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.LETTER

FROM THE

SECRETARY OF THE SMITHSONITAN INSTITUTION,

ACCOMPANYING

© The annual report of the Board of Regents of the Institution for the yewr
ending June 30, 1896.

SMITHSONIAN INSTITUTION,
. Washington, D. C., July 1, 1896.
To the Congress of the United States :

In accordance with section 5593 of the Revised Statutes of the
United States, 1 have the honor, in behalf of the Board of Regents,
to submit to Congress the annual report of the operations, expend-
itures, and condition of the Smithsonian Institution for the ycar
ending June 30, 1896.

I have the honor to be, very respectfully, your obedient servant,

S. P. LANGLEY,
Secretary of Smithsonian Institution.
Hon. ApLAr E. STEVENSON,
President of the Senate.
I1I
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JOURNAL OF PROCEEDINGS OF THE BOARD OF REGENTS OF
THE SMITHSONIAN INSTITUTION.

ANNUAL MEETING OF THE BOARD OF REGENTS.

JANUARY 22, 1896.

In accordance with a resolution of the Board of Regents, adopted
January 8, 1890, by which its stated annual meeting oceurs on the
fourth Wednesday of January, the board met to-day at 10 o’clock a. m.

Present: The Chancellor (the Hon. M.-W. Fuller) in the chair; the
Vice-President of the United States (the Hon. A. K. Stevenson), the
Hon. J. 8. Morrill, the Hon. S. M. Cullom, the Hon. George Gray, the
Ton. Joseph Wheeler, the Hon. R. R. Hitt, the Hon. Robert Adams, jr.,
the Hon. Andrew D. White, the Hon. J. B. Henderson, the Hon. Gardi-
ner G. Hubbard, the Hon. W. L. Wilson, and the Secretary Mr. S. P.
Langley.

Excuses for nonattendance were read from Dr. William Preston
Johnston, on account of illness, and from Dr. J. B. Angell, on account
of an important business engagement.

At the Chancellor’s suggestion, the Secretary read the minutes of
the last meeting, in abstract. There being no objection, the minutes
stood approved.

The Secretary then announced the following reappointments and
appointments of Regents:

REAPPOINTMENTS.

The Hon. S. M. Cullom, of Illinois, by the President of the Senate,
on December 18, 1895,

The Hon. Joseph Wheeler, of Alabama, and the Hon. R. R. Hitt, of
Illinois, by the Speaker of the House of Representatives, on December
20, 1895.

The Hon. William L. Wilson, of West Virginia, by joint resolution
of Congress, approved by the President January 14, 1896.

APPOINTMENTS.

The Hon. Gardiner G. Hubbard, of Washington, D. C., by joint reso-’
lIution of Congress, approved by the President February 27, 1895.
The Hon. Robert Adams, jr., of Pennsylvania, by the Speaker of the

House of Representatives, on December 20, 1895,
X1






JOURNAL OF PROCEEDINGS OF THE BOARD OF REGENTS. XIII

‘Wheeler, preparations had been made for the publication of some of
the more meritorious ones. Some of them exhibited such care and pains
in the preparation that it was thought desirable to give some kind of
token of the appreciation of the Institution, and medals of .silver and
bronze had been awarded. These medals (of which the Secretary
showed a photograph) were now being struck.”

Mr. Wheeler inquired if it was the papers that had received honorable
mention which it was proposed to print, to which the Secretary responded
that that was the purpose, save where the authors preferred to print
themselves.,

The Secretary went on to say:

There has probably been no single event in the history of the Institution which
has drawn more attention to it abroad than the announcement and award of these
prizes, which the Regents will remembher were given in accordance with the
expressed desire of thie donor that such might be at any rate the first disposition of
the income of the amount cspecially set apart by him for the stndy of the atmos-
phere. Having done this, T feel that a sort of pious duty has been accowmplished in
fulfilling the wishes of Mr. Hodgkins, but while the money has been well hestowed
for once in drawing the almost universal attention of the scientific world to the
Hodgkins bequest and to the Institntion and the fund which it administers, as well
as to its fitness as an administrator of other trusts of this character, it may be
doubted if it is a wise policy to continue the giving of such large prizes, whicli have
rarely been found efficacious in stimulating discovery. Unless, therefore, 1 am
instructed by the Regents to do otherwise, the income hereafter will be spent in the
customary channels of the Institution's activities, through the aid of investigations
in regard to the air which more immediately promote the gencral welfare.

The large amount required for the great prize to which I have alluded, and which
is not likely to e called for again, has, of course, naturally limited the application
of this fund to the aid of original research in more practical ways, which I hope it
will take Liereafter; but I may mention one outcome of it, @ valuable investigation
by Dr. Weir Mitchell and Dr. Billings in ‘“The composition of ¢xpired air.”

Continuing, the Secretary said:

I now desire to bring hefore the Regents a matter in which they may see fit to
express some opinion,

The fundamental act creating the Institution, in enumerating its functions, appar-
ently considers it first as a kind of Gallery of Art, and declares that all objects ot art
and of foreign and curious research, the property of the United States, shall be
delivered to the Regents, and ouly after this adds that objects of natural history
shall be so also.

The scientific side of the Institution’s activities has been in the past so much
greater than its wsthetic that it is well to vecall the wudoubted fuct that it was
intended hy Congress to be a curator of the national art, and that this function has
never heen forgotten, though often in abeyance.

In 1849, your first Secretary, Joseph Henry, in pursuance of this function of an
Institution which, in Lis own words, existed for ‘“the true, the beautiful, as well as
for the immediately practical,” purchascd of the Hon. George . Marsh a collection
of works of art—chiefly engravings—for the sum of $3,000, understood then to be
but a fraction of its cost, and which, owing to the great rise in the mavket value of
guch things in the last fifty years, dees not in the least represent its valuo to-day.
It is impossible to state what the present value of the collection is, without an
examination of the engravings and etchings, but experts that I have consulted say
that the risc in all good specimens of c¢ngraving and ctching during the forty-scven












JOURNAL OF PROCEEDINGS OF THE BOARD OF REGENTS. XVII

I made & pretty thorough tour of their range in October lust, and saw very few
signs. I am sure that I have heretofore overestimated their numbers. I doubtif
there are over fifty remaining, and these will not all winter in the Hayden Valley.
They increase but slowly under the best conditions, and here, where they are being
constantly pursued and where the winters are very severe, but small increase can be
looked for. Of course the stockade recently erected will be o great assistance in
their protection, if they can be secured within it.

All of the animals in the park are protected properly and are mcreasmg, with the
exception of the bison, and of these it is difficult to predict as yet.

The Secretary resumed:

The park here is, however, fulfilling its functions as ‘‘the lungs of the city”” and
for the ‘“instruction and recreation of the people,” and no better evidence is needed
to corroborate this than the crowds which constantly visit it.

ASTROPHYSICAL OBSERVATORY.

Concerning the Astrophysical Observatory, the Secretary said:

The Regents will remember that five years ago it wasresolved: ‘“That if an appro-
priation should be made by Congress for the maintenance of an ‘astrophysical
observatory,” under the direction of the Smithsonian Institution, the Regents will
expend for this purpose, from moneys already donated to them, $10,000 for the con- -
struction of buildings for said observatory, whenever a suitable site shall be desig-
nated by Congress aund obtained for the purpose.” * * *

It was then anticipated that the first step to be taken by Congress in the matter
would be the provision of a suitable site. Congress, however, saw fit to malke the
appropriation in terms which provided for the scientific work of an observatory
already in progress, and in order to utilize this appropriation, which would other-
wise have liad to be returned to the Treasury, the temporary and inadequate quarters
in the sheds immediately behind the Smithsonian building were provided in 1890.

Ihave had too much personal concern with the work which has been done there
not to perhaps speak of it with a friendly bias, but if' I may believe the expressions
of men of science competent in this matter, hardly any more important work in the
spectrum has been done in the century than has heen going on and is still going on
here under the Smithsonian Institution, though under such disadvantageous con-
ditions.

Briefly, this research is giving us a knowledge of nearly thrice the amount of the
details of the solar energy that were known to Sir Isaac Newton, and in a region
which remained almost untouched since he lett it until our own day, when these
researches took it up.

As has hecn stated in previous reports, there is an (*lement of uncertainty in the
results, due to the fact that they are all obtained through an excessively delicate
instrument which registers minute vibrations set up by the sun, but whicl also regis-
ters (whether we will or 110) vibrations coming from local causes, such as the tremor
of the ground, which always exists, however imperceptible to the ordinary sense, in
the midst of a great city. There are ways of discriminating hetween these true and
false effects, but the latter can hardly be eliminated - certainly not in very many
years of labor—in the present altogether unfit site, whereas the work already sketched
out could be pushed to successful conclusion and publication in a single twelvemonth
in a quiet locality.

In view of the delay in providing & site for a building, the Secretary has already
been authorized by a subsequent resolution of the Regents to expend the sum of
$10,000 bequeathed by J. H. Kidder and given by Alexander Graham Bell ¢ in direc-
tions consonant with the known wishes of the testator and the donor,” but little of it
hasbeen used; and unless some remedy is found against the tremor incident to this had

SM 96——I11






REPORT OF THE EXECUTIVE COMMITTEE OF THE BOARD OF
REGENTS OF THE SMITHSONIAN INSTITUTION

For THE YEAR ENDING JUNE 30, 1896,

To the Board of Regents of the Smithsonian Institution :

Your Executive Committee respectfully submits the following report
in relation to the funds of the Institution, the appropriations by Con-
gress, and the receipts and expenditures for the Smithsonian Institu-
tion, the United States National Museum, the International xchanges,
the Bureau of Ethnology, the National Zoological Park, and the Astro-
Physical Observatory for the year ending June 30, 1896, and balances
of former years:

SMITHSONIAN INSTITUTION.

Condition of the Fund July 1, 1896,

The amount of the bequest of James Smithson deposited in the
Treasury of the United States, according to act of Congress of’ August
10, 1846, was $515,169. To this was added by authority of Congress,
February 8, 1867, the residuary legacy of Smithson and savings from
income and other sources to the amount of’ $134,831.

To this also have been added a bequest from James Hamilton, of
Peunsylvania, of $1,000; a bequest of Dr. Simeon Habel, of New York,
of $500; the proceeds of the sale of Virginia bonds, $51,500; a gift
from Thomas G. Hodgkins, of New York, of $200,000 and $8,000, being
4 portion of the residuary legacy of Thomas G. Hodgkins, and $1,000,
the accumulated interest on the Hamilton bequest, making in all, as
the permanent fund, $912,000.

The Institution also holds the additional sum of $42,000, received
upon the death of Thomas . Hodgkins, in registered West Shore Rail-
road 4 per cent bonds, which were, by order of this committee, under
date of May 18, 1894, placed in the hands of the Secretary of the Insti-

tution, to be held by him subject to the counditions of said order.
XIX






REPORT OF THE EXECUTIVE COMMITTEE. XXI

EXChanges . ...t eiee e tmea e $3, 469. 72
Incidentals ... ... i i i eiitciacciieiianceeeeeo. 2,018.20
054 (3 10311 003 1 - 500. 00

0 6,474.61

The net expenditures of the Institution for the year ending June 30,
1896, including $11,000 paid for prizes awarded from the Hodgkins
fund in accordance with the recommendation of the award committee,
were, therefore, $62,330.96, or $6,474.61 less than the gross expenditures,
$68,805.57, as above stated.

All moneys received by the Smithsonian Institution from interest,
sales, refunding of moneys temporarily advanced, or otherwise, are
deposited with the Treasurer of the United States to the credit of the
Secretary of the Institution, and all payments are made by his checks
on the Treasurer of the United States.

Your committee also presents the following statements in regard to
appropriations and expenditures for objects intrusted by Congress to
the care of the Smithsonian Institution:

Detailed statement of disbursements from appropriations committed by Congrese to the care
of the Smithsonian Instilution for the fiscal year ending June 30, 1896, and from balances
of former years.'

: INTERNATIONAL EXCHANGES.

Receipts.

Appropriated by Congress for the fiscal year ending June 30, 1896, ¢ for
expenses of the system of international exchanges between the United
States and foreign countries, under the direction of the Smithsonian
Institution, including salaries or compensation of all necessary em-
ployees” (sundry civil aet, March 2, 1895) ... .oveeammia il $17, 000. 00

Disbursements from July 1, 1895, to June 30, 1896.

