand publick-spirited People.”" This edition was printed and pub-
lished by Franklin's nephew, Benjamin Mecom, who had been an
apprentice in his Uncle's printing office in Philadelphia, and it cannot
be doubted that he sent a copy of his reprint with its fulsome and
conspicuous ascription of authorship to his Uncle whom he so much
admired, and that the authorship was not repudiated by Franklin is
evidenced by its reappearance on the title page of Mecom's second
Hoston edition.

William Temple Franklin, Sparks, Bigelow and Smyth, the editors
of the various standard editions of Franklin’s complete works, have
included this pamphlet and thereby given to it their endorsement of
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his authorship, as had Almon in his Biographical, Literary and Politi-
cal Anecdotes (Londen, 1797, IL, 199). Then, too, in several copies
of the pamphlet which have come under the writer's notice their
original owners have taken the pains to write on the title page that
the author was Dr. Franklin.

Temple Franklin's version is that his grandfather “ stepped into
the controversy "’ and wrote a pamphlet, in which he was assisted by
his friend Mr, Richard Jackson (who desired not to be known in the
occasion)” (** Memoirs of the Life and Writings of Benjamin Frank-
lin,” 2d ed., London, 1818, L., 307). Parton also ascribes it to Frank-
lin and says: “ Tradition reports that it influenced the Ministry in
deciding to keep Canada. Some have gone so far as to say that
England owes that inestimable possession to Franklin, who first advo-
cated its conquest, and then urged its retention " (* Life and Times
of Benjamin Franklin,” Boston, 1867, L, 422).

But on the point of the authorship there is still more direct and
conclusive proof. Franklin before writing his “ Autobiography
made an outline draft which was preserved and is printed in Bigelow’s
edition of that work (Philadelphia, 1868) and in this outline appears
the following entry: “1 am sent to England. Negotiations there.
Canada delenda est. My Pamphlet. Its reception and effect. Proj-
ects drawn from me concerning the Conquest” (p. 63). Unfor-
tunately the “ Autobiography ' was never written up to this date
and therefore does not mention this controversy in which Franklin
took such an active part, but the words * my pamphlet,” in his skeleton
outline, can refer to no other than the one under consideration.
Moreover, Franklin was not a man to accept silently an oft-repeated
attribution of authorship to which he was not entitled, and his silence
can only be regarded as admission of its correctness.

With all these facts available it is difficult to understand why
Smyth—the latest editor of Franklin's collected works, should have
“ found the problem of its authorship so difficult, and the question
of the relative shares of Franklin and Jackson so intricate, that I am
quite unable to unloose its Gordian knot * (loc. cit,, 1., xii).

For the further elucidation of this problem, however, there are
fortunately preserved in the Franklin Papers in the American Philo-
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sophical Society (L., pt. ii, 13) six manuscript pages of this pamphlet,
viz,, folios 7, 43, 45, 53, 58 and 67, wholly written in Franklin's well-
known large, clear hand with his alterations and erasures to which
the printed text conforms. The pages measure 1234 by 8 inches and
some of them are considerably stained and mildewed and not without
holes. Their condition and the fewness of their number may be
explained by the fact that just before the occupation of Philadelphia
by the British troops in 1777, Dr. Franklin's papers were boxed and
sent for safe-keeping to the country place of his friend Joseph Gallo-
way at Trevose, near Bristol, in Pennsylvania. During the military
operations about Philadelphia the British troops visited Mr, Gallo-
way's house, broke open the boxes containing these papers and many
of them were scattered over the ground and trodden under foot, and
it may be that some of them were carried off, certainly many of them
were lost or destroyed.  After the evacuation of this territory by the
British forces Dr. Franklin's son-in-law, Richard Bache, repaired to
Trevose, collected the scattered, mud-bespattered and otherwise in-
jured remains of the contents of these baxes and returned them to
Philadelphia. This episode accounts for the imperfect and dilapi-
dated condition of some of the Franklin papers of which these sheets
form a part.

A count of the number of written words, say, on folio 53 of
Franklin's manuscript and the number of words in a page of the
printed pamphlet shows that fifty-three times the number of words in
the manuscript page would make a little over 33 pages of the printed
text, and it is on page 33 of the printed pamphlet that the text of ms,
folio 53 appears. Therefore the preceding manuscript pages must
have contained about the same number of words to a line and of lines
to a page, indicating that they were almost certainly written by the
same hand.

It might be contended that Jackson had written part of the pam-
phlet and given his manuseript to Dr. Franklin, who had then added
it to or copied it into his own. But this is most unlikely, if not incon-
ceivable, in the case of a man so busy, so indisposed to unnecessary
labor and so saving of his time, Then, too, Jackson's handwriting
was as characteristic in its way as Franklin's, but not so free and
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open, and would average more words to the page and not fit in with
the calculation just made.

From whatever point of view we look at it, there can be no
reasonable doubt that the * Interest of Great Britain considered with
Regard to her Colonies ™ was written wholly by Dr. Franklin, al-
though before committing his views to writing it was quite natural
for him, as Temple Franklin states he did, to haye discussed them
with Jackson, his friend and fellow agent of Pemnnsylvania, and to
have consulted him as to the plan and scope of the pamphlet he was
about to write to influence British opinion in its own interest and that
of the American Colonies. That Jacksen wrote any part of this pam-
phlet there is no evidence that we have been able to discover and the
original manuscript pages of it which have been preserved in the
Franklin Manuscripts in the American Philosophical Society appear
to refute the claim.

Peace was concluded by the signing of the Treaty of Paris on
February 10, 1763, by which Canada and that portion of Louisiana
between the Allegheny Mountains and the Mississippi River were
ceded to Great Britain, and Guadaloupe was returned to France—
thus constituting Franklin's second diplomatic success in his first
mission to England.

PHILADELFHIA,

April 17, 1024



THE CURVE OF POPULATION GROWTH.
By RAYMOND PEARL,

In a series of papers from the writer’s laboratory * it has been
shown that one or another of the special forms of the general curve

E .
= T e e (i)

describes with extraordinary accuracy the growth of human popula-
tions and of populations of lower organisms grown under experi-
mentally controlled laboratory conditions.

The curve was derived from the following postulates:

1. If any discussion of the growth of human population is to
be profitable in any real or practical sense, the area upon which the
population grows must be taken as a finite one with definite limits,
however large. For the growth of human populations the upper
limit of finite areas possible of consideration, must plainly be the
habitable area of the earth. Smaller areas, as politically defined
countries, may be treated each by itself. But whether this it done
or not, there clearly is an upper finite limit of area on which human
population can grow.

2. If there is a finite upper limit to the area upon which popula-
tion may grow, then with equal clearness there must be a finite
upper limit to population dtself, or in other words to the number of
persons who can live upon that area. It is obvious for example
that it is a biclogical impossibility for so many as 50,000 human
beings to live, and derive support for living, upon one acre of ground,
provided every other acre of the possibly habitable area of the earth
is at the same time inhabitated to the same degree of density. This

 Papers from the Department of Biometry and Vital Statistics, School
of Hygiene and Public Health, Johns Hopkins University. No. 101,

2Pearl, R, and Reed, L.J., Proc, Nat, Acad, Sci, Vol. 6, pp. 275-288,
1920; Vaol. 8, pp. 365-368, 1022, [d., “ Predicted Growth of Population in New
York and its Environs." New York (" Plan of New York and its Environs s

1923, p. 42 Id, Metron, Vol 3, pp. 6-19, 1923, Pearl, R, " Studies in Human
Biology, Baltimore"” (Williams & Wilkins Co.), 1024, (In press.)

10
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is obviously true whatever the future may hold in store for us in
the way of agricultural discoveries, improvements, or advancements.
That there is a finite upper limit to the population which can live
upon a finite area (as of the earth) is really as much a physical as
a biological matter. The amount of water which can be contained
in a pint measure is strictly limited to a pint. It cannot by any chance
be ten gallons.

3. The lower absolute limit to population is sero. Negative
populations are in any common, practical sense, unthinkable.

4. History tells us what common-sense indicates g priori, namely
that each advancement in cultural level has brought with it the
possibility of additional population growth within any defined area.
In the hunting stage of human culture the number of persons who
can be supported upon a given area is small. In the pastoral stage
of culture more persons can subsist upon a given area, though the
absolute number is still small. In the general agricultural stage
of civilization the possibilities of population per unit of area become
again enhanced. The commercial and industrial stages of culture
permit great increases of population, provided, of course, (and only
under this condition) that there still remain somewhere else less
densely populated areas where the means of subsistence can be pro-
duced in excess of local needs. In other words, each geographical
unit which has been inhabited for any long time has, so far as the evi-
dence available indicates, had a succession of waves or eras of popu-
lation growth, each superimposed upon the last, and each marking
the duration of a more or less definite cultural epoch.

5. Within each cultural epoch or cycle of population growth the
rate of growth of population has not been constant in time. In-
stead the following course of events has apparently occurred gener-
ally, and indeed almost universally. At first the population grows
slowly, but the rate constantly increases to a certain point where
it, the rate of growth, reaches a maximum. This point may pre-
sumably be taken to present the optimum relation between numbers
of people and the subsistence resources of the defined area. This
point of maximum rate of growth is the point of inflection of the
population growth curve. After that point is passed the rate of
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growth becomes progressively slower, till finally the curve stretches
along nearly horizontal, in close approach to the upper asymptote
which belongs to the particular cultural epoch and area involved.

The curve may take a variety of forms, according to the number
and forms of the terms which are retained in the exponent of ¢ in
the denominator of (i). Thus in the simplest form

k

J'r_!_E_me—q.e

(ii)
the curve describes the growth in a single epoch or eycle,

By retaining further terms the curve may be made to deseribe
growth in more than one cycle, or cases where the population
after rising through one or more cycles then declines. In one form
the curve is asymmetrical on the two sides of the point of inflection,
and is thus capable of describing skew growth. All of these char-
acteristics of the curve have been fully discussed in the sources
already referred to, and need not be elaborated here.

In order to give some idea of the fidelity with which this curve
describes population growth a few examples may be presented. In
these diagrams observed census counts of population are shown as
small circles. The smooth line through these points is the fitted
curve. This is drawn as a heavy, solid line through that portion of
the total abscissal range within which there are observed points.
Outside this range the curve is dotted, there being the extrapolated
portions. Many other examples of the fitting of this curve, in ad-
dition to those presented here, are given in Chapter XXV. oi
* Studies in Human Biology ” already referred to.

As a first example we may take the population growth of the
United States. This is shown graphically in Fig. 1. The equation
of the fitted curve is

107.27

y = R e~ A (ii1)

It will be noted that in this case the observations all fall in the

first half of the cycle. The agreement between observation and
theory is obviously well-nigh perfect.
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Fic. 1. The population growth of the United States.

The probable errors of the constants of the curve for the United
States are as follows:

k= 19727 L.55 millions of population,
& = 03134 = 00013,
m = 67.32 +.17.

As a second example we may take the population growth of
France. This is of special interest, because the observed points
all lie in the second half of the cycle, and indeed well towards the
upper asymptote. The case is thus in the strongest contrast to that
of the United States.

The equation to the fitted curve for France is

= 35.975 L o
- Bt A ) Ca )

Again it is clear that the agreement between observation and
theory is extremely close.

The probable errors of the constants of the curve for France
are as follows:

k= 35075 = .08 millions of population,
a4 = 01975 £ 00015,
m= .8081 = .0o38.
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Fic. 3. The population growth of Sweden,

As a third example we may take the case of Sweden. This is
of interest because it has the longest continuous set of census cotints
of population of any country. The curve of growth is shown in
Fig. 3.
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The equation of the fitted curve for Sweden is

6.336 .
I - 7265 om0

Here, with the long range of ohservations covering roughly two
thirds of the entire cycle, the agreement between theory and ob-
servation is again extremely close.

The probable errors of the constants for the Swedish curve are
as follows:

(v)

F— L1335 =

k=06336 =% .054 millions of population,
a; = .023006 == .00ODILY,
m = 7.263 = .016.

So far all the examples have dealt with cases where all the re-
corded points fell within a single cycle of growth. Let us consider
a case in which the known population history overlaps two cultural
epochs. The best case of this sort available is Germany. Prior
to about 1850 Germany had been chiefly in the agricultural stage of
culture. The industrial stage had only begun in a small way. After
1870 there was a rapid and extensive development of industry, which
reached such a stage by the time of the outbreak of the war in
1914 as to make Germany one of the most highly industrialized
populations in the world. Can the curve of population growth here
under discussion deal adequately with such a case?

There are two ways open to approach the problem. We may
fit a single cycle curve like (ii) to the known population data before
1855, and another similar curve to the known data since 18535 and
weld the two together at the point where they have a common tang-
ent. The result of following this procedure is shown in Fig. 4.
the equations to the two curves being :

For the period up to 1855,

34036 : (vi)

¥ = 10.109 + I F 2.4050 "

From 1855 on,

B2.044 ) (vii)
1 + 207.540e M=

¥ = 33.587 +
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It is obvious that this procedure describes the known facts re-

garding Germany’s population growth in an entirely satisfactory
manner,
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Can we do as well or better with the general curve (i)? The
answer to this question is given by Fig. 5.
The eguation of the fitted curve is

.552
Y= o+ &.mi—.;iffnmw-.wnme : (viii)

Plainly the fit of theory to observations is as close as could be
desired.

Taking all the available evidence into account, of which only a
fraction has been presented above, 1 believe that it is justifiable to
regard equation (i) as constituting a descriptive law of population
growth. By its instrumentality we can describe how populations
grow, and predict their future growth over reasonable periods of
time with a degree of accuracy not attainable by any other method
hitherto discovered.



THE NATION’'S TRANSPORTATION PROBLEM.

By EMORY R. JOHNSON,

(Professor of Tronsportation and Commerce and” Dean af the Fhkarton
School, University of FPewnsvlvanio

It is a somewhat paradoxical fact that as the transportation facili-
ties of any country are developed and made more efficient economic
prosperity and social well being become increasingly dependent upon
adequate, prompt and economical carriage of persons and property
and transmission of ideas, Transportation is one of the principal
determinants of social organization and social progress.

In a country such as the United States, the demand for transpor-
tation services grows with surprising rapidity, and the capital re-
quired to keep transportation facilities abreast of demand has al-
ready reached large figures and must necessarily continue to in-
crease at a corresponding rate, Every nation has its transporta-
tion problem and always will have. The United States, having a
more extensive transportation system than any other country pos-
sesses, may be said to have the greatest transportation problem of
any nation,

The truth of this is evidenced by the facts as to the present and
prospective traffic upon steam and electric railways and upon high-
ways and the capital required for the development of railroad and
other transportation facilities. The purpose of this Paper is to
state those facts briefly and to consider with equal brevity some of the
principles that should control the government’s relation to trans-
portation.

Present VoLume oF Trarric,

Figures of traffic that run into billions are too large to give the
human mind a definite impression, but they at least indicate in a
general way the magnitude of the service rendered by railroads and
other transportation agencies in the United States, In 1923, the
railroads in this country had a revenue-paying traffic amounting to
413,562,000,000 tons one mile. If the non-revenue or company

15
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freight be added the total becomes 457,580,000,000 ton miles. This
is the largest freight traffic ever handled by the railroads in any
year.

The passenger services of the railroads in 1923 amounted to
38,000,000,000 passengers one mile. This, however, was not so
large a traffic as the railroads handled during the unusual period of
the participation of the United States in the World War.

The electric railways of the United States in 1923 carried more
than 16,000,000,000 PASSENgers. Records are not kept of the dis-
tances that passengers travelled on electric railways and, for that
reason, it is not possible to give figures for passenger miles,

It is not definitely known how many passengers were carried by
motor busses in this country, but it is estimated that approximately
1,000,000,000 passengers ride in motor busses annually. The traffic
is large and is increasingly rapidly. The Fifth Avenue Coach
Company of New York City carried 56,000,000 TEVENUE PASSENZErs
in 1923. It is said that 3,500,000 people daily ride upon the busses
operated on the streets of London. The motor busses in London are
now transporting a billion and a quarter passengers annually. Tt
has heen roughly estimated that in 1923 passenger automohbiles
carried nearly ten billion passengers, and that the average ride was
about eleven miles in length. This would make the motor passenger
miles over one hundred billion or two and one-half times the rail-
road passenger miles.

Only very partial information is known of the volume of freight
handled by motor trucks which are now being largely used both by
organized carriers and by large shippers using their own trucks.
An estimate based upon data presented by the Automobile Chamber
of Commerce indicates that motor trucks in 1923 carried 2,220,
000,000 tons of freight, the average haul being less than five miles.
The total ton-miles was approximately ten and one-half billion.

Furure INcaease 18 TRAFFIC.

A careful estimate has been made of the volume of traffic that
will be moving upon American railroads ten years hence or in 1933
The estimate was made for the Bureau of Railway Economics by ;
the railroad companies of the United States. The companies re-
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porting information operated two thirds of the railway mileage in
the country and handled over two thirds of the traffic. On the
basis of these reports, it is evident that there will be an increase of
at least one third in the freight traffic of American railroads during
the decade ending in 1933. This is a much smaller rate of in-
crease than has prevailed in the past. But even that growth will
bring the revenge freight traffic of American railroads in 1933 up
to 550,000,000,000 ton miles. The passenger traffic will probably
increase somewhat slower than the freight business, hut the increase
during the decade ending in 1933 can hardly be less than 25 per
cent. Even that conservative estimate brings the passenger traffic
of American railroads in 1933 up 10 47,500,000,000 passenger miles,
which is not much more than the total reached during the war period.

It takes imagination as well as information to picture the economic
development of a country such as the United States. The increase
of large scale production accelerates industrial activity. Capital
accumulates with augmented speed, the country goes ahead faster
than most people realize. An indication of the economic growth of
the country is given by a statement made by the Pennsylvania Rail-
road that upon the lines of that company’s system 513 new industries
were located in 1923 developing freight traffic estimated at more
than 6,500,000 tons annually., These newly established enterprises
on the Pennsylvania System will expect to load 186,000 cars annually,

In spite of the enormous travel by private automobiles and the
rapid increase in the use of motor husses, the electric railways in the
United States have a constantly expanding traffic. The increase
in their traffic in the decade ending in 1922 was Go per cent.

Although it seems somewhat paradoxical, it iz none the lesz a
fact that the increase of the use of motor busses tends to supplement
rather than to supplant the service of electric railways. The busses
bring traffic to the railroads and electric railways and thus com-
plement, as well as compete with, the carriers by mail. Undouht-
edly the most rapid increase in traffic is that of the motor busses,
but figures are not available to show the actual rate of increase in this
traffic.

Carrrar Requmen ANNUALLY,

This ever enlarging work of transportation cannot be performed
without large expenditures of capital. The railroad companies in
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estimating the growth of traffic for the decade ending in 1933 also
estimated the minimum amount of capital that would be required
to handle the prospective traffic. The estimate was $7,870,000,000
for a decade, or a capital investment in railroad facilities averaging
$787,000,000 a year. This estimate is considered by many men to
be much too small. Inasmuch as the investment in railroads at the
present time probably exceeds $21,000,000,000, the above estimate
of the annual requirements for the ensuing ten years is less than
3% per cent. of the present invested capital. Certainly at least that
percentage of new capital will be required.

How many hundred millions of dollars will be needed each year
to provide electric railway facilities and to meet the demand for
freight and passenger transportation by motor trucks and busses
can only be conjectured. Apparently the development of transporta-
tion facilities in the United States during the next ten years will
require not less than two billion dollars of capital annually. That
amount will be in addition to whatever may be needed for the con-
struction and maintenance of highways, for which $500,000,000 a
year would be quite inadequate. These figures indicate that the
people of the United States must expect to spend between two and
one half and three billion dollars annually to provide transportation
facilities.

REasoxs ror Private Owxersair AND OFERATION oF RAILROADS
% THE UNITED STATES.

The size of the transportation industries and the vital relation
which transportation bears to economic prosperity and social well-
being combine to give importance to the public policy adopted to-
wards transportation. The first big question that the public must
decide is whether transportation facilities should be provided by
the government or by private enterprise. Fortunately this question
seems for the present to have been decided in favor of private owner-
ship and operation, but there is more or less widespread and con-
tinuous advocacy of government ownership and operation of rail-
roads and other transportation agencies, in spite of the fact that sound
economic and political philosophy as well as practical experience
indicate that private ownership and operation of railroads and other
transportation agencies is the wiser policy for the United States.
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The reasons why private ownership and operation of the rail-
roads are preferable to government enterprise are not always clearly
understood. Briefly stated the main reasons are

(1) That private ownership and operation of railroads is in
harmony with the genius of the people of this country. The country
has gone ahead with amazing rapidity because the principle of private
initative in economic life has been adhered to.

(2) The management of a railroad is an executive task for
which a democratic government is ill adapted.

{3) The successful management of a railroad or other large
business enterprise requires unity of thought and continuity of
purpose on the part of the directors and executive officers. Govern-
ment management is subject to legislature control which in a dem-
ocratic country renders impossible that continuity of purpose es-
sential to success in railroad management.

{4) Private enterprise invests funds in response to business
needs. Private railroads are developed where there is the largest
traffic demand. Government appropriations for railroads would be
subject to political as well as economic influences,

(5) The officers and directors of a railroad company are under
constant pressure to keep expenses down. They will employ no
more than are needed. In government enterprises this is not the
prevailing practice.

(6) Men of greatest efficiency and highest technical training are
less attracted to government positions than to private business ac-
tivities. If the railroads were owned and operated by the govern-
ment, they would in a few years be operated by men of less efficiency
than the men engaged in private enterprises.

(7) The expense of operating railroads under government man-
agement would be greater than under private management. Rates
and fares would have to be higher or the tax payers would have to
meet annually recurring deficits. With very few exceptions, govern-
ment operation of railroads has resulted in deficits borne by the
ax pavers.

(8) The acquisition of the railroads by the United States govern-
ment would double the present debt, large as that has been made
by the recent world war. 1f the debt were doubled, the interest
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rate would be increased. The financial burden borne by the tax-
payers would be much heavier.
GoverNmeNT Poricy—Essentiat Prixciries oF ReEGuULATION.

Government regulation rather than government ownership and
operation of the railroads and other transportation facilities is ad-
visable in the United States. Government regulation is necessary
in the public interest. It is also necessary that regulation should
be in accordance with sound principles.

The public generally now has a much clearer understanding of
the problem of government regulation of railroads than it had prior
to the World War. Up to that time, the main purpose of govern-
ment regulation of the railroads was to punish abuses in the rail-
road service and to prevent their recurrence. The Transportation
Act of 1920, however, is framed in accordance with the principle
that the government’s relation to the railroads must be constructive
and helpful as well as corrective. Most of the railroad abuses of
the past have been eliminated. The primary aim of the government
now is to assure adequate facilities.

The government cannot avoid regulating railroad rates and in
the long run the federal and local government will inevitably regulate
the rates of commion carriers other than the railroads. This means
that the revenues of railroads and other carriers will be determined
by public policy. It needs no argument to prove that government
regulation must not go so far as to prevent the carriers from making
a fair profit upon their investment. New capital, and the amount
required is large, must be secured from investors; and investors will
place their capital only where there is hope of at least a reasonable
Teturn.

This fact is recognized by the Transportation Act of 1920 which
directs the Interstate Commerce Commission to adjust and establish
such railroad rates as will yield the carriers a fair return upon the
property devoted to the service of the public. This is the heart of
Section 15A of the Transportation Act, concerning which there has
been much public misunderstanding. In the public interest, it is
necessary that the principle of regulation underlying Section 154
should be maintained and developed.

Another general principle of regulation that has been partially
recognized by legislation is that carriers serving the public should
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work with each other instead of against each other. Up to the time
of the World War, legislation sought to minimize the coordination
of the railroads. Now their codrdination is favored. The law
contemplates the voluntary consolidation of the 200 large railroad
systems and the 1,400 minor ones into a limited number of systems
(possibly twenty). This is to be done without abandoning com-
petition in services. The maintenance of competition in service is
desirable and possible, and will not be prevented by the consolida-
tion of railroads in accordance with the plan contained in the Trans-
portation Act of 1920.

The desirable codrdination of carriers includes not only the
consolidation of our present railroads into a limited number of per-
manent systems of relatively equal strength, but also the correlation
of railroads, waterways, and highways in such a way as to form a
unified transportation system. The cobrdination of rail, water, and
motor carriers involves the physical connection of railways and
waterways and the interchange of traffic of the railroads and water-
ways with each other and with common carriers by motors. In
the future, the aeroplane and the airways will have to be brought
into the picture. What the country needs is a cobrdinated or uni-
fied transportation system, including all transportation agencies so
regulated by the government as to permit carriers to serve the public
with maximum efficiency and to provide the country, year by year,
with the additional facilities required for its untrammeled economic
development and for its progressively greater social well being.



PHYSICAL FACTORS IN PREDICTING THE BASAL
METABOLISM OF GIRLS.*

By FRANCIS G. BENEDICT.
(Read April 28, fgr_-.;'.}

That there are reasonably close relationships between the size
of the individual and the total twenty-four hour basal heat produc-
tion and particularly between the surface area and the metabolism
have for many years been considered by most physiologists as estab-
lished facts. The original concepts were hased upon startlingly few
experimental data, however, and it was not until the collection of
a large mass of metabolism measurements upon different normal
individuals became available that closer study of these relationships
could be made. After many urgent requests on the part of workers
in metabolism, the Nutrition Laboratory in 1914 listed its measure-
ments on normal individuals? A consideration of certain of the
factors affecting metabolism followed this presentation® but the
final analysis of the figures was designedly left until they could
receive proper biometric treatment.” These original measurements
have played a most important part in several discussions of basal
metabolism. Du Bois and his collaborators have discussed the ques-
tion chiefly from the standpoint of surface area,® finally recognizing
the age and sex elements® Dreyer ® attributes special importance to
weight and age, differentiating between males and females, while
Gruber * has laid special emphasis upon length. Finally, the bi-

* From the Nutrition Laboratory of the Carnegie Institution of Washing-
ton, Boston, Massachusetts.

1 Benedict, Emmes, Roth, and Smith, Journ. Biol. Chem., 1914, 18, p. 130.

* Benedict, Journ, Biol, Chem., 1915, 20, p. 263.

3 Harris and Benedict, Carnegie Inst. Wash. Pub. No. 279, 1915,

4 Gephart and Du Bois, Arch. Intern, Med., 1915, 15 P 835; ibid., 1016, 7,
p. 9oz; also Du Bois, Am. Journ, Med. Sci, 116, 151, p. 781; also Du Bois,
Cornell Univ. Med. Buil,, 1017, 6, No. 3, Pt. 2.

5 Aub and Du Bois, Arch, Infern. Med., 1017, 19, p. 8313 also Cormell Uniz,
Med. Bull, 198, 7, No. 3, 1gth paper; p. O

% Dreyer, Lancet, 1920, Fart 2, p. 290, :
* Gruber, Sitzungsberichte d. Bayerischen Akademie d. Wissenschafien, 1021,

P34
25
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ometric analysis made by the Nutrition Laboratory indicated that
weight, stature, age, and sex all have independent relationships.®
There has been a great deal of controversy and perhaps much time
lost over comparisons of these several methods of predicting the
metabolism from known factors. Since, however, practically all
these analyses are hased, in large part at least, upon the same ex-
perimental material, i.e., the Nutrition Laboratory series, it is not
surprising that the several prediction methods agree reasonably well
among themselves.

The data originally published in 1914 included practically no
children, DBut since that time two Nutrition Laboratory series of
metabolism measurements on children, the one made in collaboration
with Dr. F. B. Talbot * and the other with the cobperation of groups
of Girl Scouts," have made possible a more elaborate analysis of
basal metabolisin during the earlier years of human life. The prime
use of basal metabolism predictions is obviously to compare the
measured metabolism of pathological cases with the expected
metabolism of a normal individual of a similar sex, age, and physical
configuration. Perhaps no one problem is presented more frequently
to the Nutrition Laboratory than the question as to what is the best
method of predicting the metabolism of children, for in spite of the
numerous metabolism measurements on normal children published
from this Laboratory, they still fall far short of the number nec-
essary to provide an ideal method for prediction applicable to that
period of intense physical change represented between birth and 20
years of age,

Many children will be somewhat disturbed, if not actually agitated,
during the first metabolism measurements, and it is obvious that only
repeated tests can indicate the true basal metabolism.  1f, inany series
of measurements, a period of complete repose gives us a value for
the oxygen consumption or carbon-dioxide production that is lower
than all the other period values, then if technical errors have

® Harris and Benedict, Carnegie Inst. Wash., Pub. No. 270, 1010,

¥ Benedict and Talbot, Carnegie Inst. Wash. Pub. Ne. 02, 1021

1® Benedict and Hendry, Boston Med. and Surg. Jowrn., 1031, 154, o 217,

257, 282, 297, and 329; and also, Benedict, Hendry, and Baker, Proc. Nut

Acad. Sei, 1921, 7, p.o 10; Benedict, Beston Med. and Surg, Jonrn, 1023,
8, p. 127 i
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been uvoided, this period must most closely approximate the
basal metabolism,

With two or more closely agreeing low values the probable
accuracy of the selected figure ' must be very high, and the assump-
tion is justified that the average of the two represents the closest
approximation to basal and that all other figures in oll other periods
are too high to be wsed in any basal discussion, whatever their value
may be as an index of the general, daily 24-hour metabolism which
includes, naturally, periods of muscular and digestive activity. For
comparing different children and for comparing children with youths
and adults, basal figures alone can be employed.

Granted that muscular and digestive activity can be, if not wholly
eliminated, at least in large part suppressed, a close analysis of the
factors affecting metabolism shows that we have to deal with several
known and probably many as yet unknown factors. With adults
certainly biometric analysis has shown that weight, height, age, and
sex each have an independent influence upon metabolism. The
question then arises—what factor or combination of factors is
most closely correlated with the measured basal metabolism? Re-
cent researches indicate that undernutrition plays an important role,
certainly with adults and probably with children. Consequently it
is highly probable that a simple statement of the age, height, weight,
and sex will only partly meet the requirements of a prediction method
and that one should give careful attention to the state of nutrition.
Innumerable anthropometric records of children have been made and ~
various indices as to the state of nutrition have been reported.t
Their possible nsefulness n predicting metabolism should be in-
vestigated.

In the prediction of the metabolism of children, one usually is
confronted with the difficulty of expressing in an intelligent manner

11 The pulse rate, if carefully taken, and particularly the graphic records
of the desree of repose are invaluable as supporting evidence in the selection
of minimum values.

12 Van der Loo, Nederl. Tifdschr. o Geneesk., Amst, 1019, 1, P 447 {cited
i Tourn. Ant. Med, Assoc., 1010, 72, 9. 1403) ; Rohrer, Miinch. med, Wochen-
schr.,, 1021, &8, pp. 5Bo and 8s0; Pirquet, Syitem der Ernilrung, Berlin, Vuols.
1—4, 1917-1020 (also, Zeitschr. f. Kinderheilk., 1016-1018, Vols. 14-18) ; Pirquet,
“ An Outline of the Pirquet System of Nutrition,” Philadelphia and London,
1922,
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the state of nutrition, either in terms such as * moderately well
nourished,” “well nourished,” * thin,” or “emaciated " (these hav-
ing really no quantitative significance), or by the use of one of the
many suggested indices of nutrition which involve measurements that
are frequently not taken or not reported or that cannot be easily
estimated from commonly reported measurements, Of the various
indices of nutrition proposed by different writers, none has been so
extensively compared with actual nutrition measurements as the
index recommended by Pirquet. A recent visit to Pirquet’s clinic
in Vienna brought to mind again the possibility of correlating some
of these indices with the basal metabolism, with the primary ohject
of seeing if it was possible to secure a simpler method of prediction.
No critics of Pirquet’s system ™ can fail to admire the ingenuity
with which he has devised his plan, particularly when one considers
that it was primarily a war measure, that an untried group of labora-
tory and hospital assistants had to he used, only limited supplies of
food were available, and the strictest Economy in rationing was
essential. That it served its purpose is attested by the large number
of lives salvaged by Pirquet in his masterly experiment with the
Viennese young during the period of stress incidental to the war and
its aftermath, The true worth of much of his NUIMEeTols, maore or
less arbitrary assumptions and dicta, including a terminology that v,
Leersum * in a spirit of raillery calls * argot,” may be safely left to
the final assessment of his pediatric colleagues, but a close analysis
of the factors entering into Pirquet’s most ingenious, if not indeed
(for America at least) practical, system shows two important con-
ceptions that no physiologist can ruthlessly cast aside and condemn
because he is not in favor of adopting the “nem system” in its
entirety.

Very strongly impressed with certain relationships which he finds
between the sitting height and the body weight of humans of all
ages, Pirquet suggests a mathematical expression of the relationship
between the weight and the sitting height determined by dividing
the cube root of ten times the weight in grams by the sitting height

12 Pirquet, Sysfem der Erndlirung, Berlin, Vaols, -4, 1017-1020 (also
Zeitschr. f. Kinderheilk,, 116-1018, Vols, 14-18).

v, Leersam, Bull. Soc. 5qi, d'Hyg. Alimen,, 1021, g, p. 480.
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in centimeters,”®* This quotient, to which Pirquet has given the char-
acteristic name * pelidisi,” i1s found to range from about 8 to 113
or 114, emaciated individuals showing the lower wvalues and fat
individuals the higher?® Consequently the pelidisi itself, Pirquet
maintains, is a much better expression of the state of nutrition than
is the old, admittedly wholly inadequate expression that the person
is well, moderately, or poorly nourished. As a further assistance
in indicating the state of nutrition of individuals, particularly chil-
dren, he proposes an expression, likewise in the form of a coined
word, which will indicate immediately the condition of the blood
supply to the skin, the amount of fat, the turgor, and the muscular
development.

In place of either of the two main factors heretofore considered
by various writers as controlling the metabolism, f.e., the mass of
active protoplasmic tissue and the surface area of the body, Pirquet
now proposes the surface of the intestine (Ernahrungsoberfliche).
This conception challenges attention if for no other reason than that
it is a welcome diversion from the time-honored notion that the
metabolism is “ determined ™ by the heat lost from the surface of the
body. The measurement of the length of the intestine is out of the
question, but from several physiological and geometrical standpoints
and reasonings he comes to the conclusion that the absorbing intes-
tinal surface bears a simple, geometrical relation to the square of the
easily measured “ sitting height.” Hence this anthropometric meas-
urement becomes one of the most important factors in his whole
system. Without entering into the details of the method of com-
putation and the various assumptions involved in the establishment of
a seeming proportionality between food needs and sitting height
(assumptions quite out of harmony with much of his reasoning),

15 In this connection the importance of actual measurements of height with-
out shoes and weight without clothing in all data for use in metabolism
measurements should be strongly emphasized. Normal material, to be used as
a criterion for hospital comparisons, must have a umiform basis which will
not be affected cither by variability in the weight of clothing (caused by
custom, afffuence or scason) or by variations in the height of heels. Far
:ﬂﬂlﬁboli:m records only nude weights and heights without shoes are of

e

181t is important to realize that 100 does not signify perfect or normal in
all ages,
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the suggestion still remains—Is the sitting height a measurement
that is intimately related in any way to the basal metabolism ?

A series of basal metabolism experiments, including records of
heat production, age, sex, height, sitting height, and weight, large
enough to permit statistical treatment is most desired. The extensive
Nutrition Lahoratory series on individual children is deficient in
that the sitting height was not taken.” Professor Pirquet, on a visit
to the Nutrition Laboratory, stated, however, that the sitting height
may be accurately obtained by adding 5 centimeters to one half of
the total height. A number of measurements made in the Nutrition
Laboratory have in general confirmed this, and consequently it has
been possible for the purposes of this study to derive the probable
sitting height of the children from the recorded total height.

Prior to the suggestion of a relationship between sitting height
and metabolism, extensive comparisons of the influence of weight
and surface area in the prediction of metabolism had been made by
Benedict and Talbot ** from the measured metabolism of the Nutri-
tion Laboratory series of boys and girls. As the method of compu-

1" Dr. C. B. Davenport has suggested to the writer that the sitting height,
not to the vertex hut to the suprasternal notch, might be found to be of im-
portanee in metallolism stidies, as giving a measurement of trunk length un-
complicated by head length. This measuroment is strongly recommended and
should be recorded by all workers in mormal metabolism studies.  Although
we have not found material diferences in the measurements of the sitting
height, when carried out without special precautions and when compared with
the specifications of Drever, for the sake of uniformity and exactness in de-
scription the Drever method is undoubtedly preferable, Dreyer (see Dreyer
atd Hanson, “ The Assessment of Physical Fitness,” New York, 1921, - 3
and 6) shows a special apparatus which, however, is hardly necessary. He
states that the subject should sit on the foor and not hang the legs over a
chair or bench. He specifies that the measurerierits should be made as follows,
" The subject places the backs of the fingers upon the platform on which he
sits, and, with the fingers pointing hackwards and the knees flexed, lifts the
lower portion of the body gently backwards vntil the lowest bony portion of the
05 sacrum is in contact with the front of the mieasuring standard. The back
is then straightened until the back of the head comes into contact with the
standard. Tt will be found that different persoms requoire to bend the knees in
different degrees i order to achieve this position. The head should be tilted
neither up nor down, and the eyes should look straight forward., The measure
ment thus obtained gives the distance between the ischial tuberosities and the
top of the head.”

i Benedict, Boston Med. and Surg, Journ., 1019, 181, p. 107; Benedict and
Talbot, Carnegie Inst. Wash. Pub. No. Joz, 1gazr,



PREDICTING THE BASAL METABOLISM OF GIRLS. 31

tation and comparison is, in lieu of statistical treatment, the most
rational that we have thus far found, a word as to its details is here
desirable. For example, basal metabolism measurements were made
in a respiration chamber on a total of 128 hoys and 114 girls, and
simultaneously the heights, weights, and measured surface areas
were recorded. The result for each child (boy or girl) was repre-
sented by a point on a chart, with the values for the measured metab-
olism as the ordinates and another factor, such as weight, age, or
stirface area, as the abscissae. Using separate pieces of tracing
paper, five different members of the Nutrition Laboratory staff
(all skilled workers with metabolism charts) each sketched, free-
hand, the curve that to him seemed to represent most truly the
general trend of the plots. A compasite of these five curves was
subsequently made, to obtain the final curve represented on the chart.
Thus a curve was obtained showing the predominant trend of the
metabolism as related to its compared factor.

Precisely this treatment was accorded the relationships between
the basal z4-hour heat production and body weight, mieasured sur-
face area, and age.® These curves show the general trend of the
metabolism as referred to weight, surface area, and age, and from
the general grouping of points about the curves it would seem that
certain curves might be of practical value for predicting the unknown
basal metabolism of a boy or girl whose weight or surface area is
known. Although the curves represent trends only, the wide scatter
of individual points is disturbing to the thought of using such
carves for prediction purposes. Furthermore, the percentage de-
viation of the points from the smoothed curve is largely affected by
the actual weight or surface area of the individual. Percentage
relationships only, therefore, may properly be used in assessing value
to these curves for prediction purposes.

The actual heat production of a child, as measured, is referred,
for example, to that noted on the curve for the weight of the partic-
ular child. The difference between these two values indicates whether
the predicted heat production (from the smoothed curve) is greater
or less than the actual heat production. Thus, if the predicted heat

% Benedict, Boston Med. and Surg, Journ., 1919, 131, p. 107; Benedict and
Talbot, Carnegie Inst. Wash. Pub, No. 303, 1021.
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production is lower than the actual, the difference will be expressed
by a minus sign. The percentage difference is obtained by dividing
100 times the difference by the actual heat production. Thus, in a
typical case, a boy 7 years and 2 months old, with a nude weight
of 10.9 kilograms and a height of 111,35 centimeters, had an actual
basal heat production per 24 hours of 838 calories. From the
smoothed curve showing the relationship hetween the basal 24-hour
heat production and the weight a boy weighing 19.9 kilograms would
be expected to have a heat production of 837 calories, e, the pre-
dicted heat production is 2.3 per cent. above the actually measured
metabolism 2 Similarly, on the basis of the curve for total calories
referred to body surface, this same boy, having a surface area
(measured by the Du Bois linear formula) of o082 square meter,
is found to have a predicted heat production of 867 calories, which
is 20 calories or 3-5 per cent. greater than his actual metabolism.
The results for boys and girls were calculated in this manner and
expressed on the percentage hasis, the total heat production being
referred both to weight and surface area.

The next step in the analysis is to note the average percentage
deviation, without regard to sign, of all of these predicted values
from the values actually found. Obviously that method of prediction
giving the smallest deviation of predicted from actual is the best.
The extensive tabulations and details of all calenlations are given
in the original report = of these studies, and a repetition here is

# The method of computation of the percentage values given in this paper
may be challenged, Thus, we have used the actual heat production as
the basis fn determining the percentage deviations, that is, we have divided
the difference between the actug) and the predicted metabolism by the actual
metabalism. One may maintain that we should have used not the actual but
the predicted heat production as a basis, since the true test of the prediction
curve is the range of the deviations from the prediction. This would mean
that some of the percentage values previously computed on the basis of the
actual metabolism would be raised a little and some would be Towered a litile.
There would therefore he compensation here and the OUEFAgE percentage
deviation would be altered byt slightly on this new basis. We have accord-

ingly not deemed it NECEssary to recompute these percentages, although, strictly

speaking, it would have been mare rorrect to have used the predicted metab-
olism as the basis,

*! Benedict and Taibot, Carnegie Inst. Wash. Pub. No. 30z, 1921, pp. 187
et seq,
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undesirable. A summary of the findings is, however, given in
Table 1.
TABLE L

Costparison of THE Acruar Basar z4-Hovr Hear PropucTion oF Boys axp
Cres with tHE MeTaporism Premcren FroM Booy WEIGHT
AxD Boby SumFace

Basis Number Deviation of
Group. of of Predicted
Prediction. Subjects. from Actual.
4 p.ct.
Al BowE, ovsei-rendaaanidns Weight 28 7.4
Below 10 kllok. . .. ooccoevcnesl 60 8.7
Above 10 kilog . ... cvveveniiins 68 6.3
AT DR, ermor i 5w g Surface 148 7.5
Below 045 80 Ty uicnrsnsas 52 71
ADOVE 04580 M.. . ....cscmas T 7-3
Al s L T R Weight I14 9.7
Below 10 kilos. . . vuvsviissass 58 1L.B
Above yokilon. .. . ileiasan 50 7-5
F | e R e Surface 114 0.8
Below 045 80: T - ixvneisves 40 1.6
ADOVE 045 B Mt v svennssnss 63 8.3

In Table 1. two facts are clearly brought out, first, that the pre-
dictions below 10 kilograms or 0.45 square meter are with both
boys and girls poorer than those made above these limits. Secondly,
on any basis the prediction for boys in general is measurably better
than the prediction for girls upon the same basis. There is a dis-
tinctly better prediction of the basal metabolism of children over
one year of age (i.e., over 10 kilograms or 0.45 square meter) from
the weight rather than the surface area. The best prediction is
that for boys over 10 kilograms, i.e, == 6.3 per cent. From these
summarized analyses of the deviations of predictions with boys and
girls it was concluded that the prediction from weight was the best
available, and a table was prepared, giving the most probable heat
production of boys and girls of different weights from birth to
puberty. This table has been published * and is now much used as
a method of predicting the basal metabolism of children.

22 Benedict and Talbot, Carnegie lnst. Wash. Pub. No. 302, 1921, Table
36, p. 206; see, also, Carpenter, Carnegie Inst. Wash. Pub. No. 303, 191,
Tﬂhks 20, p. 100.
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Pirquet's concept of a proportionality between metabolism and the
sitting height, a concept borne out by his practical experiences in
feeding large numbers of children in Vienna, seemed to warrant a
closer examination of the relationship between the measured basal
metabolism and sitting height with these children. From the Nutri-
tion Laboratory data for children this relationship between metab-
olism and sitting height ** could he easily computed. It was found,
in considering the series of boys over 10 kilograms, that dividing the
measured 24-hour basal metabolism by the square of the sitting
height gave a factor corresponding to 0.241 on the average. The
range between different individuals was very great. For example,
the factor for one boy was as low as 0.165 and for three individual
boys as low as 0.186, while with five it was 0.310 or above, the high-
est value being 0.340. Thus we see that this constant had an extreme
variation of over 100 per cent. It became clear at the outset,
therefore, that while a large number of boys showed constants be-
tween .200 and .240, the variation was very much wider with many
others. Any concept of this * constant representing a single value
must therefore immediately be given up, for whatever semblance of
proportionality Pirquet found with his Viennese children between
their total food needs and sitting height, certainly no significant rela-
tionship could be established on the basis of basal metabolism.

At this step it became evident that the severest test of any pro-
posed method of prediction would be made by applying the predic-
tion method to our measured series of girls. The predictions for
boys first made, either from the weight or even by the Harris and
Benedict formula for men, have been shown to be reasonably satis-

*#1t is important to emphasize that in this paper wherever sitting height

is mentioned, it does not refer to actually measured sitting height, but it
tepresents one half of  the tom) stature in centimeters plus 5 centi-

the fact that this rule, which may work admirably for normal children, is
notably wrong with a series of Mongolian idiots which he has measured, in
which the additive factor is much BEATEr 10 centimeters rather than 5 centi-
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factory.®* With girls the prediction is by no means satisfactory
and many of the problems in metabolism presented to the Nutrition
Laboratory have had to deal with the metabolism of girls. Atten-
tion was therefore immediately directed toward the series of girls
and the possible relationships between the heat production and sit-
ting height were studied with them. When the values for the total
heat production (as measured) divided by the sitting height squared
were plotted, in one chart against the height, in another against the
sitting height, and in another against the sitting height squared, and
when through these plots curves representing the probable general
trend were drawn in accordance with the method outlined previously,
it was found that the prediction from these curves was of a much
higher order of accuracy than the prediction by any other method
thus far proposed for the girls. Indeed, as can be seen from Table
I, the best predictions there recorded showed an average deviation
of predicted from actual, on the basis of weight, of = 7.5 per cent.
for the 56 girls above 10 kilograms in weight, and on the basis of
surface area = 8.5 per cent. with the 65 girls above 045 square
meter. We now find that by using the relationship between sitting
height squared and the total heat and referring to the three bases,
height, sitting height, and sitting height squared, it is possible to
secure predictions for these 36 girls weighing 10 kilograms and above
of an order of = 6 per cent. It is quite clear, therefare, that the
sitting height squared, or at least the length factor, has materially
altered the entire complexion of the method of prediction.

As a result of this finding a large number of computations and
comparisons were made, using chiefly the data for the 56 girls in
the Benedict-Talbot series weighing 1o kilograms or above. It is
impracticable to present all of the numerous tables and plots, but
in Table II. are summarized the average percentage deviations found
by predicting the metabolism from the several curves.

A general inspection of this table shows that the higher per-
centage deviations are noted almost invariably with relationships
which involve body weight or area, such as those under the head
of heat per kilogram or heat per unit of surface area. On the other

24 Benediet and Talbot, Carnegie Inst. Wash. Pub. Ne. 302, 1921, D
104; aleo Benedict, Proc. Nat, Acad. Sei., 1920, 6, p. 7.
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TABLE IIL

Comramsox oF Dirresent MeTHODS oF Premorivg THE Basar z2-Houm Hear
Prooucriox or THE 6 Bexunior-Tarsor Gs 1o
Knocrams axp Over v WemgsT,

(Values represent average percentage deviations, without regard 1o sign, of
predicted from actual metabalism.)

Basis of Reference.
Heat Factor,
3 . Sitting
5 | Weight |Feighe | Sitting Helght
Height. 1!.'3:;&:1&1.
Total heat ™., o, L T 6.3 7.5 6.0 6.7 5B
helphid, s s 5.8 d.2 6.1 30 6.1
sitting height ., ., .. 5.7 6.5 5.0 6.0 6.3
- sitting height
Total heat divided by {sqmared) . . .. ... ra| 7.5 i <0 5.8
weight divided by
Bedght, . S sl e H e
Heat per kilogram. ......o.,....... . o4l T4 B = b
{ height. . . ... 10l 6.9 7.7 74 A1
. sitting helght (rog0| 6.5 73 10.8 7.6
Heat per kilogram divided by sitting height
| (equared) .|13.3] =8 7.0 7.0 8.6
Heat per square meter. ..., _...... .. . Byl #Ho &1 e PR
Heat per square meter divided by sitting
hcighh;:-sqnan:d'.l ...................... afieng]ee b T LTSS T s o
Total t : *
—}m— divided by weight . ......... . Logl [P Pt et P

* The prediction on the basis of the total heat referred to body surface
showed an average percentage deviation of + 7.0 per cent. The values for
total heat production were alsg plotted with reference to the Van der Loo

index (weight divided by square of length), but the scatter of the points was
very wide

A chart was plotted on this basis of reference, but the scatter of the
individual points was so great that it was not considered justifiable to draw
a smoothed curve through the points and make the computations therefrom.

hand, in those relationships which involve some length factor, such
as when the total heat is referred to either height, sitting height, or
sitting height squared, and when the total heat is divided by the
height, by the sitting height, or by the sitting height squared, and
referred to the several other factors, the arder of prediction is very
much improved. Of the half hundred methods of prediction listed
in Table II., a goodly number show an accuracy of =+ 6.3 per cent.
or better, and in limiting the selection of the best method of pre-
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diction to those methods showing an average deviation of predicted
from actual of ==6.3 per cent, or better, we see that all prediction
methods involving the weight element and the surface area element
are, except in one instance, immediately ruled out. But 'even with
the limited selection, the determination of the most practical or
best method of prediction among this selected group is still somewhat
involved and we have recourse to another factor, namely, the dis-
tribution of the individual percentage deviations outside of the
average deviation.

In Table 111, the data are collected for those bases of prediction
only with an average accuracy of = 6.3 per cent. or better. This
tabulation shows the actual number of girls in the series of 56
studied whose deviations in predicted metabolism are outside the
average deviation, the number outside = 10 per cent, and the
number outside == 15 per cent.

A general inspection of the table shows that the range of ac-
curacy in prediction is from = 5.7 to = 6.3 per cent., with a central
tendency for the average to be about == 6.0 per cent. The number
of individuals outside the average deviation is very close to 22 or
235, the number outside the =10 per cent. range is from g to 15, and
the number outside = 15 per cent. from 3 to 5. Seemingly there
is but little to differentiate the best method, owing to the small
(statistically speaking) number of individuals that we are working
with, and hence the advantage, from the practical standpoint, must
lie with that method involving the simplest measurements. As
the height is invariably recorded and it is necessary for this series
of girls to compute the sitting height from the height, the relation-
ship between the total heat production and the height is selected as
the most practical method of predicting, although it does not give the
absolate minimum value in the accuracy of prediction, as shown in
Table 11I. The average error is == 6.0 per cent., there are 23 girls
outside the average deviation, 11 girls outside = 10 per cent., and
4 girls with a prediction error of == 15 per cent. or more.

The curve for the total heat production referred to height is
given in figure 1, the data for 57 girls under 10 kilograms in weight
being plotted as well as the data for the 56 girls above 10 kilograms
in weight. Through the plotted points representing the total heat
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as measured and the stature has been sketched the curve represent-
ing the general trend of the metabolism, as outlined by five workers
independently. In figure 1 we have not indicated the girls below
10 kilograms by special points, but in general those girls below 78
centimeters in height are those weighing under 10 kilograms,

TABLE IIT.

Distrmaurion oF Percewtace Deviarions 1w TaHose Peepicrions Wamcn
SHowED AX AviRacE Accumacy of + 6.3 Per Cext, on Bermee
ror THE 86 Guens 1o Krnockams axp Over mo

WEeigHT.
Number of Girls
Average Outside of
Deviation
Basis of Prediction. of Pre-
dicted from| Average |
Actual, | Devia- | 10| =15
tion. ] |8 el
=+ p.ot.
1 e e 6.2 23 10 3
Total beat referred to{ heighe . ... .. ... ... .0 23 1t 8
gitting height (squared) 5.8 24 9 3
aﬂ?h ................ 5.8 23 & 3 3
WlEhE . . e e nn 6.2 25 14 4
Tntaf hoat referred to4 height. .. ... oo ihat. 6.1 24 12 4
Height sitting height. . ....... 50 22 o | 5
| sitting height {(squared) 6.1 25 15 4
:E‘i!-l; ............ L 22 I 3
Tatal hicat eight. ..o 5.0 24 13 4
—————— ypeferped to { sitting hefght. ... .. .o 24 132 4
Sitting helght gltting height
(equared)........ .3 23 15 4
height...... f.1 23 13 4
S L2 S [ sittingheight |~ 5.0 a5 | 3
Sitting height squared aitting helght
1. {pquared) . 5.8 23 I3 3

From this curve we have also predicted the metabolism of the 57
girls below 10 kilograms in weight, and find that the error of pre-
diction is on the average = 10.9 per cent, with 28 individuals falling
outside the average and 16 outside of =& 15 per cent. This average
accuracy of = 10.9 per cent. betters appreciably the + 11.8 per cent.
recorded in Table I. for the 58 girls below 10 kilograms in weight,
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when the prediction was based on weight,’” and is also better than
the = 11.6 per cent. found when the prediction was based on
surface area.

&ﬁhd TOTAL HEAT REFERRED TO HEIGHT GIRLS

S50 P/
1200 ‘/./
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700) ] /
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300| . g

Em iy
7
A
O oems o0 80 00 120 140 60
Fic. 1. Basal heat production of girls per 24 hours referred to height.
The dots represent girls from 1 week ald to 12 years ald; the crosses repre-
sent the groops of Girl Scouts: the arrow indicates the average valve for
103 adult women.

The curve in Fig. 1, therefore, by every test proves its superiority
to the other methods of predicting the metabolism of girls from birth
to 12 years of age, and it is clear that Benedict and Talbot, instead of
stressing the weight or surface area, should have recognized the great
significance of length, either in its simpler form as total stature or as

=7 On the weight basis, data were available for 58 girls below 10 kilo-

grams, but on the height basis the data for only 57 girls were available, as no
height was recorded for one of the girls.
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sitting height, which was so much emphasized by Pirquet and later
by Drever. With children from birth to puberty, to be sure, one
would expect to find a close relationship between age and height
and weight, but while age and weight are both related to heat
production, the heat is somewhat more closely related to height than
to either age or weight.

Between puberty and 21 years of age, when the adult formula
for the prediction of the heat production of women applies,® there
is still a period of 8 years to be considered, which is represented
by the Nutrition Laboratory measurements of Girl Scouts.® These
Girl Scout values have been plotted in Fig. 1, which indicates the
general trend of the total heat production when referred to height,
and the curve for girls up to 12 years of age (or 138 cms. in height)
has been extended to pass through the cluster of Girl Scout data.
The consideration as to whether this section of the curve may be
used for predicting the metabolism between 12 and 21 years of age
brings out two facts. In the first place, when one attempts to use
this curve to predict the metabolism of the Girl Scout groups, one
finds that the 11 growps are predicted on the average with an error
of =+ 4.2 per cent., with 3 groups outside the average and one group
more than 10 per cent. from the central line. This accuracy of pre-
diction is measurably poorer than the accuracy found (ie., circa =
3.4 per cent.) when, as in the original treatment of the Girl Scout
data, weight, age, and surface area alone were considered and the pre-
diction curve was based only on the Girl Scout data, with no attempt
to blend the curve with the curve for the younger girls.

A second and more important fact is to be considered in deter-
mining whether this curve showing the heat-height relationship is
the best one to use in predicting the basal metabolism of girls in
this age range. From the Girl Scout measurements we find that
all the groups of girls (each group containing 12 girls) between
12 and 18 vears showed essentially the same total basal metabolism,

% Harris and Benedict studied a few girls under 21 years of age, buot
their prediction tables do not apply below 21 years.

% Benedict and Hendry, Boston Med, ond Swrg. Jowrn,, 1921, 184, pp.
ary, 257, 282, 297, and 329; also Benedict, Hendry, and Baker, Proc. Nat.
Acad. Sci., 1921, 7, p. 10: also, Benedict, Boston Med. and Surg. Journ., 1023,
188, p. 127,
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the average for all the groups being not far from 1,230 calories.
Since the younger girls were likewise smaller in weight, shorter,
and of smaller surface area, the heat production per kilogram of
body weight and per square meter of body surface was specifically
high with the younger, ie., shorter and lighter weight girls. From
Fig. 1, in which the total metabolism is referred to height, it is
clear that as height increases total metabolism increases, while the
Girl Scout findings show that the total metabolism remains essentially
constant between 12 and 18 years of age in spite of an increase in
stature from 150 to 165 centimeters. The curve for total metabolism
referred to height implies a continually increasing metabolism with
increasing height, contrary to the Girl Scout findings, and hence
the usefulness of the curve for predicting beyond 12 years (or 138
ems.) is immediately challenged. It is important to bear in mind that
the direction of this curve was determined solely by the measurements
on children, but it should be pointed out that the average heat
production (1,349 calories) at the average height (162 cms.) of
the 103 aduit women studied by Harris and Benedict would lie
about 4 per cent. above the curve as at present drawn. This
average point for the 103 women is indicated in Fig. 1 by the arrow.

The recent publication by Miss Bedale * of a series of measure-
ments of basal metabolism of young girls confirmed the Nutrition
Laboratory findings of uniformity of total metabolism with the Girl
Scouts. Thus, her data for girls show that on the average the basal
heat production per 24 hours is 1,402 calories at 12 years, 1,478
calories at 13 years, 1,450 calories at 15 years, 1,363 calories at 16
years, and 1,349 calories at 17 years. From these data one can draw
the conclusion that her girls 12 to 17 years old also had essentially
the same basal metabolism, i.e., not far from 1,400 calories. That
this value is measurably above the 1,250 calories found for girls of
similar ages in the Nutrition Laboratory series is not of significance
at this time.™

80 Bedale, Proc. Rov. Soc., London, 1023, Ser. B, o4, Table L, p. 375

2 It should be pointed out here, however, that the discussion of Miss
Bedale's data later in this text is based not opon these aperage values but upon

i figures selected from the detailed data kindly placed in our hands
by Miss Bedale.



42 BENEDICT—PHYSICAL FACTORS IN

In an unpublished series of metabolism measurements on girls
made by Miss Grace MacLeod of the Department of Nutrition,
Teachers College, Columbia University, New York City, certain
pertinent data are also to be found. The detailed data have gener-
ously been placed at the disposal of the Nutrition Laboratory and
from these data it is found that the basal 24-hour heat production
was on the average 1,295 calories at 12 years, 1,365 calories at 13
vears, and 1,308 calories at 14 years. In other words, among her
12-, 13-, and 14-year-old girls there was also a uniformity in the basal
metabolism, a fact which further confirms the findings from the
Girl Scout data and Miss Bedale's data.

Thus three independent series of measurements are in agreement
in the finding that the basal metabolism is essentially constant with
girls from 12 to 18 years of age, 4.., independent of weight, height,
or age. To neglect this finding in a proposed method of prediction
seemed wholly unjustifiable, and consequently still another method
of prediction was studied in an attempt to throw light upon this
problem,

In many of the numerous curves it was often noted that those
girls farthest away from the central tendency were quite apt to be
somewhat over or under weight, although in the original selection
of material every precaution®® was taken to avoid obviously path-
ological children. This seeming correlation between the deviation
from the general trend and the weight, or rather the weight-height
ratio, brought up vividly Pirquet's second important point, namely,
the classification of children according to some nutritive index such
as, for example, the pelidisi® The pelidisi for each child was
therefore computed ** and the values for the total heat production
were then divided by the pelidisi. On plotting these quotients
against increasing height (as shown in Fig. 2), it was found that
there was a distinct tendency for a straight line relationship with

2 See discussion and demonstration of normality of children used in the
study (Benedict and Talbot, Carnegie Inst, Wash. Pub. No. 302, 1921, pp.

et seq. ).

. e ;"}r}:;uet. * An Outline of the Pirquet System of Nutrition,” Philadelphia
and London, 1622, pp. 8o et seq,

M Gruber's stature index was also computed for each child and found

to be rather closely correlated with the pelidisi, so it was deemed unnecessary
to make any prediction on this basis.
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girls from about 3 months of age, .., 60 centimeters in height, up
to and including the Girl Scout groups. It then seemed desirable
to see what this relationship would be with the 103 normal women
studied by Harris and Benedict. Their pelidisi were consequently
computed and the factors for the total metabolism divided by the
pelidisi were plotted (not shown in detail in Fig. 2), also referred

cals TOTALHEAT  REFERRED TO HEIGHT  GIRLS
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Fio 2. Relationship between height and the basal heat production per
24 hours divided ‘by the pelidisi, with females from 1 week of age to full
maturity. The hollow dots represent girls below 10 kilograms in weight or
younger than 1 year; the solid dots represent girls 10 kilograms or above in
weight: the crosses represent the groups of Girl Scouts; and the arrow in-
dicates the average value for 103 adult women.
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to height. The scatter of the individual points was very wide, and
yet the central tendency was clearly in line with the straight line
found with the children, as shown by the average point for the
women plotted in Fig. 2, which lies about 3 per cent. above the line.
It is fmportant again to emphasize that the line in Fig. 2 was drawn
without any regard to the average value found for women.

In the entire age range, therefore, from 3 months throngh adult
life a reasonably straight line relationship was found with girls and
women for the total heat production divided by the pelidisi (a
distinctly arbitrary procedure; to be sure) referred to height. The
true significance of this fnding appears later, when comparing the
Nutrition Laboratory series of measurements on girls with other
series. Using this straight line to predict the metabolism of the 56
girls in the Nutrition Laboratory series above 10 kilograms, we find
an average error in prediction (see Table IV.) of = 7.2 per cent.,

TABLE 1IV.
STUDY OF THE ACCURACY IN THE PreEniction ofF THE Basat METasoLiss oF
Gimrs rrom THE PELmoist axo tae Ace, HecaT, o
Srrine HeiceT (SoUARED).

Number of Girls
Average Crutzide of
Total Licst® Percent-
0 t lage Devia-
Pelidi "0 10 tion (). | Average |
Devia- 10 | &= 1§
tiom. PR ks
Ape (36 girls 10 kg. and above). ... ccviinenes 6.3 I3 Iz 4
Helght (straight line function)
16 girls 1o kg. and above. . .......0000nn 7.2 23 15 L
X G SO0UE ETOMPE: &+ s i v = ats bresals 4-8 4 1 o
TOF WOMICH « + o v vrnsnrrrrrsnsansarsesgs 7.1 45 38 Iz
Height (smoothed curve)
2 girls below 10 KE-cs oo viinvscininsins 10.6 26 27 16
56 girtls 10 kg, and above, .o .. coiviiians f.a 24 13 5
1t Girl Scout gronpe. <. - c.crvardciiaan 4.9 5 I o
T g el s s ek S, g3 43 28 13
Sitting height (sguared)
56 girls 1o kg and above. ... ...iaai 6.5 23 13 3
1 Girl Scout gronpe. o - s ivssasii st 5.3 4 I o
TR WOTIEIL. . yiis by s b naias o s S b e b 7.3 46 26 13

5 The total heat divided by the pelidisi was also referred to weight, but
the scatter of the individual points was too wide to justify the laying on of a
smoothed curve and making predictions therefrom.
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with 23 girls outside the average deviation, 15 outside = 10 per
cent,, and 6 outside = 15 per cent. This order of accuracy does
not compare favorably with that for the prediction of total metab-
olism referred to height, but it is to be noted that it is actually some-
what better than the heat-weight relationship previously suggested
as the most practical for prediction purposes.

Momentarily disregarding the straight line and by the usual
procedure sketching a curve through the individual points represent-
ing the total metabolism divided by the pelidisi referred to height,
we get a curve somewhat off the straight line, giving, however, an
accuracy of prediction considerably better than on the straight line
basis, i.c., = 6.2 per cent. for the 56 girls above 10 kilograms in
weight.

For the ages represented by the Girl Scout data, d.e., 12 to 18
years, the prediction from the pelidisi and the height has an order
of aceuracy for the Girl Scouts on the basis of the straight line
relationship of = 4.8 per cent., and on the basis of the relationship
expressed by the smoothed curve of = 4.0 per cent., values again
larger than that obtained with the heat-height prediction curve of
=+ 4.2 per cent. and, correspondingly, larger than the value of about
+ 3.4 per cent. obtained in the original Girl Scout predictions, on the
basis of heat per kilogram of body weight and heat per square
meter of body surface referred to age and weight.

For the 103 women the order of accuracy on the basis of the
straight line relationship between height and total metabolism divided
by the pelidisi is = 7.1 per cent, i.e., a somewhat wider deviation
than the deviation of = 6.3 per cent. obtaining in the prediction by
the Harris-Benedict formula for adult women.*

While, therefore, from the standpoint of general physiology it isa
significant fact that when the state of nutrition, as expressed by the
pelidisi, is brought into play a straight line * represents the heat-

o Harris and Benedict, Carnegie Inst. Wash. Pub. No. 279, 1010, p. 237,

87 [t will be noted in Table IV. that we also predicted the metabolism
from the pelidisi and age and sitting height (squared), but in our text dis-
cussion we have laid special emphasis upon the straight-line funetion with
reference to height, as this fmplies a higher degree of physiological prob-
ahility of correlation.
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height relationship between 3 months of age and full maturity, for
the practical purpose of predicting metabolism this relationship is not
of so great value as the simple heat-height relationship for girls from
birth to puberty, and for adult women of 21 years and above the
prediction is better made by a formula considering age, height, and
weight.*®

There remains the age range from 12 to 20 years to be still
further considered. The Girl Scout values have been marked as
very low by many ohservers. In fact, the question has heen raised
as to whether the metabolism of girls in bed at 4 A.ar., asleep, is not
lower than that which is commonly called basal. This accentuates
in a striking manner the criticism of Krogh® and suggests that his
term * standard metabolism * is more logical. The conditions dur-
ing the experiments with the Girl Scouts were admittedly different
from those obtaining in basal metabolism measurements in the or-
dinary clinic or physiological laboratory. The girls were sound
asleep, well covered, and thoroughly relaxed, in an environmental
temperature of 20° C,, and the lowest minimum value observed
during the night for the group was selected as the basal value. On
the other hand, the measurements were not made the traditional
12 hours after the last food. Yet the relatively few respiratory
quotients actually measured suggested that the effects of the light
supper (consisting mostly of carbohydrates) had passed off.™

The question then arises—Is sleep per se a depressing factor of
such moment? The Nutrition Laboratory has accurmlated a rather
large amount of data on subjects asleep and awake. This is not
the place to discuss the data, as the research is still in progress
(necessarily very slow, as the opportunity for such measurements
occurs only rarely). The picture thus far is by no means uniform.
As regards the Benedict and Talbot series of girls from 8 to 12
years of age, who were studied in the New England Home for
Little Wanderers, very careful records were kept with regard to
whether the girls were awake or asleep in the clinical respiration
chamber. On a number of the curves which we prepared in con-

" Krogh, “ The Respiratory Exchange of Animals and Man" London
19ifi, p. 56.

18 A very recent and careful study by Professor Blunt (Journ. Biol. Chem.,
1024, 50, P 77) supports this conclusion.
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nection with this study we indicated those girls who were awake
through the entire experiment, those who were asleep throughout
the entire experiment, and those who were both awake and asleep.
It was subsequently found that in this age range from 8 to 12 years
essentially the same number of points for girls awake or asleep or
partly awake and asleep were each side of the line indicating the gen-
eral trend of metabalism. These data, therefore, seemed to indicate
that the effect of sleep was negligible. But, on the other hand,
the few Girl Scout periods available suggested a profound decrease
in metabolism during sleep.

Although the question of the influence of sleep is still held in
abeyance, it seems unwise to raise the standards arbitrarily, but
of course this could be done. In the belief, however, that the
metabolism would best be expressed as mear basal as possible, a
series of recommendations for the prediction of the metabolism of
females from birth to full maturity is here given, based upon these
studies with girls, women, and indeed infants.

There has been no new contribution to the data on the metabolism
of new-born infants since the extensive series of measurements
by Benedict and Talbot, and hence the method of prediction rec-
ommended by them# is still the best in existence. It was found
that there was an intimate relationship between the heat production
and the length and a formula was devised to take into consideration
both the length and the body surface. This formula, which is ap-
plicable to both males and females, is as follows:

h=1 12.65 X 10.3 Vo*

in which & equals the total heat production per 24 hours, [ equals the
length in centimeters, and w the weight without clothing, in grams,
while 12.65 is a constant representing the average calories per
square meter per 24 hours per centimeter of length and 10.3 .JF’
represents the body surface of the child. Owing to the very unstable
heat regulation of the new-born infant during the first day of life,
Benedict and Talbot suggest that no predictions can be made with
any degree of accuracy until the child is 1% days old, and this
formula is recommended for children from 134 to 6 days old.

s Benadict and Talbot, Carnegie Inst. Wash, Pub. No. 233, 1015 . 108,
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After 6 days of age and up to 12 years (i, from 48 to 138
centimeters in height) it is recommended that the predictions be
made for girls on the basis of the curve for the total heat production
referred to height (see Fig. 1). Accordingly in Table V. we have
given the basal 24-hour heat production predicted from height for
girls in this age range, that is, with heights from 48 to 138 centi-
meters.

TARLE V.
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For girls from 12 to 20 years it has been shown that this heat-
height relationship does not hold, and hence it is recommended that
for this age range the predictions be based upon the relationship
between the heat production per kilogram of body weight and age,
as illustrated in Fig. 3 and tabulated in Table VL% While this

4 Previously published by Benedict, Boston Med. and Surg. Journ., 1023,
188, Fig. 2, p. 134, and Table V. p. 137
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recommendation iz based exclusively upon the Girl Scout work,
it is important to note that the Girl Scout work did not include the
range between 18 and 20 years, and we have therefore projected the
curve in Fig. 3 as a straight line between 18 and 21 years.

TABLE VL

Bazar Hear Punucrios Per Kiwookam ofF Booy Weicst Per 24 Hooss
Peenicten FroM Ace, Fon Gins 12 T0 20 YEARS oF AGE

Age, |  Predicted Heat. Age. | Predicted Heat.
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1o dts

12yrs;. 13 14 1] 16 17 18 9 20 21
Fio. 3. Basal heat production of girls per kilogram of body weight per 24
hours referred to age,

For adult women 21 years of age and over the formula given by
Harris and Benedict ** is still recommended, that is,

I = +655.0055 + 9-56347 + 1.84965 — 4.6756a,
where /i equals total heat production per 24 hours, w equals weight
in kilograms, s equals stature in centimeters, and g equals age in
years.
At this point it becomes of interest to compare the metabolism
measurements made on other series of girls with those of the Nutri-

42 Harris and Benedict, Carnegie Inst. Wash, Pub. Neo. 270, 1010, p. 237,
4
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tion Laboratory series. The most extensive measurements with
which we have become familiar are (1) the measurements of school
children by Miss Bedale * of the University of Glasgow; (2) an
unpublished series on girls (ranging in age from 8 to 18 years)
made by Professor Katharine Blunt in the Department of Home
Economics in the University of Chicago and most generously placed
in our hands by Professor Blunt; and (3) an extensive unpublished
series on girls (ranging from 10 to 15 years of age) made by Miss
Grace MacLeod in the Department of Nutrition, Teachers College,
Columbia University, New York City, access to which data has very
kindly been given to us by Miss MacLeod. How did the metabolism
measurements of these girls compare with the Nutrition Laboratory
predictions for the total heat production referred to height and
how did they compare with the Girl Scout measurements?

The data for the girls measured by Miss Bedale, as originally
published, are grouped in such a way that individual values do not
appear, hut Miss Bedale has very kindly sent us the individual
data. In so doing she has likewise written us a very frank state-
ment to the effect that there are wide variations in her data that
she herself is quite unable to explain. On the assumption that the
lowoest metabolism wvalues represent basal and that all others are
higher than basal, we have selected from Miss Bedale's individual
data the lowest value for each of her girls, On this basis of selec-
tion 30 measurements are available for comparison with the predic-
tion methods recommended. Of these selected minimum values
only 7 ¢an be compared with the Nutrition Laboratory prediction
curve for the total heat production referred to height, since most
of her girls are over 138 centimeters in height (beyond which height
the curve is not recommended for predictions). Of these 7 measure-
ments 3 are above and 4 below the prediction curve. When the
metabolism 15 predicted on the basis of the total heat production
divided by the pelidisi referred to height (see Fig. 2) and also on
the basis of the heat production per kilogram of body weight re-
ferred to age (see Fig. 3), it is found that of the 30 selected values
two thirds are above the predicted and one third below. To this
comparison there are, however, two ochjections, which only those

43 Bedale, Proc. Rov. Soc., London, 1933, Ser. B, o4, p. 368
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who have seen the original data could raise. In the first place,
there are a few values in the original data that must, judging from
all practical experience, represent either leaks in the mask or in-
complete collection of expired air which would result in an ex-
tremely low metabolism, a metabolism that perhaps on the next
day, under better conditions, might be nearer that mormally found
with children. If one ruled out these few very low values and
could have available the measurements secured nnder correct condi-
tions, this would tend possibly to bring above the prediction line
some of the values now so low. In the second place, a not incon-
siderable number of girls were measured only once in one period,
although Miss Bedale had taken the precaution to give them some
prior experience with the routine. All previous experience in metab-.
olism work indicates that the metabolism measured during the first
period is apt to be high because of anxiety or apprehension, while
subsequent periods will usually show a lower metabolism. Some of
the values found above the Nutrition Laboratory prediction curve
might on this basis be lowered and more closely approach the pre-
dicted metabolism. This is not the place to discuss in detail Miss
Bedale's exceptionally well desigried study, but these two criticisms
would tend to raise the very low values and lower some of the high
values, so that on the average these girls would probably have a
metabolism not far from the predicted metabolism on the three bases
under consideration.