Salaries or compensation :

1 curator, 12 months, at $225. ... ... .. ...l $2, 700. 00
1 clerk, 43 months 5 days, at $160 ........ ... ... .. ..., 746. 67
1 chiet clerk, 2 months, at $150. .. ... .. ... .......... 300. 00
1 clerkJG months, at $120 . ... ....... R RLEEETTTRR T720. 00
16 months, at $130 - oo oo i i e 780. 00

1 clerk, 2 months, at $100 . ... ... o ... ... 200. 00
JB months, at $85 ... ... oL ....o.. 510. 00

1 clerk 54 months 9 days, at $91.66. .. _..... ... ... e 531.63
6 days, at $100. ...l 20. 00

1 cleplc/6 months, at $80 ... PO ... 480.00
6 months, at $85 .. .. 510. 00

1 clerk, 12 months, at $75 . ... ... ... . L ililii.. 900. 00
1 fclerk, 5 months, at $75 .. ... 375. 00
llaborer, 182 days, at $1.50 ... ... oooo oo .. 273. 00
1 clerk J6 months, at $65 ... ... . ...lll. 390. 00
16 months, at $70 - ..o eeeeen e 420. 00

1 elerk, 6 months, at $60 . ... ... ... . ... ... 360. 00
copyist, 6 months, at $50.. ... . ... L ..o .o .. 300. 00
1{ 54 months 9 days, at $55 . ... ... ..o ... 319. 00

stenographer, 6 days, at $60.... coeeierieriareinannanannn 12,00






REPORT OF THE EXECUTIVE COMMITTEE. XXIIT
Disbursements July 1, 1895, to June 30, 1896.
Salaries or compensation:
1 Director, 12 months, at $375.. . ... . ... . .. ... ...l $4, 500. 00
1 ethnologist in charge, 12 months, at $300 ...... ... . ... ... ... 3, 600. 00
1 special ethnologist, 7 months, at $200...... ... ... .. ... ... ...... 1, 400. 00
1 ethnologist, 12 months,at $150 ...... ... .. ... .. ..o ........ 1, 800. 00
1 ethnologist, 12 months, at $150 ... .. .. ... . .. ..ol 1, 800. 00
1 ethnologist, 12 months, at $150 .. ... ... ... ... . ... 1, 800. 00
1 ethnologist, 12 months, at $125 .. ... .. ... ... .o ... 1, 500. 00
1 ethnologist, 12 months, at $125 .. ... ... .. .. . . .oi.oo.. 1, 500. 00
1 ethnologist, 12 months, at $116.66 ..... ... . ..c.ooiiiiiiiiiaaa 1, 399. 92
1 ethnologist, 12 months, at $110 .. ... .. ... .. . ... . ... ......C 1, 320. 00
2 months, at $100. . ... ... .. ...l 200. 00
1 ethno-photograph { ’
OTnO-PROBOBTAPACT 1 months, ab $116.66 - - o vemeenemeeo e 1, 166. 60
1 clerk, 12 months, at $100 X
1 clerk, 3 months, at $100 . ..o vt it 5
6 months, at $83.83 .. .. ... iiiiiiieiian 499. 98
1 clerk] ’
6 mOnths, 6 $100 +- -« eeeeeees oo e e e 600. 00
[5 months, at $75 . ... ... 375. 00
1 elerk 29 days, at $75 ..o oo oe i i 70.17
16 months, at $83.33 . ... .. 499. 98
1 clerk, 12 months, at $75 . ... ... .o 900. 00
1 clerk, 12 months, at $75 ... .. cooo oL Ll iiiaiial 900. 00
1 messenger, 12 months, at $60 ... .... . ... ... ... ... 720.00
1 messenger, 12 months, at $50 ... .. ... ... ... Lo Ll 600. 00
1 modeler, 10 months, at $60 ...... ... .. ... ... .. ...l 600. 00
. 6 months,ab $40.. . .. oL ...l 240.00
skilled lab ’
Lskilled Ia Om{ﬁ ONERS, A6 B - oo ooe e 270. 00
1 copyist, 6 days, at $2. ... ..o L iiieiian. 12.00
Total salaries or eompensation ................. ... ... 29, 773. 65
Miscellaneous:
Drawings and illustrations...... ... ... oL $290. 50
Freight................ e 31.40
Miscellaneous. ... ... ... o i iiiiieiiiiiiaaa. 92.10
Postage and telegraph ... . . ... ... ... 35.91
Publieations .. .. ... i iiiiiiaaeas 218.48
Office furniture ... ... . e 393.77
Office rental ... ... ... il 999. 96
Special services . ..... e e e e e eaaan 440.00
Specimens ... ... it eice e 21.48
StationeTy - .. it 474.59
118 13 LT P 617. 81
Traveling and field expenses.............cicoieaeoaiianannn 5,166. 22
Total miscellaneous. .ccee oot oottt et tiee e 8, 782.22
Total dishursements . ... ... it it ieee ceaecceeenaneanen 38, 555. 87
Balance July 1, 1896 . ... ... i it i iieacaeaan. 1,444,13
NORTII AMERICAN ETHNOLOGY, 1895,
Balance July 1, 1895, as per last report ........ et aaccceiaanes $5, 680. 15






REPORT OF THE EXECUTIVE COMMITTEE.

Salaries or compensation—Continued.
1 aid, 2 months, at $50; 15 days, at $50 . ... .. ... . . ...
1 aid, 7months, at $40; 15 days,at $40. .. ... ... ... oL e
1 aid, 4 months, at $40. .. o e caaa.-
1 collector, 3 months, at $60 ... ... ............

PREPARATORS.

1 photographer, 12 months, at $158.33. ... ... ... .. .. ... .. . ..
1 artist, 12 months, at $110 .. ... . . L. o i.i....o..
1 osteologist, 8 months, at $90 ... ... ... ... ... D
1 preparator, 12 months, at $80 ... ... .. .. ... ... ...
1 preparator, 2 months, at $90 .. ___. .. .. L L. o......
1 preparator, 11 months, at $80; 15 days, at $80.. ... .._..._.._.....
1 preparator, 11 months, at $80; 15 days, at $80 ... ....._.._. . ...
1 preparator, 12 months, at $60 ... .. .o .o oL ...
1 preparator, 1 month, at $60; 11 days, at$60.... .. .. ... ... ...
1 preparator, 10 months, at $50; 16 days, at $50 .. ... ... ... ..
1 preparator, 4 months, at $50 .. .. ... i.i...
1 preparator, 1 month, at $50; 23 days, at $50. ... ... .. ... ... ...
1 preparator, 23 days, at $3.20 ... ...l liooa.
1 preparator, 24 days, at $3.20 . .. ... ... ... .. ...
1 taxidermist, 10 months, at $100; 324 days, at $100_ ................
1 taxidermist, 7 months, at $100; 38 days, at $100 ... ... ... .. ...
1 taxidermist, 12 months, at $90 ... ... ... ... L. .......
1 taxidermist, 2 months, at $75; 14 days, at $75 ... . ... ...
1 taxidermist, 10 months, at $60; 29 days, at $60; 29 days, at $60....

1 model maker, 5 months, at $100; 9 days, at $100 ._____ ... ... ...,

CLERICAL STAFF.

1 chief clerk, 12 months, at $200.. ... .. ... ... .. ... ..
1 editor, 8 months, at $187.50; 19 days, at $187.50 .. ... ._........
1 editor, 2 months, at $166.66; 1 month, at $166.73...._. ... .......
1 chief of division, 12 mouths, at $200 .. e eeea..
1 registrar, 11 months, at $158.33; 1 month, at $160.06. . ... ... .. _.
1 disbursing clerk, 12 months, at $116.66. ... ... ... ... ... ...
1 assistant librarian, 11 months, at $116; 1 month, at $111.40._......
1 stenographer, 10 months, at $110; 2 months, at $120_ ... ... ... ...
1 stenographer, 11 months, at $50; 1 month, at $54 ... . __ . ...
1 stenographer, 12 months, at $45. .. ... L. ...
1 typewriter, 10 months, at $50; 50 days, at $50. ... ... ... ... ...
1 typewriter, 309 days, at $1.50; 6 days, at $50 per month ..........
2 clerks, 12 months, at $115. ... oo oo
2 clerks, 12 months, at $100. ... ... ..o L.
1 elerk, 6 months, at $100. ... .. ..
1 clerk, 8 months, at $90; 9 days, at $90. ... ... ..o oL ...
1 clerk, 12 months, at $90 . .. i iiiaaiaann
1 clerk, 10 months, at $60; 2 months, at $90 ... .. ... ... ..o ...
1 elerk, 12 months, at $83.83 . . . .. . .ol
1 elerk, 11 months, at $75 .. o ...
1 cler‘k, T month, at $70. oo e
2 clerks, 12 months, at $60. .. ... .. ... Liil.......
1 clerk, 4 months, at $60; 3 months, at $50; 15 days, at $50. .. ... ..
2 clerks, 12 months, at $55. ... .. . ... .o ...
1 clerk, 11 months, at $55; 1 month at 120 A

1 clerk. 11 months, at $55 1 month, at $54.

XXV

$125. 00
300. 69
160. 00
180. 00

73.60
76. 80
1,106. 99
821,52
1, 080. 00
185. 00
714.13
529, 03

2, 400. 00
1, 614. 92
500. 05
2, 400. 00
1,901. 69
1,399, 92
1,321. 40
1, 340. 00
604. 00
540. 00
582. 10
473.50
2,760. 00
2, 400. 00
600. 00
746.13
1,080, 00
780. 00
999. 96
825. 00
70.00
1,440. 00
415,00
1, 320. 00
659. 00
659, 00






REPORT OF THE EXECUTIVE COMMITTEE. XXVII

Salaries or compensation—Continued.

1 laborer, 1 month, at $43; 10 months, at $40; 15 days, at $40....... $463. 00

1 laborer, 1 month, at $41.50; 11 months, at $40 .. ... ... ... .. .... R 481. 50
1 laborer, 1 month, at $41.50; 11 months, at $40 .. .. ... ... .... 481. 50
2 laborers, 12 months, at $40.... .. . ... 960. 00
1 laborer, 11 months, at $40; 15 days,at $40... ... ... ... ... 460. 00
1 lahorer, 11 months, at $40; 28 days, at $40.. ... ... .. .. ... ... 476.13
1 laborer, 11 months, at $40; 24 days, at $40. ... ... ... ...... 472.00
7 laborers, 314 days, at $1.50. .. . cent i i iiceiaaas 3,297.00
1 laborer, 255 days, at $1.50. « oo it i e iceee s 382. 50
1 laborer, 92 days, at $1.50. .. oo i i s 138.00
1 Jahorer, 316 days, at $1.50. .. o i aaas 474.00
1 Jaborer, 28} days, at $1.50; 281 hours, at 15 cents per hour.. ..___. 84. 90
1 laborer, 305 days, ab $1.50. .o o e aaaas 457.50
1 laborer, 13 days, at $1.50. . .. oo e 19.50
1 laborer, 271 days, at $1.50. o . oot e 406. 50
1 laborer, 363 days, at $1.50. ... ... e iaaaes 544,50
1 laborer, 362 days, at $1.50. .o oo e i i i 543. 00
1 laborer, 349 days, at $1.50. cocon L i e 523. 50
1 Iaborer, 329 days, at $1.50. ... .. e 493.50
1 laborer, 293 days, ab $1.50. e o cen oo i 439.50
11aborer, 6 days, at $1.50. ... ..ol 9.00
1 laborer, 893 hours, at 15 cents. .. oo vomoor i i e 13.43
1 laborer, 824 hours, at 15 cents...... e e e e iiciaea 12. 34
1 laborer, 90 hours,at 15 cents_ ... ... ..o ieni i 13.50
1 1aborer, 813 honrs,at 15 cents. ... oo ol i 12.26
1 Jaborer, 834 hours,at 15 cents. ... ... .o . iiiiiiaaa.. 13.28
1 laborer, 143} hours,at 15 cents.... ... ... . oi.il..o.. 21.49
1 Iaborer, 904 hours, at 15 cents. ... coooo i 13.54
1 laborer, 285 hours, at 15 cents. ... oo .o . o oo 42. 83
1 laborer, 109 hours, at 15 cents. ..o ..o it oo ci it 16.35
1 Iaborer, 86% hours, at 15 cents. .. ... oo lllL e 13.01
1 laborer, 13 hours, at 15 cents. oo oo i it cee e 1.95
1 laborer, 78} honrs, at 15 cents. o oo oo oo i oo ci it iaa i 11.78
1 laborer, 10 hours, at 15 eents. .. oo .o ionn i i i e 1.50
1 Iaborer, 11 days, ab $1.50. .. oo oo i ieeaiaaes 16. 50
1 messenger, 10 months, at $50; 30 days,at $50 ... ... . ... .. ... 550. 00
1 messenger, 11 months, at $30; 29 days,at $30 ... ... ... ... 359. 00
1 messenger, 2 months, at $30 ... ... ...l 60. 00
1 messenger, 16 days, at $30. ... .. oo ool 16. 00
1 messenger, 11 months, at $25 ... . . ..ol 275.00
1 messenger, 1 month, at $22; 5 months, at $20; 6 months, at $15 ... 212.00
2 messengers, 12 months, at $20 ... .. ... . . ... ..., 480. 00
1 messcnger, 1 month, at $20; 21 days, at $20 ... ... ... 33.55
1 messenger, 3L days, at $20. ... ... Ll iiiaiao. 20.41
1 attendant, 12 months, at $40 ... ... o . ........ 480. 00
3 cleaners, 12 months, at $30 .. ... ...l 1, 080. 00
1 cleaner, 315 days, at $1 . . oo oo eeeecaa.- 315. 00
1 cleaner, 315 days, at $1 ... .o ciiiiecaaaaas 315. 00
1 cleaner, 11 months, at $30; 1 month, at $31 ... ... ... ... ... 361.00

Total 8alaries coe o cee i m e 125, 950. 49
Special scrvices ) 2, 916. 25

Total services 128, 866, T4
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Expenditures.
Services or compensation:
3 carpenters, 208 days, at $3 ... ..o ... ... $624. 00
1 painter, 1 month, at $65 ... .. ... ... ... ..... 65. 00
1 painter, 16 days at $65. .. ... oo oo 33.55
14 skilled laborers, 364 days at $2. ... ... ... ...... - 728.00
1 skilled laborer, 21 days at $1.75... .. ocoeeeenuan. ... 36.75
3 skilled laborers, 1 month at $50 - ... ........ ... .. .. ... 150. 00
1 skilled laborer, 74 days at $50. ... ... ... ... 12.10
1 skilled laborer, 1 month at $52._.._.... ... ... ._..... 52.00
1 skilled laborer, 24 days at $50, 6 days at $55............. 51.00
1 skilled laborer, 21 days at $1.75, 5 daysat $2 ............ 46.75
11laborer, 1 month, $41.50 ... . .. .. .. ... ... 41.50
3 laborers, 83 days at $1.50 ... ..o ioiLi.l... 124.50
1, 965. 15
Miscellaneous:
Granito pavement.......... o . ......o_.. e $600. 00
Paints, oils, ete ......._..__.. e e 400. 23
Glads o e i i e 28. 00
Advertising......oooeeeioooi i 38.19
Lumber. .o e e 9.00
Hardware. ... . .oooot oo 6.42
Brick, cement, charcoal. .... ... ... ... 23.50
— 1,105.34
Total expenditure. ... .. .ccueueeetmmmin i $3, 070. 49
Balance July 1, 1896, to meet liabilities.......... . ... ..o . ... 929, 51

FIRE PROTECTION: SMITHSONIAN INSTITUTION AND NATIONAL MUSEUM, 1896.
Receipts.

Appropriation by Congress for the fiscal year ending June 30, 1896, ‘‘ for
expenses of putting in four additional fire-plugs in the Smithsonian
grounds for the better protection of the Smithsonian Institution,
National Museum, and Astrophysical Observatory, and the purchase
of necessary fire hose.” (Sundry civil act, March 2, 1895.)............ $800. 00

Disbursements.

‘Water Department, District of Columbia, for labor and material

for erecting four fire-hydrants in Smithsonian grounds...... $646. 89
Fire hose, nozzles, and couplings .......cocoeeeeaoLo.. e 151. 40
798. 29
Balance July 1, 1896 . -« oo oot iie i e 1.71

APPROPRIATIONS FOR PREVIOUS YEARS—PRESERVATION OF COLLECTIONS, 1894.

Balance July 1, 1895, as per last annual report . ......_ ... ... ........ $235. 27
Expenditures.
SPOCIIIONS et tm e e i e ieeiiiiaaa e $13.50
Freight. .o e el 12,14
5757 < 202.23
Total expenditure..............cc.eee. e mee e e eaaan 227. 87
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FURNITURE AND FIXTURES, 1894,

Balance July 1, 1895, as per last annual reporb. ...... ... ... ... .____. $0. 09

Balance carried, under the provisions of Revised Statutes, section 3090, by the -
Treasury Department to the credit of the surplus fund, June 30, 1896.

FURNITURE AND FIXTURES, 1895.

Balance July 1, 1895, as per last annual report.... ... ... ... ....... $697. 43

Expenditures.
Special 8ervices. .. au. . o i i $7. 00
Miscellaneous: :
Drawers, trays, boxes .. ... ... . ... ... ........ "17.00
Frames, stands, ete ... ... ... ... ...... 1.25
GlaB8 oot o e 1.25
Hardware . ... ... .. . il 37.69
0018 - e .. 1.10
Cloth, cotton, ete . ....... . _......... e 97.78
Glass JaTs. . .oo oo el ... 106. 57
Lumber -l i 143. 36
Paints, oils, efic .. ... . ...l 38.24
Office furniture .. ... . .ol 241. 03
Metals - .. .ooceoaanoan e e et e I 6.24
Rubber and leather .. ... ... ... .. ... ... 5.79
Apparatus and chemicals. ....... ...l 2.60
Total expenditure. .. .. .. .ot i 696. 90
Balance July 1, 1896 . ... ..o .o .b3

ToraL EXPENDITURE OF THE APPROPRIATION FOR I'URNITURE AND FIXTURES, 1895.

Appropriation ...... .. ... iiaeaan. $10, 000. 00
Salaries or compensation ... ... ... .. ... .. .. $5, 609. 20
Special contract work.... ... ... ... .. ... 93.13
TOtal BOIVICOB .o e e o oo i i i e eaae e e 5,702. 33
Drawings. .. ... iiiiiaa. 91. 25

Drawers, tTays, DOXes . ..o oot i e i i e oo 678.79

Frames, stands, ete. .. ... .. ... .. L. ......l.... 68. 25

GlaSs oe e it e et e e e e 47.15

HardWare . .o oo e i e e ceee e s 547.99

B 70 1 64.79

Cloth, cotton, et ...... oo .. 117.78

GABS JATS - - - e ce et e e e e e i e e e 354, 89

B 00 ) 1,251. 58

Paints, 0118 <o e e 488. 38

Office furniture ... ... . ... ... li.aa... 363. 76

D (3 72 1 N 53.40

Rubber and leather ... ... ... 24.59

Tron brackets .o men oo e i 141. 94

Apparatus and chemicals.... ... ...l 2. 60
Total expenditure...... ... .o oo 9,999.47
Balance July 1, 1896, .cceevrevrrrevmrevsrereveve vosrvvavnsrrervnes , 03

SM 96-—II1
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Salaries or compensation—Continued.

113 months, at $50 ..o .. ceie oo $575. 00

1 under keeper{9 days, at $50 ... ... ......... e 15. 00
6 days, at $60 ... ... . ............ T 12.00

114 months, at $50 ... ... ... ... ... ... 575. 00

1 under keeper{&) days, at $50 ... .. ... ... 15. 00
6days, at $60 ... ... . . . ... 12.00

114 months, at $50. .. ... ... . ... ... 575.00

1 under keeper{Q days, at $50 ... ... .. . ... ...... 15. 00
6days, at $60 ... ... ... .. .. ... 12. 00

11 months, at $50 ... .. .. ..o . 550. 00

1 under keeper{m days, at $50 . ... ... oLl . 34.35
6days,at $2 ... ... 12. 00

IIH months, at $50 ... ... ... ... ... 575. 00

1 under keepery9 days, at $50 ... ... .. .. ... ... ... 15. 00
lﬁ days, at $60 ...... ... ... ...l 12.00

1 keeper, 10 months, at $75.._. ... e e e 750. 00
1 blacksmith, 12 months, at $75 ... ... ... . ... ... 900. 00
1 assistant blacksmith, 12 months, at $60 ... ... . .__. 720. 00
1 carpenter, 12 months, at $75 . ..... et e 900. 00
1 engineerj% months, at $50. ... .. ... oLl 175.00
11 day, a6 $50- oo e e 1.61

1 stenographer, 12 months, at $62.50 . ... ... ... . ... ____. 750. 00
1 copyist, 34 days, at $50. . ... ... ..l 5.83
114 months,at $15. ... ... ... .. . 172.50

1 attendant{9 days,at $15 ... ... oLl 4.50
16 days, at $20 ... ... ... 4.00

1 watchman, 12 months, at $50 ... ... .. . ... ... 600. 00
1 watchman, 12 months, at $50 ... ... .. .o ...l . 600. 00
1 watehman, 12 months, at $60 ... ... ... ... .. . ... ... 720, 00
1 watechman, 3 months, at $50 . ... ... ... ... . ... 150. 00
1 night watchman, 12 months, at $50 ........._ ... ... 600. 00
11 months, at $45 .. ... . ..o illll. 495, 00

1 ]aborer{Q days,at $45 . ... ...l 13.50
6 days,at $60. ... ... ... ... 10. 00

2 months, at $45 ... .. . 90. 00

! 1”‘b°rer{e 0N, 8 $50 -+ - -+ oo e e e e 300. 00
1 laborer, 12 months, at $50 .. .. ... ... ... L L 600. 00
1laborer, 12 months, at $50 . ... ... ... ... L. 600. 00
1 laborer, 12 months, at $50 . ... ... ... .. ... 600. 00
1 laborer, 114 months, at $50 ... ... ... .. ... . . ... ... 575. 00
1 laborer, 12 months, at $35 . ... .. ... ... .. .. ... 420. 00
, 4 months, at $50 ... .. ... L ...l 200. 00

! ]‘“’O”’r{m days, ab $50 ... SRR 24.57
1 laborer, 6 days, ab $60..... ooeoini i 12.00

Total salaries OT COMPENSALION .o eee meme i iiiiit ciiiiaia e $21, 821. 11
Miscellaneous:
Baildings cee cee e e e 158. 46
Building materinl.. ... ... oLl 1,042.88
Feneing and cage material _........ ... 3,779.16
FOOd .. e e e e e e e e 5, 686. 31
Freight and transportation. . ... .. ... ... .. 651. 68
B O 1Y UM MR 614.73
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.
‘Wages of mechanics and laborers, etc.—Continued.

1 laborer, 34 days, at $1.25 ... i iiiiaaa. $42. 50
1 laborer, 20 days, at $1.25 .. .. ...l 25. 00
1 laborer, 25 days, at $1.25 ... . . ... i.....oi..... 31.25
1 laborer, 22 days, at $1.25 ... .. oo oL 27.50
1 laborer, 34 days, at $1.25 . .. . ... ... ... 42.50
1 laborer, 229% days, at $1.25 ... ... .. ... ....o.o.. 287.18
1 laborer, 804 days,at $1.25 .. ... . ...l 100. 31
1 Iaborer, 74} days, at $1.25 ... ... .o L....... 93.12
1laborer, 1803 days, at $1.25 ... . ... . . . ... 225.93
1 laborer, 35 days, at $1.25 ... .. . L. .iiiii.aioo 43.75
1laborer,10 days,at $1.25 - ... L. . .......... 12.50
1 laborer, 13 days, at $1.25 .. ... .. ... o . . .o....... 16.25
1 laborer, 413 days, at $1.25 .. ... .. ... ... 52.19
1laborer, 193 days, at $1.25 ... ... . ...l .oo..... 24.69
1 laborer, 8 days, at $1.25 .. ... ... ... L. il 10. 00
1 laborer, 12 days, at $1.25 ... ... ... . ... 15. 00
1 laborer, 71} days, at $1.25 .. .. ...l 89.07
1 labor er{@h} days, at $1.25 . .. ... ... 55. 63
12 days, at $1. . . oL iiiiala 112. 00

111 days, at $1.25 ... .o 138.75

1 laborer{m days,at $1...... e i 12. 00
1243 days,at 75 cents ... ... .. ...l 93.19

1 laborer, 133 days,at $1. . ... ... ...l 13.50
1laborer, b days, at $1.... ..ol 5.00
1 laborer,20 days,at $1.. . ... ... .. ...l 20. 00
lfla,bnrer, 124 days, at $1.50 . il 18.75
learpenter, 39 days, at $2.50 . ..o .iooeiiiiiiiiiiiia.. 97. 50
l{laborer, 3l days, at $1.50 . .. oo il 46. 50
- carpenter, 7 days, at $2.50 ... ... ... .. ... ... 17.50
1 carpenter, 12 days, at $2.50. .. ... ... ...l iii.o.. 30. 00
1 carpenter, 35 days, at $2.50. .. ... . ... .o ..... 87.50
1 carpenter, 14 days, at $2.50...... ... ... e e e 35.00
1 engineer, 13 days, at $2.50. ... ... ... ...l 32.50
1 engineer, 24 days, at $2.50. ... ... .. ... ... ...l 60. 00
1 engineer, 14 days,at $2.50 ... ... ... ... ...l 35.00
1 painter, 6 days, at $3 ... ... ... ... ...l 18.00
1 painte, 32 days,at $3.. .. ... 96.00
1 painter, b days, at $3. .. ... ...l 17.25
1 painter, 14 days, at $3.. ... ... .. ... ... D, 42.00
1 stonecutter, 3} days, at $+. ... ... il... 13. 00
1 wagon and team, 384 days, at $3.50 . ... ... .. ... . ... 134.75
1 wagon and team, 24 days, a®$3.50 ... ... ... . ... ... .. 8.75
1 wagon and team, 12 days, at $3.50 .. ... ... .. ... ... ... 42.00
1 wagon and team, 88} days,at $3.50 ... ... ... ... 308. 88
1 horse and cart, 63} days,at $1.75 ... ... .. ... . .. ....... 110. 69
1 horse and cart, one-half day,at $1.75 ... ... ... ... ..... .88
1 horse and cart, 8 days, at $1.75 ... ... ... o...l.. 14.00
1 horse and cart, 84 days, at $1.75 ... ... .. ..o ... 14. 88
1 horse and cart, 74 days, at $1.75... ... ... ... ... .... 13.57
1 horse, 70 days,at B0 cents ... ... ..o ..o io.a.o.. 35.00
1 horse,41 days,at B0 cents . ... ... ..ol 20. 50
1 water boy, 62 days,at 75 cents ............................. 46.50
1 water boy, 34} days,at 50 cents ... ... ... ... 17.13
1 water bey, 50 days,at 50 cents ... .. .. ... ..ol 25.00
1 water boy, 50% days,at 50 cents ...... ... ool 25.38

.
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NATIONAL ZOOLOGICAL PARK, 1895.

Balance July 1, 1895, as per last report . . ... o ooo i iiiie e $1, 083, 96
Disbursements.
Building material ... . .. . ... $3. 63
Food - ol 449. 36
Fencing and cage material ... .. ..o . . il 10, 68
Freight and transportation ... .. _ .. .. ... ... ... 338.41
CLmber o i 1.10
Miseellaneous. ... .. ... L Ll 26. 38
Paints, oils, glass, ete ..o ... .l 2.40
Postage, telegraph, and telephone...._.. ... . . ... ... ... 48.09
Stationery, books, printing, ete ... ... ... ... ... 20. 03
Surveying plans, ete ... ... .ol 130. 00
Traveling exXpenses ...... . .. .. .....oo ...l .ii..i..o. 39. 65
Trees, plants, ete ... ... . ... ...l ..... 10. 55
Water supply, sewerage,etc....... ... ... ... ... . ... 1.20
Total disbursements .. ... . ... iiiiiiicaras.-. 1,081.48
Balance July 1, 1896 ... ... . ... ... ...l 2.48
NATIONAL ZOOLOGICAL PARK, 1894.
Balance July 1, 1895, as per last report ... .. ... ..ol $240. 66
Disbursements.
Stationery, books, printing, ete ..o il $0. 71
Surveying, plans, ete ... . .ol 239. 95
—_— 240. 66
RECAPITULATION.