When we plot the data for Miss Blunt's measurements on 56
girls on the basis of the total heat production referred to height and
compare this chart with the curve given in Fig. 1 for the heat-
height relationship noted with the Nutriion Laboratory series of
girls, we find that the scatter of the plotted points is perceptibly
above the Nutrition Laboratory curve, roughly speaking about 10
per cent. Similarly, when compared with the prediction curve for
the total heat production divided by the pelidisi referred to height
and with the prediction curve for the heat production per kilogram
of body weight referred to age, her values lie on the average about
10 per cent. above the prediction curves.

The data for Miss MacLeod's girls cannot be compared with
the predicted values from the heat-height relationship, since all but

il Sl |
: 315061
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three of her girls are over 138 centimeters in height, beyond which
point the prediction on this basis does not go. When compared
with the predicted values involving the pelidisi, her values show the
same picture as the Blunt data, namely, they are on the average
about 10 per cent. higher than the predicted values. As a test
of the method of prediction recommended for girls from 12 to 20
years of age, namely, on the basis of the heat production per kil-
ogram of body weight referred to age (see Fig. 3 and Table VIL.).
we have comptited average values for the metabolism per kilogram
of body weight from the data placed in our hands by Miss MacLeod.
With her 12-vear-old girls the average of 3o observations shows that
the heat production per kilogram of body weight per 24 hours was
32.6 calories, a value approximately 5 per cent. higher than that pre-
dicted from the Girl Scout smoothed curve. Her 38 measurements
on girls 13 years of age give an average value of 31.2 calories, or
a value about 10 per cent. above the prediction from the Girl Scout
smoothed curve. Her 17 observations on 14-vear-old girls give an
average value of 26.9 calories, which is practically identical with that
predicted from the Girl Scout curve.

The final outcome of these comparisons, therefore, is that the
Bedale data, with certain criticisms taken into consideration, agree
fairly well with the Nutrition Laboratory predictions, but that both
the Blunt and the MacLeod series indicate a general trend of metab-
olism about 10 per cent. higher, save that on the basis of the heat
production per kilogram of body weight the 12-year-old group and
the 14-year-old group of the MacLeod series show essentially the
same values as the Girl Scouts. It is chiefly in the age range from
8 to 18 years that the data of these two investigators can be com-
pared with the Nutrition Lahoratory series, and the greater portion
of this age period with the Nutrition Laboratory series is represented
by the Girl Scout data, which have been considered by a number
of writers as too low. The straight line pelidisi relationship for
the entire age range represented by the Nutrition Laboratory series
makes it difficult, however, to conceive that the Girl Scout data are
too low for basal measurements., As has already been pointed out,
it may be argued that the Girl Scouts were measured during deep
sleep and hence their basal metabolism measurements may be low.
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But from the fact that in this straight line pelidisi relationship the
data for the adult women represent measurements obtained in
practically all cases when the women were awake and that the girls
younger than 12 years (studied in the respiration chamber by
Benedict and Talbot) represent equal groupings above and below
the central line of those who were awake and those who were asleep,
it is difficult to assume that sleep alone can account for the dis-
crepancy between the Nutrition Laboratory series and the MacLeod
and Blunt series; This straight line function, thereiore, when the
pelidisi is brought into consideration, has rather an important bear-
ing in throwing light upon the question as to the legality of using
the Girl Scout data. 1f the Girl Scout data are too low and must
be raised, then obviously the straight line function ceases, and in this
discussion one must bear in mind that we are considering the straight
line function chiefly as a physiological relationship extending over
a period from 3 months to old age, rather than perhaps as the most
ideal prediction method.

On the basis of this straight line function with reference to the
pelidisi, therefore, we are forced to the belief that there was some
factor entering into the measurements of the MacLeod and Blunt
groups that tended to increase their basal metabolism. A personal
visit to each of these laboratories has convinced the writer that the
technique of both investigators is all that could be desired, and it
is quite clear that we cannot explain this difference on the basis of a
systematic error. The method of testing the apparatus for tightness
by placing a weight upon the spirometer before the experiment be-
gins, and particularly the method of testing the apparatus for leaks
during the experiment by placing a weight on the spirometer when
the experiment is half finished, rules out any possibility of a leak,
although it is necessary to point out that a leak in the apparatus, if
it existed, would invariably increase the apparent absorption of
oxygen and thus explain in part this discrepancy. The writer does
not believe that either of these apparatus leaked or that the inves-
tigators' technique was in any way at fault.

All conceivable explanations for the discrepancy between the
Nutrition Laboratory measurements and the Chicago and New York
measurements have been carefully gone over with Professor Blunt
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and Miss MacLeod, and the influence of a hitherto disregarded
factor appeared to be possible. The girls studied by the Nutrition
Laboratory, particolarly the Girl Scouts, were measured after hav-
ing been in bed for many hours while they were warm, quiescent,
and in the case of the Girl Scouts in deep sleep. The girls studied
by Miss Blunt and Miss MacLeod had to leave their homes and
go to the respective laboratories (in many instances, it is true, not
great distances), which may have involved more or less stair climb-
ing. They then lay down upon a couch the prescribed length of
time, i.e., half an hour before the beginning of the experiment.
Miss Bedale's girls, on the other hand, were measured more in con-
formity with the Nutrition Laboratory Girl Scout series, that is,
they were studied m a school dormitory and the apparatus was
taken to the bedside. The children were therefore warm and
thoroughly relaxed, and did not have to get up, dress themselves,
wash, go outdoors in possibly inclement weather, and then ascend
the stairs in another building, all prior to the metabolism experi-
ment. The possible influence of this activity between the hour of
arising in the morning and the beginning of the metabolism experi-
ment has heretofore been entirely ignored. Whether the effect is
proportional to the temperature outdoors or the inclemency of the
weather, the distance walked or the condition of the terrain, is
very difficult to state with the present data at hand. We have gone
over'an extensive series of data with a subject who has come to the
Nutrition Laboratory morning after moming for many vears. We
have drawn off the data for those days when the walking was very
bad, the temperature low, and the wind severe, and frankly, we
cannot find anything in the data from this one adult to confirm this
suggested possible explanation of the difference in the metabolism
measurements of the several series of girls. A further source of
perplexity is the fact that the 14-year-old group of girls studied by
Mizs MaclLeod give an average value for the heat production per kil-
ogram of body weight which is practically identical with that pre-
dicted from the Girl Scout curve (see Fig. 3), while the 12-vear-old
girls give an average value only 5 per cent. above, though the
rather large 13-vear-old group show definitely a metabolism 10 per
cent. above the Nutrition Laboratory series.

As stated elsewhere in this paper, one of the most impnrlant
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features in the measurement of basal metabolism is the comparison
of the metabolism of a pathological case with what is supposedly
normal. If, therefore, a girl is measured under ordinary conditions
in the clinic or doctor's office, where prior to the measurements she
has had to go through the exercise involved in arising, dressing,
and getting to the laboratory, and if under these conditions she has
a metabolism that is 10 per cent, above the Nutrition Laboratory
standard, it is quite clear that, based upon the Chicago and New
York work, this can be wholly disregarded. What is to be the case
if the girl shows a metabolism 15 or 20 per cent. above? Certainly
no one would justify a diagnosis of an abnormal metabolism on this
basis, The satisfactory procedure would be to have the girl spend
the night in the hospital or, indeed, her home and measure her metab-
olism in the morning immediately before arising.** On the other
hand, if the metabolism is found to be appreciably lower than the
Nutrition Laboratory standard under the conditions outlined above,
it is quite likely that one is dealing with a girl who is somewhat below
par. In clinical measurements, when the subject comes to the office
after a walk or after the general activities incidental to getting up,
dressing, etc., the metabolism may be distinctly -higher ** than that
measured in bed when the subject is quiet and asleep, under which
latter condition more nearly the true basal value would be obtained.
Our recommendation would be, therefore, that in such measurements
as are made in the office or the clinical laboratory in the hospital
one must recognize the possibility of a difference in metabolism.

In these predictions it is obvious that the correldtion between
height, weight, and age (which is normally found with children)
obtains. It is quite clear that with children of excessive weight,
with marked obesity, the prediction curve involving only height will
not predict what is actually found. It is again to be questioned
whether such children do not come under the head of pathological
cases. The Nutrition Laboratory has maintained that the basal

#With the new student form of respiration apparatus (described by
Benedict and Benedict, Bostos Med. and Swrg. Journ., 1023, 188, p. 567) the
procedure is thoroughly practical, as the apparatus is completely portable,
needing only to be supplemented by a small cylinder of oxygen.

48 This factor should be immediately investigated and reported by as

many as possible of the army of clinicians now equipped with the newer
forms of respiration apparatos.
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metabolism of the normal child is first to be known and should be
the standard of reference for all others. If allowances are to be
made for excessive weight or for decreased weight, such allowances
can come later with a better understanding of the subject. Conse-
quently, while we ireely admit that other methods of prediction may
be (for the time being, at least) of more help to the clinician and
more practical from his standpoint, we still feel that the closest
approximation to the real basal metabolism is that which should be
reported. Hence in this connection we have given our recommenda-
tions for the closest approximation to basal, frankly stating that,
if girls are found to be 10 per cent. above this standard, the work
in the New York and Chicago laboratories definitely proves that,
measured under the conditions ordinarily obtaining, this increase
of 10 per cent. is without any significance whatsoever. If the in-
crease is found to be 20 per cent. above basal, before concluding
that the metabolism represents a pathological condition, the child
should be studied after a night's repose in bed.

SUMMARY.

Based upon an analysis of the Nutrition Laboratory series of
measurements of infants, young children, Girl Scouts, and adult
women, it is found that a most important factor correlating with
basal metabolism measurements is height. The importance of in-
troducing some index of the state of nutrition, such as Pirquet's peli-
disi, and the fact that the total 24-hour basal heat production divided
by the pelidisi referred to height shows a straight line relationship
from 3 months to adult life further justifies the emphasis laid upon
the height element in basal metabolism predictions. For new-born
infants, both males and females, from 114 to 6 days old it is recom-
mended that the formula involving length, previously published by
Benedict and Talbot, be employed in predicting the metabolism.
For girls from 1 week to 12 years of age a new method of predic-
tion involving height alone is recommended. From 12 to 2o years
of age the metabolism of girls may at present be best predicted from
the curve based upon a series of experiments with Girl Scouts,
showing the heat production per kilogram of body weight per 24
hours referred to age. For adult women 21 vears and over the
formula of Harris and Benedict for women, involving age, weight,
and height, is retained.



SOME NEW EXPERIMENTS IN GRAVITATION.
FOURTH PAPER.
By CHARLES F. BRUSH.
(Read April 26, 1924.)

The writer outlined “ A Kinetic Theory of Gravitation ” before
the American Association For The Advancement of Science in
December, 1910 Since that time he has presented several papers
on the subject of gravitation? the last one at the general meeting of
this Society in April, 1923

That paper was chiefly descriptive of apparatus and method for
comparing the velocities of freely falling bodies in two aluminum
containess, alike in size, shape, and smoothness of surface, and
dropped simultancously, side by side, through eractly the same
distance (about 122 cm.). The description was freely illustrated
with plates and diagrams.

Each container, at the end of its journey, breaks an electric cir-
cuit. But the breaks of both containers are in series in the same
circuit, so that the break which occurs first produces a bright spark,
while the belated break gives no spark because its circuit is already
open,

When the containers are equally loaded with the same metal, there
is no visible spark at either break or a very feeble spark at one or
the other indifferently, But when they wre equally loaded with
certain different metals, one container persistently produces a bright
spark, though the containers are always reversed in position for
each trial. From this it seems clear that the container giving the
spark falls a little faster than the other. This sparking condition is
clearly manifested when the faster container reaches the end of its
free path as little as .o125 mm. (.0003 inch) in advance of its neigh-
bor. This indicates a time difference about 1,400,000 second.
(During their half second of falling the containers acquire a velocity
about 4000 cm. per second ).

1 Science, March 10, 1911; Natwre, March 23, 101L

2 Proe. Am, Phil. Soc,, Vol. LIIL, No. 213, January-May, 1914; Vol LX,,
No. 2, 1ga1; Vol. LXI, No. 3, 1922; Vol LXT11., No, 3, 1023
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Some of the metals show very many times greater difference in
falling velocities than the near minimum indicated above ({about
1,/100,000) and the paper referred to describes a method of ap-
proximate measurement of the lag of the slower container.

Following the presentation of the last paper referred to, many
comparisons of metals and other substances were made with every
precaution that could be thought of to aveid error, and in the light

of much experience with the apparatus. The general results are
embodied in the * Table of Relative Falling Velocities "' herewith.

Tapre oF ReEcative Farvineg VELocITies,

Fast. Platinum.
Gold eoin, Tungsten forged, Lead.

Bismuth,

Zine, Tin.

Aluminum, Magnesium, Carbon, Silicon, Boron, Water.

Slow. Sulphtir, Selenium.

The spacing of the lines indicates approximately the relative veloe-
ity differences found. Differences, if any, between substances ar-
ranged in the same line were too small to be appreciable.

The observed difference in the falling velocities of platinum and
sulphur (lag of the sulphur) is approximately .02 em. in the 122
cm. of fall; or about 1 part in Gooo.

The quantitative value of zinc in the table is somewhat uncertain,
for reasons indicated in former papers, and later in the present paper,
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It seems significant that the fast-falling metals, platinum, gold,
tungsten and lead all have high atomic weight, and density. Lead,
though less dense than the others, has higher atomic weight. Yet
bismuth, with virtually the same atomic weight as lead, and lttle
less density, is considerably slower,

Much lower down in the scale of velocities we find the elements of
comparatively very low atomic weights and small densities, alumi-
num, magnesitm, carbon, silicon, boron (and water) with no ap-
preciable difference in behavior. This also seems significant.

Sulphur and selenium are in a class by themselves, being much
slower than the light elements last referred to. Much care was
taken to make sure of this. They were always melted in their con-
tainers, and each was checked repeatedly, and very satisfactorily,
with aluminum and carbon,

It was rather expected that tellurium (also melted in its container)
would, on account of its chemical similarity, behave much like sul-
phur and selenium. PBut it did nothing of the sort. On the contrary
it behaved very much like zinc and tin. Probably this was due to its
comparatively high atomic weight and density. This again seems
significant.

In general then, it appears that the metals of very high atomic
weight and great density have the highest falling velocities. And
elements of very low atomic weight and small density have the
lowest falling velocities; while elements of intermediate atomic
weights and densities (zinc, tin and tellurium) have intermediate
falling velocities or mass-weight ratios.

Allotropic condition seems not to affect mass-weight ratio. Thus,
Acheson graphite and electric light carbon showed no difference in
falling velocities. And the same was true of ordinary yellow sulphur
and its gutta percha-like modification obtained by melting at a much
higher temperature ; though much heat energy must have been ab-
sorbed and rendered latent during the change.

In a former paper it was shown that * fusible alloy " behaved the
same as its constituent metals mixed but not alloyved.

Only one experiment has been made involving chemical combi-
nation. Lead sulphide (galena) was found a little slower than
metallic lead., As nearly as could be estimated, it behaved like a
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mixture of lead and sulphur in the proper proportions to form the
sulphide. Apparently, in this case, chemical combination does not
affect mass-weight ratio. The writer thinks this is probably true
as a general proposition, though of course a single isolated experi-
_ment is but a small step toward establishing it.

In the hope that some close relationship might be found between
the observed falling-velocities of the elements tested, and their
physical or chemical properties or combinations of properties, a
table of all the common elements was prepared, arranged in the
order of their densities. In parallel columns were placed the corre-
sponding atomic weights, atemic numbers, specific heats and thermal
conductivities both in terms of weight and volume. But a careful
study of this Table failed to shed any new light on the subject.

It was thought that something of value might be learned by com-
paring the transparency (or opacity) to very hard X-rays of equal
weight-thicknesses of some elements. To this end discs or cylinders
of 24 elements, including all those shown in the Table except boron,
were prepared of thicknesses inversely proportional to their densities;
so that the X-rays must pass through equal weights of the several
elements before reaching the photographic plate below them. Thus
the platinum disc was only .117 em. thick, while the magnesium
cylinder was 1.439 cm. high. All were mounted in a circle of holes
in an aluminum plate or carrier, placed directly over the photo-
graphic plate with only the usual orange and black papers interven-
ing. The photographic plate was backed by a thick lead plate, and
the whole outfit was rexolved in a horizontal plane by clockwork,
around the center of the circle of specimens; thus securing equal
exposure to all. Several revolutions were made during an exposure.

The hard X-rays were furnished by a Coolidge tube with tungs-
ten target, and excited by 200 Kv. The target was placed 1 meter
above the photographic plate, and the rays were filtered through a
34 mm. copper plate and an aluminum plate. 15 or 20 seconds
exposure was found suitable.

Prints from the negatives were made through a wide range of
exposures under a tungsten lamp, while the negatives were revolved
as before, to secure uniform exposure.

The prints are beautiful and extremely interesting in several ways;
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but while they show strong contrast between the platinum and
aluminum groups, they do not disclose anything more specific.

Toward the close of last year’s paper the writer cited reasons for
believing that the mass-weight ratios of some metals, particularly
bismuth and zinc, are not constant, but vary slightly with physical
condition. In other words, that a constant mass, or quantity of
metal may be appreciably changed in weight by changing its physical
condition.

The writer has been earnestly at work on this problem for six
months or more, and occasionally long prior to that, principally
endeavoring to find a practicable method of attack; and has so far
succeeded as to leave very little room for doubt that actual weight
changes are being effected. The observed effects, though small, are
several times larger than the probable experimental error.

The best method of procedure thus far found consists in certain
heat-treatments of the metal, to bring about a definite molecular
condition, before the first weighing. This is essential. After weigh-
ing, the metal is subjected to more or less drastic mechanical treat-
ment, usually in several stages, with occasional periods of rest to
permit the spontaneous changes which sometimes occur, and Té-
weighed after each stage of treatment. The treatments are so con-
ducted as to preclude any loss or gain of substance.

The refinements of weighing and precautions against error, de-
veloped through many vears of experience in refined weighing, will
not be detailed here but reserved for a future paper, after this fasci-
nating subject of weight-change has been more fully exploited.

Creverann, Om1o;

April, 1924



THE AMENDING PROVISION OF THE FEDERAL CON- .
STITUTION IN PRACTICE.

By HERMAN V. AMES.
(Read April 24, 1024)

The constitutional developments during the last decade have di-
rected more attention to the amending process of the Federal Consti-
tution than at any time since the adoption of the three reconstruction
amendments, during the years 1865—1870.

The successive addition of four amendments, the sixteenth to
the nineteenth, within a period of scarcely more than ten years
(1909-20), after an interval of some forty, during which no amend-
ments had been secured, in itself is sufficient to challenge attention.
But when we consider the fact that at least three of these four
amendments have affected profoundly the private and public life of
the people, and recall the agitation accompanying their proposal and
ratification, as well as the difficulties encountered in enforcing the
eighteenth amendment and the laws made in pursuance thereof, we
begin to realize some of the factors that have combined to make the
subject of the amending power a problem of vital interest.

Moreover, several important constitutional questions of proced-
ure in connection with these recent amendments, especially the eight-
eenth and nineteenth, have been judicially determined by the fed-
eral Supreme Court, and this has led to attention being focused on
the provisions of Article V. This Article, it will be recalled, provides
that amendments may be proposed either by a two-thirds vote of
both Houses of Congress or by a Convention called upon the appli-
cation of two thirds of the state legislatures, which in either case
shall be valid when ratified by the legislatures of or by Conventions
in three fourths of the several states, as Congress may direct.

It is a noteworthy fact that only the first method of proposing
amendments has been used, and that Congress always has prescribed
the method of ratification by the state legislatures.?

*Ames, “ Proposed Amendments,” 200, (Sce note 2)
62
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A review of our history since the Constitution went into force
shows that although the number of amendments actually effected
have been few, only nineteen, there has been no lack of effort to
secure many others.

A study made by the speaker many years ago, of the attempts
to amend the Constitution during the first century of its history,
revealed the fact that over thirteen hundred distinct resolutions, pro-
posing over nineteen hundred amendments, had been presented in
Congress.? Dr. Jacob Tanger, formerly a graduate student at the
University of Pennsylvania, now connected with the Faculty of
Pennsylvania State College, at my suggestion undertook a similar
study of the period since March 4, 188g. He has completed a sur-
vey of the records to March 4, 1923. 1 am indebted to him for the
statistics for the period? In these thirty-four years over eleven
hundred resolutions had been proposed, suggesting over sixteen
hundred amendments, or a total for a century and one third, of more
than thirty-five hundred amendments. The small chance of success
doubtless has prevented the number being even larger.

As is familiar to all, only fifteen amendments were secured dur-
ing the first century of our history under the Constitution, the first
ten coming so soon after the adoption of the Constitution as to be
practically contemporary with it. The eleventh and twelfth were

On a few occasions during the first century of the history of the Con-
stitution efforts were made to secure the calling of a Constitutional Convention
to propose amendments, notably, just before and during the Civil War period,
and on two occasions thereafter, A review of the efforts to call a convention
to propose amendments and also the resolutions to canse their submission to
corventions in the states instead of to the legislatures to 1880 will be found in
Ames, “ Proposed Amendments,” 281-284, 286-287.

In more recent vears six states, chiefly Western, have memorialized Con-
gress for such a general convention, while a mumber of others have requested
the calling of such a body to propose an amendment on some particular subject.
Some individuals or political groups that wished a fundamental revision of the
Constitution, as the Sodialist Party, have also advocated a general convention.

* Herman V. Ames, “ The Proposed Amendments to the Constitution of
the United States during the First Century of its History,” Annual Reports
of the American Historical Association for 1896, Vol IL, pp. 443, Wash-
ington, 18g7.

*Monograph not yet published, also J. Tanger, * Amending Procedure of
the Federal Constitution” American Paolitical Science Reriew, X, 68g-600.
Michiael Angelo Mussman, * Is the Amendment Process too Difficult? * . dmer-
ican Lo Review, LVIL, 604-705.
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added within the next few years. Thus, the first twelve were secured
in the first fifteen years or by 1804. No further amendments were
obtained during the succeeding sixty vears when the thirteenth, four-
teenth and fifteenth were adopted in the five vears from 1863 to
1870, registering the results of the war.

Then ensued a period of over forty years before another amend-
ment was adopted, but in the following decade, 190020, the last four
amendments, the sixteenth to nineteenth, were ratified.

Congress proposed four other amendments that were not ratified,
two in 1789, one in regard to the apportionment of representatives
and one relative to compensation of members of Congress. The
third, prohibiting the acceptance of titles of nobility, was referred to
the state legislatures in 1810 and the fourth proposal in 1861 was in-
tended to prevent the secession of the Southern States, prohibiting
any amendment abolishing or interfering with slavery within any
state. Two of these four, the first and the third mentioned, only
lacked the ratification of the legislature of one state to have secured
their adoption.*

In addition to the above, eighteen other proposals were approved
by one branch of Congress during the first century, nine in the Sen-
ate and nine in the House®* During the first third of the second
century under the Constitution, Dr. Tanger’s examination shows that
fourteen have passed one branch of Congress, an equal number in
the House and Senate,

Thus, during the entire period of one hundred and thirty-four
years, to March 4, 1923, thirty-two resolutions proposing amend-
ments have passed one branch of Congress and failed of submission
through the lack of the necessary approval of the other legislative
chamber.

In the present Congress one other resolution, proposed by the
Senate in 1923, has again been endorsed by the same body and has
received a favorable report from the House Committee. This pro-
vides for a change in the date for the convening of Congress, and
the inauguration of President and Vice-President to the first and
third Mondays in January, respectively, following the elections.®

* Ames, “ Proposed Amendments,” 34, 43, 44, 186-18g, 105-107, 200.

*Ibid., 300.

*Vote of 63 to 6, February 13, 1023; Senate Report, No. 033, M. A
Mussman, American Political Science Review, XVIIL, 115-118,
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It is quite possible that this may become the twentieth amend-
ment, as there is little or no opposition to the proposed change, which
is regarded generally as most desirable for reasons that are so obvi-
ous that time will not be taken to enumerate them.” Another amend-
ment which was endorsed by the House last vear provided for the
taxation of state and federal securities.®

A review of the proposals made to amend the Constitution dur-
ing the first third of its second century is very illuminating. Many
of these, like those of the first century, reflect contemporary prob-
lems and serve as indices to some of the leading issues of the day.
Many others are similar to those presented in the earlier period, and
are indicative of the popular dissatisfaction with certain features of
the Constitution and the recurrence or persistence in the demand for
their change.

Typical of this class are proposals to change the method of elect-
ing the President and the Vice-President, and especially the direct
election of Senators by the electors. This latter amendment was
first proposed in 1826, It was renewed from time to time in each
of the following decades until 1872. Subsequent to that date scarcely
a session of Congress passed without its being urged. In the period
of eighty-six years since its first introduction it was proposed
nearly two hundred times (198). Five times it passed the House,
beginning with the fifty-second Congress, only to be blocked in
the Senate, but finally, in response to the popular demand, the
Senate yielded in 1912 and the ratification of the seventeenth
amendment followed the next year."

Various other proposals to change the form of the gavernment
in some of its features have been presented, but by far the most
numerous amendments suggested related to the powers of the Fed-
eral Government, chiefly efforts to extend its scope, the sixteenth,
eighteenth, and nineteenth amendments being the successful ones.

In consequence of the adoption of these recent amendments, a de-
cided impetus has been given to the attempts to obtain still further

" Ibid.

Congressional Record, 67th Congress, 4th Session, 704, 700-720, 2353~

Ames 61, 62,

L]
January 23, 1023.
* Tanger, American Political Science Review, X, 606608,

5
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changes in the Constitution. Thus in the last Congress, the sixty-
seventh Congress, one hundred and three joint resolutions were in-
troduced on over two score different subjects (44), ten of these to
change the method of amendment.® In the opening days of the
present Congress, last December, fifty-nine proposed amendments
were presented.™ Many of these relate to new problems sug-
gested for example by conditions arising out of the recent war, the
development of trusts and monopolies, as well as many relating to a
variety of financial, commercial, territorial and miscellaneous mat-
tm}l

The decision of the United States Supreme Court pronouncing
certain laws unconstitutional has led to various proposals to regulate
the exercise of this power by the Judiciary.'* The decision of the
Supreme Court in 1922 declaring the Child Labor Law of February
24, 1919, unconstitutional ** led to the immediate introduction into
the Congress then in session of over a score of joint resolutions to
confer the power in question on Congress. At the opening of the
present session of Congress seventeen similar proposals were intro-
duced and it is highly probable that Congress will submit such a pro-
posed amendment to the State Legislatures for ratification in the
near future.*

It is rather surprising, in view of the large number of amend-
ments introduced in Congress and the few secured during the first
century, that no suggestion was made to change the method of
amendment until three quarters of the century had passed; it was not
until the Civil War period that the first was presented. In 1864 a
resolution was proposed for the reduction of the majorities required
both for the proposal and ratification of amendments.**

" Congressional Digest, March, 1923, 172,

B Congressionol Record to December 15, 1923

= For an emumeration of these proposals see Congressional Digest, March,
1023, 172; The American Political Science Review, XVIIL., 88-g1.

®*For a review of the proposed amendments to curb the power of the
courts see Congressional Digest, June, 1023, 271

* Child Labor Tax Case, 250, U. 5, 20.

* Since this was written Congress, on June 2, 1924, has submitted to the
legislatures of the States the following proposal: “ The Congress shall have
power to limit, regolate and prohibit the labor of persons under eighteen years
of age.” '

= Ames, 2ga-201.
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At the time the joint resolutions which later became the four-
teenth and fifteenth amendments were pending, several members of
the Democratic Party attempted to require their submission to legis-
latures of which at least its most popular branch must have been
elected subsequent to the submission of the amendment. A similar
provision was revived in 1882, These foreshadowed some of the
proposals of the present day.

Only a few other suggestions to alter Article V. were presented
during the last quarter of the first century. Senator Morton (1882)
brought forward a resolution to prescribe rules to be followed by the
legislatures when acting on amendment proposals.’™ Two others are
noteworthy as proposing the ratification of amendments by the vote
of the people instead of the legislatures, thus anticipating the refer-
endum system urged so frequently in recent years.™®

While few formal proposals were made in Congress to change
the method prescribed for amending the Constitution prior to the
opening of the present century, there was a growing opinion among
jurists and publicists during the closing vears of the nineteenth cen-
tury that the amending” process was too difficult. Even at a much
earlier day Chief Justice Marshall had characterized the machinery
for amending the Constitution as “ unwieldy and cumbrous.” ¥

Woodrow Wilson, in his first important work, “ Congressional
Government,” published in 1885, wrote: “ It would seem that no im-
pulse short of the impulse of self-preservation, no force less than the
force of revolution, can nowadays be expected to move the cumbrous
machinery of Article V.”* Yet later, while President, he was to
witness four amendments adopted without any upheaval through the
normal working of the provisions of this Article.

A speaker at the meeting of the American Bar Association in
1907 even went farther when he declared that “if the Constitution
is to be changed it must be done in the manner in which the instru-
ment prescribes,” which is “to say that it shall not be changed at

" Ibid,, 288-200; Senator Ashurst reviewed some of these early attempts,
Congressional Record, 67th Congress, gth Session, 3408 3302,

" Thid., 200291,

= Ibid., 203-204.

* Baron vs. Baltimore, 7 Peters 761
®* Congressional Government,” 245243
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all, for we are taught by a century of our history that the Consti-
tution can no longer be amended,” and so it seemed to many other
jurists and historical students.®

To cite one other instance, I quote the words of the late Justice
William P. Potter of the Supreme Court of Pennsylvania, contained
in an address he delivered in 1gog. * The expectation of the Fathers
of the Republic that the method of amendment which they provided
woild be satisfactory has not been fulfilled,” therefore, he thonght
it was ** time for the American people seriously to consider the adop-
tion of an easier process of altering or amending the Constitution.”
To this end he advocated the adoption of the system in practice in
many of the states, namely that an amendment might be proposed by
a majority vote of both houses of Congress and ratified by a major-
ity of the qualified voters in a majortiy of the states.®

Several other proposals have been suggested by such eminent
political scientists as Professors J. W. Burgess and Munroe Smith,
designed to effect an easier method of amendment, for the details
of which I must refer those interested to their published works.®™
Their plans are cited here simply to indicate that in the epinion of
these distinguished experts a workable amending provision is of
great importance,

The demand for an easier process of amendment found frequent
expression in Congress in the years subsequent to 1909. Indeed, Dr.
Tanger notes that since 18g8 over two score joint resolutions have
been introduced embodying some sixty changes in Article V. Down
to 1919 the greater number of the changes sought aimed to secure an
easier method of proposing amendments, some even providing for
some form of popular initiative, as well as for a simpler method of
ratification.

Typical of this class are the proposals advocated by Senator
Cummins and LaFollette in 1913.%* The latter’s resolutions pro-

Elﬂmt{"d in University of Pennsylvania Low Review, LVIL, 580

= Ihid.

® Burgess, “ Political Science and Comparative Constitutional Law," I,

150-154 (18g0) ; Munroe Smith, * Shall We Make Our Constitutions Flex-
ible,"” 1oy, North American Review, 657.

* Congressional Record, 63d Congress, 2d Session, 1500, 1628, 5575: Sen-
ate Report, No. 147, Tanger, Opus eit, 690; W. F. Dodd, * Amending the
Federal Constitution,” ¥ale Low Jowrnal (February, 1921), XXX, 331-352
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vided that amendments might be proposed in three different ways,
either by a majority vote of both Houses of Congress, or on the ap-
plication of the legislatures of ten states, or finally, on the applica-
tion of ten states through the vote of a majority of the electors of
each voting on the question. The proposals were to be submitted to
the voters of the several states at the next ensuing election of Repre-
sentatives, the same to be ratified if in a majority of the states a
majority of the electors voting thereon approved.

Senator Owen repeatedly has proposed an even more varied plan
for the initiation of amendments, coupled with a referendum to the
voters, the amendment to be ratified if it secured a majority of the
votes of those voting on the measure and also a majority of the votes
of the congressional districts.**

A review of the facts shows that the ratification of amendments
has been far less difficult than to effect their submission to the states.
As already pointed out, only four of those submitted by Congress
failed of ratification. Of those ratified, sixteen of the nineteen were
ratified within fifteen months or less, the eleventh, fourteenth and
sixteenth in a period from about two years to slightly less than four
years. In one hundred and twenty-five years, or since 1810, only
one amendment proposed by Congress failed of ratification and that
was the amendment submitted in 1861 for the preservation of
slavery. On the other hand, thirty-two resolutions, after passing one
house, failed of submission owing to the lack of approval by the other
branch of Congress.

The responsibility for the paucity of amendment is not due pri-
marily to the lack of action by the states. The ease and speed with
which the eighteenth and nineteenth amendments were secured has
led to the belief since 1919 that the process of ratifying amendments
is too easy, and in consequence the numerous proposals to change the
pravisions for securing amendments have placed the emphasis on the
method of ratification. The proposals recently presented in general
have aimed to prevent an amendment being ratified that does not
have the prior approval of the people.

The shock that the Prohibition and Women’s Suffrage amend-
ments have given to the advocates of local autonomy has led them to
advocate greater popular control in ratification, hence some form of

®Cong. Record, 66th Cong., 1st Sess,, 3700,
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referendum is provided for, as in the resolution submitted by Sen-
ators Brandegee and Walsh, or in the Wadsworth-Garrett proposal.
The undemocratic nature of the existing method of ratification
i5 now being dwelt upon. Some interesting statistics of the member-
ship of the state Jegislatures have been compiled with a view of show-
ing how small a number of legislators can control a majority in
both branches of the legislatures of thirty-six states, or the three
fourths majority necessary to ratify an amendment. These figures
demonstrate that it is theoretically possible for 673 state senators
and 1,643 representatives, or a total of 2,316 legislators, 1o do so,
although this might be less than 32 per cent. of the total number of
legislators in the forty-eight states. TFurther, it is shown that it
would require only 167 votes in the Senates of thirteen of certain of
the smaller states to prevent the repeal of an amendment2®

The proposal of Senator Brandegee which has been reported fa-
vorably twice from the Senate Committee of the Judiciary in recent
Congresses leaves it optional with Congress to prescribe a third
method of ratification, namely by the electors in three fourths of the
states.®”

The Wadsworth-Garrett plan, introduced both in the last and
present Congress, has received much popular indorsement. Among
other provisions it requires that the members of at least one House
in each of the legislatures which may ratify shall be elected after the
amendment has been proposed and further permits any state to re-
quire that ratification by the legislature be subject to confirmation by
a popular vote.*

Senator Walsh's resolution, which recently has been reported fa-
vorably by the Senate Committee on the Judiciary as a substitute for
the Wadsworth-Garrett plan, makes a referendum mandatory.®
Both the legislatures of Louisiana (1g920) and Texas (1924) have
memorialized Congress to call a constitutional convention for the
purpose of amending the Constitution so as to insure the submission
of all amendments to the qualified voters.™

*® Cong. Record, 67th Cong., 4th Scss, 5387-5388.

= Cong. Record, 66th Cong., 15t Sess., s6gfi-5700,

* Cong. Record, 6yth Cong., 4th Sess, 2713, 5388, Hearing before the
Subcommittee on the Judiciary of the Senate, Jan. 16, 1023, 16-17.
= Jan. 20, 1924, 68th Cong., 15t Sess, Semate Reporis, No. s, 6.

¥ Cong. Record, 66th Cong., 3d Sess,, 31; Ibid., 68th Cong., 15t Sess, (In-
dex, Texas),
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This survey of the amending provisions in practice would be in-
complete without a brief discussion of the more important of the de-
cisions which the Supreme Court of the United States has been
called upon to render since 1920, relating to several questions of
procedure followed in the submission and ratification of amend-
ments, These decisions have been given chiefly in connection with
a series of cases growing out of attempts to have the eighteenth
amendment declared void for alleged irregularities in some phase
of the procedure followed.

In the National Prohibition Cases in 1920 ™ the Court held that
the two-thirds vote in each house of Congress, which is required to
propose an amendment, is a vote of two thirds of the members pres-
ent—assuming the presence of a quorum—and not as contended a
two-thirds vote of the entire membership present and absent. This
decision was in harmony with the precedent established by Congress
since early days, although it does not appear previously to have been
determined judicially.

With the extension of the system of the referendum in the states
on state laws and constitutions it was quite natural that the attempt
should be made to render the same applicable to amendments to the
Federal Constitution. In several states it has been held by State
Courts that state referenda might be made applicable also to the fed-
eral amending process.

Ohio, however, is the only state having a constitutional provision
explicitly requiring it, effected by an amendment to the Ohio Consti-
tution in 1918. The validity of this requirement was considered in
the case of Hawke vs. Smith, decided in 1920."® After an able dis-
cussion of the question of what constitutes the legislature of a state,
the Court pronounced * the function of a State Legislature in rat-
ifying a proposed amendment to the Federal Constitution” as “a
federal function derived not from the people of that state, but from
the Federal Constitution.” Ratification therefore, “ by the legis-
lature of a state, is not an act of legislation, it is but an expression

" 253 U. 5. 350. For a review of the Briefs presented in this and some of
the following cases, see Dodd, Yale Late Jowrnal, XXX, 321-354.

Ea2s3 U. S 221, ]. 1. Burnett, * From State to Federal Referendum,™
Americon Lot Rewiew, LY., 2o1=217 (1021) ; W. H. Tafi, ¥ Can Ratification

of an Amendment to the Constitution be Made to Depend on &2 Referendum,”
Yale Low Jowrnal, XXIX., 8a1.
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of the assent of the state to the proposed amendment.” The Court
therefore held “ the provision of the Ohio Constitution requiring a
referendum as inconsistent with the Constitution of the United
States.” It would appear that the decision in this case prompted the
introduction of the Wadsworth-Garrett amendment, already re-
ferred to, which would constitutionalize the referendum system,

In consequence of the ruling of the Court in the case of Hawke
vs. Smith it is clear that the provisions of some of the other State
Constitutions imposing limitations or conditions on the amending
process, not found in the Federal Constitution, are ineffective. This
would apply to the clauses in the Tennessee and Florida Constitu-
tions that prohibit any convention or legislature of the state to act
on any Federal Amendment unless such convention or legislature
was elected subsequent to the submission of the amendment. As a
matter of fact, the legislature of Tennessee ratified the nineteenth
amendment without observing the aforesaid limitation of the State
Constitution,

A further attempt was made to test the validity of the eight-
eenth amendment because of the provision in its third section re-
quiring ratification within seven years from the date of its submis-
sion. This was the only instance where a definite period for rat-
ification had been fixed. The opinion of the Supreme Court in 1921
in the case of Dillon vs. Glass ** held that the question of “ whether
a definite period for ratification shall be fixed or not was . . . a
matter of detail which Congress may determine as incident to its
power to designate the mode of ratificaion.” The Court showed
that the question of limiting the period of ratification had been de-
bated at length, and both houses of Congress had agreed that some
limitation was intended and that seven years was a reasonable period.
The Court referred to the fact that four amendments were out-
standing and that three of them had been dormant for more than a
century. Whether such an amendment could be resurrected and its
ratification completed is still an open question. Eighty-four years
after the partial ratification of one proposed in 1789 the Legislature
of Ohio made an effort to complete its ratification but as no other
state followed its example the matter was not a practical one.™

=256 U. 5. 368
M Ames, 201-202.
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In view of such a contingency as the one just mentioned, it would
seem highly desirable that Congress should fix a limit to the period
in which a proposed amendment is open for ratification. The pro-
posal of Senator Brandegee, already discussed, fixed the limit to a
period of six vears.

In the case of Dillon vs. Glass the Court decided that the eight-
eenth amendment became a part of the Constitution on the date
when the ratification of the states was consummated, and not on the
date when the rauﬂmbnn was proclaimed by the Secretary of the
State.

The question whether a state that has once ratified can withdraw
its ratification first came up in connection with the ratification of the
fourteenth and ffteenth amendments as three states attempted to
do so in the case of the fourteenth amendment and one in the case
of the fifteenth amendment.*® In the former instance the Secre-
tary of State being in doubt issued a certificate declaring the amend-
ment adopted provided the previous ratification of the states attempt-
ing to withdraw the same was still to be considered valid. Congress
immediately passed a concurrent resolution declaring the ratification
of the fourteenth amendment valid and sufficient.

The latest attempt of this nature occurred in Tennessee, when
the legislature, after a quorum had been broken, attempted to recon-
sider its previous ratification of the nineteenth amendment, There
was no necessity of testing this action judicially as a sufficient num-
ber of other states ratified to secure the adoption of the amendment.
A provision, however, in the Wadsworth-Garrett proposal covers
such a contingency by permitting any state to change its vote until
three fourths of the states have ratified, or more than one fourth
have rejected or defeated the proposal in question.

In several of the briefs against the eighteenth amendment the
Supreme Court was urged to place limitations upon the federal
amending process, other than those stated in the Constitution, on the
ground that the reserved sovereignty of the states was endangered
by the ease with which amendments were being secured to extend the
powers of the Federal Government.™

""Dodd, Opus cit.; Wm. P, Brynum, * State Rights and Federal Power,"

Americon Law Review, LV, 1-4 (1021); A. M. Holding, “ Perils to be Ap-
prehended from Amending the Constitution,” Americon Low Review, LVIL,

481 (1023). 8
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In this connection it is of interest to note that whereas a few
years ago some form of popular participation in the process of
amending the Constitution was advocated by the so-called radicals,
with a view of more easily securing amendments, today, on the other
hand, the submission of proposed amendments to popular vote is
urged by those who frankly avow that they expect it will render
ratification more difficult. This is indicative of the distinct change
of view that has taken place in the past ten years in consequence of
the recent repeated demonstration of the effectiveness of the present
amending provision of the Constitution.

Although the speaker some years ago held the view that the
amending process was too difficult, he has been led, in common with
others, as a result of recent experience, to a modification of that
opinion. He believes that a radical change in the method of amend-
ment is neither necessary nor desirable.

Possibly the amending machinery may need some modification.
For example, the provision for the proposing of amendments might
be made less difficult, as it has been shown that in the past the great-
est obstacle experienced has been to secure the coiperation of both
houses of Congress in submitting amendments, rather than their
ratification by the state legislatures. Further, the proposal, common
to several of the recent resolutions, that the amendment should be
acted upon only by legislatures elected subsequent to its submission,
as well as the limitation to a definite period during which the same is
open to ratification, seem desirable regulations.

However, the speaker sees no necessity for a referendum to pop-
ular vote until at least a trial has been made of the optional method
already provided for in the Constitution, namely, the ratification by
conventions in the several states. It has been truly said that * the
election of a convention would itself be a referendum,” and by the
submission of the proposed amendment to conventions especially
chosen, the purpose of a referendum would be accomplished while
avoiding its defects.

No change should be permitted that does not give full recog-
nition to the federal principle in our system of government, The
country, moreover, should be on its guard against a process of
amendment of such ease that provisions might be introduced into
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the Constitution which would establish as permanent features, pass-
ing political or sectional issues.

* Clearly,” writes Dr. W. F. Dodd in an illuminating and com-
prehensive article, “ the Federal Constitution performs a function
different from that of the state constitutions, and should be less
flexible than the state constitutions may properly be. The function
of the Federal Constitution is primarily that of drawing a line be-
tween national and state powers, and such a line should not be sub-
ject to frequent variations,” **

UxiversiTy oF PEXNSYLVANIA.
T Dodd, Opus cit., 354



THE ARRANGEMENT AND ACTION OF MATERIAL IN
THE PLASMATIC LAYERS AND CELL-WAILS
OF PLANTS.

By DR. D. T. MAcDOUGAL.
(Reed April 25, 024.)

The purpose of the present paper is to present some collated
information on the arrangement of colloidal material in the plas-
matic layers and walls of the plant cell which are to be taken in ac-
count in measurements of permeability, and to present some results of
the action of constructed, dead, and living cells in ahsorption and en-
dosmosis,

Permeability is used in this and previous publications to denote
the condition of the colloidal meshwork of the wall and plasmatic
layers, which may vary in active cells so that only water and the
more maobile ions may pass through when permeability is least and
the largest molecular particles go through when it is greatest.

The composition and arrangement of materials in the plasmatic
layer and the cell-wall has been discussed in previous papers but it
is necessary for the sake of clearness to recapitulate the principal
facts and to illustrate the matter with Fig. 1. The wall has a semi-
rigid skeleton of cellulose fibers which are capable of but slight
changes of volume or of deformation with water content. The
spaces in the external part of this meshwork are occupied by pectins
or pectates and the inner part of the meshwork nearest the plasmatic
mass contains other liquefiable pentosans, such as mannosans and
glucosans, while some lipins or phosphatides occur.

The plasmatic mass is made up of amino-acid chains, pentosans
and phosphatides, lipo-proteins, glycolipins, ete., the concentration
in the bounding layer of the protoplasm being denoted by the closer
spacing of the symbols used for the main components.

* MacDougal, D, T., Permeability and the Increase in Volume of Liv-
ing and of Artificial Cells," Proc, Amer. Phil. Soc., 72, 1, 1923.
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One of the first and most important features of the structure
described is its incessant variation in composition. The wall which
is at first largely composed of liquefiable pentosans progressively in-
cludes a larger proportion of the anhydrides as the wall becomes
denser and more rigid. Later pectin compounds appear and the
maturity of the wall brings it to a condition in which almost any of
the salts or organic compounds of the cell as well as fat-soluble sub-
stances may pass through the coarser and fixed meshwork. The
outer part may undergo secondary changes by which it becomes
water proof in total reversal of the effect of the previous alterations.

PLASMATIC LAYER CELL WALL
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Fic. 1. Diagram of the arrangement of material in the plasmatic layer

and cell-wall, / Cellulose. ™ Pectin. | Mucilages. / Froteins. @ Fatty
substances,

The plasmatic mass at first high in proteinaceous material and
in fatty substances progressively acquires a larger proportion of
pentosans or mucilages, with inevitable alterations of reaction to
substances included in the vacuole and entering the cell from the
medium.
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In addition to these changes which come rapidly in short-lived
absorbing cells or root-hairs, this complex membrane is highly un-
stable as to its composition. The displacements which may occur
as a result of the various types of adsorption may result in the loss

—1

M

Ly —— S

Fo. 2. Colloidal cell in operation. {a) Capsule infiltrated and coated with
material as in Fig. 1; (d) immersion liquid; () filling funnel; (o) outlet ;
(e} receiver; (I) liguid delivered as result of endosmose.

of various bases such as potassium and sodium, or the leakage of
carbohydrates and amino compounds from the liquid or meshwork
of the cell, as has been described by True and his colleagues.

In view of these facts it is obvious that the permeability phe-
nomena observed in such strict and durahle membranes as those of
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collodion and of parchment subtend but a narrow angle in any com-
prehensive view of the operations which attend the passage of elec-
trolytes for example through the enormously complex and continu-
ously variable permeable layers of the cell. Referring again to the
diagram (Fig. 1), it is to be noted that this is illustrative of a cell
which presents a free surface to the medium. The union of two cells
presents an arrangement in which this is doubled, the pectinized
layer forming the middle part of the wall and the passage of an ion
from one cell to another is attended by all of the adsorptive action of
two plasmatic layers, which would never be exactly identical in the
two protoplasts.

The model of a " constructed cell” used in these experiments
consisting of a cellulose extraction thimble infiltrated and coated
with materials represented in the living cell differed from previous
description only in certain mechanical features. Its setting is illus-
trated by Fig. 2. By the omission or addition of substances an
analysis may be made as to the parts played by the separate compo-
nents of the permeable layers. The action of the cell as thus modified
may be taken in terms of endosmose, measurements of resistance of
immersion liquids or cell contents, or by titrations.

The following points are to be noted in the interpretation of the
results which follow: first, that as the permeability of the cell lessens
the rate of endosmose with any given concentration of sugar as cell-
contents will rise within the limits of these experiments; second,
that the relative action of the common bases on the meshwork of
colloids in modifying permeability rests upon the total action of
these bases on the included substances: this action may include sev-
eral types of adsorption, and third, that the cell-contents generally
of 2o per cent. solution of cane sugar had an osmotic potential of
about 15 atmospheres, common in plant cells, while that of the ex-
ternal or immersion liquids was much less than 1 atmosphere.

Confirmation of the principal conclusions as to the relative action
of similar neutral salts of the common bases has been made. Such
action runs generally parallel to the ionic mobilities of the bases which
is a straight line function of the charges they carry. Other factors,
the effects of which are still being measured, are doubtless to be taken
into account. The relative action of these bases is modified by the
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common ions in an order determined by the balance found between
the charge on the anion and that on the kation. Thus the common
anions SO, < Cl < NO, exert a retarding effect, lessening the
action of the kations on colloids in an increasing series as given.
This action is in conformity with the hydration effects on agar as
measured in 1921, as repeated in Table I.; and may be taken to
apply within a certain range of effects in which swelling in various
degrees results from hydration. Abrupt alterations of effect ensue

when the concentrations rise to a point where total neutralization and
aggregation of the colloid is brought about.*

TABLE T.

HymraTioN oF Acan v Surrmares AND NiTRATES,
(Increases in percentage of volume.)

Na. K.
o.or AL, G000t M, a0t o.o00r M.
Sulphates. . ..o cioi 740 2315 710 3515
Mibrmbg s s e e GO0 ar=o Bay 2010
WREET. .\ pesvsrsn st 2400 2360

The retarding effects of anions on common bases in permeability

effects with young roots were found by Kahho to form the following
series,?

Citrate < Sulphate < Tartrate <Cl<NO,<Br<I
Raber obtained the series below with salts of sodium,*

SCN<I<Br< NO, < CI < Acetate < Sulphate
< Tartrate < Phosphate < Citrate.

In my own experiments similar permeability effects were ob-
tained with sodium salts in complete cells and with others from

*See Freundlich, H., * Capillarchemie,” zte Aufl, pp. s72 f, =
MacDougal, D. T,, “ The Action of Bases and Salts on Biocolloids and Cell-
masses,” Proc, Amer. Phil, Soc., 7o, 15, 1921,

*Kahho, H, *Ein Beitrag zur Permeahilitit des Planzenplasmas {iir
Neutralsalze," Biochem, Zischrefi,, 123, 284, 1021,

*Raber, O, “ Permeability of the Cell to Electrolytes,” Botan, Guazetie,
75, 208, 1023
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which the lecithin had been omitted, the series being
Nitrate < Chloride < Sulphate,
Potassium salts gave the series
Iodide < Nitrate < Chloride < Sulphate.

The most useful explanation which has as yet been offered in
this matter is that of Raber in which these effects are taken to rest
upon the relative density of the charges upon the kations and ions
acting upon the colloids. This is in fact implied in the general in-
terpretation put out by Kahho two years earlier. The entire matter
of interferences, or antagonisms, may yet be found to lie within the
operation of such effects coupled with the special reactions of the
albuminous material to sodium and of the pentosans and phospha-
tides to calcium,

Inrrvence oF THE H-OH CoxcenTRATION oN HyDRATION
AND PERMEARTLITY.

Results of hydration tests of agar obtained in 1921 show that
agar exhibits a greater swelling in dilute solutions of neutral salts
than in water. It was also found that this pentosan shows two
maxima with respect to the H-OH concentration. One is in the
region of HCl 0.0001N about pH 4.2 and the other is in hydroxides
at about pH 11, as illustrated in the following table:

TABLE 1L
Hyvpratton oF Acanr 18 CHromipes,
(Increases in percentage of volume.)
Hel 700 KCl 1305 NaCl 1145 MgCl 825 CaCh 705 at ool

1600 2900 2580 1500 1190 at o.cotd
2100 20645 2075 2315 2160 at o.coorl
Waren 1000

HypeaTion oF Acar v Hyoroxmes.

LiOH 1820 NaOH 1fys RbOH 1635 KOH 1535 Ca{OH): 860 at c.oIN
3430 3430 3500 3430 1220 at o.ootl

J200 at o.000LN

3200 at ooocorV
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The hydration swelling of gelatine as representative of the am-
pholytes is such that increase in concentration of acid or of hydrox-
ide is accompanied by increased hydration and permeability within
the biclogical range of concentrations. It is to be noted, however,
that two points of minimum swelling have been found, one at PH
4.7 and at PH 7.7 as determined by Wilson and Kern, and at PH
4.68 and 7.66 as fixed by Higley.* The effect of salts within the bi-
ological range is to increase swelling of gelatine, but it is to be noted
that the swelling of ampholytes such as gelatine as a result of the
acidity is lessened or repressed by the presence of salts.

Any consideration of the action of the cell-colloids must pro-
ceed upon the accepted fact that hydration and permeability are a
resultant of the action of the included constituents. Thus, by way
of illustration, the swelling of gelatine was found to be as below by
auxographic tests:

TABLE IIL,
ECl 2100 per cent. CaCl, 670 per cent at o.orM
1400 per cent. 1506 per cent. at oootM
1160 per cent. 1000 per cent. at o.ooord

WaTER 010 per cent.

The swelling of mixtures of 3 parts of gelatine with 2 parts of
agar in neutral salts gives the following values:

TABLE 1V.
KCl E2#0 per cent. CaCl, 740 per cent at oot
1010 per cent, 040 per cent. at o.oordf
1850 per cent. 1430 per cent. at o.coorl

WaATER 1420 per cent.

The mixture consisting of 3 parts agar and 2 paris gelatine
which reproduces the plasmatic composition of the higher plants
more exactly shows much greater swell capacity, as shown by the
figure below:

TABLE V.
K(l 2015 per cent CaCl, 1140 per cent. at o.otM
2270 per cent. 1220 per cent. at ool
2040 per cent. 2368 per cent. at o.ooordf

WATER 2330 per cent.

"Wilson, J. A, “ The Swelling of Protein Jellies,” Calloid symposium
monograph, Dept. of Chem., Univ. of Wisconsin, 1023, p. 210,
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The degree of hydration or coefficient of swelling of cell-col-
loids is also the index of permeability, which is invariably a result-
ant of the reactions of the pentosans and protein gels. Materials
of these two groups differ markedly, as one i1s an ampholyte dis-
sociating both H and OH ions, showing two isoelectric zones in
which there is no movement of H ions, and the pentosans generally
dissociate some H ions, being weak acids.

The resultant action when a composite mass of the two sub-
stances is acted upon by acids or alkalies or by neutral salts will be
determined by the proportions of the two present and the relation
of the ions in the hydrating liquid to the neutral points, isoelectric
zones or other conditions of the two groups of colloids. The per-
meability of a protein jelly will be least in the isoelectric zones as
the gels of the protoplasm when in this condition have a lessened per-
meability and the cell will show the highest endosmotic swelling
or turgidity. As noted above, increased H or OH concentration in
the hydration solution or increased concentration of an electrolyte
increases hydration and permeability in proteins, while it lessens
permeability and increases possible endosmotic action in pentosan
gels or mucilages. The solutions which cause a minimum hydration
and permeability and the greatest endosmotic swelling may not
therefore be the * isoelectric points " of a wvacuolated cell, as sug-
gested by Robbins,® but a resultant, or zone in which the low hydra-
tion value of a protein is met by a decreasing hydration value of the
pentosan. The greatest swelling of a dense non-vacuolar cell would
be a similar zone of conjunction of the highest hydration possibilities.

Zowes oF Maxmmum axp Mivmvum Exposmose Anp PErwE-
ABILITY 1N CoxstRucTED CELLS,

The determination of the zones of concentration in which cells
would show maximum and minimum effects was tested with con-
structed cells as well as with sections of Opuntia.

The initial experiments in such a test were made with colloidal
cells constructed in sets in which one or more of the essential com-
ponents were omitted. The action of complete cells was compared
with that of living and dead cells.

* Robhins, W. J., “ An Isoelectric Point for Plant Tissue and Its Signifi-
cance,"” Amer. Jour. af Bot, 10, 412, 1923,
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One set of cells with contents of 20 per cent, sugar solution and

with the layers composed wholly of agar and pectin gave the follow-
ing amounts of endosmose:

TABLE VL
Amount of Endosmnee
Immetsion. In 45 Hours.

HCl ootN ..o ... e e O e 4 =

OB . o - 2 Iz
WATRE o f 5l S 12
RROH Q008 .o S0 R ERE S R [

A e - Eh i R L A 17
oot SR R O S e e
HA opoor =i e maate e 77
NaCl aot ...... e LR L ..
HCl omN . R ey e PO

The characteristic pentosan reactions are illustrated. As the
acidity of the immersion or hydration solution increased perme-
ability lessened and the cell thus showed greater endosmose or tur-
gidity at HCl 0.01N than at 0.001N. A similar relation was found
on the other side of the neutral point, the turgidity or endosmose
being greatest as the OH concentration mcreased and the swelling
lessened.

Acidification of a salt showed similar effects, the increase of
acidity from 0.001 to 0.01N lessening permeability and increasing
turgidity. The reverse effects to be expected from protein gels are
too well known to need repetition.

The next series of tests were made with cells constructed as in
the previous set with the addition of gelatine to the plasmatic layer.
The results were as follows :

TABLE VII,

Amounts of Endosmoss in g8
Immersion. Hours at it-18" C,

NaOH o.oosN o T Ja o
0.0025 e

QUOOT o et s s s tmnnnsan s sssene s et 1
Water L e L N et o L
HCQ oo R T S e e e
s L e
0.005 B A O PSRN |



AND CELL-WALLS OF PLANTS, 85

Nall. morM et e e s
R T e S e R S e e s e
Watl DOEM i raiiee A Al
NADHBDOES .o e s e e a1 D)
o e TG e e e T et SRR L
MR O R e e e 1 v e e T

NaCl 00mM ......cvvniinmniinsnnmisnsnsassnsanasslD
e T e e s
BEE monr R R st s g
NACE AT i e e s e e i A T s e e e L
L W
L e e e e

The results in Table VII. show maxima which are resultants of
the swelling coefficients of the pentosans and amino-acid gels. The
maximum turgidity and endosmose coincident with minimum hydra-
tion swelling of the two components was in 0.0025 of the acid. A
corresponding node was found in the hydroxide at o.003N.

The addition of a salt carried progressive decrease of permea-
bility with the increased H or OH concentration.

TABLE VIIL
HCY  ooorl ezt U g e

T I e i e
NaQH o001 ....... BB Ttk mimir. 4 o 8 e e e oaly 72

BIRCE S i G e a ey Bl s ke i e
T R It
L I T e Y IR S
L T e e e L S e R e s e S |
NalCl 0 ordl - oiviiesieesiiiaani ¢ SR R
L ey e L e L
7B LT R e N L e B
PEREL O S e T S e S
NaO L O00EN el b b d el O
L s
o f L] T RS, o=y g P S e SR, [, T
MaCh BETM i s e e e b
N DD = 5 0L i ok e b A o A AR e e B

A third series of tests were made with cells to which a lecithin
depasit had been made in the plasmatic layer, the cell including agar,
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pectin, gelatine and lecithin, the gelatine forming about two fifths of
the plasmatic layer. The results of the endosmotic action of such a
series of cells with contents of 20 per cent. sugar solution operating
for 42 hours are given in Table VIII.

The presence of the lecithin in these cells may be held to ac-
count for an equalizing action or a broadening of the zones of max-
imum or minimum. Thus no variation was seen in the permeability
in 0.001-0.005 water-acid. Neither did the acidification of the salt
show much effect, a flattening which is to be seen in the results with
living and dead cells. Permeability lessened in water-hydroxide so-
lution as the concentration was increased to 0.005 and the maximum
lay beyond. The addition of hydroxide to the salt showed a node
at NaOH o.0o23.

Another series of complete cells were placed in water-acid solu-
tions with the result that a node was found in concentrations of
0.001-0.0004N, at which endosmose was the highest, below and above
which it fell off. The composition of the cells differed from those
in Table VIII. chiefly in a higher proportion of agar in the plas-
matic layer.

Distextion or Livixe CeLis oF Opuntia 18 Acips, HyoroxIDES
AXD NEUTRAL SALT SorvTions,

The flattened joints of Opuntia offer exceptional advantages for
the analysis of permeability and distention measurements as some-
thing is known as to the plasmatic mass especially as to its high
pentosan content, and the daily variation of the acidity of the cell
sap from near neutrality to a concentration which may be as great
as pH 2.5 or even higher (nearly equivalent HCI o.01) has
been worked out with exactness and in great detail by Richards.”
It was found that the titration values of the acidity might vary as
4 to 1 or even as much as 7 to 1 at certain times.

Material taken before 8 A.M. would have a sap near the maxi-
mum and that taken at 3 P.M. would be as nearly depleted of acid
as may be found at any time.

Thin slices taken from the median layer of the joints were placed
in Stender dishes in trios, and their variations in thickness measured

' Richards, H, M., * Acidity and Gas Interchange in Cacti,” Publ. 209,
Camegie Inst. of Wash., 1q15.
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and recorded with the auxograph of the model used extensively in
this laboratory. Comparisons were made only in sets of equivalent
material taken at the same time and hydrated in the same range of
temperature which was usually at 14-18° C.

The first group of tests was made on three sets of sections taken

in the morning and three in the afternoon and hydration was made
. in water and water-acid and hydroxide solutions.

~ The three sets of sections in the acid condition showed the
greatest distention or turgidity resulting from the least permeability
in HCl o.0025, equivalent to about pH 2.5, which would be less acid
than the cell-sap, Sections in the acid-depleted condition showed the
greatest distention or turgidity and hence the least permeability in
HCl o.001, about pH 3, which was probably more acid than the cell-
sap. Effects were lessened at higher and lower concentration in both
cases,

Distention and turgidity and a minimum permeability was found
on the OH side of neutrality in NaOH o.0025 in the morning or
more acid condition of the cells as well as in the acid-depleted condi-
tion in the afternoon. This would be equivalent to about pH 12,

All distentions were greater in the acid-depleted condition of the
afternoon than in the morning although the dendrographic records
show that the plant has a higher water content at this hour than in
the moming.

TABLE IX.
Incrensed,

Solutions, B30 AM. .00 PUM.
NaCl cotM .............. B pet 16 pt.
0 A RHAAR SRR | 16
T e e 8.8 16
WS ey s A0 21

Na(Cl oo -

NaOH 0001l ....cvewnaaaia 15 17.5
NaCl oor

MNaOH 00025 . vrsvrisnra20 I8 20
NaCl o053

MeOH 0008 oosrivivsesscnss 13 22
NuCl o003

HEl 8005 aiiresrsrinres S8 10
NaCl o005

HCl 00035 .5ccvisiiacess O 15
NaCl oor

HCl 0008 .iivesssisasnes 11 18
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Another series comprised sections taken in the morning and after-
noon and hydrated in salt solutions made acid and alkaline as shown
in Table IX.

The maximum distention in the neutral salt solution was found
in the highly acid material of the morning at a concentration of
0.005. No variation was found in the concentration of o.orM
=0.0025 in the acid-depleted material of the afternoon,

The maximum distention and turgidity and hence least perme-
ability of the living sections in the acid condition as well as in the
acid-depleted condition was in NaCl o.01M -+ HCI o.001N. The
distention of the highly acid material of the morning in salts made
alkaline was greatest in NaCl o.01 3 -+ NaOH 0.001N and NaOH
0.0025, the nodal zone evidently being a broad one. The acid-de-
pleted material showed the greatest distention in NaQ eco1tM
<+ NaOH 0.005N. This lot of material differed from that described
above in the reaction to alkali, a variation which might reasonably
be attributed to the condition of the material,

DisTENTION AND SWELLING oF Driep Stices or Opuntia.

When median slices such as those which are used in a living
condition in the previous tests are dried under a pressure to keep
them plane for three or four days, the result is sections about one
fourth the original thickness, of a leathery consistency, in which the
turgidity of the cells has been lost, the walls have collapsed and per-
meability conditions of the whole alter in several ways. It seems
clear, however, that the hydration of such sections is attended hy
some osmotic action as well as the swelling resulting from the hydra-
tion of the desiccated colloids.

Hydration of a great number of sections in a series of water-acid
solutions showed the greatest increase at 0,01 N — pH 2, which may
be taken as a node of the swelling action of the pentosans and pro-
tein gels present, the absolute maxima lying beyond the range of the
solutions. In this case the action of the acid would be to accentuate
the swelling of the amino compounds and to lessen the permeahility
of the pentosans with rising concentration. On the other side of neu-
trality the increase is greatest in the hydroxide at 0.001N =pH 11
in confirmation of previous results.®

* MacDougal, D. T, " Permeability and the Increase in Volume of the
Contents of Living and Artificial Cells,” Proc. Awier. Phil, Soc., 72, 1, 1023;
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The maxima were in more acid and less alkaline solutions than
those producing the greatest distention in living cells.

Dried sections in solutions of NaCl made acid by the addition
of HC] showed maximum increase in NaCl o.o1 4 HCl o.001N and
in similar salt solution made alkaline by the addition of NaOH
0.001IN, in one set; in another the maximum in the acid was at the
same concentration but that in NaOH was at o.o05N.

The zone of greatest increase on the acid side would e in the
region of pH 3 while that on the OH side of nentrality would lie in
the region of pH 11-12.5.

Recounting the facts concerning the nodal points described on
the preceding pages, it is to be stated that agar plates show the high-
est hydration values at pH 4.2 and pH 11. Between these two
swelling falls to that of water and beyond these points the increase
lessens with the rising concentration of acid and alkali within the
biological range. Protein gels show increased swelling in H and OH
concentrations away from the iscelectric zones and in increasing
concentration of neutral salts. The swelling of mixtures of pento-
sans and amino compounds is a resultant of the reactions implied.

Permeability rises with the degree of hydration.

Colloidal cells of agar and pectin showed a permeahility minimum
at pH 3 equivalent to that in water with a maximum beyond pH 2.
Another maximum was found beyond in the region of pH 11. Sim-
ilar relations were found in acidified salts and in those made alkaline
with NaOH.

Cells constructed of agar-pectin and gelatine showed maximum
permeability with a minimum endosmose at pH 25-3 and pH
I1-12. Salts solutions made acid and alkaline showed permeability
decreasing away from neutrality in water more acid than pH 3 and
more alkaline than pH 11.

The inclusion of lecithin in the construction of the cell resulted
in a displacement of the points of permeability, especially with re-
spect to the effect of acid. One set of cells showed but little change
in permeability between 0.001N and o.0o5N HCl but in another
series the minimum of permeability in the concentrations of HCI
0.001-0.004N.

% The Probable Action of Lipoids in Growth," Froc. Amer. Phil. Soc, 71, 33,
1023,
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A minimum of permeability in hydroxide was found at NaOH
0.0025, more dilute and more concentrated solutions giving less
endosmose,

If now these conceptions be applied to the dead cell-masses, the
greatest increase of such material was in solutions more acid than
pH 2 and between pH 11 and 12,

Living cell-masses showed the greatest distention at about pH
2.5 to 3 and in the region of pH 12 and above.

It is to be noted that the maximum increase in a nonvacuolar
mass would be one of hydration in which permeability would be
progressively lessened, a procedure which would be characteristic of
the enlargement of cells in the earlier or aceretion stage of growth.

The maximum increase of a vacuolated cell on the other hand
would be coincident with minimum permeability in which the cell
contents would exert the greatest osmotic action,

In the case of the dead cell-masses the progressive rise of the
swelling away from the neutral point might be due to an action
similar to that described for protein gels; on the other hand it is to
be noted that the cells of Opuntia are high in pentosans and that the
permeability of such material would be progressively lessened with
increased H or OH concentration with the result that osmotic dis-
tention of the cells would follow.

IRFLUENCE oF CONCENTRATION OF CELL-CONTENTS 0N ADSORPTION
ofF lons From THE MESIUM OR Issersion Liguin,

A series of tests was arranged in which the relation of the con-
centration of the cell-sap to the external solution to the adsorption of
the common kations was determined.

In one arrangement cells with contents of 20 per cent. sugar so-
lution with others containing 0.6 per cent. sugar solution were
placed in chlorides of potassium, sodium and calcium at o.01 M,
The higher concentration would have an osmotic potential of about
15 atmospheres, while the weaker would be equivalent or hypotonic
to the salt solutions. It is to be noted that some plants of arid
regions such as the Atriplices may have tissue fluids with a potential
of over 150 atmospheres.

After the cells were operated for periods of 40 to 48 hours the
immersion liquids were titrated for chlorine which would show how
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much of the anion had been adsorbed by the cell. It was then as-
sumed that the kation had been adsorbed in equivalent measure,
which would not be exactly correct; the difference, however, would
not constitute a serious error in the magnitudes obtained.

Chlorine determinations were made by direct titration of 25 cc.
of the liquid with AgNO, o.0tM.* Since deviations in the concen-
tration of the salt solutions played small part in the adserption no
great care was exercised in making them up, but the chlorine was
titrated in the originals and then at the close of the experiment. The
results are expressed in cc. of the silver nitrate necessary to effect
the titration. Table X. gives results from agar-pectin-gelatine-leci-
thin cells; 3 parts of gelatine to 5 parts-of agar were used in the
plasmatic layer.'®

TABLE X.
AgNCs.
Contents; Sugar Sol. Immersion. Endosmose.
Orriginal. | » Final,

0 PEr CEMte. iiaasiiis NaCl o.o1 M 0.6 20 | 26.3

obperoent.. . aeaaaes #* 3.5 = 7.9
30 per ek, ..o eee-re KC! p.or M B 0.7 36

0.6 peromnk., ol ) .4 - | 373

A set of agar-gelatine-pectin cells with lecithin omitted with con-
tents of 20 per cent. sugar solution gave the following:

TABLE XI.
| |
| Apte Percentage of
Immersion. Endosmoss. | Absorption.
Orriginal. Final. |
NuCL soorM. ... aniaines | & 343 0.9 13.3
OUDORE, . & pe s sas iy 6.5 13.5 12.5 75
ECl oorM. .. .ol i 24.55 0.0 15
o T PR e 7.1 3.6 12.2 10
CaCly o000 M. . cuiiesins a 50.5 46.3 B3
R S s 7 1548 o6 I 33 {(7)

»T am indebted to Professor J. W. E. Glattield, of the University of
Chicago, for the titrations. '

# G Gortner, R. A, and Hoffman, W. F,, “ Quantitative Estimation of
Chiorides apd Sulphates in Expressed Plant Tissuwe Fluids,” Boton. Gaseile,
77, 66, 1024, for additional methods,
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The rate of endosmose formed the series Na < K < Ca in both
concentrations of the immersion solution. The rates of absorption
of chlorine from the solutions of the higher concentration formed the
series K > Na > and > Ca. The rate from the weaker solution
formed the series Ca > Na > and > K, a reversal of the action of
Ca and K which may be due to some unknown features of the cell.

Another set gave the following data (agar-gelatine-pectin-lecithin
cells) :

TABLE XII.
AgNO;,
CE-‘.'::: CEHST:;JE Immersion. Endoamose, Percentage of
i Original, | Fimat, | APeorption.
20 percent....| NaClool 10 24.5 i 143
0.5 per cent., ., i 0.0 i a1.3 13
20 percent....| KCl ootM 12.3 24.9 0.5 i |
0.5 [Er cent., . . = o s 21,5 13
20 percent....| CaCl o1l 16.3 16.5 149 IT.B
0.5 per cent, . , . ' 0.0 21.5 11,5
20 percent.. . .| Seawater g.o1 A 1i2 8.9 253 138
0.5 Per cent, , . . for Na .2 " 25.2 12.8
o percent, . .| (NaCi o.0035) {50 0c2)
(NaOH o,005) 3.4 4.7 8.5 39.7
0.5 per cent., . . 1 0.0 = 28.8 38.4
20 percent.. .. (NaCl o.oo0s) {50 co.)
(NaDH o.005) 11.8 46.0 JLE 14T
0.5 per cent. | ., i 0.0 - qou6 15.3

The permeability series of these cells was NaCl > Seawater > Kl
> CGaCl,. The amounts of chlorine adsorbed formed the series
KCl > NaCl > Seawater > CaCl.. The adsorption of chlorine
was seen to be very much greater in the alkaline solution than from
the acid-salt solution, The influence of the concentration of the
cell-contents on absorption was noticeable in potassium only, which
was probably due to faulty operation, or some defect in the cells.
The average absorption of chlorine by the cells with 20 per cent,
sugar solution was 18.3 while it was 17.3 for the cells containing only
0.5 per cent. sugar solution, a difference largely due to the discordant
action of the cells in the potassium solution. A similar discrepancy
in the action of cells was found in the sodium solution in the fol-
lowing series, :

In this series the adsorption of the salt was much greater from
alkaline than from negtral solutions, and the adsorption of K much
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greater than that of Na. It is also seen that the adsorption of ions
by the colloidal cell was but little influenced by the concentration of
the cell-contents; the average loss of chlorine from all immersions
of cells with concentrated contents was 35.3 per cent.; to cells with
dilute contents it was 34.5 per cent.

TABLE XIII,
AgNOs.
Contents. Immersion. Endosmose. Pereentage of
o Absorption.
Original. | Final.
20 per cent.. NaCl oot M 10 3.5 18 23
0.0 per cent.. . . i 0.0 16.8 1. 4
20 per cent....| (NaCl o.01)
{NaOH o.001) 116 22.8 g 28
0.6 per cent. . - . £ 0.0 7l 15 276
(NaCl o.01)

20 - per cent.. (NaOH o.005) B 27.5 6.7 40
0.5 per cent.. . 2 o.o 1 %] a5
20 per cent.... KCl o.ox L2 4.1 8.6 2.8
0.5 per cemt.. .. v 0.0 iy 8.2 4.4

(KCl o.01)
20 per cent.. . (KOH o.o01) o.b 27.2 14.1 48
0.5 per cent.. .. o 0.0 5 15.0 415
(KC1 o.01)
20 percent....| (KOH o0.003) 1o 30.5 14.9 50
0.5 per cent.. . = .0 * Is 30

While the current conceptions of the physical action of the cell
make it obvious that the passage of electrolytes into the cell-material
is affected very little by the osmotic potential of the cell-contents, this
conclusion has not been directly or adequately tested. The foregoing
tests show that the adsorption of chlorides by constructed cells with
dilute contents was but slightly different in amount from the adsorp-
tion by similar cells with concentrated contents. The average ad-
sorption of chlorides from neutral and alkaline salts in ome series
by cells with a 20 per cent. sap was 18.3 per cent. of the immersion,
while 17.3 per cent. was taken up by cells with contents of 0.6 per
cent. sugar solution. In another series cells with the more concen-
trated sap took up 35.3 per cent. of the chlorides while those with the
dilute contents adsorbed 34.5 per cent.

The relative amounts of the various salts which may be taken up
vary with the composition of the cell and other controllable factors.
The well-known acceleration of adsorption in solutions made alkaline
is strikingly exemplified.

Derr. Boraxicar REsearcH,

CARNEGIE INSTITUTION.
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L INTRODUCTION AND SUMMARY.

When the Princeton 1920 Expedition to South Dakota was being
planned, T hoped that we might succeed in locating one or more zones
or levels in the White River beds, of wide areal extent and rich
fossil possibilities, which would afford large assemblages of con-

* Investigation aided by a grant from the Marsh Fund of the National
Academy of Sciences,

o4
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Fic 1. Fossilized eges of birds, Nos. 12600 and 12616 Princeton Univer-
sity Geological Musenm Natural size.

Fic. 2. Hoplophoneus  primasus Leidy. Mounted skeleton, No. 132750

Princeton University Geological Muscum Height at shoulder 14 inches,
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temporary forms and so act as controls in future stratigraphic and
evolutionary studies. From Dr. Wortman’s® brief notes on his
section, published in 1893, the idea occurred to me, long before 1
had seen more than its characteristic fossiliferons nodules, pre-
served in the Princeton and American Museum collections, that his
“ red layer " in the Lower Oreodon beds would prove to be a cli-
matically controlled feature, owing its concretions to the evaporation,
at or near the surface of the ground, of sub-surface waters, rising
by capillarity under conditions of aridity, and would, accordingly,
be easily recognizable in widely separated parts of the badlands,
would coincide with an old land surface or series of surfaces on
which deposits formed during the arid episodes, and, affording an
abundance of well-preserved fossils, as it promised to do, would be
an ideal control horizon.

It was also planned to accumulate data for a new section, as that
in general use( Dr. Wortman's) was manifestly in need of revision,
being based on field methods of an earlier date. The origin of the
White River sediments also called for investigation. These had
hitherto been described in general terms, such as fuller’s earth, sands,
clays, ash, etc. By determining their nature and tracing the sedi-
mentary materials to their sources there might be something to learn
about life conditions at the time this accumulation took place. From
the nature of the contacts separating the various elements of the
White River series, and these in turn from the Pierre shale below,
it was hoped to form some conception of the ancient physiography
and so ascertain the kinds of land surface over which deposition
occurred, as these mark the longest halts in the sedimentation proc-
ess. In these investigations 1 have been associated with Mr. H. R:
Wanless, who has undertaken the study of the lithology and stratig-
raphy of the White River series in parts of Pennington, Washington
and Jackson counties, South Dakota, and has presented his results in
two able papers already published,® wherein many of the problems
outlined above are discussed.

*Wortman, J. L., “On the Divisions of the White River or the Lower
Mioeene of Dakota,” Bull. Am. Mus. Nat. Hist, Vol V., 1893, pp. 95-105.

* Wanless, H. R., * Lithology of the White River Sediments," Proc. Am.
Phil. Soc., Veol. LXT, pp. 184-203, 1922; * The Stratigraphy of the White

River Beds of South Dakota,” Proc. Am. Phil. Soc, Vel. LXII, pp. 190-260,
1023
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The collecting season of 1920 demonstrated the amazing fossil
richness of the “ red layer ” in what was, supposedly, well-worked
territory, and we were fully occupied in following the narrow out-
crop of its noduliferous portion in the basins of Bear, Spring, and
Indian Creeks in Pennington County and at Interior in Jackson
County. Its wide areal extent was realized, while its limited vertical
thickness demonstrated that it was indeed an ideal control horizon.
Frequent excursions into the Titanotherium beds below gave httle
encouragement to the expectation of finding there stratisraphic zones
which could be traced more than a few hundred yards, although in
some places fossils were in considerable abundance.

The observations of the first season were presented in my paper
entitled " The Turtle-Oreodon Layer ” or “ Red Layer,” a Contribu-
tion to the Stratigraphy of the White River Oligocene (Results of
the Princeton University 1920 Expedition to South Dakota)* in
which the * red layer " as then known to us was described and the
hypothesis of climatic control formulated.

In subsequent summers (10921 and 1922) with the aid of grants
from the Marsh Fund of the National Academy of Sciences, the
“red layer " was followed southwestward and westward and our
collections, stratigraphic data, and conception of the “red layer™
itself greatly expanded. Search for higher datum planes resulted in
the re-location of Wortman's upper noduliferous zone of the Oreo-
don beds some 6o feet above the top of the * red layer.”

Fuller acquaintance with these two noduliferons zones brought
out, as discussed in full in Mr. Wanless' papers, that the upper one
was extremely thin and of limited areal extent, while the lower is a
well-marked stratigraphic feature, traceable for miles, always abun-
dantly {ossiliferous, constituting an acceptable mapable unit, in
fact, without exaggeration, the most remarkable fossil level in any
of our North American Tertiaries.

When seen by us in 1020, the concretionary level, constituting
Wortman's * red laver,” was supposed to be confined to the upper
part of the 40-odd feet of pinkish-gray clays constituting the lower
Oreodon beds, but many observations made since then have demon-
strated that additional sheets of nodules may be introduced below,

* Proc. Am. Phil. Soc., Vol. LX,, No. 3, pp. 457466, 1021,
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which increase, not only its thickness, but the difficulty of defining
its lower limits, so that it has been found expedient to designate the
whole zone of pinkish-gray clays at the base of the Oreodon beds
as the * Turtle-Oreodon layer ™ or “ red layer,” no faunal change
having been noted throughout it. Reference to the lower zone of
rusty nodules, or lower concretionary zone, in what follows, applies
to the concretionary phase of this pinkish-gray clay, which sometimes
entirely lacks nodules.

It must not be assumed that fossils are absent from the clays of
the Oreodon beds ountside of these zones, for such is not the case.
The upper Oreodon clays in the vicinity of Interior afford frag-
mentary vertehrate remains in considerable amount. Occasional
specimens may also occur in areas far apart from each other and
difficult to bring into zonal relationship.

Previous to our work, the major faunal phenomena of the White
River Oligocene had been well established, and 'still remain so. Our
collecting experience supports Dr. Matthew's ® recognition of two
faunal facies, characteristic of the Oreodon clays and Metamynodon
sandstone channels respectively, representing local differences in
habitat. As shown in Mr. Wanless' stratigraphic report, the Meta-
mynodon sandstones were deposited in stream channels occurring
at various levels all below the upper concretionary zone, and certain
elements in their fauna, such as Metamynodon and the anthraco-
theres, found rarely outside these coarse channel deposits, but com-
monly within them, may be presumed to have been of aquatic habit.
The analogy of the “clays” fauna with that of the modern plains
has been commented on by Dr. Matthew,® and is supported by Mr.
Wanless' lithologic studies. These indicate sheet-flood action of
temporary duration, over a wide plain traversed by rivers (the Meta-
mynodon channels) with extremely low inter-stream divides, far
lower than exist today in the present high plains region with its
intrenched drainage. Intervals of aridity resulted in the formation
of the concretionary zones as already indicated, so that on the basis
of both lithologic and stratigraphic evidence, presented in Mr. Wan-

* Matthew, 'W. D., Memoirs of the American Museum of Natural History,

Vol. L, Part 7, p. 368 et seq.
*Loc. cit, p. 371
7
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less’ papers, their faunas are regarded, not only as a plains assem-
blage, but one characteristic of, at times, arid plains, where arboreal
vegetation, represented only by the innumerable hackberry seeds
occurring everywhere in the lower concretionary zone, was paossibly
limited to the margins of the more or less permanently water-bearing
channels, much as are the cottonwoods, hackberries, ete., in the bot—
toms of the modern draws. The occasionl flooding of these would
account for the hackberry seeds in the inter-stream clays, and also
for the rapid sweeping together of fragments of the dry surface
clays, unprotected by vegetation, to form the clay-pellet conglomer-
ates of the concretionary zones.

No fauna of Oligocene age which could definitely be associated
with an old land surface, or series of closely contemporaneous land
surfaces, has ever been identified, and the recognition of such a
fauna constitutes one of the more important of our results. The
second point which may be emphasized is the discovery, within many
groups, of numerous contemporary variations. Some of these have
already been published,” and others will be discussed in the pages
which follow; some are interpretable as individual variations while
others seem to be progressive mutations in the deVriesian sense. To
distinguish between them, where but few specimens are available, is
difficult. I have endeavored to put them on record without, I trust,
adding unduly to the multiplicity of names, and giving, I believe,
acceptable reasons for whatever has been done to the synonymy.

My grants from the National Academy were for the study of the
“ Mesohippus bairdii-Oreodon cufbertsons Zone.” These forms
are the most abundant of all the Oreodon beds species, being repre-
sented by individuals far in excess of the numbers indicated by the
figures in the lists on a later page, which include only the specimens
collected, while many more were examinned and left in the field as
too poor to be worth the expense of shipment.

Anticipating, to some extent, what will be said later, we have
found that Oreodon culbertsoni culbertsoni Leidy is extremely abun-
dant from the base of the Oreodon beds to the top of the lower zone

" Sinclair, W. U, * The Small Entelodonts of the White River Oligocene,”

Proc. Am. Phil, Soc,, Vol. LXL, pp. 5364, 1922, " Hyracodons from the
Big Badlands of South Dakota,” Proc. Am. Phil. Sec., Vol. LXI, No. 1, 1923,

pp. 65-70, 1922,
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of nodules, One specimen, with auditory bulle of rugged type,
which I am unable to separate from Orcodon culbertsoni culbertsoni,
was found by us in the uppermost part of the Titanotherium beds
about 18 inches below the contact plane, but not a single specimen of
this sub-species was found above the level of the noduliferous por-
tion of the “ red layer ” in which hundreds of individuals occur. On
the other hand, the smaller sub-species, Oreodon culbertsoni pericu-
lorum Cope, occurs in both concretionary zones, as indicated in the
lists below.

Turning now to Mesohippus bairdii, this has an equally wide
range, occurring in great abundance in the lower nodular zone and
in more limited numbers in the upper level, where there are small
horses inseparable, so far as | can see, from typical bairdii. The
Princeton collections do not afford data regarding its possible down-
ward range helow the level of the Oreodon beds, but teeth and jaw
fragments of Mesohippus in the American Museum Collection from
the Titanotherium beds, kindly loaned by Dr. W. D. Matthew, seem
to me inseparable from bairdii and, if correctly identified, indicate a
situation similar to the case of 0. culbertsons culbertsoni.

If there is need of a faunal designation, then the * Mesohippus
bairdii-Oreodon culbertsoni Zone,” with the limitations imposed by
the stratigraphic range of both of its most characteristic species, may
be regarded as applicable to the * red layer " as here re-defined.

The discussion which follows is limited to the faunas of these
two concretionary zones. Contemporaneity is strictly true of the
assemblage from the upper level which is, approximately, a foot
thick and usually consists of but a single layer of nodules, while that
from the lower zone represents the population of successive land
surfaces, receiving sediments during a sequence of closely spaced
climatic episodes in which aridity predominated, causing the up-
ward migration of groundwaters and the formation of nodule
bands as the result of evaporation. So closely spaced were these
arid cycles that the fauna may be regarded as a unit, for any attempt
to correlate the faunules of the successive nodule sheets constituting
the lower noduliferous zone would be futile, many of the finest spec-
imens collected being in nodules which had been displaced by erosion
from their original position.
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Whether this recurrent aridity has had anything to do with the
decrease in numbers of certain elements in the faunas between the
lower and upper concretionary zones (Oreodon culbertsomi culberi-
soni, for example) is problematical, but may be entertained in view
of the absolute extermination of titanotheres at the close of Titano-
therium beds deposition where, as we have endeavored to show else-
where, a climatic factor was probably involved.

It has not proved, and possibly never will prove, practicable to
trace the upward range in the Oreodon beds of each species listed.
The considerable thickness of scantily fossiliferous clays between
the Leptauchenia ash and the upper zone of nodules is discouraging
to the collector, and it will be years, if ever, before the upward range
of each species into or through this barren zone is established. In
fact I know of no non-marine North American Tertiary formation
in which the vertical range in feet and inches of any of its char-
acteristic species can be stated, although broad limits can be estab-
lished, just as have been attempted in this paper for the faunas of
the Oreodon beds.

In the lists which follow, the number of specimens of each species
collected from the two concretionary zones during the summers of
1g20-22 is indicated by figures in the parallel columns to give an
idea of what may be expected as a result of several seasons’ work.
They range from the finest of museum material to poor study speci-
mens, although, as the result of critical selection in the field during
two summers under my personal supervision, the quality average is
high. Some of the gaps in the list from the upper level are probably
due rather to the exigencies of preservation and collection than to
the absence of the species in the level recorded, for here every spec-
imen found was taken, irrespective of quality.

That the fauna of the lower level constitutes such a large per-
centage of the total assemblage of species from the Oreodon beds is
not surprising, in view of the fact that most of the collecting in South
Dakota, in this part of the White River series, has always been from
this level, since that 14th of May in 1850 when it was first seen, in
the badlands of Bear Creek basin, by T. A. Culbertson who having
*ascertained the locality of these petrifactions to be so circum-
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scribed . . . hastened to finish collecting in one day.”® Culbert-
son's locality lies about four and one half miles northeast of the town
of Scenic in Pennington County, in the bluffs and tributary draws
along the northeast side of Bear Creek and is directly continuous
with exposures in Chamberlain Pass between the basins of Bear
Creek and Cain Creek, along the wagon road and railroad east of
Scenic. Here the lower concretionary zone of the Oreodon beds is
exposed, the upper level developing no nodules in this part of the
badlands. The collection which Culbertson made for the Smithso-
nian Institution came from the lower concretionary zone, which is
the one affording the numerous fossil turtles mentioned by him.
Nodules are typically developed but are neither as abundant nor as
fossiliferous as in the upper part of Bear Creek basin. Our own col-
lections, made from the great * pocket ™ examined by Culbertson,
and from the bluffs directly continuous therewith in Chamberlain
Pass, include Daphanus vetus, Hoplophoneus insolens, Mesohippus
bairdii, Oreodon culbertsoni culbertsoni, Orcodon culbertsoms pericu-
lorum, Hyracdoon sp., Canopus sp., Ictops dakotensis, Stylemys
nebrascensis and the peculiar variant of Archeotherium maortom
disctissed on a former occasion and to be again mentioned later.

11.. THE FAUNAL LIST.

In the list which follows, only those forms are included which
were actually found by us during the summers of 1920-22 in the
concretionary zones of the Oreodon beds. Omissions indicate merely
our failure to find specimens. The figures in parallel columns show
the number of individuals secured.

Lawer Nedular Upper Nodular
Zone. Lons,
Cannivora CHREODONTA S
Hysnoden crucioms Leidy ...........cc.00 5 3
Hyenodon cruentiis Leidy ovveizeazivians B
Hyenodow horridus Leidy .cccccvavaninine 3

Canrmvona Fissipania:
Daplianus vetus Leidy and its variants ... 7
Daphonus hartchornionus Cope ...ooovvera T

* Culbertson, T, A., “ Journal of an Expedition to the Mauvaises Terres
and the Upper Missouri in 1850, Smithsonian Institution, Fifth Ann. Rept,
1851, pp. 84-145.
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Cynodictis gregorins Cope cveviiinivsness
Divictiz feltnas Loy ...oooovsirnmrsvnscs
Dinictis squalidens Cope ovevnvrvnnnnns
Hoplophoneus primevus Leidy ....... i s
Hoplophemens vobustus Adams .. ........
Hoplophoneus tnsolens Adams
IwzEcTIVORA ;
fctops daketensis Leidy ......
RopExTIA:
Ischyromys typus Yoidy .ooovoiiiniiinenns
Eumyr elegans Leddy .. oooveeiviinrnnsanes
Palwolagus haydemi Leidy .. ....ooovve....
Paleolagus turgidus Cope ... ... ........
PER1SSODACTYLA
Hyracodon arcidens Cope ....
Hyracodon nebrascensis Leidy .......ouu.s
Hyracodow opertur Sinclair ..........
Cenopus occidentalis Leidy .......o.o....
Colodon occidentalis Leidy ....ccvvvevereen
Colodon dakotensic Osborn and Wortman .
Mesokippus bairdii Leidy
ARTIODACTYLA ;
Archaotherivm mortoni Leidy . ......0.v.s 12 1
Archeotherium crossum?  (Marsh)
Archeotherium wanlessi  Sinclair
Archeolherim &0, . .vivenesiosiiviissiees 1§
Perchaerus nomus (Marsh)

!
O e N

-

L
|

53

LB

-

va

\BHHNHHN

............... 1
Agriocherus entiguus Leidy ...........o.. 1
Oreodon culberisoni culbertsoni Leidy ... .32
Orcodon culbertsoni periculorum Cope ... 3 I
Oreodon gracilis Leidy .....vierieivieiios 3 I
Epareodon bullotus Leidy ..........oo.... 2 | 2
Leptomeryr eoonsi Leidy ...l i0vnvene B 1y
Pochrotherium andersoni Trowell ........0 1
Foecbrothorinm 8D, ....ovvvivenrirvisvies § 1
Avgs:
Birdsh oS i eide st v mrmny e ras 2 e

* One specimen from clays just above lower zome of nodules is here in-
cluded.

T Specimen of E. elegans was found 30 feet above lower zone of nodules,
f One specimen here included from clays about 10 feet (plus or minus)
below upper zone of rusty nodules.

§ Very large astragalus of an entelodont 6 feet below upper zone of rusty
nodules,

T About 10 feet helow upper zone of rusty nodules.
[| 30 feet above lower zone of rusty nodules,

** Clays about 10 feet (plus or minus) below upper zone of rusty niodules,

&
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Rerriiia:
Peltosauris gronulosus Cope cooveieen wiaearl
Stylemys mebrascensis Leidy .oooviviesees 16 z

[11. CRITIQUE ON THE FAUNAS.

The various elements of the faunas of the two concretionary
zones may now be examined in detail in the order listed.

CreopoNts: Hyenodon,

Our collections of the past three summers are exceptionally rich
in remains of Hyanodon which, strange to say, exceed numerically
those of the Canide. We are particularly fortunate in having se-
cured a number of uncrushed and exceptionally fine skulls, a series
culminating during the summer of 1922 in a magnificent, complete
and uncrushed skull of Hyenodon horridus with articulated lower
jaws, found by Mr. T. B. Lawler, whose recent untimely death is to
be deeply regretted. These specimens illuminate certain points in
cranial anatomy which have been regarded as important in classifica-
tion,

Mr. Thorpe® has recently sought to establish a new genus Neo-
hyanodon for the reception of Leidy's Hyenodan horridus, propos-
ing generic characters as follows: * Larger than Hyaenodon, dolicho-
cephalic, glenoids far below the basicranial plane, basicranial region
foreshortened, dentition similar to Hyenodon except for the antero-
external buttress on the paraconid of m3.” The absence of this but-
tress in H. cruentus has been asserted by Osborn and Wortman *
and also by Scott,** but I find it present, although not prominent, on
m3 on both sides of the lower jaws of the specimen Professor Scott
figures as cruenfus in the memoir referred to (No. 10010 Princeton
University Geological Musenm), as well as in several other speci-
mens which I cannot separate from H. cruentus. It is also present
in H. crucians, the type specimen of H. mustellinus, the type of H,
paucidens, and in such European representatives of the group (H.

*Thorpe, M. R, “A New Genus of Oligocene Hymnodontide,” Amer.
Jour, Sci, Fifth Series, Vol. 111, Na. 15, April, 1922, pp. 277287

® Oshorn, H, F., and Wortman, J. L, Bull, Amer. Mus,, Vol. 6, 1804,
Tahle on p. 224

. = Secott, W. B, Jour. Acad. Nai. Sei. Phila., Val. IX,, No. 2, 1886, Table
on p. 175
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vulpinus) as T have been able to examine. 1 have also observed
it on m2 in the type of H. mustellinus and in unworn teeth of H.
erucians, H. cruentus, and H. vulpinus, with faint traces of it on un-
worn mT in both of the latter, and would expect to find it on the
unworn anterior molar of the other species. The shortening of the
basicranial region and elongation of the glenoid pedicel seem to me
of specific rather than generic significance. Our newly acquired
skull of fiorridus is an old individual, with worn teeth and interlocked
jaws, and measures 3zomm. from prosthion to occipital condyles,
slightly exceeding in this respect the larger of the Yale specimens.
The interlocking of the jaws conceals the lower teeth, but the buttress
is plainly seen in little-worn teeth in another lower jaw of similar size
(No. 12649). Here the tip of the mandibular angle is decidedly in-
verted on both sides, as it is also in our large skull, whatever may be
the situation in the Yale specimen.

Fortunately, the auditory bullz are preserved on both sides in a
splendid skull of Hyanodon cruemtus (No. 12580 Princeton Uni-
versity Geological Museum) found by Mr. H. R. Wanless during
the summer of 1920, The bulla on the left side is in normal posi-
tion, and is shown, natural size, in Fig. 1, where it is seen to be a
half ring, circular in cross section, the gap in the rim opening qut-
ward and forward, and the whole lying loosely above the deep cavity
lodging the petrous. I have excavated the auditory region in our

Fio. 1. Hyanodon cruemtus, No. 12580. Auvditory region of the left side

seen from below, natural size, showing the semi-circular, loosely attached,
tympanic bulla lying above the petrous,

large skull of H. horridus, and find that it agrees structurally with

the same region in H. cruentus, the ring-like bulla, however, being

missing, as usual. The petrous crosses obliquely a large deep fossa

similar to that found in the European hyznodons, specimens of

which in the Paris museum, Pére Pierre Teilhard de Chardin has
kindly examined for me and on which he reports as follows:
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“J'ai cherché sans résultat sur les spécimens du Muséum le
détail anatomique que vous désirez connmaitre pour les Créodonts
(Hyenodontids et formes voisines). Nous possédons quatre bases
de’ crine bien conservées, deux d'Hyenodon, une d'Pierodon, une
d'Quercytherivm. Aucune ne posséde, ou n'a conservé, d'appareil
ossifié, méme annulaire, autour de la cavité tympanique. Sur Hy-
@nodon, le tocher (‘petrosum') est dans une fosse profonde qui
suppose 'existence d’une enveloppe, au moins cartilagineuse. Mais,
sur les fossiles, cette enveloppe a disparu ou s'est détachée, sans
laisser de trace.”

Undoubtedly some sort of soft tissue supported the slender semi-
annular tympanic, roofing over the ragged tympanic cavity as sug-
gested by Pére Teilhard. With its decay, the ring-bulla readily
became detached. In fact, on the right side of No. 12580 it occupies
practically a vertical position, and has not been observed at all in any
other skull in our collection.

Great variation occurs in the extent to which the posterior nares
are roofed in by the palatines and pterygoids both in H. crucians and
H. cruentus., In some specimens a deep marrow notch extends for-
ward between the palatines, well anterior to the suture between the
latter and the pterygoids, while in others the palatines are in contact
throughout, or but slightly notched posteriorly, and only the ptery-
goid processes separated by a notch. Confining the census to our
new material, this deep notching occurs in one of four specimens of
H. cruentus and in two out of four specimens of crucians, and
renders doubtful the specific distinctness of H. leptocephalus Scott,**
in which the palatines are described as " in contact throughout;
pterygoid plates of alisphenoids meeting below.” Omne specimen
showing the juncture of the pterygoids posterior to the suture is
noted by Thorpe in the Yale collection, so that this variation is fairly
common, although less so than the others. If leptocephalus is re-
tained, then both the deeply notched and shallow notched variants of
crucians and cruentus are entitled to names, which seems like forcing
matters unduly.

Both H. paucidens and H. mustellinus are Oreodon beds forms,
the latter from the lower Oreodon beds in Corral Draw (not lower

¥ Seott, W. B, Bulletin of the Mus. of Comp. Zodlogy, Harvard, Vol
XIII,, No. 5, p. 152, Fig. I.
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Protoceras beds, as announced in the type description),” and, to
judge from the matrix, probably from the lower concretionary zone.

Apart from these two forms, there seems to be little tendency
towards the development of transitions in size between the three
common species, which form categories well separated in size, with
the exception of our No. 12539, which is not separable from H.
cruentus by any character other than size, but is distinctly smaller
than the average in that species, although much larger than crucians,
as will appear from the following measurements:

H.oos | Hoow | How | Hooi- | Hooi- | B orue
cEams. enfus, entbur, enlus, enfur, LT
(zmall).
No. No. No. No. No. No.
13540, 12530, I2531. 12580, 10005, L0010,
Length pg-mz. .. ..} 93.5 mm.| oo mm. T4 mm.| 109 mm,| 1of mm 107 mm.

P 48 Gz.5 68 JI 67.5 67
mE-2,.,....} 25.5 36.5 46 38 36.5 40
- 7. BRI o 1.5 —_ 19 an 8
T P 14 22 20 4.5 24 23

Does: Daphenus and Cynodictis.

1 have experienced considerable difficulty in formulating conclu-
sions regarding the species to which our specimens of the larger
dogs of the genus Daphenus should be referred. The differences
involved, and the melange of characters in the various specimens, all
of which are contemporary and from the lower concretionary zone,
seem to be comparable to the case of the smaller entelodonts of
the genus Archaeotherium discussed on a former occasion and re-
ferred to on a later page of the present paper. Possibly a similar
explanation will apply here. TFor reasons which will appear later, [
have adopted the expedient of referring all of them to Leidy's D.
eius,

Taking dental characters first, the newly acquired Princeton
material presents an interesting series of contemporary variations
shown in Fig. 2. Some of these cannot be fitted into the existing
classification. Among them, our No. 12587, Fig. 2, in the length of

® Scott, W. B., “The Osteslogy of Hyanodon” Jour. Acod. Nat. Sei,
Phila., Val. IX,, p. s00.
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the upper molar series and in the dimensions of their crowns, ap-
proaches closely Leidy's fragmentary type of Daphanus vetus*
where the last molar * has a small transversely oval crown with two
tubercles and is inserted into the jaw by a single fang,"** which
agrees closely with the situation found in our No. 12587 except that
in it the outer tubercle is smaller than the inner, while in Leidy’s

x Yo

Y B N
s & B

cEESE. r2FBF rEES

Fic. 2. Daphanus vetus Leidy, Comparative series of p3 (upper row)
:l.f:d associated m3 (lower row) to show variation in crown pattern, natural
size.

type, both seem to have been alike. The latter lacks all the anterior
teeth including p3 which, in our specimen, shows the posterior half
of the crown bulged inward broadly at the base. A second variant,
also with small single-rooted third molar (No. 12635, Fig. 2), has
this inward bulge greatly intensified and centrally placed opposite the
main cusp, not supported by a separate root, but by a widening of the
posterior root of p3. Here m3 shows a small posteroexternal cusp,
so that the outer part of the crown is wider than the inner. A sim-
ilar maximum bulging of the inner side of p3 is found again in our
No. 12648, Figs. 2 and 3, but here m3 was double-rooted, the alve-
olus for the inner fang being larger than the outer. The dimensions
of its crown probably did not exceed those of No. 12635. In the
matter of double-rooted third molar, and in other respects to be
indicated later, it agrees with Hatcher’s Proamphicyon nebrascensis
which, to judge from Hatcher's figure,*® lacks all trace of internal

“ L eidy, J., “ The Extinct Mammalian Fauna of Dakota and Nebraska,"
PL 1, Fig. 5.

*Ibid, p. 34

® Hatcher, J. B., * Oligocene Canide”® Mem, Carmegie Mus., Vol. I, No,
Z, p. 'BB| F.'vK- 7
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bulge in p3. Finally, a fourth variation appears in No. 12651, Fig.
2, where m3 has two outer cusps, is quite large and apparently single-
rooted, and the shape of p3 agrees closely with Hatcher's figure of
the specimen referred by him to Daphanus felinus®™  In only one of
our new specimens, No. 12635, is the canine retained undamaged, and
15 there long and compressed with posterior cutting edge, as in P.
nebrascensis Hatcher. In all, the upper sectorials are of the type
shown in Fig. 2, No. 12635. In Fig. 3 the external concavity of their
shearing blade has been somewhat masked by fracture of the tooth
crown and displacement of the broken parts by matrix. If these
differences in tooth structure are to be regarded as specific, cer-
tainly one, and perhaps two, new species will have to be admitted,
for neither No. 12635 nor No. 12648 agree with anything previously
described, and differ from each other in the number of roots sup-
porting m3.

I have also attempted, without stccess, to use the structure of the
auditory region for classification purposes. This area is exception-
ally well preserved in many of our new specimens and might be
assumed 1o afford constant characters. These large daphenids un-
doubtedly had a loosely attached auditory bulla, now lost in all our
material. Complete bulle are preserved in several specimens of the
smaller species, D, hartshornianus, in the American Museun collec-
tion and a partial bulla was figured by Professor Scott in his memoir
on the White River Canide.® This figure is indefinite in the details
of the mastoid region, which has, subsequently, been more elaborately
figured by Hatcher, but unfortunately from a distorted specimen,
In Fig. 3 I have attempted to show it as seen in an undistorted and
uncrushed skull lacking the bulle, No. 12648, from the lower concre-
tionary zone in Corral Draw. Comparison with Hatcher's figure just
referred to will show a number of striking differences. With regard
to these, Mr. O. A. Peterson informs me that the condylar foramen
in Hatcher’s drawing is represented too far forward, and that crush-
ing seems to have affected the size and probably the shape of the

™ Loc, cit, PL. XVI, Fig. 5

™ Scott, W, B, “Notes on the Canide of the White River Oligocene,”
Trans. Am. Phil. Soc, Vol. XIX,, Pl XIX,, Fig. 4. '
*Loc. cit., o 74, Fig. 3.
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remiform fossa, which is smaller and of different shape on the left
side, “a feature not as faithfully indicated in the illustration re-
ferred to as might have been,” and other errors are involved in his
PL. XVIL., Fig. 5, which, so far as the basicranial foramina and the
tympanic region are concerned, “is not to be too much relied upon.”
Similar lettering has been used for the cranial foramina in Fig. 3
to facilitate comparison with Hatcher’s drawing. Fortunately, such

Fic. 3. Daphanus vetus Leidy, No. 12648, Side and palatal views of un-
criished skull, ane half the nataral size, drawn from photographs and the speci-
men. oy, Alisphenoid canal; fo, foramen ovale; pa. f., post-glenoid foramen;
#.lm,, supposedly the foramen lacerum medium; fe. r, fenestra rotunda (the
fenestra ovalis is not visible in palatal view in this skull, but lies in the dark
chadow on the outer side of the petrous, where there are two openings on the
left side and one on the right) ; sm.f., stylo-mastoid foramen; #, small circular
foramen perforating mastoid; pr., petrons; i.f., jugular foramen; r.f, reniform
fossa; c.f., condylar foramen.
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of our new specimens as retain the auditory region show no crushing,
and comparison may be made directly with them. In Nao. 12648,
illustrated in Fig. 3, the reniform foss= are small, and the broad ex-
panse of mastoid surface back of the petrous promontory and be-
tween the mastoid and paroccipital processes is unhroken, except for
a small, circular foramen, (?) in my drawing, and also shown, but
not named, in Hatcher's figure. In most specimens of Daphenus,
both large and small, this region is penetrated by a large, irregular,
often smooth-lipped vacuity, A transitional condition is found in

I2eFE, A

Fic. 4 Daphanus vetus Leidy, No. 12648. Back of the skull, ane half
natural size, showing the high sagittal crest.

our No. 12587, which, as will be recalled, more closely resembles the
type of D. vetus than do the others, and which shows, on the left
side, a small foramen perforating the mastoid, as in No. 12648, while
on the opposite side there is a considerable vacuity replacing the
foramen, The reniform fosse also vary greatly in shape in the dif-
ferent specimens, and I am forced to the conclusion that little de-
pendence can be placed on the structure of the auditory region in the
matter of species making,

In the complete and uncrushed skull shown in Figs. 3 and 4, the
sagittal and occipital crests are seen to be high and sharp, as in
Hatcher's Proamphicyon nebrascensis which, by the way, does not
seem to me worthy of a generic rank separate from Daphenus, but
to present characters no farther removed from it than those discussed
above under dentition. Both canines in the specimen figured were

"Lax.t[L,p.gﬁ,Fig.ﬁ.
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weather-damaged previous to fossilization, and I have increased their
length, in outline, to approximate those of No. 12635 already de-
scribed.

It is perfectly obvious thus far that differences between indi-
viduals multiply as more specimens become available, and the pos-
sibility of adding to the nomenclature seems limitless. I am there-
fore disposed to expand our conception of D. vetus Leidy to mclude
these various (probably intercrossing) strains, among them Proam-
phicyon nebrascensis Hatcher, which, by the way, is from the Oreo-
don beds.

When a series of lower jaws is examined, intergradations are no-
ticeable in the size and strength of the mandibular ramus, the sin-
uosity of its ventral border, and the degree to which the posterior
lower molar and the anterior border of the ascending ramus are ap-
proximated, as also in the size of the teeth themselves, which inclines
me to question the possibility of separating species on these grounds,
and so of distingnishing between D). vefus Leidy and D. felinus Scott.

1 have no new data to offer regarding D. hartshornianus Cope
which, by some chance, is represented in our new collections by but
a single specimen of a rather small individual from the lower con-
cretionary zone. I am not convinced of the desirability of referring
it to the genus Protemnocyon as proposed by Hatcher.®

No additional light is thrown on Cynodictis by the collections of
1920 to 1922, Earlier Princeton expeditions have found the com-
mon species, Cynodichis gregarius Cape, represented in the Oreodon
beds by a comparatively large number of specimens, usually skulls.
By some chance, only one fairly complete skull, with attached lower
jaws, and two other very fragmentary skulls, were secured by us
during the past three summers of field work. All are from the lower
concretionary zone and from the Corral Draw-Little Corral Draw
area.

Cars: Dinictis and Hoplophoneus.

All specimens referable to Dinictis in our 1920-22 collections ars
from the lower noduliferous zone, and fall naturally into two dis-
tinct and sharply contrasting size groups, identified as Dinictis felina

= Loc. cit., p. 104
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and Dinictis squalidens respectively, the former, as indicated in the
list, represented by a larger suite of specimens; the latter, by a single
specimen, No. 12573, from the lower concretionary zone in the drain-
age basin of Bear Creek, 5.1 miles south of Scenic, along the Res-
ervation road. This individual was somewhat smaller in tooth di-
mensions than the specimen (No. 11379 Princeton University Geo-
logical Museum) referred by Adams to squalidens, as indicated in
the appended table of measurements, but 1 do not think these suffi-
cient to affect the specific reference.

No, 12573 N TI370.
Upper premalar—molar series, length ......... 37 mm. 41 mm.
Upper sectorial, length anteroposteriorly ..... 15 183
Lower premolar-molar series, length ........ 445 48

Apropos of Mr. Thorpe's ** identification of Pogenodon in the
White River (Pogonodon cismontanus), it may be of interest to
note that one of the above-mentioned specimens of Dinictis felina,
No. 12698, a lower jaw with back of skull, has no trace whatever of
the metaconid on the right sectorial molar, and only a small meta-
conid on the opposite side. MT is still retained on hoth sides,
although small and crowded completely to the inside of p on the
right side, overlapping the latter tooth. Its loss would convert the
right side of this jaw into a Pogonodon, in which direction, appar-
ently, some individuals of Dinictis feling were varying.

A number of finely preserved skulls of hoplophonids of inter-
mediate size from the lower concretionary zone, obtained principally
by the 1922 expedition, make possible the recording of a larger series
of measurements than has hitherto been available. The genus is go
well known that I have not attempted detailed drawings, and merely
present outlines in Figs. 5 and 6, to give the general proportions of
two of the skulls which I desire to discuss, depending on the table
of measurements for exact dimensions, where figures for two skulls
in the Yale collection, taken by Mr. Thorpe ** as the types of Hop-
lophoneus latidens and Hoplophoneus molossus, have been placed in
parallel columns with similar measurements of five skulls in the

=Thorpe, M. R., “New Species of Oligocens (White River) Felide"
Am. Jour, Sei., Vol. L, Scpt., 1020, p. 222,

® Thorpe, loc. cit., pp. 207-224.
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Princeton collection, of which No. 11013 is the one used by Adams *
in further defining Hoplophoneus primaevus. H. maolossus Thorpe is
smaller in skull length, tooth row and various other measurements
than the other skulls in the series, although exceeding certain of them

12750, X 3.

Fi 5. Hoplophoneus primevus Leidy, No. 12750. Side view af the skull
and jaws two thirds the matural size P3-m1 have been outlined from the
opposite side. Drawn from a photograph and the specimen.

in various respects, while our No. 12749 (Fig. 6) is, in general,
larger. The others, including H. latidens Thorpe, agree so closely
in size with Adams' specimen of H. primaevus and with the smaller
of the two skulls figured by Leidy on Fl. 4 of the Ancient Fauna
that T see no reason for referring them elsewhere than to that species.

When arranged serially with reference to skull lengths, this
newly acquired Princeton material is found to intergrade in size
between H. primaous and H. robustis, as follows

= pdams, G. L, Amer. Jour. Sci,, 1806, pp. 419-444.
8
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12749, X%,

Fic. 6. Hoplophoneus robustus 7 Adams, No. 12749. Side view of the
skull and lower jaw, two thirds the natural size, Center of arch reconstructed.
Drawn from a photograph and the specimen.

H. oreodontis Cope, length pmx.-condyles

................. 135 mm.*
H, primeus Leidy, length pmx.-condyles ...oovvvnnnrnens 148 T
H. primeous Leidy, No. 12542, length, pmx.-condyles ...... 154
H. primesus Leidy, No. 12730, length, pmx.-condyles ...... 157
H., primeziz Leidy, No. 12750a, length, pmx.-condyles ..... 1fi5
H. robustus 7 No. 12740, length, pmx.-condyles ............ 174
H. robustuz Adams, length, pmx.-condyles ................ 180 »
H. inselens Adams, length, pmoc-condyles .................100 »
H. occidentalis Adams, length, pmx.-condyles .. .o0ouoiinis 60 .

This is precisely what has so often been claimed would happen
if a sufficiently large series of specimens was available: the breaking
down of specific distinctions and the merging of species with species.
In this connection the data presented by A. A. Dunbar Brander in
his recent book * Wild Animals in Central India,” for size variation
in the modern tiger and leopard, are of interest and may well sug-

* Fide Adams; T 151 mm. in No, 11013 Princeton University Geological
Museum.
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gest caution in the erection of species on a dimensional basis. The
leopard seems to be particularly variable in this respect “ as mature
animals not much bigger than the largest of cats up to animals which
bear comparison with small tigers are sometimes met with.”

Two of our newly acquired skulls, Nos. 12750 and 12750a, here
identified as Hoplophoneus primavus, were found less than a foot
apart, intermingled with parts of both skeletons, in a large nodule
of cemented clay-pellet conglomerate in the lower concretionary zone
in Battle Spring Draw (Nevis Creek). One of the skeletons has
been mounted and is shown in Plate I., Fig. 2. The skulls differ
from each other slightly in size, dimensions of the sabre, weight of
the supraciliary ridges, depth of frontal depression between the
orbits, and rugosity of the mastoids, and I have assumed that the
smaller and more perfect skull, shown in Fig. 5 and Plate 1., Fig. 2,
was perhaps a female. Possibly the pair were mates, drowned to-
gether. Differences in the shape of the obturator foramen in the
pelves support the ides of a sex difference. Neither skull is at all
crushed, although both have required some mending and a minimum
of reconstruction from the opposite side to supply missing parts, In
the profile, Fig. 5, no reconstruction is involved, except sketching
p3-m1 from the opposite side. Measurements of a few of the asso-
ciated limb bones show them to be a little shorter than the figures
given by Adams for H. primeous (No. 11013 Princeton University
Geological Museum) as follows:

Wo. 1a750. No. 11013,
FElE ooor i it e ssn s NFE MOL 185 mm.
1 e L R L R 130 143
HIMEIUR: . .coisrranssmsbsbrsssens 153 1o
Roaffis ...ccovessnnssnnrnmssspsnns 1IF 122

Both of these skulls are of interest in showing minor dental
anomalies. No. 12750 has an extremely small first upper premalar
on the left side, resembling a small incisor, single-rooted, with
obliquely placed crown, situated close to the canine and sloping for-
ward, while in No. 12750a, where no trace of this tooth appears, the
second premolar is double-rooted on the left side and single-rooted
on the right. The dependent flanges in the jaws associated with
these skulls are very deep, with round ends, a sort of small-sized
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edition of the form [ have named Hoplophoneus mentalis from the
Titanotherium beds.®™ Variations also appear in the shape of the
heel of the lower sectorial, which is very small and without posterior
basal cuspule in a right ramus, and larger and slightly notched by
the development of such a cuspule in what appears to have been the
opposite half of the same jaw, as shown in Fig, s.

Adams’ illustrations ** of the skull of H. primevus are mis-
leading in that he has figured a somewhat vertically crushed skull
which lacks the top of the head and the sagittal and lambdoidal
crests. The dorsal profile of the skull, represented by him, is incor-
rect, producing a hammer-headed effect quite noticeable in skulls
which lack these crests; for example, those shown in Leidy’s plate”

A somewhat larger skull, with associated lower jaw, No. 12740,
is shown in Fig. 6. The center of each arch has been reconstructed,
but otherwise the skull is entire on the side shown in the drawing,
and is quite uncrushed, with the margins of the crests unbroken.
This specimen, from the lower concretionary zone in Corral Draw,
approaches closely in size the type of Adams’ Hoplophoneus ro-
bustus, the larger skull figured by Leidy on Pl IV., Fig. 1, of The
Ancient Fauna, with which it also agrees in a somewhat greater con-
cavity of the facial profile anterior to the orbits and stronger frontal
bulge than is found in No. 12750. The lower jaw has a less deep
flange than in the latter, although the length of the jaw is greater, the
coronoid process has less backward slope, the angle is greater, and in
the lower sectorial there is a small basal cuspule in addition to the
metaconid, but how constant this might prove to be, in view of the
variation noted above in connection with No. 12750, is questionable.
An  interesting dental anomaly is found in the right ramus of the
lower jaw, where a pair of roots, evidently for the support of pz, are
found, g mm. in advance of p3 and occupying a space 4.3 mm. in
length, No trace of a corresponding tooth appears on the opposite
side where the jaw margin is thin and sharp. I have indicated its
position in Fig. 6 by a pair of pointers and the appropriate lettering.

= Sinclair, W. J., “ A New Hoplophoneus from the Titanotheriom Beds,”
Proc. Amer. Phil. Soc., Vol. LX, No. 2, 1921, pp. o6-o8,

* Am, Jour, Sci,, 1806, Pls. X. and XI., apposite to p. 444,

 Ancient Fauna, P1. XVIIL, Fig. 1; Extinct Mammalian Fauna, PL IV,
Fig. 5,
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MEasuREMENTS (continued).

£guo|d SalE nd|E 2|5 o4
= - i M- i = L3 =T
3E281 5,588 S| RE[F EE
Lower Jaw. Zoa2|3RkasE B AglE 28
== -i 2.k 8|lE E|® )=
HESS| . 38|35 SE|S SE|E $F
S| lE = = A = A =
mm. T, . mim. mimn,
Length, mandibular ramns . ., . 100.5 118 119 I3L.5
Depth, “© symphyvsis| 40 (est.) 39 38k 40 42.3
4 v post. to pg| 255 23 22 22 26
] i fiange ... | 49 41 47 4r
Length pi-mIine. ......,...| 30 17 34 3% 38
Dinstema C=p3........000... 25.5 20 23 5 30
Pi, length of bage , .. ...... 14 12.5 12 iz I
" maximum width. ... ..., .5 G 6 o
MT, length of base. . ........ I7 s 19 i5 16
“ maximum width ...l .. E.g AL T |. 7-25

Individuals with vestigial teeth similar to those here described serve
to bridge the gap between Hoplophoneus and Dinictis,

Hoplophoneus orcodontis Cope, the type of which, by the way,
is from the White River formation of northeastern Colorado and not
from the John Day, as stated by Mr. Thorpe® was suggested by
Cope * as possibly only a regional variety of H. primevus. The
specimen described and figured by Adams* (No. 10515 Princeton
University Geological Museum) was obtained by purchase from L.
W. Stilwell, and on Mr. Hatcher’s index card is entered as from the
Oreodon beds, South Dakota Badlands, locality unknown. As is
indicated on an earlier page, it constitutes the minimum terminal
member of a size variation series, and whether a regional variety of
grimavus or a distinct species, I have not been so fortunate as to
find anything referable to it in our recent work, or to Thorpe's Hop-
lophoneus marshi,"* a small form of about the size of H. orcodontis
and supposedly from the Oreodon beds.

A large cat, No. 12500, with a skull length (premaxille to con-
dyles inclusive) of approximately 191 mm., from the lower nodular
zone in Chamberlain Pass, east of Scenic, agrees so closely in this

= Amer. Jour, Sci, Yol. L, Sept,, 1020, p. 214.

™ Tertinry Vertebrata, p. guy.

*Loc. cit,, p. 420, Pl. X1, Fig, 2
" Thorpe, loc, cit., pp. 2i1-214.
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dimension with H. insolens Adams that it may be referred there. -
Just what a series of skulls of some of the larger hoplophonids would
show in the matter of size transitions remains, for the present, a
matter of interesting speculation.

InsecTivoREs: Ictops.

So far as I can see, there are no specific differences between the
suites of insectivore specimens from the two levels, nor anything
which would warrant their reference elsewhere than to Ictops dako-
tensis. There are some individual differences in size, but that they
have specific significance is not apparent.

RooeNTs : Ischyromys, Eumys, Poleolagus.

Rodents are, undoubtedly, more abundant than the scarcity of
specimens in the lists would indicate. Particularly must this be true
of the murines (Ewmys and perhaps others not yet discovered),
frequent scorings by their small incisors appearing on all sorts of
bones. Possibly Stemcofiber mebrascensis Leidy should have been
added to the fauna of the lower concretionary zone. A fair skull,
presented to us by Mr. Walter E. Brown of Interior, was found by
his children perhaps in the Lower Oreodon beds on one of the low
buttes on his ranch. The small amount of adhering matrix contains
a good deal of coarse quartz sand, mica foils, etc. In view of the
uncertainty of the specimen's stratigraphic position, I have omitted
the name from the lists. It evidently came from the White River
series, and the form appears to have been rare.

PerissobacTvL UNGULATES,
1. Hyracodon.

In contrast with the smaller entelodonts, the hyracodons present
an orderly contemporary series of progressive mutations, in the di-
rection of complete molarification of the pattern in the upper pre-
molars, something already achieved in p2—4 of the milk dentition.
Material is not yet available for determining to which one of the
four species I have recognized, if species they are, these milk denti-
tions pertained. So far as the adult dentition is concerned, the
changes in premolar pattern discussed and fully illustrated else-
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where are consistently alike on opposite sides of the palate in all the
specimens which I have examined, not varying irregularly as is
sometimes observable in other of the rhinoceroses ; and, while the
structural changes to which specific names have been applied are
small, they are nevertheless in sharp contrast with each other,
whereas the size differences within each specific group intergrade by
small increments, except in the case of Hyracodon leidyanus, here
due in all probability to a lack of specimens. This intergradation in
size, without change in structure, has led me to discard Mr. Troxell's
Hyracodon selenidens as a separate species, placing it as the mini-
mum size variant in the Hyracodon arcidens series. Our 1922 col-
lection has yielded, from the lower concretionary zone in the Oreo-
don beds in Quinn Draw, Washington County, a specimen, No.
12765, agreeing closely in size with Mr. Troxell’'s H. selemidens
(lengths, upper premolar series 60 mm., upper molar-premolar series
111, lower molar-premolar series 108.5), dimensions which fit in
nicely in the table of size variations referred to.

2. Cenopus.

I refer our two rhinoceros skulls from the lower concretionary
zone to Canopus occidentalis Leidy because they agree in premolar
pattern with the skull figured by him on PL XII., Ancient Fauna,
and referred to this species, which was originally established upon
several small fragments of molar teeth. We must not overlook Dr,
Leidy’s privilege of redefining his species in terms of other and bet-
ter specimens, and this hautotype skull can hardly be characterized
as * not adequate nor dependable ” as Mr. Troxell * expresses it in
his endeavor to substitute Canopus copei for Leidy's classic species,
If Cenopus copei is “ barely distinguishable from C. occidentalis
except in size ' as Mr. Troxell states, our commonly accepted rules
of priority do not permit the substitution of the former name for the
latter because based on a better specimen. With all due deference
to Mr. Troxell's opinion to the contrary, I find Leidy’s figure both
adequate and dependable for the identification of our newly acquired

® Sinelair, * Hyracodon, &c. ™ loc, cit., p. 68.

® Troxell, E. L, * Cenopus, The Ancestral Rhinoceros,” Am. Sour. Sci,
July, 1921, p. 44.
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material of which the best preserved skull, No. 12634, differs from
the figure just referred to in having a prominent cylindrical style
replacing the cingulum at the entrance to the transverse valley in m3,
whereas in Leidy's plate there is a heavy cingulum shown at this
point.

3. Colodon.

Jaw fragments determined as Colodon dakotensis from both the
nodular zones are practically identical with specimens already in the
Princeton collection, discussed some years ago by Mr. Hatcher ™
He was in error, however, in his definition of the genus in ascribing
to it but two lower incisors. The specimen on which his definition

Fic. 7. Colodon occidentalis Leidy, No. 1270,  Palatal view, three
fourths the natural size.

is based, and which he figures with but two incisors, shows part of

the alveolus for the third incisor and this tooth is present in the

lower jaw of a specimen of the smaller species, C. occidentalis, in the

collection of the American Museum, No figures of the upper denti-

tion of C. occidentalis have heen published other than the drawing

of C. procuspidatus O. and W.** which Hatcher referred to occiden-
= Am. Jour. Sci., 1806, p. 100.

* Oshorn and Wortman, * Perissodactyls of the Lower Miocene White
River Beds.” Bull. Amer. Mus., Vol. VIL, 1805, p. 365, Fig. 8.
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talis. An incomplete palate, No. 12700 Princeton University Geo-
logical Museum, from the lower concretionary zone of Quinn Draw
basin, Fig. 7, is of a size to fit lower dentitions referred by Hatcher
to Colodon occidentalis and probably belongs to that form. It is of
interest in showing for the first time the width of the palate, the
length of the diastema, and all the teeth, m1 excepted, on either one
side or the other. The incisors are horse-like in the presence of a
shallow central cup, too shallow to form a “mark ™ as the tooth
wears. The irregular palatal margin on a line with pg~m1 is due to
fracture, and does not mark the position of the posterior nares.

MeasurEMENTS,
I[ng, Ienpth. . iaiiae e 112 N,
Diastema, length .....vvvvvnnn. 20.5
Premolar series, length ........ 415
Molar series, length ........... 46

4. Mesohippus,

Mesohippus bairdii is certainly the commonest and, to judge
from our collections of the past three years, the only species of horse
in the lowermost 100 feet of Oreodon beds in the South Dakota
Badlands. I am wholly unable to determine at what level the transi-
tion from Mesohippus to Miohippus occurs, All the specimens col-
lected by us in the upper concretionary zone, while comparatively
few in number, are indistinguishable from typical M. bairdis.

Although all our horses from the concretionary zones are ref-
erable to bairdis, it by no means follows that all accord strictly in
dental pattern with the type of that species, as the series of unworn,
or but little worn, third molars, illustrated in Fig. 8, will show.
These specimens which differ strikingly in the shape of the hypo-
style, development of rudiments of the crista, forking of the tip of
the mataloph, etc., are all from the lower concretionary zone, and
come as close as possible to being a contemporary assemblage, [
have confined myself to the third molar, not because it possesses
any inherent virtue, but because, being the latest erupted, it is un-
worn in many specimens and shows details soon obliterated by use.
The hypostyle in the molars of Mesohippus is a recently acquired
character, appearing first in certain Titanotherium beds species, and,
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in bairdii. it still seems to be seeking for expression, not having
settled down to a fixed policy, as shown in Fig. 8, where some, not
necessarily all, of the different forms assumed by this cusp, in com-
hination with other features, are illustrated.

aree, x 1 fe 1250/, X1 /2. /2508, xtfa. 12544, x 1},

Fic. & Mesohippus boirdii Leidy. Series of upper m3 to show variaticns
of hyposiyle, etc. One and one hali times the patural size. Specimens in the
Geological Museum of Princeton University.

In No. 12586, left m3, Fig. 8, the hypostyle is cupped by the de-
velopment of a pli-hypostyle enclosing an elongated depression.
There is a rudimentary crista and the tip of the metaloph is forked
to form a small pli prefossette and pli postfossetite, but the cup of
the hypostyle may be nearly circular, and the tip of the metaloph
unforked, as in our No. 12572.

In No. 12501, left m3, Fig. 8, the hypostyle is a sharp spur-like
prolongation of the cingulum, extending forward with no trace of
cupping. The tip of the metaloph is unforked and separate from the
ectoloph and there is the rudiment of a crista but the same type of
hypostyle may be associated with slight forking of the end of the
metaloph (left m3 in No. 12505), or the hypostyle may develop a
smaller spur than in No. 12508, Fig. 8, the other structures remain-
ing unchanged (right m3 No. 12505).

In No. 12508, Fig. 8, where the right m3 is drawn reversed, the
hypostyle has a prominent outwardly directed spur, and the metaloph
is confluent awith ectoloph by a narrow bridge. In this tooth the
points of the para and metaconids have been damaged by fracture.

In No. 12541, leit m3, Fig. 8, and other teeth of similar pattern,
the hypostyle is a triangular area with irregular rugosities, wearing to
a truncated cone, sometimes joined by a narrow isthmus to the rest
of the posterior cingulum. The metaloph is sometimes fused with
the ectoloph, sometimes not.
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If these are to be regarded as individual variations, as seems
probable in view of the close agreement of all the specimens in
size and structure with M, bairdii and their close contemporaneity,
all being from the lower concretionary zone, it would seem probable
that M. trigonostylus Osborn, which is based on a specimen with
hypostyle comparable to No. 12508, Fig. 8, will have to be regarded
as conspecific with beirdii, The type of this species is “ from the
Metamynodon sandstones in  the middle Oreodon beds””* As
shown in Mr. Wanless' paper, the Metamynodon channels all lie
below the upper concretionary zone. A second torm, Mesohippus
obliguidens Osborn, the type of which is “ from the nodular layer
in lower middle layer of the Oreodon beds: specimen covered by
ferruginous oxide,” ** has long since been regarded by Dr. Matthew
as conspecific with bairdii, so that the latter, as already intimated,
seems to stand alone as the only equine species in the lower Oreodan
beds so far as the South Dakota area is concerned,

ArTiopacryr. UNGULATES,

I. Archaotherium,

Heavy rains during the winter and spring of 1g21—22 washed
out from the loose surface clay the missing tip of the left cheek
flange pertaining to the rather remarkable entelodont skull No.
12624, collected by Mr. H. R, Wanless during the previous summer
from the clays of the lower concretionary zone at Culbertson’s lo-
cality on Bear Creek, northeast of Scenic in Pennington County.
This specimen I have already described and figured, referring it
to Archeotherium mortoni®™ A corrected figure, showing the
complete cheek flange, is presented herewith, Fig. 9. Ii taken by
itself, this specimen would constitute a perfectly good species dif-
fering from the majority of the specimens of A. maortoni in skull
length, size of the cheek flange, molar pattern, and premolar spacing,.
Only by a wealth of contemporary material has it been possible to
work out the anastomosis of characters described in the paper just
referred to, which has led me to visualize A. mortoni as made up of

** Iconographic Revision” p. 4.

* Thid., p. 48.

® Proc. Amer. Phil. Soc., Vol, LXL, p. 53 et seq.



CONCRETIONARY ZONES OF THE OREODON BEDS. 125

o number of interbreeding strains which differ from each other by
various small unit characters, singly or in combination. It is en-
tirely possible that the same conception should be applied to certain
of the larger species of the genus, thus far described from the Oreo-
don beds, and that the matter may be further complicated by sexual
dimorphism affecting the shape of such excrescences as the cheek
flanges and chin processes, but adequate data in the shape of a large
suite of contemporary specimens of the larger forms are not yet
available for discussion.

Fio. 0. Archaotherium mortoni Leidy, No. 1262y, Corrected drawing
!_lhnwing the complete cheek flange, about cne fifth the natural size. View not
in absclute profile,

Thus far Archaotherium is the only entelodont genus found in
the Titanotherium and Oreodon beds, but probably occurs also in the
Protoceras-Leptauchenia beds, as indicated by a fine skull from this
level in the collection of the Field Museum, no description of which
has yet heen published. A. mortoni is certainly common to the Ti-
tanotherium and Oreodon beds, as also seems to be true of the large
form for which I have proposed the name A. scotti,® and which 1
think is represented by a somewhat crushed skull and jaws, No. 572,
in the American Museum, collected by their 1882 Expedition from
the upper Oreodon beds. As revised to date, the list of entelodont
species from the Oreodon beds reads as follows:

® Pros. Am, Phil. Soc,, Vol LX,; No. 4, 1021, P 468 et seq.
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1. From the Lower Concretionary Zone:
A, mortomi Leidy and its variants.
A. erassum 7 Marsh,
A, wanlessi Sinclair.
2. Probably from the Lower Concretionary Zone, and certainly from
the lower Orendon beds :
A. ingens Leidy (identified on the basis of the chin pProcesses).
3 Upper Oreodon beds, and presumably lower Oreodon beds also
as the type is from the upper Titanotherium beds -
A, scotti Sinelair,
4. From the Upper Concretionary Zone:
A. mortons.

2. Perchorus.

Fragments of a lower jaw, No. 12736, from the upper concre-
tionary zone on Cottonwood Creek in Washington County, agree
s0 closely in size and structure with the type of Marsh's Perchorus
(Thinohyus) mnanus* that 1 have no hesitancy in so determining
them. It is a small peccary, smaller than Leidy's P. probus.

A few teeth from the upper Oreodon beds in the vicinity of
Cedar Pass, near Interior in Jackson County, are probably referable
to P. probus, with which they agree fairly well in size. The Prince-
ton collection does not contain sufficient peccary material from def-
nitely known horizons in the Oreodon beds to work out the range in
time of the above species. Their presence or absence in the nodular
zones is probably controlled largely by the chances attending the col-
lection of rare material, but may reflect differences in local habitat.

3. Agriocharus,

No new data are available regarding the stratigraphic range of
the two known species of Agriocherus from the Oreodon beds.
Abundant teeth and other fragmentary materials occur in the lower
nodular zone, but complete skulls are rare, only one being secured
with the smaller type of distended auditory bulla characteristic of
A. antiguus, Both A. antiquus and A. latifrons are represented -in
the older Princeton collections from the Oreodon beds, but precise
stratigraphic data regarding their position in the feld are lacking,

* Amer, Towr, Sei, Val. XLVIIL, Sept; 1804, p. 271, Fig. 28,
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4. Oreodon and Eporcodon.

The lower clays of the Oreodon beds, and especially the lower
zone of rusty nodules, is the level par excellence of Oreodon culbert-
somé culbertsoni Leidy, and might well be designated the Oreodon
culbertsoni culbertsons zone were it not for the fact that the species
is not strictly confined to this level, ranging downward into the upper
Titanotherium beds, as shown by a single specimen with the rugged
type of bulla characteristic of 0. culbertsons culbertsoms, No. 12764
Princeton University Geological Museum, found in place about 18
inches below the contact of the Titanotherium and Oreodon beds,
distinctly below the level of the white limestone lens marking the con-
tact in Corral Draw. How far upward it extends into levels above
the lower concretionary zone must remain doubtful, for while no
specimens of it were found by the Princeton expeditions of 192022
in the upper nodular zone of the Orendon beds or higher, there isa
specimen of O. culbertsoni culbertsoni in our museum, No. 11080,
labeled in Hatcher’s handwriting as from the upper Oreodon beds,
Corral Draw, and in a matrix which agrees in character with the
upper Oreodon clays.

Not all the specimens of this species in which the basicranial
region has been prepared in detail agree with the figure given by Os-
born and Wortman® in possessing separate foramina rotunda.
These are completely lacking on both sides in the above-mentioned
specimen from the Titanotherium beds, and in another skull, No.
12703, from the Oreodon beds, the foramen rotundum is absent on
one side and present on the other. There are also variations in the
shape and degree of inflation of the bullze in individuals which
otherwise agree well with O. culbertsoni culbertsoni in the characters
cited by Osborn and Wortman.

There is, however, never the slightest danger of confusing Oreo-
don culbertsoni culbertsoni with Eporeodon bullatus if the auditory
region has been preserved, Quite unexpected data regarding the
stratigraphic range of the latter are afforded by our collections of the
past three years. From the presence of eporeodons (E. major) with
greatly distended bulle in the Protoceras beds, and of forms with
small rugged bulle in the Oreodon beds, with a single example of

o gull. Amer. Mus., Vol VL, 1804, p. 216, Fig. VA.
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* the transitional form O. bullatus " from beds of intermediate posi-
tion, Osborn and Wortman were led to suggest ** that the range in
time corresponds with the evolution of the bulle. This, however, is
not the case, for typical Eporeodon bullatus, agreeing absolutely with
Fig. 5C of Osborn and Wortman's paper, occurs in both noduliferous
horizons of the Oreodon beds and probably in the Protoceras-Lep-
tauchenia beds as well. The type of Oreodon (Eporcodon) bullatus
is from the Titanotherium beds,* and the species is tentatively identi-
fied by Thorpe * from the John Day, certainly the greatest vertical
range of any White River form. Incidentally, the finding of Epore-
odon bullatus on the same level with Oreodon culberisoni culbertsoni
has an important bearing on the status of M erycoidodon as Professor
Scott has brought to my attention. This name was proposed hy
Leidy in 1848 for an animal represented by the fragment of an upper
Jjaw containing the last two molars, and a second fragment of the
lower jaw with the last three molars. Later, other fragments were
referred by the same author to Oreodon and Cotylops. Better
material subsequently obtained enabled Dr. Leidy to decide that all
three belonged to a single genus for which he expressed the desire
to retain the name Oreodom, a preference which modern priority
purists would have done well to respect, since Eporeodon bullatus
and Oreodon culbertsoni culbertsoni are quite inseparable on the
basis of maxillary and jaw fragments lacking the premolars and,
with both occurring in the same beds, Leidy's type of Merycoidodon
might have pertained to either. The name should be permanently
discarded.

The smaller form, Oreodon culbertsoni pericidorum, while far
less abundant than O, culbortsoni cwlbertsoni, is found in both nodu-
liferous zones of the Oreodon beds, as is also Oreodon gracilis.

5. Leptomeryx.

Leptonery.y is represented in both concretionary zones. A lower
jaw fragment showing the characteristic structure of the heel of the
last lower molar found in Hypertragulus was obtained from one of

“Loc. cit, p. 210,

4 Extinct Mammalian Fauna," pp. 1oy-s.
" Awmer, Jowr. Sei, Auvgust, 1021, 0. 104
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the Metamynodon channels. Its non-occurrence among our collec-
tions from the concretionary zones has probably no other significance
than failure to find a specimen of a not too abundant form.

6. . Pabrotherium.

The synonymy of the White River camels is badly involved, due
to the fact that the first described species from the South Dakota
Big Badlands, Pabrotherivm wilsoni Leidy, is based on a juvenile
specimen retaining the milk premolars and lacking the front of the
<kull and the anterior teeth, on which specific distinctions within the

12722, x¥a.

Fizc. 1o, Pla'ﬁrﬂ:hfrium andersoni Troxell, No. 12722, Side view of the
skull and jaws, one half natural size. Arch, pterygoid region and parts of
brain case restored. Drawt from a photograph and the specimen.

genus are now based. A second species, Pabrotherium labiatum
Cope, from the Cedar Creek beds (Oreodon zone), Colorado, has the
type skull mutilated in the same way. So far as the size of the type
specimen of wilsoni is concerned, it might either be a young P. labi-
atum or P. andersoni, if the latter is distinct from labiatum, Juve-
nile individuals of P. eximium are much smaller than the type speci-
men of wilsoni, while the adults, which have been confused with
wilsoni in the older literature, may be readily separated from the
specimen here figured by differences in the shape and spacing of the
anterior teeth,*

% Sue Hull, Amer. Mus, Vol X, 188, p. 111, Fig. 7, now referred to

P, eximivm Hay.
9
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I am referring provisionally to P. andersoni Troxell, the speci-
men shown in Fig. 10, No. 12722 Princeton University Geological
Museum, from the lower concretionary zone in the west part of
Indian Creek basin, near the pass into Little Corral Draw, Washing-
ton County, South Dakota. It is a fully adult, uncrushed skull, a
little larger than the type of andersoni with which it agrees closely
in structure, having i3 large and caniniform and c1 small. No trace
of an internal basal pillar, however, appears between the inner lobes
of m3. The preorbital vacuity, not indicated in Mr. Troxell's figure
of P. andersoni*® but present in his type specimen, has about the
same extent as No. 12722 here figured, making allowance for the
slightly smaller size of the former specimen and its deformation by
crushing. Whether our No. 12722 could be separated specifically
from wilsons, if mutilated to the same extent as the type of that
species, is doubtiul. It does not differ markedly in size from the
type of P. labiatum, but has pZ closer to the posterior end of the
symphysis (i.e., a shorter gap between pT and p2). Just how much
dependence should be placed on this point is doubtful in view of the
variation observable in another of our specimens of similar size, No.
12725, also from the lower concretionary zone as exposed in Little
Corral Draw northwest of Cottonwood Pass. In the latter the gap
between pT and pZ measures 5.5 mm. in contrast with g mm. in No.
12722. These specimens further differ in having the lower canine
quite small in cross-section in the former and considerably larger in
the latter, as indicated in the figure, perhaps a sexual difference. I
am inclined to suspect, on the basis of comparable size in skeleton,
that the specimen described and figured some years ago by Professor
Scott as P. labiatum. ¥ (No, 10527 Princeton University Geological
Museum) might, with equal propriety, be referred to P, andersoni.
An examination of Cope's type specimen of labiatum shows that
the lower margin of the jaw is incorrectly drawn in his illustration

*Troxell, E. L, * An Oligocens Camel, Pocbrotherium andersoni, n. sp.”
“Amer, Jour, Sei,, Vol, XLIIL, May, 1917, pp. 381-38g, Fig. 1.

“ Seott, W. B, “0On the Ostealogy of Poebrotherium, A Contribution to
the Phylogeny of the Twapods,” Jour. of Morphology, Vol. V., 18g1, oot
0]

* Cope-Matthew, “ Hitherto Unpublished Plates of Tertiary Mammalia
and Permian Vertebrates™ Pl CXV. Fig. 1.
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It should be as indicated in Fig. 10 and as in Leidy’s figure of his type
specimen of P. wilsoni, 1 do not find any striking differences in the
shape of the otic bulle between Cope’s specimen of labiatum and our
P. andersoni. They are a little rounder in the former than in the
latter, but contemporary specimens of comparable size from the
lower nodular zone vary in the degree of bulla.inflation. Cope's
figure shows m3 set well in front of the ascending ramus, whereas
in No. 12722 this tooth encroaches more closely on the ramal margin.

MEASUREMENRTS,

Maximum skall length, premaxille to supracceipital, inc. ...cvvvves 201.5 mm.
Length p2-m3 ......0nnvan i35 mm. P’y anteroposterior diameter 8
Length pEimg «ooaveeess Be.5 M1 anteroposterior diameter 10
Length entire M2 anteroposterior diameter 14

inferior den- M3 anteroposterior diameter 13

BHDD cisiinsidvisanaa THOE PT anteroposterior diameter 36
Pi anteroposterior diameter 8 PZ anteroposterior diameter 8.6
Pz anteroposterior diameter 0 P3 anteroposterior diameter 0.5
P3 anteroposterior diameter 9.2 Py anteroposterior diameter ¢

P. eximium occurs in the lower Oreodon beds, as shown by a
juvenile specimen, No. 11011 Princeton University Geological Mu-
seum, collected in 1804 by Mr. H. F. Wells i Corral Draw, pre-
sumably from the lower concretionary zome. It is not identifiable
among the specimens secured by us during the past three years, and
has, accordingly, been omitted from the list.

Birps' Eccs.

A remarkably large number of fossil eggs has been obtained by
us during the last three summers, two from the lower concretionary
zone and two from clays 10 feet below the upper concretionary zone,
but a few feet apart, and on the same level in Quinn Draw basin.
One of the latter. No. 12600, Plate I, Fig. 1, is uncrushed and en-
tire, and agrees, within a few hundredths of an inch, with the dimen-
sions of the egg of the Florida duck, Anas fulvigula, given by Far-
rington ** (2.16 inches x 1.56 inches, or 55 mm. X 30.5 mm. as against
2,05 inches x 1.52 inches in the modern form). The shell has lost

“ Farringtan, O. C., “ A Fossil Egg from South Dakota,” Field Columbian
Museun Publication No. 35, Geol. Series, Vol. L, No. 5, pp. 193-200, 1800,
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its carbonate content, is black, rugose, and much pitted. The outer
table of the shell is considerably eroded, perhaps by sand blast or
solution, and at a few points where it is completely flaked off, reveals
a deposit of chalcedony below. This egg is quite heavy, suggesting
the presence of barite in the unexposed center. The other specimen
from the same locality and level, No. 1261 3. also has a black, much
pitted, shell, seemingly impregnated by chalcedony and encloses a
mass of chalcedonized pseudomorphs arranged in radiating plates.
It also is quite heavy. Both eggs from the lower concretionary zone
have the shells badly crushed and eroded, and are too distorted to
subject to measurements.

An extremely fine fossil egg, No. 12616 Princeton University
Geological Museum, presented by Mr. J. G. Bump of Scenic, still
retains some of the carbonate content of its shell, and although dis-
torted by pressure is not sufficiently fractured to show the interior
filling. Its dimensions (57.5 mm. x 45 mm. x 40 mm.) and general
appearance recall the second of two eggs figured by Mr. Troxell®
The shell is rugose but the pittings are less conspicuous than m Na.
12600, It is shown on the left in Plate I, Fig. 1, and is, supposedly,
from the White River series, but the locality and horizon are un-
known, as it was acquired by Mr. Bump from an Indian, who was
said to have found it somewhere in the vicinity of White River.

RerTiies.
1. Peltosaurus,

Parts of the skull and jaws of a lizard from the lower concre-
tionary zone in Corral Draw have been identified by Mr. C. W. Gil-
more as Peltosaurus granwlosus Cope,

2. Stylemys.

The contrasting numbers of these animals listed from the two
concretionary zones is in keeping with the limited thickness and pov-
erty of favorable exposures of the upper zone, which too often out-
crops on cliff faces. They must have occtirred by the thousand, for

* Troxell, E. L,

" Oligocene Fossil Eggs,” Jour. Wash. Acad. Sei, Vol
B, 1016, pp. 422425,
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hundreds of their carapaces, in all stages of demolition, were seen
along the many miles of exposure of the lower concretionary zone
collected over by us. They early attracted attention, and are referred
to in disparaging terms in T. A. Culbertson’s quaint diary ™ under
date of May 14, 1850, as “ ugly, dark red, unshapen masses—these
my guide told me were petrified turtles, their shells being destroved
by the action of the sun, and they are crumbling to pieces. The
ground in many places is thickly covered with small lumps, the
broken remains of turtles which a few years ago were perfect.”
They are supposedly land forms and their mode of occurrence in the
concretionary zone, discussed in my paper on the ** Turtle-Oreodon
Layer,” is quite in keeping with the theory of origin of the latter
there enunciated.

DepantmeENT oF GEOLOGY,
Privceron UsiveErsiTy,
Princeron, N. J.

“ Fifth Ann, Rept. Smithsonian Institution, 1851, p. 03.



THE S50NIC DEPTH FINDER.

By HARVEY C. HAYES, Pa.D.
(Read April 26, rozq.)

Previous Paress,

This paper is the third of a series dealing with developments that
have resulted from research work in the field of submarine acoustics
carried out by the U. 5. Navy during the past five vears. The first
paper, entitled * Detection of Submarines,” ! described a syperior
type of submarine sound detector called the MV Hydrophone which
had proved effective during the war and predicted that this device
would eventually prove to be a distinct aid and safeguard to naviga-
tion. The second paper, entitled * The U. 5. Navy MV Type of
Hydrophone as an Aid and Safeguard to Navigation,”* described
the various ways in which the MV Hydrophone could serve the nav-
igator, as determined on various ships of the Navy, and gave the
results of some practical tests. .