The total amount of funds administered by the Institntion during the year ending
June 30, 1896, appears from the foregoing statements and the account books to have
been as follows:

Smithsonian Institution.

¥rom balanee of last year, July 1,1805 .. ... ... ......... $63, 001. 74
(Including cash from executors of Dr. J. II. Kid-

LS R $5, 000. 00
(Including cash from gift of Alex. Graham Bell)... 5, 000.00

10, 000. 00

From interest on Smithsonian fund for the year...__._ .. ... 54, 715. 00

From sales of publications ... .. ... ... ... .. ... ... 162.15

From repayments of freight, ete... ... ... il 6, 312. 46

Interest on West Shore bonds ..o L. .. " 1, 680, 00
——§125,871. 35

Appropriations committed by Congress to the care of the Institution.

International Exchanges—Smithsonian Institntion:

From balance of 1893-94. ... ... ..., $0. 10
From balance of 1894-95 .. ... ... .. . ... ........ 2.01
From appropriation for 1895-96...... . ... ... ... .... 17, 000. 00
—— $17,002.11
North American Ethnology: :
From balance of last year, July 1, 1895 ... .. ........... 5,680.15
From appropriation for 1895-96...... .......... ceeeeaaan 40, 000. 00

45, 680. 15
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The committee has examined the vouchers for payment from the
Smithsonian income during the year ending June 30, 1896, each of
which bears the approval of the Secretary, or,in his absence, of the
acting secretary, and a certificate that the materials and services
charged were applied to the purposes of the Institution.

The committee has also examined the accounts of the several appro-
priations committed by Congress to the Institution, and finds that the
balances hereinbefore given correspond with the certificates of the dis-
bursing clerk of the Smithsonian Institution, whose appointment as
such disbursing officer has been accepted and his bond approved by
the Secretary of the Treasury.

The quarterly accounts current, the vouchers, and journals have been
examined and found correct.

Statement of regular income from the Smithsonian fund available for use in the year ending
June 30, 1897.

Balance on hand June 30, 1896 ... ..o e it mme i i ei e $57, 065. 78
(Including cash from executors of J. H. Kidder).............. $5, 000. 00
(Including cash from Dr. Alex. Graham Bell)....... ... ..... 5, 000. 00
10, 000. 00
Interest due and receivable July 1, 1896 ..... .. .. ........... 217, 360. 00
Interest due and receivable January 1, 1897 .____...__........ 21, 360. 00
Interest, West Shore Railvoad bonds, due July 1, 1896 ... .... 840. 00
Interest, West Shore Railroad bonds, due January 1, 1897..... 840.00

—— 56, 400. 00

Total available for the year ending June 30, 1897 ... . ... .... 113, 465, 78

Respectfully submitted. .
J. B. HENDERSON,

Wwu. L. WILSON,
*ARDINER G. HUBBARD,
EBxecutive Committee.
WASHINGTON, D. C., January 18, 1897.






ACTS AND RESOLUTIONS OF CONGRESS RELATIVE TO THE
SMITHSONIAN INSTITUTION, NATIONAL MUSEUM, ETC.

(In continuation from previous reports.)

[Fifty-fourth Congress, first scssion, December 2, 1895, to June 11, 1896.]
 SMITHSONIAN INSTITUTION.

Resolved by the Senate and House of Representatives of the United
States of America in Congress assembled, That the vacancy in the Board
of Regents of the Smithsonian Institution, of the class other than
Members of Congress, shall be filled by the appointment of William
L. Wilson, of the State of West Virginia, in place of Henry Coppée,
deceased. (Joint Resolution, approved January 14, 1896, Statutes of
the Fifty-fourth Congress, p. 461.)

INTERNATIONAL EXCHANGES.

International Exchanges.—For expenses of the system of international
exchanges between the United States and foreign countries, under the
direction of the Smithsonian Institution, including salaries or compen-
sation of all necessary employees, nineteen thousand dollars. (Sundry
eivil appropriation act, approved June 11, 1896, Statutes of the Ififty-
fourth Congress, p. 425.)

United States Geological Survey.—IFor the purchase of necessary books
for the library, and the payment for the transmission of public docu-
ments through the Smithsonian exchange, two thousand dollars. (Sun-
dry civil appropriation act, approved June 11, 1896, Statutes of the
Fifty-fourth Congress, p. 436.)

War Department.—For the transportation of reports and maps to
foreign countries through the Smithsonian Institution, one hundred
dollars. (Sundry civil appropriation act, approved June 11, 1896, Stat-
utes of the Fifty-fourth Congress, p. 444.)

Naval Observatory.—~For repairs to buildings, fixtures, and fences;
furniture, gas, chemicals, and stationery; freight (including transmis-
sion of public documents through the Smithsonian exchange); foreign
postage and expressage; plants, fertilizers, and all contingent expenses,
two thousand five hundred dollars. (Legislative, executive, and judi-
cial appropriation act, approved May 28, 1896, Statutes of the Fifty-

fourth Congress, p. 166.)
XLy
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ninety-five, one hundred and twenty, dollars. (Deficiency appropria-
tion act, approved June 8, 1896, Statutes of the Fifty-fourth Congress,
p. 279.) :

NORTH AMERICAN ETHNOLOGY.

For continuing ethnological researches among the American Indians,
under the direction of the Smithsonian Institution, including salaries
or compensation of all necessary employees, forty-five thousand dol-
lars, of which sum not exceeding one thousand dollars may be used for
rent of building. (Sundry civil appropriation act, approved June 11,
1896, Statutes of the Fifty-fourth Congress, p. 425.)

Claims allowed by the Awuditor of the Treasury Department.—TFor
North American Ethnology, Smithsonian Institution, four dollars and
seventy-seven cents. (Deficiency appropriation act, approved June 8,
1896, Statutes of the Fifty-fourth Congress, p. 307.)

ASTROPHYSICAL OBSERVATORY.

For maintenance of Astrophysical Observatory, under the direction
of the Smithsonian Institution, including salaries of assistants, appa-
ratus, and miscellaneous expenses, ten thousand dollars. (Sundry
civil appropriation act, approved June 11, 1896, Statutes of the Fifty-
fourth Congress, p. 425.

NATIONAL ZOOLOGICAL PARK,

For continuing the construction of roads, walks, bridges, water sup-
ply, sewerage, and drainage, and for grading, planting, and otherwise
improving the grounds, erecting, and repairing buildings and inclos-
ures, care, subsistence, transportation of animals, including salaries
or compensation of all necessary employees, and general incidental
expenses not otherwise provided for, sixty-seven thousand dollars;
one-half of which sum shall be paid from the revenues of the District
of Columbia and the other half from the Treasury of the United States;
and of the sum hereby appropriated five thousand dollars shall be used
for continuing the entrance into the Zoological Park from Woodley
lane, and opening driveway into Zoological Park from said entrance
along the bank of Rock Creek, and five thousand dollars shall be used
toward the construction of a road from the Holt Mansion entrance (on
Adams Mill road) into the park to connect with the roads now in exist-
ence, including a bridge across Rock Creek. (Sundry civil appropria-
tion act, approved June 11, 1896, Statutes of the Fifty-fourth Congress,
p. 425.)

Tor repairs to the Holt Mansion, to make the same suitable for occu-
pancy, and for oftice furniture, including the accounts set forth here-
under in House Document numbered Three hundred and twenty-four
of this session, four hundred and twenty-six dollars and fifty-seven
cents,
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SEC. 2. That all articles which shall be imported from foreign coun-
tries for the sole purpose of exhibition at said exposition upon which
there shall be a tariff or customs duty shall be admitted free of payment
of duty, customs fees, or charges, under such reguiation as the Secre-
tary of the Treasury shall prescribe; but it shall be lawful at any time
during the exhibition to sell for delivery at the close thereof any goods
or property imported for and actually on exhibition in the exhibition
building, or on the grounds, subject to such regulation for the security
of the revenue and for the collection of import duties as the Secretary
of the Treasury shall prescribe: Provided, That all such articles when
sold or withdrawn for consumption in the United States shall be sub-
ject to the duty, if any, imposed upon such article by the revenue laws
in force at the date of importation, and all penalties prescribed by law
shall be applied and enforced against the persons who may be guilty
of any illegal sale or withdrawal.

SEc. 3. That there shall be exhibited at said exposition by the Gov-
ernment of the United States, from its Executive Departments, the
Smithsonian Institution, the United States Fish Commission, and the
National Museum, such articles and material as illustrate the function
and administrative faculty of the Governmeut in time of peace, and
its resources as a war power, tending to demonstrate the nature of our
institutions and their adaptions to the wants of the people; and to
secure a complete and harmonious arrangement of such Government
exhibit a board shall be created, to be charged with the selection, prep-
aration, arrangement, safe keeping, and exhibition of such articles and
materials as the heads of the several Departments and the directors of
the Smithsonian Institution and National Museum may respectively
decide shall be embraced in said Government exhibit. The President
may also designate additional articles for exhibition. Such board shall
be composed of one person to be named by the head of each Executive
Department and Museum and by the President of the United States.
The President shall name the chairman of said board, and the board
itself shall select such other officers as it may deem necessary.

SEc. 4. That the Secretary of the Treasury shall cause a suitable
building or buildings to be erected on the site selected for the trans-
mississippi and international exposition for the Government exhibits,
and he is hereby authorized and directed to contract therefor, in the
same manner and under the same regulations as for other public
buildings of the United States; but the contract for said building
or buildings shall not exceed the sum of fifty thousand dollars. The
Secretary of the Treasury is authorized and required to dispose of such
building or buildings, or the material composing the same, at the close
of the exposition, giving preference to the city of Omaha, or to the said
Transmississippi and International Exposition Association, to purchase
the same at an appraised value to be ascertained in such manner as may
be determined by the Secretary of the Treasury. ,
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ants, or employees, or any of them, or for any subscriptions to the
capital stock, or for any certificates of stock, bonds, mortgages, or
obligations of any kind issued by said corporation, or for any debts,
liabilities, or expenses of any kind whatever attending such corporation
or accruing by reason of the same.

That nothing in this Act shall be so construed as to create any
liability of the United States, direct or indirect, for any debt or obli-
gation incurred, nor for any claim for aid or pecuniary assistance from
Congress or the Treasury of the United States in support or liquida-
tion of any debts or obligations created by said commission in excess
of appropriations made by Congress therefor.

(Approved, June 10, 1896, Statutes of the Iifty-fourth Congress, first
session, p. 382.) .



REPORT

().

S. P. LANGLEY,

SECRETARY OF THE SMITHSONIAN INSTITUTION,

FOR THE YEAR ENDING JUNE 30, 1896.

To the Board of Regents of the Smithsonian Institution.

GENTLEMEN: I have the honor to submit herewith a report of the
operations of the Smithsonian Institution for the year ending June 30,
1896, including the work placed by Congress under its supervision in
the National Museum, the Bureau of Ethnology, the Bureau of Interna-
tional Exchanges, the National Zoological Park, and the Astrophysical
Observatory.

I have, as is customary, given brietly in the body of the report an
account of the affairs of the Institution and of its bureaus for the year,
reserving for the appendix the more detailed reports from those in
charge of the different branches of work.

The full report upon the National Museum by the assistant secre-
tary, Dr. G. Brown Goode, occupies a separate volume (Report of the
Smithsonian Institution, National Museum, 1896).

THE SMITHSONIAN INSTITUTION.
THE ESTABLISHMENT.

The Smithsonian Establishment, as organized at the end of the fiscal
year, consisted of the following ex officio members:
GROVER CLEVELAND, President of the United States.
ADLAI E. STEVENSON, Vice-President of the United States.
MELVILLE W. FULLER, Chief Justicc of the Supreme Court of
the United States.
RicHARD OLNEY, Secrctary of State.
JouN G. CARLISLE, Secretary of the Treasury.
- DANIEL S. LAMonT, Secretury of War.
JUupsoN HARMON, Attorney-General.
WirL1AM L. WILSON, Postmaster- General.
HiLARY A. HERBERT, Secretary of the Navy.
HokE SMITH, Secretary of the Interior,
J. STERLING MORTON, Secretary of Agriculture.
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On June 16 the President of the United States directed that the
classified civil service be extended to include the several bureaus of
the Smithsonian Institution,and in accordance therewith the employees
of the National Museum, Zoological Park, Bureau of Exchanges,
Bureau of Ethnology, and Astrophysical Observatory were, on June
. 30, 1896, made subject to the civil service rules.

FINANCES.

The permanent funds of the Institution are as follows:

Bequest of Smithson, 1846_ ... ... ... e e e e e $515, 169. 00
Residuary legacy of Smithson, 1867 ... .. . .. . ..o ... 26, 210. 63
Deposits from savings of income, 1867 . ... ... .. ... ... ....o.o.... 108, 620. 37
Bequest of James Hamilton, 1875. ... ... ... .. ._....... $1, 000. 00
Accumulated interest on Hamilton fund, 1895... . ........... 1, 000. 00
2, 000. 00
Bequest of Simeon Habel, 1880 ... c.. coueun oo i et 500. 00
Deposits from proceeds of sale of bonds, 1881 .......................... 51, 500. 00
Gift of Thomas G. Hodgkins, 1891. ... . .. ... ... ... ........ 200, 000. 00
Portion of residuary legacy, T. G. Hodgkins, 1894 ... .. ... ... .. . .._. 8, 000. 00
Total permanent fund ... ... .. ... ... oLl 912, 000. 00

The Regents also hold certain approved railroad bonds, forming a
part of the fund established by Mr. Hodgkins for investigations of
the properties of atmospheric air.