PreEsExT PAFER.

The present paper may be regarded as an extension of the second,
inasmuch as it has to do with developments that are of prime im-
portance to the navigator and which were predicted in that paper.
It is also closely related to the first paper since it deals with an in-
stallation of submarine sound apparatus for ships that includes the
MV Hydrophone. In order to avoid repetition the author will,
therefore, only describe very briefly those parts of the sonic depth-
fnding apparatus that have been fully described in the two previous
papers.

GENERAL DESCRIFTION.

The sonic depth-finding apparatus comprises three distinct units,
viz.: a submarine sound transmitter, a submarine sound receiver

' Proceedings of the Americon Philosophical Society, Vol. XIX., Nao. 1,
lﬂm; Proceedings of the Awerican Philosophical Society, Vol, LIX, No. 5,
Tl
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and the so-called * Sonic Depth Finder,” which is a connecting link
between the transmitter and receiver and which serves to accurately
measure the time interval between the sending of a submarine sound
signal and the return of its echo from the sea-bottom or any other
submarine sound-reflecting surface. This time interval, together
with the velocity of sound in sea water, serves to determine the dis-
tance to the reflecting surface. And if the sound receiver is a type
that can determine the direction of the echo, as is the MV Hydro-
phone, then the reflecting surface can be definitely located and its
slope determined because the direction of the echo is perpendicular
to the reflecting surface. Such an installation of sound apparatus
can, therefore, furnish complete data for making a survey of the sea
bottom. The three units comprising the installation will be described
in turn. ,
The Submarine Sound Transmitter.

The submarine sound transmitter consists essentially of a rigid
steel diaphragm about eighteen inches in diameter one side of which
is in contact with the water and to the other side of which is attached
electrical means for exerting alternate thrusts and pulls of sufficient
magnitude to cause the diaphragm to vibrate agamst the highly in-
compressible water and of sufficient rapidity to give an audible
sound. The driving force is usually produced by powerful electro-
magnets through the coils of which is passed an alternating current.
The force so exerted on the diaphragm may reach several tons. Such
a transmitter, which is commuonly called a submarine sound oscillator,
can be used for sending code signals if it is provided with a snitable
transmitting key for making and breaking the A.C. circuit.

The pitch of the sound generated is dependent on and numerically
equal to the frequency of the A.C. current. The coefficient of re-
flection of the sea bottom is doubtless a function of the pitch of the
sound but very little is known of this function. As a result the
pitch of 1roo which is used has been chosen from considerations
other than the coefficient of reflection. This comparatively high
pitch is employed for two reasons. First, it permits the use of a
high-pass filter that greatly weakens the low-pitched local noises
but allows the signals to pass. Secondly, high-pitched transmitters
are better adapted for sending short signals in rapid succession. It
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may be stated that signals having any pitch between 550 and ri1co
have been found to reflect well from the sea-bottom.

The Submarine Sound Receiver,

The submarine sound receiver may be a very simple and inex-
pensive device provided it is not required to determine the direction
of the sound. It will be shown later that good sounding data can be
taken with such a receiver, but for securing data of the highest ac-
curacy it becomes necessary to determine the direction of the echo.
The MV Hydrophone, developed by the U. S. Navy during the war
has proved to be superior to other types of direction finding sound
receivers for use on ships for the reason that it is simple and rugped,
permits of easy and rapid manipulation, responds with almost equal
sensitivity to sound waves having a wide range of frequency, and
through the use of several receptors intensifies the response to sound
waves from any one direction while at the same time the response to
sound from all other directions is weakened. As a result much of
the interference from the numerous local noises such as are caused
by propellers, auxiliary machinery and slapping of waves is elimi-
nated, thus enabling the operator to hear comparatively weak signals
and echoes which otherwise would not be audible,

The MV Hydrophone employs a double telephone head set, one
receiver of which connects with one half of the submarine sound
receptors and the other of which connects with the other half of these
receptors.  Direction of sound is determined through the operation
of the binaural sense and is accomplished by so varying the time of
energy transit from each submarine sound receptor to its respective
telephone receiver that the responses from all of these receptors
reach the two phones at the same time and in phase. Under such
conditions the sound will appear to the listener to be binaurally
centered, i.e., it will give him the impression that the source is lo-
cated neither toward his right nor his left. The time of electrical
transit of the several receptor circuits is varied by means of an “ elec-
trical compensator " through which all the receptor circuits pass
before reaching the telephones, and the amount of retardation that
mitst be introduced into these circuits to bring their currents into
consonance at the phones determines the direction of the sound.
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The electrical compensator is so ingeniously designed that the varia-
tions of current in the several receptor circuits, cansed by the
action of sound waves actuating the receptars from any definite
direction, can be brought into consonance at the telephones by turn-
ing a single hand-wheel. This hand-wheel operates a rotary scale
that is calibrated to give the direction of the sound with respect to
a straight line passing through the sound receptors.

Two lines of sound receptors are employed, one for receiving
sounds off the port and one for the reception of sounds off the star-
board side of the ship. They occupy symmetrical positions on oppo-
site sides of the hull, are placed as far forward and as far below the
water-line as conditions will permit, and are directed parallel with
the ship’s keel. Only half of the sound receptors are used at any one
time and the compensator is provided with a multipole switch
wherehby all the receptors on either side of the ship or the forward or
rear half of the receptors on both sides of the ship can be connected
throngh the compensator, When either of the first two combinations
is used the compensator gives the direction of the sound with respect
to the ship's keel and when either of the last two combinations is
employed the direction of the sound is given with respect to a line
running athwart ship and perpendicular to the keel.

The Somic Depth Finder.

The Sonic Depth Finder is an automatic key used to make and
break the A.C. circuit of the transmitter. Tt is designed to close this
circuit for an instant at the end of equal time intervals and contains
means for continuously varying this interval through all values in-
cluded between about ten seconds and one tenth of a second. It
consists of a phonograph-like disk rotated at constant speed by means
of a tuning-fork-speed-regulated motor. A small wheel having its
axis parallel with a radius of the disk is driven by friction contact
with the surface of the disk and carries means for moving it radially
in and out along its axis. The axis of this wheel carries two cams,
one having a single saw-tooth-shaped depression and the other car-
ries ten such depressions uniformly spaced about its circumference.
Each cam operates a pair of contact points, and by means of a two-
way switch either pair can be connected in series with the coil of a
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relay. The relay operates a pair of heavy contacts connected in
series with the transmitter circuit.

In practice the disk is driven at the uniform rate of one revolu-
tion in ten seconds and the ratio of the diameter of the disk to the
fricion wheel is ten. Such an arrangement permits the speed of
the friction wheel to be varied from one revolution in about ten
seconds to one revolution per second, and by making use of the two
cam wheels the time interval between oscillator signals can be given
any value hetween ten seconds and one tenth of a second. It is ob-
vious that this period can at all times be computed from the radius of
the circle that the friction wheel scribes on the disk. This radius
can be determined to within a very small fraction of an inch by
means of a micrometer arrangement used for sliding the friction
wheel along its axis.

In order that the operator may use the same pair of head phones
for determining the direction of sounds picked up by the MV Hydro-
phone and also for making depth determinations, the telephone ter-
minals of the compensator are connected by cable to the Sonic Depth
Finder where, by means of a two-way multipole switch, both phones
can he connected to the compensator or one phone can be connected
to the compensator and the other to the secondary coil of a vario-
cotipler the primary of which is energized by an inductive take-off
irom the A.C. circuit of the sound transmitter. These two positions
of the selector switch may be called the (4) and (B) position re-
spectively. The (A) position connects the two phones directly to
the compensator. The apparatus is then adjusted for determining
the direction of any sound picked up by the sound receptors and
among others the echoes of the oscillator signals. The (B) position
connects one phone inductively to the transmitter circuit and the
other to the compensator. Under such conditions the operator hears
each oscillator signal in the inductively connected phone at the
instant it is transmitted and he hears the echo of each signal in the
other phone which connects with the MV Hydrophone receptors.
The vario-coupler serves to bring the signals in the two phones to
approximately the same intensity.
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PrixcirLe oF OpERATION.

Numerous devices have been developed to measure the time inter-
val between a submarine signal and the return of its echo but none
have proved to be practical. This failure has been largely due to
the fact that they attempt to measure the time interval in question
directly, The success of the Sonic Depth Finder lies in the fact that
it does not attempt to measure this time interval directly but
measures the time interval between signals and adjusts this interval
so that it is a simple known function of the interval between signal
and echo. This is accomplished as follows:

Let (t) represent the time interval required for the sound to
travel from the transmitter to the reflecting suriace and back again
to the hydrophone receivers and let (p) represent the period between
successive -signals. If the operator adjusts the value of (p) to
equality with (i), then at the instant he hears a signal transmitted
through the inductively connected phone he will also hear the echo
of the previous signal in the other phone. This adjustment can be
made by moving the friction wheel to a proper position along the
radius of the constant speed disk. Suppose now he increases the
frequency of the signals until () is equal to one half of (f). Then
he will still hear the signals and echoes simultaneously in the two
phones but each signal will now arrive coincident with the echo of
the second previous signal. Finally, if the period between signals is
made equal to one (Nth) of (), the operator will still hear the sig-
nals and echoes coincident in the two phones but each signal is then
transmitted simultaneously with the arrival of the echo of the (Nth)
previous signal.

It will, therefore, be seen that the operator will hear the signals
and echoes simultaneously in the two phones whenever he adjusts
the position of the friction wheel so that (f), the time interval be-
tween a signal and the return of its echo, is equal to some whole
number (N') times (p), the period between signals. Conversely, if
the operator wishes to take a depth sounding and adjusts the Sonic
Depth Finder so that he hears the echoes and signals simultaneously
in the two phones, he knows that

t= Np,



140 HAYES—THE SONIC DEPTH FINDER

where (f) is the period between signals, ( N) is a whole number and
(t) is the interval of sound transit. The value of (p) can be de-
termined from the micrometer scale of the mechanism used to move
the friction wheel and it only becomes necessary to determine (N)
to completely determine (t).

The factor (N), which is always a whole number, can be deter-
mined in various ways. If we remember that (N) represents the
number of signals that intervene between the one heard in the in-
ductively connected phone and the one whose echo is heard at the
same instant in the other phone, it becomes clear that (N) may be
defined as the number of signals in transit between the transmitter
and the hydrophone at any time. Therefore, (N) can be determined
by counting the number of echoes heard after the transmitter is
stopped or by counting the number of signals heard before an echo
is heard when the transmitter is started. The value of (N) can
always be definitely made unity by starting with a very large value
of () and then reducing the value until coincidence between sig-
nals and echoes is reached. A third method of determining (N)
will be described later.

The operation of the Sonic Depth Finder depends npon bringing
to coincidence the arrival of two similar sounds in two telephone
receivers, one on each ear of the operator respectively. Little or
no training is required to judge such a condition of simultaneity to
within a very small fraction of a second and as a result this method
of determining the time interval between a signal and its echo gives
surprisingly accurate results.

DeverLopMEST oF THE Sounmixc Eovation.

Let (5) equal the distance a sound signal travels in passing from
the transmitter to the receiver by way of reflection from some sub-
marine surface and let (1) equal the time of transit in seconds. Also
let (¥) equal the velocity of sound in sea water.

(¥) Then § = V¢

(2) and § = 2H, where (H) is the perpendicular distance to
the reflecting surface.

(3) Wherefore H = W17t

We have seen that

(4) t=Np,
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where (N') and (p) represent respectively the number of signals in
transit and time interval between signals when the apparatus is so
adjusted that the signals in one phone are simultaneous with the
echoes in the other. Substituting this value for (¢) in equation (3)
gives:

(5) H=4%VNp.
While this formula is exact, it is not workable until the factors (N)
and (p) are determined in terms of the dimensions of the Sonic
Depth Finder and its scale reading. Let the radius of the circle
which the friction wheel scribes on the constant speed disk be (R)
and the radius of the friction wheel itseli be (r). Let (P) be the
time required for the disk to make one revolution and let (C) repre-
sent the number of teeth on the cam used to operate the contact
points.
Order Number 20353,

Since there is no slip between the disk and friction wheel, it fol-
lows that:

(6) 2=R _ 2wr
F P
(7) Wherefore
i
R

when the cam-wheel carries (C) teeth equally spaced about its cir-
cumference.
Substituting this value for (p) in equation (5) gives:

_V:N-P-r

() = 2C-R

Suppose now that the Sonic Depth Finder has been adjusted
carefully for coincidence between signals and echoes. Call this
scale reading ([R,). Then increase the frequency of the signals
until signals and echoes are again coincident and call the scale read-
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ing (R,). Now since the value of (H) is the same in hoth cases it
follows that:

() V-N-P-r=l’+{,’f—1-:]-}‘-r1
2 2C- R, 2C-Ry
(10) wherefore
E;
Nt .
Rs— Ry

Substituting this value for (N) in equation (8) we have for the
general sounding equation :

V-P.r

(1) ety

where (H) is the perpendicular distance to the reflecting surface,
() is the velocity of sound in sea water, (P) is the constant period
of revolution of the disk, (r) is the radius of the friction wheel, (C)
is the number of teeth on the cam, and (R,—R,) is the distance the
friction wheel must be moved outward in passing from one condi-
tion of coincidence between signals and echoes to the next in order.

It is to be noted that (R.—R,) holds for all values of (R) and
therefore for the condition (R,) equals zero. Hence (R,—R,) is the
radius of the circle scribed on the disk when the apparatus is ad-
justed for coincidence of signals and echoes and (N) is equal to
unity.

The Sonic Depth Finder developed and used by the U. 5. Navy
has the following values for the constants of the sounding equation
(11):

P = 10 seconds,
#ii—y
= 1 0r.30.

The average value of 4,800 feet per second or Boo fathoms per
second is taken for (17), the velocity of sound in sea water. Both
(K,) and (R,) are measured in terms of (r) as a unit. This is
accomplished by making the pitch of the micrometer thread equal
to (r) and this permits of making (r) equal to unity in the sound-
ing equation. Inserting these values in equation (11) gives for the
practical sounding equation ;
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24,000
C(Rs — R))

where (C) may be (1) or (10), depending upon which cam is em-
ployed in operating the transmitter.

H (feet) =

H (fathoms) = %.
2 1

ACCURACY.

The accuracy with which the range (H) to a submarine reflect-
ing surface can be determined by the Sonic Depth Finder depends
finally upon the accuracy of each of the several factors on the right-
hand zide of the sounding equation;

V-P-r

L e

The factor (F), which represents the velocity of sound in sea
water, varies with the temperature, salinity and pressure. The tem-
perature coefficient at a depth of about 180 feet is approximately 2.8
feet per degree centigrade and it is probable that the variation in
this factor caused by pressure or salinity may be regarded as a second
order effect and neglected. No reliable data is extant relative to the
effect of pressure and salinity on the velocity (1), but from theoret-
ical considerations we are assured that both effects are small.

The temperature gradient of sea water along a vertical direction
has been shown to be much the same over most of the ocean areas
below depths of a few hundred fathoms and it is a favorable cir-
cumstance that the change in velocity of sound caused by increasing
pressure, as greater depths are approached, is nearly compensated
for by the change produced by the decrease in temperature. As a
result, there is reason to believe that the factor () does not vary
more than a fraction of a per cent. over most ocean areas for depths
below from 300 to 500 fathoms and it has been found that 4,800
feet per second is a good average value for the factor (J7) for use
in taking deep-sea soundings. For depths within from 3oo to 500
fathoms a temperature correction may be made to this value if
other factors warrant such accuracy.
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The factor (P), the period of revolution of the disk, is readily
maintained constant and accurate to within a tenth of a per cent. and
the radius (r) of the friction-wheel can he made with almost any re-
guired degree of accuracy. No error is introduced by the factor ()
as its value is definitely one or ten, depending upon which cam is
used. The accuracy of (R,) or (R,) depends upon the accuracy
with which the operator can judge of the simultaneity of two sig-
nals. The (R) factors can be determined to within about two thou-
sandths of an inch, and since their minimum value is about a half
inch the error in this factor cannot amount to more than one or two
tenths of a per cent.

In practice it has been found that with the sounding ship at rest
over a comparatively level sea bottom repeated settings of the Sonic
Depth Finder agreed with one another to within from one to two
fathoms. The value of (H), so determined, may be in error several
fathoms due to uncertainty in the value of ("), but differences in
(H) are given with but small error. And it is such information that
is of importance in making a survey of the sea floors.

DeprR SouxpinG.

Thus far we have only spoken of the method and apparatus for
determining (H), the distance from the ship to the submarine re-
flecting suriace along a perpendicular to that surface passing through
the ship. The depth (D) is the distance from the suriace to the sea
bottom along a line perpendicular to the surface of the water, It is
obvious that (D) and (H) are equal only when the sea floor is hor-

izontal. If the angle of dip (), which the sound path (H) makes
with the surface, is known, then:

D = H:sine §,

where (D7) is the depth along a vertical line passing through the
point of reflection and met the depth underneath the ship, which may
be called (0'). This depth cannot be definitely determined with the
Sonic Depth Finder. However, if it is assumed that the slope of the
sea bottom is uniform over an area including a point directly be-
neath the ship and the point of reflection, then,

D' = H/sine §.
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_ These statements will be more readily understood by considering
Fig. 1, wherein the lines (5-5) and (F-B) represent the surface
and sea floor respectively and points (1), (2), (3) and (4) repre-
sent the position of the ship, the point of reflection, the point verti-
cally above the point of reflection and the point vertically beneath
the ship respectively. The distances (D), (H) and (D') have
been defined and the angles (8) and (8) are the dip of the line
(H) below the surface (5-5) and the slope of the sea floor re-
spectively. It is to be noted that () can be determined from (8)
through the relation

i+ 8=

IR ]

As stated, (H) is not the depth. The depth (D) over point (2)
can be definitely determined if the angle () 1s known, since

D — H-sine 8§,

and if the slope between points (2) and (4) is constant, then (D)
can be determined through the relation

Dt — H/sine 8.

The probable truth of the assumption that (#) remains constant
over an area including points (2) and (4) is dependent on the dis-
tance between these two points, This distance is proportional to (H)
and to (cos §). It is believed that no great area of the sea floor
has a slope as great as 30 degrees and, therefore, the minimum
value of () will not be less than 60 degrees. There is also reason
for believing that no great area of the oceans has a depth greater than
6,000 fathoms or six miles. Therefore, the greatest probable distance
between points (2) and (4) will approximate three miles and in
general be very much less than this figure. Of all the submarine
surveys that have thus far been made with the Sonic Depth Finder,
no slope greater than 15 degrees has been found, and under such
conditions the distance between points (2) and (4) where the depth
is 6,000 fathoms would be about a mile and a half, At 3,000 fathoms,
which is beyond the average ocean depth, this distance reduces to

about three fourths of a mile. It is believed that the sea bottom is
10
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much more regular than are the areas above sea level for the reason
that it has been shiclded from erosion. The slopes have resulted
alone from warping of the earth's crust and as a result abrupt
changes in the value of (g) should not in general be expected. It
would therefore appear that the assumption in question may be ex-
pected to approach the truth even under the most unfavorable condi-
tions and it seems certain that considerable reliance can be placed on
the formula
D* = H/sine §

over depths and slopes such as to make the distance between points
(2) and (4) within a mile. It must, however, be remembered that
the accuracy of this formula depends upon an assumption that may
possibly be far from the truth.

But why worry about (D*), the depth of water directly under-
neath the ship, when the depth (D) at some point (3) at least within
three miles of the ship can be accurately determined and especially
when it is remembered that in general this point will be much less
distant than 3 miles? For surveying purposes, at least, such a point
on the chart furnishes as valuable information as would one at the
exact location of the ship when the sounding was taken. In this
connection, it is of interest to see what it may mean if we forget
about (8) and assume that (H) represents the depth. It can be
shown that for all values of (8) less than 30 degrees, (H) is prac-
tically equal to one half the sum of (D) and (D). Therefore (H)
may be regarded as the depth at a point half way between (1) and
(3) and we begin to question whether it is worth while to determine
the dip (&) and make the resulting corrections which give the true
depth (D).

This question can be definitely answered. Somewhere over the
comparatively small area that includes points (2) and (4) the true
depth is represented by (H) and the chances are that this point is
about midway between points (2) and (4) or half way between
points (1) and (3). The factor (H) will therefore represent the
true depth at all times at a point within a mile and a half of the ship
and usually at a point much nearer. The answer, therefore, is as
follows: Unless a ship has some means of locating its position to
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within a mile and a half nothing is to be gained by charting the cor-
rect sounding (D) in place of its approximate value (H). And
since navigation by means of solar checks cannot give the ship’s lo-
cation to within this distance it follows that over most of the ocean
areas the depth can be represented on the chart as well by (H) as
by (D) or (IM*).

The next question that arises is: Why should an expensive re-
ceiver like the MV Hydrophone be used as a part of the depth-sound-
ing installation when its ability to determine the direction of the
echoes cannot be utilized because of uncertainty in the location of
the ship. It has already been explained that the focussing ability
of the MV Hydrophone enables it to detect faint signals that other-
wise would be drowned out by the numerous comparatively intense
local sounds. This fact, together with its ability to safeguard the
ship in the various ways described in the second paper of this series,
is sufficient argument for its use, even though it increases the cost
of the installation. But for submarine surveying, and also for pur-
poses of navigation, the direction of the echo is valuable for the
reason that although a ship does not know its position on the chart
to within about two miles, it does know the progress made along its
course from hour to hour with sufficient precision to warrant all
possible accuracy in the sounding data used for preparing or iden-
tifying a profile of the sea bottom along the route covered. By tak-
ing into consideration the slope of the sea bottom such profiles can
be prepared with considerable accuracy and for scientific purposes
the profile itself is more valuable than is its exact location on the
chart. Moreover, such profiles are most valuable when they define
a section perpendicular to the sea bottom and a determination of
the direction of the echoes enables the navigator to direct his course
50 as to give such profiles.

It has been shown that the depth (D) can be accurately deter-
mined if the angle (8) is known and it has been stated that the MV
Hydrophone determines the direction of the echo with respect to the
ship's keel and with respect to a direction across ship and perpen-
dicular to the keel. So far as the angle (¢), which gives the diree-
tion with respect 1o the keel, is concerned the echo may proceed along
any element of a conical surface having the submarine sound re-
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ceptors at the apex and making an angle (#) with the keel, Similarly,
the angle (#) which the echo makes with a direction athwart ship
only limits its direction to an element of the surface of a cone mak-
ing an angle (#) with a direction athwart ship and having its apex
at the sound receptors. The intersection of these two conical sur-
faces having the same vertex does, however, definitely determine the
direction of the echo. Neither ($) nor (#), in general, are equal
to (&), the angle of dip, but they are definitely and simply related to
this angle as can be understood by considering Fig. 2, wherein (0)
represents the position of the ship on the surface defined by the
mtersecting lines (X-X) and (¥-¥). The ship's keel is coin-
cident with (X-X), and (¥-¥) represents the direction athwart
ship. The sound reflects from (5) and proceeds to the ship along
path (H). The MV Hydrophone determines the angles (¢) and
(#), whereas the angles (a) and (§), the azimuth and dip bearings,
are desired. The relation between these two sets of angles abviously
153

(1) cos ¢ = cos ¥cos a,

(2) cos # = cos §sine a,
wherefore,

(3) cos 8 = [cos* ¢ + cos® b1,

(4) tan a = cos 6/cos &.

The Sonic Depth Finder determines (H) and the MV Hydro-
phone furnishes data for determining (a) and (8). The actual
depth at (S) is given by the equation

D) = Hsine §,

and the vertical through point (§) intercepts the surface at a point
out from the ship a distance (RF) where

R = Hcos 8,

and the line (O-R) makes an angle (a) with the ship's keel.

In making profile surveys it is desirable that (a) should be zero.
The navigator can readily accomplish this by making his course such
that (#) is equal to (x/2). It is to be noticed that {(4) then is equal

to (8), the angle of dip, and the computations are very much simpli-
fied.
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ComprarisoN of Sounping DaTa.

The only condition under which sounding data taken by the
deep-sea sounding machine and the Sonic Depth Finder can be com-
pared is over regions where the angle (8) is equal to {(x/2), or in
other words where the sea bottom is horizontal. Referring again
to Fig. 1, (D') may perhaps be supposed to represent the depth as
determined by the sounding machine (though it is quite possible
that the lead may strike bottom at a point some considerable dis-
tance from that vertically beneath the ship), and for practical pur-
poses we have seen that the depth may be taken as (H), which we
should expect to be less than (D'). The difference between sound-
ings taken by the two methods may be represented by the difference
between (D') and (H) and this value divided by (H) gives the
variation in per cent. between the two methods, or

D‘—H=1-sine5_

Present Variation = -
H sine &

The following table gives this percentage variation for various
values of (8) and also the actual variation for a depth of 1,000
fathoms.

Angleof Dip, Percentage Varlation, Actual Variathon,
@), (I — H) | H. (D — .
(e o i 00 O
R R R T B T 00 40
N TR oy e e {015 5.0
el R L 035 330
L R T T 0y 640
1Tl ey e A S L e Tilg.0
B L P e ek e e e 153 1530

Remembering that (8), the slope of the sea bottom, is the com-
plement of (8), it will be seen that the percentage variation between
the sounding data given by the sounding machine and the Sonic
Depth Finder averages about .15 of a per cent, per degree of slope
and that the actual difference in the data amounts to about 1.3
fathoms per degree of slope for every 1,000 fathoms depth.
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Pracricar Resvvirs.

The first practical design of the Sonic Depth-finding apparatus
was installed on the U.S.S. Ohio and successfully tested in February,
1922, during a cruise from New York along a course running
southeast from the Ambrose Light Ship to the latitude of Cape
Henry and thence west into Chesapeake Bay. The greatest depth
encountered was about 1,700 fathoms. The following June this
apparatus was transferred to the destroyer U.5.S. Stewart just previ-
ous to her departure for Manila by way of Gibraltar and the Suez
Canal. Throughout the run to Manila soundings were taken at least
every twenty minutes and at times as often as every minute. The
greatest depth encountered was about 3,200 fathoms. This ship is
still based on Manila and during the past two years has collected a
large amount of sounding data. Her reports state that almost no
troubles have been experienced in connection with the sound installa-
tion. The Stewart will probably return this year by way of the Pa-
cific, thereby completing a line of soundings around the earth.

Following the success of the Stewart, the destroyers Hudl and
Corey were equipped with the depth-sounding apparatus and directly
proceeded to make a survey of about 35,000 square miles of the
sea floor off the coast of California. This survey, which extended
from the 100-fathom curve out to a depth of 2,000 fathoms was
completed at the rate of about 1,000 square miles per day, These
ships reported that the acoustical sounding apparatus gave no
trouble and that it was rugged and able to withstand the adverse
conditions often met with on sea-going vessels.

Since that time several other ships of the Navy have been
equipped as has also the Coast and Geodetic Survey Ship Guide.
These ships are taking soundings during every cruise with the re-
sult that the Hydrographic Office is receiving an enormous amount
of reliable deep-sea sounding data which has already served to clear -
up several doubtful regions on the navigational charts and which is
rapidly leading to an accurate charting of the depth along the main
traffic routes. These data have disclosed discrepancies of hundreds
and even thousands of fathoms between the actual depth and the old
charted values and the discovery of submarine mountain peaks or
ridges rising several thousand feet above the sea floor is not un-
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usual. These landmarks will doubtless prove to be valuable for
determining the location and progress of merchant ships that are pro-
vided with apparatus for taking deep-sea soundings.

The scientific value of the data that can now be collected with the
sonic depth-finding apparatus can scarcely be overestimated. Such
data will doubtless furnish valuable information concerning the
movements of the earth’s crust for the reason that the contour of the
sea floor, which has been protected from the processes of erosion,
is the direct result of such movements and also for the reason that
the most unstable regions of the earth’s surface, where the move-
ments are so great and so violent as to affect areas far beyond their
origin, form a part of the sea bottom. It may be expected that a
careful study of the form and movement of the sea floor brought
about by the earth-warping forces will lead to a better understanding
of these forces.

CorCLUSION.

Research work dealing with submarine acoustics which the U.
S. Navy has carried out during the past five years has led to the de-
velopment of methods and apparatus capable of aiding and safe-
guarding navigation by enabling the navigator to locate sound
beacons to a range of several miles and to readily determine the
depth of water beneath his ship at all times. By means of this same
apparatus it is possible now for the first time in history to accurately
survey the ocean floor and a large amount of data pertaining to such
a survey is being collected by the various ships of our Navy. While
it is impossible at this time to estimate the importance of such a work
it seems certain that any undertaking that adds to our meager
knowledge of the great ocean areas must eventually prove to be a
benefit to humanity.

U. 5. NavaL RESEARCH STATION,
Beuievug, D, C.



SEX IN THE RIGHT AND LEFT SIDES OF THE
BIRIY'S BODY.

By OSCAR RIDDLE,
(Reod April 26, 1024.)

Much recent work indicates that sex in higher animals, though
normally determined on a very definite and well-known genetic plan,
is a very plastic, modifiable and even a reversible character. Other
quite recent studies make it nearly certain that many of the “ her-
maphrodite " vertebrate animals described during the past few dec-
ades were not founded upon a genetic basis—as has been supposed by
most biologists—but were really stages of sex-reversal which are
to be described in physiological terms.  Still other data on sexuality
are coming to hand for which also it is fairly clear that physiology
rather than genetics must supply the explanation. It is, apparently,
a case of this kind with which these remarks are concernéd.

Ii other data did not already indicate the plasticity of sex it
would perhaps appear incredible that the two points at which the
germ glands arise and develop on the right and left sides of the
bird’s body are points unequally favorable for the development of
male and female sex glands. Even to some of those who regard
the plastic nature of sex as fully demonstrated the suggestion that
this positional relationship has a real sex significance may perhaps
at first seem a rather astounding suggestion. It is not assumed that
all biologists are ready to agree to the reversible nature of sex; and
we may also grant that possibly the conception to which we now in-
vite attention is wholly wrong. It is here our purpose, however, to
mention four kinds of facts which seem to suggest the reality of the
proposition stated above. Whether this conception is right or en-
tirely wrong it will certainly require attention until several lines of
fact now at hand are otherwise adequately explained. It may be
said at once that we are not necessarily concerned with the right and
left side of the bird’s body as a whole, as our title might suggest,

152



RIDDLE—SEX IN THE BIRD'S BODY. 153

but merely with the points on the right and left sides at which the
germ glands arise and develop.

The first kind of evidence to be presented is based on two series
of facts: (1) It has long been known that in female birds the right
ovary, though it forms in the embryo, begins to atrophy shortly
before hatching and no right ovary is normally present in the adult
bird. This is apparently true of all species of birds. Lilienfeld,

Jagel and Pick have all made short comment on the bearing of
this different expression of femaleness on the right and left sides
of the bird's body. Apart from any theory it is a fact that ovarian
tissue develops to a far greater extent on the left side in all birds.
This fact standing alone would appear to have a sexual significance;;
when considered in connection with the facts next to be mentioned
concerning testis size on the two sides of the body such a significance
becomes wholly probable. (2) The other half of this sitnation has
been learned chiefly in our own studies, In two earlier reports we
have shown in part, and can now establish the fact satis factorily on
a number of species of pigeons, that in most cases {enough to estab-
lish a definite rule) the right testis of pigeons is larger than the left.

In connection with the above observation we are learning that
disease, confinement of the animals, and hybridity are all agencies
which markedly affect the better development of the testis on the
right side. They all lessen the proportion of pairs of testes in which
the right is the larger (Table L.). Incidentally it may be noted that
it is now becoming clear that each of these three factors has a defi-
nite effect either upon sex expression (including change in gonad
size) or upon the sex ratio; we also think there is good evidence
that they may and sometimes do profoundly modify sex itself.
When these modifying factors are applied to data earlier obtained by
others (for relatively few species in other orders of birds), and
after personally securing some fragmentary new data for some of
these forms, we obtain at least some evidence for a wider application
of this ohservation to other birds than pigeons.

The insufficient data as published, however, are in opposition to
the situation found in pigeons. Etzold, Gadow and others report
larger leit testes in birds in general. It mow seems probable that
failure to consider effects of confinement, disease and hybridity,
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together with unsuitable material obtained at times other than the
height of the bird’s breeding season, are responsible for previous
failure to find in at least some other birds a condition similar to that
found by us in the pigeons. In individuals of several wild bird
species taken at one or another stage of gonad regression we too
have found that the right testis is quite generally smaller than the
left; but it is possible that this may often indicate merely that the
right has suffered a more pronounced reduction than has the left.
The right testis of pipeons also suffers greater reduction than the

TABLE L

Data Suaowrnc PrevareExce of Lascen Ricat Testes 18 Vamous Grours
or: Pigeoxs. Arso Evrecrs oF Ace (CoNFINEMEXT) AND DisEase

Classifications.

Age and Health, L"-F_la_l}u i :fumP bui

Kind of Pigeon, Species. ]
Free breeders in | St. risoria Adult healthy, .. ..... 2.0 I If— 3
confinement Adult disepsed. ... ... b4 % 58~ g
Com. pigeons Adult healthy. ....... &5 31 16537
Adualt diseased. . ... .. B 1 67—37
Adolese. healthy. . .. .. & s 26— 6
Adolese. diseased. . | .. b, o 15— 5
Embryos alive. .. ._.. 340 I 103 3
Embryoa dead. .. . _ .. 253 i1 =11
Poor breeders in | Several wdild Adult healthy, . ...... ob ot 5— B
captivity species Adult disespsed. . ... .. 0.05 ¢ L T30
Juv. healthy, . ....... 60 :o 6~ 0
Juv. diseased.. .... .., #0 £I F2-11
Fertile  bybrids | Al gpecific Adult healthy, ....... 8.0 :1 233~28
breeding well hybride Adult diseased. ...... 6.8 1 232-34
in captivity Embryos alive, .. .... 56 11 33363
Embryos dead, ... ... 48 11 140—20

leit when put under conditions adverse to testis growth (confine-
ment of wild species; disease). Data on this point will be found
under “ wild species of pigeons " in Table 1. For most bird species
other than pigeons the relative size of the two testes at the height
of their development is now unknown and the point requires a more
thorough and circumspect investigation in birds in general than has
yet been made. It has earlier been shown by us that in pigeons the
shape of the left testis is more nearly that of the (elongate) ovary,
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We have now observed that this more elongate shape is also found
in the left testis of many other wild birds (starling, English sparrow,
etc.), although in these species the left testis is larger during at
least most periods of the year.

It can be said therefore that the left side of the body is more
favorable for ovarian development in all birds; that the right side is
more favorable for the growth of testicular tissue in at least eleven
species of pigeons belonging to two different families of this order,
and that it is also found to a mow unknown extent in other
orders of birds: that conditions adverse to testis growth usually, in
pigeons certainly, produce either greater reduction or more frequent
reduction in the right testis; and finally, that the shape or form of
the left testis more nearly resembles the ovary than does the right
testis,

A second line of evidence is supplied by data which we have ob-
tained on the occasional persistence of the right ovary in pigeons.
Throughout several years of study it has been observed that this
persistence is definitely more marked and more frequent in embryos
hatehed from ova in which the metabolic rate had been measurably
reduced. These are the same conditions which we have found to in-
crease the proportion of female offspring. Ina considerable number
of these cases the right ovary continues to undergo a slow develop-
ment instead of degenerating and disappearing; while in a few such
cases the right ovary has not only persisted but has fully functioned
and liberated mature ova.

This second line of evidence also has a second side to it. In our
carlier work it was found that when hybrids are formed from species
more and more distantly related (even species from different zoolog-
ical families are partially fertile in a first cross of pigeons) the re-
sulting hybrids show higher proportions of males corresponding to
the greater width of the cross. At the present time we are able to
show that parallel with this change in the sex ratio there is also a
change in the proportion of right gonads which are larger than their
associated lefts. In other words, from male individuals produced in
those crosses in which we are presumably changing most female-
producing eggs into male embryos we obtain the highest proportion '
of males whose glands resemble female gonads in their size relations
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—namely in having larger left gonads. This is what would be ex-
pected if there is an initial element of * femininity * in males de-
veloped from female-producing eggEs.

TABLE IT.

Susmamary o SizE RELATIONSHIP oF RicHT ann Lerr Tedtes as Arrecren
By Hyemmity (Heactay Anoors).

Weight Relations and No. in Each Class,

Ratio :
Kind of Bird, ? il Weights Weights
(mgm.}. - (mgm.).
No No.

Right. | Left. Right. | Left.
L T 120t 35 623 404 3 410 438
Streptopelia hyhbrs,. . . . [ B 133 571 466 14 463 519
All specific bybra. .. ... g0z o0 E1.F 402 3 LT 654
Complex hybre., , ... .. 4 I3 555 4360 3o 400 608
Generle hybrs., . ... .. E S 38 476 304 15 412 486
Sub-family hybrs,. . ... IO T Fl gz 207 1 233 268
Family hybrs., ., ... .. 0 i x 3 550 486 -1 4035 B1f

Table II. shows the frequency of this reversal of the niormal
size relations of the right and left testis in six groups of healthy adult
hybrids. These hybrids are listed in order of the width of cross
involved—the widest or most distinct cross being placed at the bot-
tom of the table. It will be observed that there is a steady reduction
of the proportion of testis pairs in which the left testis is smaller—
from 9.5 : 1 with least crossing to 0.4 : 1 in the widest ( family)
cross. These data would seem to show conclusively that the dissim-
ilarity, or width of the cross, is very definitely related to the ohserved
change in the normal size relations of the right and left testis in the
offspring. This fact can now be joined to the further and earlier
demonstration (the studies of several observers of other bird
hybrids, and the studies of Whitman and the writer on pigeon
hybrids specifically) that the sex ratio of hybrid birds is modified in
parallel with this change in size relationship of the two testes. If
the last-named fact and the data of Table Il. constituted the sole
evidence on the present subject they would seem sufficient to raise
a presumption that the points at which the two testes develop are not
equally favorable for the development of testicular tissue.
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A third line of evidence can now be obtained from data gathered
during the last three decades on hermaphrodite birds. We have
examined all of the recorded cases of hermaphroditism in birds and
find in every described case in which gonadal tissue was present on
both the right and left sides of the body that the male or testicular
tissue was found on the right side of the body and ovarian tissue
only, or ovarian tissue in connection with testicular tissue, was pres-
ent on the left side of the body. In all of these sixteen® carefully
examined cases it is evident that some influence so acted as to pro-
duce male tissue on the right side of the body and ovarian tissue on
the left. In three of these cases (those of Weher, Lorenz and Poll)
it is quite probable that one or another form of genetic explanation
is the true one, since in each case male somatic characters were also
found on the right side, and female somatic characters were present
on the left side of the body* On the other hand most, possibly all,
of the remaining thirteen cases probably receive their explanation on
physiological grounds. It seems inadmissible that in all of sixteen
consecutively observed cases the blastomere corresponding to the
right side of the embryo should have received a male-determining
and the left a female-determining element from the first cell division;
or that a similar genetic foundation should have heen so discriminat-
ingly supplied from any other source. Still more to the point is the
fact that in the two most adequately observed of these cases (those
of Crew and of Riddle) this possibility has now been practically
exchided. &

The two last-named cases throw much light on the real nature
of the hermaphroditism most frequently encountered in birds, Crew
was able to show that in one of the fowls which he examined the
body had passed through an initial female stage into a stage at which
a testis developed on the right side and in which testicular tissue was
able gradually to replace the ovarian tissue of the left side as this
was gradually destroyed by a tuberculous ovarian tumor. Before

1 Gich cases from Brandt, Weber, Lorenz, Shattock and Scligmann, Poll,
Pearl and Curtis, Boring and Pearl (3); Hartman and Hamilton, Pezard and
Caradroit, Macklin, Crew and Fell (3) and Riddle are included.

*The gonads of even these cases offer some difficulties for purely genetic

explanation. The * primordial germ cells ™ (see later) circulate before lodg-
ment in right or left gonad.
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its death Crew was able to show that this bird, earlier a mother of
chickens, was producing sperm. Later, while used as a male parent,
it also became the father of chickens. At autopsy ovarian tissue was
essentially absent and the bird had typical testes on both the right and
left sides of the body. A complete sex-reversal in the adult could
here be demonstrated. Five vears earlier the writer had observed,
and has since reported, a case in a blond ring dove in which the gonad
history quite duplicated the conditions found by Crew in the fowl—
though in our case the transformed bird was not tested as a male
parent. The data obtained on both these birds make it practically
certain that there was a relatively long period in each bird’s life when
it possessed a testis on the right side and an Ovary or an ovotestis
on the left side. These are precisely the conditions in which the re-
maining eleven hermaphrodite birds were found. These observations
therefore make it probable that many recorded bird hermaphrodites
arose from the circumstance that testicular tissue arises more readily
on the right side of the body than on the left.

The one-sided nature of the distribution of testis and ovarian
tissue in bird hermaphrodites naturally raises the question whether
a similar condition is found among the hermaphrodites of other
classes of vertebrates. This topic is reserved for extended treat-
ment elsewhere in connection with our data on unusual gonad con-
ditions resulting from hybridity, but it may be noted here that in the
lowest mammals (monotremes) the left ovary is known to be larger
than the right. In a greater proportion of the accredited cases
(7 : 1) of human hermaphrodites most testicular tissue was found
on the i—ight and most ovarian tissue on the left sides of the body.
Apparently a somewhat similar condition and proportion (6 : 3)
has been recorded in swine, though more meagre data indicate the
opposite condition in some other mammals (deer, cat). Arai states,
on the basis of adequate data for normal (not hermaphrodite) indi-
viduals in the rat, that as a rule the left ovary is larger. Among
hermaphrodite amphibia of the genus Rana more testis was found
in the right and more ovary in the left gonad in 14 : 5 cases; in
genera other than Rana a similar difference (4 : 4) has not been
found. Among Elasmobranchs some groups have only the right
ovary functional and in others only the left ovary is functional,
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These variations within each of the vertebrate classes would seem to
call for special anatomic-physiologic studies; studies on differences
in blood supply of the two gonads in genera differing in the above
respect, and a much more definite knowledge of the relative size of
the two testes in these groups, being particularly desirable.

A fourth line of evidence on the present topic is found in the
following single observation published now four months ago. Ben-
oit removed the single left ovary from two young chicks when four
days and twenty-six days old. Several months later these birds were
killed and each was found to have developed testicular tissue on the
right side of the body. In these cases there can be no presumption
of a cytological foundation for the development of testicular tissue.
In physiological terms, however, it can be said that the removal of
the restraining influence of the growing left ovary permitted the
growth of testicular tissue at the point—on the right side—where
testis develops best and where ovarian tissue is most retarded (the
common fowl is a form in which there is evidence that the fully de-
veloped right testis is larger than the left).

The four very different kinds of evidence thus briefly mentioned,
together with still other considerations not practicable to include here,
all become harmonized in their suggestion that the easier and more
frequent appearance (and sometimes or often a greater amount) of
testicular tissue on the right side of the bird’s body is a matter which
rests upon a physiological rather than a genetical basis; that testis
develops better than ovary on the right side; and that ovarian devel-
opment is more favored than testicular development on the left side
of the bird’s body. It is thought that no known fact is opposed to
any part of this suggestion.

Something may be said concerning a possible explanation of this
positional differential. Though a definite explanation can not now
be given, this discussion requires the mention of three points which
to us seem a probable basis of the observed difference. First, Firket
and Swift have shown that in the early embryo of the bird more
“primordial germ cells " constantly collect at the future site of the
left gonad. These cells constitute the “ Keimbahn” in birds and
play a leading part in the entire history of the gonad; at an early
stage these cells enter the embryonic blood vessels and for some
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unknown reason two to five times as many of them find lodgment at
the seat of the left gonad as at the right. The conditions which
determine this unequal distribution of primordial germ cells is prob-
ably the first condition causally related to the asymmetrical gonad
growth which has been discussed in this paper. After an unequal
accumulation of these cells has occurred on the two sides of the em-
bryo it may be presumed that this inequality then itself enters into
the establishment of further conditions unequally favorable to gonad
growth on the right and left sides,

A second point which may find application here has already heen
suggested by Benoit. Benoit believes that the results of his castra-
tion experiments cited above really indicate a more ready formation
of testis tissue on the right side than on the left, and in explanation
he cites Firket's conclusion that only the first proliferation of sex
cords occurs in the right ovary of the fowl. Since only the one set
of cords form in the male gonad (testis) while two form in the
functional female gonad (left ovary), it is suggested that this cir-
cumstance makes easier the origin of testicular tissue from the
right than from the left ovary. We agree with Benoit that a fact
of real importance is probably invelved in the difference just de-
scribed. The facts as found by Firket for the fowl cannot, however,
apply fully to our numerous cases of pigeons with numerous oicytes
in their (persistent) right ovaries; for, in these ovaries a second pro-
liferation of sex cords has obviously oceurred but such right ovaries
nevertheless remain always much smaller and much less active than
their associated left ovaries. We should prefer to regard an ovary
in which only one instead of two proliferations of sex cords has
occurred as simply less completely differentiated ovarian tissue. On
the one hand, its lesser differentiation is in some way associated with
its position; on the other, it is associated with greater ease of trans-
formation into differentiated tissue of another kind, namely testis.

A ‘third consideration touches the possible existence and effects
of a dissimilar or unequal blood supply to the two gonad areas of
the embryo and to the gonads themselves in later stages. It is well
known that in many vertebrates the vascularization of the two adult
gonads is not identical. As already indicated above, the analysis of
this situation requires additional facts. That the nature and amount
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of the blood supply to the differentiating gonad may be of importance
to the type of resulting gonad is indicated by several facts, but we
here cite only one. Meyns observed within testis tissue of a younger
frog transplanted upon an older member of the same species that
a few ova developed within the transplanted testis. The common
experience with tissue transplants warrants the deduction that the
testis cells which later developed into ova had meanwhile been forced
to undergo a period of rigorously diminished blood supply. Such
a reduction of the blood supply is a circumstance which should tend
to bring about a lower metabolic rate within many of the cells of
the transplant; and a lower metabolic rate is the precise condition
which has earlier been found by the writer to characterize both the
female organism and the female sexual cells.

CanxeciE STarioy For ExremMENTAL EvoLuTioN,
Corp Serine Hamnox, L. T, N. Y.



THE SCIENTIST AND AN INTERNATIONAL
LANGUAGE.

By ROLAND G. KENT,
(Read April 24, 1924.)

From the time of the philosdphers Descartes and Leibnitz, men of
various lands have sought to contrive a language for international
or universal use; they have put forward more or less perfected
sketches of such media of commiunication, to the number of over one
hundred, but nothing that has received general acceptance. Yet the
problem that they have been attacking is a very real one, which can-
not be ignored by the scholar nor by the statesman or the merchant.

What [ wish to say to-day, however, concerns but one aspect of
this problem: namely, in how far the scientist, and | mean by this
the scholar in natural or physical sciences especially, has need of an
international language, what services he has a right to expect from
it, what type of language is best fitted for the task, and to what ex-
tent it can satisiy his just expectations.

It is to within a comparatively recent time that the scholarly and
seientific world still had an international language. There was a
langnage used in common by many scholars of different countries
and of different tongues; for example, by the Pole Copernicus (1473~
1543). by the Swiss Bauhin (1560-1624), by the Italian Galileo
(1564-1642), by the German Kepler (1571-1630), by the English-
man Huobbes (1588-1679), by the Frenchman Descartes (1506—
1650), by the Englishman Milton (1608-1674), by the Irishman
Robert Boyle (1627—1691), by the Englishmen Locke (1632-1704)
and Newton (1642-1727), by the German Leibnitz (1646-1716), by
the Swede Linnzus (1707-1778) by the Italian Galvami (1737-
1798) : if they did not write their important works in Latin, but in
the local vernacular, they would immediately thereafter translate
them into Latin, to make them available to the scholars of other
countries. These are moreover men from eight countries, represent-
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ing six different tongues, and the writings for whose sake I mention
them here, are works in philosophy, politics and economics, mathe-
matics, astronomy, botany, zoology, physiology: the great scholars
and the great scientific works of nearly three centuries, coming down
to within a century and a half of the present time. Men still living
may have talked with men who knew Linnzus; and he wrote nearly
all of his many volumes in Latin, Galvani’s famous treatise on the
effect of electricity on muscular activity was published in Latin, in
1791, thirteen years after the death of Linnzus.

But Latin is no longer used as the international language of the
scientist, More and more it was abandoned for the vernacular of
the country—French, English, Italian, German. Now as long as im-
portant scientific publications were restricted even to these four
lanpuages, with Latin as a possible fifth, the situation was not un-
bearable. It may be a task of some magnitude to acquire a ready
reading command of these languages; it is not so onerous as to miake
it virtually impossible, even to the scientist whose interest is not in
the forms and the manifestations of human expression, but in the
content of such expression. But within the last century or less, other
languages have come into use for scientific publication: Spanish,
Dutch, Danish, Swedish, Modern Greek. These 1 mention from my
own experience with the fruits of research in the linguistic feld: I
have no doubt that the natural scientist meets them in his technical
literature. I have even knmown or heard of scientists who had
learned, or were learning, Russian, Polish, Czechish, Roumanian,
that they might make available to themselves the treatises in these
languages. To-day, with the recrudescence of many minor mationali-
ties, and the revived national feeling of some larger units, caused by
the Great War, we may be facing an era in which important publica-
tions will appear in Finnish, Lithuanian, Hungarian, Serbian, Irish,
Turkish, Hebrew, Arabic, Hindustani, Japanese, Chinese. And,
alas, the salutary practice of giving in French or in English or m
German, at the close of the treatise, a summary of the argument and
of its results, has almost or quite disappeared.

The burden has become too great, even for the professional phi-
lologist and litterateur, and means must be sought to lighten it. The
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first notable effort in this line, which received wide consideration,
was the artificial language called Volapiik by its inventor, Bishop
Schieyer, which ran from 1879 to 1889. In 188¢ the third interna-
tional congress of Volapiikists was held, at which such dissensions
burst out that the movement for the use of Volapiik disappeared in a
few months. In 1887, the American Philosophical Society had ap-
pointed a committee to report on its utility, which had brought in a
report entirely unfavorable to it; the arguments presented may be
seen in the report of the committee (Proceedings of the American
Philosophical Society, XXV, 3, 13, 312; cf: XXIV,, 415, 421, 436).

Since Volapik numerous other artificial languages have been pre-
sented to the world, in the expectation that they would supplant
other means of communication between speakers of different tongues.
Of all these, the most conspicuous are Esperanto, the invention of
Dr. Zamenhof in 1887 ; Ido, an offshoot of Esperanto in 1907 ; and
perhaps the Interlingua or Latine sine flexione of Dr. Peano. Dur-
ing the same time, the claims of various modern languages for such
international use have been presented, notably those of English and
of French, sometimes those of German, of Italian, of Spanish.
There has been also a strong movement to restore Latin to its former
position as the medium of international communication.

Let us postpone temporarily the question as to which of these
shall be the choice of the scientific scholarly world, for its inter-
national communication, and consider what gualifications and serv-
ices may fairly be exacted of an international language for scientists.
Certainly, as a minimum, it should be an acceptable medium for
publication of technical articles; and this involves the possession of
a technical vocabulary capable of expansion to meet the new needs of
scientific progress, and the possession of a vocabulary with a recog-
nized and unguestioned standard of meaning. If other more im-
portant qualities be not sacrificed, it is desirable that the international
language be easy to learn and easy to understand, and that it be brief
in its forms of expression, for economy of effort on the part of the
learner and economy of space in printing; but for scientific purposes
it is absolutely essential that there be no ambiguity in the meaning of
what is set down on the written or printed page. Further, if the
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scientist wishes to use his international language for spoken as well
as for written intercourse, ease and brevity gain slightly in impor-
tance ; but after all, the scientist needs a medium with an absolutely
certain significance, and he can express himself by word of mouth,
even though with slowness and painstaking, in any language which
he is able to write and to read with moderate facility.

The precision which is essential in any language intended for the
recording and transmission of scientific problems and solutions, is
based on two factors: the facilities for precision in the meaning of
the words, and the facilities for precision in expressing the relations

* amongst those words. Let us consider first the matter of the mean-
ings of the words themselves, in their relation to the threefold pos-
sibility in the selection of an international language: a modern
national language, such as English, French, German; a so-called dead
language, such as Latin; an artificial language, such as Esperanto.
These we may take as types of their respective classes. Now the
words of Latin, English, French, German have significations which
are by all admitted to belong to them, and cannot wilfully be altered;
but the vocabulary of any recently invented language, be it Esperanto
or any other, has only a subjective meaning, conferred on it by the
maker of the language or by his associates and successors. The long
series of works written in Latin, English, French, German, demon-
strate beyond question what the meaning of a word has been and is,
and how it should be used ; and the summaries of these usages consti-
tute our dictionaries. But there is not, and cannot be, such an oh-
jective basis for the words of an artificial language; no lexical scheme
set up a priori can provide for all the needs of precise and unmis-
takable expression. It is of course a fact that the makers of arti-
ficial languages have come more and more to use as technical words
those words which are in common use in the modern languages, with
only such changes as their orthography and scheme of terminations
requires; the “ old” Esperanto mallumigho has been replaced by
modern Esperanto eklipso. This is part of a movement to an alleged
ease in vocabulary; Ido and some other made languages profess to
use as radical or basic words only those which are found in a num-
ber of modern languages in substantially the same form and meaning.



166 KENT—THE SCIENTIST AND

One system even reduces the formula to this, that any word found
in Latin and English or in Latin and French is acceptable as a word
in the International Language. And the significance of this is that
the vocabulary of Latin must be the vocabulary of our International
Language. This is increasingly clear when we note that English,
French, German, and other modern languages, when they need new
words in technical meanings, take them almost without exception from
Latin and Greek; and any Greek word, when transliterated, may be
used as Latin without more ado. Even the newest of scientific toys,
the radio, uses such a Greco-Latin vocabulary ; the solitary exception
which I have noted is the eat's whisker, easily latinized as a saela
felina, or, to use the actnal zodlogical term, viltrissa,

For the expression of the relation of the words to one another in
plirases and clauses, there are three main devices: terminations,
auxiliary words (chiefly prepositions and auxiliary verbs), woni
order. The trend of linguistic development has been, in the lan-
guages of modern Europe, to decrease the use of terminations and
to increase the use of auxiliaries and the function of word order.
Latin, for example, made extensive use of terminations, and a moder-
ate use of auxiliaries, while word order was reserved to show the
limits of phrases and of clauses, and to indicate emphasis. French
has greatly decreased the role of terminations and has magnified the
use of auxiliaries and the importance of word order. English has,
in the main, still further dispensed with terminations. German has
kept more terminations than English, and has thereby been able to
reserve the word order, in a certain measure, for the conveyance of
emphasis and for rhetorical effects. Esperanto has a limited num-
ber of terminations which are of very wide use, being found in
virtually every word; it makes slight use of verbal auxiliaries, but a
large use of prepositions; and the word order, while in the main like
that of English, has a smaller fundamental value.

Were we to seek which of these three devices expresses the ex-
treme of precision, we might be at a loss to decide. A complete sys-
tem of terminations, wherein none has a twofold value, would be a
perfect scheme; so would a complete system of auxiliary words,
placed in a definite position with regard to the words modified. Fx-
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tensive use of word-order involves an extensive use of auxiliary
words ; these two methods cannot therefore be employed alone. But
no language employs one method only to express relations; and any
system of auxiliary words, complete enough to convey all possible
meodifications of the thought, would be at least as cumbrous as a good
system of terminations. Moreover, we may with propriety make
our choice among those languages mercly which are existent, and not
seek for a theoretically perfect one, on which there would be no un-
animity of agreement: witness the rival activities of the partisans
of Esperanto, of those of 1do, of Occidental, of Latino sine flexione,
of Ro, and of many others:

Now it has been urged repeatedly that the tendency of modern
languages is away from the inflectional or synthetic type, such as
Latin, and toward the analytic type, such as English, wherein termi-
nations are replaced by auxiliary or relational words. This is true;
but whether it represents an advance in the machinery of expression,
is quite another matter. The ancient Greek, a language more highly
inflected than Latin, and yet making greater use of relational words,
has been recognized as one of the supreme products of the human
mind, perhaps the very best medium ever in use for the precise re-
cording and transmission of thought. Latin is another highly in-
flected language with a notable achievement in the same direction.
French, as a written language, is still rather highly inflected ; and it is
a vehicle for a precise utterance whose brilliance is perhaps the prod-
uet of the mentality of its users rather than of anything inherent in
the form of the language. English is, in the hands of skilled writers,
capable of precision, but also of many ambiguities which even the
best scholars fail to note in their own composition. German of sci-
entific content displays a definiteness of meaning which conveys the
thought but does not stimnlate the emotions or the imagination,
Esperanto and other artificial languages have not had such careers
as to establish their qualities along these lines; but they display in-
evitably the national idiom of the writer, be he German, French, or
English, and oiten need retranslation into his idiom before the exact
meaning can be determined.

May we not regard a reasonably full set of inflectional endings
as a valuahle check to misunderstanding of the meaning? An Eng-
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lish-speaking person will naturally understand the implications of
English word-order, which vary from those of order in French and
from those of order in German, though not in the fundamentals; but
there is no reason to infer that the principles common to these three
languages are common to other languages of very different types. It
is quite true that substitutes can be found for endings as indications
of tense, voice, person, number in verbs, of case, number, gender in
nouns and in adjectives; but not infrequently these devices betray
thieir inefficiency, where endings cannot be mistaken. “ I like John
better than James ”: we need to know whether James is nominative
or accusative. “ He jumped into the car, covered with dust”: an
ending on the participle would show whether the man or the car was
dust-covered. * Seated by my window, a parade went by ™: the
employment of an inflectional ending will automatically correct the
hanging participle. Many other similar instances might be quoted, to
show the greater efficiency of an inflecting langnage over a language
with an ultimate minimum of significant terminations, It may be
granted that there is a duplication of the signs of interrelation of the
words, and that in any language there are sure to be terminations
which are identical with each other and therefore not thoroughly
perspicuous in meaning ; but with all that, for purposes of absolute
precision, 1 do not hesitate to declare for an inflected language as the
best means for recording the results of scientific advancement and of
communicating them to a world in which unhappily there is a wide
diversity of languages.

This line of thought, which might be amplified to much greater
length by fuller argumentation and presentation of evidence, obvi-
ously leads to Latin as the proper medium for the scientist who
wishes to address himself to an international public. We have al-
ready seen that until less than two centuries ago Latin was the recog-
nized medium for such use: in some fields, it still remains s0. In
zoology, the only recognized scientific name of an animal is a Latin
one, consisting of two parts, a generic and a specific one; all names
of larger groups, such as families, orders, and so on, are in Latin.
The botanist similarly names his plants in Latin, species, genus,
family, everything; he has even, for his own benefit and protection,
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ruled that the first description of a newly discovered plant, to be con-
sidered valid, must be conched in Latin. The anatomists, after
wandering into a bewildering jungle of technical terminology, simpli-
fied it some thirty years ago by turning every designation into Latin,
to be used in all lands, whatever the language. The physician writes
his prescriptions for the pharmacist in Latin, to guard against errors
in the less objectively expressed national tongue. The chemist ex-
presses lis chemical reactions in algebraic formulas which draw their
significant letters from the Latin names of the elements. Even
where the use of Latin is less apparent, it is none the less real; for
every branch of learnine makes its new technical terms from the
stock of roots and words preserved to us in Latin and in Greek—and
every Greek word, as we have said, is usable in Latin by a simple
transliteration. In view of this, it is a quite untenable stand that
some have taken, that Latin is not capable of expressing the needs
and the ideas of a modern civilization, altering and progressing al-
most day by day.

Latin has moreover the advantage of a reasonably phonetic sys-
tem of writing, which it shares on approximately even terms with
German and with Esperanto and other artificial languages, while
English and French show very imperiect correspondence between the
written and the spoken forms of the language?

Thus Latin has, as the International Language for the Scientist,
manifold qualifications: a vocabulary which is essentially inter-
national ; a tcdmimfterminulngjf which is already extremely wide
and is capable of easy and indefinite extension ; an objective standard
of word-meaning; complete precision in indicating the relations of
the words to one another; a phonetic alphabet; a career of inter-
national use which has even to-day not come to an end, Besides
this, Latin is, of all non-native languages, that language which is
most studied in the schools of Europe and of America; and its use
would not inflame international jealousies.

For scientific use, as for all general international use, some limita-
tions might be laid. It is not to be expected nor to be desired that

*On this point, and other features of the problem, I have expressed my
views more fully than would be relevant in the present paper, in my pamphlet

“ Iatin as the International Auxiliary Langunage” pp. 31, published in 1923 by
the American Classical League, Princeton, N. J.
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an international language should be couched in complicated sentences,
imitating for example the periodic structure of Cicero's writings;
but there is no inherent reason why Latin has to be written in this
fashion. The writings of scholars in the Middle Ages often show a
simpler form, with shorter sentences and fewer clanses; simpler
Latin, but not for that reason other than good Latin. A slight in-
crease in the use of the prepositions, where usage is more or less
optonal, might be urged also. In this fashion Latin stands supreme
as a means of conveying scientific thought to an international public.

To what extent, finally, are we to expect the use of an inter-
national medium for scientific publication? After all, it is unthink-
able that all scientific writing should be couched in the language
chosen for this purpose, be it Latin or English or Esperanto; it
would not be worth while. Comparatively little technical writing in
any field, whether natural scientific, or historical, or linguistic, has a
permanent value or changes the course of human thought. Most
schelars, in any case, would prefer to assure themselves of an im-
mediate audience among their own compatriots, rather than risk los-
ing that audience in part for the doubtful favor of a hearing in other
lands. And =zo I am not those who would catch a vision of an Inter-
national Language which is designed as an Auxiliary to the native
tongue, but will in time spread so widely that fond parents will speak
it to their infants in the cradle rather than use the déclassé vernacular.
No; the International Language will not reach this point. But, for
the Scientist, it may well and advantageously serve as the language
of international journals, presenting in abstract the results of studies
and investigations in all lands, with occasional longer articles of truly
lasting worth; it may serve as the language of those epoch-making
books which from time to time appear and change the aspect of the
field which they treat. Such use would, 1 am sure, be a boon to all
scholars who are now victims of a modern Babel.

Uxiversity oF PENNSYLVANIA,



SOME PROPERTIES OF SIMPLE ELECTRIC
CONDUCTING NETWORKS.

By A. E. KENNELLY.
(Read April 26, 1ga4.)

It is known that if in any alternating-current network of
electric conductors, such as that shown in Fig. 1 (with or without
transformers in the meshes), two pairs of terminals are selected,

h

Fic. 1. Diagram representing a network of alternating-current elements.

such as a, g and b, h; then, at any given frequency, the system
may be regarded as possessing, and as being defined by

(1) a hyperbolic angle 8, in general complex (hyperbolic radians
or hyps. 2);

(2) a *geomean " surge impedance s.; (ohms £);

(3) an “inequality ratio" ¢ (numeric £).

Moreover, the system may be regarded as being reducible,
either to the dissymmetrical T of Fig. 2, or to the equivalent
dissymmetrical 11 of Fig. 3, with respect to the two pairs of selected
terminals, and the selected impressed frequency. The numerical
values of 6, z.,, and g are obtainable theoretically from three
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measurements of the impedance of the nmetwork. In practice,
however, it is preferable to make four impedance measurements:
viz., two (R,; and R,,;) at the g, g terminals, with the pair b, &
opened (freed), and shorted (grounded) respectively, followed by a

J"“l."hf'n - ﬂl'll"*' }_
a,'-—qruu.:n- Frrrrrrey —
cash 8 -1 Z im."k.'-J ’
= Sumh §

TR -
LB "

=:*q '(E

g’ . -4

Fic. 2. Dissymmetrical T replacing & network with respect to two pairs of
terminals,

FiG, 3. Dissymmetrical T replacing a network with respect to two pairs of
terminals.

similar pair (Ry; and Ry,) at the b, & terminals, with a and g freed
and shorted respectively. The angle # is then defined by the
relation

Ry R
T R_: F2: EE: numeric /. (1)

The apparent surge impedance on the a side becomes S = VR, Ko,
ohms / and that on the b side s, = WfRE,,-R,, ohms /. The
geometrical mean of these two gives 2, = Vz, 5, ohms /: while
their root ratio gives the inequality ratio ¢= VYi,./5a From f,
Z4 and g, the equivalent T and II of the network with respect to

these particular two pairs of terminals can be found, as in Fig. 3.
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It is proposed in this paper to discuss a few elementary cases of
networks, from the point of view above outlined.

Casg 1. The lerminals b and h are brough! indefinitely close fo
the terminals a and g. (# = 0.)

This case is represented in Fig. 4, where the impedances of the
network are conventionally shown by simple straight lines. The

I

Lk

g—-"
FiG. 4. Case of a network having the two pairs of terminals a2 and b.% brought
infinitely close together (8 = o).

first pair of terminals, a and g, having been selected, the second pair,
b and k, are placed almost in contact with the same. Then the
impedances R,, and Ry are equal, and may be represented by &

o
$1 it
Ry 2R
g /b
Ry=R o R n.,:n;::g' b0 z =%,e=%,

Yo @ ,-b - 'j_; = 1
Fios, 5 and 6. Corresponding equivalent T and II for Case of Fig. 4.
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ohmz ., Fig. 5, the vector reciprocal of which is the admittance
g mhos #. Shorting at either pair of terminals reduces the
impedance at the other pair to zero. That is, Ry = Ry, = 0.
Hence # = 0, or the angle of the network becomes vanishingly
small, and 2.5 = 0, 0r vas = =. Also g = 1; and there ceases to
be inequality. The corresponding equivalents 7" and II of the
system are shown in Figs. 5 and 6, where the series elements are
indefinitely small. The impedance # is the impedance offered by
the network, at the selected frequency, as measured from either
pair of terminals.

Case I1.  The two pairs of terminals are in *'conjugale”” relation
to each other, or are elecirically indefinitely remole. (8 = =)

Fig. 7 represents a particular case of a balanced Wheatstone
bridge or quadrilateral. Here the network is reduced to four
elements ab and ah, each of

1000 4+ 72000 = 2236 2 63° 26 6" ohms;
also bg and kg, each of
500 + 1000 = 1118 , 63° 26’ 6" ochms.

Under such conditions, it is evident that the application of e.m.f.
to the terminals ag will produce no potential difference between
the terminals bk, and reciprocally. If we measure impedances
between terminals ag, we obtain:

Rs; = Ray = 750 4 1500 = 1677.05 £ 63° 26' 6" ohms »

and
f\%"—;=tanhﬂ= 1,

B = s, or the angle of the network becomes indefmitely large;
while 5. = 750 4 j1500 ohms. Similarly, measuring impedances
between terminals bk, we have
Ry = Ry, = 666.6 + j1333.3 = 1490.71 £ 63° 26’ 6" ohms.
Again
’I’Rthu = tanh # = 1.
Hence

Zab = VSua+Zop = 707.1 + j1414.2 = 1581.14 2 63° 26’ 6" ohms
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and
g = Vep/ta = 1.06066 £ 0°,

Fig. 8 shows the equivalent dissymmetrical T" of the Wheatstone
balanced bridge, with respect to the two pairs of terminals. The

F{f- R_J = Fs0+iS00=2,

f=oc  g=1-0§066L0"

31,="1;,= bbeb+jlasd=x,
T, = FOF 414142 = 158114 L3 20'C”

i? A5 LES e 6" 307 L“'-lf‘i'

i
al I5zil00 o Eeletlany " o o
(o-2bie-jorai)uc” {ﬂ'i-Jﬂ-ﬂlu"“ X -—0c = 0% o &
E‘ e
33 £a i:;;'
r; : =-.; 3
0% E‘E &5 :?..
ZeE 23152
E 3 Ak
"; & £s -
£ 2 E €
r " M " .
§ s K g Ly

Fics. 7, 8 and 9. A Wheatstone Balance, with its equivalent dissymmetrical T
and I.  Conjugate Conductor Case (§ = =),

stafl impedance oo’ is zero, or the staff admittance is infinity.
This infinite leak at oo’ prevents any current supplied from one
side from affecting conditions at the other. Fig. 9 shows the
corresponding dissymmetrical Il In this case, the architrave imped-
ance a’b’’ is infinite, or its admittance is zero, which introduces a
complete electrical barrier between the two sides of the system.

Cask I11. The two pairs of terminals are in simple “drop-wire"'
relation, the position of the contact point being variable atwill. (8 = 0
o =m.)
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Fig. 10 presents the simple continuous-current case of a straight
uniform wire ag, having a total resistance R, which is here assumed
as 1000 ohms. The terminal & is made coincident with g; while

%

AT A
=
R;=R= to00™ &1=R{I~hjrﬂﬂ" ‘ f "3;,= Rn = 500"
fm&ﬂ-_/% =/1-n = /0.5 = 07071 é Jﬁ,r'ﬂnt’l-u}= 25o™
8= bamk*(fi-m) = 0-8813]4 il L bamk, E’@*ﬂ = 0-f0F1
= J i = Ii- = o g . ¥
x'ﬂ-' PL’- Rﬁ = R‘ b .FG?I ?r é a! fm"fm}-, ﬂﬁ'i'-’.?ﬁ.,
Le=d%, T, =R [ati-ny = 500~ $ i: 2_‘_-"12 3‘5 = Bnfi-n = 3535~
§ = Zuf2i= 1//R = 14192 gl é= Za/Zs= /7 = 0oyt
Q= f'j_;_iE 2 p %"‘:-’1 sech 8 =
a' _ Rft-m) o f’ ﬂ-: E(i-n) ¢
Foo® i‘“_ i Sog~
i
;-u* gig e
c-t |
a oh = .E_ o” "
g o A’ g l;l.

FiGs, 1o, 11 and 12, Simple Three-Terminal Drop-wire System, with ite equiv-
alent dissymmetrical T and I1. ¢ varies from o to =, as & varies from 1 to o,

terminal & is a contact, movable along the wire, so as to include
Rn ohms between b and k. As shown, # = 0.5, or &k includes
500 ochms. Then tanh # = Y1 — n. When n = 1, or b coincides
with ¢, tanh # = O and # = 0. Again if # = 0, or b coincides with
B,tanh # = 1 and # = . In the case indicated §# = 0.88137 hyp.
The geomean surge impedance s, = R¥n(l — n), in this case 500
ohms. The inequality ratio g = 1/+fn = 1.4142,

For any such drop-wire system, # = 1 when n = 0.42 very
nearly; i.e., when the impedance of bk is very nearly 42 per cent.
of the total impedance ak.
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SIGNIFICANCE OF THE HYPERBOLIC ANGLE # OF A NETWORK.

As has already been pointed out, any and every network of
electric conductors operated at a single frequency in the steady
state, between a pair of driving or sending-end terminals @, g and
a pair of driven or receiving-end terminals b, k, possesses or subtends
a certain complex hyperbolic angle 8. The principal significance
of this angle relates to the sending-end and receiving-end imped-
ances of the system, with respect to the two pairs of terminals.
Thus the driving-point impedance or sending-end impedance is:
with the receiving-end terminals bl open,

Ryy = 2w coth f = gsa coth 8, ohms 2, (2)
with the same terminals b, & joined or shorted,
R., = 5. tanh 8 = gz tanh 6, ohms 2, (3)

and with the same terminals b, k connected through an impedance
o ohms #,

R.. = 5. tanh (6 + 8") = goa tanh (6 + ¢'), ohms /, (4)
where

¢ = tanh™ (o/s): hyps 2. (5)

Thus, in the simple drop-wire case of Fig. 10, if a load of ¢ = 200
ohms is applied across the receiving-end terminals b, k, the position
angle & becomes tanh™! (200/353.55) = 0.641 16 hyp., and that of
the sending-end terminals (f + 6") becomes 1.52253 hvps. The
sending-end impedance R., is then, by (3), 707.1 X tanh 1.52253
= 642.86 ohms. This result can be obtained more readily, without
reference to #, by applying a terminal load of ¢ = 200 ohms to
the terminal b’ of the equivalent T in Fig. 11, or of the equivalent
11 in Fig. 12, owing to the fundamental simplicity of the system in
Fig. 10; but in the general case of a complicated network, the
hyperbolic angle # has considerable advantage in computation.

Again, the receiving-end impedance of a network loaded with
o ohms # at the terminals b, k is:

z|a=z.;sinh5+gﬂ'l‘.‘l:l5hﬂ'. ohms /,
= g(zes sinh @ + o cosh 6), ohms 2. (5a)

If ¢ = 0, or the terminals b, & are shorted,

Zn = ggsinh 8, chms 2., (6)
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Thus, with a load of ¢ = 200 ohms applied at the receiving-end
terminals of Fig. 10, as before, Z;y = 500 sinh 0.88137 + 1.4147
» 200 cosh 0.88137 = 500 + 400 = 900 ohms; so that an e.m.f.
of 1 volt applied at the terminals a, g would deliver a current of
1/900 ampere through the load ¢, across terminals 6, . This is
readily checked by inspection of Figs. 11 and 12.

Case IV, A4 transformer is included in the network.

When a transformer is included in the network, as at T in
Fig. 1, it has long been known ! that it might be replaced by a
certain equivalent conductive relation. So long as the secondary-
circuit system is separated from the primary system outside of the
transformer, the conversion from inductive to conductive connection
is ordinarily easy. When, however, as in Fig. 1, the secondary
system is joined to the primary system, or is electrically tested
for phase relations in reference to the primary system, some dis-
crepancies present themselves that need to be cleared up, in order
to reach a definite and unambiguous result. Some ambiguity is to
be found in recent literature on the subject. It seems that only
very recently? the effects of reversing the connections between
primary and secondary windings, on the equivalent T, have been
pointed out. It is hoped that the following discussion may aid in
enabling general agreement to be reached.

An “ideal” two-winding transformer may be defined, for present
purposes, as a transformer devoid of power losses and of magnetic
leakage. It will, therefore, have vanishingly small resistance in
either winding, and no hysteresis in the magnetic circuit. All the
magnetic flux links with all the turns. The inductances of the
windings being L, and L. henries, respectively, their mutual in-
ductance will be g = = #VL.L, henries, where &, the coupling
coefficient, is unity. The algebraic signs of L, and L; are essentially
positive; but that of p is open to either positive or negative inter-
pretation. The impedance of the windings at an impressed angular
velocity « radians per second, where @ = 2xf, and f is the frequency
in cycles per second, will be 5, = jL,w, and 2 = jL;w ohms, respec-
tively; while the mutual impedance will be M = =+ juw ohms,
either sign being available. We also assume that, in an ideal

1 Bibliography 2.
* Bibliography 18,
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transformer, the capacitance, either between the two windings, or
between turns in one and the same winding, is negligible in its
effects: so that when one winding is supplied with a sinusoidal
current of I rms. amperes, the e.m.f. thereby induced in the other
winding is MI = = juwl rms. volts, in quadrature with the current,
the sign being taken as either positive or negative, according to
the direction of reference adopted.
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FiG. 13. Pure Level Transformer with 10 per cent. magnetic leakage, direct and
reverse connections.

An actual transformer, with its two low-resistance windings
suitably laid on together over a wooden toroidal core, may furnish,
for many purposes, a satisfactory approximation to an ideal trans-
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former, when operated at a low frequency. When, however, the
coupling coefficient k falls materially short of unity, the transformer,
otherwise regarded as ideal, may be called a “pure” transformer;
t.6., as free from power losses, or capacitance disturbances.

A transformer with equal numbers of primary and secondary
turns, or unity ratio of transformation, is sometimes described as a
“level transformer.” Consequently, a level pure transformer has
no power losses but has magnetic leakage. Consequently, z; = jLw
= 5y = jLsw = jLw ohms, and M = = juw = =+ jklLw.

Fig. 13 indicates the connections of a level pure transformer,
with 10 per cent. of magnetic leakage, or a coupling coefhicient
E =09, Each winding has zero resistance, and j100 ochms re-
actance, of which 790 ohms is in that part of the winding completely
interlinked with the other, with j10 oghms in the remaining part
which is magnetically dissociated. On the left-hand side marked
“direct” the mutual impedance is taken as M = + j90 ohms, and
on the right-hand side, marked "reverse,”" as — j90 ohms, the
second winding being reversed in the two cases with respect to the
two pairs of terminals AG and BIH,

With one pair of these terminals open, say BH, the impedance
offered by the winding connected to the other pair AG will be
R, = =, = j100 ohms. Closing the second circuit by shorting
terminals BH will increase® the impedance, as measured at AG,
by an amount equal to M?*/zz = — j81 ohms. There is no ambi-
guity in the sign of this increment, since it depends on M% It is
the same in either the direct or reverse connection, and in either
winding of each. Consequently, in all four cases, R. = 7100
— j81 = 719 ohms. Moreover, by symmetry, ¢ = 1 for a level
transformer, and the geomean surge impedance VR, -Ra, becomes
2, = 743.589 ochms.

Taking the ratio R.,/R.;, or 0.19, as tanh® §, where 6 is the
angle of the transformer, we obtain tanh § = 0.43589.

Owing to the double sign of M, we find that there are two
values of the angle 8, corresponding to the relation tanh 8 = 0.43589,
One is # = 0.46715 hyp., a "real” angle corresponding to the +
sign of M, and the other is § = 046715 &+ j=r hyp., a complex
angle, with a circular component of = radians, or 2 quadrants,

1 Bibliography 1.
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This complex @ corresponds to the — sign of M. To these two
different angles correspond the two different equivalent T7s, and
the two different equivalent II's, shown in Fig. 13. In the T's,
the staff or shunt impedance is M, with its appropriate sign:
while in each T branch is the impedance z; — M, or 2 — M, 1o
correspond. In the direct-connection T, the branch impedances
are j10 ohms each. In the reverseconnection T, they are 7190
ohms each. Mareover, if there were no magnetic leakage (k = 1),
the direct T branches would have zero impedance, and the reverse
T branches would be 2Af, or j200 ohms each.

It does not seem possible to discriminate between the two I's
or the two M's, by any regular tests that can be applied to this
transformer, in which the secondary circuit is kept distinct from,
and independent of, the primary. That is, the sign of M remains
ambiguous, so long as the primary and secondary systems are
independent. Either the direct or the reverse I" may be used,
with any primary source on one side, and any impedance applied
as a secondary load to the other. In other words, one cannot tell
whether the connection is direct or reverse, and the terminals may
be reversed, on the primary or on the secondary side, without
affecting the impedances, voltages, currents or powers on either side.

If, however, we interconnect the primary and secondary sides
of the transformer, either conductively, or through another trans-
former, the resulting physical conditions remove the ambiguity,
and determine the sign of M. Either the direct connection, or
the reverse connection, is implied, and one only of the two T's, or
of the two II's, must be used, to represent the behavior of the
transformer. To take a simple case, we may connect terminal A
to terminal B, and likewise terminal G to terminal H. This will
place the two windings in parallel connection. If the connection
is direct, an examination of the equivalent T, S@BEH, shows that

the joint impedance of the two windings will I:rejlzq + 790 = j95
ohms: whereas, if the connection is reverse, the other T, &I'8'§"d",
shows the joint impedance to be j%] — 790 = j5 ohms, or 19

times less, In the direct case, the current received by the paraliel-
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connected transformer, from 100-vaolt a.-c. mains, would be — 71.053
amperes; a simple excitation current; while in the reverse case,
it would be — 720 amperes, which would be a short-circuit current.
Mareover, il there were no magnetic leakage (k = 1), the parallel-
connected level ideal transformer would take 1 ampere in the

direct-connection case, and an infinitely great current in the reverse-
connection case.
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Fi1c. 14. Pure Unlevel Transformer, direct and reverse connections,

Again, if in Fig. 13 we connect together terminals & and H,
so as to put the two windings in series, the impedance measured
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between the end terminals 4 and B will be found, from an exami-
nation of the equivalent Ts, to be j20 ohms with direct connection,
and 7380 ohms with reverse connection. The difference between
these two measurements (360), as is well known, is four times * the
mutual reactance M. Similar remarks apply to the cases indicated
in Figs. 14 and 15,

Referring to the network of Fig. 1, with the transformer T
embedded in it, the interconnection between its primary and
secondary systems dispels the ambiguity as to the sign of the
mutual inductance p and of the mutual impedance M. One or
other of the corresponding equivalent T's will be rendered necessary,
according as the connection of the transformer is direct or reverse.
It might not be necessary to ascertain which connection was
actually used. For two given pairs of terminals, such as a, g and
b, h, Fig. 1, the values of R,; and R.;, Ry, and Ry, should give the
correct final equivalents 7" and II of the entire system, transformer
included; but in analyzing the composition of the final T" and II,
either the direct or the reverse T and 1 of the transformer, con-
sidered separately, would have to be used.

Consequently, although in dealing with a complicated network,
like Fig. 1, it may be neither necessary nor desirable to know which
connection is used in the transformer; vet, in order to replace the
transformer by an equivalent T in the network, say between termi-
nals 1, 2, 3 and 4, it would become necessary to ascertain, say by
a test of the transformer temporarily disconnected from the network,
whether the direct T or the reverse T should be employed.

In Fig. 14, the pure transformer indicated is unlevel, and has
a transformation ratio of 10, with a coupling coefficient & = 0.94868;
so that 2, = 7100 chms, g2 = 71000 ohms, and M = = 7300 ohms,
with + 7300 for direct, and — j300 for inverse connection. The
impedance due to the secondary closed circuit in the primary is
— 790 ohms on the z; side and — j900 ohms on the == side. Here
Sap = j100 ohms, and g = v0.1. The value of tanh @ being
0.31623, the two values of # are 0.32745 and 0.32745 + jr hyps.,
respectively, according to the + or — sign of the mutual induc-
tance p.

4 Ribliography 12 and 13,
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If two transformers, of the type shown in Fig. 14, were operated
as step-up transformers, in parallel for 100-volt mains, and with
their secondary terminals joined, they would operate in parallel,
sharing the exciting current, provided that both were direct con-
nected, or else both reverse connected. If, however, one were
direct and the other were reverse, they would act as mutual short
circuits to each other. In any of these cases, the distribution of
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Fic. 15. General Unlevel Transformer with Air Core and External Impedances.
Direct and reverse connections,
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voltage and current in the system might be found by suitable
connection of the Ts and II's of Fig. 14 with an appropriate source.

Fig. 15 represents the case of a general type of transformer,
without core losges, but with resistance in the primary and secondary
circuits, both internal and external. This case might correspond
to an ordinary power transformer of 10 : 1 transformation ratio,
if the shunt leak or staff of the T had resistance as well as reactance,
to represent the loss of power in the magnetic circuit. The angle
of the transformer is complex in this case; # = 1.50156 + j2.3066
for direct connection, and 1.50156 + 75.4482 for reverse connection,
the two differing by = radians, or 2 quadrants, in the circular
component. The angle # can ordinarily be found by charts to a
fair degree of precision.’

TERMINOLOGY.

Question may be raised as to the applicability of the terms
“direct” and “reverse,” here suggested {or the two relative con-
nections of primary and secondary terminals. This is a mere
matter of terminology, and the choice of these terms has no neces-
sary implication in the arithmetical conditions under consideration.
Whatever terms may be selected, they should not involve any
disparagement of either mode of connection, because for some
purposes it may be desirable to use the one, and for other purposes,
the other.

A connection is “direct,” in the sense here proposed, when, if
the transformer were ideal and level, the branch impedances of
the equivalent 1" would be zero or the terminal A would be in
direct connection with terminal B, as against 2f ohms in each
branch when reverse. The angle # of the transformer would be
real for direct, as against complex for reverse, connection. The
staff impedance A of the equivalent T would be + juw direct, as
against — juw reverse, The two windings would be applied in
the same sense and towards the same parts direct, as against
relatively crossed or with reversed wires when reverse. When the
primary and secondary windings are connected in series, their
total impedance is greater when connected reverse than when
connected direct, by the amount 4/,

& Bibliography 10,
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CoNCLUSIONS.

1. The angle 8 of a network, with respect 1o two pairs of termi-
nals, may vary from 0, when the terminals are close together
(z near b and g near k), to infinity, when they are very remote,
or stand in conjugate relation. In a simple drop-wire circuit, the
full-range movement of the contact point will cause # to vary
from 0 1o .

2. Any transformer may be regarded as possessing an angle f,
with respect to its primary and secondary terminals. This angle
differs between the direct and reverse connection by jr radians or
J2 quadrants.

3. The algebraic sign of g, the mutual inductance of any induc-
tion coil or transformer, is ambiguous. The ambiguity cannot
ordinarily be cleared up, and ordinarily does not need to be, so
long as the primary and secondary circuits are separated, either
sign being admissible. When, however, the primary and secondary
circuits are connected either conductively, or inductively through
a second transformer, the ambiguity disappears, and the sign is
either +— or — according as the transformer connection is direct
or reverse, In an ideal transformer, the -+ sign involves a value
of M = + juw for the staff impedance of the equivalent T in direct
connection and M = — juw in reverse connection.

4. Reversing either the primary or the secondary terminals of a
transformer, with respect to the corresponding winding, will change
the connection from direct to reverse, or oppositely.

5. Either the direct or inverse equivalent T will represent the
electrical behavior of a transformer with separated primary and
secondary circuits. Only one of them, corresponding to the actual
internal connections, can, however, properly apply, when the
primary and secondary circuits are brought into connection.

6. The direct or reverse connection of a transformer or trans-
formers, embedded in a conducting network, may not be made
evident by tests at two pairs of terminals on the network, but in
order to replace a transformer in the network by the proper equiv-
alent T, its connections must be ascertained, as to whether they
are direct or reverse.

7. Asa matter of terminology, the validity of the terms " direct"
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and “reverse,” as above suggested and defined, is debatable; but
some such distinguishing terms would be useful.

List oF SymuoLs EMPLOYED.

D = R; — R,, difference in impedances due to shorting at opposite
ends (ohms 2.

A = G, — Gy, difference in admittances due to shorting at opposite
ends (mhos £).

£, frequency of sinusoidal current in a circuit (cveles per second).

G.sy Gag, admittance of a network at @ terminals when freed and
shorted at b respectively (mhos /).

g, admittance of the staff leak in an equivalent T (mhos £).

21, g+, admittances of the pillar leaks in an equivalent TI (mhos 2.

8, angle of a transformer or of a network with respect to two pairs
of terminals (hyperbolic radians or hyps. 2).

#', angle of a load at the receiving end of a network (hyps. Z).

I, value of a sinusoidal alternating current (amperes).

j=v=1

= —E_  coupling coefficient of a transformer (numeric).

VL.L,

L,, L., inductances of the two windings of a transformer (henries).

M = + juw, mutual impedance of a transformer (ohms £).

b=+ k\'rII mutual inductance of two transformer windings
(henries).

n, the ratio of secondary to primary impedance in a simple drop-
wire system {(numeric £ }.

v, architrave admittance of a T (mhos £).

I, type of equivalent circuit having one impedance in series and
two terminal leaks. .

r = 3.14159, . .
Q= %‘_—l . a factor in assigning the elements of an equiva-
lent T or I (numeric £ ).
lu:-::.h =1
O = g o a factor in assigning the elements of an equiva-

lent T or II (numeric £ ).
13
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g = Vz,./2., inequality factor of a network or of its equivalent T
or IT (numeric /).

@, impedance of the staff leak in an equivalent T (ohms /).

R, impedance of a network measured from the a, g terminals with
the b, h terminals free (ochms ).

R.;, impedance of a network measured from the a, g terminals with
the &, k terminals shoried (ohms £).

R.., impedance of a network measured from the g, g terminals with
the &, k terminals connected through an impedance of
o ohms.

p, architrave impedance of an equivalent I (ohms ~ ).

p1, pa, iImpedances of the arms or line branches of an equivalent T
(ohms 2).

o, a terminal load impedance at the receiving-end terminals
{ohms /).

§ap = 1/z,3, geomean surge admittance of a network or of its
equivalent T or II (mhos ).

214, receiving-end impedance of a network at b terminals (ohms £ ).

21, 22, impedances of the two windings of a transformer (ochms 7).

z., surge impedance of a symmetrical network (chms 2).

5w = Y Ra,- Rup, surgeimpedance of a network from the a, g terminals
{chms s).

Z£.a = VR, Ry, surge impedance of a network from the b,  terminals
{ohms 2).

%it = V5ua'5.s, geomean surge impedance of a network or of its
equivalent T or II (chms £).

w = 2uf, angular velocity impressed on a network or transformer
(radians/second).
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THE DANISH DIALECT OF BORNHOLM.

By JOHN DYNELEY PRINCE.
(Read by title April 24, 1o24.)

InTRODUCTION.

The Island of Bornholm lies in the Baltic Sea, 115 miles east of
Copenhagen, about 22 miles south of the Swedish coast, and 50
miles north of the German island of Riigen. The tota! area of the
island, which also includes the little group of isles known as Chris-
tiansd, is 225 square miles, with a population of over 43,000,
Bommholm (ON.! Borgundarholmur) was the habitat in prehistoric
times of an early Nordic race and there are still a number of stone
circles, many so-called bautarsteinar * and other primitive remains
on the island, especially in the neighborhood of Almindingen and
Gudhjem. The population developed later into predatory Vikings,
who were long notorious for their marauding proclivities. In the
twellth century, Bornholm became a fief of the Archbishop of Lund,
under which sway the island remained until 1510, when it was:
seized by the Hanseatic League, but was captured by the Danes in
1522, and returned by them to the City of Libeck in 1526. The
Swedes took the island m 1625, and their domination was assented to
by Denmark in 1658 by the Peace of Roskilde. The Bornholmers,
however, desired to be Danish and themselves expelled the Swedish
garrison in 1660, since which date Bornholm has been an integral
part of Denmark. The curious round churches built in tower-shape
and completely circular, with walls often six feet thick, form one of
the most interesting features of the island. These buildings, which
date from the twelfth and thirteenth centuries, were undoubtedly
used at an early date for purposes of defence.

The Bornholmers have always had their distinct speech, which,
although popularly regarded by the other Danes as a Swedish
dialect, is really the modern representative of the old East Danish

YOld Norse: Borgundarhdlmr; lcel, -holmur, a term which in a modified
{orm, Borgunderholm, was used until quite recently in Danish.
? banfarstetnor memorial stones,
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linguistic group to which south Scandian, now in Sweden, also
belongs. Bornholmsk shows only a superficial resemblance to true
Swedish.

The distinctively Danish dialects may be classified as follows:
(1) West Danish, comprising the several idioms of Jutland, whose
chief peculiarity is the complete rejection of the ON. ending -a;
(2) Island Danish, comprising the dialects of Fyen-Langeland;
north and south Sjaelland, including the city idiom of Copenhagen,
a refined form of which has become the standard Danish (Rigs-
sprog), and the almost uniform speech of Lolland-Falster, all which
vaniants substitute -¢ for the ON. -a; (3) East Danish: Bornholmsk
and southern Scandian (skdnsk) in Sweden, shading towards the
north into real Swedish: both groups retain the ON. -g, in distinction
from the other divisions.

Similarly to the linguistic movement on the Faeroes, there exists
a less rganized action on Bornholm to lay stress on the local dialect
which they call a “language,” because it is unintelligible to other
Danes, and many purists on the island strongly resent the constantly
increasing introduction of Danisms from the standard tongue.
Thev are equally annoyed at the statement that Bornholmsk is a
Swedish patois, pointing out that so different is their language
from Swedish that, when Swedes come to settle on Bornholm, they
never learn to speak the dialect correctly. This is perfectly true,
as no real Swede can pronounce the palatalized consonants which
distinguish Bornholmsk (see below) from most other Germanic
idioms. The Frisian of Sylt is distinctly palatal and the ordinary
soft { of modern lcel. is practically a palatal lingual. The B. #
(palatal gn) is, however, rare in Germanic dialects, appearing how-
ever in certain other Danish variants, as in Jutland and Fyen.

There are, so far as I know, no societies devoted o the pres-
ervation of Bornholmsk, for which reason the dialect will in the
course of time be crowded out by the Standard Danish of the
government schools, a process which has already begun in the
towns, particularly in Rinne, the capital of the island. The most
striking popular defence of the local idiom is that of P. Mdller, a
landscape gardener, who in his * Bornholm Language™ * laments the

3 Det Bornkolmske Sprog af P. Mdller, Huvearkitekt og Londskobsgarimer,
Rinne, 1918,
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decay of the old words and forms and inveighs against the “snob-
bish" desire of the younger people to assimilate their beautiful
speech to the harsh and monotonous phonetics of Copenhagen.
Moller's description of the dialect is, however, not scientific and,
therefore, not so valuable for the purpose of record as the highly
accurate phonetic treatise of Prof. Vilhelm Thomsen and that of
Prof. Ludvig F. A. Wimmer on the Bomholmsk grammar, both
included in J. C. 5. Espersen’s ''Bomholm Dictionary.”* It
should be added that Bornholmsk has had two poets of considerable
merit; viz., Espersen himself and J. P. Mdller (d. 1891) who, al-
though only a baker in Allinge, was a highly gifted and many-sided
genius. Some of the poems of both these writers are given in the
edition of the dictionary in question.®* There is also a very good
collection of Bornholm melodies azsembled by H. Johansen,® which
gives a large number of characteristic native folksongs, with words
and music.

The material for the present sketch, which, so far as known, is
the first description in English of Bornholmsk, was obtained during
a wisit to the Island from a number of personal sources, especially
from natives resident at some distance from the towns. The best
speaker of the dialect whom I heard was a Mrs. Jespersen, the
custodian of one of the most ancient of the round churches, who
was able to speak both Danish and Bornholmsk without confusion.
This material has been amplified and confirmed by the above
mentioned works.

PrONETICS.Y

The Bornholmsk phonetics are rather complicated and the
difficulty of recording the dialect is greatly magnified by the
accepted method of writing, which, in at least one important respect,
is inaccurate, as the combination -jr 1s used throughout for two

4], C. 5. Espersen, Bornholmsk Ordbog, med Indledning og Tillaeg, udpgivet af
del Kgl. Danske Videnskobernes Selskab, Copenhagen, 1908,

¥ See Bornholmsk Ordbog, pp. 150-169,

¥ Viser ¢ Bornkolmsk Mundart, samlede of H. Johansen, Ronne, 1911,

*The following abbreviations have been used: B. = Bornholmsk; conj.
= gonjunction; D. = Danish; def. = definite; Eng. = English; Germ. = Ger-
man; [cel, = modern Jcelandic; indef. = indefinite; n. = note; OD. = Old
Danish; ON. = 0ld Norse; pl. = plural; sg. = singular; Sw, = Swedish;
Wimmer = article in Introduction to Espersen’s Ordbop Bornholmsk (n. 4).
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different sounds: viz., for ng as in singing and for the palatal gn
as in French sigme (= #). The system dates from Espersen’s
manuscript prepared in the early half of the nineteenth century,
but corrected to a certain extent, as indicated above, by Prof.
Thomsen. It should be noted, however, that some of the modern
writers in the dialect now distinguish between the soft mg-sound
and the palatal #, using ng for the former and j» enly for the latter
vocable.

The rules for the pronunciation of Bornholmsk may be tabulated
as follows: a, flat, as in hat; @ or 4, as ah; aa = D. long aa, like
Eng. o in lone; b, as in Eng.; never soft as medial or final, as in
D.; d = hard d as initial, but nearly as dk (= th in this) as medial
or final, except that medial dd is always pronounced hard and with
emphasis (final d is sometimes omitted, as in vad ‘what,’ but it is
usually omitted in writing in such cases); ¢ = ¢ in met; € =e¢ein
Germ. Seele; f as in Eng., often omitted in pronunciation as a
medial, as aetie = efter = ‘after'—dta = ofla ‘often,’ etc.; g, as
Eng. hard g; gj or § is the palatalized g, an approximation between
dy and soft Eng. j; h, as in Eng.; ¢ = short fin pin; i =eein
feel; j = Eng. consonantal y, when B. j is used consonantally
(but see just below); jd = d’' = palatalized d (d#); ji =1 = pal-
atalized [, as Span. II; jn = #, as in French signe, but in some
texts = mg as in singing (see above); kasin Eng.; kj = £, palatal-
ized ck as Pol. & I, almost like the American [ in well (not so hard
as the Eng. pronunciation); m and » as in Eng.; o = ohscure Sw.
o, almost oo in good; & = Eng. oh; p, as in Eng.; r, always trilled
on the tip of the tongue (never gutturalized as in D.); s, as initial
— s in sad—as medial or final = Eng. 5 in rese (= z) and is usually
indicated by = in such cases; §j = §, a palatalized sh like Polish §
and often a trifle rougher, like an obscure Eng. sh; ski and slfj = s¢;
viz., s with palatal & f,asin Eng.; #' = é; u = oo in soof; i = Sw.
long u, like the Magyar @ (not Germ. il); v, hard and never slurred
as in D.; w occurs chiefly in the combination aw = ot in house,
sometimes written au (or ou); ¥ (always a vowel) = DL ¥y or
Magyar 6; ¢ = Eng. 0 in mortal (aa is used for the long vowel);
dj, diphthong of & and short i: ae, when short, almost = a in haf;
@e = Eng. ain care; a¢j diphthong of ge and short §; aew, diphthong
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of @e and short u; & = i in bird and sometimes short Germ. i,
as in D. kéd ‘meat.’

INTONATION AND ACCENT.

Bornholmsk has no glottal cateh, so frequent in standard Danish
and Juttish, but, like the Danish dialects of Lolland-Falster and
Fyen-Langeland, uses the glided vowel exclusively. Unlike Sw.,
B. has no distinct musical tones, although there exists in B. a
recognized rather monotonous musical intonation, which causes the
Copenhageners to assert that the Bornholmers “sing.” This in-
tonation is more agreeable than the “sobbing” cadence used by
the vulgar Copenhageners: There is, therefore, in B. no tonal
differentiation in meaning, as, for ex., in Sw. between avel ‘axle’
and axel ‘shoulder,” pronounced respectively dxél (two tones) and
dxel {one tone). The word 15 dwsel in B. for both senses, which
must be determined by context. Wimmer points out (pp. 66-67)
that the stress-accent in B. differs very slightly from that of the
standard D., and that, when it does differ, the stress resembles
Sw. or else is entirely distinct, as in nouns ending in -7 such as
gskeri, where the accent may rest on the first or the last syllable
indifferently; thus, feskeri means ‘fisherv’ in general, but féskeri
= 'fishing.’

It is doubtful whether Barnholmers will ever learn to pronounce
D. after the standard fashion, as even the young children find the
glottal catch an impossibility. Danish spoken without this un-
pleasing peculiarity always indicates an “outsider’’; viz., either a
foreigner or a rural person.

It should be noted that, when consonants are doubled in B.,
they must be dwelt upon in the same manner as in Italian, a
phenomenon unknown in Danish, but usual in Swedish,

The following extracts, the first in the accepted spelling with
the literal Danish and Swedish equivalent text, the second in the
accepted spelling with Wimmer's phonetic version and Danish
translation, and the third in phonetic rendering as heard by me
with Danish equivalent, will serve to illustrate the dialect.
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l'E

Birrijuhdlmarna, duér nu § mdnga Aar bd (1} arbajad ken te d faa (2) ddrra
Bornholmerne, der nu i mange Aar kar arbeidet ken til ol foa deres
Barnholmarna, som nu § minga dr ba arbeiat for att fa sitt

Sprasg satt paa Modan, hil, foruden di fdrra (3) haer i Basgen omialie
Sprog sat paa Moden, har, foruden de faa her § Bogen omtalte
sprak satt pi modet, ha, forwtom de 3 hir i boken omialte

Maadarna, 8w fad (4) dagin simpls Framgangsmaadas te Joelp, aejefram 4 (3)
Muaaderne, ogsan laget den simple Fremgangsmaade til Hjuelp, ligefrem at
metoder, ocksd Lapit def enkla Hlivagagdende il hjalp, rent ov al

bassira #n Maejnde Or, som ha syfnis dom d varra for bdrrijnhdimska,
kassere en Maevipde Ord, som synies dem a! vaere for bornholmske,
kossera en stor del ord, som syntes dem alf vare for bornkolmsha,

aejle som, me dnra (6) Or, bd vad (4) dom for mdjed forsjeilin froa di danske.
eller som, med andre Ord, har vaeret dem altfor forskellige fra de danske.
eller som, med andro ord, ha varit dem altfie shilda fran de dangka,

Nu hdr vaart Sproag ju ¢ ajl Geérene Tid vad ef ragjt (7) Sproag, sd vi kojue (8)
Nt har vort Sprog jo fra Arilds Tid voeret ef rigt Sprog, saa af vi kan
Nu har odri sprk ju fran wdldrigs tider varit et rikt sprik, si ol i kunna

sijlas (9) ojnvaers ijn Haaven Or & (3) livael hi nok te Hisbehate.
sagtens undvaera en Masse Ord og alligevel have nok til Husbrug.
verbligen undoara minga Ord ock likval have wog il hushehor.

Men ser (10) djn lijd ndjara cette (11), Weér ifn sndel vdr (12), a de(d) ijkje moer
Men sér man lidé niiagtere efier, bliver man smarf opmaerksom poa, at de ikke naer
AMew ser mun lite wogare efter, blir man smart opmirksam pd, ol de icke

alfid & di Orn som vi baest kojne ojnvaere (13), di ha kasséri (14), men o di
altid er de Ord som vi bedst kan undvgere, de kar kasserel, men af de
altid dro de ord som vi bist kunna wndvara, de ha kasseral, men olt de

mijed dta (11) & Or som vi kojne hd Brog for 4 som nawe kajn aerstatias (13)
meget ofte er Ord som vi kan kave Brug for og som neppe kan ersiaties
mycket afta dro ord som vi kunna hove bruk fir ock som knappt kunna ersdtlos

me aenkla donska Or.  Ota e de(dh) ed Or som daer ska flera danska Or te &
med enbelte danska Ord.  Ofte er det et Ord som der skal flere danske Ord til at
mied enkle danske ord.  Ofta dr det et ord som det behives flera danska ord Hil att

forklara & for minga & dom ska daer &jndaa sd galed htla Saetnijner te &
forklare og for mange of dem skal der endog findes hele Saetwinger til al
forklars ock fir minga av dem skols dven amvdndus helo sdtningar Gl at!

% Det Bornholmske Sprog, p. 71 (n. 3).  The numerals refer to the commentary
below,
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forkldra., Detto e sd fordrjelit, o ifn kajn & hElt hirmse (15) paaed,
Jorklare. Do er soa forargeligh, of man kan blive helt ored poa det,
farklara. Detta dr 54 forarpelsemickande, all man kan bi hell vred B3 det,

naar ijn laenjnkjer saf, a de(d) e voara djena Londsmasgin som—i
naar mon taenker sig, af det er vore egne Londsmaend som—i
nlr man tduker sig, atf det dro vdro epna londsmdn som—i

ren Forblijnelse—hir borred dom sd rystoppenc (16) galed (17) ad. Men de(d) e dw
ren Forblindelse—har baaret dem soa ganske gali od.  Men del er ograa
ren forblindelse—ha burit 5ip 58 panska polet 8, Men det dr ocksd

Jorarjelit, a di kd kassért soddenc (18) Or, for, sael om dessa kajn udirykio
forarpeligt, at de har kasseret saadanne Ord, for, selv om disse kon udirykke
farargelsesvickande, ait de ho kasseral sddana ord, by dven om dessc kunna ulfrycko

Menijnen, sd kajn di clri komma {e d passa i vaar! Sproag, mien vil stidda

Betydningen, saa kan de aldrig komono (i at posse 4 vort Sprog, men vil siode

betvdelsen, s& kunng de aldrig kommao &l aff vara passande 1 vdrl sprdk, men skols
slafa

d skdrra § Orn & gidrra vaort asjlons 53 noetta brrijnhdlmske Sproag styjgjara,
og hakke Orene og gore vort ellers sao bebaglige bornholmske Sprog grimmere,
ock hocka Gromen ock pira vdrt anwors 54 behogliga bornholmska sprak fulare,

LiTErAL TRANSLATION.

The Bornholmers, who now for many vears have worked to get
their language made fashionable, have, in addition to the few
methods mentioned in this book, also adopted (taken) the simple
procedure of rejecting a great many words which seemed to them
to be too Bornholmsk or, in other words, which have seemed
(been) to them too different from the Danish (words). Now, our
language has been from time immemorial a rich language, so that
we really can do without a lot of words and at the same time have
enough left over for household use. But if one examines the case
a little more closely (exactly), one will at once (soon) be aware
that it is not by any means always those words which we can best
dispense with that they have rejected, but that these are very
often words which we could have use for and which scarcely can
be replaced by single Danish words. Often it is a word which it
takes several Danish words to explain and, for many of them,
even whole sentences must be used to explain (them). This is so
annoying that one can get very angry at it, when one considers that
it is our own countrymen who, in sheer blindness, have behaved
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(themselves) so stupidly. But it is also annoying that they have
rejected such words, because (= for), even if these (i.e., the new
words chosen) can express the sense, they can never come to be
suitable in our language, but will shock and irritate (= cut) (our)
ears and make our otherwise so agreeable Bornholmsk language
{much) more ugly.

ILs

God awtan, liden Elng Gods fred!

Good evening, little Elna, God's peace!

God awlan, min dedic rosal

Good evening my beautiful rose!

ad gubbajn hajnvill frein, j8 vedd,

That the old man will court youo I know,

Men tousfuiin vasfu jo Loz,

But il you took him, you would be a
foolish lasa,

Te &fril dedh lokkar vell snararc, Dul

To funeral ale it is drawing near (for
him}, do you sec?

En konnao—dedk bler nok for sijlla,

A wife—it i3 much too late (for that),

Men j6 gdr & stjdgrnar pd piblane nu,

But I am going to peep at the girls now,

Forr ji & pd nd nu sd vijlla.

For | am almost ready (to marry).

Hvad, liden Elnal Hoad min deilia rosal

What, little Elna! What my beautiful
rose !

Go dwlan, ldhen Aelna, go(dh)s fredi!
God Aften, Elle Elna, Guds Fred!

Go awlan, min ddjlia résal

God Aften min deilige Rose!

A pobbai had vell frdjja, ja védh,

At Gubben vil vel fri, veed jeg,

Maen (Gwstuid, vdstu (19) ji tisa,

Men tog Du ham, var Du jo en Tosse,

Te efrol de’ lakkar vael snarara, Du!
Til Gravid lakker det nok snarere, Du!

En kdnno—de’ bler ndk (20) fir 5ilTa,
En Kone—det bliver nok for silde,

Maen ji gdr & staernor (21} pd piblancwu,
Men jeg gaar og kigger pan Pigerne nu,

Fir jg e pind nu sd vil'l'a.

For nu er jeg naesten i Stand dertil.

Va, lidhen Aelna! Va, min ddjlic risal

Hvad lille Elnal Hvad min deilige
Rose!

I11.*

CoLLoQUIAL PHRASES.

SE hGer vd ji har fe daj; proestin vd haeruda & j@ fifd de(d) ndd (22) hanndm.
Se her lwad jeg har til Dig; Presten var herude of jeg fik det fra ham.
See here what 1 have for you; the priest was out there and I got it from him,

Maa jonte (23) poa te foeréa? Ja, maen hr vd jd sdjjer daj; kom sndrl ijen lo

baellana (24).

Maa jeg ikke gao til Kirken? Ja, men hir kvad jeg siger Dig; kom snart tilbage i

Bérnene

May [ not gu to church now?  Yes, but listen to what 1 tell you; come back soon

to the children.

" See N.9.
¥ Bornholmsk Ordbog, p. 130 (n. 4).
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Hon fitl ed fded sid & folde méd (23) jemm., Had fire-na (26) mé slj.
Hun cendrede sin Mening og fulpde med ham hjem. Han forde hende med sig.
She changed her mind and went home with him. He took her with him.

Roserne fdva ddrero W& nid.  Vidlerid Rommer.,
Roserne fobe deres Blode nu,  Vimderen kommer.
The roses ate losing their petals now, Winter is coming.

Fas kdr @ lidisd horra (27) 4 fo pibla (18), Hasi har irg boella,
Han har een lille Dreng og to Piger. Han har tre Birn.
He has one little boy and two little girls,. He has three children,

Horrin ficé pryl (29) & bonin som had mile poo need,
Drengen fik Prygl fra Bonden som han midie pos Vejen.,
The boy got & beating (a cudgel) [rom the peasant whom he met on the road.

De(d) vd itte (inte) ndtti & gdred,
Dt var ikke nddvendigl al gire.
It was not necessary to do that.

Kom haer, gia venner, d idn jorr en risf
Kom her, pode Venner, op drik Nogel (tag Jer en Rus = * pet drumk' )
Come here, good friends, and have a drink (with us)!

Hadl taedte pao 4 fefla saf 4 §icé ud & frajja 4 saa mile kad en pdija (30) daer
aelsbadif (31) mijed.

Han laenkie paa af gifie sig og soa gik han ud of frie og traf en Pige der elskeds ham
miegel,

He thought of getting married and so he went out and met a girl who loved him
very much.

E daer vann (32) udi &lan (33)7  Ja, maen del(d) mao dinle (34) faa, De{d) sk
kestana k.

Er der Vand i Spanden? Ja, men del moa Du ikke fos, Del skal Hestene have,

Is there water in the pail? Yes, but you can't have that. The horses must
have it.

Lokk dérn op & lan (35) gaa nd,
Lukk Dirren op og lad ham gos ud,
Open the door and let him go out,

Vir e pitdan nu? Hon fann horrid & fraf méd (25) jemm.
Huvor er Pigebarnet wu?  Hun fandt Drengen og trak hjem med ham,
Where is the little girl now? She found the boy and went home with him.

Huh spore mdj sk jd g2 jorr i bdrrinhdimsk sdng; maen de' kod jonie gdrra fdre
ja har forgatt al't,

Han spirpde mig, om jeg vil give Jer en bornholmsk Sang (36), men det kan jeg ikke
giire, for jeg har glemi det Hele,

He asked me to give you a Bornheolm song, but [ cannot, for [ have forgotten
everything.
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CoMMENTARY ON THE TEXTS

(1) arbdjad ‘worked'; also written arbfod and grbdad. .

(2} ddrro ‘their’; used in B, as in D. as the 3 p, possessive reflexive, which
in Sw. is always sin (m. and .}, Bt (n.); pl. sing, used for both sg. and pl.

(3) fdrra *few’;: note -rr- and the redundant pl. -@ (cf. Tcel. fdir).

{4) tad, eontraction for figed “taken'; of. vdd for pdrid *been’ (other examples
below).

(5) & = conj. og "and,’ the prep. af ‘of" (as in wdd, n. 23) and also the infin.
particle al.

(6] dnro, pl. of @i ‘other’ (D. pl. andre). Note the elision of d, pronounced
in both D. and Sw.

(7) The k is completely elided from the original & = -k, plus neater -i:
raekt (D). rigt) and the subsequent palatalization of the { to £ (o, 9).

(8) kojwe = bmie; pres. pl. kumne, as Sw. kunna, but lost in D, = kan for
both numbers,

(9] sajtas = saf(flaz = D. soglens ‘really’; note elision of g (original gf)
and palatalization of I to £, and total disappearance of - (cf. n. 7).

(10) ijm = iti = D, sen ‘one,” used in B. for the D and Germ. indef. man
{Fr. om). The indef. man is never used in true B,

[11) gette = D. efier ‘after’ and ON. gptir. Here there is no palatalization os
innn. Tand®. Note also B. sta = D, affe, with compensative long o for loss of .

{12) pir ‘aware’ = D, and Norse var (not in use in colloguial D.) = Germ.
gewakr.

[13) ajmvaere ‘dispense with'; a Danism: imdvaere in D. is a Germanism like
undrarg in Sw. = Germ. entbehren. It should really be undearra in B., as the
verb ‘to be,' on whose analogy the word is made, is varre.  Note also B. aerstatios
= D, ersfatfes, also a Germanism, from ersiafien.

{14) kassért ‘rejected’; observe the absence of the vowel (u) before the
participial ¢ (D. kasseret; Sw. basseral).

(15) hdrmse ‘angry’s of. Sw. harmsen ‘angry’ and D, Harme ‘indignation.'

{16) restoppena paled ‘exceedingly stupidly’; used in B, only with paled;
OD. ryskgalen * very angry’ (rysker means ‘mad’ in B.). Toppena = Dalicarlian
Inippande {E‘apnmm, 279) ‘one who is excessive,’ probably cognate with Germ.
toben “rage’ (thus Espersen).

(17) poled ‘stupid’ = Sw. palel. .

(18) soddena ‘such,’ pl. Note ¢ for D. short ga, pron. like short Eng. ow;
D, saodane, but Sw. sddan, with long d.

{19) taustuid ‘tookst thou him' = ‘if thou didst take him' = OD. fogst Dy
ham,

(20) wdk ‘enough,’ pron. almost like short mok, as in D.; of. Sw. nig.

(21) sésermar ‘stare’; cogn. with Eng. stare more than with D, sfirre.  The
expression pdnd = D. maesten ‘almost’ = purely B, and now almost obsolete,
Pind is probably a translation of Germ. beinabe (cf. Frisian binai; Sylt.).

(22) udd hanmimm: lit. *out of him' (see n, 5) = D, wdaf in the same sense
{cf. New York slang: of 'w kim ‘from him').

(23) jante = ja inte ‘| not.'

(24} boelfa 'children.’ This stem ia pmbnhh not balp ‘bellows,” from the
pot bellies of small children, but the same as in south Germ, biabli, dim. of bube
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*bay.’ It is seen also in Scotch Hily 'boy, lad.' Tt is probable that the Amer,
slang Bill, used in address for any name at all, contains the forgotten sense boy.
The sg. in B, is boell with the masc. article baellis ‘the child.’

(25) mdd = medid ‘with him"'; D, meden = med hams.

{26) fire-na = fare haede 'he took her.

(27) kerrz ‘boy’; a difficult word and purely B., thought by some to be
copn, with herre in Smilindsk ollferre ‘cattle-boy’ (Espersen, 134}, but this kerre
is probably a variant of Sw. kerde, seen in fdrkerde shepherd; D. Hyrde; Germ.
Hirt and scarcely connected with B. Note that the form herk ‘boy' is used in
North Sjaelland and also in Jutland for boy in an opprobrious sense.  With this
latter use, cf. Scotch hawkie 'clumsy lad.! These latter forms may be diminutives
of the original stem of B, korra.

(28) pibla, pl. of pibel ‘small girl,' undoubtedly a combination of pi{gs)
‘girl” and baell ‘child’ and exactly equivalent to D. Pigebarn ‘little girl' A
grown girl in B. is pajjo {see n. 30).

(29} pryl 'cudgel, beating® = 1), Prygl.

(30) pojja ‘grown girl' = D. Pige; Sw. pige ‘maid’; in distinction fram pebel
*girl-child,’

(31) aelskadid ‘loved him'; D. colloquial: elskede-em (ham).

(32) tawnn ‘water' = D. Vand, for ON. vatw, Sw, valten, The form posn is
gtill used in Scandia for vadten.

{33) fita ‘pail, bucket'; also written kfita; cogn. with Eng. kit ‘tub’ and
probably also with keitle, Kit in the sense ‘outfit’ is still used in the Amer,
slang phrase: whole kit and boodle (cabondle, a cowboy word from Span. eapital
stock, property).

(M) dinfe = du inle thou not.

(35) lan = lg-i ‘let him' = D. Jad'en (pron. colloquially lo-en = lod ham).
(36) Note the direct oration peculiar to primitive idioms,

GRAMMATICAL SKETCH.
Article and Noun.

The grammar of B. is much more complicated than that of
either Danish or Swedish, the chief reason being that in B. a dis-
tinction is made between the masc. and fem. genders, whereas in
both Danish and Swedish this distinction has long passed away,
the two genders having completely coalesced in Danish and also
in all Swedish except the most antiquated style, which, even in
church writings, is rapidly going out of use. Thus, it is unusual
to-day to find the masc. e-form of the def. adjective as distinct from
the fem. and neuter form. All Swedes say and write at the present
day min kdra vin ‘my dear {riend’ (masc.) instead of the more
correct older form kdre for masc., while kdra was used for fem. and
neuter definites. A similar blending of the masc. and fem. genders
has all but taken place in modern Dutch, where one says ik zie de
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man ‘1 see the man,’ instead of ik zie dem man, and this, in spite of
the efforts of the purist school, who are striving to retain the older
form, at least in writing. B. is one of the few living Scandinavian
idioms, not excepting Icelandic and Faeroese, in which both the
definite and indefinite articles distinguish the mase. from the fem.
It is true that in Icel. and Faeroese a distinction is still made in
writing; viz., masc, hinn, fem. hin ‘the,’ but the pronunciation is
the same for both genders. B. has both an indef. and def. article
different for all three genders; viz., indef. ¢ mad ‘a man’; en
kdnna ‘a woman'; ed hilz ‘a house,’ a peculiarity paralleled chiefly
in the Juttish of Vensyssel and to some extent on Fyen. In B.,
the def. article is daesi, daen, dedh for the prefixed form, which is,
however, not so common as the suffixed definite, whose forms are
masc. -9, -is: fem. -n, en: neut. -d, -ed; pl. -na for masc. and fem.,
and -n, -en for neuters. It will be observed that the masc. sg. is
distinguished by the palatal -i.

The following paradigm will illustrate the method of using the
def. suffixes:

Sreonc Nooxs,

d&rm, md, dd, sag, brd, &, iz, lree
Masc. drmid ‘the arm’  m&id ‘the windrow'  ddd ‘the day”®

Pl. drmona mdana dinag

Fem. sdgen ‘the affair® Groen ‘the bridge’ im ‘the island’
Pl. sdgarna bréarng drng

Weut. fized ‘the house® irged ‘the tree’
Pl.  ldizen frien

WeAK Nouns.

fima, bdrrjara, kdnge, oga, Caerda, fdrstd{e)lse, dra, achbla, ragfe
Masc, fimad 'the hour' bdrrjarid ‘the citizen” kdwgid *the king'

Pl.  fimana bdrrjorna kdnparna
Fem. dpon 'the week' foeréon ‘the church®  fdrstd{e)isen "the understand-
Pl. &gorma faeréarna Sfdrstd{e)isarna [ing'
Neut., drod ‘the ear’ sebblad 'the apple’ rigjed ‘the kingdom'
Pl &m aebblen rilejen

There are certain rules indicating variations of the connecting
vowel between the noun and the def. articles, which need not be
entered into here.
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It should be noted, however, that korra or kdrra ‘boy ' makes its
def. hdrrin ‘the boy'; pl. hdrrana ‘the boys,’ like bdrrjara (see
above). Like dra ‘ear,’ only the neut. djja ‘eve’ occurs, pl. dijen
‘the eves,’ but def. sg. djjed ‘the eve,’ probably a Danism resembling
D. diet ‘the eye’ (pr. ojedh), for the earlier B. djjad.

It will be observed that in these forms, as well as in the follow-
ing examples of inflection, B. resembles modern Sw. more than the
standard D. This is especially noticeable in the neuters; cf. Sw.
dra-t ‘the ear,’ pl. éron-en, in which word there is no distinction in
B. between the indef. and def. pl., i.e., both = drm. The same
principle applies to the Sw. dpple ‘apple,” pl. dpplen, but def. pl.
dpplena. On the other hand, B. hiiz ‘house,’ pl. kiis; but def. pl.
huzen ‘the houses' is exactly like the Sw.: hus, pl. hus; def. pl
hiusen,

Noun Inflection.

So far as nouns and adjectives are concerned there is no case
inflection such as appears in Faeroese or Icelandic, but the system
of forming the plural (indef.) of nouns should be briefly illustrated.
The resemblance is closest to the Sw., although the B. forms
themselves are not directly derived from Sw., but are a normal
development of OD.

It will be observed from the following examples (a) that the
strong and weak masc. groups incline to the pure a-plural, with the
exception of a few instances; (b) that the strong and weak feminines
hath incline to the -er (-r)-ending, and (c) that the strong neuters
have generally no pl. ending, while the weak neuters incline to -n,
or also have no ending.

SrronG Nooss:

Masc, drm ‘arm'  dwsel 'axle’ mb ‘windrow' dd‘'day’  goest 'guest’
Pl.  drma gl i da faester

Fem. sig‘afair' dwsel ‘shouldes’ brd ‘bridge' 4 'island’  wdl *needle’
Pl. siger disler brier ir ndla

Neut. iz ' house' triie ‘tree’ harred * district’

Pl. s rii harreder



PRINCE—THE DANISH DIALECT OF BORNHOLM 203

WEAR Nouxs.

Masc. fima ‘hour' bdrriara ‘citizen’ kdnge ‘king'
Pl. fima bdrriora kdnper

Fem. dgs ‘week’ foeréa (faerka) 'church’ fidrsid(e)ise ‘ understanding’
Pl dger foeréer (faerker) frstd(e)iser

Neut. dra ‘ear’ aebbla ‘apple” raéje "kingdom
Fl, dra aebbla rogje

The above divisions are easily understood. It will be observed
that the class represented by da ‘day’ (masc.) does not change for
the pl. It is a model for such words as std ‘place’ = ON. *stadhr.’
Only practice can teach the learner when nouns ending in a vowel
take the -a in the pl. like md-a. In the strong fem. nouns, the class
represented by ndl ‘needle’ is very small. Saesi ‘bed’ (f.) belongs
to it, as does aei ‘meadow.’ The pl. of pibel ‘little girl" is pibla,
as the second component element is baell ‘child,” pl. baella, Of the
strong neuters, some neuters of foreign origin belong to the harred-
class (pl. -er), as bést ‘beast,’ pl. béster; ipsekt, pl. insekier, etc,
Of the weak masculines, the fima-class represents the old #-mascu-
lines, as ON. fimi ‘hour.” Many nouns belong to the dga-taeréa-
class. The weak neuters comprise (a) a small group in -a = the
ON. neuters in -a; (b) some neuters in -¢ = the ON. neuters in 4.
Note that for djja ‘eve’ = ON. auga, one of the few B. nouns
inflected like dra, there is an old B. form fva ‘eye,’ pl. fven. Jaria
‘heart’ has pl. jarfa. A very large class is inflected like aebble
and ragje. The ending  is seen in vifiin 'window’ (sg. and pl.)
and varru ‘business’ (cf. Icel. verslun), but B. hénnu ‘honey’ is
used only in the sg. = OD. hunugh.

Adjectives.

The indef. adjective in B., like that in ON. and modern Icel.
and Faercese, distinguishes between all three genders; viz., Masc,
goer ‘good,” fem. ga, neut. gdit, pl. goa (all genders)

fattier ' poor’ fatti fattit, pl. fatlia
vider ‘wide' vid vitt (= widt), pl. vida

The rule is that the indef. must end in -er in the masc., the fem.
has no ending, while the neuter adds -f which frequently modifies
the preceding syllable, The indef. pl. ends in -2 for all genders.

14
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No such distinction is made in the def. adjectival form followed
by the definite noun:

Masc, goa *(the) good® pl. pos
Fem,
Neut.
Jattia * (the) poor' pl. fattis
vida * (the) wide' vide

The def. sg. of all genders ends in -a (there is no masc. def. -&,
as in old Sw.), while the pl. ending for all genders is -¢, a distinctive
Bornholmism based on D. -¢, def. pl. and sg.

Adjectives form their comparative by -ara (more often now -ere,
following D.) and the superlative by -ast, def. -esta. Thus briner
‘brown,' bréimara, brinast; but def., branmesta; pl. brineste. The
same irregularities appear as in the other Scandinavian idioms:
ldnger ‘long '—laengre—laeist; poer ‘good '—baere—baest, etc. The
superlative has no differentiation for gender and number in the
indef., but has both, as just shown, for the definite.

NuMERALS,
The numerals up to ten cardinals and ordinals are as follows:

Mase, Fem. Neut. Danish Dianish
i &N ed en, &l ‘one’ fidrsta (fdsia) 'Gret”  forsi(e)

to o ‘two' dnra (pl. @ndra) anden (pl. andre)
iré fre ‘three’  ftrede tredje
fir(a) fire ‘four’ fiaere Sfierde
Saem fem  ‘hve’ fogmte femie

5afs ‘gix ' seks faete sfelte

Su ‘seven’ o fuene syvende
di{a) ‘eight* olle Mene eltende

ni ‘nine’ ni niene miende

li ‘ten” H tiena tiende

It should be observed that the numerals ‘fifty’ to ‘ninety,’
incl., are not formed as in Sw. and Norse faem#i, seksti, etc., but as
in D)., by the addition of hall- and the suffix sensfive; viz., hall-
trasemséive ‘fifty," D. halotredsindsivve, ete.  This method of reckon-
ing is peculiarly Danish, and resembles the Celtic system, still used
in Welsh, and appearing in French.
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ProxOUNS.
B. D, Sw. B. D Sw,

i@ i 5 jer Jag Tt ‘he’ ham  han
mEf ‘me’ mig mig kanndm ‘him*'  ham  homom

(pr.maj)  (pr.mef)  han ‘she' hum  fon
ol, i P’ Ee1 i haeife  “her’ hende  henne
vy ‘us’ o5 058
Lni fyou’ i i di ‘they' de de
jaerr, jarr ‘you' (acc.) jér Eder (er) ditm ‘them" dem  dem

The possessives are respectively min, min, mel ‘my’'; pl. minag;
disi, din, det; pl. dina; refl. s@i, sin, set; pl. sing, declined like
indef. adjectives; hams ‘his'; haesies ‘her' indecl.; vdr (pdres and
rare, vdresa), neut. vdrd; pl. vdra; jaer, neut. jaert ‘your'; pl. jaera,
declined like adjectives and ddrre 'their,’ indecl. The relatives
are simply the indeclinable daer (nom. only) and sdm ‘who, which,
what.! The interr. is vekkis, vekken, vekked ; pl. vekkene, a pronomi-
nal indef. adjective.

VERBS.

The B. verb, like that of the other Scandinavian dialects, has
only two pure tenses; viz., the present and preterite, making the
future and past definite by means of auxiliaries. B., unlike D.,
distinguishes between the sg. and pl. of the pres. tense by omitting
the -r of the sg. and in most instances by using -a in the pl. In the
pret., as in Sw., B, sometimes has a distinctive pl. form, which, as
in colloquial Sw., is dying out in ordinary usage.

The following examples of both strong and weak verbs will
suffice to show the formation: & bisia ‘to bind’; ja birier ‘1 bind’;
vi Bisia ‘we bind'; ja bant ‘1 bound,’ vi borie 'we bound'; ja kar
bosied * T have bound®' = D. at binde, jeg binder, vi binder, jeg bandt,
vi bandt; jeg har bumdet; Sw. ait binda, jag binder, vi binda; jog
band, vi bundum: jag har bundit. Ablawt is as common in B. as in
its sister idioms; thus, gér ‘gives'; gd ‘gave,’ but g&d ‘given’;
far ‘drives'; for ‘drove’; fdred 'driven,’ etc. The verb *to go’
requires special mention; 4 gd ‘to go'; ja pdr, vi gd; j@ £ifé, vi
geéée; ja e gdd. In Gudhjem, this verb still has the half weak
form gdvivia; gdisar, gdira; gdidada; gdngii.

The weak verbs form the pret. by -de, -t and the past parte. by
masc. -der; fem. -d, neut. -, which neuter form is used with the
auxiliary ha ‘have' to form the pure past definite. Thus, 4 ria
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‘to ride’; j@ rier, vi ria; jd, vi ride (‘rode’); ja har rit; 4 taella ‘to
count’; jd taeller, vi laella; ja, vi lalde, j@ hir talt; d vila "to rest';
ja viler, vi vila: i, vi vilada; ja har vilad.

The auxiliaries are kosisia ‘to be able'; j@ kasi ‘I can’; of kovle
‘we can'; jd, vi kondie “we could’; jd hdr kosisad; ja ska ‘I shall';
skol'l'e ‘should’; past parte. skolad; velTa ‘to will'; jd vel, pl. vi
vella; jd, vi vel'l'a ‘would'; jd@ har vellad ‘1 have wished."! The
verb ‘to have' is 4 hava, ja hdar, vi hd, 7d, vi hide, ja har had.

The middle passive in -5 appears, as in D, and Sw., as saetlas
‘to be put' and the -5 is suffixed to all the tenses, including the past
partc. salts. The direct use of the -s has disappeared in D. with
the past participle, where the -s is suffixed as a rule to the pret, -de
and the tense construed with the verb vaere ‘ to be' as det er [ykkedes:
but Sw. det har lyckats ‘it has succeeded.’

Finally, the following forms should be noted: gak, imper. of
gd ‘go’; Estu ‘art thou'; odstu "wert thou'; sdsiu ‘sawest thou':
{Fwsiu ‘tookst thou,' ete. The old gerundive in -5 also occurs in B.
drikkenes = D). drikkende ‘drinking,’ etc.

Music.

The Bornholmers have preserved a wealth of folk-songs, many
of them of real value and excelling those of any part of Denmark in
beauty, although none of the D. folk-songs are equal to the Sw.
in pure melody and musical form. The Danes have of late VEArs
begun to discard their old folk-music for modern European produc-
tions and, in their desire not to be “Scandinavian,” are inclined to
look upon anything essentially old Danish as “vulgar' and be-
longing to the “servant” classes. This, however, is not the case on
Bormmholm, where a genuine pride is felt in the old airs.

The following specimen, giving the melody ™ of the song recorded
above (IL.), is a very characteristic Bornholm air. It will be noted
that the old Scandinavian influence lingers in the musical phrase-
ology, a phenomenon which is apparent in many of the island songs,
where, of course, the Scandian influence predominates, although
some few of the refrain-songs show German contact.

LEGaTioR oF THE UNITED STATES OF AMERICA,
COPENHAGEN,

¥ Viser & Bornholmsk Mundart, p. 134 (n. 6).
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ARE THE VARIOUS RACES OF MAN POTENTIALLY
EQUAL?

By H. N. HALL.
(Read April 25, m24.)

In the absence of accurate special means for the appraisal of in-
telligence and character, it is permissible to apply the test of history
to the consideration of the achi¢vements of a race and from an ex-
amination of its past performances to predict its probable future.

In order to answer the question which has been proposed, we may
restrict our attention to one group of people relatively homogeneous
in physical constitution and appearance, that is to one race. If we
find that the culture of such a group is likewise homogeneous and if
study of this culture reveals a certain tvpe of spiritnal weakness which
has kept the race backward throughout its history, we are of course
justified in saying that this race is not the equal of the race or races
whose mental vigor has been responsible for the building up of what
we know as civilization. If this kind of inferiority is incurable and
s0, we may infer, congenital, we must of course also deny that the
race in question is potentially as well as actually the egual of the
civilized peoples.

I believe that a study of the culture of the negro and of the his-
tory of his contacts with white civilization justifies this conclusion
with regard to him,

The most instructive of negro institutions for the purposes of our
problem is that of the kingship or chieftainship in Africa.

Autoeracy is characteristic of negro government and that in the
highest degree where government is most highly organized. And on
all sides in Africa we find that certain peculiar characters accompany
the institution. Either the ruler is a magician or he is in some sense
divine.

In the region of the upper Nile, among such tribes as the Bari
and the Latuka, the magicians, whose principal function is that
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of rain-making, are the chiefs. “Rain is the one thing which
matters to the people in those districts, for if it does not come
down at the right time, this means” that their animals and their
crops, their only resources, are destroyed. These chiefs, the rain-
makers, have various ways of producing rain. One may have a col-
lection of rain-stones, such as rock-crystals and amethysts. These
he plunges into water, and taking a cane, beckons with it to the
clonds, accompanying his gestures with an incantation. Another will
pour water upon the entrails of a sheep or goat placed in the hollow
of a stone, and then sprinkle the water towards the sky. Among the
Dinka, the rainmaker chiefs are believed to be animated by the spirits
of former great rainmakers. The king of the Shilluk on the White
Nile reincarnates the spirit of the semi-divine founder of the dynasty
who brought the tribe into its present territory. Cattle are dedicated
to the shrines of the kings and sacrifices are offered there as well as
at the shrines of their great forerunner. The regard, reverence, or
worship which the Shilluk pay to their king is due to the fact that
the spirit which is reincarnated in him is responsible for the health
and increase of their cattle and crops.

In East Africa we find a similar state of affairs. In Uganda,
the sympathetic relation that is believed to exist between the vital
forces of nature and those of the king 1s again shown in the tending
of certain trees planted near the king's residence. * It was believed
that as they grew and flourished so the king’s life and powers would
increase.” But the confidence that the royal or divine power was so
closely bound up with the forces of nature that the latter were con-
trolled by it is more directly seen in Uganda from an institution
which at intervals temporarily superseded the kingship. There was
a god who lived in Lake Victoria who sometimes took up his abode
in a priest or priestess. 'When this incarnation took place the person
in whom the god was now incarnate became for the time being the
supreme power in the land, not only in matters of faith and ritual
but in questions of war and politics. He was consulted as an oracle;
not only could he inflict or cure disease, but, above all, he could with-
hold rain and cause famine.

In Mombasa the king was able to produce rain. Further south,
we hear from a Portuguese historian of the Zimba or Muzimba who
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regarded their king as a divinity. [If it rained when he did not wish
it or if it was too hot, he shot arrows at the sky for not cbeying him.
This is no doubt a half understood statement of the powers of a
royal rainmaker; on the opposite coast, the king of Loango brought
rain by shooting an arrow up into the air.

In South Africa, much the same conditions are found. Sorcerers
are held in great esteem, especially for their rainmaking powers. If
they are not always rulers, they are held in such regard as to be
formidable rivals to the chiefs. Chaka, the famous Zulu tyrant of
a century ago, declared that he was the only magician in his country.
He would tolerate no rival who laid claim to magical power.

In West Africa, in Lower Guinea, the fetish ruler Kukulu regu-
lated the winds and storms. In Togoland, a fetish priest who is the
real ruler of his part of the country had charge of the fetish Bagha.
This fetish sent or withheld the rain and was lord also of the winds.
The King of Loango, as we have seen, had a similar power over the
elements. In the parts of West Africa further north, where the
purer negro as distinguished from the Bantm culture obtains, we find
sometimes a division of power between a fetish king and a civil king,
although the former is really supreme, and here again he controls the
weather. Where, as in Dahomey or Ashanti or Benin, poweriul
states were formed, the tendency has been to unite the fetish and
civil powers in a single ruler,

These instances serve to show the wide prevalence in negro
Airica of this attitude towards chiefs and kings. It indicates
clearly enough, I think, a willing subservience of the negroes towards
their rulers not through any consciousness of political necessity or
expediency but because of an inveterate tendency in the negro mind
to seek safety in dependence on a superior being, to shift the re-
sponsibility for coping with difficulty and danger to some power or
anthority outside himself—even in the ordinary crises which arise
in the daily course of events. It is obviously due to weakness of
will and inability to persist in the most necessary and usual undertak-
ings without Teaning on the support of a superior.

These ruling magicians and divine or semi-divine kings, who are
a response to the demand for some extraordinary power to deal
with the unexpected or the merely difficult or dangerous, are
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themselves often curbed with all sorts of limitations and surrounded
with taboos. This is evidently due to the same factor in the negro
disposition. The chief is, after all, at any rate to some extent, of
the same human nature as his subjects and hence to some degree
shares in the disabilities which make them a prey to the caprices of
the mystetious forces of nature. So he must be hedged about with
riles of behavior which insure the maintenance of his sympathetic
relation with those forces. It is simply a case of making assurance
of safety doubly sure. The regulations not only restrict the chief’s
liberty but sometimes even involve his life. So long as the magically
or divinely controlled relations with the all-poweriul forces is main-
tained, the individual controller is often of secondary impertance.
One of the conditions on which a ruler of this kind holds power
is that he must show no symptoms of bodily weakness or decay. It
is the kind of analogy on which the assumptions of sympathetic
magic are based. I the chief's strength diminishes, if he becomes
ill or senile, this has a similar effect on the forces with which he is in
sympathetic relation or which, embodied in him, control the increase
of the crops and herds. The Shilluk king spoken of just now was
put to death when he showed signs of ill health or of failing strength.
No Dinka rainmaker was allowed to die a natural death of illness or
old age; he was put to death when his physical powers showed signs
of flagging, lest the tribe should suffer from disease and famine and
the herds fail to yield their increase. Among the East Central
African neighbors of the Baganda, the Banyoro, if the king fell
seriously ill or began to fail through old age, he had to commit suicide
by taking poison; if he faltered in this duty, his wife must administer
the dose. On the upper Congo the king of Kibanga was strangled
under similar circumstances. Among the Hausa in Northern Nigeria
an ailing or infirm king was throttled by a special official known as
the killer of the elephant. There is reason to believe that a similar
custom once existed among the Zulus, Even a slight bodily blemish,
suich as the loss of a tooth, was a sufficient pretext for insisting that
the Kaffir king of Sofala must take poison. That even in Africa the
custom may be pushed to the point of extinction through its own ab-
surdity is shown by the case of the kingdom of Kabinda at the mouth
of the Congo. The rule there was that the chief who became its
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ruler was always killed on the night after his induction into office,
For a long time there have been no claimants to the throne of
Kabinda.

Yet at Gatri, on the Benue River, a tributary of the Niger, where
the number of years a king was to reign was settled by the electors,
although the candidate knew that after a limited time he would be
made drunk on guinea-corn beer and then speared, such is the inertia
of negro custom and such the fatalism which accompanies the typical
negro disposition, that there is no record of the royal stool standing
vacant.

In ancient times the Ethiopian kings of Meroé were worshipped
as gods.  Yet their lives were at the mercy of the priests, who, when
it pleased them, used to send a messenger to the king to say that an
oracle of the gods had decreed his death. Ergamenes, a contempo-
rary of Ptolemy IV, was the first king to disobey this order. When
the message arrived he took a body of soldiers to the temple and put
the priests to the sword. Ergamenes had received a Greek educa-
tion which must have endowed him with a small amount of resolution
necessary for so elementary an effort at self-preservation. And his
example does not seem to have had a lasting effect. In some tribes
of Fazokl, in the very samé region, down to modern times the king
had to administer justice daily onder a certain tree. If from sick-
ness or any other cause he failed to discharge this duty for three suc-
cessive days, he was hanged on that tree in a noose which contained
two razors so arranged that when the noose was drawn tight by the
weight of his body the razors cut his throat. The people of Meroe
have from the time of Herodotus been of mixed race, with the negro
element always growing stronger down to the present time.

Of other restrictions on the liberty of action of persons of royal
or chiefly rank in negre Africa it is necessary to mention only a few.
The fetish king Kukulu, of whom we have heard before, lived alone
in a wood ; he must not leave his house ; he must not touch a woman:
he must not even leave his chair; he must sleep in it sitting, because
if he lay down no wind would blow and navigation would be stopped.
Among the Evhe-speaking peoples of the Slave Coast, the king, who
was also the high priest, could leave his house only by night. Only
his representative to the people, the so-called “ visible king," together
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with the three chosen elders, might speak to him and then only when
seated upon an ox-hide with their backs turned to him. He was not
allowed to see any European or to lock at the sea. The kings of
Dahomey and of Loango were subject to the same prohibition with
regard to the sea. In Loango as in Uganda, the king must not be
seen eating, on pain of death to the beholder, As a general rule the
purpose of these restrictions, like those which caused great chiefs to
be put to death, is in some way or other to preserve unimpaired the
powers of the chief which direct or sympathetically affect the forces
of nature which it is desired to contral,

It is not claimed, of course, that this kind of institution is peculiar
to the negro. The institution of the divine chief with his taboos is
known also, for example, especially in Fiji and Polynesia. Some-
thing not unlike it may even have obtained at one time among our
own ancestors. But among the people from whom our civilization
in this country is chiefly descended, whatever divinity may once have
hedged a king was, as far back as we can trace the institution, coun-
terbalanced by checks and restrictions which had a political rather
than a religious bearing. The system had in it the germ which made
possible the further development of individual and social freedom,
as distinct from a system like that of the negro, which by its very
nature was a closed one—incapable of further useful development.
The restrictions hinding the negro chief and his people in their rels-
tions to him could only perpetuate superstition and submission to
blind forces. It is true that restrictions of a political kind on the
power of the chief were also present. The foreign and domestic
policies of negro states were often subject to control by a councilof
elders. But this only tended to throw power into the hands of an
oligarchy who could use the supernatural or magical qualities attrib-
uted to the king and to themselves for the maintenance of their own
power. In other cases this political limitation of the supreme power
was made futile by the fact that the ruler by magical or divine right
had absolute power of life and death over all his subjects and could
also confiscate their property.

It has been said that the power of inhibition involved in the aob-
servance of innumerable taboos binding not only the chiefs but their
subjects also is not consistent with feebleness of will and the conse-
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quent lack of persistence in effort. Such taboos commonly prohibited
various kinds of food and also on certain occasions any contact with
women. In view of the well-known uxoriousness of the negro, it
is claimed that abstinence of the second kind esecially shows that he
could exert considerable will power. But it has to be remembered
that such taboos were enforced by what was for the negro a very
real terror. As between the penalty for the infraction of a taboo,
which was often death, and a merely temporary abstinence, there was
not, one would think, much difficulty of choice.

The history of the negro in the New World shows that even
where he has been removed from the surroundings in which his own
institutions were developed the mental disposition out of which
those institutions grew has persisted unchanged in essentials. He
still leans upon forces outside of himself. The fetishism of which
the institutions which we have been considering are the most highly
developed expression still persists. In the British colonies in the
New World it is still necessary to keep in the laws severe penalties
against obeahmen, whose influence remains strong. This in spite
of the fact that the negroes have been subjected to the influence of
European civilization for three hundred years, and that during a
great part of that time ministers of numerous Christian sects have
worked diligently to root out superstition. In Haiti for more than
a century the negro has had the opportunity to work out his own
salvation under leaders of his own race; and it is precisely in
Haiti that we find voodooism and political oppression and corrup-
tion dividing the field of authority between them. In the United
States and elsewhere on this side of the Atlantic such limited
progress as the negro has made is due to white philanthropists and
to leaders of mixed race. These are his external superior forces
and he knows it, and he leans on them,

So far as the evidence from history is concerned the peculiar
mental disposition of the negro is unchanged, and it seems unchange-
able. This mental disposition keeps him backward and we have no
reason to suppose that in comparison with the white man he will ever
be anything else.

UNIVERSITY OF PENHS'!L?!-NM,

Poiaperrata, Pa,



ARE THE RACES POTENTIALLY EQUAL?

By ALEXANDER GOLDENWEISER
(Read April 25, 1024.)

Mr, Hall has just regaled us with delightful bits of negro magie.
There is no denying the interest and quaininess of the data he has
presented.. But what is the bearing of this folk-loristic panorama on
the question of racial equality or ability?

As an anthropologist Mr. Hall need not be told that even in the
very field of magic he has so thoroughly scanned, modern man can
not by any means boast of a clean slate. We have heard of the
supernatural powers attributed to negro kings. But how -about the
kings of Europe—today (or shall we say yesterday)? When some
two generations ago the imperial train carrying Alexander 111 and
the roval family was derailed with tragic conseguences, but their
majesties suffered no injury, the event was hailed throughout Russia
as a manifestation of Divine Providence. Needless to say, the roler
of All the Russias lost no time making capital of this special sign of
supernatiral favor. Or shall 1 remind you of William II. who made
no secret of his belief that his ideas and acts were directly inspired
by the Creator? And in this faith he did not stand alone.

With us, moreover, as 'with the African negroes, supernaturalism
is not by any means restricted to royalty. Women no longer believe
that the eating of a twin banana will result in a similar multiplication
of offspring, but many of them, when about to become mothers, still
frequent concerts and libraries in the fond hope and expectation af
thus imparting to their issue the qualities of musicianship and scholar-
liness. We may not see as many visions as was man's wont in
earlier days, or when we do, discount them; but we still dream
dreams, and many there are among us who do not shrink from ascrib-
ing to dreams the significance of omens and prognostications.
Charms and amulets, mysteriously acting stones and the evil eye,
symbolic numbers, lucky and unlucky days, mental action at a dis-
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tance (and this is the very kernel of magic!}—all these are still with
T, R

But let us waive this issue and glance at the problem of racial
comparability in somewhat more systematic fashion.

First, then, comes man physical or biological. Are the physical
differences between the races such as to permit a grading into a pro-
gressive series from the animal upward? The answer is a decisive
mo. When white man is examined as an integral specimen, his pale
skin, his refinement of feature, his harmoniously symmetrical de-
velopment and, last but not least, his wsthetic appeal to our senses,
seem to prejudge the case at once in his favor. Surely no other race
has reached a physical development so remote from that of the
animal and otherwise so satisfactory, both anatomically and wstheti-
cally! But if abandoning this impressionistic approach, one ex-
amines man feature by feature, the conclusion can hardly be the
sanie,

Take, for instance, the red external lips, a trait distinctly human,
for animals, even the highest, are devoid of it. Now no one can
deny that in this particular feature the Negro race has traveled far
ahead of the others and therefore furthest away from its animal
prototype.  Or, take hairiness of the face and of the body generally.
From the standpoint of this feature, the Negro, Mongol and Ameri-
can Indian would justly claim a certificate of advanced humanity, for
their hairiness, a trait characteristic of most animals, is but slight.
The Australian, on the other hand, is in comparison quite animalistic,
for he is very hairy indeed. In this, however, he is like one other
race, namely white man, who is as hairy as the Australian.

And so on with other features. There is no possibility of a serial
grading from animal to man as far as the actually existing races are
concerned. They must be regarded as specialized developments
from the animal, proceeding in different directions.

Then, there is man neurological and psychological. How does
the case stand here? It is, of course, obvious that the general de-
velopment of higher animals culminating in man, is accompanied by
a progressive increase in the relative weight and size of the nervous
system and in particular of the brain. But when the level of human-
ity is once reached, the case is no longer so simple.
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Many efforts have been made to prove that races other than the
white are, on the whaole, characterized by smaller and lighter brains,
In the light of more careful study this position can no longer be sus-
tained. In the only instance where sufficient data for a definitive
conclusion are available, that of the Negro and the white, the situa-
tion is abont as follows: the majority of negro and white brains vary
between the same limits of size and weight. However, 2 small num-
ber of white brains seems to eccur which are heavier and larger than
any normal negro brains and an equally small number of the latter
which are smaller and lighter than any normal white man's brains.
At first blush this seems impressive, but heed must be paid to an im-
portant complication. Do brain size and weight stand in a definite
ratio to what is called intelligence? The popular view to the con-
trary notwithstanding, this question must be answered in the nega-
tive, It seems that within the limits of variation of the human spe-
cies practically any degree of intelligence is compatible with any
normal brain size and weight. In other words, speaking of the white
ruce alone, a thonsand intellectually distinguished individuals would
in their brain size and weight be comparable to a thousand average
individuals. It follows that no conclusion inimical to the negro race
can be based on the above noted slight discrepancy.