By act of Congress approved by the President March 12, 1894, an
amendment was made to section 5591 of the Revised Statutes, the fun-
damental act organizing the Institution, as follows:

The Secretary of the Treasury is authorized and directed to receive
into the Treasury, on the same terms as the original bequest of James
Smithson, such sums as the Regents may, from time to time, see fit to
deposit, not exceedin g, with the original bequest, the sum of $1,000,000:
Provided, That this shall not operate as a limitation on the power of
the Smithsonian Institution to receive money or other property by gift,
bequest, or devise, and to hold and dispose of the same in promotion
of the purposes thereof.

Under this section 5591 of the Revised Statutes, modified as above
noted, the fund of $912,000 is deposited in the Treasury of the United
States, bearing interest at 6 per cent per annum, the interest alone
being used in carrying out the aims of the Institution.

At the beginning of the fiscal year July 1, 1895, the unexpended
balance from the income and from other sources, as stated in my report
for last year, was $63,001.74. Interest on the permanent fund in the
Treasury and elsewhere, amounting to $56,395, was received during
the year, which, together with a sum of $6,474.61 received from the
sale of publications and from miscellaneous sources, made the total
receipts $62,869.61.

The entire expenditures during the year, including $11,000 paid for
prizes awarded from the Hodgkins fund, in accordance with therecom-
mendation of the award committee, and referred to in my last report,
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National Museum—Continued.

Heating and lighting ... ... ... ... $15, 000
Postage. oo i 500
GalleTies ..o i i e e e e i ieeiiiaaoe. 8,000
Repairs to building ... ... oLl 8,000
Rent of workshops ... . ... .. . 2,000
National Zoological Park. . .. ... ... . .. oo 75, 000
Astrophysical Observatory . .......... ... 10,000
BUILDINGS.

The crowded condition of the National Museum will be somewhat
relieved by the addition of galleries provided for under an appropria-
tion of $8,000 made by the last Congress, but there is still an extremely
urgent need for a new building, as stated more fully on a subsequent
page. There was also granted an additional appropriation for rent
of storage rooms and workshops for the Museum.

RESEARCH.

The time of the Secretary is almost wholly given to administrative
duties, although in the original plan of the Institution he was expected
by the Regents to personally contribute to the advancement of knowl-
edge.! The Secretary has continued to give what opportunities he could
spare from the administrative duties and what he could contribute
from his private hours to the investigations which have already been
referred to in previous reports. :

The first of these, upon the solar spectrum, has been carried on at the
Astrophysical Observatory, and to this reference is made more at length
in anofher part of this report.

The second, beginning as an investigation of certain physical data of
aerodynamics, has arrived at an important stage in its development.

The possibility of mechanical flight was, until a comparatively few
years ago, considered a visionary one by most men of science. The
writer, who was led to an opposite conelusion, and who had commenced
experiments before he became connected with the Institution, published
under its auspices in 1891 a treatise entitled ‘“Experiments in aerody-
namies,” which gave the results of direct experiment on the pressure
of the air on inclined surfaces, showing that rules hitherto relied on,
partly on the faith of the great name of Sir Isaac Newton, were not in
fact supported by a direct study of nature. These new experiments
gave evidence that mechanical flight—that is, not of balloons, but of
bodies heavier than air, impelled and supported by power—was at least
theoretically possible. This, however, was not saying that such machines
could be launched into the air and made to continue a-horizontal course
or to descend to the ground with safety, matters to be determined by
trial and further experiment.

! Resolved, That the Secretary continue his researches in physical science, and pre-
sent such facts and principles as may be developed, for publication in the Smith-
sonian Contributions. Adopted at meeting of the Board of Regents, Janunary

26, 1847.
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at that time prevented me from asking him, as T have done since, to let me give an
account of what I saw.

On the date named, two ascensions werc made by the aerodrome, or so-called
“flying machine,” whicl I will not describe here further than to say that it appeared
to me to be huilt almost entirely of metal, and driven by a steam engine which I
have understood was carrying fuel and a water supply for a very brief period, and
which was of extraordinary lightness.

The absolute weight of the aerodrome, including that of the engine and all appur-
tenances, was, as I was told, about 25 pounds, and the distance, from tip to tip, of
the supporting surfaces was, as I observed, about 12 or 14 feet.

The method of propulsion was by acrial screw propellers, and there was no gas or
other aid for lifting it in the air except its own internal energy.

On the occasion referred to, the aerodrome, at a given signal, started from a plat-
form about 20 fect above the water, and rose at first directly in the face of the wind,
moving at all times with remarkable steadiness, and subsequently swinging around
in large curves of, perhaps, a hundred yards in diameter, and continually ascending
until its steam was exhausted, when, at a lapse of about a minute and a half, and at
a height which I judged to be between 80 and 100 feet in the air, the wheels ceased
turning, and the machine, deprived of the aid of its propellers, to my surprise did
not fall, but settled down so softly and gently that it touched the water without the
least shock, and was.in fact immediately ready for another trial.

In the second trial, which followed directly, it repeated in nearly every respect the
actions of the first, except that the direction of its course was different. It ascended
again in the face of the wind, afterwards moving steadily and continunally in large
curves accompanied with a rising motion and a lateral advance. Its motion was, in
fact, so steady that I think a glass of water on its surface would have remained
nnspilled. When the steam gave out again, it repeated for a second time the expe-
rience of the first trial when the steam had ceased, and settled gently and easily
down. What height it reached at this trial I can not say, as I was not so favorably
placed as in the first; but I had occasion to notice that this time its course toolk it
over a wooded promontory, and I was relieved of some apprehension in seeing that
it was already so high as to pass the tree tops by 20 or 30 feet. It reached the water
one minute and thirty-one seconds from the time it started, at a measured distance
of over 900 feet from the point at which it rose.

This, however, was by no means the length of its flight. I estimated from the
diameter of the curve described, from the number of turns of the propellers as given
by the automatic counter, after due allowance for slip, and from other measures, that
the actual length of flight on each occasion was slightly over 3,000 feet. It is at least
safe to say that each exceeded half an English mile.

J'rom the time and distance it will be noticed that the velocity was between 20 and
25 miles an hour, in a course which was constantly taking it ‘‘up hill.” I may add
that on a previous occasion I have seen a far higher velocity attained by the same
aerodrome when its coursc was horizontal.

I have no desire to enter into detail further than I have done, but I can not but
add that it seems to me that no one who was present on this interesting occasion
could have failed to recognize that the practicability of mechanical flight had heen

demonstrated. §
ALEXANDER GRAHAM BELL.

I'do not know how far interest in this work may bias my judgment,
but it appears to me that in these things, whose final accomplishment
has come under the charge of the Smithsonian Institution, it has made
a contribution to the utilities of the world which will be memorable.

The results of Prof. E. W. Morley’s investigations on the density of
oxygen and hydrogen, referred to at length in my last report, have been
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Bergey on the composition of expired air was published as a memoir
in the Contributions, forming a volume of 81 pages.

~ Two memoirs submitted in competition for the Hodgkins fund prizes
were in press but not ready for distribution at the close of the year.
One of these was by Lord Rayleigh and Professor Ramsay announcing
the discovery of argon and describing the methods of the investigation
leading to their discovery of that new element of the atmosphere. For
this achievement the authors were awarded the first prize of $10,000.

The second memoir was on atmospheric actinometry, by Prof. Emile
Duclaux, for which the author was awarded honorable mention.

Miscellaneous Collections.—In this.series two works were completed
and four put to press during the fiscal year. The completed publica-
tions were Part IT of the Index of the Genera and Species of the
Foraminifera, by Charles Davies Sherborn, and a revised edition of
the Smithsonian Meteorological Tables. The publications in press
are the Smithsonian Physical Tables, by Prof. Thomas Gray; an
illustrated description of the Mountain Observatories of the World,
by Prof. E. S. Holden; a paper by Dr. D. H. Bergey, on Methods of
Determination of Organic Matter in Air, and an exhaustive Catalogue
of Scientific and Technical Periodicals of the World, from 1665 to 1895,
compiled by Dr. Bolton.

The prize essay on ¢ Air and life,” by Dr. Varigny, as also some of .
the other essays submitted in the Hodgkins prize competition, have
been put to press and will be issued during the next year.

There is also in preparation a supplement to Bolton’s Bibliography
of Chemistry, an Index of Mineral Springs of the World, by Professor
Tuckerman, and a recalculation of atomic weights, by Prof. I'. W, Clarke.

The usual separate edition has been issued of the several papers in
the General Appendix of the Annual Report.

Annual Reports.—The Smithsonian Annual Report is in two volumes,
the first devoted to the Institution proper and the second relating to
the National Museum. The General Appendix of Part I consists of
selected memoirs which have for the most part already appeared else-
where, but which are of such special interest and permanent value as
to appear worthy of republication by the Institution in the “increase
and diffusion of knowledge among men.”

The report for 1894 was delivered by the printer after the close of the
fiscal year and some progress had been made on the report for 1895.

Proceedings and bulletin of the National Museum.—The publications
of the Museum are mentioned in Appendix I, and need not be referred
to here further than to say that the several papers of volume 18 of
the Proceedings were published in pamphlet form, and that Bulletin
47, on the Fishes of North and Middle America, by Dr. Jordan and
Professor Evermann, were nearly ready for distribution.

Bureau of Ethnology publications.—The Thirteenth Annual Report of
the Bureau of Ethnology was distributed during the year, and the
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pheric air, and for essays on the air in relation to human life and -
health, resulted in the award of the first prize of $10,000 to Lord Ray-
leigh and Prof. William Ramsay for their discovery of argon, a new
element of the atmosphere. The prize of $1,000 for the best popular
essay was awarded to Dr. Henry de Varigny, of Paris, for his essay
on ‘“Air and life.”

Six of the papers submitted in competition for the prizes were
awarded honorable mention, together with medals, as announced in
my last report. The design for the medal is by M. J. C. Chaplain, of
Paris, a member of the French Acadenmy and one of the most eminent
medalists of the world. The obverse bears a female figure carrying a
torch in her left hand and in her right a scroll, emblematic of Knowl-
edge, and the words ¢ Per orbem.” The reverse is adapted from the
seal of the Institution, designed by St. Gaudens, the map of the world
being replaced by the words ¢ Hodgkins medal,” as is shown in the
accompanying illustrations, which are the size of the original. The
medals were struck at the Paris mint.

Dr. J. 8. Billings and Dr. S. Weir Mitchell having completed their
investigations on the composition of expired air and its effects on animal
life, their report has been published as a Memoir of the Contributions
to Knowledge. Theinvestigators found that the airin inhabited rooms,
such as the hospital ward in which experiments were made, is contam-
inated from many sources besides the expired air of the oceupants, and
that the most important of these contaminations are in the form of
minute particles or dusts, in which there are micro-organisms, including
some of the bacteria which produce inflammatory and suppurative dis-
orders. It is probable that these dust particles are the only really
dangerous elements in the air, and the important conclusion is reached
that it appears improbable that there is any peculiar volatile poisonous
matter in the air expired by healthy men and animals other than car-
bonic acid.

An additional grant has been made to Drs. Billings and Mitchell to
continue other lines of investigation, especially whether the long-
continued breathing of air rendered impure by respiration or by
volatile exhalations from the skin and mucous membranes increases
the susceptibility to infection by certain micro-organisms, especially
those which are now considered to be the specific causes of consump-
tion and croupous pneumonia, the diseases which are most fatal in
crowded and ill-ventilated rooms.

THE AVERY FUND.

The property devised to the Institution by the late Robert Stanton
Avery, of Washington City, consists of lots on Capitol Hill, some
improved by dwelling houses, and certain personal property, chiefly
represented by securities of the Northern Pacific Railroad Company.

The real estate is of an assessed District valuation of $28,931, and
the personal property, at its present market quotation, and after
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The Establishment and the Regents, by Mr. Goode ; and list of Regents with brief
biographical notices, by Mr. W. J. Rhees.

The Secretaries, by Mr. Goode.

The Benefactors of the Institution, by Mr. Langley.

Buildings and grounds, by Mr. Goode.

The Smithsonian Library, by Mr. Cyrus Adler.

The National Museum, by Mr. F. W. True.

The Bureau of Ethnology, by Mr. W J McGee.

The Bureau of Exchanges, by Mr. W. C. Winlock.

The Astrophysical Observatory, by Mr. Langley.

The Zoological Park, by Dr. Frank Baker.

Expeditions and explorations, by Mr. F. W. True.

The Smithsonian publications, by Mr. Cyrus Adler.

Ihave now decided to add to this another chapter, being the biography
of the late Dr. Goode, by Dr. David Starr Jordan, president of Leland
Stanford, Junior, University.

The second part of the book, which may be described as apprecia-
tions of the work of the Institution in different departments of science,
is almost entirely written by gentlemen not connected with the Insti-
tution. The chapters are as follows:

1. Physics, by T. C. Mendenhall, president of the Worcester Polytechnic Institute,
‘Worcester, Mass.
2. Mathematics, Robert Simpson Woodward, professor of mechanics, Columbia Uni-
versity, New York City.
3. Astronomy and Astrophysics, by Edward 8. Holden, director of the Lick Observa-
tory, Mount Hamilton, Cal.
4. Chemistry, by Dr. Marcus Benjamin, United States National Museum.
5. Geology and Mineralogy, by William N. Rice, professor of geology, Wesleyan Uni-
versity, Middletown, Conn.
6. Meteorology, by Dr. Marcus Benjamin.
7. Paleontology, by Edward D. Cope, professor of zoology and comparative anatomy,
University of Pennsylvania, Philadelphia, and editor of the American Natu-
. ralist.
8. Botany, by William G. Farlow, professor of cryptogamic botany, Ilarvard Uni-
versity, Cambridge, Mass.
9. Zoology, by Dr. Theodore N. Gill, professor of zoology, Columbian University,
‘Washington.
10. Ethnology and archaology, by Dr. J. Walter Fewkes, latc director of the Hemen-
way Expedition.
11. Geography, by Gardiner G. Hubbard, president of the National Geographic
Society, Washington.
12. Bibliography, by Dr. H. Carrington Bolton.
13. Cooperation of the Smithsonian Institution with other institutions of learning,
by Daniel Coit Gilman, presidentof Johns Hopkins University, Baltimore, Md.
14. The influence of the Smithsonian Institution upon the development of libraries,
the organization of the work of societies, and the publication of scientific lit-
erature in the United States, by Dr. John 8. Billings, dircetor of the New
York Public Library.
15. Relations between the Smithsonian Institution and the Library of Congress, by
Ainsworth R. Spofford, Librarian of Congress.