There is, of course, the further question of brain convolutions
which are in some way related to brain organization and mental per-
formance. But this aspect of the subject is so replete with questions
asked and unanswered, that no conclusion can be hazarded by the un-
prejudiced.

Then come the sense reactions and psychological processes gen-
erally. In this realm the notion is still prevalent that races other
than the white are distinguished by sensory acuity but by a relatively
inierior development of the so-called higher mental faculties. Both
characteristics are, of course, interpreted in a sense inimical to the
non-white races. To put it bluntly: they can not think as well as
white man does but they can hear, smell and see better, just as some
animals do.

But all this belongs to opinion, not to balanced objective judg-
ment. Neither psychological tests nor our general experience with
non-white races, when critically evaluated, reveal any superiority of
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these races to white man in sensory acuity. It is true that in primi-
tive conditions man lives in close contact with nature and that in this
setting he often learns to mmke better use of his senses than does
white man in his highly artificial civilization. But all this is a matter
of habituation through practice. The Australian bushman would
fare no better on Broadway than does a white man in the jungle!

As to other psychological traits, the consensus of opinion of un-
prejudiced mankind, among whom are missionaries, travelers, and
scientists, is to the effect that for better or-worse, man’s mind works
about the same the world over. Also, is it not fairly obvious that the
psychological characteristics usually attributed to the races are once
mare of the acquired, not of the congenital, variety? The stolidity
of the Indian, the reserve of the Mongol, the emotionalism of the
Negro, are not any more inherent gualities than is the vindictiveness
of the Tialian, the logic of the French, the pedantry of the German,
the sentimentality of the Russian, the stupidity of the English, or the
frankness of the American. Each and all, these traits are cultural,
acquired through education and subject to change when social en-
vironment changes,

1 do not want to be understood as holding that the psychological
identity of races is either proved or likely to be so. The contrary is,
in fact, more probable. That the great physical differentiation of
the races should not have been accompanied by some corresponding
psychological differentiation, is hard to suppose. Some day when
we are better informed about these matters we may find that certain
psychological differentia do obtain between the races. On the other
hand, it would be gratuitous to assume that such differential racial
traits would prove classifiable as higher and lower in the range of
mental aptitudes.

I realize that all this may impress you as unduly detached and
academic. What do we care, 1 hear you say, about lips and hairi-
ness, heavy and light brains, sensory acuity and psychological char-
acteristics! COur concern is with civilization and history. White
man’s historic career and his alone was steadily progressive, he and
none but he has achieved a genuine civilization beside which the cul-
tural vagaries of other races dwindle into insignificance.

This sounds good and to a degree carries conviction—until ex-
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amined in a dispassionate mood. For is it so certain, after all. that
our civilization, point by point, is superior to all others?

In certain domains, yes. We know more—this is science. We
have learned to apply knowledge to life—this is applied science.
Also, we are able, at times, to control thought by knowledge—this is
scientific theory and philosophy. TIn these domains, indubitably, we
reign supreme. But can as much be said about our religion, ethics,
art or socio-political organization? No sooner is this issue broached
than it hecomes at once apparent that no conclusion can be reached
here without postulating some standards of reference. This, as a
rule, is done unconsciously when our own standards are taken for
granted and the achievements of other civilizations or races are en-
visaged in the light of these standards. But then, they must be
granted fhe right to proceed similarly, which, indeed, they often do
with results entirely satisiactory to themselves.

Is monotheism, for example, superior to pantheism or to an umi-
versal animism? It all depends. 1§ conformity to a world view is
accepted as the standard, then, from the angle of a pluralistic phi-
losophy, animism may well appear as an ideal form of supernatural-
ism. For does it not spiritualize and deify the particular? Monism,
in comparison, would pass as a product of a futile and vacuous ab-
stractionism,  (Or take morality : if to be moral is to live a code of
behavior not merely to profess one, then most primitive folk as well
as some of the less remote civilizations would easily outclass us in an
estimate of moral stamina, As to art, a rattle from the Northwest
Coast of America or a Polynesian club are, within their range, as
perfect examplars of art as a painting from the brush of Raphael, a
stntue of Rodin's or a Gothic cathedral.

It is also useful to remember that modern civilization, in its most
distinctive elements—that is, knowledge and its theoretical and practi-
cal application—dates, as it were, of yesterday. In positive knowl-
edge we are almost as superior to the ancient Greeks and Romans as
we are to the African negroes and the Australian bushmen. In the
mechanical aspects of living—means of production, transportation,
communication—there is more difference between the man of today
and one of the eighteenth century than there is betwen the latter and
his forebears of the prairie and the forest.

15
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In a fortunate moment of history a set of striking inventions re-
sulted in unique changes in knowledge and achievement and, while
these changes were not by any means wholly on the credit side of
culture, they did in more than one way constitute an unprecedental
advance,

But, to assume that such a forward push could not ¢¢cur in any
other race and culture than ours, would be siding with gratuitous as-
sumption and prejudice rather than with probability.

As 1 am speaking, I am becoming painfully aware that some of
you are suspecting me of making a rather naive assumption, the as-
sumption namely that the problem of racial equality revolves ahout
fact, knowledge, ¢ritical thinking, Before closing, permit me to de-
fend myself against this unmerited suspicion. I am only too pain-
fully conscious that this is not the case, that the question of race isa
province for garbled facts, special pleading, prejudice, conceit, jeal-
ousy, and selfishness. To admit this is perhaps the first step toward
a more rational and humane attitude.

Remember Japan! A generation ago the Japanese stood no
higher in the estimation of their white brethren than the Chinese
stand today.- Then came the Russo-Japanese War. The Russian
eagle was forced to eat dust at the feet of its yellow conquerors.
And out of the ashes of the war Japan arose a full-Aledged member
of the family of nations. If today we still discriminate against the
Japanese—and, to our shame be it said, we do—it is no longer on the
ground of racial inferiority.

The lesson of this historic episode is well worth the learning.
What happened once may happen again. To satisfy her imperial-
istic ambitions, France is at this time engaged in providing military
training for vast numbers of her African subjects. These troops or
those that will follow in their wake may not always remain satisfied
to lay their bones on the battlefields of Europe in the interests of a
foreign and selfish power. Some day they may become the nucleus
of an Africa for Africans, the vanguard in the struggle of the black
world for racial emancipation.

The fate that hefell Russia at the hands of the vellow men of
Asia may befall others when they are confronted with the black
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legions of Africa. Then we shall recognize them. Then we shall
grant them the right to world citizenship,
But must they wait so long? Must we? Remember there is a
price to pay for the delay. |
Might it not be wiser as well as safer to proceed more expe-
ditiously ¢

New Scumoor For SociaL Reseamch,
New Youx Crry, N. Y.



INHERITANCE BY TETRAD SIBS IN SPH.EROCARPOS.

By CHARLES E. ALLEN.
(Read Apnl 23, 1024.)

In Spherocarpos Donnellii Aust., as in some other members of
the same genus, the four spores formed by the division of a single
spore mother cell are (certain strains excepted) regularly held to-
gether at maturity. If the spores of such a tetrad germinate, four
haploid plants (gametophytes), and ultimately four clones, are pro-
duced whose genotypic constitutions result from the distribution of
chromosomes in the course of the reduction divisions that formed the
spore nuclei. Spharocarpos thus offers a special opportunity for
observing what is virtually the immediate result of the segregation of
chromosomes in the reduction divisions.

To realize the advantage here presented, it is necessary to secure
germination of a large proportion of the spores sown, and to grow
the resultant clones to a size sufficient for the satisfactory determina-
tion of their characters. The genetic work thuos far done with
Spherocarpos has encountered serious difficulties in the germination
of spores and the growing of sporelings. Two sets of germinations,
as reported in a previous paper (Allen, 1919), were sufficiently suc-
. eessful to give some information as to the inheritance of sex and of
characters closely associated with sex. But in the study of the in-
heritance of other characters, the most extensive results, reports on
some of which are now in press, have until very recently been ob-
tained by sowing the spores or spore tetrads hroadcast upon soil, and
by later isolating the sporelings. By this method it may be learned
what genotypes occur, and in approximately what proportions, among
the offspring of a given mating—results comparable with those ob-
tained in the genetic study of other organisms—but not what is the
distribution of the different genotypes within a single tetrad.

During the last two years, however, the use of improved methods
has resulted in a larger proportion of germination on the part of the
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spores of isolated tetrads. While the results that can be reported at
present are still comparatively meager, and while some statements as
to the character of individual plants must still, as will appear, be
made in tentative form, yet the facts at hand are sufficient to indicate
the possibilities inherent in this method of analysis of inheritance.
The sowings of spore tetrads whose results are here recorded were
made in the autumn of 1922; the sporelings were separated during
the early months of 1923 and transplanted to individual pots, where
they developed into clones.

In these studies 1 have had the valued assistance of Mr. James A,
Lounsbury, and the work has been carried on with the aid of an ap-
propriation from the research fund of the Umniversity of Wisconsin.

PoLYCLADY AND SEX,

Among the divergent races of Sphaerocarpos Donnellii whose m-
heritance has been studied is one to which the term * polycladous ™
is applied. Polycladous plants of either sex are characterized by
profuse and irregular branching, by marked variation in the form
of the lateral lobes of the thallus, and by the occurrence of dorsal
lobes and cilia. Antheridia are fewer than on typical male plants,
sometimes lacking altogether on many, or even on all, of the plants
of a clone. The antheridial involucres are, with rare exceptions, re-
duced in various ways, leaving the antheridia in consequence partly
or entirely exposed. In vegetative structure, apart from their greater
average size, polycladous female plants resemble the males. Only in
very few instances have these female plants been observed to hear
archegonia, and even when present archegonia have proved function-
ally sterile. The rare archegonia are enclosed in involucres more or
less closely approximating those of typical form; elsewhere the poly-
cladous females bear, in varying abundance, solid columnar up-
growths which seem to correspond to involucres—containing, how-
ever, no structures that sugpgest archegonia.

If a typical female is mated with a polycladous male, the game-
tophytic offspring (in the f, generation) consist of four classes:
typical females, polycladous females, typical males, and polycladous
males. The four classes occur, as previous studies have shown, in
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at least approximately equal numbers. The sterility of polycladous
females, of course, makes the reciprocal cross impossible,

Table 1. gives the results of the germination of spores of 29 spore
tetrads borne by two sporophytes (14 and 15 tetrads respectively)
produced by the mating of typical females with polycladous males,
The distribution of characters within the two families was so similar
that, for economy of space, both are tabulated together. Only those
clones are included in this classification, as well as in that of Table

11., which grew to a large enough size to permit of a satisfactory
determination of their character.

TABLE I
Tyrican FEMALE ¥ Povvorapous MaLe.

2 Crosses,

20.337 X 21.148
21.85 X 20.266

No.
Female. Muale, Tetrada,
(a) 2typieal L.l 2
(&) 1 typical, 2 polycladous 1
(e) I typical, 1 polycladous 1
(d) ctypical - o, 4
{e) My 2 polycladous 4 12
if) 1 polycladous, 2 typical I
(g) i polveladous, I typical 4
3] t polyeladows ..., 5
(£) 2 typical 2
(J) I typical 4 16
28
Excepiton,
(k) 1 typical, } 1 tvpical, }
1 polyeladous, 1 polycladous 1
0

The facts summarized in Table I. make possible the formulation
of certain general rules.

First, the facts harmonize with the expectation that, of the spores
of a tetrad, two will carry the female, and two the male, potentiality.
The results in this respect agree with those previously reported
(Allen, 1919), as well as with the ohservation that in spore-formation
two of the spores of a tetrad receive the X-chromosome character-
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istic of females and two receive the Y-chromosome characteristic of
males.

Second, the results indicate that two of the spores of each tetrad
carry the potentiality for the production of the typical (non-poly-
cladous), and two that for the production of the polycladous, char-
acter, In terms of current genetic conceptions, this implies that the
appearance or non-appearance of the polycladous character is deter-
mined by the distribution of physical bases horne by the chromosomes
of a single pair. In the course of the reduction divisions, a chromo-
some bearing the physical basis necessary to the appearance of poly-
clady passes to two of the four spores of each tetrad ; the other two
spores receive a different chromosome belonging to the same pair,
and consequently the physical basis corresponding to non-polyclady.

Third, in all except the one instance noted as an * exception,” the
results are in harmony with a supposition that the four spores of a
tetrad give rise either to two typical females and two polycladons
males (classes a—¢, Table L), or to two polycladous females and two
typical males (classes f—j), each tetrad in either case being composed
of two and only two types of spores. However, classes d, h, and j,
in each of which a clone was secured from only one spore of a tetrad,
and classes ¢ and g, in each of which one clone of each sex appeared,
are mot conclusive upon this point. Omitting these classes, it ap-
pears that there were 7 tetrads (classes a, b, and ¢) composed of two
typical and two polycladous male spores (or, more strictly, of spores
bearing the physical bases for these respective characters); and 3
tetrads (classes f and i) composed of two polycladous female and
two typical male spores. These numbers, though small, suggest that
there is probably no linkage between polyclady and sex—that is, that
the physical bases determining the appearance or non-appearance of
polyclady are borne on a pair of chromosomes other than the XY
pair. This conclusion had been previously reached on the basis of
more extensive studies of plants resulting from the broadeast sow-
ing of spore tetrads.

Fourth, there was one clear case (class k, Table 1.) in which the
character-distribution was such that the four spores of the tetrad
tepresented as many different genotypes, and therefore all the combi-
nations possible when two pairs of characters (in this case, female-
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male and polycladous-typical) are concerned. In classes ¢, d, g, &,
and j, the possibility of a similar distribution of factors is not ex-
cluded. But, as already seen, it i5 reasonably certain in 1o cases
that the spores of each tetrad fell into only two classes, as compared
with one case in which the spores were certainly of four types. It
seems safe, therefore, to conclude that, so far as the physical bases
of the characters here studied are concerned, in the majority (and
probably the large majority) of cases the reduction divisions proceed
in such a manner as to result in the production of two and only two
differently constituted types of spore nuclei; but that in some (prob-
ably few) cases, these divisions bring about the formation of four
qualitatively different spore nuclei. The bearing of this conclusion
upon the problem of the method of segregation of the chromosomes
in the course of the reduction divisions will be considered after the
distribution of a second pair of characters has been deseribed,

TUFTEDNESS AND SEX,

Another character distinguishing certain strains is designated as
“tufted.”" Tufted strains, both male and female, are characterized
especially by aberrancies of varied nature and degree in involucral
form. Some branches of a tufted clone bear extremely atypical in-
volucres; other branches of the same clone display a mixture of
typically and atypically formed involucres; while still other branches
depart in no noticeable way from a strictly typical appearance. There
is strong reason for thinking that different tufted clones differ in the
magnitude of their inherent tendency to prodoce aberrant involucres;
although, in view of the variations from typical to extremely aberrant
forms within a single clone, it is difficult to determine to what extent
differences of this nature between clones are genotypic and how far
merely phenotypic.

Matings of tufted females by typical males, as previous work has
shown, result in {; offspring of four classes: typical females, tufted
females, typical males, and tufted males. The reciprocal cross
{ Table I1.) gives the same four classes among the f, gametophytes,
The tufted offspring of such crosses show marked differences in de-
gree of tuftedness, ranging from clones of the total number of whose
branches produced during a period of two or three years only a frae-
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tion of one per cent. were tufted, to clones which produced during a
similar period over ninety per cent. of tufted branches. Evidently,
a clone in which the tendency to the production of the aberrancies
characteristic of tufted races is present but, for whatever reason,
weak, may develop for some time without producing a branch that
would be classed as tufted. Such a clone, especially if examined
while still small, may, although genotypically tufted, be classed as
typical. There is always the likelihood, therefore, in classifying the
offspring of a cross of tufted X typical (or tvpical 3 tufted), of an
error favoring the typical classes. An error in the opposite direc-
tion is, as experience has shown, very unlikely.

In Table I1. are given the results of the germination of the spores
of 47 tetrads, borne by two sporophytes (14 and 33 tetrads respec-
tively) resulting from crosses between typical females and tufted
males.

TABLE TII.
Tyricar Femare X Turren MaLe,

2. Crosses.

21.14 X 20384
31218 X 21.16

Female Male. Tll:rrhl-.
{e) 2 typical, 2 tufted 2
{B) 2 typical, 1 tufred 3
(c) 2twpical 000 s 4
(d) 1 typical, 1 tufted 2
{e) 1 typical e 5
6 5 S A S 1 tufted . . I 17
1] 2 tufted, 2 typical 3
(*) 2 tufted, 1 typical 1
{#) 2 tufted r
(i1 1 tufted, 2 typical
(k) 1 tufted, 1 typical 2 14
a1
A pparent Exceptions.
4] 2 typical, 2 typical 4
() 2 typical, 1 typical 3
) 1 typical, .
: 1 t?:-g.:df }' b typical 4
) 1 typical,
“ 1 tufted 316

47
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All the results shown in Tahle 11, like those of Table 1., agree
with the expectation of two female and two male clones from each
spore tetrad. In g cases (classes a, g, and [), all four spores of the
tetrad germinated.

In these families, however, three tetrads (not listed in the table)
gave results inconsistent on their face with the expectation as to sex.
One tetrad produced one typical female plant, and three males of
which one was classed as typical, one as tufted, and the third died
before its character could be determined. At the time the sporelings
from this tetrad were separated, it was noted that two of those which
afterward proved to be male (the typical and the uncertain one) were
possibly parts of the same plant. When the plants of a tetrad grow
close together, uncertainties of this nature occasionally arise, though
the greatest care is exercised in separating them. In a second case,
three female clones developed from spores of a tetrad. The fact
that all three proved to be tufted, contrary to the general rule that
not more than two plants of a tetrad are tufted, suggests that here
also one sporeling may have been divided when the plants were
separated and transplanted. In the third instance, four sporelings
were obtained, one of which died when very small; the other three
developed into typical female clones. DBut in this case, the four
sporelings as they first appeared were in two distinct groups of two
each, suggesting that two spore tetrads may by accident have been
placed in the same pot. Thus none of the cases furnishes a certain
exception to the general rule as to the distribution of sex characters—
although, as pointed out in my previous paper, it would not be sur-
prising if such an exception were to occur now and then in conse-
quence of non-disjunction or other irregularity in chromosome-distri-
bution.

The results from 31 tetrads (classes a—k, Table 11.) fit a supposi-
tion that two spores of each tetrad should carry the tufted, and two
the typical (non-tufted), potentiality. That this actually occurred is
demonstrated in 5 cases (classes ¢ and g) and very probable in 16
others (classes b, ¢, h, 4, and j) ; classes d, ¢, f, and & furnish no evi-
dence on this point. Among the cases listed as “apparent excep-
tions,” those in classes | and m seem not to agree with soch an ex-
pectation. These cases will be discussed in a later paragraph.
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Classes o~k are also in harmony with a supposition that the two
female clones derived from any tetrad will possess one vegetative
character of the contrasted pair, the two male clones from the same
tetrad possessing the opposite character. In g cases (classes a—c) it
is highly probable (certain in class a) that the distribution was two
typical females, two tuited males; in 12 cases (classes g-j), the
distribution seems to have been two tufted females, two typical males.
There appears, from the near-equality of these two categaries, to be
no linkage between sex and tuftedness. This conclusion is supported
by the results of previous work on clones derived from spores and
spore tetrads sown broadcast.

The * apparently exceptional ” cases (classes -0, Table 11.) re-
main to be considered. In connection with these, it is to be recalled
that a clone genotypically tufted may develop for some time without
producing tufted branches. Thus, as previous experience has abun-
dantly demonstrated, it is possible to err by classing as typical a
clone that is genotypically tufted, whereas, at least under conditions
reasonably favorable to the development of the plants, the possibility
of the opposite error seems to be virtually excluded. It is evident
that, were certain plants now listed as typical in classes [0 to be
transferred to the * tufted " category, all the tetrads now placed in
these classes would fit the expectation, based upon classes a-%, that
of each tetrad the two female clones will fall in one category (typical
or tufted) and the two male clones in the opposite category. As
most of the clones here listed are still living, it is possible that further
ghservations may show some of the apparently exceptional cases to
agree with the rules as to the distribution of characters which seem
to hold in classes g-k.

It is true that classes [ and m could also be explained on the hy-
pothesis that the differences between tuftedness and non-tuftedness
are conditioned by two or more factor differences, and that the fac-
tors concerned are, or may be, distributed independently in the course
of the reduction divisions. But until further observations have re-
duced the chances of error in these particular cases, the development
of this hypothesis is unnecessary.

On the face of the results, the tetrads in classes n and 0 may be
interpreted as representing the same type of distribution that was
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found in one instance among the offspring of a typical-polycladous
mating—the appearance, namely, of four types of spores in a single
tetrad. In the present case, a distribution of this sort would produce
one typical female, one tufted female, one typical male, and one
tufted male. While it is guite possible that some of the tetrads of
classes n and o actially represent this type of distribution, the pos-
sibility of error mentioned makes such a conclusion at present un-
safe. On the other hand, it is clear that, in the majority of cases in
these families, each tetrad was composed of two and only two types
of spores.

Tae MeTHOD oF CHROMOSOME-SEGREGATION.

A central problem of genetic research concerns the method by
which, in the course of the reduction divisions, the substance of the
chromosomes is distributed between the four resultant nuclei. That
such a segregation oceurs as to bring about in the respective daughter
nuclei genetically different groupings, certainly of the chromosomes
themselves, and possibly of parts of chromosomes, is demonstrated
cytologically and experimentally, But many open questions remain
regarding the precise manner in which this segregation is effected.

One question upon which agreement is not complete concerns
which of the two reduction divisions actually brings about the separa-
tion of the temporarily paired chromosomes of different ancestral
origins. Virtually all the cytological study of plants and the major-
ity of such work on animals indicate that the qtmlitatim"e segregation
of chromosomes is hrought about in the first of the two reduction di-
visions (the heterotypic division), the second {homceotypic) division
then being apparently equational. On the other hand, in some ani-
mals, especially in a number of Hemiptera, it appears that the hetero-
typic division is equational, a qualitative segregation occurring in the
homeeotypic division. The evidence supplied by the experimental
study of inheritance seems to show that, whichever is the * reduc-
ing " or segregative division, the separation of the chromosomes of
one pair is independent of that of the chromosomes of any other
pair—the chromosomal constitution of the daughter nuclei formed by
this division thus being mathematically predictable.
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The consequences of a segregation in either the heterotypic or the
homeotypic division may thus be calculated in terms of the genetic
constitution of the four spores (or gametes) formed from any mother
cell. 1f, as in the cases considered in the present paper, the diploid
generation possesses, borne on two different pairs of chromosomes,
the physical bases for two alternative pairs of characters, the chromo-
some pairs concerned may be designated as A and A’, B and B'. Ii
segregation of the chromosome pairs A A’ and B B’ occurs in the
heterotypic division, in any particular case the daughter nuclei will
receive either A B and A’ B, or A’ B and A B'. The homeeotypic
division will form from each of these chromosome combinations two
similar combination; the four resultant spore (or gamete) nuclei of
a tetrad will then contain respectively either the chromosome groups
ABABA B, amndA'B;orA’B,A'B, AB,and A B. Any
tetrad thus will consist of but two genetically different types of
spores ; but there will be two kinds of tetrads and, all told, four types
of spores, the two kinds of tetrads and the four types of spores each
occurring in approximately equal numbers. Applying this caleula-
tion to the distribution of characters involved in Table 1., half of the
tetrads would give rise each to two typical females and two poly-
cladous males, and half would produce each two polycladous females
and two typical males,

I chromosome-segregation occurs in the homceotypic division,
then, using the same notation, each of the daughter nuclei formed by
the (equational) heterotypic division would receive each of the four
chromosomes A, A’, B, and B". The homaotypic division would
produce, from each of these, two daughter nuclei having respectively
AB and A'B’. or A’'B and AB’. i the homeeotypic division should
go on in the same fashion in the two sister nuclei formed by the first
division, the tetrad would consist of two types of spores; two spore
muclei would contain AB and two A'B’, or two would contain A'B
and two AB’. If, however, the division of the two sister nuclei is
effected differently, four spores of as many different types would
constitute the tetrad; their nuclei containing respectively AB, A'B’,
A'B. and AB. Assuming that the segregation of chromosomes in
the homeeotypic division of two sister nuclei oceurs independently,
then, in a sufficiently large number of tetrads, the following chromo-
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some-distribution would appear: one fourth of the tetrads would
consist of two kinds of spores whose nuclei contain respectively AB
and A'B’'; another fourth, of two types of spores with the chromo-
some groups A'B and AB'; and each of the remaining half of the
tetrads would consist of four types of spores characterized respec-
tively by the combinations AB, A'B’, A'B, and AB". Applying these
formulke to the characters whose actual distribution is illustrated by
Table E, the expectition would be that one-fourth of the tetrads
would produce each two typical females and two polycladous males;
one fourth would produce each two polycladous females and two
typical males; and one half would produce each one typical female,
one polycladous female, one typical male, and one polycladous male.

The results reported in the present paper obviously do not agree
with either of the caleulated results just outlined. The three sorts
of tetrads, to be sure, occur that would be expected from the second
hypothesis ; but, instead of tetrads composed of four spores constitut-
ing half the total number, tetrads of this sort are evidently excep-
tional. The rarity of such tetrads might indeed be explained by as-
suming segregation in the homoeotypic division with the additional
provision of a tendency for the segregation of the chromosomes to
occur in the same way in two sister nuclei. For the latter assump-
tion, however, there is no present observational basis; and the notion
of segregation occurring only in the homoeotypic division is negatived
by all that is known of the reduction divisions in plants. Probably
the present observations can be best harmonized with other known
facts by supposing that in general (in Spherocarpos) the heterotypic
division effects the segregation of chromosomes; but that the ad-
ditional possibility exists of a segregation at some times or to some
extent oi chromosomes or parts of chromosomes in the course of the
homeeotypic division,

The only previous attempts, so far as I know, to determine the
time of segregation from the genetic constitution of the spores formed
by the reduction division are by Kniep (1922) and Wettstein (1923).
The former anthor has isolated the groups of four spores bhorne by
single basidia of Alewrodiscus polvgonins. Four genetically dif-
ferent types of spores, as judged from the behavior in conjunction
of mycelia derived from them, were produced in the same fruit
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body, but in no case were more than two types of spores (two
of each type) borne by one basidium, Kniep concludes that
the spores differ with respect to two pairs of alternative factors;
and that the production of but two types by any one basidium
demonstrates that chromosome-segregation occurs in the heterotypic
division. Wettstein, by treatment of the developing capsules of
“hybrid sporophytes of Funaria hygrometrica, induced the spores of
a tetrad to remain together, instead of separating, as they ordinarily
do, at or hefore maturity. He found that each of 33 tetrads was
composed of but two genetically different types of spores, and came
to the same conclusion as did Kniep regarding the time of chromo-
some-segregation. Alewrodiscus and Funaria, therefore, do not, so
far as present knowledge goes, illustrate the possibility demonstrated
in Spharocarpos of a segregation in both reduction divisions.

Observations and hypotheses advanced by previous writers sug-
gest at least two ways in which segregation may conceivably be ef-
fected in both the heterotypic and the homeeotypic division. One
possibility is indicated by the cases in insects reported by Wilson
(1g12), Miss Carothers (1g913), McClung (1914), and Woenrich
(1916), in which the segregation of certain chromosome pairs seems
to occur in the heterotypic division and that of certain other pairs to
occur in the homeeotypic division. Even should such a difference in
the behavior of individual chromosomes be found general, however,
it would not account for the proportions in which the different types
of character-distribution seem to occur in Spherocarpos, so long as
each particular pair of chromosomes is always separated in one or the
other division. Wenrich's conclusion that a particular pair of
chromosomes may be separated sometimes in one division, sometimes
in the other, might, on the other hand, account for any conceivable
variation in the proportions of the types of different nuclei formed
by the reduction divisions.

Another possible explanation of the present results is to be found
in Janssens' (1909, 1919 a, b) theory of chiasmatypy. It is true
that the major use of this theory by Morgan and others has been in
connection with genetic evidences of a crossing over which may be
conceived as occurring at a time when the paired chromosomes are
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not longitudinally split. But Janssens’ own development of the
theory emphasized the possibility of a crossing over between the re-
spective halves of the split chromosomes of a pair, in such a way as
to make possible a differential segregation of parts of chromosomes
in both reduction divisions. The conception that chiasmatypy may
bring about results of this nature is supported by the genetic evi-
dence in such cases as one reported by Bridges (1916), in which the
genetic results are explainable by a crossing over in the  four-
strand " stage. )

It would be useless at present to attempt to determine whether
the distribution of characters among the tetrad sibs of Spharocarpos
best fits one or the other of these conceptions, or possibly some en-
tirely different explanation, of the phenomena of the reduction di-
visions. That in some way qualitative segregation can be brought
about in both divisions seems a reasonable inference from the facts
here presented. There is reason to hope that further observations
may materially extend the scope of the method of analysis here out-
lined.

DepagTMENT oF Botaxy,
Unmversity oF WiscoxsiN.
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YELLOW FEVER AND FISHES IN COLOMBIA
By C. H. EIGENMANN.
Read April 25th, o2y

Dr. H. Hanson, of the Rockefeller Foundation, who two years
ago fought yvellow fever in Peru, has transferred his operations
against yellow fever to Colombia. He has kindly sent me a series
of the fishes he has found useful or is trying out. Comparing the
species received from Colombia with those used by him in Pern and
those used by Drs. Pareja and Connor in Ecuador, some general
conclusions may be pointed out.

The two essentials to make a fish useful for vellow fever work
are: (1) The inclination to eat mosgnito larvae. (2) The ability to
exist in the containers in which yellow fever mosquitoes breed.

No doubt scores of species fulfill these two requirements in dif-
ferent parts of the fever-infested or potential fever region. Which
ones are best in a given area will have to be worked out experiment-
ally. This much seems clear. Other things equal, small species of
fishes will be more suitable than large species, though the young of
some large species may answer the purpose very well.

Other things being the same, species living in ponds, or stagnant
water, are more likely to be serviceable than those from swift water.

Some species pick up their food by sight. Other things equal,
they may be quite effective in removing moving mosquito larvae dur-
ing daylight.

Other species detect their food by its motion, Such species are
usually provided with elaborate tactile organs either in the skin itself,
like the blind-fishes, or in barbels like various catfishes, These may
also be useful, frequently operating at night.

It will probably be found that many of the fishes imported by
aquarists will be suitable for mosquito work in the tropics.

! Contribution from the Zodlogical Laboratory, Indiana University, No. 200,
236
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The most effective mosquito larve eradicator in Peru is * Life,”
Pygidium piure. In Colombia, near Bucaramanga, a smaller species
of the same genus is being used, Pygidium striatum. Every moun-
tain brook in Colombia contains one or more species of Pygidium, if
they are really all distinet. They sometimes are found under rocks
in swiftly Howing water. I found one species in a little brook near
Honda diving into the sand and small gravel at the bottom. When
disturbed or routed out of one spot, they quickly darted into another.
In the uplands they have a tendency to live in quieter water. They
have barbels and the Peruvian P. piwre operates at night.

The * Veolador " (Piabucina panamensis) used in Colombia is a
close relative of one of the most effective mosquito eradicators used
in Lima, Pern, under the name of Liza de agua dulee, in Ecuador as
* Huaijas * and at Chiclayo, Pern, as * Chalquoque.” * The name
* Volador ” suggests the reputation of * Chalquogue ™ which has a
tendency to jump out of its containers. This habit no doubt con-
tributed to its distribution. It has recently been taken in a line en-
tirely across the Andes from Pacasmayo to Cajamarca and down to
the Marafion, and is the only species of fish with such an extravagant
distribution.

The * Mero " is being used at Barranquilla. We became ac-
quainted with its next door relative in the yellow fever work at
Guayaquil under the name “ Chalacos.” The Pacific slope form is
Dormitator latifrons, that in Barranquilla and along Atlantic slope
fishes generally is Dormitator maculatus. The Pacific slope form
proved very effective and there is every reason to believe that the
Atlantic slope form will prove equally so.® if it is found in sufficient
abundance.

The three species of fishes used most effectively in Peru and
Ecuador have counterparts, close relatives systematically, which are
doing the work in Colombia.

Another species being used in Colombia is a * Mojarra.” The
Mojarras are sunfish-like fishes. There are several genera and spe-
cies. Dr, Hanson experimented with FEquidens rivulatus in Peru.

2 See Am, Nab., LVIL, pp. 446 and 447, for figures and distribution map.
2 See Proc. Am. Philos, Soc., LX1., p. 204, 1922
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The species being tried out in Colombia is Geophagus steindachneri.
There are two, possibly three, species of Geophagus in Colombia, one
in the Atrato-San Juan, the other in the Magdalena basin up to
Girardot. One species is found in Panama and other species are
found east of the Andes. They are very active, neryous fhshes,
dodging in among and hugging the sides of rocks. From their
general habits, T should judge them effective sight hunters of larva,
but I fear they will prove too nervous for the work in small con-
tainers, frequently disturbed. The young may survive in the ham-
pered environment of the containers. The males carry the eggs and
very young in their mouths.

Two species of * Catfishes " with long whiskers are being used in
Colombia, Pimelodelle chagrensis and Rhamdiag sebe. These are
fishes of the lowlands and quiet pools, living in general in a very
different environment from Pygidium. They have flexible barbels,
more than half as long as the entire fish, with which they can (theo-
retically at least), explore any small container with the minimum of
muscular effort.  Another species of the genus Pimelodella (yuncon-
sis) was tried by Dr. Hanson in Peru but was abandoned.

Dr. Hanson has mentioned two other species, the * Boca chica™
and a brackish water species near Cartagena. The * Boca chica ™
of the Magdalena, Prochilodus magdalen®, ascends the river in count-
less millions during winter. They are dried and used by laborers as
food. The adult is certainly not suitable for yellow fever work.
The young may serve. Another species of the same genus was tried
in Ecuador, Prochilodus humeralis, but abandoned.

The brackish water species is possibly Mollienisia sphenops. An-
other species of the same genus, Mollienisia caucana is abundant in
the swamps of the lower Magdalena basin. It is a minute fish that
for a priori reasons should make an ideal species to do the work.

Species of the Peciliide, to which Mollienisia belongs, and a
family which contributes mosquito eradicators elsewhere, are widely
distributed in Colombia. Along the coasts of the Guianas they are
especially abundant both in species and numbers.

ZoovoGicar Lanokarory,
Usmvensity oF Inpiama,
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THE BEHAVIOR OF (ENOTHERA NEO-LAMARCKIANA IN
SELFED LINE THROUGH SEVEN GENERATIONS!

BY BRADLEY MOORE DAVIS,
Unyrersity of Michigan.

I reported in an earlier paper (Davis 19165) the segregation of a
hybrid in the F; generation from the cross (Enothera franciscana
~ (Enothera biennis with so many points of resemblance to (Enothera
Lamarckiona that it seemed to me to be scarcely distinguizhable
from Lamarckiana as this collective species would be described in
systematic botany. 1 have named this hybrid (Encthera neo-
Lamarckiana and have carried it along in selfed line through seven
generations. This paper will give (1) The behavior of meo-La-
marckiana over this period of time, (2) The results of crosses to
biennis designed to test its purity, and (3) The behavior, when
selfed, of the more prominent derivatives from neo-Lamarckiana.

We shall note that the behavior of neo-Lamarckiana in throwing
through successive generations certain characteristic types is similar
to that of Lamarckiana when it produces with each generation its
particular set of “mutants.”” Morgan (1923, pp. 309, 310) sees
little point in this parallelism of behavior because certain wild
species of (Enothera studied by de Vries, Stomps and Bartlett show
behavior of the same kind as that of Lamarckiana. Morgan,
however, apparently overlooks the evidence which indicates that
these wild species like Lamarckiana are heterozygous and may not
be taken as representatives of pure species (Davis 1922). They
together with Lamarckiana are illustrations of impure species, of
which the genus (Enothera seems almost wholly to be composed,
impure species which chiefly breed true because for the most part
only such gametes are developed and produce vigorous zygotes as
reproduce thereby the heterozygous constitution of the parent
stock.

The parent species of neo-Lamarckiana were (Enothera fran-

1 Genetical Studies on (Emothera,” X1I. Papers from the Department of

Botany, University of Michigan, No. 204.
239
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ciscana Bartlett from California (Bartlett 1914) and (Enothera
biennis Linnmus from Holland (Bartlett 1913), and these species
have been fully described and figured as to their contrasting
characters (Davis 1916a, pp. 206,207). Their points of resemblance
to (Enothera Lamarckiana in various particulars have also been
shown (Davis 19164, pp. 210-212). The F, generations of reciprocal
crosses were compared in an earlier paper (Davis 1914, pp. 190, 191)
and will not be discussed further. A set of inter and back crosses
involving the F, hybrids and the parent species has also been
described (Davis 1917, pp. 170-178).

It is a matter of interest that my selfed line of framciscana,
which has now been carried through ten generations, when pollinated
by biennis still continues to give the same type of F, generation as
was obtained in the first cross made in 1912 out of which came the
vigorous plant neo-Lamarckiana (Davis 1914, pp- 189, 190). This
cross in recent years has been repeated three times and always large
proportions of the rosettes have been pale green and weak, with
mortality so high that it is difficalt to bring even the strongest
plants to maturity.

This account will begin with a plant 14.53¢ in an F; generation.
The culture 14.53 was one of five parallel Fy generations from five
sister plants of the F; culture 13.35, franciscana B % biennis (Davis
1914, pp. 190, 191). The five sister F, plants (13.35ac, 13.350,
13.35¢, 13.35¢ and 13.35r) differed from one another as has been
noted (Davis 1916a, p. 229) and gave F; generations with various
peculiarities (Davis 19164, pp. 228-242). The plant 14.53¢ was
selected as most likely to give in succeeding generations some
Lamarckiane-like offspring.

Tae F: GENERATION.

The Fs generation, culture 14.53 from the F, plant 13.35¢, was
from a sowing in earth of 454 seeds from 5 capsules; 387 seedlings
appeared from which 376 rosettes developed, and 363 plants reached
maturity. The culture as rosettes separated into two groups, 108
plants with obtuse pointed leaves and 268 plants with acute pointed
leaves. From the rosettes with obtuse pointed leaves came broad-
leaved plants with small flowers of the biennis fype in having stigmas
below the anther tips; a single hero plant appeared from this group
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and also an obtused-leaved dwarf. The rosettes with acute pointed
leaves developed plants agreeing in having foliage of narrow pointed
leaves, but exhibiting a range of flower structure from that close
to biennis to that of the franciscana type; 10 dwarfs characterized
by sickle-shaped rosette leaves were in this group.

There were several plants in the group with acute pointed
leaves which presented in different respects and in varying degrees
characters of (Enothera Lamarckiana. The best of these La-
marckiona-like plants, 14.53¢, was selected to carry forward a
selfed line and its characters contrasted with those of races of

Lamarckiana with which I am familiar are given below.

Lamarckiana,

Seadlings. Cotyledons broad at base
and almost sessile.

Muature roseifes, 4—5 dm. broad.
Leaves broadly elliptical or spatu-
Lite with sinuate margins, irregu-
larly toothed below, strongly
crinkled. Midveins  white, in
some taces reddish,

Mature plant. Central stem about 15
dm. high. Long side shoots from
the rosette, and side branches
about midway up the central
gtem.  Upper loliage of ovate-
lanceolate leaves, short petioled,

crinkled, Midveins white, in
some races reddish, Stems red
papillate,

Inflorescence. Compact and Hat

topped. Bracts sessile, broad at
base, early in the season equaling
the length of the buds, later much
shorter.

Buds. In large-Aowered maces about
8 cm. long. Cone stout, 4-angled.
Sepals green, in some races
streaked with red.  Sepal tips
attenuate, 6—8 mm. long. Pubes-
cence on sepals pilose and puberu-
lent consisting of long hairs arising
from papille among numerons
short sessile hairs. Owvaries with
red papille.

Plant r4.53c.
Seedlings. Cotyledons similar to those
of Lomarchkiana.
Mature roseties. 4 dm. broad. Leawves
as in Lomarckiowa, Midwveins
white,

Muoture plant. Central stem g dm.
high. 6 side shoots from the
rosette, 5~8 dm, long, side branches
from central stem fewer and
shorter. Upper [oliage of leaves
not so strongly ovate at bass,
otherwize as in Lomarckiana,
Midveins white, Stems red papil-
Iate.

Inflorescence.  Bracts early in season
2/3 the length of the buds,  Other-
wise as in Lamarckicna,

Buds. 7.5 cm. long, cone somewhat
less stout and less strongly g-
angled. Sepals green.  Sepal tips
attenuate, 56 mm, long. Pubes-
cence as in Lamarckiana but more
dense. Oharies with red papille.
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Pejals. 4-45 cm. long, in some races  FPelols. 3.3 cm. long.
as small as 3 cm.

Stigma Jobes, Usually 4, sometimes Stigma lobes, 4, rarcly more.  Style
5or 6. Style extending 5-7 mm. extending 2-3 mm. above the tips
above the tips of the anthers. of the anthers.

Capsules. In some races stout and Capsules. About 2 em. long.
about 2 cm. long, in others more
attenuate and about 3 cm. long,

From this comparison of hybrid 14.53¢ with Lamarckiana it will
be noted that the differences between the two plants were plus and
minus degrees in the expression of similar characters. The most
important points of resemblance were those of rosette, foliage,
compact inflorescence, flower size, stigmas projecting beyvond the
tips of the anthers, capsule form and size (Fig. 1), pubescence in

Fic. 1. Capsules of plant 14.53¢, Lamarckiona-like hybrid in the Fq franciscana
w Biennis, compared with the capsules of Lamarckiong.,

general, and red papillie over the stems and ovaries. Theimportant
differences of the hybrid were the more sprawling habit of growth
of the mature plant, its bud cones less stout, and its shorter sepal
tips with their heavier pubescence. There were few plants in this
F.: generation Lamarckiana-like; in fact only 3 were considered
worthy of attention.



DAVISENOTHERA NEO-LAMARCKIANA 243

The evidence of segregation was clear throughout this Fs
generation as shown in the great range of flower size and structure,
with the extremes approaching the biennis and franciscana fypes,
and in the varied foliage. All of the plants had the red-papillate
stems of franciscana; no green stems as in biennis were represented in
this culture which, however, being earth sown, probably did not
exhibit the full extent of segregation possible from the F,. A
culture from the sister F; plant, 13.35ac, from seeds germinated in
Petri dishes (culture 15.51) gave a small group of green-stemmed
segregates (Davis 19164, pp. 229-230). We shall see that the class
of dwarfs, represented by 10 plants, appears constantly in succeeding
generations, and from time to time also the hero lype. Later there
became more sharply differentiated the large class of plants fran-
ciscana-like in habit, foliage and bud structure.

TeE F; GENERATION.

The F; generation, culture 15.53 from the F. plant 14.53¢, was
grown from 625 earth sown seeds, the contents of 4 capsules. The
seed pans, kept for 73 weeks, vielded 291 seedlings, a germination
of only 46.6 per cent. That this was a low percentage and a poor
germination was proved later by germinating in a Petri dish a set

Vo O .

R 1553

¥, -
nee-Lamorc
Fig, 2. Mature rosette of the Fu plant 15.538, neo-Lamarckiana.
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of 644 seeds which gave 574 seedlings, a germination of 89.1 per cent.
The rosettes, as in the Fs generation, were readily separated into
two groups, 91 plants with obtuse-pointed leaves and 197 plants
with acute-pointed leaves; there were 3 dwarfs. In the group
with acute pointed leaves 7 plants developed Lamarckiana-like
rosettes and became at maturity Lamarckiana-like in other respects;
From these a plant, 15.538, was selected to be parent of the next
generation and its characters are here considered and illustrated
in Figs. 2, 3 and 4. With this generation | first began to use for
such types the name neo-Lamarckiana.

Plant 15.53a, neo-Lamarckiana.
Maiure rosette. As shown in Fig. 2 the mature rosette had all of
the characteristics of Lamarckiana.
Mature plant. Central stem well developed, at maturity 13 dm.
high. The habit of the plant (Fig. 3) and its foliage were quite
the same as those of Lamarckiana. Stems red papillate.

—

1M

15,53

nes-Lamarchk
LA D

FiG. 3. Mature F; plant 15530, neo-Lamarckiona.
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Inflorescence. Compact and flat topped (Fig. 4) as in Lamarckiana.
Bracts similar to those of Lamarckiana.

Fic. 4. Inflorescence of F; plant 15.533, nec-Lomarchiana,

Buds. 8 cm.long. Cone (Fig. 4) more slender than in Lamarcki-
ana, g-angled. Sepals with faint reddish streaks. Sepal tips
with heavier pubescence than in Lamarckiana but of similar
character. Owvaries red papillate.

Petals, 3.7 cm. long.

Stigma lobes. Style extending 3 mm. above the tips of the anthers.

Capsules. About 2.4 cm. long.

As compared with plant 14.53¢ of the Fy generation plant 15.53a
was closer to Lamarckiana in presenting a much better habit of
growth with a tall central stem and properly arranged side shoots
(Fig. 3), in better foliage now beyond criticism and in larger petals.
The bud cones of the hybrid (Fig. 4) were, however, less stout and
the shorter sepal tips had a heavier pubescence.
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Segregation was expressed in the Fy generation in much the same
manner as in the Fs, showing itsell most conspicuously in the size of
petals, length of style, and form of leaves. The rosettes with obtuse
pointed leaves generally developed plants with foliage and flowers
more hiennis-like although there was a wide range of variation and 9
plants were clearly more franciscana-like as to these characters;
in all of the plants of this group the bud tips were thick and showed
the heavier pubescence peculiar to franciscana and capsules were
franciscana-like as to their length, about 3 cm. The rosettes with
acute pointed leaves, except for the 7 plants of nes-Lamarckiana,
gave franciscana-like plants as to their bud tips, foliage and capsules;
variation here expressed itself in flower size and style length, and
52 plants in this group were more biennis-like in these particulars.
Thus the promise held out by a rosette as indicating a plant more
biennis-like or more franciscana-like was not realized in all char-
acters of the adult plant. The mass of the culture agreed in having
the red-papillate stems, bud tips, and capsule length peculiar to
franciscana. Green-stemmed segregates were lacking but the
germination of seeds was very far from complete and some types of
segregation may well have been absent. The 3 dwarfs, similar to
those present in the F; generation, constituted a numerically small
group probably because of the unsatisfactory germination of the
earth-sown seeds. No hero fypes appeared. The 7 Lamarckiana-
like plants stood in a group apart and were recognized and separated
as rosettes from the mass of the culture.

Tue F, GENErATION, AND THE FIRST GENERATION FROM
Neo-Lamarckiona.

This was the first generation of neo-Lamarckiana grown from
seeds forced to complete germination, and is of particular interest for
the range of segregation digplayed and for the numerical proportions
of some of the classes. The culture, 16.41, came from selfed seeds
of the Fy plant 15.53a, the first representative of (Enothera neo-
Lamarckiana (Figs. 2-4).

The contents of 3 capsules, 764 seeds, after spaking for 40 hours,
were subjected, while still in water, to pressure of about 100 pounds
in an iron case for 36 hours. The seeds were then spread on wet
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pads of filter paper in Petri dishes and left at room temperature.
Germination began at once and was mostly completed after 10 days.
The seedlings with their empty seed coats were removed from the
Petri dishes as germination proceeded and the seedlings set out in
pans. The remaining ungerminated seeds, after 3o days in the
Petri dishes, were tested for contents by pinching with strong
forceps and found to be empty. From this culture of 764 seeds
there came 668 seedlings, a germination of 87.4 per cent. This is
interesting in contrast to the record of the earth-sown seeds of the
F; generation which gave a germination of only 46.6 per cent.

A very large number of the seedlings after sprouting were unahle
to throw off their seed coats and it was necessary to remove the
coats by teasing and pressure. This operation was responsible for
an early mortality of many seedlings which together with the death
of 6 seedlings with etiolated leaves and a number of feeble dwarf
rosettes with narrow leaves reduced the culture to a total of 549
plants when set out in the garden.

As the rosettes of this culture developed it was apparent that a
very much larger number gave some promise of becoming La-
marckiana-like than in the cultures of the F; and F; generations,
and a group of 194 rosettes were thus segregated before the plants
were set out, Of this group 36 rosettes developed into large plants
of the meo-Lamarckiana type with central stems 10-13 dm. high,
65 plants less vigorous presented stems ranging from 3-9 dm. high,
or failing to develop central stems put out Lamarckiana-like side
shoots from the rosettes, 48 plants remained as Lamarckiana-like
rosettes, 29 rosettes became dwarfs generally with narrow sickle-
shaped leaves and of these none developed flowering shoots; 16
rosettes died. Thus of the 194 plants in the entire group which
started out with indications of Lamarckiana-like characters only 36
came out as thoroughly good representatives of neo-Lamarckiana.
The neo-Lamarckiana plant selected to be parent of the F; generation
was 16.41, XIX—4. lts characters were those described for plant
15.53a of the F; generation and illustrated in Figs. 2, 3 and 4.

An assemblage of 355 rosettes with narrow leaves was left after
the selection of the 194 rosettes with Lamarckiana-like characters.
This group produced the following varied assortment of types;
32 weak dwarf rosettes with narrow sickle-shaped leaves only 3 of
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which lived to send up short shoots, 17 narrow-leaved dwarf
rosettes which failed to reach maturity and probably were in the
same group as the first although they had symmetrical leaves, 306
franciscana-like rosettes of which 28g lived to develop plants which
will be designated the franciscana [ype, distinguished as follows:

The franciscana type.

Mature rosettes. Narrow leaves similar to those of framciscana.

Mature plants. Habit as in franciscana and with the same type of
narrow leaves. Frequently plants are larger leaved and more
robust. Stems red papillate.

Inflorescence. As in franciscana.

Buds. About 7 cm. long but variable. Sepals streaked with Ted
and heavily pilose and puberulent as in franciscana. Sepal tips
thick, blunt pointed as in franciscana and with similar heavy
pubescence.

Flowers. Generally large as in franciscana, but variable in size.

Stigma. Generally about 3 mm. above the anther tips, but some-
times at their level or below.

Capsules. About 2.8 cm. long as in framciscana. Large yield
of seed.

Pollen. Almost wholly perfect.

Many plants of this type were so close to franciscana that they
would fall well within a description of the species. Others depart
from the tvpe as noted above in their more robust habit and some-
what larger leaves, variable flower size and position of the stigma.
Characteristic and important points of resemblance are the similar
bud tips and similar bud pubescence. This franciscana type was
represented also in the F; and Fy generations by large numbers of
plants and in later generations it stands out as a well-differentiated
segregate.

The dwarfs with narrow, frequently sickle-shaped leaves were
always numerous in generations grown from seeds forced to com-
plete germination. They were represented in later generations by
many mature plants and will be referred to as the franciscans
dwarf type with the following characters:
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The franciscana dwarf [ype.

Mature rosettes. Dwarf, 10-15 cm. broad. Leaves generally
narrow and frequently crinkled and sickle shaped (Fig. 5).

W T

14,51 - dwark

Fic. 5. Mature rosette, 14.51d, representative of the fronciscans dwarf lype.
Leaves narrow and frequently sickle shaped.

Maiure plants. 2-3 dm. high, few sprawling branches, leaves
narrow and acute pointed.

Inflorescence. Few flowers in a loose spike.

Buds. Short blunt sepal tips with franciscana pubescence.

Flowers. Small, petals 815 mm. long.

Stigma. Generally at level of or below the anther tips.

Capsules. Small, with low yield of seed.

Pollen. Almost wholly perfect.

Seedlings and dwarf rosettes with narrow etiolated leaves have
always appeared in cultures of neo-Lamarckiana from seeds forced
to complete germination. Because the type resembles albida from
Lamarckiana it has been called albida-like.

Albida-like.
Seedlings with etiolated cotyledons which develop dwarf rosettes

with narrow etiolated leaves. They are weak plants which generally
die early as seedlings or as young rosettes. I have never been able
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to bring these plants to maturity even with particular care and
under the protection of the hot house.

A matter of interest in this history of the line of neo-Lamarckiana
is the disappearance in this generation of the class of plants with
obtuse pointed leaves, both rosette and foliage, which was con-
spicuous in the F: and F; generations. Evidently the genetical
make-up of plant 15.53a from the F; generation was different from
that of the plants 14.53c and 13.35¢ which preceded it in the line,
and a new genotype was selected at this time. This was the
genotype of neo-Lamarckiana which has continued with apparently
few if any modifications through the later generations.

The composition of the Fy generation presented the following
distribution of plants:

36 plants of neo-Lamarckiana, 5.4 per cent.
65 plants less vigorous, Lamarckiana-like in foliage but with
bud tips more like franciscana.
48 plants remained as Lamarchkiana-like rosettes.
6 etiolated seedlings and rosettes, albida-like: These died
early.
28g plants of the franciscana type, 43.5 per cent.
78 plants of the franciscana dwarf type.
146 plants died before their characters could be determined,
113 as seedlings or young rosettes and 33 after the culture
was set in the ground.

668 Total of germinations, 87.4 per cent.

In summary of the Fy generation it should be pointed out that
segregation was displayed on a much larger scale than is indicated
in this short account. It is clear that the large group of 194 rosettes,
selected when half grown as Lamarckiana-like, was a heterogeneous
assemblage, since only 36 at maturity were meo-Lamarchkiona; of
the others 20 became dwarls, a large number approached meo-
Lamarckiana but [ailed to qualify as to flower structure, 48 re-
mained as rosettes, and 16 died. It is highly probable that a
number of different genotypes were represented as segregates and
might have been isolated if time and garden space could have been
given to their further study. With respect to the large group of
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355 tosettes with narrow leaves much the same situation was
presented. There was a group of 49 dwarfs and in the large
assemblage of 306 rosettes of the franciscana type sufficient variation
appeared as the plants matured to indicate that with respect to
flower size and position of the stigma the group was far from
homogeneous. It was not my purpose in this study to trace the
ramifications ol segregation but rather to study the results of
selection to the type of neo-Lamarckiana.

THE F; GENERATION, AND THE SECOND GENERATION FROM
Neo-Lamarckiana.

The F; generation was studied with particular care as to the
character of its segregates, and, like the F, generation, was grown
from seeds forced to complete germination. The culture, 17.41,
was from selfed seeds of the F, plant 16.41, X1X—4, the second plant
in the line of individuals bearing the name neo-Lamarckiana.

The contents of 5 capsules, 1,089 seeds, were soaked 24 hours and
then subjected while in water to pressure of about 100 pounds for
36 hours. The seeds were germinated in Petri dishes at first at
room temperature and later placed in the greater warmth of the
green house. The culture gave 899 seedlings, a germination of
82.5 per cent.

It was necessary to remove the seed coats from 109 germinating
seeds the cotvledons of which were unable to free themselves, and
of this group 65 seedlings shortly died in the seed pans. Thus only
44 seedlings survived the operation and these produced a mixed
group of rosettes showing that they did not constitute a genetical
class. Other mortality in the culture eliminated early 19 more
seedlings.

The culture in the rosette stage contained 815 plants which were
grouped as follows: 277 Lamarckiana-like rosettes, 52 dwarf rosettes
frequently with sickle-shaped leaves, 452 franciscana-like rosettes,
34 etiolated dwarf rosettes, albida-like, which died early. Itwill be
observed that the class of rosettes with obtuse pointed leaves which
dropped out in the fourth generation did not reappear. Asin other
generations this classification of rosettes although of interest did
not give the final composition of the culture since many modifi-

cations appeared as the plants matured.
17
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From the group of 277 Lamarckiana-like rosettes 91 plants of
neo-Lamarckiana matured, 102 plants bore Lamarckiana-like foliage
but were more franciscana-like as to their bud tips, 22 plants of the
hero type appeared, 13 plants developed of the franciscana dwarf
type, 18 plants remained as Lamarckiana-like rosettes, 31 plants died.

The group of 52 dwarf rosettes, frequently with sickle-shaged
leaves, produced 31 plants of the framciscana dwarf type, and 6
plants nanella-like in foliage and bud characters; 15 plants died.

In the large assemblage of 452 franciscana-like rosettes 9 plants
of the franciscana dwarf type appeared; 410 typical rosettes were
discarded for lack of garden space and the remaining 33 rosettes
became plants of the franciscana type. The discarded rosettes were
undoubtedly chiefly if not wholly of the franciscana type which was,
therefore, represented in the culture by a very large group.

Thus there appeared in this highly varied assemblage of the Fy
generation the same clearly defined segregates as in the Fy, and in
addition two new forms, e.g., a nanella-like dwarf and the hero type
which, however, was represented in the Fa by a single plant. The
former segregates which reappeared were the albida-like dwarfs, the
franciscana type, the franciscana dwarf type, and the probably mixed
assemblage of forms with Lamarckiana-like foliage but with buds
more franciscana-like, and various in flower size. The nanella-like
plant and the hero fype are distinguished as follows:

Nanella-like.

Mature rosettes. Medium-sized with broad leaves closely set and
frequently asymmetrical.

Mature plants. About 3 dm. high, compact with short internodes,
foliage of broad leaves.

Buds. Sepal tips pointed.

Flowers. Various in size,

Capsules. Medium-sized and good yield of seed.

Pollen. About go per cent perfect.

The hero type.
Mature rosettes. Very large, the leaves broad and thick (Fig. 6).

Mature plants. With long spreading side shoots (Fig. 7}, foliage
of large thick leaves.
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FiG, 6. Matore rosette, 14.52p, representative of the hero type with the
triploid number of chromosomes (21). Remarkable for the breadth and thiclk-
ness of the leaves.
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Fic. 7. Mature plant, 14.52p, representative of the hero fype. A large plant
with very long side shoots from the rosette.
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Imflorescence. As in franciscana, elongate and not flat topped

(Fig- 8).
—

TR

3

Fic. 8. Inflgrescence of the hero iype, 14.528. Long buds with stout cones.

Buds. About 8 cm. long, stout (Fig. 8). Sepal tips thick, blunt
pointed and with the heavy pubescence of franciscana.

Flowers. Petals 3.8 cm.

Stigma. Lobes 7-8 mm. long, 5-6 mm. above the anther tips.

Capsules. About 1.8 cm. long, vielding at best a very small harvest
of seed when selfed, and these seeds largely sterile.

Pollen. Small in quantity and the grains chiefly shriveled.

The hero type from neo-Lamarckiana was a plant of such interest
that several tests were made of its fertility and behavior in selfed
lines (Table 111.). Chromosome counts in the developing ovules of
two plants gave numbers ranging from 17-20 which, together with
the great variation displayed in selfed lines and the very low
fertility, clearly indicates that the hero type is generally a triploid
plant carrying 21 chromosomes. One plant (20.43-3) proved to
have 28 chromosomes and, therefore, in this respect corresponded
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to gigas from Lamarckiana. This plant gave culture 21.43 of
Tahle I11. which unfortunately suffered such mortality as to produce
no mature plants and consequently the line ended.

The composition of the Fs generation presented the following
distribution of plants:

g1 plants of neo-Lamarckiana, 10.1 per cent.
102 plants Lamarckiana-like in foliage but with bud tips more
like franciscana.
18 plants remained as Lamarckiana-like rosettes.
6 dwarfs, nanella-like in foliage and bud characters.
34 etiolated seedlings and rosettes, albida-like. These died
early.
22 plants of the hero fype.
443 plants of the franciscana type including 410 typical rosettes
discarded for lack of garden space, 49.3 per cent.
53 plants of the franciscana dwarf type.
130 plants died before their characters could be determined,
84 as young seedlings and 46 older plants either as
potted rosettes or in the field.

—_—

899 Total of germinations, §2.5 per cent.

The plant of neo-Lamarckiana, 17.41, XVIII-2, selected to
carry forward the line was whaolly true to its type.

TeE Fy GENERATION, AND THE THiRD GENERATION FROM
Neo-Lamarckiana.

The F, generation, culture 19.41, was from selfed seeds of the Fs
plant 17.41, XVIII-2, the third plant in the line of individuals
bearing the name neo-Lamarckiana. Like the F; generation it was
studied with particular care as to the nature of the segregates and
the culture was grown from seeds forced to complete germination.

From 3 capsules 701 seeds were obtained which after soaking for
24 hours were placed, during another 24 hoars while in water, twice
under pressure of 75 pounds and twice under exhaust. This alter-
nation of pressure and exhaust was a modification of former treat-
ment and designed to bring about more quickly the entrance of
water into the seed. Germination was immediate and almost
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ended after a week: it was fully completed after 3 weeks. The
seedlings numbered 611, a germination of 87.2 per cent.

A group of 14 etiolated, albida-like seedlings and young rosettes
died early which together with other mortality partly due to the
operation of removing persistent seed coats reduced the number of
plants to 586 at the time when the culture was set in the ground.
These 586 plants were at this time grouped as follows: 156 La-
marchiana-like rosettes, 60 dwarl rosettes generally with sickle-
shaped leaves, 275 framciscana-like rosettes of which 130 were
discarded for lack of garden space, 95 rosettes of uncertain re-
lationship at this stage of their development. As the culture
matured many plants departed from the indications of their rosette
stages, except that the plants with franciscana-like rosettes all
developed into the franciscana type. This group of segregates
even as half-grown rosettes may be selected with a high degree of
certainty.

The group of 156 Lamarckiana-like rosettes produced 84 plants
of neo-Lamarckiana, 37 plants Lamarckiana-like in foliage but with
bud tips more franciscana-like and flowers of various sizes, 20
dwarfs nanella-like in foliage and bud characters, 1 plant of the
kero type, 6 plants of the franciscana dwarf type, 8 plants died.

The 60 dwarf rosettes, generally with sickle-shaped leaves,
developed 50 plants of the franciscana dwarf iype, 10 plants died.

Of the 275 rosettes franciscana-like 130 were discarded for lack
of garden space, 142 developed plants of the framciscana fype,
3 died.

From the g5 rosettes of uncertain relationships there developed
2 plants of neo-Lamarckiana, 2 plants of the hero type, 61 plants of
the franciscana (ype, 22 plants of the franciscana dwarf lype, 8
plants died.

The compesition of the Fy generation presented the following
distribution of plants:

86 plants of meo-Lamarckiona, 14.1 per cent.

37 plants Lamarckiana-like in foliage but with bud tips more
like franciscana.

20 dwarfs, nanella-like in foliage and bud characters.
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14 etiolated seedlings and rosettes, albida-like. These died

early.
3 plants of the kero type.
333 plants of the franciscana type including 130 typical rosettes

discarded for lack of garden space, 54.5 per cent.

78 plants of the franciscana dwarf type.

40 plants died, before their characters could be determined,
11 as seedlings or young rosettes and 29 older plants after
the culture was set in the ground.

611 Total of germinations, 87.2 per cent.

It will be noted that the Fy generation in the character of its
segregates parallels the performance of the Fy generation and is also
the same as that of the F, except for the addition of nanella-like
dwarfs. It is also interesting to note the percentages of the two
largest groups in the three generations. Neo-Lamarckiana made up
5.4 per cent. of the Fy, 10.1 per cent. of the F;, and 14.1 per cent.
of the Fo. The franciscana type composed 43.3 per cent. of the F,,
49.3 per cent. of the F; and 54.5 per cent. of the Fs. The per-
centages of neo-Lamarckiona in the Fy and F; are probably lower
than they should be because large numbers of Lamarckiana-like
rosettes (48 in the F, and 18 in the F;) failed to send up shoots and
some of these rosettes may have been plants of neo-Lamarckiana.
None of the percentages in the cultures can be more than approxi-
mate because of the large mortality which, however, was much
higher in the F; and F; than in the Fp. Therefore it seems probable
than the percentages of the F; are more nearly accurate.

Plant 19.41, IlI-2, representative of meo-Lamarckiana, was
selected to be parent of the F; generation.

TrHE F; GENERATION, AND THE FOURTH GENERATION FROM
Neo-Lamarckiana.

The F; generation, culture 20.41, was from the Fy plant 19.41,
I1-2, the fourth plant to bear the name meo-Lamarckiana in this
selfed line.

The culture was grown from earth-sown seeds in pans kept for 7
weeks. There were sown 404 seeds, the contents of 2 capsules, and
during the 7 weeks the seedlings which came up and produced



258 DAVIS—(ENOTHERA NEO-LAMARCKIANA

rosettes numbered 224, a germination of 45.4 per cent. This was
poor germination as contrasted with the percentages of 87.4 for the
F., 82.5 for the F;, and 87.2 for the Fy, from seeds experimentally
forced to complete germination, and it became a matter of interest
to see what classes of segregates would be represented in the culture.
The results gave striking evidence for my contention that the earth-
sown cultures of much of the work on (Enothera hybrids are likely
to have shown only partially the variety and numbers of types
represented by seeds that germinate slowly or not at all under the
usual methods by which cultures are started.

All of the 224 rosettes lived and the composition of the F;
generation from earth-sown seed was as follows:

59 plants of neo-Lamarckiana.
12 plants Lamarckiana-like in foliage but with bud tips more
like franciscana.
5 plants remained as Lamarckiana-like rosettes.
147 plants of the franciscana lype.
1 plant of the franciscana dwarf type.

- —

224 Total of germinations in earth, 45.4 per cent.

Comparing this list of segregates with those of the 4th, 5th and
6th generations it is evident that the lower germination from earth-
sown seeds cut out almost wholly the three groups of dwarfs, e.g.,
the albida-like dwarf, the manella-like forms, and the franciscana
dwarf type. Assaming that the neo-Lamarckiana genotype had not
changed, a full germination of 87 per cent. would have given about
430 plants. The representation of neo-Lamarckiana might have
been about 14 per cent. of 430 or 60 plants and it happened that
the number of plants of weo-Lamarckiana numbered 359. A full
representation of the franciscana type might have been 50 per cent.
of 430 or 215 plants and the actual number was only 147. Therefore
the low germination probably also affected the representation of the
franciscana fype. There were no hero plants. The justification of
this speculation will be shown by the performance of the succeeding
Fy generation which was grown from seeds forced to complete
germination.

Plant 20.41-157 was selected from the F; as the representative of
neo-Lamarckiana to be parent of the Fs generation.



DAVISHENOTHERA NEO-LAMARCKIANA 259

Tae Fy GENERATION, AND THE FIFreE GENERATION FROM
Neo-Lamarckiana.

The F; generation, culture 21.41, from the F; plant 20.41-157,
the fifth plant of neo-Lamarckiana, is of special interest as a calture
grown from seeds forced to complete germination following a
generation of earth-sown seeds. The contents of 2 capsules, 622
seeds, after soaking 24 hours were subjected while in water to
alternate exhaust and pressure up to 30 pounds 7 times during the
following 24 hours. There were 560 germinations within 4 days
after this treatment and germination was completed after 12 days.
Apparently an alternation of pressure with exhaust is particularly
effective in forcing water through the seed coats. The seedling
numbered 573, a germination of 92.1 per cent.

It was necessary to remove the seed coats from 16 germinating
seeds. There were g seedlings of the sort that I have named stumpy
because the hypocotyl fails to develop a root and consequently the
seedling dies after a few days. Stumpy seedlings are not un-
common in (Enothera cultures but only recently have I made
records of their presence. There were 13 etiolated albida-like
seedlings which soon died. Other mortality reduced the culture to
537 plants when set in the field.

The rosettes were not grouped before planting so there is no
record of their classification at this stage. This proved unfortunate
since an unusual drought resulted early in a very high mortality in
the field and I can only judge the probable effects of this drought on
the groups most affected by the final counts of plants made during
the summer,

A new type appeared in this generation which I shall refer to as
blunt tips, distinguished as follows:

Blunt tips.
Rosettes. Small with narrow obtuse pointed leaves.
Mature plant. Short, erect with narrow leaves generally obtuse
pointed.
Sepal tips. Short and blunt,
Flowers. Medium sized,
Capsules. Elongated, medium sized.
Pollen. Chiefly shriveled grains.
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In habit of growth, foliage, and inflorescence this type re-
sembles closely O. oblonga from Lamarckiana but the capsules were
not short as in that plant.

The final composition of the Fs generation presented the fol-
lowing distribution of plants:

72 plants of neo-Lamarckiana, 12.6 per cent.
19 plants Lamarckiana-like in foliage but with bud tips more
like franciscana.
10 plants remained as Lamarckiana-like rosettes.
1 broad leaved dwarf rosette, nanella-like, failed to mature.
13 etiolated seedlings and rosettes, albida-like. These died
early.
1 plant of the hero type.
1 plant, blunt tips.
171 plants of the franciscana type, 29.8 per cent.
24 plants remained as franciscana-like rosettes.
23 plants of the franciscana dwarf type.
218 plants died before their characters could be determined,
23 as seedling or young rosettes and 195 older plants in
_ the field.

573 Total of germinations, 92.1 per cent.

Since the Fj generation presents the same variety of segregates
as appeared in the 4th, 5th and 6th generations, it is evident that the
genotype of neo-Lamarckiona cannot have chanped materially as
carried along in this selfed line. It must also have been the same in
the Fy and the poor representation of segregates in that generation
was undoubtedly due to incomplete germination of the earth-sown
seeds as set forth in the preceding section.

The high mortality among the plants of the Fs generation in the
field probably affected chiefly the groups of dwarls and to some
extent the class of the franciscama type. The 72 plants of meo-
Lamarckiana constituted 12.6 per cent. of the 573 seedlings, a per-
centage close to the figures 10.1 and 14.1 for the 5th and 6th gener-
ations. The 171 plants of the franciscana type together with the
24 franciscana-like rosettes constitute only 34 per cent. of the
germinations which in the 4th, 5th and 6th generations was close to
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50 per cent., so it seems probable that this class as in the F; suffered
with the high mortality of the culture.

It is of particular interest that the group of neo-Lamarckiana,
although not large in number, has proved to be least affected by
the vicissitudes of seasons constituting from the s5th generation on
from 10 to 18 per cent. of the cultures.

Plant 21.41-85 was selected from the Fy as the representative
of neo-Lamarckiana to be parent of the Fy generation.

THE Fy GENERATION, AND THE SIXTH GENERATION FROM
Neo-Lamarckiana,

The F,; generation, culture 23.41, was from the F plant 21.41-85,
the sixth plant of mnes-Lamarckiana in this selfed line. From 2
capsules 553 seeds, after soaking 24 hours, were subjected while in
water to alternate exhaust and pressure of 30 pounds 8 times
during the following 12 hours. There were 496 germinations
within 4 days and germination was found to be complete after 1 5
days. The seedlings numbered 512, a germination of 92.6 per cent.

Stumpy seedlings (those which failed to develop a root) num-
bered 3 and it was necessary to remove the seed coats from 14
germinating seeds. There were 23 etiolated albida-like seedlings
which soon died. Other mortality reduced the culture to 44z
plants when set in the field.

Three new types appeared in this generation, poinfed tips,
bushy, and hairy, with distinguishing characters as described below.

Poinied tips.
Roseites. Small with acute pointed leaves.
Maiure plants. Short, erect, with narrow leaves acute pointed,
Buds. Red sepals and reddish hypanthiom.
Sepal tifs. Attenuate and green.
Flowers. Medium sized.
Capsules. Elongated, fair yield of seeds.
Pollen. About 8o per cent. shriveled.

In habit of growth, foliage and acute pointed sepal tips this
plant resembles scintillans from Lamarckiona. As with scintillans
the low fertility is probably associated with irregularities of chromo-
some distribution.
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Bushy lype.
The mature plant is without long branches from the rosette
and it develops in greater number and to much greater length

those branches above. Otherwise the bushy fype is quite the same
as neo-Lamarckiona.

Hairy lype.
Rosetles. Broad leaves.
Mature plants. Short, erect, broad leaves, stems with a very
heavy pubescence,
Buds. Much more hairy than franciscana.
Sepal tips. Short, blunt, and very hairy.
Capsules. Medium length, fair yield of seeds.
Pollen. Chiefly shriveled.
I have never seen such remarkable pubescence in material
derived from Biennis and franciscana.
The final composition of the Fy generation presented the fol-
lowing distribution of plants:

g5 plants of neo-Lamarckiana, 18.5 per cent.
48 plants Lamarckigna-like in foliage but with bud tips more
like franciscana.
24 plants remained as Lamarckiana-like rosettes.
23 etiolated seedlings and rosettes, albida-like. These died
early.
5 plants of the hero fype.
3 plants, Blunt tips.
1 plant, pointed Hps.
4 plants of the bushy type.
1 plant of the hairy fvfe.
241 plants of the franciscana type, 47.1 per cent.
1 plant remained as a franciscana-like rosette.
11 plants of the franciscana dwarf kype.
55 plants died before their characters could be determined,
48 as seedlings or young rosettes and 7 older plants in
the field.

512 Total of germinations, 92.6 per cent.
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The Fs generation was in several respects of particular interest.
The representation of meo-Lamarckiana, 18.5 per cent., was larger
than in any previous generation. The ratio of the franciscana type,
47.1 per cent., was close to previous figures when germination was
good and mortality low. Three new forms appeared which to-
gether with repetitions of previous types made this generation much
more varied than any previous culture in this line.

Plant 23.41-335, representative of neo-Lamarckiana was selected
to be parent of the Fy; generation.

THE Fyy GENERATION, AND THE SEVENTH GENERATION FROM
Neo-Lamarckiana.

The Fi generation, culture 24.41, from the Fs plant 23.41-335,
the seventh plant of neo-Lamarckiana in this selfed line, was the last
generation grown. The contents of 2 capsules, 433 seeds, were
soisked for 6 hours and then treated to alternate exhaust and
pressure of 30 pounds five times in 24 hours. Within 4 days 365
Seeds had germinated, and germination was complete after 12 days.
There were 384 seedlings, a germination of 88.7 per cent.

Stumpy seedlings numbered 16 and it was necessary to remove
the seed coats from 26 germinating seeds.  There were 19 albida-like
seedlings and young rosettes which soon died. The culture con-
tained 316 plants when set in the field.

The fnal composition of the Fy generation presented the
following distribution of plants:

84 plants of neo-Lamarckiana, 21.9 per cent.
21 plants Lamarckiana-like in foliage but with bud tips more
like franciscana.
19 etiolated seedlings and rosettes, aldida-like. These died
early.
2 dwarfs, nanella-like in foliage and bud characters.
I plant of the kero type.
1 plant, blunt tips.
I plant, pointed tips.
3 plants, busky type.
185 plants of the franciscana fvpe, 48.2 per cent.
13 plants of the franciscana dwarf type.
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2 narrow-leaved dwarf rosettes failed to mature.
52 plants died before their characters could be determined,

49 as seedlings or young rosettes and 3 older plants in
the feld.

384 Total of germinations, 88.7 per cent.

The Fy generation gave again examples of blunt tips, pointed tips,
and the bushy type which first appeared in the ninth generation,
The representation of meo-Lamarckiana was 21.9 per cent., the
highest percentage in the series of seven generations (Table VL).

The ratio of the franciscana type, 48.2 per cent., was again close to
previous figures,

Crosses BETWEEN Biennis AND Neo-Lamarckiana.

My studies have concerned themselves chiefly with cultures from
neo-Lamarckiana designed to establish by selection the genetype and
to record its behavior through a number of generations. Crosses
have, however, been made with biennis to determine whether neo-
Lamarckiana would, like Lamarckiana, produce twin hybrids.

The cross biennis X neo-Lamarckiana was studied in two cultures
(16.44 and 17.44) from seed forced to complete germination and both
cultures presented two distinct classes of plants: (1) a type similar
to biennis in flower structure and in having broad leaves and stems
mostly without red papille, and (2) a type suggesting franciscana in
its narrow leaves and stems bearing numerous red papille but unlike
franciscana in having generally small flowers. The tyvpes were
readily separated in the rosette stage (Fig. 9). Therefore, we have
from this cross twin hybrids comparable to those from bienmis
¥ Lamarckiana and separated by differences of habit and foliage
such as distinguish the twin hybrids lafe and veluting of the latter
cross (de Vries 1913). Flower size and structure did not follow a
clear system, both classes presenting a wide range of variation.
The distribution of the two classes is shown in Table 1.

The reciprocal cross, neo-Lamarchiana % biennis, involving the
same parent plants as the former cross, was likewise studied from
two cultures {(16.43 and 17.43) also grown from seed forced to com-
plete germination. The seedlings started light green in color and
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weak, and such rosettes and older plants as lived had light green
leaves and never became strong. Only 5 plants (17.43) reached
maturity and these had a habit and leaf form similar to biemnis

TABLE [.
Twiy Hysrins From THE CRoss Memnis ¥ weo-Lomarckiona,
Class 1, plants fenmis-like in habit and in having broad leaves and stems
mostly without red papill=,
Class 2, plants suggesting franciscana in having narrow leaves and stems with
numerous red papille.

Total Percentage Planty Flantz
Culture. Germina- | of i _im in Diied.
than. naRtion. | Clasa 1. | Closs 2,
—— 7 L — 1 -
6,44 127 [+ 1.0 8 109 7
I7.44 107 020 8 183

but with stems red papillate. Thus, as far as expressed, this cross
gives a uniform progeny as does the cross Lamarckiana % biennis.
The record of the cross is given in Table 1.

TABLE ]1.
Recorps FroM THE Cross meo-Lamarchiona 3 biznniz.
- Tatal Percentage | Living :hmughl Hearhing
Culture, Crerming- af Germi- the Surmmner Muturity. Dried.
tiomn. RATkL, as Rosettes.
.43 101 By.x 24 . 77
17-43 ais L I3 | 5 195

F1G. 9. Young rosettes of the cross biemwss X meo-Lomarckiono (16.44),
representative of the two classes similar to the twin hybrids lefa and veluting
from the cross bewnis % Lamarckiana.,
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We find, therefore, in the crosses to biennis that neo-Lamarchiana
as the pollen parent behaves in the same manner as does La-
marckiana to the same plant, producing twin hybrids comparable to
leta and velutina. Tt will be remembered that this behavior of
Lamarckiana is held by critics of the mutation theory of de Vries
to be strong evidence that Lamarckiana forms two classes of fertile:
gametes and is therefore heterozygous. The similar behavior of
neo-Lamarckiana, a known hybrid, gives substantial support to
this criticism of the purity of Lamarckiana.

TrE Beravior, WHEN SELFED, oF DERIVATIVES FROM
Neo-Lemarckiana. ’
There is given below the behavior, when selfed, of derivatives
from neo-Lamarckiana as listed in Table VI,

The franciscana type.

This form which always appears from neo-Lamarchiana in
numbers close to 50 per cent. of the culture was tested from a selfed
plant, through culture 24.42. The contents of one capsule, 482
seeds, on forced germination * gave 467 seedlings, a germination of
96.8 per cent. The rosettes were uniform and franciscana-like
except for one narrow-leaved dwarf which on maturing proved to
be a plant of peinted tips. The culture matured 423 plants all of
the franciscana type except for the one pointed tips. The franciscana
type may then be considered as breeding true and since it has
almost perfect pollen output and almost complete seed fertility
the type is probably close to homozygous.

The franciscana dwarf type.

This plant, like the franciscana type, has always been thrown by
nea-Lamarckiana, but in much smaller numbers (see Table VL.),
never above 13 per cent. of the culture. A selfed plant gave on
forced germination culture 24.43 with 255 seedlings from 330 seeds,
the contents of one capsule, a germination of 77.3 per cent. There
matured 233 plants all of the franciscana dwarf type. The high

® Forced germination in this section of the paper means that the seeds after
soaking in water for 6 hours were treated to alternate exhapst and pressure to
30 pounds, § times in 24 hours,
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degree of seed fertility and almost perfect pollen together with
this breeding test indicate that the franciscana dwarf type cannot
be far from homozygous.

Albida-like.

This plant type similar to albida from Lamarckiana in having
etiolated leaves on its small and weak seedlings and young rosettes
has never matured, even when protected, and consequently has
given me no seed,

Nanella-like.

This form, similar to nanella from Lamarckiana as rosettes, in
dwarf habit arfd in foliage and bud tips, but with flowers of various
size, was tested in culture 19.45 from a selfed plant. The contents
of two capsules, 206 seeds, on forced germination gave 168 seedlings,
a germination of 81.6 per cent. There matured 141 plants breeding
true to the characters listed above. This true breeding together
with the good seed fertility and good pollen development indicate
a high degree of purity in the type.

The kero type.

As with other triploid plants of Enothera the fertility of the
hero Iype is very low and numerous selings must be made to obtain
seed. Thus, 26 selfings of a plant (23-41—404) gave only 177 seeds
from 15 shriveled capsules and these on forced germination pro-
duced only 29 seedlings (Culture 24.45, Table IIL.). A large pro-
portion of the pollen grains are four lobed, but almost all are
shrunken and dead. Seed sterility is very high.

Cultures have been grown from five different plants with results
as shown in Table IT1. The variation in the progeny was extra-
ordinary but most of the plants were weak or dwarf and the mor-
tality in the cultures was high. A few plants appeared of the kero
type. One plant (20.43-3) presented 28 chromosomes, but its
progeny (Culture 21.43, Table I11.) although fairly large consisted
of weak rosettes which failed to mature. Two plants on examina-
tion gave chromosome counts close to 21 and it seems safe to con-
clude that the hero type is generally triploid. 1t is obvious that the
hero type is strongly heterozygous.
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Blunt tips.

The contents of one capsule, 256 seeds, on forced germination
produced 241 seedlings, a germination of 94.1 per cent. The
culture, 24.46, numbered 205 plants, when set in the field, of which
all lived except 2 narrow-leaved dwarf rosettes, Of the 203 plants
which matured only 9 were blunt tips; the remainder were fran-
ciscana-like.

It is clear that blun! tips is heterozygous and the reason why it
produces so few of its kind is probably the high degree of sterility
of its pollen. Bluni tips apparently develops very few gametes of
its kind but many of the franciscana fype which accounts for the
large number of plants of the latter in its progeny.

Painted tips.

This interesting plant has appeared only twice from meo-La-
marckiana, one plant in culture 23.41 and one plant in culture 24.41.
It has, however, been thrown once by franciscana, culture 23.21,
and is the enly variant which franciscanz has produced in the ten
generations of this line which I have grown with its total of about
2,300 plants.

Plant 23.41-156 from neo-Lamarckiana produced only 28 seeds
in two shriveled capsules and none of these germinated. I had
better results from plant 23.21-165 thrown by framciscana. The
contents of one capsule, 384 seeds, on forced germination gave 361
seedlings, a germination of o4 per cent. This culture, 24.25,
matured 332 plants all franciscana-like except for 3 plants of pointed
tips. Reciprocal crosses between plant 23.21-165 and franciscana
gave in both cultures, 24.26 and 24.27, only franciscana except for
3 dwarfs. Since the pollen of pointed tips is 80 per cent. shriveled,
it seems clear that this plant like blunt tips is heterozygous and
develops very few gametes of its genotype but many of the fran-
ciscana fype so that its progeny is almost wholly of the latter.

Bushy type.
The bushy type, which differs from neo-Lamarckiana only in its
habit of growth, gave a progeny when selfed very much like that
of the latter. Culture 24.48 started with 272 seedlings from the
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forced germination of 295 seeds, the contents of one capsule, a
germination of 92.2 per cent. which was close to that of meo-La-
marckiana. The final composition of the culture was:

29 plants of neo-Lamarckiana,
40 plants of bushy type,
11 etiolated seedlings and rosettes, albida-like. These died
early.
I plant of the kero type.
I plant of hairy fype.
164 plants of the franciscana type, 60. 3 per cent.
13 plants of the franciscana dwarf type.
3 narrow-leaved dwarfs,
10 plants died before their characters could be determined.

272 Total of germinations, g2.2 per cent.

25.3 per cent.

This performance was so close to that of neo-Lamarckiana in the
character and proportions of the derivatives that one may well
doubt whether bushy type is genetically distinct from this plant. It
seems more probable that its peculiarities of habit represent only a
modification under cultivation.

Hairy type.

The contents of one capsuale, 216 seeds, on forced germination
gave 168 seedlings, a germination of 77.7 per cent. The culture,
24.49, at maturity contained the following:

35 plants of the hairy type.
106 plants of the franciscana type.
12 plants of the franciscana dwarf type.
I broad-leaved dwarf rosette.
1 linear-leaved dwarf rosette.
13 plants died before their characters could be determined.

168 Total of germinations, 77.7 per cent.

The hairy type is clearly heterozygous and as with blunt tips and
pointed tips gives the franciscana type in large proportions. Its
pollen is largely shriveled and it seems probable that this form of
sterility may eliminate gametes which if produced would give higher
proportions of the hairy type.
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Discussiox.

The body of this paper has shown that (Enocthera meo-Lao-
marckiana through successive generations in a selfed line throws
similar sets of new types, each type with its own range of frequency
and all very different from one another. This is behavior parallel
to the production by Lamarckiana of its particular set of * mutants."
Any new type from nep-Lamarckiane is a mutant when it becomes
clear that an active new gene is present in its genetical constitution
or when a gene is lost or rendered impotent. It is easy to state
such conditions for the proof of a mutation but quite another thing
to establish evidence for a particular case. The present study
does not attempt to analyze the genetical constitution of the new
types from neo-Lamarckiana. It does, however, make clear that
a hybrid (Enothera performs in a manner similar to that of La-
marckiana and thus thereby strongly indicates that Lamarckiana
is itself heterozygous.

My studies have concerned themselves chiefly with cultures from
neo-Lamarckiana designed to establish by selection the genotype and
to record its behavior through a number of generations. It has
become evident that the genotype is heterozygous and there is no
evidence that selection has changed its character. The breeding
behavior of neo-Lamarckiana in the seventh generation was quite
the same as in earlier generations so far as the more common of its
derivatives are concerned (Table V1.). Nee-Lamarckiana can be
depended upon always to throw certain vanants in fairly fixed
proportions. Other variants are rare and appear only occasionally
or in small numbers. When bienmis is pollinated by meo-La-
marckiana, twin hybrids result. The derivatives from mneo-La-
marckiona when selfed behave variously. Some are éssentially
homozygous as the framciscana ivpe, the franciscana dwarf byvpe,
and manella-like. Others are clearly heterozygous as the hero
type, blunt tips, pointed tips, and the hairy type. Thus in various
respects we see that neo-Lamarckiana and its derivatives behave ina
manner similar to that of Lamarckigne and its "mutants."”

Of the derivatives from neo-Lamarckiana some show wholly or in
large part characters of segregates. Notable among these are the
franciscana type, the [ramciscama dwarf Ilype, and mnanella-like.
Others present peculiarities difficult to associate with either parent
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as in albida-like, the hero type, blunt tips, pointed tips and the hairy
tvpe. These may be truly mutants although my studies do not
prove them to be, for it is not always easy to establish a character
as wholly new to the ancestry of any line of plants or animals. The
highly heterozygous character of these plantsand their poor breeding
through high degrees of sterility make them very difficult for study.
If they are mutants it is important to recognize the fact that they
have been derived from the heterozygous or impure species mep-
Lamarckiana.

A matter of particular interest in a comparison of meo-La-
marckiana with Lamarckianc is that of sterility both gametic and
zygotic. The pollen grains of Lamarckiana are about 50 per cent.
shriveled. The pollen of weo-Lamarckiana has been examined from
the F, plant 15.53a, the Fy plant 16.41, XIX-4, and the F; plant
20.41-157 (all plants being of the line described in this paper),
and the results show uniformly 50 per cent. or somewhat more of
shriveled grains. In this connection it is of interest to note that
the parent species biemnis has 50 per cent. or more of shriveled
pollen while that of frenciscans is almost wholly perfect. La-
marckiana and neo-Lamarckiana, therefore, agree in showing about
the same degree of pollen abortion.

With respect to seed sterility, however, Lamarckiana and neo-
Lamarckiana present sharp contrasts probably of important
genetical significance. 1 have a five-year record of the seed fertility
in a line of Lamarckiana which I am carrying and which originally
came from seed of de Vries. The results of cultures from seeds of
this line, forced to complete germination, is given in Table IV. and
agree closely with the findings of de Vries and others. (Enothern
Lamarckiana has a seed fertility, differing somewhat in various
lines, but apparently rather close to 35 per cent.

TABLE 1V.
Seep FerrTiLrty v A Line oF (Enothera Lamarckiona,
: Percentage
Culture Lomarckiogna M.| Parent Plant. Seeds Sown. Seedlings, of
‘Germinathon,

e e 14104 701 (2 capsules) 226 3313
B D o ke b bn e 15104 226 (1 capsule) Gl 3.1
- P e L 16, 10 550 (2 capsules) 198 3.0
e ) R P 17.100 102 (1 capsule) 40 3p.2
R e e 23.104 254 (1 capsule) o4 37.0
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The seed fertility of neo-Lamarckiana is high, about 90 per cent.
My record for the line in cultures forced to complete germination is
given in Table V. where are also included data from certain earth-
sown cultures in which the percentage falls far below the proper
figure (see cultures 13.35, 15.53 and 20.41), showing that earth-
sown cultures of this material must give only a partial expression
of its possibilities.

. TABLE V.
SeEp FErTILITY 18 A Line oF (Encthern meo-Lamarckiana.
Culture. Parent Plant. Seeds Sown. | Seedlings, lﬁm
naton.
Fi 13.35 | fromciscama 3 Biewmiz 652 328 0.5 Earth sown
(4 capsules)
F; 1453 13.35¢ 434 38y 85.2 Earth sown
(5 capsules)
Fi 1533. 14.53¢ 6ag 2pI 46.6 Earth sown
(4 capstles)
Fi 106.41, 15530 764 G638 7.4
st neo-Lamarckiana | (3 capeules)
Fi 1741 1647, XIX—4 1089 Boo Ba.g5
2d meo-Lamarckions | (5 capsules)
Fa 10.41. 1741, XVIII-2 Jo1 Grx 871.2
3d meo-Lamarckiana | (3 capsules)
Fr 20.41. 1041, Ti=-2 494 234 45.4 Earth sown
Ath meo-Lamarckiona | (2 capsules)
Fas 21.41. 2041357 622 %73 gz.1
sth meo-Lamarckiona | (2 capsules)
Fs 23.41. 21.41-85 553 513 o306
6th meo-Lomoarckiona | (2 capsules)
Fis 24.41. 23.41-335 433 384 8.7
ath meo-Lomarckiana | (2 capsules)

It will be remembered that neo-Lamarckianma throws a large
group, the franciscana type, constituting about 50 per cent. of the
cultures and also a numerous group, the framciscana dwarf type.
Lamarckiana presents no groups of derivatives comparable to these,
its “mutants" being in small proportions as is true of the various
other forms thrown by neo-Lamarckiana. A correlation is at once
suggested between the high seed fertility of meo-Lamarckiana,
about go per cent., and the appearance of the franciscana fype
and the franciscana dwarf type. Conditions in neo-Lamarckiana
rendering sterile all or almost all of the seeds representing these
two classes would give to meo-Lamarckiana a seed fertility below
40 per cent., a figure close to the seed fertility of Lamarckiana.
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Is there any “mutant"” of Lamarckiana which as the franciscana
type from neo-Lamarckiana may suggest a parental form? Of its
“mutants" rubrinervis and ervthrina are plants most similar to wild
eenotheras in habit of growth, narrow leaves, and red pigmentation;
they have the appearance of weediness well known to American
botanists, an appearance not shown by such forms as scimtillans,
oblonga, nanelia, pigas and others. If one were to make a guess
from the offspring of Lamarckiana which were most likely to re-
semble a putative parent ancestor, these plants would be selected
because they have rather closely the characters and appearance of
certain American wild species. It should be remembered that
rubrinervis and erythring are similar except for the brittleness of
the stems of rubrinervis. Both plants come out rather rarely in
cultures of Lamarckiana but may this not be due to the high seed
sterility of this species? In short, may not these plants be repre-
sentative of types resembling a parent of Lamarckiana, but a type
which rarely appears because suppressed by conditions that de-
termine the low seed fertility of Lamarckiana?

The very large group of franciscana-like plants appearing with
every generation of neo-Lamarckiana may be thought of as reversion
towards one of the parents of the cross. But, it should particalarly
be noted that no forms approaching the biennis parent have been
thrown in the line from neo-Lamarckiana. Such forms should be
plants having broad leaves, green stems, a flat-topped inflorescence,
attenuate sepal tips, and medium-sized flowers with stigma below
the tips of the anthers (autogamous). It is true, however, that a
group of 14 green-stemmed plants with small flowers appeared in
the F. from a plant 13.35a, sister plant to 13.35¢ of the line which
gave neo-Lamarckiona (Davis 1916a, p. 230).

Two types with characters of biennis have been reported by
van Overeem (1922) from a line of Lamarckiana. The first, de
Vriesii, was a plant with 15 chromosomes derived from Lamarckiana
semi-gigas. The second with 14 chromosomes came from de Vriesii
and was named benniformis. Both plants resembled biemnis in
foliage, inflorescence, buds and flower structure. Both had, how-
ever, red papille over the stems, a character, as far as | know,
never present in ). biennis. These findings of van Overeem are of
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interest as indicating some biennis-like ancestor in the history of
Lamarckiana. It is noteworthy that de Vriesii should have come
out of Lamarckiana semi-gigas, a triploid plant, from which one
may expect unusual segregation phenomena in the maturation of
gametes.

The fact that neo-Lamarckiana has in many respects the system-
atic characters of Lamarckiana 15, of course, more a matter of horti-
cultural and taxonomic interest than of genetical significance. Itis
clear from its breeding that neo-Lamarckiana is not close to the
genotype of Lamarckiana, but the similarity of its behavior in kind
indicates that Lamarckiana is an impure species and its * mutants"’
the products of a heterozygous germ plasm. There is value in this
demonstration of the origin of a large-Aowered vigorous garden
product since it shows how easily Lamarckiana might have arisen
as a hybrid out of the complex of (Enothera material present in
Europe in the earlier part of the last century (Davis 1913).

SuMMARY.

In Table VL there is presented the record of (Enothera neo-
Lamarckiana in selfed line through the seven generations that have
been grown and from this record and other data presented in this
paper the following conclusions seem evident:

TABLE VI.

GENERATIONS IN THE SELFED Live oF (Eusthera neg-Lamarchiana TSOLATED 0N
THE F; oF a Lixg rrom THE Cross fronciscono ¥ bienmix,

de Bl 2o SEy |H2
clBd| E|BE| 2|5 o = ° ] . EEMsEE
EoL5ef 3 (e 2 62|30 E| & 2|8 B|£|2[37505 ¢
= Fajaml & |25 g: inE 5 o B e E:E
ANEEEERE T S IO E S B
§ FEEE|SIES|E|ES1e8I5| 3 |§|3|§|3|8iek072
I!T = = - ] 3 = |E=SE|E
it Hf R0 kPo P
Fy b 6&8!:!1-4 3t | 5.4/280143.3 ?3} o 65 48
Fa 17.411800182.5) 01 |10.1/443/49.3| 53 | 34 6 |22 102 18
Fa 10.41/611}87.2) 86 (14.1/333154.5| 78 | 14| 20 3 37
Fr 20.41(324!45.4 50 147 1 From earth sown seeds 12 3
Fi 21.41|573l02.1| 72 [r2.6lr90fa0.8| 23 | 13 i S a9 I
i [roselie
Fs 23.41|512/09.6| 05 [r8.5lagn{q7.1| 11 |23 slalr|a]:x 48 24
Fio 24.41 3I1-|iﬂ-s,:r B4 :[.gims 48.3| 13 | 19 2 {23 21
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1. With respect to the genotvpe neo-Lamarckiana no changes
have been noted in the appearance of its characters from generation
to generation. The figures in Table VI. suggest an increasing per-
centage of these plants as the generations followed one another,
but it is not safe to draw conclusions since in every culture there was
mortality and there were also numbers of Lamarckiana-like rosettes
which failed to produce shoots and we cannot know to what extent
ratios may have been modified by these facts. It is clear that in
neo-Lamarckiana we have a representative of an impure species
breeding true through a certain proportion of its progeny while
obviously producing other types of viable gametes than those which
in union with one another reproduce the parent meo-Lamarckiana.
The plant is, therefore, heterozygous and the type has not been
fixed by isolation through selfing, nor is there any reason to believe
that it ever would become homozygous. Thus as an impure
species meo-Lamarckiana may properly be compared with La-
marckiana.

2. Neo-Lamarckiana through successive generations always
throws variants. Some of these have always been present when a
culture fully expressed itself; such are the franciscana iype, the
franciscana dwarf type, albida-like, and the hero fype. Other
variants, appearing in small proportions, have not always been
found in cultures which generally numbered under s00 plants;
in this group are nanella-like, blunt tips, pointed tips, bushy type, and
hairy type. In the nature of this behavior neo-Lamarckiana
parallels that of Lamarckiana.

3. Unlike Lamarckiana my mneo-Lamarckiana produces one
variant in large proportions. This is the franciscana type which
has generally made up close to 50 per cent. of the cultures. Thus
we have in meo-Lamarckiana an impure species which combines the
behavior of Lamarckiana in throwing certain variants in small
proportions with a special peculiarity of producing in large pro-
portions a type similar to one of its parents. This peculiarity
seems to be correlated with the much higher degree of seed fertility
of neo-Lamarckiana.

4. Every generation from neo-Lamarckiana has shown a rather
large assemblage of plants Lamarckiana-like in foliage but with
bud tips more like franciscana. This group has appeared in some-
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what smaller proportions in later generations but it is not safe to
conchide that these facts indicate a change in the behavior of
nep-Lamarckiana,

5. The cross biennis ¥ neo-Lamarckiana gives twin hybrids:
(1) a type similar to Biemnis, and (2) a type suggesting franciscana
in having narrow leaves. This is behavior similar to that of the
cross biennis X Lamarckiona vesulting in the twin hybrids, ieta
and velulina.

6. The cross meo-Lamarckiana ¥ biennis gives a uniform
progeny but the plants are light green and rarely live to maturity.
In the fact that the progeny is uniform this behavior agrees with
the cross Lamarckiana X biennis,

7. Some of the derivatives from meo-Lamarckiana breed true
except for rare variants and these forms have good pollen and high
seed fertility. They are the franciscana type, the franciscana dwarf
type, and nanella-like, and may be considered as close to homozygous.
These forms in many characters appear to be segregates.

8. Other derivatives are clearly heterozygous, breeding not at
all true and exhibiting very large proportions of shriveled pollen and
high degrees of seed sterility. Among these the hero fvpe is ap-
parently triploid with 21 chromosomes, one plant appearing with 28
chromosomes. Other forms, blunt fips, pointed lips, and the
hairy lype, reproduce themselves in very small proportions but
throw large groups of the franciscana type with occasional other
forms.

9. The derivative, albide-like, is etiolated and too weak to
live.

10. An interesting plant, bushy type, easily recognized by its
habit of growth, gives a progeny similar to that of neo-Lamarckiana
and is probably not genetically distinct from the latter, its peculi-
arities representing a modification under cultivation.

11. The pollen of neo-Lamarckiana consists of about 50 per cent.
shriveled grains as is also true of Lamarckiona,

12. The seed of neo-Lamarckiana is about 9o per cent. fertile in
sharp contrast to that of Lamarckiana which is only about 35 per
cent. fertile (varyving with different lines). It seems probable that
the high seed fertility of meo-Lamarckiana is correlated with the
appearance of the large class of the franciscana type, constituting
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about 50 per cent. of its progeny, together with the smaller group
of the franciscana dwarf type.

With this paper I am closing the line of studies on meo-La-
marckiana and its derivatives. The ramifications of such studies
might be followed indefinitely but I do not think that their findings
would justify the work necessary and there are other subjects of
(Enothera investigation that seem to me of greater interest. This
study has reached the conclusion which was in my mind when the
problem shaped itsell some twelve years ago. They have shown
(1) How an obviously impure species, (Enothera neo-Lamarckiana,
may arise; (2) That such an impure species may maintain a constant
condition of heterozygosis of the same genetical constitution al-
though rigorously selected to its type; (3) That it throws with each
generation similar sets of derivatives in fairly fixed proportions;
(4) That some of its derivatives have characters of segregates and
breed true, and that others are heterozygous; (5) That conditions
of sterility suggest probable reasons for various vagaries of breeding
behavior. In the various points of behavior outlived above #teo-
Lamarckiana and Lamarckiana agree.
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PNEUMONIA IN PITTSBURGH.
By EWALD TOMANEK, M D, Dr. PH axp EDWIN B, WILSON. Pa.D,
(Read April 24, 1924.)

I. INTRODUCTION.

1. Incident to a general statistical study of the epidemiology of
pneumonia begun by Dr. Tomanek, Fellow of the International
Health Board, under the supervision of Dr. M. J. Rosenan and con-
tinued in association with Professor Wilson, it became early evident
that statistically speaking the fipures for the death rate from pneu-
monia in Pittsburgh would not fit into homogeneous series with those
from other large cities. That is to say, if the frequency distribution
of the pneumonia death rate in large cities is set up and the statistical
constants of the distribution (mean, mode, standard deviation, skew-
ness, and kurtosis) are determined the death rate for Pitisburgh is
=0 high that it has such a major effect in the determination of the
values of some of these constants that the statistical description of
the frequency distribution is markedly different according as Pitis-
burgh is or is not included in the list of cities.

2. For example with the data for 1g22:

PxEuMonia Deate RATe PER 100,000 IN (CITIES OVER 100,000.

B e 10 30 %0 Fo 00 II0 I30 IS0 170 Igo * 200
J T T | 1 4 10 12 11 12 ] 3 Tt I
The rates i advance by 20's and the frequencies F are the number of
cities reported. Pittsburgh exceeds the nearest city by 100. The
statistical constants with and without Pittsburgh are:

Without Pittaburgh, With Pittsburgh,
Metn . .o couiiieriadiserseer  1O3E 45 106.7 =+ 52
s [ e R Pt 1. 1 101.5
Standard deviation. . . ... ...... 300 £3a1 420 =60
bt L L R B R R 02 =4 LT 31 £ .10
=, L e 003 1.315
T e 3.60 7.14
e N 103.1 93.7
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(For method of calculation see R. Pearl, “ Biometry and Vital Sta-
tistics,” Chap. XIII.) When Pittsburgh is rejected the curve is es-
sentially normal ; when it is retained there is a decided skewness and
a high degree of leptokurtosis. Although the number of cities (66)
is small so that the constants have large standard deviations, a large
degree of statistically significant difference between two cases can be
inferred from the persistence of similar differences year after year?
which in effect increases the number of data. Another test is found
in the simple comparison of the deviation Pittsburgh — mean=180
with the standard deviation of 42 or 36 which shows that the devia-
tion is from 4 to 5 times the standard and should not cccur once in
66 times, nor once in 10,000 times, if we use the ordinary table for
computing chances,

3 When one meets such a condition of statistical instability due
to a few outstanding observations several courses are open: (1) It
is possible to appeal to the argument of the * huge error ” and simply
discard the anomalous figure. This simple if somewhat cavalier way
out of the difficulty, though often justifiable in a case of a single up-
setting ohservation, is hardly satisfactory when the same anomaly
persists year after year. (2) One may adduce the argument of ex-
ceptional circumstances which in this case would be to point out the
smoky nature of the Pitisburgh air, the intense industrialization of
the Pittsburgh district, the heavy work and high temperatures to
which labor in the steel industry is exposed, etc. There are however
other smoky cities, other highly industrialized districts, other centers
of manufacture in the iron and steel trades; and the solution is not
to be found so much in the dismission of Pittsburgh for the general
arguments thus adduced as in the determination of how much of the
anomalous situation relative to pneumonia there is attributable to
each of the factors and whether taken together they will account for
the whole. Such a study would take time and much money directed

1 In 1920 which showed a recrudescence of influenza we have

R ....o0 110 130 150 170 Igo 210 230 250 o * 30
Woiees & 0 d 10 8 17 6 3 1 2 " 1

and Pittsburgh leads by 120, The mean for 1920 was 185 and the Standard

deviation was 52, Pittshurgh departing from the mean by 4 times the standard
deviation,
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toward the quantitative measure of the various factors concerned and
would depend for any chance of real success upon the active coopera-
tion of the employment, welfare, and medical departments of the in-
dustry itself in assembling morbidity and other statistics which are
not now kept. (3) It is possible to analyze in detail the statistical
material available to determine whether there is internal evidence that
some at any rate of the excessive number of deaths reported as due
to pneumonia in Pittsburgh may not be due to other causes. It is
only this relatively simple problem that we here attack. We desire
to present the facts so far as we have been able to collect and digest
them.

4. Crude Pnewmomia Death Rate, 1873-1923—So far back as
mortality statistics are available two things are clear: first that the
rate from pneumonia in Pittsburgh is high, second that it is getting
higher. The mean number of deaths from pneumonia per 100,000
population, as reported by the city officials and city health depart-
ment, during each of the past five decades are

th73-82 1h83—p2 thai—oz 1 3—12 101333

139.2 204.0 2157 2534 3432
Omitting the year 1018 when the influenza epidemic upset the normal
preumonia figures throughout the whole country, the lowest rate for
Pittsburgh was g9 in 1875 and the highest was 381 in 1gzo. The
last annual figures that we have were kindly supplied by Dr. C. L.
Vaux, Director of the Pittsburgh Department of Health, who under
date of Feb. 13, 1924, writes **. . , for the year 1923: Deaths (all
causes), 9,638. Rate per M, 15.6 (including non-resident deaths of
1,433). Violent deaths, 766. Pneumonia, all forms, z,297." Itis
noteworthy that for a city with a shifting population and a large
number (15 per cent.) of non-resident deaths the general death rate
of 15.6 is not especially high; * that the violent deaths are B per cent.
of the total; and that pneumonia as reported gives a proportionate
mortality of 24 per cent. and a specific death rate of 380 for 1923,
£ Adjustment from crude to standardized rate would raise the figure to
about 16.6; the Pittsburgh rate is high, higher than it should be even with all
allowances, but with proper allowances the general death rate does not ap-

pear to be inordinately high as is the case with the specific death rate from
pocEmonia.
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practically identical with its 10920 maximum, highest of all large cities
in the Union, and from 2z to 3 times the mean, median, or modal rate
for all large cities.

II. Deramws wite Recasn o THE YEARS 1000-1020;

5. Our registration area in this country has been steadily expand-
ing from a relatively small number of states in 1880 to a relatively
large number today. Contemporaneously there has probably been a
considerable increase in the reliahility and comparability of the ma-
terial. By the year 1goo a large area was already available and
pneumonia had become subdivided into lobar and broncho pneumonia.
It is believed that the period 1goo-1020 is on the whole the best in
which to study in detail the general situation with respect to mortality
from pneumonia and the particular situation in Pittsburgh. For this
period the mortality statistics for pneumonia as supplied to us by the
City Health Department of Pittshurgh can be subdivided and tabu-
lated in narrow age groupings. The physician signing the death
certificate is supposed to report as pneumonia every case of lobar
pneumonia (Frinkel-Weichselbaum, type I.-IV.), the bacillary
pneumonia of Friedlainder, bronchitis capillaris of little children,
atypical pneumonia, etc. Any pneumonia, lobular or lobar, which
terminates a disease such as measles, whooping cough, scarlet fever,
organic diseases of the heart, or the degenerative diseases, is supposed
to be stated as a secondary cause of death. The multiplicity of
causes of pnenmonia, its various forms, the wide range of the clinical
picture on the one hand, and on the other the limitations of the al-
lowable nomenclature of pneumonia in the death certificate are the
large and probably the main sources of unreliability and inaccuracy
in pneumonia statistics. Although we give the figures for the sub-
divisions of pneumonia, it seems reasonable to expect that those in
the whole group “ pneumonia all forms ™ have a higher degree of
trustworthiness and significance and should be used as a primary
basis for the study.

6. The course of the crude death rate from pneumonia in Pitts-
burgh for the 21 years 190o0-1920 is given in Table I. and Fig. 1.
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TABLE 1 (SeeFig. 1.).
Cuvpg DeatE Rate Fro® PNEUMONTA 1N PITISBURGH 19001920 PER 100,000.

Lobar and Porumonia,
Year. Bronchopneumonls Undefined. All Forms.

TG00 19 144 163
I 35 141 176
2z 35 184 219
3 32 165 197
4 36 142 178
8 34 156 150
] 34 124 178
T 83 106 189
8 104 133 242
9 112 142 254
10 139 186 a5
11 03 111 200
+ 108 156 264
13 118 170 258
14 104 141 245
13 100 150 250
16 107 333 330
17 103 6z 365

18 195 696 235" Bg3 430°
19 123 208 331
20 128 715 343

* Mean values of the year 1917 and the year 1919 for lobar.

The synopsis of Table 1. with reference to extreme values, means,
standard deviations and yearly trends is as follows:®
Pneumonia All Forms: Range between 163 in 1900 and 3635 in
1917, (803 in 1918, influenza year). Mean=256 = 12, 5.D.=
56 = 8, Trend = 10.
Bronchopnewmonia: Range between 19 in 1900 and 195 in 1918
(influenza year). Mean=2=8g.z = 9.6, 5.D.=44, Trend=+06.
Pneumonia Lobar and Undefined: Range 106 in 1907 and 262 in
1917, (606 in 1918). Mean=167 = 9., S.D.=41, Trend=--4.
Bronchitis: Range hetween 17 in 1920 and 60 in 1goB. Mean—
35 =+ 2, 5.D.—g, Trend=—.B.
For comparison Fig. 2% gives for the ten original registration
# In computation of the mean, trend, and dispersion the influence of the
very high data for pnepmonia in the influenza year (1018) has been eliniinated
by using instead of the reported value for 1918 the mean value of the years
1917 and 1910
4 The figures throughoot this article are on semi-log or ratio paper with

the logarithmic scale vertical. This not only enables us to put into a graph
19
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States of 19oo the course of the diseases shown in Fig. 1 for Pitts-
burgh. In both the exceptional conditions of the year 1918 disturb
the course of the graphs; but it is clear at a glance that, whereas in

g

L

g

%uu

8

Number of Deaths per 100,000 Population per Vear

' I =

w0 s A A

Fis. 1. Specific death rate from Pneumonia and Bronchitis in Pittsburgh, Pa.,
during the period 1goo-rozo.

Pittshurgh pneumonia, all forms, starts at about the same figure as,
or a trifle lower than, that for the ten states, the curve for Pittshurgh
climbs at a fairly steady rate to around 350, about doubling in 20
years, whereas for the ten states there is a shght tendency toward
reduction. The calculated trend for Pittsburgh was - 10 per hun-
dred thousand per annum while that for the ten states is —0.4."
It is not only the present high mortality from pneumonia in Pitts-
great ranges of rates, as from 1o to 1,000, but shows at a glance the relative
magnitudes of the variations and trends, for the variations from 900 to 1,000
and from 00 to 100 are pictured as of the same amount.

3 A brief discussion of variation of pneumonia mortality in the ten original
registration states of 1goo during the period 1g00-Tg20 is given by us in Proc,
Nat. Acad. Sci., Washington, Vol 1o, May, 1924, pp. 161-166,
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burgh which is anomalous, but the steady increase during 21 years
from a figure abeut normal, while in most places whatever progres-
sive tendency there has been seems to have been toward slightly
lower figures.
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Fi. 2. Specific death rate from some respiratory diseases in the Ten
Original Repistration States, during the period 1900-1020,

7. Although the crude rates give a general idea of the sweep of
the mortality in time, the different age distributions of different popu-
lations make it desirable to analyze the figures specifically by age.
The figures for 1900, 1910, 1920 are taken from the U. 5. Census;
the intercensal years are figured by arithmetic interpolation.

Figure 4 gives for the ten original registration states graphs
similar to those in Fig. 3 for Pittsburgh.
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DistripuTioN oF THE PopuLaTion v ProrssurcH BY Acu*

.r’l..,'E 0. 910, 1930,
Group. Pop. o= Pop. ) Pog.
R i el s ata e 11,152 2.5 12,578 2.4 12,018

o e e i e e 50,022 IL3 57,788 108 62,006
) s iatsinra e s e 47.681 10.6 48803 o2 57,704
it [+ VAP ., Byo055 18.6 07,195 182 100,791
T P P A 09,180  22.0 114,916 4.5 11,423
B30 . ins i 75493 167 1,504 I7.1 100,420
T T T R 470141 105 61,316 II.3 74624
i S A 27260 61 35166 6.6 46,410
00=B0:- oo - -+ 13,407 3.0 1I7.040 3.4 23,622
POAID o n  n 6,045 1.3 6oL 1.4 10,603
(unknown. ... . 428 o1 1,853 0.3 581
i s | et 451,512 533.005 588,343

3000

Year.

8

Number of Deaths per 100,000 Rpulation per

0

990
Fic. 3. Age specific death rate from Penumonia (all forms) in Pittsburgh,
Pa., during the period 1000-1020.

8 It is noticeable that the population of Pittsburgh is growing older, the
percentages in the distribution decreasing below and increasing above an age
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§

g

Aiumber of Deaths per 100,000 Populstion per Year:

,al_ll||lll1||xi|ll

800 1908 19i0 1215 1920

Fic. 4. Age specific death rate from Pneumonia (all forms) in the Ten
Original Registration States, during the period 1900-1920.

Nore. In the tables for the specific death rates the numbers are carried
to one decimal place as is often the case; but the number of significant figures
is variable. I1f N is the population and s the number of deaths, the rate p is
w/N. The fuctuation of sampling for the number n is V(Npg) where
g=1—p is spproximately 1, so that approximately the fluctuation is
V{Np) =vn The fuctnation in the rate is V(fig/N), approximately
VI/N). As the rate p is given in hundreds of thousands, the population
should be measured in hundreds of thousands. Thus in 1goo the population
of age 04 is 51,000 and N = 1/2 in hundreds of thousands; the fluctuation in
p expressed as 6490.6 per hundred thousand is V (650/0.5) = VI1,300= 3. We
should therefore write 630 4 36. In like manner in the group 7o-up in 1900
we find N = .06 and the fluctuation is V {(0o3/.06) = V16200 =127 and the
rate should he written 993 + 127. On the other hand for the group 20-29 in
1000, N = 0o and V (6i45/.00) = V5.1 = 8.1 and the rate is 64.5 3 8.1. Thus

of about 40 years. Various refinements could have been applied in estimat-
ing the population in the different age groups in intercenzal years in place of
the crude method of arithmetic interpolation, but they seemed hardly worth
while,
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TABLE 1L

AcE SreciFic DEATE RATE PER 100,000 POPULATION IN PITTSHURGH, 19001920,
A. Preumonia, All Forms. (Fig. 3.)

Apes 1900, 1901, 199, 1993 1. 1905, 1ok,
o BRI 640.6 6570 8170 7380 6O74  TESO 6740
i ST 44 58.4 3.9 437 373 43-5
OBl s tiih s T ARY ARG AR SITNSEE 370
O 5 s e v b v 4.5 53.8 85.9 80.8 682 w20 682
A0-ADL s s rrnssmmese Do 843 1131 1087 fg.3 1212 1ILJ
B0AD. L eosaran s 114.4 1644 2280 1667 1307 I4SH 156.8
o PO 231.0 2341 2568 2459 2330 250 74
[ L R e 49098 4422 6070 5970 4271 I3 4500
PN, s o c=ra st o932 1308.0 1095 8580 13360 WIS 0590
I9a7. ]M- TG IQiD. IDETs 1oL IRT3-

B iy e fg5.0  BEj0 7240 10560 jo7.0  7E3.0 B53.0
e R 412 T40 473 635.4 423 35.6 757
v [ [ - = 39.2 38 38.0 19.8 . 305
PO s ssersnranrane 14T &67.7 7.3 1063 61.0 76.3 0.9
s o, PSP 7.8 1042 1605 1976 127.3 1350 1835
FTL | DRSPS 1200 2325 2358 2806 165.6 257.0 279.7
e e a67.4 327.5 #40.0 5420 3534 4122 473.2
B0, v prre s 5200 827.0 937.0 10420 614.0 10020 8972
TOMPL cvwiannsiinnsins 1275.0 1687.0 20000 32580.0 17770 25000 F074.0
014 IDES- Toih. 1917~ l:iJI‘1 IHI. 1030

OF cinespramsiress TODD 6g3.0 7110 Bi4o 15390 7940 700.0
o [P 665 39.5 57.2 a1.7 2865 63.3 70.9
P R AN G < - 30.5 372 4.1 3of.o0 70.9 50.5
BO-2G e re s m s 34-5 72.5 1303 1604 9332 1942 164.9
e P e e 134.7 13L6 22007 3008 T156.0 263.2 2027
AO-4 . o oorarammrrat 219.0 2265 4140 4100 Bgo.o  337.0 3337
BO-BD. - iibaiiaasaies 4470 4700 B30.0 Gizg gos0 4520 4830
BO-60. .- .ioraneoess S00.0 3120 tigho o400 13200 BoBo o780
il IR 20060 2132.0 23800 2467.0 21900 21260 2396.0

although the rates 2,126.0 and 2,306.0 for 1910 and 1g20 in the age group 7o~
up look very different each is subject to a standard deviation of sampling of
about 145, their difference 2jo is subject to a fluctwaticn of about 200 and
possesses no very great statistical significance. It would be more rational and
more convenient to suppress the non-significant fgures and round the num-
bers off, but as this procedure is not widespread in vital statistics we leave the
figures as they stand. It should be remembered that few of the rates are
good to 5 per cent. and many of them are not good to 10 per cent. Calcola-
tions such as these can safely be made with a 20-inch slide rule or even with a
10-inch rule and many of them throughout this paper have been so made,
S5 much for fnctuations of simple sampling. The figures of the local
apthorities and of the federal authorities differ one from another, sometimes
markedly, and even the federal figures printed in one and the same volume
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will differ—e.g., the erude death rate from poeumonia, all forms, in Pitts-
burgh in 1020 is given in * U. 5. Mortality Rates, 1910-1920," as 3428 on pp.
19, 110, 585 and a5 341.3 on pp. 108, 287

111. DiscussioN oF THE TREND,

8. From the figures for the age specific death rates per hundred
thousand the yearly trend for the period 1900-1920 has been com-
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TABLE 1L (continued).

B. Bronchopmenmonia. (Fig. 5.)

Age Group. LA,
e i e sl 131.6
it PR AR AR A 6.3

| Lt P R A o

20~-29 . LD

1 PP a7

el L e . 6.4

ALY, Vs e et e 110

OB, - boisrae dias 9.8

FOON, . ywrrnnfrnss 66.2

TQOT.
[ el NN MR 485.0
o R e R 18.6

3 115 0 PR~ 4.3

BO20 s o inwrsstrsrray 12.6

s, 18.6

e T e TR, 28.0

L 734

[t e S 176.0

o | R S 533.0

IPT4.
o5 - « 3725
B0 --ccesasieisens 42.0

e I T T 34

T A S R 4.5

A0A0 s by e 157

e 9.0

i R 9I.0

bo—649. . 277.0

TO O . cscssssrsssans B16.0

I90L.

193.0
8.4
1.2
2.8
77
144
2.1
635.2
3230

108,
G49.0
35.0
6.4
10,0
14.7
32.3
92.5
282.0
7350

1913
504.0
226
71
12.5
15.6
26.5
102.0
I00.0
1060.0

T3,

234.0
10.4
4.6
6.9
5.1
12.0
13.8
41.9
141.5

372.0
1030.0
tprf.
500.0
16.6
30
143
18.7
39.0
114.0
3340
1080.0

1063
2040
10.4
34
43
7
T
16,9
6L0
138.0

ma.
7970
45.0
83
a7
29.6
126
1140
290.0
11900
QLT
£20,0
14.5
6.0
13-4
3B
32.6
850
261,60

0922.0

L]
238.4
8.3
34
2.8
6.1
57
23.0
5.1
180.0

j{-38 &
3750
32.2
4.1
7.0
16.3
25.6
0.4
204.0
7570

4118
888.0
80.5
340
982
126.0
103.0
138.0
280.0
7600

10995,
234.0
41
I.I
3.8
7-2
74
22.4
513
102.5

Gl
£00.0
17.8
0.2
8.8
150
25.0
732
200.0
1260.0

9.
520.0
19.3
13.9
342
432
g0
1o8.0
303.0
115600

1pad.
330.0
8.3
44
9.2
1Ly
19.8
25.0
1370
286.0

1913,
663.0
M7
P
79
253
b
10G.2
240.2
7040

G20,
556.0
3249
9.0
3.0
49.7
65.7
127.0
3130
1og6.0

. puted (Table II1.), in most cases both with the abnormal influenza
year and without it. The trends with 1018 excluded are probably
more significant. It is noticeable that bronchopnenmonia and pneu-
monia, all forms,® are increasing at all ages and that lobar and unde-
fined pneumonia is increasing in all age groups other than infancy
and o0-4. It should be emphasized that these figures have naturally
to do only with the reported statistics and not necessarily with actual
pneumonia. As the rates in the different age groups differ so much
it is illuminating to compare the rate of yearly increase with the mean.

# Compare with Fig. 4 which shows that for the ten original registrative

states the pneumonia mortality is sensibly stationary in all age groups.
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TABLE IL. (comlinued),
C. Lobar and Undefined Pneumonia. (Fig. 6.)

Age Group. TR, IQOL, toas. 003 Tong. 1005, T,
O e ;.... 5180 4590 5030 5540 4590 010 3440
Rl L e e 21.0 46.0 48,0 41.5 354 33.2 352

[ o |1 PR T A 7.4 375 38.0 33.0 27.7 24.3 326

e T 63.5 SL.0 3.0 76.0 654 68.2 50.0

L. et o IR AP A Bo.7 76.5 1080 1050 32 1040 1000

SOR . L T 108.0 1500 2160 T55.0 1250 1380 1370

T [ e e 22000 2220 2430 2290 2100 2350 1900

[ 470.0 3770 5660 5360 3680 4600 3220

s T NP e gz7.0 0350 9500 7200 IIS6.0 10550 673.0

TE0T. TooE. 15} IQED. TITE. Inre. 3.
DS L b aalh b 210.0 2340 1380 2590 1320 1930 102.0
;o R R e 22.6 39.0 20.6 20,4 10.1 17.8 31.0

o ) e e L e 28,0 3z2.8 355 20,8 15.7 27.6 ab.4

OB e e 61.6 217 784 gb6.6 54.0 67.5 92.0

O i e ek e 6.2 895 1216 1680 1o 1200 1580

B0 . . s ssaaas gzo 2000 1990 2480 1400 232.0 2200

BO-RD. S E s e e 1940 2350 3560 4280 2540 3400 ah4.0

g, 7 PR e P 3440 5450 3850 7520 400 FO30 figb.0

N L e et 7420 g32.0 10600 13900 10200 1340.0 1370.0

IOLg- oS 1orh. 1017 ToTH. ({8 IR0,
1 | R Ty 165.0 1800 2150 2940 6410 2740 F430
e | T LR 4.8 16.9 40.6 27.2 2000 440 38.0

D L el S R 29.4 324 gz 481 @740 57.0 0.5

e | Ty e e e 50.0 600 Ir60 1470 B350 1600 1390

ey AR e A 1190 1160 2020 2750 1030.0 2200 2130

o T B rfp.0 2000 3750 3780 7870 2630 268.0

L P R 3560 368.0 5160 So7.0 7670 3440 abz.0

L7 A e sz3.0 6120 B64o OO0 T040.0 @ 5050 6635.0

FODA. i ivaansssiess 11000 1072.0 15000 15450 T430.00 970.0 1300.0

This table shows that the rate of increase of the pneumonia
mortality is greatest in just those ages 20-50 which are economically
the most important with respect to labor and that the rate of in-

crease ¥ averages over 5.5 per cent. per annum for the whole period
20-00.

10 With reference to the calculation it should be observed that although
the rates are given on the graphs on a logarithmic scale and that trend lines
an such graphs represent a geometrical law of increase, the trends caleulated
have been computed from the rates themselves and not from their logarithms
and sre thus above the true geometric rates. A geometric rate of 105 per
annum, as may be seen from interest tables, carries $1.00 to $2.65 after 20
periods and corresponds to a mean arithmetic rate of B per cent. based on the in-
itial principal but to about 3 per cent. based on the mean principal. Conversely
an arithmetic rate of 55 per cent. per annum, from 1500 to 1920 carries 100
in 1000 to 210 in 1920, a result which would be accomplished by a geometric
rate of 3.8 pér cent.
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TABLE 1I1. {continusd],
D. Preumenio in Infancy. (Fig. 7.)

Lobar or Undefined Pueumonia
Year. Bronchopmesmaonia. Poromonia. All Forms.
T N 279 1100 1439
et M e R o 329 1220 1749
| o0 SR R e Py L S b27 1460 2087
e Ty T 1450 2032
7 N . . 1300 2000
e P 585 1170 1755
L e R R L d30 1672
DO e vn a iy o = s 1300 F03 1803
T T o 1400 325 2015
O 5 oy i et 1500 321 1911
L R R R T 494 2514
T v = e b e 1550 206 1846
R S e e R o 1510 572 2032
T e e e 1630 378 2008
T e OO 1800 437 2237
T R e 1610 378 2188
IGI6. . . ov v nrrnrenn--1430 572 2002
DT ol e T = 1750 722 2472
TR Lo o iie e hs st SOGD 1260 3350
] L A A N o [ 607 2407
s T Ly T 1715 615 2330
;I TR Bt 1301.8 779.04 2088.0
Yearly increase. .. .. .. - +77.73 decrease —35.68 increase +42.05
TABLE III.
YeEamy Teexp oF PweEvsmonia Deard Rate v DiFFEreNt AceE GRoUPs,
19001520,
Lobar amd Preumonis.
Age Groaup. Bronchopnetimonta., Undefned. All Forme.
04 .oonnnnasot+246 2187 —12.7 —16.47 4119 + 54
[ TR R S S o 1 -+ b6 — 02 4+ 33 + 09
§ (o (TR + a5 -+ 03 + 31 4+ o8 + 3.6 -+ 1.3
o L T, + 1.8 + 1.7 +I1.1 4+ 4.0 +12.0 -+ 57
O30 i 7 -+ 38 +159 -+ 7.8 +18.6 + 0.6
BO40 i pens + 31 + 37 +144 + 0.5 +17.5 +i132
BOFED: ey saans 4+ 59 ¢ +i16,0 <129 +21.9 -+18.8
60-69. . ... +i1z5 +16.1 4115 4288 <276
O AR o e s +542 4573 4258 ¢ +Boo 4831
O e ri e —35.7 +42.0

* Values of the yearly trend, when the influence of the year 1918 (influ-
enza epidemic) has been eliminated (instead of the real numerical values of
the specific death rate in 1018 the mean specific death rate of the years 1017
and 1919 has been taken),

2 Not affected by the year g1l
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TABLE 1V.
YeaRLy Ixcreast CoMPARED WiTH THE MEAN, 1000-1020.

Ape Group. Mean., © Trend. Trend 1 Mean.
DRl ey v v birir e =tk b b O 54 0.7%
o i A A 0.9 1.8
e b e M P e P ol | 1.3 1.3%
L e P e A g gt L P L
B0~ s iae birn e vere I58 9.6 6.0%;
FT, o . PR 237 13.2 5.6
T I e S S S 305 18.8 4855
L T 813 27.6 347
0 WD e e acn e i 1803 83.1 4.65%

Although the average trend has been calculated for the 21 years
with adjustment for 1918 the curves do not show a close adherence to
this trend. 1i we take the first third of the period, 1900-1906, and
judge by the eye, we should infer that the death rate from pneumonia
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Fig, 7. Specific death rate from Pnenmonia in Infancy in Pittsburgh, Pa.,
during the period 1900—-1g20.

all forms for these seven }'EE.I:S tended to decline in most of the age
groups. A caleulation shows that the trends are

o4 59 10-1m at-24 I0-30 4040 Fo-5)  GO-00 T0Hp
+3 o - + .9 +4.8 [ o -0 -6
+o0.5% o —1% +13% +47% o o —-1.2% —05%

In view of the short period, the trends are not well established
statistically but the only percentages that approach those for the whole
period are for the age groups o—4 and 30-39; in all other age groups
except 20-20 the trend is zero or negative. The disturbance of the
influenza epidemic makes it difficult to treat separately the last part
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of the period ; but a comparison of the means for 190o0-1g00 (central
year 1go3) and for 1910-1916 (central year 1913) is interesting.

04 5o 1019 ao-3¢  A0-35 4040 So-3m G080 70 up
19003, .- 0o 713 15 34 71 102 158 243 506 1100
IOI3 - coses 7oL 35 34 Bt 162 263 475 Q) 2236
Ine =i 73 10 0 15 6o 105 232 403 1136
Mean......: 752 50 a4 78 132 110 350 o7 1668
Trend. .. .... 1.0 2.0 0 5.2 43 5.0 6.4 5.7 6.8
[ O R T 1.8 i 5.9 6.0 5.6 4.8 34 4.6

In the age group 7o-up the increase was rapid between 1906 and
1910, before and after which the rate was nearly constant. In the
groups 60-69, 50-50, and 0—4 much the same holds true. In all
four of these groups the trend estimated from the two seven-year
periods 1900-1006 and 1910-1916 was markedly larger than when
calculated for the whole period 1goo-1920. In the age groups 5-9,
20-20, 40-49 the roughly estimated and the calculated trends are
practically the same. In the groups 10-19 and 30-39 the trend is
largely due to the rapid increase of the death rate in the last few
years. We have as yet been unable to decide upon any rational ex-
planation of these differences between the course of the mortality
between the different groups. Some of the differences may be acci-
dental, some of them probably are real and significant. At any rate
there has been for all groups a considerable average increase in
mortality from pneumonia all forms with a particularly sharp in-
crease in the old ages 50 and up between 1906 and 1910, acting as
though the mortality for these ages were moving from a lower to a
higher level.

g. A comparison between Boston and Pittsburgh is interesting—
oné a seaboard, the other a mountain valley city, both damp and cold,
not dissimilar in size. The population of Boston is older, s.e., the
percentage of the population in the different age groups below 40 is
less than in Pittsburgh and in the groups above 40 greater. The
figures for pneumonia all forms 1910-1920 with means and trend,
and the age specific death rates for 1920 are given:

It is noteworthy that the pneumonia mortality in Boston appears
to be decreasing while that in Pittsburgh increases. The rates of
trend are — 1.1 per cent. and - 3.3 per cent. relative to their means.
The mortality rates are crude, but the effect is so pronounced with a
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.
Yg:!u.mnnh, All Fmp;&x—m{gh mm Specific Rates for g :
1910 ... 214 324 OrrL e 2473 2338
i AP | ¢ 208 = i 3b1 451
& R 206 263 O .iaies TTE 816
¥, e 200 287 50 sienees 43 i |
W e 196 244 10-14. , . .... 21 27
T8 o b s 250 244 15=10. o oonve 3T af
6. .o e+ 220 337 BO=Fd. e il 143
iy Ry e 333 aba - e, T IR (] 208
BB e e 19z* 348* 35 15 2g2
19..--iin 162 3ar 4554 e 154 386
2 B 158 341 5564....... 203 737
Mean......203 F00 65-74....... 82 1457
Trend. ...—2.2 +0.B 750P...-n.- 1550 2886

* Mean of 1917 and 1910,

differential rate of 12 per hundred thousand per annum that no ad-
justment for population would materially change the divergence.
The adjustment of the Boston and Pittsburgh figures for 1900 and
for 1020 to the English standard million gives for Boston in 1910,
227 and 200 in 1920; for Pitishurgh in IgIo, 365 and 350 in 1g20.
It is also noteworthy that in the age groups the rates for infants are
the only ones which show Boston in the lead (the difference being
barely significant statistically) ; in all other groups Pittsburgh leads
and leads enormously in the older groups,—from age 15 on the rates
for Pittshburgh are more than double Boston's until the final group
which contains relatively few deaths.

IV. SucceEstep REasons ror PrrrseurcHE's Hice RaTE.

10. Many and divers are the suggestions that have been made to
explain the high pneumonia rate in Pittsburgh. (1) The differential
mortality of race stocks may contribute. Dr. L. I. Dublin, analyzes
in Quart, Publ. Amer, Statist. Assoc,, March, 1920, the mortality of
race stocks in Pennsylvania and New York based on data for 1gr10.
He finds for the 1910 death rate for persons over 10 years of age
This result shows that the foreign born and the natives born of
foreign or mixed parentage have decidedly higher adjusted death
rates, say 40 per cent. higher. The crude rates show the same sort
of increase in mortality in the case of foreign born, but owing to the
more favorable age distribution among the natives of foreign or
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Crude Death Hate, Standardized Rate®
hranta. N. York Pennsylvania. N. York.
M F- M. F. M. F: M. B
Mative white,
pative parents. . ...-.- 1.5 109 138 124 128 133 138 124
Native foreign or mixed
PATBIEE. _ ¢ oo aiwrasoaiah 126 100 132 0.7 188 163 195 IS
Foreign born white. .. _ . ;165 169 175 166 17.5 160 173 162

* The standardization is made against the New York distribution of native
white born of native parents, 1910 figures, over 1o years ol age,
mixed parentage the standardization is necessary to bring out the in-
crease in their case.

The percentage of foreign born in Igro and 1920 respectively
for Boston was 36.3 and 32.4; for Pittsburgh 26.4 and 20.5. 1i
therefore the foreign born, not further subdivided, were to be an
explanation of the high pneumonia rate, the effect should be more
noticeable in Boston than in Pittsburgh. If the foreign born had a
rate 40 per cent. higher than the natives of native parentage an ad-
mixture of 1/3 or 1/4 or 1/5 of them would increase the general
rate only 13 per cent. or 10 per cent. or 8 per cent. respectively. Dr.
Dublin also gives the rates in some age groupings for some nationali-
ties for pneumonia all forms and for certain other diseases.

PenssTLvanTs PyEusmosta Rates 1910, Maes, aFrex DubLis,

Foreign Bats.
Matlve  Picia- Bosten® Aunstrla  Russi " Italy.
White,  bargh.® Hungary.

Und. 10..... ATZ.1 450 420 163.3 1388 740 Izz4 1988
014, - ... 14.9 27 21 R 66 e 93.3
I5-10. o on- 27.9 a6 32 61.6 49.7 454 ... 1302
20-24. .2 va 26,0 143 70 333 7.9 42.3 50.3 IO
25744 - v s 67.0 2500 100 70.6 675 1125 4.7 02.8
45-04. .. .. 166.0 400 175 604 2372 2601 343.5 3488
G65-84..... 40832 1700 QOO 4854 s204 0172 7580 7220
All.onas 1755 341 198 gog 842 2934 530 1354

* Pittshurgh, 1920, estimated for this age distribution; the figures for 1g10
were higher. Boston, 1920, estimated; the figures for 1910 were higher.
Now in Boston the Irish make about 30 per cent. of the foreign born,
the Russians and Italians about 15 per cent. each, Austria-Hungarians
and Germans only about 5 per cent, together. In Pittsburgh the
Irish are about 15 per cent. of the foreign born, the Germans and
Austria-Hungarians about 20 per cent. each, the Russians and Italians
about 10 per cent. each. Recalling that the foreign born are nearly
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half again as numerous relatively in Boston as in Pittsburgh, it is
difficult to see how Dr. Dublin’s figures can help us toward the con-
clusion that the high rate in Pittsburgh can be due in any large meas-
ure (as compared with Boston, for example) to the extra mortality
of pneumonia among the foreign born; there is probably an appreci-
able effect of this influence in raising the pneumonia mortality in
both cities, but how great can hardly be determined until better fig-
ures are available!

The situation with respect to negro mortality from pneumounia is
interesting. For the 11 years 1910-1920 inclusive the rate in Boston
for negroes averaged 340 as against 200 for whites and there was an
increase of 3.0 per annum for the former as against a decrease of
2.5 per annum for the latter. The total effect upon the figures for
Boston was not great because the negro population was only about
2.2 per cent. during the whole time. In Pittshurgh the rate for
whites during this period was 285 and for negroes 510. The in-
crease for whites was & per annum and for negroes was 33 per
annum. This makes a considerable difference because the negro
population was larger than in Boston and was in fact increasing
from about 5 per cent. in 1910 to 6}4 per cent. in 1020. During the
same decade while the total pneumonia rate in Chicago was dropping
sharply the rate for negroes was rising slightly. It appears therefore
that in Boston and Chicago during this period the trend of the pneu-
monia death rate for negroes was opposite that for whites and that
in Pittsburgh although the rate for whites rose, that for negroes rose
very much faster. It appears, therefore, that of the total rise in the
Pittshurgh rate from 1910-1920 about 20 points was due to the high
and rapidly increasing mortality rate from pneumonia for negroes.
This represents about 20 per cent. of the total increase. We are at
a loss to explain these figures. Several suggestions could be made
and we feel confident that a critical analysis of the situation relative
to the negro mortality might go a long way toward explaining Pitts-
burgh’s anomalous situation which respect to total pneumonia mor-
tality. Of the excess of Pittshurgh’s average rate over Hoston about

11 We must bear in mind that we have to explain the increase in Pitts-

burgh from normal figures in 1000 to abnormal figures in 1920; the changes
in population in this period have not been such as to make any marked effect.
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10 per cent. is attributable to the difference in percentage of negro
population.

11. (2) The sex distribution in Pittsburgh is favorable to a high
mortality rate from pneumonia owing to the greater mortality in
males than females. We have not analyzed the Pittshurgh figures
by sex any more than we have by race, because we had no desire to
overburden with requests for statistical material the very obliging
Health Department of the City of Pittsburgh; a simple hypothetical
calculation will show the order a magnitude of the effect due to sex
distribution. Let r be the male rate, s the female rate, § and g the
fractions of the population which are male and female respectively.
Then the total rate is R = pr 4 gs. 1 we change pto p f-rand g
to g — x the rate R changes to R +z(r—ys). Now it is generally
believed that the rate for males runs about 235 per cent. higher than
for females. For example r—200, s= 160 and R=180 if p=g¢g
are fair comparative figures. In general r—s is some fraction not
far from 1/4 of R. A shift from 48 per cent. males to 52 per cent.
males in the distribution of population makes += .04 and changes K
by T per cent. Such changes are entirely masked by so many other
variables that it would take an elaborate study to detect them. Itis
fair to conclude that unless the mortality in pneumonia in Pittsburgh
is different in the two sexes to a degree far greater than usual, and
in fact to an unbelievable degree, the sex distribution of itself would
not materfally affect or explain the excess. Taking race and sex
distribution together it would be difficult to find a 20 per cent. dis-
advantage in Pittsburgh as compared with Boston whereas the mean
difference 1910-1920 was 50 per cent. and the trends were opposite
and were producing a divergence at the rate of between 4 and 5 per
cent. per annum, while the progressive changes in sex and race dis-
tribution in the two cities showed no marked differences in trend.

The U. S. Mortality Rates 1g910-1g20 gives the sex rates in age
groups for pnenmonia, all forms. A few figures may illuminate this
discussion.

It is seen that the sex ratio M_/F. for pneumonia mortality in
Pittsburgh in 1920 exceeded that in Philadelphia (and it is true that
it exceeded normal) but was not markedly higher. The number of
cases in the groups are small but the ratios in the hard working ages

20
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e P R i T 3 i Sl

-1 .....-... -2060 2040 145 2645 2027 130 2214 1713 L.29

G IR . 69y 651 1.0 533 367 146 302 Jor I30

04 sow.isarsesi19r 950 125 g46 6By 1.38 754 584 129
50 ..... iian B 46 1.B B2 60 I.4 48 34 I.1
I0-14: . :...... 30 I3 2.3 38 15 2.5 32 31 1.5
15-19. . .ua B3 23 3.6 117 76 1.5 42 b0 D7
2034 ; B . | 49 2.5 172 117 1.5 94 9 1.2
T ¥ S | | g3 2.3 245 I70 L4 36 134 Lo
35-44. s T - S 148 2,31 LS 147 118 1.2
A554. o v iene-ove 494  ID6 2.5 426 339 L3 by 131 L3
5564...........T048 560 1.8 936 337 L7 318 29 15
b, Lo 76z 1285 1.4 1657 1291 1.3 G20 557 1.1
FHUD: s s 3078 3346 o9 2770 2057 D9 1009 o8z 09

okl s 401 255 1.53 393 Iz 1.35 208 163 1.25

tend to exceed those for Philadelphia more than in other age groups.
In 19io the ratios M./F. are prodigious and from 20 to 55 are
markedly higher than for under 10 or over 55. (The 10-14 and 15-
19 group contains very few cases.) Whatever the effect of sex dis-
tribution, it should show a decrease from 1910 to 1920, 1t is thus
probably not the excess liahility of males to death from pneumonia
per se that is effective.

12. (3) The long hours of heavy labor and exposure to high
temperatures have been sugpested as causes of high mortality from
pneumonia in steel workers. Such working conditions are unpleasant
and make an unpleasant effect upon social welfare surveyors. One
need not fail of sympathy with the worker while pointing out that
apparently what look like almost inhuman conditions in industry
seem often to appeal to our immigrant labor as less undesirable than
going upon our farms and working the land as they did in their own
countries. At any rate the question to be determined is whether the
industrial conditions do or do not materially increase the pneumonia
death rate, and to what extent. This would require the careful as-
sembling of statistical material not now at hand. The situation is
complicated by the fact that when the industry is active there is both
overwork, large additions to the working force, and steady wages
even if not at a particularly high level, whereas when the industry is
dull there is idleness and often not enough earnings to support ex-
istence. Overwork with pay versus failure to get work or pay make
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a situation which in the net might make little difference with the
pneumonia death rate or might influence it relatively in either direc-
tion. If the industry in Pittsburgh would as a whole for an ex-
perimental period of one decade take an interest in the health of its
workers comparable to that taken by the Edison Illuminating Com-
pany of Boston, The Hood Rubber Company of Watertown (Mass.)
and a number of scattered industrial concerns throughout the coun-
try, we might be in a position to make some well-founded statements
concerning the influence of industrial activity on disease and death.
Incidentally we believe that such attentions to the health of the
worker would pay the industry in dollars and cents. But the in-
vestigation might not be so fruitful in scientific result or in increased
profit in the case of so irregular an industry as steel as it should be in
a public utility with a reasonably steady load.

So far as the secular increase of pneumonia is concerned we
should have to assume that the induostrial conditions were becoming
during the period 1goo—1920 increasingly severe® or that a larger
proportion of the population were becoming involved in the long
hours of heavy labor with exposure to high temperatures. Further-
more such an acceleration would have to apply also in the age groups
so-1up, 6069, 5059 which are mainly too advanced to be largely
made up of persons engaged in that sort of work. The effect should
be particularly marked in the hard labor ages 2029, 30-30, and these
groups were so largely affected by the influenza epidemic that infer-
ences from their course of mortality is difficult. There is a touch of
suggestion in the figures for the war years 1915-16-17 before the
epidemic that these two groups (and the group 4049 to a less ex-
tent) are being adversely affected as compared with other groups;
for the rate of increase of pneumonia mortality in these groups was
much greater, and even greater than the rapid rise of 1906-1910 in
the groups 50-50 and 7o-up. It is merely a suggestion, but could
be interpreted as a reflection in the working ages of the forced ac-

12 It was during this period that in many places the Taylor and other sys-
tems of estimating efficiency of laborers with their tendency to stimulate
speeding op were progressively coming into some vogue ; we have been unable
to obtain the data that would let us even so much as imply that such methods

were responsible for any part of the Pittshurgh acceleration of pneumonia
mortality—if acceleration there, why not elsewhere?
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tivity due to the war. Another straw blowing down the same wind
is the larger excess of male as compared with female mortality dur-
ing these ages in Pittsburgh, (See above.) One real difficulty of
correlating industrial activity and pneumonia mortality lies in the
fact that pneumonia and the steel industry do not respect the division
of time into calendar years. Pneumonia is a winter disease and its
rise and fall is cut in two by the date January 1 without being in any
sense cut in halves. The peak of pneumonia comes in different
months in different winters; it is not unusual to have two peaks in
the same years or to find years with no peaks; we should have a
better picture of the yearly situation relative to pneumonia if the
statistical year were July 1-June 30. The general industrial cycle
based on the figures of the past 40 years seems to run its course in
about 40 months. Properly to discuss the effect of industry on pneu-
monia mortality we need monthly figures.

13. (4) The labor turn-over may well be an item that should be
influential in the increase of pneumonia. Insofar as this turn-over
represents mere restlessness of an urban population of wage-earners
going from one position to another in the same city or metropolitan
district, the effect would be nil. But if to keep places filled there is
any great importation of labor from rural districts, of persons previ-
ously less exposed to city diseases and thus possessing less of acquired
immunity, there should be expected in this new population an excess
of such diseases of which pneumonia appears to be one. If a person
coming to Pittsburgh contracts pneumonia and dies of it, his death
figures in our statistics. Toa certain extent this sort of non-resident
or temporarily resident death influences the mortality statistics of
most large cities. The question relative to Pittsburgh is: How great
is the influence? It is rumored that when industry is active train
load after train load of laborers, foreign, rural, and negro, are
brought to Pittsburgh, many of them departing after a short stay.
Rumor does not afford a good basis for statistical inference, despite
the many inferences based on little else,

As we desired to have figures we applied to the Pittsburgh Cham-
ber of Commerce and to various individuals connected with the in-
dustry, with no definite result. A foreman estimated that he took
on 100 new hands per year to keep 100 places filled, in a mining dis-
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trict a superintendent said he hired 5,000 during the year to maintain
a force of 1,000, a large operator had to take on 2,000 persons each
year for each 1,000 permanent positions. Such figures would not be
extreme if one may take as standards the turn-over rate we have
found in some industries certainly no more variable than the steel
industry and offering work and working conditions fully as attrac-
tive. The figures are not extreme compared with those of Bris-
senden® The cost of turn-over is variable, but high. The lowest
average estimate for a considerable plant that has been given us is
$8 per change and in the same plant another official gave the rate as
$1s0 per position. So many considerations enter into the proper
cost accounting of turn-over that estimates are liable to be wider of
the mark for the cost than for the turn-over itself. It would be in-
teresting to have real figures and it is not impossible that they would
show results not alone of scientific value relative to the health of the
industrial worker but of cash value to the industry. We are in-
clined to believe that labor mobility, particularly the immigration of
foreign, rural, and negro labor with the Pittsburgh district is te-
sponsible for some of the excess pneumonia mortality there; but we
lack any evidence that relatively speaking, the mobility has been in-
creasing rapidly during the period in question.