The illustrations will consist of copies of the two known portraits ot
James Smithson and a representation of the memorial tablet erected at
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table the following have been favorably acted upon: W. T. Swingle, -

B. Sc., Kansas State Agricultural College, 1890, assistant pathologist,
United States Department of Agriculture, appointed for two months in
the winter of 1895-96; and I, M. McFarland, professor of biology and
geology, Olivet College, Michigan, assistant professor of histology,
Leland Stanford Junior University, appointed for three months during
the spring and summer of 1896. Prof. L. Murbach, who occupied the
table for two months in 1894, has submitted a memoir entitled ¢ Obser-
vations on the development and migration of the urticating organs of
sea nettles, Cnidaria,” which has been published in the Proceedings
of the United States National Museum.

The table has been occupied constantly since October 1, 1893, the
date of the first appointment, with the exception of May, 1894. In
several instances Dr. Dohrn, the director of the station, has courteously
arranged for the accommodation of two occupants at the same time.

In order that all investigators may be given an equal opportunity to
avail themselves of the facilities for study at Naples, final action upon
applications is not taken more than six months in advance of the date
for which the table is desired, and when more than one application is
filed for the same period, presumably of equal merit, the assignment
is made according to priority of application. No appointment is made
for a period of more than six months.

Art collection.—The fundamental act creating the Institution,in enum-
erating its functions, apparently considers it first as a kind of gallery
of art, and declares that all objects of art and of foreign and curious
research the property of the United States shall be delivered to the
Regents, and only after this adds that objects of natural history shall
be so, also.

The scientific side of the Institution’s activities has been in the past
so much greater than its esthetic that it is well to recall the fact that it
was intended by Congress to be a curator of the national art, and that
this function has never been forgotten, though often in abeyance.

In 1849 Secretary Henry, in pursuance of this function of an institu-
tion which in his own words existed for ¢ the true, the beautiful, as well
as for the immediately practical,” purchased of the Hon. George P.
Marsh a collection of works of art, chiefly engravings, of mueh artistic
merit and now of great commercial value. A portion of this collection
was some years ago deposited in the Corcoran Gallery of Artandin the
Library of Congress, subject to recall by the Regents at any time. In
accordance with the terms of the deposit some of these objects have
already been returned to the Institution.

A collection of etchings and engravings was during the past year
presented to the Institution by Mr. Charles William Sherborn, of
London.

Atlanta Bxposition.—Under the provisions of an appropriation made
by Congress for a Government exhibit at the Cotton States and Inter-
national Exposition at Atlanta, during the autumn of 1895, a very
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to the means at disposal for this it has been almost at the foot of all
American museums, being surpassed by every municipal museum of note.

In the earlier years of the Museum this was not of very great moment,
as numerous American natural-history specimens came in from the
various Government expeditions. It became evident later that for a
proper understanding of native products it was necessary to compare
them with those of other parts of the world. To obtain these exotic
specimens no adequate means have ever been provided, and it is not to
be expected that valuable, specially-selected specimens from foreign
lands will ever be procured in large numbers except by purchase or by
the sending out of expeditions.

The result of years of accumulation unsupported by purchases has
been that the collections of the National Museum are very unsymmetri-
cal—full and rich in some directions, especially in North American
natural history, surpassing all other museums, and exceedingly poor
in others. -

In the meanwhile museums have sprung up in some of the large
cities of the United States, with liberal means for the acquisition of
specimens by purchase and the sending out of expeditions, and these
are outstripping the National Museum in many of its departments by
the wealth of their collections.

From such causes the National Museuwm, while truly national in the
sense of possessing very full collections of the natural products of the
United States, maintains, with increasing difficulty, its supremacy in
this special respect over the wealthier private museums, and compares
very unfavorably, as regards the breadth of its collections, with the
national museums of Europe—in London, Paris, Berlin, St. Peters-
burg, Vienna, and Florence.

I called attention to this matter in a former report when I remarked
that the American Museum of Natural Ilistory in New York expended
$23,5652.89, in 1892, for filling out its natural-history collections aloue,
while the National Museum in the fiscal year 1892-93 expended only
$5,769.75 for specimens of all kinds.

The discrepancy has grown . greater in succeeding years. In the
past fiscal year, for example, the National Museum expended $3,336
for all collections, while the expenditures of the Awmerican Museum of
Natural History, for acquiring natural-history collections alone, were
$41,959.65, or fully thirteen times as much as expended by the National
Museum, although the total amount of money available for the two
was not greatly different, that for the National Museum being in fact
the larger.

The causes of this discrepancy are not far to seek. The income of
the local museum is usually devotable wholly to its collections (which
in the case cited are housed in adequate buildings) and to their increase
and care, which include the services of officers and employees in charge
of them and who are devoted only to them.
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those stated, is paid at rates considerably less than for similar service
in the Txecutive Departments.

T again most earnestly commend this most regrettable state of affairs
to the attention of the Regents, and through them to Congress. It is
for them to apply the remedy.

In my previous reports I have called attention to the congested state
of the exhibition halls of tlie Museun, which prevents the collections
trom being seen to advantage. Thiscoudition has been met to a limited
extent by the appropriation of $8,000 for galleries, which will afford a
temporary relief ; but it is evident that a new building must soon be
provided, or the Museuin will tend to present the appearance of a place
for storage rather than that of one for commodious exhibition. There

would not be the slighest difficulty in immediately filling a second build-
ing of the same size as the present one with objects of interest from the
collections already aceumulated.

It may possibly be a matter of surprise that I should urge the increase
of appropriations for purchases, while the Museum building is thus
crowded; but, as I have stated above, the present collections represent,
in large part, not what is most desirable, but what has come to hand,
leaving everywhere great gaps, or at least, fragmentary series which, to
be properly presented, should be filled out by objects ouly obtainable
by purchase.

BUREAU OF AMERICAN ETHNOLOGY.

The researches relating to the American Indians under the direction
of the Smithsonian Institution have been continued. During the year
special attention has been given to the more precise classification of
the Indians by Maj. J. W. Powell, Director of the Bureau, and several
of lis collaborators; meantime the customary operations have been
carried forward in such manner as to elucidate the arts, institutions,
beliefs, and languages of the native tribes.

As usual a part of the work of the Bureau was exploratory. An
‘extended exploration conducted by Mr. W J McGee, ethnologist in
charge of the Bureau, was carried on over the territory of the Seri
Indians, including Tiburon Island, in the Gulf of California, and adja-
cent mainland area in the State of Sonora, Mexico. These Indians are
remarkable for primitive character and warlike disposition, and have
successfully protected their habitat from invasion by white men since
the time of Coronado. An account of this interesting journey will be
found in Major Powell’s report.

Arcleologic explorations of considerable extent were carried forward
also in Arizona, and some of the ruins thereby discovered were exca-
vated with great success. The chief result of this work was a remark-
ably rich collection of symbolically decorated prehistoric pottery, made
by Dr. J. Walter Fewkes and transferred to the United States National
Museum.
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THE SMITHSONIAN INTERNATIONAL EXCHANGE SERVICE.

The International Exchange Service was inaugurated half a century
ago as a means for developing and executing in part the broad and
comprehensive objects paramount in the mind of the founder for the
“increase and diffusion of knowledge.”

The “increase of knowledge,” accomplished only by constant research
and persistent experiments, as prosecuted by the Institution in its vari-
ous branches, would not alone have fulfilled the objects and attained
the results desired by the founder. The knowledge obtained must also
be diffused, and in order that the memoirs, contributions to knowledge,
and annual reports published by the Institution might be systemat-
ically exchanged for publications of other scientific institutions through-
out the world, the exchange system was inaugurated.

The advantages of the service have not been confined to the Institu-
tion alone, but have been shared by scientific societies and educational
institutions everywhere for the ultimate purpose of increasing the
resources of their libraries. That the best results might be attained,
the Institution proceeded to establish relations with various scientific
societies and libraries in England and Germmany, where the interchange
of publications was more extensive than in other countries, and it was
found to be not only advisable but necessary that agents should be
employed and paid some salary from the funds of the Institution. With
the exception of the two countries named thereis a systematic exchange
of publications with nearly every nation of the civilized world without
any expense to the Smithsonian Institution for the distribution of pack-
ages after the delivery of cases to the authorized agency.

Although the exchange service was originally established in the
interest of science, for many years it has forwarded and received so
many publications of the United States that the latter function has
superseded the original design of the Bureau, both as to the number of
packages and their weight, and especially since it became the official
medium of the National Government for the distribution of parlia-
mentary and scientific publications of the several Bureaus it has
undergone a complete change and necessarily many improvements have
been adopted in the system.

The appropriations made by Congress for the support of the ex-
changes since 1881 have never been adequate, notwithstanding the
fact that treaty obligations made it compulsory for the Exchange
Bureau to forward Government publications and receive the parlia-
mentary documents of other countries for the Library of Congress.
Without mentioning the cost to the Smithsonian Institution of the
transmissions of the United States Government prior to the Exchange
Bureau becoming the official representative of the Government, the
Institution has advanced during that period over $45,000 from its own
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The appropriation made for the park for the fiscal year ending June
30, 1896, was in the following terms:

National Zoological Park: For continuing the construction of roads,
walks, bridges, water supply, sewerage, and drainage; and for grading,
plauting, and otherwise improving the grounds; erecting and repairing
buildings and inclosures for animals; and for administrative purposes,
care, subsistence, and transportation of animals, including salaries or
compensation of all necessary employees, and general incidental ex-
penses not otherwise provided for, fifty-five thousand dollars, one-half
of which sum shall be paid from the revenues of the District of Colum-
bia and the other half from the Treasury of the United States; for con-
tinuing the entrance into the Zoological Park from Woodley Lane, and
opening driveway into Zoological Park, from said entrance along the
west bank of Rock Creek, five thousand dollars, to be immediately
available, which sum is hereby appropriated out of any money in the
Treasury not otherwise appropriated, one-half chargeable to the reve-
nues of the District of Columbia. And of the sum hereby appropri-
ated five thousand dollars shall be used toward the construction of a
road from the Holt Mansion entrance (on Adams Mill road) into the
park to connect with the roads now in existence, including a bridge
across Rock Creek.

The greater part of this sum has necessarily been spent in the main-
tenance of the collection and in the care of the buildings and grounds.
It should not be forgotten that the preservation and maintenance of
the native beauty of the region in which the park is situated was one
of the primary objects had in view at the time of its establishment.
In consequence of this, great care has always been exercised to inter-
fere as little as possible with the natural features, though roads and
walks following easy gradients and convenient for the public must
necessarily be made through the park.

The adjustment of the boundaries of the park to conform to the
newly devised system of highways that has been proposed for the Dis-
trict of Columbia has not yet been made. Since the date of the last
report the roadways on the western side have received attention, and it
is supposed that they are now definitely settled about the entire circuit
of the park. It would seem, therefore, that the present is a proper
time to nake such final adjustments in the boundary as may seem
desirable. The accompanying map shows the proposed roadways near
the park. _

The remarks made in last year’s report with regard to changes upon
the eastern side are still applicable in the main, and may be profitably
repeated :

Plans for a system of roadways for the District have been completed
for that section lying to the eastward of the park. Here a broad street,
to be known as the “Park Drive,” reaches the boundary of the park
at its southeastern corner and thence proceeds along the eastern side
by gentle curves adapted to the topography of the region, as shown
upon the accompanying plan. The establishment of this road will
greatly improve the access to the park, which has always suffered
from the steep grades that are necessary for descent into the valley
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which has been made during the past year, it must again be remarked
that the full degree of satisfaction to be obtained in the investigation
can not be hoped for in the present site of the observatory. During
the past year plans have been prepared for the construction of a more
suitable building, and some experiments have been made looking to the
determination of a site more free from magnetic and other disturbances,
but no steps have yet been taken to remove to such a situation.

It is proper to add that administrative duties have occupied too much
of my time in the past year to permit my giving the personal attention
I should have wished to the conduct of the observatory, and that for
the improvements above described credit is due chiefly to Mr. C. G.
Abbot, who efficiently aids me in its charge.

NECROLOGY.
GEORGE BROWN GOODE.

Since the close of the fiscal year the Institution has suffered the irrep-
arable loss of its assistant secretary, Dr. George Brown Goode, who
died on September 6, 1896, at his home in this city. A sketch of his
life will more properly be given in my next report, but I can not refrain
from saying a word at this time about one with whom I was not only
officially intimate, but who was a very dear personal friend.

Dr. Goode was born at New Albany, Ind., on February 13, 1851.
He was first associated with the Institution in 1873, and from that time
until his death was thoroughly devoted to the work le so loved—the

~ building up and development, under the charge of the Regents, of a
great National Museum. In 1887 he was appointed assistant secretary
of the Institution in charge of the National Museum, which, as it exists
to-day, is perhaps the mest fitting monument to his memory.