14. (5) The housing conditions described on the basis of the
survey of 1907-1908™ as inimical to the public health have been
greatly improved. There are still, to be sure, over-crowding, inade-
quate sanitation, cellar dwellings, insufficient water, foul privies, un-
ventilated sleeping rooms, disorder, and dirt, and one may yet find
rooms sleeping 6, 8, or 10 lodgers and occupied by two shifts oi
sleepers. Such conditions with close personal contact inevitably in-
volve great liability to the rapid spread of prneumococcus infection;
but both the Department of Health and the Industry in Pittsburgh
have been steadily working to ameliorate the conditions which may
now be considered comparatively satisfactory. Not much help in
analyzing the situation can be obtained from general statistics. Both
in 1910 and 1920 Boston is reported as having 50 per cent. more per-

18 Jour, Awmer. Statist, Assoc., December, 1923.

34 The Pittsburgh District, pp. 87138, “ The Housing of Pittsburgh's
Workers” Russell Sage Foundation, New York, 1014
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sons (0.1, 9.4) to a dwelling than Pittsburgh (6.1, 6.3) and both
cities show an increase of 3 per cent. for the decade in the number
to a dwelling although with a decrease of 6 per cent. in the number
of persons (4.8, 4.3) to a family which is at both times the same in
Baoston and Pittsburgh. It is probable that the acute housing short-
age which came with the cessation of building during the war is re-
sponsible for these changes; it is not unlikely that with the élan of
activity in all lines during the war better housing conditions were like
many other improvements disregarded. Yet we are not concerned
with explaining merely the high rate of pneumonia mortality in Pitts-
burgh but the increasing rate as compared with other cities. Hous-
ing conditions so far as we have been able to survey them will not
account for the large differential trend against Pittsburgh.

15. (6) Smoke and dust are a favored pair on which to blame
the pneumonia mortality in Pittsburgh. True, some have suggested
that smokes contain phenol, chlorine, and possibly other mild disin-
fectants for the respiratory tract; some have tentatively surmised
that carbonaceous particles were a palliative for the irritation set up
by silicious dust. But it is difficult to believe that smoke and dust
regularly inhaled are of a net advantage to the lungs any more than
they are to a delicate mechanism like a watch; the cloying and foul-
ing action must outweigh any incidental cleansing effects. The
Mellon Institute conducted a smoke investigation and published in
1914, Bulletin No. 9, Papers on the Influence of Smoke on Health.
The case against smoke was pretty thoroughly established. A chart
(p. 158) shows the average pneumonia death rate in 1910 and 1911
and the average soot fall per menth in each of the 27 wards of the
city. The correlation is very close; a computation of the coefficient
of correlation from wvalues obtained by reading the chart gives
r=o0.g2. This is not conclusive; there is a good deal of correlation
between the soot fall and the death rate from tuberculosis and be-
tween the soot fall and the number of persons per acre (taken as an
index of poverty). It is possible that the greater part of the cor-
relation is due to some underlying variable which forces the cogredi-
ent variation of soot fall and pneumonia mortality. Even if smoke
were not physically harmful it is undesirable esthetically and there
must be a strong tendency for the persons best able to provide for
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themselves to shun the smokiest districts, leaving them to those not
only poorer but less cancerned about hygienic conditions. To treat
the problem statistically long continued and carefully supervised col-
lections of data would be necessary. In the final analysis one should
have to come to partial correlation.

There has been a great deal of agitation in Pittsburgh against the
smoke nuisance, which may probably be called also the smoke menace.
Is it possible that conditions are getting worse rather than better?
Opinions that we have obtained differ. Observations show that to-
day the inhabitants of Pittsburgh are much troubled with foreign
particles in the eyes—a condition which is even writlen up in a semi-
humorous fashion in the press. Some say conditions are worse,
others that they are better. We have tried to get actual data on the
amount of precipitation of soot and ash, together and individually,
over a period of years, but without success. Such figures ought to
be kept and to be available® If an excess of pneumonia mortality
is due to smoke it is not necessary that the smokiness worsen through-
out a period of rising mortality; the deleterious effects of the ac-
cumulation of foreign matter in the lungs may be cumulative and the
mortality at any age may depend on the average length of time the
persons of that age have been exposed to smoke.™ That there may
be such cumulative action is supported by the findings at autopsy by
Dr. S. R. Haythorne *" not only of the severe anthracosis but of the
tendency of that anthracosis to prevent or delay the resolution of
exudates in pneumonia. The suggestion is clear that in the case of
anthracosed lungs the pnenmonia may lead more frequently to fatality
than in normal lungs and that part of the excess mortality in Pitts-

15 Sml}ki.m'_';E as reported by the weather observers might or might not be
of value a¢ an index in a goalitative way of probable conditions in the inhaled
air; but guantitative measures are needed. In an article entitled Pneomonia
from 2 Public Health Point of View, Pittsburgh Medical Bulletin, Vol. 13, No.
42, December 13, 1924, Dr. C. J. Vaux reports findings by the Mellon Institute,
August, 1923 to June, 1024, showing that the precipitation of insoluble matter
from the air is about 40 per cent. greater than during the same mumths eleven
years earlier,

14 Iny this case an increasing population in the several age-groups might
bring either a stationary, a rising, or a falling pneamonia mortality according

1o the law of increase—a condition very difficult to analyze correctly.
37 Iniern, Assoc. Med. Mus,, No, 7, May, 1018
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burgh is excess fatality. Morbidity statistics are not reliable enough
to justify a conclusion.*

16. We have tried to discuss briefly the suggestions that have been
put forward to account for the excess and the increasing excess of
mortality from pneumonia in Pittsburgh. It may be worth while to
pause for a moment and count the cost of this excess. It is fair to
estimate that in Pittsburgh there are today perhaps 150 and almost
certainly 100 deaths per hundred thousand population per annum
over and above what might be considered a reasonable rate (Boston,
Chicago, and Philadelphia are running under 200 and Pittsburgh
over 300). A typhoid fever death rate of over 25 is considered as
indicating a negligent water or milk supply requiring a strenuous
effort to improve the sanitary conditions, and Pittsburgh's typhoid
rate which up to 1go7—19o8 had run well above 100 is now down
around 10. The loss of 100 to 150 extra lives through pneumonia
is not so striking as the same loss by typhoid (because the loss by
pneumonia is inevitably large while that by typhoid should be
small), but it is the same number of lives—some 600 to I,000 each
year in Pittsburgh. Considering the many factors involved it is not
just to attribute all the excess to smoke, but the best evidence that
we have, which is none too good, is that a considerable fraction of
the excess is due to this cause. Man has always the problem of so
improving his environment that he may live and what sanitarians
have done for our water and milk they can if need be do for eur air.
The weakness of the situation lies precisely in the fact that we have
not vet relative to the excess mortality from pneumonia anything
like the hard and fast case against smoke and ash that we have
against water in the case of typhoid. It is very important that the
most extensive and critical investigations be carried on in regard to
all aspects of the pneumonia situation in Pittsburgh before one
jumps at conclusions which if taken seriously and acted upon with
determination by sanitarians and public health officials would call for
the expenditure of a great deal of money.

1% In the case of pneumonia we should need the fatalities for the different

types:  If Pittsburgh were becoming a hot bed for the highly fatal Type I1L,,
much of the excess mortality might be thereby explained.
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V. Tue Reciasiuity oF PNEusmonta Data.

17. Among the items which must be analyzed is the reliability of
the data for the pneumonia death rate. In the Mellon Institute
Bulletin No. g, above cited, White and Shuey (p. 164) have a paper
in which they quote from a letter to them by Dr. John S. Fulton.
One extract is worth reproducing as an introduction to our subse-
quent observations: “I would expect Chicago to have a higher
pneumonia rate than Pittsburgh because there is a pneumonia obses-
sion in the minds of the medical profession of Chicago." May there
now be some stampede toward pneumonia in Pittsburgh? The dis-
ease is hard to diagnose, it occurs as a complication in many diseases
and is complicated by others. If one is in a city with a high pneu-
monia rate one may become somewhat inured to the condition, and
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report pneumonia in cases of doubt more irequently than is done in
other places. Also as medical knowledge improves there are trends
away irom certain classifications and toward others. In the ten
original registration states ** chronic and acute bronchitis have practi-
cally disappeared in the period 1900-1920 and bronchopnenmonia
has much increased. “The change is probably due rather to a shift
in reporting than to a change in the incidence of disease. In 1910
lobar and undefined pneumonias were divided and the profession re-
turned so per cent. undefined, 50 per cent. lobar, but by 1920, the
eleventh year after the division, undefined pneumonia had practically
disappeared whereas lobar pneumonia had increased enough nearly
to make up for the loss; again a matter of shifting diagnosis. We
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have two long range figures for Pittsburgh and some comparisons
between that city and Boston to offer for what light they may throw
on this subject.

Figure 8 (Tables V., VI.) gives the chronological course of the
crude mortality from (a) bronchitis, measles, whooping cough, and
scarlet fever on the one hand and (b) pneumonia all forms on the
other, for Pittsburgh 1873 to 1922, a full 50 years. Itis noticeable
that group (a) starting around 300 has practically disappeared being
now below 50. Also group (b) starting around 125 has risen to
about 325. Conditions for diseases have changed in Pittsburgh in a
half century, the age distribution has altered ; but with all allowances
that can reasonably be made it seems clear to us that changes in re-
porting must enter. The next figure (g, Table 6) gives a similar
presentation for (a) diseases of the heart and circulatory system
increasing from 75 to 175, and of the rather ill-defined group (&)
nervous diseases decreasing from 300 to 100. It is difficult to see
how all of this can represent epidemiological changes of a biologic
nature ; some of it must be due to shift in classification.

18. Whereas Pittsburgh runs high in pneumonia, Boston is high
in organic diseases of the heart. The following table represents the
conditions at advanced ages (means of 1910 and 1920):

= Origanle DHzcanes Ppeumonia, All

of the Heart. Forms. The Two Togrther.
Agr groups Boston, Pittsbuergh. Boston.  Pittsburgh. Baston.  Pittshargh.
6574 ccurrrr 1758 1132 728 1579 2486 2713
TS UP...cv - 4102 2433 Thyx Jooy 5T44 440

It thus appears that if Pittsburgh is higher than Boston by 100 per
cent. in pneumonia, all forms, in these age groups, Boston outdoes
Pittsburgh by 6o per cent. in organic heart disease and that taking
the two together in both age groups there is not much to choose.
May it not be that Boston inclines to the one, Pittsburgh to the other,
diagnosis, or is there a marked difference in reality as there is in
reported causes in the two cities? Far be it from a Bostonian to
imply that our diagnosis and reporting is better than that in Pitts-
burgh—particularly in view of the fact that for the five years 1916—
1920 we have reported proportionately 2 1/2 times as many deaths
as due to * unknown and ill-defined diseases " as have the Pittsburgh
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TABLE V. (Fig. 8.)

Broscurns, Messces, WrHoorise Couci, Scascer Fevew, Seecrric Deatn
RATE PER 100,000 PoPuLation, PITTSBURGH, 1873-1922.

Measles, Measles,
Year. Bron- Wh. Cough, Total. Yiear. Bron- Wh. Cough, Total
chitis. Sc. Fever. chitis. Sc. Fever.

1873, ....... 507 18g.p 2406 B 49.2 Bso 1342
d.iv. e 005 3380 4255 g g 6409 1227
Bk et £0.3 IgH6 2579 1008, ..s v ns 60,3 734 133.7
[, 56.3 1084 1647 L A 0.0 897  130.7
I P A s7.2 1BG2 243.4 it s8.0 1081 1670
B . ....ve. 552 L0422 CESDY Bioss wimnre v 18 93.5 1344
Q.--ineee 603 I40.60 2099 PR R 404 50.0 1085
80......... 59.8 2628 3236 Hia.eauacio34 IIBG 1533
P 430 2818 3248 SRR 6.2 55.0 IoXI
Fovwenneis B4 4TI 2005 L i 32.5 62.5 G50
Bewv-reeee 389 983 1372 B canine -390 74T 1140
e o . 649 046  150.5 Diceunarae 416, 362  FrE
Boiisiase O7 Taoa LB 11 LR 1 | 72.8 1200
B iiavei. 0GB  Zog1 278G o L S 30.2 39.1 60.3
B iiaseses 0 1281 3057 e AR 50.4 8z2.3
Bl e L0, 0 746 174.6 TR s i ale v NS 69.3 Q8.8
B ire v+ 0T B1.B 1459 I IR 1 32.4 817
QL ovsn v asn 64.1 Br.x 1512 i R 23.3 29.8 51.0
Tiveossnss B3B B3.1 1609 Do T 26.2 434 6g.6
- SR TN e 2 753 1424 e e G - 23.6 0.7
3. oiecis 7467 1902 2738 B e rimiis 357 408 76.5
$:r:oueess 585 A22I  IB0S TR 45 Lo an 30.4 10T 40.5
L3 s 0 66.0 670 1339 | Ll e e e 20.3 33.5 33.8
IR 782 1306 7T e 17.4 15.6 30.0
- FaE 56.7 73.1 1298 - PRI, .= 28.7 476

Trenad for the total group = — 4.75 Trend for pneumonia all forms = 4 4.81

profession! But the organic heart diseases in Boston run higher
than Pittsburgh for the whole period 1910-1920, our average (crude
rate) being 221 and theirs 131. There is less difference after ad-
justment to a standard population—the figures are then perhaps 223
and 156, but even so the rate for Boston is 43 per cent. or 67 per
humdred thousand higher than Pittsburgh. So for the same decade
excluding the influenza year Pittsburgh's pneumonia rate (crude) is
205 against Boston’s 204 or after adjustment perhaps 322 against
214, a clear 50 per cent.

Other diseases manifest a similar persistent difference. Tuber-
culosis with us runs for 1910-1920 at about 136 (adjusted) but with
all the smoke and dust Pittshurgh shows only 106. The disadvantage
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TABLE VI. (Fig=. 8, 9.}
DisEases oF THE HEART A¥p CIRCULATION, Nervors Diseases, PREUMONIA
Arr Forws, SrEctFic DEATH RATE PER 100,000 PopPuLATION
v PrrrssuRGH, 18731922,

Driseasen Discases ]
of Heart Nervous Poegmonls, of Heart Nervons Pneumonia.

Year. and Cie- Disenses. All Forms Year, and Clr- Disenses - All Forma.

culation. 2 culation.

1873 i v0anee 632 3466 1481 tBgBLl . 693 1674 70832
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BA. .-l . 748 2083 2036 MWaivnre 1266 1157 1998
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B8...... (132 1peg 1836 5, ....159.2 1136 2Ba;
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of 30 per cent, is against Boston. Our rate for cancer and malignant
tumors is also persistently higher, even after adjustment, than Pitts-
burgh's. It would be unreasonable to suppose that no such differ-
ences in the reported rates properly adjusted represented any real
differences in the relative frequencies of the causes of death in differ-
ent places; but it would be equally unreasonable, we believe, to hold
that all such differences represent precisely the true relative state of
affairs and it is for this reason that we have preferred to discuss in
a general way some of the items which seem important in getting a
fair notion of the situation regarding pneumonia in Pittsburgh.
Progress is made by the study of exceptions as well as by investiga-
tion of the usual condition; the condition in Pittsburgh is so excep-
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tional that such work as the Mellon Institute did should be continued
intensively until a correct scientific understanding of the real causes
of the exceptionally high pneumonia death rate in Pittsburgh has
been obtained and may be made the sound basis for practical steps
to ameliorate the situation.

19. The question will be asked: How do we estimate the appor-
tionments of the various causes in making up for Pittsburgh a pneu-
monia rate 50 per cent, in excess of Boston’s and increasing relative
to it. The answer can be little better than guess work. We men-
tioned an estimate of not more than 20 per cent. as due to Tace
{mostly negro) and sex distribution; this leaves 30 per cent. for
other causes. The mortality of labor and the unhygienic housing
conditions ought to affect not only the incidence of pneumonia but of
other diseases. From the U. S. Mortality Rates, 1910-1920, we take
the adjusted figures for Boston and Pittsburgh in 1910 and 1920
and average them.

Baoston, Pittsburgh.

No, Diisen st Meun Rate, %) of Total Mean Bate, 95 of Total
t Typhoid. o = s e o 16 I—
2 Measles. .. ST L 14 = a7y i
3 Scarlet fever . i I— 14 1—
4 Whooping cough . 7  § 15 11—
5 Diphtheria and croup. ... 26 2— 23 I
6 Influenea..... e A 2= 54 3
7 Tuberculosis, lungs. . .. .. 129 A= o 5+
8 Tuberculoss, other. ... .. 29 = 24 I
B Eaneer e S . 111 - 5y 5—

. Dinbetes. .ooiin e 23 1+ 15 I—

ir Cerebral Hem.. ... ... .. g2 5+ 83 5—

12 Ovganic heart Dhis.. ... ... 220 13 154 B—

13 Pneumonia all forms.. ... 216 13— 362 19+

14 Diarrhea-enteritis, | S e X | 6— 162 8-}

15 Nephritis and Brights. ... 74 4+ 01 ~h

16 Puerperal Septicemia. . .. 15 T— 29 T—

17 Puerperal other causes. .. 23 1+ 25 1+

18 Violent (not suicide). .. .. 83 5 124 7=

19 All other causes. ........ 489 0 sog 27—

All cadses. ... ..........1685 LW 1884 T

Of these causes 1, 2, 3, 4, 5. 7» 8, 14, 16 seem to be those which
should be influenced most by mortality of less immune population
and close personal contact under unhygienic conditions (influenza is
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omitted as possibly to be confused with pneumonia) ; the total con-
tribution in Boston is 341 and in Pittshurgh 388, an excess of 11 per
cent. Let us assume that a similar percentage would hold for pneu-
monia for the same causes. (The conclusion is of course largely
guess work, particularly in view of the undistributed causes in No.
19.) Added to the previous 5 per cent., this makes 25 per cent—
though the question must clearly arise as to why conditions should
be getting worse as compared with Boston.

As to the effect of hard conditions of labor the list of diseases
gives little or no information. It seems impossible to venture any
estimate, even so tentatively as in the other cases. In fact it might
well be included in the previous figures; let us allow 5 per cent. and
increase the 25 per cent. to 30 per cent. There remains 20 per cent.
to be covered by smoke and dust on the one hand and systematic
differences of diagnostic classification on the other. So far as we
can judge these are the two causes that might most easily be cumula-
tive or progressive in their effect, and we bear constantly in mind the
necessity of explaining not only an excess but an increase of that
excess. In the absence of any adequate statistical data we may
blame the 10 per cent. on smoke and dust® and 10 per cent. on
diagnosis.®* We do not desire to stress these estimates, and in fact

20 An intensification of industry should, on the smoke and dust theory, in-
crease the pneumonia rate and eéven a continuation of living in a smoky
atmosphere, provided more smoke is constantly inhaled than can be eliminated,
shonld, as suggested, increase the rate at least up to a stationary condition.
There are evidences that the rate is higher in old cities than in pewer Omes.
An eminent health official who has worked in Cleveland remarked to us that
now that city is nearly as smoky as Pittsburgh and ventured the suggestion
that the pneumonia rate there should also be high. It is not; the mean for
1g10-1920 (with adjustment for 1918) is only 143. But Cleveland has been
increasing rapidly in its industrial deyelopment and as a matter of fact has
been moving sharply against the general slow downward trend of pnenmonia
mortality in the original registration states. For the decade Cleveland's trend
was & 78 (55 per cent.) and therefore comparable with Pittsburgh's. This
suggested an examination of the figures for Detroit where the automohile in-
dustry has expanded so rapidly. The mean for the decade is 166 and the
trend -+ 5.4 (3.3 per cent.). Thie sort of analysis is suggestive but unless
very extensive and carefully controlled with production figures is hardly more
than suggestive; a careful continued study of the physical, physiological, and
epidemiological situation in one community might show a great deal more.

21 Sinee the statement by Dr. Fulton about the pneumonia obsession in
Chicago, above cited, was made (1912 ?), considerable time has elapsed. It is
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give them mainly to stress the importance of properly analyzing the
different factors and to emphasize our opinion that such an analysis
an far more substantial basis than is apparently vet available is needed
before the problem of Pittsburgh's pneumonia rate can be solved.
zo. On April 1, 1924, pneumonia became notifiable and quarantin-
able in Pittsburgh. If notification is reasonably complete and if
quaratine leads only to supervision of the cases by the City Health
Department even without effective isolation we should in due time
be in possession of valuable statistical material for a continuation of
this study.®® There may, however, come in a great complication in
the matter of diagnosis. (Clnarantine, even the mildest, is not welcome
and the inclination in cases of doubt, which are many, may be to
avoid the decision of pneumonia when some non-reportable, non-
quarantinable disease may equally well serve. This is suggested in
no spirit of criticism; there need be no conscious effort to hide pneu-
monia and no sudden change, but an unconscious trend more or less
interesting to ohserve that the mean pneumonia death rate in Chicago for
the decade 1010-1020 was 183, bot with the rémarkably sharp downward trend
of — 7.6 (42 per cent.). The adjusted rate for 1920 was onfy slightly above
(5 per cent.) the crude rate, whereas for 1910 the adjusted rate was much
higher (16 per cent.). The trend was calculated from the erude rates (U, S
Mortality Rates, 1010-1020, p. 267) and would probably have been larger if
caleulated from adjusted rates. What has produced this sharp decline? Is
the medical profession in Chicago recovering from an obsession or did the
pneumonia death mate really drop from around 220 to around 150, and if so,
why? [Added in Proof. As bearing on the possibility of over-crediting pnen-
monia with deaths, we may mention that m another mdustrial commumity with
A very high pnenmonia rate ag reported there has been and still continuming an
investigation by some of our clinical and experimental staff who are apparently
finding that there has been in that community a pnénmoma obsession and that

the nomber of deaths really due to pneomonia is decidedly less—but the resolts
are not vet ready to poblish.]

=2 | Added i Proof. Results of value all already becoming available, For
the four manths, April-Tuly, 1024 we have

Lobar Pnegmonii Broncho Poeumonin
Comes . oo...oi... 361 200 140 6y 16g oz a3 a4
Deaths’........, 186 118 66 49 g 45 3 a3
Fatality ......... 52% 57% 41% % 3% 45% 0% 70%

The case fatality mtes are exceedingly high and the officials are apparently get-
ting very good case reporting.  The matter is further discussed by Dir. Vaux in his
recent article cited in Note 15.]
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steady (witness the sharp trend of the recent past from undefned
to lobar pneumonia throughout the registration states). Ifa radical
change of the trend of pneumonia mortality takes place in Pittsburgh
in the next few years, its causes must be analyzed impartially if they
are to be of value in our true understanding of the ways of this
prevalent disease which lays such a heavy hand upon our popula-
tion, which without warning cuts off so many useful lives, and which
with cancer and the organic heart diseases offers such a challenge to
the medical and public health professions.

VI. SumMamary.

21. The death rate from pneumonia (all forms) in the 1o original
registration states of 1900 has remained stationary or declined slightly
during the period 1900-1920; in the City of Pittsburgh the rate,
starting at about the general level, has risen until it is higher than in
any other large city. Such a situation calls for a critical study.
With the aid of figures from the reports of the U. S. Bureau of
Census and additional figures furnished in a most obligingly co-
operative spirit by the Health Department of the City of Pittsburgh
under Dr. C. J. Vaux, the authors have set forth in detail the
course of mortality from pneumonia in Pittsburgh for the 21 years
1900-1920 and in a cursory way for the 50 years 1873-1922; they
have also made comparisons with other districts.

On this statistical background are discussed the various sugges-
tions that have been made to account for Pittshurgh's exceptionally
high and exceptionally increasing rate, namely, the race and sex
distribution of the population, the unhygienic housing, and the severe
labor conditions in the city, the importation of labor into the city, the
excess of smoke and dust due to the great industrial activity, and the
possibility of a tendency to report pneumonia as a cause of death
relatively more frequently than is customary elsewhere. It is be-
lieved that all these factors probably contribute to Pittsburgh’s excess
mortality from this disease, but it is difficult to admit that the race
or sex distribution of the population are becoming progressively so
much more unfavorable and the labor conditions or housing situa-
tions are so rapidly worsening as to afford a rational explanation for
any considerable part of the increase. It seems highly probable that

21
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smoke and dust may act accumulatively so as to produce not only
an excess death rate but an increase in it, continuing possibly even
after there has been some improvement in the control of the smoke
and dust nuisance. It seems also highly probable that there is a
tendency to report pneumonia as a cause of death somewhat more
freely than elsewhere; different habits in reporting from time to
time and from place to place are not unknown, and indeed are un-
avoidable.

No satisfactorily sure conclusions can, however, be reached as to
the cause of Pittsburgh’s excess mortality from pneumonia or its in-
crease without a prolonged carefully controlled scientific study of all
phases of the situation, social, statistical, and in particular physical
and physiological. The situation is so bad that it is to be hoped that
any efforts of the Department of Health of the Gity of Pittsburgh
to deal with this problem will meet cordial support; but until the
proportionate influences of the various causes have been ascertained
all palliative measures must be tentative and their results eritically
examined. Insofar as the matter is one of industrial hygiene, as it
seems in no small measure to be, it is important to have the active
cobperation of the industry in studying the condition and in combat-
ting it, and it is probable that rational efforts of the industry would
be repaid not only in civic betterment but in lessened costs of produc-
tion.

Hauvanp Scuoow oF Posuc HeatTs,
Bostox, Mass,,

April, 1924,



INDEX

A

Address, annual, of President, v

Allen, Charles E., elected to member-
ship, vi ;

— inheritance by tetrad sibs in
Spherocarpus, 222

Amendments, adopted, v—vi

Ames, Herman V., amending the fed-
eral ponstitution, 62, v

Andrews, Chas. McL.,, clected to mem-

bership, x

Angell, James Roland, elected (o
membership, x

Anonytnous pamphlet, authorship of,
1

Artioch, chalice of, xiv

Atoms, periodic table of, xii

Atonement, vicarious, xi

Bacteria, lominons, and fishes, x

Balder and the polden age, ix

Banting, Frederick G., awarded John
Seott Medal, =it

Bateman, Harry, elected to member-
ship, x

Baths, effects on man, iv

Baner, Louis A., earth’s magnetic and
electric fields, xi

Bazett, H. C., effects af baths on man,

iv

Bazzoni, C. B., under voltage arcas in
FaLes, xil

Benedict, Francis G., basal metabol-
ism af girls, 23, xi

Blakeslee, Albert Francis, elected to
membership, x )

Boas, Franz, speaker at symposim,
VI

Bedine, J. H., temperattre and rate of
development of orthoptera, x

Bonaparte, Prince Roland, deceased,

iv

British colonies, acquisition of, 1

Brush, Charles F., new experiments
in gravitation, 57, xi

Burns, Keivin, relativity and solar arc
lines, xii

c

Campbell, W. W, elected vice presi-
dent, ix

Carbon dioxide excreted by nerve
fibre, xi

Carson, Hampton L, elected wice
president, ix

Coblentz, Wm. H., awarded John
Scott medal, xiii

Coeniobic plants, variants in, vi

Collitz, Hermann, Balder and the
golden age, iv

Contmerce, obstacles to international,

o

de Constant, d'Estournelles, deceased,
xiv

Constitution, amending the federal,

G2, v
Crew, Henry, clected councillor, x

ji]
Dahlgren, Ulrich, symbintic luminous
bacteria and fish, x
Dienish dialect of Bornholm, 100, iv
Davis, Bradley Mogre, (Enothera neo-

Lavrmar] 230, vi

Davis, lohn William, elected to meme-
herzhip, x

Depth finder, sonie, 134, xi

Detweiler, Sam’l R., transplantation
of spipal cord, =i

Dunn, Gano, elected to membership, x

E
Earth, magnetic and electric fields of,

X1
F_(:Eipsc, solar, of 1023, 10
Eddington, A. 5., the mterjor of stars,
xiv
Eigenmann, Carl H., fishes used
against vellow fever, 236, xi
Electric conducting net works, 171, xii

F
Faunal life zomes, vii
Farrand, Livingston, elected to mem-
hership, x
Federal Constitution, provision for
amending, 62, v

317



318

Finley, Jolm H., hiographical notice
of late ex-President Wilsom, i,
Frankliniana, donation of, iii

G

Gambetta, phases of life of, xi
Gases, under voltage arcs in, xil
Gildersleeve, Basil L., deceased, i1
Girls, basal metabolism of, 25, xi
Goldenweiser, Alexander, are the races
of man potentially cqual, 213, viii
Goodspeed, Arthur W, clected secre-

tary, 1x i
Granger, Walter, Faunal life zones, vii
Gravitation, new experiments in, 57,

H

Hall, H. W, are the racts of man
potentially equal, 208, wiii

Harper, M. A, varants in etenobic
plants, vi

Haupt, Lewis AL, obstacles to intern:-
tional commerce, ¥

Haupt, Paul, vicarions atonement, xi

Hayes, Harvey C., sonic depth finder,
134, xi

Hays, L
ANOOYONS Pl

Hazen, Charles
membership, vi

——, phases of life of Gambetta, xi

Minis, authorzhip of an
hlet, 1, ¥
owner, elected 1o

Inheritance in Spharocarpus, 222

Tnsulin, development of, it

Tonization, problems of, xiii

Iron lines, wave-lengths in vacoum
ate, xii

]

Jackson, A. V. Williams, fate of soul
in Manichweism, iv

Jacohs, M. H., permeability and cell
reaction, v

Jayme, Henry LaBarre, memorial tab-
lel to, vii

Johnson, Emory R, nation's problems
of transportation, 18, v

E

Kellar, Harry F., deceased, iv

Kennelly, A. E, dectric conducting
networks, 171, xi

Kent, Roland G, the seientist and an
international language, 162, v

INDEX.

Koifcid, Chas. A, elected to member—
ship, x
Kramer, Henry, deceased, xiv

L

Lanzuage, the scientist and an mter-
national, 162, v

Le Conte, Robt, G., deceased, xiv

Lecture, the Friday evening, ix

Leuschner, Armin O, elected to mem-
hership, x

Levereit, Frank,
ship, x _

Light, deflections in sum's gravitation
field, =il

Lingelbach, Wm. E., clected coumcil-
lor, x

Loeh, Jacques, deceased, iv

Lusk, Graham, elected to
ship, x

elected  to member-

member-

MacDougal, D. T. plasmatic layers
and cell walls of plants, 76, vil
Man, are races of, potentially equal—
symposium, 208, 215
Manichsism, fate of soul i, iv
Mason, Wm. Smiti, donation  of
Frankliniana, i
McCollum, Elmer Verner,
John Scott medal, xii
Medals, John Scott, awards of, xiii
Members, accepting, xif, xiii, xiv
Members admitted :
Allen, Chas. E., vi
Finley, John H., iii
Hagen, Chas. D, ¥i
Michell, 5. A, vi
Sinclair, W. J., vi
Thayer, Wm. Sidney, KLiv
Troe, Rodney H., dii
Vaughan, T. Wayland, vi
Wehster, Dan’l L., iv
Members deceased
de Constant d'Estournelles, xiv
Gildersleeve, Basil L., iii
Kellar, Harry F,, iv
Kracmer, Henry, xiv
Le Conte, Robt. G., xiv
Loch, Jacques, iv
Nichols, Ernest Fox, xiii
Piersol, George Arthur, xiv
Sadtler, Sam’l P., il
Stevenson, John J., xiv
Wilson, Hon, Woodrow, iv
Woodward, Rob't 5., xiv

awarded



INDEX

Members elected :
Allen, Charles E, vi
Andrews, Charles Mel, x
Angell, James Roland, x
Bateman, Harry, x
Blakeslee, Albert Francis, x
Davis, Jobn William, x
Dunn, Gano, x
Farrand; Livingston, x
Hazen, Chas. D, v1
Kofoid, Chas. A, x
Leuschner, Armin O, =
Leverett, Frank, x

Sinclair, W. J., vi
Stockard, Chas. R, x
Thayer, Wm. Sidney, x
Vanghan, T. Wayland, vi
Wisser, Clark, x
Mendenhall, Chas. E. elected to
membership, x
Miller, Dayton C., visible sound—Fri-
day evening lecture, ix
Miller, John A, elected secretary, ix
— . on solar eclipse of 1523, iii
Minotes, iii-xiv
Mitchell, 5. A, elected to member-
ship, ¥
Modjeski, Ralph, awarded John Scott
medal, xiii
Morris, Roland 5., address on pres-
entation of Jayne memorial, vil, viii
—, remarks on late ex-President
Wilson, iv
N

Newhald, W. R the eagle and the
bﬂrskﬂ on the chalice of Antioch,

xiv
Nichols, Ermest Fox, deceased, xiii

0
Otbituary notices, i, &
(Enothers neo-Lamarkiana, 230, vi
Officers elected, ix—x
Oreadone beds, White river oligocene,

04
Orthoptera, rate of development, %
Ozborn, Henry Fairfield, elected viee
president, ix
P
Pamphlet, authorship of an anonym-
oiis, 1, ¥
Parker, Geo. H., excretion CO: by
frog nerve fibre, xi
22

319

Pearl, Raymond, curve of popuolation
growth, 10, vii

Permeability and cell reaction, v

Piersol, Geo. Arthur, deceased, xiv

Plants, action and arrangement of cell
walls of, 76, vii

Plants, plasmatic lavers and cell walls
of, vi

Prneumonia in Pittsburgh, 270, ¥

Population, curve of growth of, 10, ¥i

Price, Eli Kirk, elected treasurer, ix

Primrose, eveming, inherited factor in,

vi

Prince, John Dyneley, the Bornholm
dialeet, 100, v

President, annual address of, ¥

Rices of mmn, are they potentially
equal, 208, 15
Relativity and shift of solar arc hines,

xii
Riddle, Oscar, sex, right and left sides
of hird's body, xi

8

Sadtler, Sam'l P., deceased, i

St John, Charles E., exploring the
solar atmosphere, xii

Snn;:l Cruz beds of Patagonia, fauna
of, vii

Seott, Tohn, medals and premiums,
awards of, xii

Seott, Wi B., clected president, ix

. famma of the Santa Cruz beds of
Patagonia, vil

Sex, right and left in bird's body, 152,

x1

Shull, Geo. H., inherited factor in
eyvening primrose, ¥i

Sinclair, Wm. J., clected to 'member-
ship, vi

——, fauna, oreodone beds, White
river oligocene, o4, vii

Smith, Allen J., on msulin, iii

Smyth, H. O., problems af ionization,
xii

Snyder, Monroe B, periodic table of
atoms, xii

Solar atmosphere, xii

Spherocerpus, inheritance in, 222

Spimal cord, transplantation of, xi

Stars, the interior of, xwv

Stevenson, John J., deceased, xiv

Stockard, Chas, I, elected to mem-
bership, x



320

Stratton, 5. W, clected couneillor, x
Symposium—are the races of man po-
tentially equal, =208, =215, wviil

T

Tetrad sips, inheritance of, vi
Thayer, Wm. Sidney, elected to mem-
bership, x :
Tomanek, Ewald and Wilson, Edwin

B., Pneumonia in Pittsburgh, 270, v
Transportation, nation’s problem of,
18, v
Trumpler, Robt. G, light deflections
in sun's gravitation Aeld, xii

v

Vaughan, T. Wayland,
membership, vi

clected to°

INDEX.

Vaughan, Victor C., elected councillor,
x
Visible sound, illustrated, ix

w
Wilson, E. B., and Tomanek, E., 270, v
Wilson, Wm. P., clected curator, ix
Wilson, Hon. Wooldrew, bas relief in
bronze, iv
— hiographical note, iv, @
—, deceased, iv
——, cbitoary notice, §i,
Wissler, Clark, elected to membership,
x
White river oligocene, fauna of, wii
Woodward, Robt. 5., deceased, xiv

Y
Yellow fever, fishes used against, 236,
=



OBITUARY NOTICES OF M
DECEASED.






OBITUARY NOTICES OF MEMBERS DECEASED.
WOODROW WILSON.
By JOHN H. FINLEY.
(Read March 7, 1924.)

The author of the * History of the People of the United States ™
states with a touch of satire that when Washington had said fare-
well to his officers in New York and was on his way to Annapolis
to resign his commission as Commander-in-Chief of the Army, The
American Philosophical Society at Philadelphia turned from the
consideration of learned papers on Improved Methods for Quilling
the Harpsichord and Observations on the Torporific Eel to pay
homage to the great chief. So, this body, which has the marks of
immortality upon it and is not subject to the vicissitudes of mor-
tality, pauses at the passing of another American Commander-in-
Chief—one who has been a leader in the greatest war the world has
ever known—turns from the consideration of more profound scien-
tific subjects than those of a century and a half ago, to pay homage
to one who has resigned his commission into the hands of Deity as
a soldier who fought a good fight and kept the fith—Woodrow
Wilson, the historian who both wrote and made history.

I was several years ago very unexpectedly called upon to say a
word concerning him at a public dinner given to him, when he was
Governor of New Jersey. Having but a little time before returned
from abroad, I had to say that T had not before met * Governor ™
Wilson, but 1 added that I had some acquaintance with President
Wilson of Princeton University and that T had known well and had
unbounded admiration for Professor Wilson as a teacher and asso-
ciate. So I find myself, tonight, led to speak of the man, the teacher
and the scholar, philosopher and member of this Society, Woodrow
Wilson, at whose feet I sat as a student at Johns Hopkins Uni-
versity where he was a lecturer and at whose side I sat as a pro-
fessor at Princeton University. I am perhaps disqualified by this
relationship to speak dispassionately of him, but you will be able

fus
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to determine the coefficient of expansion in my estimate and make
the allowance for the warmth of my expression. But I should by
his own standards be permitted to speak of him even in this way,
for as he himself said: * the truth cannot be told by a dispassionate
annalist” Moreover, I have his authority for departing from
a chronological arrangement, for “ the best arrangement,” he said,
“is always that which displays not the facts themselves, but the
subtle and else invisible forces that lurk in the events and in the
minds of men® Thus with his own warrant, I begin as did Dante
with his master Virgil, “ nel mezzo del cammin di nostra vita,” for
we were at the very midway of life when I came to know him—
whom I can fitly characterize as Dante did Virgil, as the  well-
spring from which such copious floods of eloguence have issued.”

The best picture of him in those days was one that he uncon-
sciously made of himself when describing Walter Bagehot, whom
he called a “literary politician” and of whom he said: “ You
have in him a very superior species of the man thoughtful, full of
manly straightforward meaning, full of knowledge and a con-
suming desire for it, . . . genial withal yet with the geniality of a
man of wit and alive in every fibre of him with a life he can com-
municate to you.” Though he had the visage of a Covenanter and
a grinmess when his face was set with some fixed purpose of his
mind, it became the most kindly of countenances when lighted in
public discourse or in private conversation with a friend. He could
jest (and he was full of jest and joke) “to your instruction and
beguile you into being informed beyond your wont and wise beyond
your birthright.” Young men were seized with a thrill of expectancy
when he entered to begin a lecture, His charm was enhanced by
the rugged lines of his homely face. I spoke a few nights ago with
a young man in his thirties who was a Princeton student in the
days when the “ Quad " system was being discussed with acrimony.
He and his companion, opposed to President Wilson's plan, went
to a meeting at which he was to speak, vowing to keep themselves
beyond the influence of anything but cold facts. The President
made a speech which was devoid of any concrete facts, but the
whole audience was lifted to its feet by his simple convincing presen-
tation of the case—so the student testified.
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1f Woodrow Wilson were asked to justify himself, in omitting
the mention of facts—as I once heard him defend an overstate-
ment—he would answer: “ The facts do not constitute the truth.
The truth is abstract, not concrete. It is the just idea, the right
revelation of what things mean.” No inventory of items, he con-
tended, would even represent the truth. They might even obscure
it. The true teacher, the true leader, as the true historian “ works
always for the whole impression.” This was what he was saying
of the historian, at any rate, back in the nineties, when the students
were crowding his courses as the pupils of Abelard flocked to him
out in the desert where he built an oratory of stubble and estab-
lished the School of Paraclete. And was this not the explanation,
in some measure at least, of Woodrow Wilson's failure to carry
his supreme policy, having to sit down day after day with concrete
facts, with an inventory of items which obscured by their number
and complexity the great truth he was trying to express concerning
the relationship of nations in the salvation of the earth?

Back in his library, he wrote before the days of his political
activity could even have been dreamed of: “ The ordinary literary
man even though he be an eminent historian is ill enongh fitted to
be a mentor in affairs of government.” *“For,” he added, * it must
be admitted, things are for the most part very simple in books and
in practical life, very complex. Not all the bindings of a library
inclose the various world of circumstance.” Nevertheless, it was
to such a man that the practical politician did go, but fetched him
away from his library into the forum where “ politics gained a
profound expounder who was no politician.” And the literary
man had to put away some of the things that were so simple in
books. The authorof “ The State ” and the historian of the United
States, the writer of * mere literature ™ and the critic of “con-
gressional Government ™ found himself the Chief Magistrate of
the greatest of States and in the world and for a time as Louis
X1V, the State itself, and the virtual dictator of the Congress of
which he had written in his learned doctor's thesis. No one ever
came better prepared in a knowledge of political theory into the
Presidency. He was so great a master of his subject that he could
take liberties with it. He could, to borrow his own language, “ slap
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his propositions on the back and be hail fellow well met with them.”
But with all his obvious effort, he could not be hail fellow well met
with the people themselves, though no one could converse with more
charm.

1f T were to imitate Plutarch and try to bring out the distinctive
character of one by comparison with another, as Aristides with
Marcus Cato, I should most naturally speak of Grover Cleveland
and Woodrow Wilson, who by a singular fortuity were both near
to me, though not near to each other. Going to Princeton one
night in 1809 as a journalist to hear Mr. Cleveland lecture on the
Independence of the Executive, I met my former teacher, Pro-
fessor Wilson who had long before introduced me to Mr. Cleve-
land, was told by him of a new chair of politics, the first in America,
that had been endowed and was asked whether I was willing to
accept a nomination as its first encumbent. I had thus the oppor-
tunity in the few years that followed to know these two great men:
Mr. Cleveland in his very fiber a democrat, believing the people,
instinctively sympathetic with them, deriving his doctrines not
from books but from his contacts with men, little acquainted with
books—a little suspicious of words; and Mr. Wilson as complete a
democrat in his philosophy. He was intellectually a devout disciple
of democracy. But he learned it by the tuitions of his mind and not
of his heart. And he had one of the greatest of minds to teach him.
He once said: * His mind is a great comfort to every man who has
one.” In his own, he had supreme comfort and complete confidence.
It equipped him of its tuitions by the hard erystallization of years
of study to instruct the mind of the world and enabled him to
stand * as a distinct and imperative individual among those who ex-
press the world's thought.” As an expounder of government, he
sought and found his materials far and wide, * standing with the
poets as well as lawgivers.” * There is more of a nation's politics
to be got out of its poetry than out of all its systematic writers upon
public affairs and constitutions. Epics are better mirrors of manners
than chronicles ; dramas oftentimes let you into the secrets of statu-
tes: orations stirred by a deep energy of emotion or resolution,
passionate pamphlets that survive their mission because of the
direct action of their style along permanent lines of thought, con-
tain more history than parliamentary pamphlets.”
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He contended, in the face of the scientist and his study of form
and structure, that it was not knowledge that moved the world, but
ideals, convictions, the opinions or fancies which have been held
or followed. So, though he studied the anatomy of government and
knew it as thoroughly as any doctor of science studies and knows
the human frame, which he himself in his dying words likened to
a piece of machinery, he was ever practicing the “ vivisection of read-
ing literature " to acquaint himself with the spirit that made use
of the machinery of government. But he never knew the rough,
narrow-ranged comradeship of those who are at the foundations of
democracy, on whose minds and hearts its safety in the world de-
pends. He was in the world and the most potent man in it for his
day, but in a sense he was not of it.

But it was this very detachment—the meditation apart—which
made him as a voice of one coming out of the wilderness and crying
across the earth, in every corner of which he was heard. Yet he
realized as he said in his address at Lincoln’s birthplace, that the
hopes of mankind cannot be kept alive by words merely, that they
must be transmuted into the life and action of society; but after all
they must first have a voice. In the beginning is always the word.

It was Wilson's words that after all got things done in the war.
Many of us were impatient with his “ notes " and there were some
of these notes that would better never have been written. But it
was ultimately by his messages, crowned with this immortal quality
of ecstasy, that his own people were assembled into the defense of
world freedom and the nations that sat in darkness brought to see
“a great light " as in his Flag Day Address in 1017:

“ For us there is but one choice. We have made it. Woe be
to the man or group of men that seeks to stand in our way in this
day of high resolution, when every principle we hold dearest is to
be vindicated and made secure for the salvation of the pation. We
are ready to plead at the bar of history and our flag shall wear a
new lustre. Once more we shall make good, with our lives and
fortunes, the great faith to which we were born and a new glory
shall shine in the face of the people.”

The spirit that had become flesh, again became spirit in the words
that again and again stirred people to an exaltation, such as in
turn exalted the whole nation.
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Jefferson had written on his tomb an inscription telling not what
the people had done for him, but what he had done for the people.
There is no mention made of his having been Governor of Virginia,
Secretary of State, Vice-President or President of the United
States. What he seemed to wish remembered was that he was, as
it is written, the author of words—author of the Declaration of
Independence and of the Statute of Virginia for Religious Liberty
and the Father of the University of Virginia. Two of his three
great contributions were of words merely, but they were the pre-
cursors of independent national life and freedom of worship.
Woodrow Wilson will be remembered long after his name becomes
bitt one of a hundred or hundreds in the lengthening list of Presi-
dents” names, as the author of words upon which the nations hung—
words that caused the millions to pause in their fighting and which
became the basis of the parley of peace—words which framed a
covenant for the “ enduring* peace of the world. They are only
words, but they carry an exalted hope of humanity and must some
day find their guerdon in deeds.

He wrote a Calendar of Great Americans back in those days, when
he was a historian and teacher and essayist. He excluded from this
list several great men born and bred in America who were not after
all Americans: Hamilton and Madison whom he regarded as great
Englishmen born in the New World, John Adams and Calhoun great
provincials, Asa Gray and Emerson “ who might have been native
to any clime " and Jefferson and Benton who were of mixed breed,
one permeated by a strain of French philosophy and the other a
“ pompous antinomy.” Marshall and Webster were, however, dis-
tinctly American, viewing the fundamental law as a great “ organic
product ” as well as a charter of authority. But he put first as a
sort of multiple American the founder of this Society, Benjamin
Franklin, a man possessed of the American speech and with an
* unmistakeable touch of greaimess and distinction.” Then he named
Washington who hardly seems an American as most of his bio-
graphers depict him, who was, however, as thoroughly American
as Jackson who came into our national politics “ like a cyclone from
off the Western prairies,” or Lincoln the * supreme American of our
history.” But when Professor Wilson wrote this calendar (which
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included Clay, Grant and Lee, Sam Houston and Patrick Henry and
in letters Lowell and Curtis, but no one in science) and prophesied
that many types of Americanism would rise out of its multiform
life, he could not have suspected that his own name would ever be in
the political list of great Americans even if he dared to hope that
some day that name might be put with those of Lowell and Curtis
in letters or among the great historians with Greene and Gibbon and
Carlyle and Macaulay (at all of whose doors he knocked when in
search of a master), or even with the writers of mere literature.

This passage from his own writing not only shows how intimately
acquainted he was with varied immortal forms, but also illustrates
with what rich fabrics he could clothe his thought on occasion, when
at other times, with like art, he used the simple stone:

“Who shall say how much of Burke’s splendid and impressive
imagery is part and stuff of his thought or tell why even that part
of Newman’s prose which is devoid of ornament, stripped of its
shining skin and running bare and lithe and athletic to carry its
tidings fo men, should promise to enjoy as certain an immortality ?
Why should Lamb go so quaintly and elaborately to work upon his
critical essays, taking care to perfume every sentence, if possible,
with the fine savor of an old phrase, if the same business could be as
effectively done in the plain and even cadences of Mr. Matthew
Arnold's prose? Why should Gibbon be so formal, so stately, so
elaborate when he had before his eyes the example of great Tacitus,
whose direct sententious style had outlived by so many hundred
vears the very language in which he wrote? ”

And yet he was always depicting himself, in a semi-political ser-
vice, as I have intimated, in what he has written of others, notably
Bagehot and Burke back in the nineties or late eighties: * Occa-
sionally,” he said, “ a man is born into the world whose mission is
to clarify the thought of his generation and to vivify it, to give it
speed where it is slow, vision where it is blind, balance where it is
out of poise, saving humor where it is dry. Such a man,” he added,
“was Walter Bagehot.” * Such a man,” with only the slightest
change of phrase we should say “ was Woodrow Wilson.” For
a day in the world's history, the thought of this generation was
clarified by him. For a day he vivified the souls of men. For a
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day there was a vision glorious before the eves of the nations, And
if he seemed not to give speed by his * watchful waiting,” we may
recall the words of Mr. Choate back in April 1g17:

“ Some of us thought the watchiul waiting would never cease.
But now we see what the President was waiting for and how wisely
he waited. He was waiting to see how fast and how far the Ameri-
can people would keep pace with him and stand up to any action
he proposed.”

1t is not for me to appraise his political achievement. His place
among outstanding Presidents is beyond challenge. He became a
member here as a teacher, a scholar, a political philosopher, a his-
torian and it is as a teacher, a scholar and a political philosopher and
historian that I think he would wish to be remembered here. If he
had not come into the Presidency at a most critical time in the
world's history, he would yet have had rightful distinction as a man
of letters. His fellows in letters had long before he became Presi-
dent elected him fo membership in the American Academy of Arts
and Letters, as you into this eminent society of philosophers. His
art had prepared him against oblivion, even though it could not have
given him as a mere men of letters a world audience. He had lived,
as he said it behooved all minor authors to live, conscious of the
risk of being discovered some day. He had already been discovered
and had come into the small major group of his day in letters before
he came into the still smaller major group of the world’s statesmen.

If the touchstone of what an English essayist calls " fine ™ litera-
ture and what Mr. Wilson called * mere” literature or “ essential ™
literature be the presence of *ecstasy "—the voice which tells us
distinctly as Mr. Wilson does, that man is “ not the creature of the
drawing room or the stock exchange, but a lonely, awful soul con-
fronted by the source of All Souls "—then does Woodrow Wilson
become a real man of letters. He came in his prime as if born into
the world for the very mission, as a teacher of citizenship in the
world which humanity has made.

For he was first and last a teacher. His officers were incidental
to his task ; they were his rostrum. He inangurated the preceptorial
system at Princeton, but he was not a preceptor, sitting down by the
side of the individual like Mark Hopkins. He taught the multi-
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tudes. His chair as that of Abelard was an “oratory.” He spoke
as one having authority from a platform, a little above those whaose
minds he would inflante. This was his method in political as in
academic life. He instructed the many by letter and by speech out
of the loneliness of his own thinking. He came finally to lecture to
the peoples of the earth on planetary jurisprudence, from the great-
est chair of international relations ever established in our universe.
As Benjamin Franklin at the end of his varied high public occupa-
tions wrote himself down in his last will and testament, “ Benjamin
Franklin, Printer,” so the best epitaph for Woodrow Wilson though
he had held the highest political office in the United States and the
foremost place for a time in the sight of the nations, would be,
“ Woodrow Wilson, Teacher.”

“And so" (to quote Pericles) “ with slight change he has re-
ceived the grandest of all sepulchres.” Not that where I saw his
body laid, but “a home in the minds of men, where his glory re-
mains fresh to stir to speech or to action as the occasion comes by.
For the sepulchre of famous men is the whole earth; and their
story is not graven on stone over their native earth, but lives on
far away, without visible symbol, woven into the stuff of other
men's lives.”












MINUTES.
Stated Meeting, Tanuary 4, 1024
WirLiam B. ScorT, Sc.D., LL.D., President, in the Chair.

Dr. Rodney H. True, a newly elected member, subscribed the
Laws and was admitted into the Society.

The decease was announced of Dr. Samuel P. Sadtler, Ph.D,,
LL.ID, at Philadelphia, on December 20, 1923, ®t. 76.

Dr. John A. Miller, Director of the Sproul Observatory, Swarth-
more Callege, read a paper entitled * The Solar Eclipse of 1923, as
seen at Yerbanis, Mexico, by the Sproul Observatory Expedition,”
illustrated by lantern slides, which was discussed by Prof. Snyder.

The dates oi the General Meeting of 1924 were fixed for April
24, 25, and 26,

Stated Meeting, February 1, 1024.
Witniam B, Scorr, SeD., LL.D., President, in the Chair.

The Chairman of the Library Committee called special attention
to a valuable donation by Mr. William Smith Mason, of Evanston,
Tllinois, of 64 volumes and 4 pamphlets of Frankliniana, for which
the Society voted a resolution of appreciation.

The decease was ammounced of Basil Lammean Gildersleeve, LL.D.,
Litt.D., at Baltimore, Maryland, on January g, 10924, ®t. g2.

Dr. Allen J. Smith, Professor of Pathology at the University of
Pennsylvania, read a paper on “ The Development of Insulin in the
Treatment of Diabetes,” illustrated by lantern slides, which was dis-
cussed by Doctors Keen, Goodspeed, Smith, and Keller.

Stated Meeting, March 7, 1924.

Wiriam B. ScorT, Se.D., LL.D., President, in the Chair.
Dr. John H. Finley, a recently elected member, subscribed the
Laws and was admitted into the Socety.

m
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A bas-relief in bronze of President Wilson, a recent purchase of

the Curator, was presented.
The decease was announced of

Harry F. Keller, B.S., Ph.D., ScD., at Philadelphia, on Feh-
ruary 5, 1924, =t. 62,

Jacques Loeb, M.D., Ph.D., 5cD., at Hamlton, Bermuda, on
February 11, 1924, 2t 63.

Hon. Woodrow Wilson, at Washington, D. C., on February 3,
1924, =t. 68,

Dr. John H. Finley, Associate Editor of the New YVork Times,
and formerly Professor of Politics at Princeton University, presented
a biographical notice of Ex-President Wilson, a deceased member of
this Society ; after which Mr. Roland 5. Morris, Ambassador to Japan
during the Administration of President Wilson, made some remarks
on the former President.

Stated General Meeting, April 24, 25, 206, 1924
Thursday Afternoon, April 24.
O pening Session, 2 o'cleck,
Haureron L. Carsow, LL.D., Vice-President, in the Chair.

Prof. David L. Webster, a newly elected member, subscribed the
Laws and was admitted into the Society.

The death was announced of Prince Roland Bonaparte, at Paris,
France, on April 14, 1924, =t. 66,

The following papers were read:

“The Fate of the Soul of the Elect in Manichaeism,” by A. V.
Williams Jackson, A M., LH.D., LL.D., Professor of Indo-
Iranian Languages, Columbia University. (By title.)

“The Bornholm Dialect of Danish,” by John Dyneley Prince,
B.A, PhD., Envoy Extraordinary and Minister Plenipoten-
tiary to- Denmiark. (B title.)

*“ Balder and the Golden Age,” by Hermann Collitz, AM., Ph.D.,
Professor of Germanic Philology, Jolins Hopkins University,

"“Some Effects of Baths on Man,” by H. C. Bazett, B.Ch.

L]
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(Oxon.), F.R.C.S., M.D., Professor of Physiology, Univer-
sity of Pennsylvania. (Introduced by Dr. A. C. Abbott.)

“ Differential Permeahility and Cell Reaction,” by M. H. Jacobs,
Ph.D,, Professor of General Physiology, University of Penn-
sylvania. (Introduced by Dr. A, C. Abbott.)

“ Prenumonia in Pittsburgh,” by Ewald Tomanek, M.D., and Ed-
win B. Wilson, A.B., Ph.D,, Harvard School of Public Health.

“ The Amending Provision of the Federal Constitution in Prac-
tice,” by Herman V. Ames, AM., Ph.D., Professor of His-
tory, University of Pennsylvania.

“On the Authorship of the Anonymous Pamphlet Published in
London, in 1760, Entitled * The Interest of Great Britain Con-
sidered with Regard to Her Colonies,'” by I. Minis Hays,
A.M., M.D., of Philadelphia.

*“The Nation’s Transportation Problem,” by Emory R. Johnson,
Litt. M., Ph.D, Se.D., Professor of Transportation, University
of Pennsylvania, which was discussed by Mr, Carson.

“Obstacles to International Commerce,” by Lewis M. Haupt,
SeD,, LL.D,, of Philadelphia.

“The Scientist and an International Language,” by Roland G.
Kent, A M., Ph.D., Professor of Comparative Philology, Uni-
versity of Pennsylvania. (Introduced by Dr. MeDaniel.)

Friday, April 25.
Expeutive Sescion, o o'clock.

Wirriax B. Scort, Se.D., LL.D,, President, in the Chair,

The President delivered his annual address.

The Proceedings of the Council were submitted, with the recom-
mendation of fifteen nominees for election this year,

The Reports of the Treasurer, of the Audit Committee, and of
the Finance Committee were presented, with the latter’s recommenda-
tion of appropriations for the year 1925, which were unanimously
voted.

The following proposed amendments to the Laws, having been
favorably reported by the Council, were unanimously adopted :
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To Chapter XI, Section 8, add:

“ In the selection of nominees for presiding Officers and Councillors the sev-
eral departments of science shall be represented so far as practicable, and due
consideration shall be given to geographical location so as to preserve the na-
tional character of the Society.”

In Chapter X1 insert the following new sections:

“ All standing Committees shall hold stated meetings at least three times in
the year.”

“ All Hoards of Officers and Committees shall keep regular minutes of their
proceedings which shall be in the custody and care of the Assistamt Secretary,”

% Np indebtedness shall be incurred for which there has not been an appro-
priation previously made ; nor shall any indebtedness be incurred or bill approved
for payment except by a duly recorded vote of the committee concerned.”

Morning Session, 10:30 o'clock.
Wirriax B. Scorr, Se.D., LL.D., President, in the Chair.

The following recently elected members subscribed the Laws and
were admitted into the Society:

T. Wayland Vaughan
W. ]. Sinclair
Charles E. Allen

5. A. Mitchell and
Charles D. Hazen

The following papers were read:

“ Inheritance by Tetrad Sibs in Sphaerocarpos.” by Charles E.
Allen, Ph.D., Professor of Botany, Columbia University.

“The Behavior of Oenothera neo-Lamarckiana in Selfed Line
through Six Generations,” by Bradley M. Davis, A.M., Ph.D,,
Professor of Botany, University of Michigan, which was dis-
cussed by Professors Shull, Davis, and MacDougal.

“ Types and Variants in Certain Coenobic Plants,” by Robert A,
Harper, M.A., Ph.D., Professor of Botany, Columbia Uni-
VErsity.

“ A Second Independently Inherited Factor in the Evening Prim-
roses (Oenothera),” by George H. Shull, B.S., Ph.D., Pro-
fessor of Botany and Genetics, Princeton University, which
was discussed by Professors Scott, Davis, and Shull.
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“ Arrangement and Action of Material in the Plasmatic Layers
and Cell Walls of Plants,” by D. T. MacDougal, M.A., Ph.D,,
LL.D.. Director of Dept. of Botanical Research, Carnegie In-
stitution, which was discussed by Professors Scott and Shull.

“The Curve of Population Growth,” by Raymond Pearl, Fh.D.,
ScD., LL.D., Professor of Biometry and Vital Satistics,
School of Hygiene and Public Health, Johns Hopkins Uni-
versity, which was discussed by Professors Brown, Pearl, L.
M. Haupt, Kennelly, and Hobbs.

“ Faunal Life Zones of Mongolia—Jurassic to Upper Pliocene,”
by Mr. Walter Granger, Palacontologist of the Third Asiatic
Expedition, of American Museum of Natural History.

“ Fauna of the Santa Cruz Beds of Patagonia,” by William B.
Secott, Ph.D., Se.D., LL.D., Professor of Geology, Princeton
University.

“ Fauna of the Concretionary Zone of the Oreodon Beds of the
White River Oligocene,” by W. J. Sinclair, Ph.D,, Assistant
Professor of Geology, Princeton University.

Afternoon Session, 2 o'clock.
Wirriam B. Scort, Sc.D., LL.D., President, in the Chair.

A bronze memorial tablet of Mr. Henry LaBarre Jayne, who was
for many years Treasurer of the Society, was placed on deposit here
by the Jayne Memorial Committee. Mr. Roland S. Morris, in mak-
ing the presentation, spoke as follows:

We have all known at least ance in our lives persons whose spiritual qualities
give us a present sense of their immortality. They associate with us in the
daily tasks of this material world; they share with singular sympathy and m-
sight the achievements and frustrations which is the experience of all of us and
vet to those who are privileged to know them they convey a feeling of strength
and permanence which is certain to persist beyond a world of changing appear-
ance. The passing of such vivid personalities beyond our materinl vision only
serves to emphasize in us the conviction of their continued spiritual existence.
In the ancient words of the Latin liturgies we feel that they are “ born into the
better life,” of which their life on earth was but a promise and a preparation.
Henry LaBarre Jayne was such a personality. He loved this world, its beauty,
its perilous possibilities ; its baffiing mysteries. This love found expression in
a lifelong interest in every form of art which sought truthfully to mould in
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imperishable forms the elusive spirit of heauty, the tragedy and comedy of
human experience or the aspiration of the souls of man.

He loved the riches of the mind and always thought of himself with char-
acteristic modesty as a private enlisted for life in the adventurous search for
truth. Above all he loved his fellow-man with an almost religious passion and
no human soul was an zlien to his broad and generous sympathies.

But it was his truly spiritual insight which gave to these affections and to
the personality which unified them that sense of his continued presence which
we feel today.

How natural—how inevitable—that when he left us in the body we, his
friends, shonld seek to find some material expression of this continued presence
in our lives, Thos spoptaneously a group of his fellow-citizens, represcitative
of the varied interests wi an active life organized the Tavye Mesmorrar Fusn
to hold, if [ may so express it, something of his spirit for the generations to
come, who knew him not in the flesh.

Ot of this movement grew the Jayne Memorial Lectures—a permmnent foun-
dation adequately endowed, designed to give each year to some leader of thought
an tpportunity to present to the world the results of his research. We hope
that this foundation may ever retain that spirit of tolerance, liberty and decp
sincerity which is associated with our memory of him whose nzme it bears.” In
this way alone can it make amy worthy contribution to American thought. But
we, his fricnds, his associates in various sctivities, longed for some memorial of
him more personal than the foundation could be. So we turned to a great artist
and asked him to express in bronge our memory of his ever youthiul vigor and
enthusiasm, [

1t s fitting, Mr. President, that the Trustees of the University Extension
Society should place in the custody of the American Philosophical Society this
memarial of our iriend.  To the University Extension Society Hesgy LaBanse
JAVNE pave unsparingly of his time and strength. To the American Philo-
sophical Society with its fine traditions of truth and its achievements in the fueld
of scientific research he gave affectionately the riches of his creative personality.
We leave in your keeping this beautiful reminder of him amid the memorials
of the great minds he loved and reverenced. In our hearts we retain the
inspiration of his unselfish life, of his immortal spirit.

“ A great citizen who gave generously of his time, his talents, and his fortune
fortune to the diffusion of knowledge; the progress of the fine arte; the de-
velopment of the drama and the promotion of civic ideals.”

The Symposium followed, the subject being “ Are the Various
Races of Man Potentially Equal?™ The speakers were;

Franz Boas, PhD., LL.D,, ScD., Professor of Anthropology,
Columhbia University.

H. U. Hall, Curator General Ethnelogy, University Museum,
University of Pennsylvania. (Introduced by Dr. Gordon.)

Alexander Goldenweiser, PhD., Professor of Anthropology,
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New School for Social Research, New York City. (Intro-
duced by Dr. Gordon.)

There was discussion by Professors Seott, Conklin, (Gordon, Boas,
and Kennelly.

The Friday evening Lecture was given by Dr. Dayton C. Miller,
Professor of Physics, Case School of Applied Science, Cleveland,
who spoke on * Visible Sound,” with experimental illustrations,

Saturday, April 26,
Executive Session, o o'clock,
Wirniax B. Scorr, SeD., LL.D., President, in the Chair.

Pending nominations for Officers and Members were read and
the Society proceeded to an election. The Tellers subsequently re-
ported that the following had been elected :

Presidéent.
William B. Scott.

Fice-Presidents.

Hampton L. Carson,
Henry Fairfield Osborn,
W. W. Campbell.

Secrelaries.

Arthur W. Goodspeed,
John A. Miller.

Curator.
William P. Wilson.

Treasurer.
Eli Kirk Price,
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Councillors.
{To serve for 3 years.)

Henry Crew,

5. W. Stratton,
W. E. Lingelbach,
V. C. Vanghan.

Members.

Charles McLean Andrews, A M., Ph.D,, L.LH.D., New Haven.
James Roland Angell, A M., Litt. D, LL.D., New Haven.
Harry Bateman, M.A., Ph.D., Pasadena.

Albert Francis Blakeslee, A M., Ph.D., Cold Spring Harbor.
John William Davis, A.B., LLB., LL.D., New York.

Gano Dunn, M.S, EE., New York.

Livingston Farrand, A M., Ph.D., Ithaca, N. Y.

Charles A. Kofoid, A.M., Ph.D., Berkeley, Calif.

Armin O. Leuschner, A.B., Ph.D., Sc.D., Berkeley, Calit.
Frank Leverett, B.Sc., Ann Arbor, Mich.

Graham Lusk, A M., PhD., Sc.D., New York.

Charles E. Mendenhall, B.S,, Ph.D., Madison, Wis.

Charles R. Stockard, M.S., Ph.D., New York.

William Sydney Thayer, M.I)., Baltimore.

Clark Wissler, A M., Ph.D., New York.

Morning Session, ro:30 o'clock,
Wiriam B. Scorr, Se.DD., L1.D., President, in the Chair.

The following papers were read:

“The Effects of Temperature on the Rate of Embryonic De-
velopment of Certain Orthoptera,” by J. H. Bodine, A.B.,
Ph.D., Inmstructor in Zodlogy, University of Pennsylvania.
{Introduced by Dr. McClung.) Discussed by Professors Par-
ker, Davis, and Dahlgren.

“ Symbiotic Luminous Bacteria as Used by Fishes," by Ulric
Dahlgren, A.B., M.5., Professor of Biology, Princeton Uni-
versity.
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“ Transplantations of the Spinal Cord,” by Samuel R. Detwiler,
Ph.D., Assistant Professor of Zodlogy, Harvard University.
(Introduced by Dr. Donaldson.)

“ The Fishes Used Against Yellow Fever in Colombia,” by Carl
H. Eigenmann, A.M., Ph.D., Professor of Zoology, Indiana
University.

“The Amount of Carbon Dioxide Excreted by One Centimeter
of Frog Nerve Fiber,” by George H. Parker, Sc.DD., Director
of Museumn of Comparative Zodlogy, Harvard University.

“Sex in the Right and Left Sides of the Bird's Body,” by Oscar
Riddle, Research Staff, Carnegie Station for Experimental
Evolution, Cold Spring Harbor. (Introduced by Dr. Eigen-
manmn.)

“The Prediction of the Basal Metabolism of Girls,” by Francis
G. Benedict, Ph.D., Sc.D., Director, Nutrition Laboratory of
the Carnegie Institution,

“Some Phases of the Life of Gambetta,” by Charles Downer
Hazen, Ph.D., LH.D,, Litt.D., Professor of History, Colum-
bia University. Discussed by Prof. Scott.

% Vicarious Atonement,” by Paul Haupt, AM., PhD, LI.D.,
Professor of Semitic Languages, Johns Hopkins University.
Discussed by Professors Scott and Haupt.

Afternoon Session, 2 o'clock.

Wiriaa W, Cameserr, M.S., SeD., LL.D., Vice-President, in the
Chair.

The following papers were read:

“The Sonic Depth Finder,” by Harvey C. Hayes, Ph.D,, U. S.
Naval Experiment Station, Annapolis. (Introduced by Mr.
Bryant.) Discussed by Professors Haupt and Hayes.

“ Some New Experiments in Gravitation” (Fourth Paper), by
Charles F. Brush, Ph.D., Se.D,, LL.D., of Cleveland.

“ Further Results Concerning the Earth's Magnetic and Electric
Fields,” by Louis A. Bauer, CE., M.5., M.A., Ph.D., Director
of the Department of Terrestrial Magnetism, Carnegie Insti-
tution.
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« Abnormal Under-voltage Arcs in Gases,” by C. B. Bazzoni,
AM., Ph.D., Professor of Experimental Physics, and Mr.
1. T. Lay, Research Associate, University of Pennsylvania.
(Introduced by Professor Goodspeed.) This was discussed
by Mr. Smyth. .

“ Application of Positive Ray Analysis to Problems of Ioniza-
tion," by H. D. Smyth, Ph.D., Research Fellow, Princeton
University. (Introduced by Professor Karl T. Compton.)

“Some Properties of Simple Electric Conducting Net Works,”
by A. E. Kennelly, AM,, Sc.D., Professor of Electrical Engi-
neering, Harvard University.

“ \Wave Lengths of Tron Lines in the Vacuum Arc.” (By title.)

“(On the Shift of the Solar Lines Predicted by the Theory of
Relativity,” by Keivin Burns, Ph.D., Astronomer, Allegheny
Observatory. (Introduced by Dr. H. D. Curtis.) Discussed
by Professors St. John, Kennelly, and Burns.

“ On the Light Deflections in the Sun's Gravitational Field,” by
Robert J. Trumpler, Ph.D., Assistant Astronomer at Lick Ob-
servatory. (Introduced by Dr. W. W. Campbell.) In Dr.
Trumpler's absence Dr. Campbell presented the paper, which
was discussed by Professors Shapley and Eisenhart.

* Exploring the Solar Atmosphere,” by Charles E, St. John,
Ph.D., Astronomer, Mt. Wilson Observatory. { Introduced
by Dr. John A. Miller.) Discussed by Dr. Burns. ;

«The Present Periodic Table of the Atoms,” by Monroe B.
Snyder, Director Emeritus of the Philadelphia Observatory.

Special Meeting, May 2, 1024
Wirriax B. Scorr, Se.D., LL.D,, President, in the Chair.

Pursuant to the call of the President a Special Meeting was held

for the award of the John Scott Medals and Premiums by the City
of Philadelphia through its Board of City Trustees,

Acceptances of Membership were read from
Mr. Gano Dunn, of New York.
Dr. Livingston Farrand, of Ithaca, N. b &
Mr. Frank Leverett, of Ann Arhor, Mich.
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Dr. William 5. Thayer; of Baltimore.
The decease was announced of Ernest Fox Nichols, D.5Sc., at
Washingtan, D. C., on April 29, 1924, @t, 55.
The award of the John Scott Medals and Premiums was made to
the following:

Frederick G. Banting, M.D., Physiologist, of London, Ontario,
who in 1920 and 1921 succeeded in preparing a potent extract
of the experimentally atrophied pancreas; a condition pro-
duced by ligating the pancreatic duct. The injected extract
increased materially the life of depancreatized dogs by en-
abling them to retain larger amounts of sogar. 1In these re-
searches there were associated with Dr. Banting, Doctors J. J.
R. McLeod, Best, and Callip.

William W. Coblentz, Ph.D., Physicist of the U. 5. Burean of
Standards, for his unsurpassed skill in the design and con-
struction of thermopiles and radiometers of the highest sensi-
tivity with which he has actvally measured the radiation of
the fainter stars.

Elmer Verner McCollum, Ph.D., Sc.D., Professor of Biochem-
istry, School of Hygiene and Public Health, Johns Hopkins
University, who demonstrated in 1913 a growth promoting
vitamin in butter fat, the first of a long series of researches
by him and his collaborators on the presence in varions foods
of other similar substances, promoting growth and maintaining
health.

Ralph Modjeski, D.Eng., of New York City, for his skill in
bridge designing, having designed and built the Columbia and
Williamette River biridges in Oregon, the McKinley Bridge at
St. Louis, the Broadway Bridge at Portland, Oregon, the
Cherry Street Bridge at Toledo. He is now Chief Engineer
of the Delaware River Pridge,

Stated Meeting, November 7, 1024,
WitLiam B, Scorr, Sc.DD., LL.D,, President, in the Chair.

Letters accepting membership were received from:
Dr. Charles McLean Andrews, of New Haven.
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President James Roland Angell, New Haven.

Proi. Harry Bateman, of Pasadena.

Dr. Albert F. Blakeslee, of Cold Spring Harbor, L. .
Hon. John W. Davis, Esq., of New York.

Prof. Charles A. Kofoid, of Berkeley, Calif,

Prof. Armin O. Leuschner, of Berkeley, Calif.
Prof. Charles E. Mendenhall, of Madison, Wis.

Dr. Graham Lusk, of New York.

Dr. Charles R. Stockard, of New York.

Dr. Clark Wissler, of New York.

The decease was announced of the following members:

Baron d'Estournelles de Constant, at Paris, France, May, 1924,
Dr. Robert S. Woodward, at Washington, June 29, 1924, ®t. 74,
Dr. Robert G. LeConte, at Philadelphia, Aungust 6, 1924, ®t. 30.
Dr. George Arthur Piersol, at Philadelphia, August, 7, 1924,

=t. 68,

Prof. John' J. Stevenson, at New Canaan, Conn., Aunpust 10,
1024, =t. 8z.

Dr. Henry Kraemer, at Mt. Clements, Mich., September o, 1924,
®t. 56.

Prof. W. R. Newbold of the University of Pennsylvania read a
paper on “ The Eagle and the Basket on the Chalice of Antioch
which was illustrated by lantern slides, and discussed by the President,

Stated Mecting December 5, 1024.

No quorum present,

Special Meeting, December ro, 1924,
WirtLian B. Scorr, Sc.ID, LL.D. President in the Chair.

Dr. William S. Thayer, a newly elected member subscribed the
Laws and was admitted into the Society.

Prof. A. 5. Eddington, FR.S., of Cambridge, introduced by Prof.
J. A. Miller, read a paper on * The Interior of Stars.” Discussed by
the President, Professor Russell and Dr. Miller.
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