He possessed an exact scientific training that made him eminent as
a zoologist, but it was as a specialist in museum administration that he
was perhaps skilled above all others, and he gave himself with entire
devotion to the care of the Museum, which was practically his charge,
refusing many advantageous offers to go elsewhere, for the peculiar
value of his services was everywhere acknowledged.

Dr. Goode united with his great administrative ability singularly
varied powers in other directions, and the most entire unselfishness in
their use I have ever known. My own trust in him grew with every
evidence of his special fitness for it, while our official relations continued
to be of the most happy character, and so also were those of his asso-
ciates and subordinates, for he possessed the rare art of maintaining an
exact discipline without sacrificing the affections of those over whom
it was administered. He is gone, and his successor is hard to find.

WILLIAM CRAWFORD WINLOCK.

After the conclusion of the transactions of the Exchange Bureau for
the fiscal year, and before the annual report of the Institution was






APPENDIX TO SECRETARY’S REPORT.

ArprENDIX 1.
THE NATIONAL MUSEUM.

Sir: The following statement constitutes a résumé of the most important opera-
tions of the National Musenm during the fiscal year which ended on June 30, 1896:

~lccessions.—The records show the receipt of 1,299 separate accessions during the
year. These represent a total of more than 70,000 specimens of all kinds.

The following accessions are of special interest: From Dr. William L. Abbott, to
whom more than any other individual the Museum is indebted for contributions from
Africa and Asia, collections of natural-history specimens, ethnological objects, and
musical instruments, gathered in Kashmir, India, and Madagascar; from Mr, A.
Boucard, Isle of Wight, England, large and exceedingly valuable collectious of
birds’ skins from different parts of the world, containing many species and several
genera new to the Museum collection; from Dr. L. T. Chamberlain, New York City,
a valuable collection of southern gems and gem minerals, native silver from Arizona,
an especially fine specimen of green tourmaline from Mount Mica, Paris, Me., and
shells from New Zealand and various localities in Texas; from John Brenton Copp,
New Haven, Conn., a very interesting addition to the collection of household goods,
wearing apparel, pottery, glass, pewter jewelry, and other specimens transmitted by
Lim in a previous year; from Dr. A. Fenyés, Hélouan, Egypt, a fine collection of
natural-history specimens, fossils, Greek and Roman coins, and antiquities from
Egypt and the Transvaal; from Mr. R. D. Lacoe, Pittston, Pa., collections of Dakota
group fossils and Paleozoic animal fossils, also specimens from a Sigillarian stump.
These collections will form part of the famous ‘“Lacoe Collection.” Col. Charles
Coote Grant, Hamilton, Ontario, Canada, has transmitted a large collection of
Clinton and Niagara group fossils from the vicinity of Hamilton. Dr. William L.

xalph, Utica, N. Y., to whom the Museum is so deeply indebted, has presented some
very valuable and interesting collections of birds’ skins. Among them is a skin of a
Philip Island parrot, now an extinct species. Lieut. Wirt Robinson, U. 8. A., Hub-
bard Park, Cambridge, Mass., transmitted collections of birds’ eggs from Virginia,
birds’ skius, including several new species, from Margarita Island and Venezuela, as
well as some natural-history specimens from the West Indies. Some very beautiful
specimens of the Tiftany Favrile glass, made under the personal supervision of Mr.
Charles L. Tiffany, have heen deposited in the Museum by Messrs. Tiffany & Co.
Special mention may also be made of a number of picces of beautifully decorated
chinaware, pottery, etc., presented by Messrs. William and Edward Lycett, Atlanta,
Ga., including vases, cups, and saucers of Japanese eggshell porcelain.

The scientific staff.—The vacancy created by tho death of Prof. C. V. Riley, hon-
orary curator, on September 14, 1895, has been filled by the appointment of Mr. L.
0. Howard, who also succeeded Professor Riley as Intomologist of the Department
of Agriculture. Custodians of special groups in the Department of Insects have
been appointed, as follows: Mr. D. W. Coquillett, custodian of the Diptera; Mr. W.
H. Ashmead, custodian of the Hymenoptera; Mr. E. A. Schwarz, custodian of Coleop-
terous larvee, and Mr. O. F. Cook, of Huntington, Long Island, custodian of the

Myriapoda.
yriap 29
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123 plates. Special Bulletin No. 3 is also ready for the press. This is the second
volume of ¢‘ Life Histories of North American Birds,” by Maj. Charles Bendire.

In the series of circulars, No. 47 has been issued. The object of the circular is to
indicate the conditions upon which the Museum will undertake the identification of
mollusks. The necessity of printing such a circular arose from the vast amount of
material of this kind reccived for examination during recent years. In almost every
instance the return of the material was expected, and thus the Museum was called
upon to do a very large amount of work with little or no return of any kind.

Explorations.—Dr. William L. Abbott has continued his explorations in Africa and
India, and the Museum is deeply indebted to him for additional collections of ethno-
logical and natural-history objects. Among the latter, a fine series of skins of lemurs
and of the insectivores peculiar to southeastern Madagascar are of conspicuous inter-
est aud value, )

A valuable collection, consisting of 1,553 specimens of antiquities, obtained in 1895
from the cliff dwellings and ancient pueblos near Tusayan, Ariz., has been gathered
by Dr. J. Walter Fewkes. This collection will doubtless be suppleniented by others
of equal interest, as Dr. Fewkes is continuing his explorations this sammer (1896).

A very acceptable collection of natural-history material was obtained for the
Museum by Lieut. Wirt Robinson, U. 8. A., during his travels in the West Indies and
South America.

Additional collections of mammals, birds, and other natural-history specimens,
obtained in Virginia, Pennsylvania, and the Gulf of California, have been rcceived
from Dr. Edgar A. Mearns, U. 8. A.

A collection of objects illustrating the manner of life among the Kiowa tribes has
been gathered by Mr. James Mooney, of the Bureau of Ethnology, and transferred
to the National Muscum.

As a result of explorations in a cavern near Duffield, Scott County, Va., conducted
by Gen. A. L. Pridemore, of Jonesville, Va., thc Museum has received a large col-
lection of hmman bones.

Important collections have been received from the United States Fish Commission,
comprising material collected in various parts of the United States by exploring
parties sent ont under the direction of the Commission. The Department of Agri-
culture has been instrumental in adding, through its explorations, to the Museum
collections. A fine collection of Lower Silurian fossils from Valcour Island, Lake
Champlain, and of trilobites from Rome, N. Y., was made hy the United States
Geological Survey, and will in due course be transmitted to the Museum. Several
large and valuable collections have been received from this sonrce during the year.

Prof. R. Ellsworth Call, of Cincinnati, Ohio, has explored some of the caves in
Kentucky, and has transmitted to the Museum a large number of bats from the
Mammoth Cave.

Several of the curators and assistant curators in the Muscum have at various times
during the year been engaged in collecting material. The resnlts of these expeditions,
which were for the most part very suecessful, have been incorporated into the
Museum collections.

Cotton States and International LExposition, Atlanta.—The exposition opened on Sep-
tember 18 and closed on December 31. TFourteen departments of the Museuin were
represented by special exhibits, and also several scctions of the department of arts
and industries. The sum allotted to the Institution and the Museum was $22,000.
The Museum report for this year (1895-96), now in course of preparation, will contain
an elaborate report npon the exhibits of the Institution and the Museum, accompa-
nied by detailed lists of the objects exhibited.

Respectfully submitted.
G. BROWN GOODE,

: Assistant Secretary in Charge of the U. S. National Museunt.
Mr. S. P. LANGLEY,

Secretary of the Smithsonian Institution,
AugusT 1, 1896,
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island had suffered inconvenience from dearth of food and blankets, and had been
compelled to devote nearly all their energics to obtaining water from a little tinaja,
or water pocket, in the rocks in the interior of the island 6 or 7 mniles from the shore.
All hope of return of the boat had been abandoned, and when it finally appeared
the party were collecting driftwood and branches of the palo blanco—a tree grow-
ing sparsely on the mountains in the interior of the island—to build a raft, while
one of the party was engaged in making the necessary ropes from provision-bags
and clothing. .

On the reassembling of the party the original plans were resumed; the leader
visited a score or more of Seri house bowers or rancherias, only to find them aban-
doned (though some bore evidencoe of occupancy within a few hours) while Mr,
Johnson continued the topographic surveys. By this time the focd supplies were
practically exhausted, but were eked out by collecting oysters, clams, and erabs and
by a shark taken on the next to the last day of the stay on the island; and, as before,
most of the energies of the party were expended in carrying water fromn 4 to 15
miles, for which purpose squads of five or more heavily armed men wore requisite,
since the danger of ambush was cousiderable and constant. By these Jjourneys over
the jagged rocks, in which Tiburon Island abounds, the shoes of the white men and
the sandals of the Indians were worn out; and this condition finally compelled the
abandonment of further effort to come into communication with the wary Indians.
Considerable collections repyesenting their erude arts, domestic and maritime, were,
however, made in their freshly abandoned rancherias, and &« fine halsa, or canoe-
raft made of canes, was obtained.

After some delay and danger the strait was recrossed, and the party found them-
selves on the mainland, still beset by storms, without food ov water, reduced by
arduous labor and insufficient food, and practically barefoot in a region abounding
in thorns and spines and jagged rocks. Moreover, they were still constantly nnder
the cyes of Seri warriors watching {from a distance and awaiting opportunity for
attack. After fully considering the sitnation, the leader left the party and the boat
in charge of Mr. Johuson and skirted the coast on foot for 25 miles to the rendezvous
on Kino Bay in the hope of reaching the teamster from the ranchio with supplies on
the last day of his stay there under the instructions given him by Mr. Johuson, on
last Jeaving that point after the wreck. Ile reached the rendezvons carly in the
night of December 28, only to find it abandoned hy reason of the accidental escape
of the stock. He at once pushed on across the desert to the raucho, reaching there
early in the morning of the 29tl, and iminediately returning with food and water.
The entire party arrived at the rancho on the evening of December 31, and two days
later proceeded to Hermosillo, whence the leader returned directly to Washington,
while Mr. Johnson retraversed the country, tlience northward to the Arizona bound-
ary, collecting objects and information amoung the Papago Indians and completing
the triangulation and topographic surveys. 1lle rcached Tucson about the c¢nd of
January.

While the expedition was, by reason of the hostility of the Indians, unsuccessful
so far as the anticipated studies of the Seri institutions and beliefs are councerned,
considerable collections representing their arts were obtained. Moreover, the whole
of Seriland, the interior of whicli was never hefore trodden hy white men, was exam-
ined, surveyed, and mapped; and the expedition resulted also in a survey of such
character as to yield the first topographic map of a broad belt in Sonora extending
from the international houndary to Sonora River. The arca covered hy this survey
is about 10,000 square miles. Forty-seven stations were occupied for control, and a
considerably larger number of additional points for topographic sketching. The
portion of the map comprising Seriland, being essentially new to geographers, has
been published in the National Geographic Magazine (Vol. VII, 1896, P1. x1v). Tt
is a pleasure to say that the work of the expedition was facilitated in all possible
ways by the State officers of Sonora and the federal authorities of the Republic of
Mexico. By special authority of His Excellency Sefior Leal, secretario de fomento,
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form of collections, became the joint property of the Bureau and the association,
to be divided after examination and use in the preparation of reports, and the
scientific results remain the property of the Bureau for publication. Under this
arrangement Mr. Cushing organized a party, including Mr. Wells M. Sawyer, of the
United States Geological Survey (furloughed for the purpose), as photographer and
artist; Mr. Carl F'. W. Bergmann, formerly of the United States National Museum,
as an expert assistant in collecting; Mr. Irving Sayford as clerk; and a number of
workmen, who were engaged in excavation. Several localities were reconnoitered
and exploited with moderate success. During February the work was pushed into
the region of coral islands in the neighborhood of Punta Rassa, where traces of
extensive aboriginal handiwork were found on the islands, and especially in ancient
atolls and lagoons lined with bogs and saline marl. Here the works were of such
character as to indicate an extensive and well-organized primitive population, sub-
sisting on sea food, and cruising not only the lagoons and bays but also the open
gulf., Their island domiciles were protected by dikes built of large sea shells, ovi-
dently collected for the purpose; their habitations, at least in part, were pile struc-
tures, ruins of which still remain. In someo cases these structures were occupied so
long that the kitcheu refuse accumulated to form mounds (initiating in time the cus-
tom of erecting mounds as sites for domiciles), and within the refuse lieaps, or
midden-mounds, extensive traces of handiwork of the people were found.

The most extensive collections were, however, made from the bogs adjacent to the
habitations or beneath habitations occupied too briefly to permit extensive accumn-
Iations of middens. In these bogs were preserved nnmerous artifacts, comprising
shellwork in large variety ; wooden ware, including utensils, tools, weapons, masks
and other ceremonial objects, often elaborately carved and painted; textile fabrics
and basketry in abundance, though nsually in such a state of decay as hardly to be
preservable; implements and other objects partly or wholly of teeth and bone of
sharks, land animals, etc.; and a few stoue implements of the nsual aboriginal
character. The painting and carving are especially noteworthy, not only as indicat-
ing moderately advanced symbolic art of the native type, but as suggesting com-
munity of culture between the maritime people of Florida and prehistoric peoples
of the western and sonthern shores of the Gulf of Mexico. The handiwork shows
no trace of acenltural influence, and must therefore be regarded as pre-Columbian,
thongh the mode of life indicated by the relics is similar to that observed on the
Floridian peninsula by the earliest white explorers. The wooden ware, textiles, ete.,
preserved in the salt-water bogs commonly retained their aboriginal appearance
until exposed to the air, when they rapidly disintegrated and fell to pieces, or else
shrunk or warped so greatly as to give little indication of the original form. A
considerable part of the euergies of the party were expended in efforts to preserve
these perishable articles by various devices and the use of such materials as could
be obtained at points remote from civilized stores, while Mr. Sawyer was constantly
employed in plhotographing or in drawing and painting in the original colors all the
more perishable objects; in this way the evidence concerning the prehistoric people
recorded in the better-preserved portions of the collection was greatly amplified and
extended.

In April the Director visited Mr. Cushing and remained with the party, personally
inspecting and directing the work, for several days. 'T'le operations in Florida were

brought to a close in May, when the collections were carefully loaded in a car and
transported direct to Philadelphia, where the space and facilities for unpacking were
ample. Mr. Cushing returned to Washington, and on the arrival of the car proceeded
to Philadelphia, wherc he unpacked that portion of the collection required for imme-
diate study.

Mr. Cushing’s Florida work threw new light on the shell mounds and other aborig-
inal works on the American coasts, and it was accordingly thought desirable to
review the earlier and more superficial examination of these works at different points
along the coast. Carrying out this plan, the Director proceeded about the middle
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poison, Mr. Mooney collected a considerable quantity of the material for scientific
examination. By courtesy of the Department of Agriculture, the buttons were ana-
lyzed by Dr. Harvey W. Wiley and Mr. E. E. Ewell, of that Department, and were
found to yield three alkaloids, designated, respectively, as anhalonine, mescaline, and
alkaloid 3, besides certain resinous substances, all possessing peculiar physiological
properties. The physiologic action of the mescal buttons administered entire, and
also of the three alkaloids, has been tested by D. W. Prentiss, M. D., and 1I°. P. Mor-
gan, M. D., and the results have been found of great interest, leading the experi-
mentalists to consider the extracts as important therapeutic agents and valuable
additions to the pharmacopcia. On his return from the field Mr. Mooney began the
preparation of a memoir on the Kiowa calendars, which was nearly completed at the
end of the fiscal year, and has been assigned for publication in the seventeenth
annual report.

As during past years, much attention has been given to photographing Indians
and Indian subjects, and a small photographic laboratory has been maintained,
throagh the aid of Mr. William Dinwiddie. During the winter advantage was taken
of the presence of representative Indians in the national capital, and a nwmber of
portrait photographs were obtained, together with considerable genealogic informa-
tion concerning various chiefs and leading men among several tribes.

SOCIOLOGY.

Except while oceupied in administrative work, Mr. W J MeGee, ethnologist in
charge of the Bureau, has heen carrying forward researches relating to the social
organization of the Indian tribes. His work is based on the voluminous records in
the archives of the Bureau and on observations especially among the Papago and
Seri Indians. It has been the aim to render this work fundamental, and to this
end the primary characteristics of mankind as distinguished from lower organisms
have beeu considered with especial care, and the studies of the Seri Indians have
been particularly fruitful. Among the results of the rescarches there may be men-
tioned (1) an analysis of the beginning of agriculture, (2) the recognition of the
beginning of zooculture, (3) a study of the growth of altruistic motive, and (4) an
examination of ecarly stages in the development of marriage. These results aro
incorporated partly in a preliminary memoir on the “Siouan Indians” printed in
the fifteenth annual report, partly in several administrative reports, and partly in
an address published in the Smithsonian annual report for 1895.

It may be noted summarily that the researches concerning the beginning of agri-
culture indicate that this important art originated independently in different desert
regions, and was at first merely an expression of a solidarity into which men and
lower organisms were forced by reason of the environmental eonditions character-
istic of the desert. Later the art was raised to a higher plane through the gradual
development of irrigation, and still later it was extended into areas in which irri-
gation was not required. The researches concerning zooculture serve to define a
stage antecedent to domestication, as that term is cominonly employed, in which the
relations between men and animals are collective rather than individual, and in
which the men and animals become mutually tolerant and mutunally beneficial, as
when the coyote serves as a scavenger and gives warning, in his own cowardly
retreat, of the approach of enemies. Later, such of the tolerated animals as are
thereby made more beneficial are gradually brought into domestication, as was the
coyote-dog among many Indian tribes, the turkey among some, and the reindecr
among certain Eskimo. The researches concerning the development of human motive
are involved in the study of primitive law, and indicate that regulations concerning
conduct are framed by the elders in the interest of harmony and collective benefit,
and that these regulations are enforced until their observance becomes habitual,
when the habit in turn grows into motive. In some other directions, also, substan-

tial progress has been made in the study of the organizations and institutions of the
American Indians.
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MYTHOLOGY.

- Mrs. Matilda Coxe Stevenson continued the study and elaboration of her records
concerning the mythology and ceremonials of the Zuiii Indians, and practically com-
pleted her monograph on this subject. The Pucblo Indians, and especially the Zuifii,
are characterized by an extraordinary subserviency to belief and ritual. Before her
connection with the Bureau Mrs. Stevenson became intimately acquainted with the
Indians of several pueblos and with their peculiar fiducial customs, and has conse-
quently had nnprecedented opportunity for¢he study of observances and esoteric cere-
monials, and it has been her aim to record the details of her observations with penecil
and camera so fully as to perpetuate these mysteries for the use of future students. In
nearly every respect she regards her records concerning the Zufi as complete. At
the end of the fiscal year her monograph was finished with the exception of a single
chapter, the material for which was incomplete. It was planned to have this mate-
rial collected during July and August, 1896.

During the greater part of the year Mr. Cushing’s work in mythology was sus-
pended, as he was engaged in general archeologic work. During the early part of
the year, however, he spent several weeks in combining the records of archeology,
mythology, and mnodern custom bearing on the evolution and mnltifarious uses of the
arrow, and incidentally on the invention of the bow. His rescarches illustrate well
not only the great importance of the arrow as a factor in human development, but
also the way in which primitive peoples think, act, and evolve. The final report on
this subject is not yet complete, but a preliminary statement of results was made
public in the form of a vice-presidential address before the Anerican Association for
the Advancemert of Science at the Springfield meeting, 1895.

PSYCIIOLOGY.

Tt has not been found cxpedient in the Burean to extend the researches to the
somatology of the Indians, and all the material pertaining to this subject has been
turned over to another branch of the I"cderal service; hut it has been found impos-
sible to trace the development of the arts and institutions, beliefs and langnages of
the aborigines without careful study of primitive modes of thought, and much
attention has been given by the Director and some of the collaborators to the sub-
Ject of psychology, as exemplified among the Indians. The researches in this direc-
tion have been carried forward during the year in connection with the work in
classification of the Indians, and considerable material has been accumnlated for
publication in future reports.

BIBLIOGRAPHY.

The bibliographic work, which has been continned for several years, practically
closed with the last fiscal year, and finally terminated, so far as the original plan is
concerned, with the death of James Constantine Pilling on July 26. The bibliogra-
phy of the Mexican langnages was left in a nearly finished condition; but it has not
yet been found practicable to complete this work and prepare it for the press.

PUBLICATION.

Satisfactory progress has been mnade during the fiscal year in the editorial work
of the Bui‘e:m, which has heen conducted chiefly by Mr. I. W. Hodge.

The manuseript of the fourteenth annual report was sent to press toward the close
of the last fiscal year, the first proofs werc received on January 25, 1896, and by the
close of the fiscal year the body of the volume was nearly all in type. This report,
which is to be published in two volumes, making about 1,200 pages, comprises, in
addition fo the report on the operations of the Bureau and an cxhaustive index, three
memoirs—*“The Menomini Indians,” by Walter J. lloffman, and * Coronado’s Expe-
dition in 1540-1542,” by George Parker Winship, occupying the first part; the sccond
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reports. Extensive series of photographs were made during the year by Dr. Fewkes
in connection with his collections of puéblo pottery; by Mr. J. W. Mitechell, pho-
tographer for Mr. McGee in the Seriland expedition, and by Mr. Wells M. Sawyer,
artist for Mr. Cushing in his Florida work.

Exhibits.—The Burean cooperated with the National Museum in arranging the
Smithsonian Institution exhibit in the Cotton States and International Exposition
held at Atlanta during the autumn of 1895. An alcove in the Government building
was allotted to the Bureaun, and this was filled by the installation of six wall cases
and four floor cases, together with a number of bulky objects arranged on top of
the wall cases. This exhibit was so arranged as to illustrate the characteristics and
modes of life of three tribes, viz: The Cherokee Indians, who formnerly occupied the
country in what is now northern Georgia, and whose descendants still live in
western North Carolina only 150 miles from the site of the exposition; the Papago
Indians, a little known though highly interesting tribe of peaceful Indians, occu-
pying southwestern Arizona and northern Sonora; and the Seri Indians, a fierce
and exclusive tribe of the Gulf of California, part of whom were found on their
borderland and in the course of an expedition by the Bureau during 1894. 1In
addition to the objects exhibited, there were in two wall cases illustrations of the
physical characteristics and eostumary of the Papago and Seri Indians. The former
were represented by a group of life-size figures engaged in the manufacture of
pottery—their typical industry. In the other case a life-size figure of a Scri warrior
was introduced. The collections were supplemented by a series of twelve trans-
parencies, made from photographs, showing the Papago and Seri Indians in charac-
teristic attire, with their habitations and domestic surroundings. In the installation
of this exhibit, primary attention was given to fidelity of representation rather
than to-artistic finish or grouping; and it is a source of gratifieation to observe
that the exhibit attracted much attention during the progress of the exposition. It
was awarded a grand prize, diploma, and gold medal.

NECROLOGY.

James Constantine Pilling, who died July 26, 1895, was a native of the national
capital, where he was born November 16, 1846. He was educated in the public schools
and Gonzaga College, and subsequently strengthened his predilection toward books
by taking a position in a leading bookstore of the city; at the same time ho studied
the then novel art of stenography, in which he became remarkably proficient. At
the age of twenty he became a court stenographer. His services soon came into
demand among the Congressional cominittees and in different commissions employed
in the settlement of war claims. In every instance his notable speed and accuracy
were joined with even more notable discretion and straightforwarduess that gained
for him the estcem of all with whom he came in contact. Ifis carcer asstenographer
was in every respect exemplary, and his example served to hasten the general intro-
duction, and at the same time to elevate the standard, of stenographic art as an aid in
the transaction of the public business.

In 1875 Mr. Pilling was employed by the Director, then in charge of the geolog-
ical and topographical surveys of the Rocky Mountain region, to aid in collecting
native vocabularies and traditions, a task for which he was eminently fitted by
reason of his phonetic and manual skill. In this servieo as in his earlier work he
displayed not only high ability but signal strength of character. Iis conncetion
with the survey was continuned until that organization was brought to an end in
1879 by the institution of the United States Geological Survey to carry forward the
geologic work and the Bureaun of American Ethnology to continue the ethnologic
researches; he was then transferred to the Burcau of Ethnology, wlere his work on
the Indian languages was continued. During this period of connection with ethno-
logic work his studious habits were strengthened, and he developed great interest in
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and a model for students. Inthoroughness and accuracy of work they afford a bright
example of American scholarship.

In personal character Mr. Pilling was above reproach. No man was more steadfast
to his moral and intellectual convictions, which were held with that charity for
others which is possible only to those who have strong and well-founded convictions
of their own. The example and influence of his character will long remain on the
institutions with which he was connected.

Respectfully submitted. J. W. POWELL,

Director.

Mr. S. P. LANGLEY,

Secretary of the Smithsonian Institution.
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For comparison with previous years the following table will represent the growth
of the service from 1890 to 1896:

|

1889-90. 1890—91.\‘ 1891-92. | 1892-93. | 1893-94, | 1894-95. |1895-96.

Number of packages received.| 82,572 90, 666 97,027 | 101,063 97,969 | 107,118 | 88,878
Weight of packages roceived..| 202,657 | 237,612 | 226,517 | 200,928 | 235,028 | 826,955 | 258, 751
Ledger accounts:

Foreign societies .......... l 5,131 5, 981 6, 204 6, 896 6,991 8,751 8,022
TForeign individuals ....... 6, 340 7,072 7,910 8, 554 8,619 9, 609 10, 878
Domestic societies ........ 1,431 1,588 2,044 2,414 1, 620 2,014 2,115
Domestic individuals...... 3,100 4,207 4,524 5, 010 2,993 3,034 3,899
Packages to domestic addresses 13, 216 29, 047 26, 000 29, 454 32, 931 29,111 34,091
Invoices written...... .| 16,048 | 21,923 | 23,136 | 19,096 | 20,869 | 27,180 | 21,783
Cases shipped abroad 873 962 1,015 878 905 1, 364 1,043
Letters received . ..ooovneuan.. 1, 509 2,207 2,323 2,013 2, 166 2,443 2, 367
Letters written.. 1,625 2,417 2,752 2,259 1,904 2,259 2,371

EXPENSES,

The expense of the exchange system is provided in part by direct appropriation
by Congress to the Smithsonian Institution for the purpose and in part by appro-
priations made to different Government Departments or Bureaus, either contingent
or specific, for repayment to the Institution for a portion of the cost of transportation.

Even with the close economy mnecessarily excreised in the disburscwment of the
direct appropriations in support of the cxchange service, the Institution wonld not
have been able to transmit exchanges with requisite promptness or regularity had
it not been for the revenune derived from the charge of 5 cents per pound weight
made to Governiment Departments and Bureaus and to State institutions on their
exchanges, both going and coming. This charge was authorized Ly the Board of
Regents as far back as 1878, and has since been maintained. Though the appropria-
tions have been increased from time to time, they have not kept pace with the grow-
ing demands of the service, and since its inaugnration thero has never been a time
that the practice could have heen abolished or even temporarily suspended.

The appropriation made by Congress to the Institution for the exchange service
during the fiscal year 1895-96 was in the following language:

“For expenses of the system of international exchanges hetween the United States
and foreign countries, under the direction of the Smithsonian Institution, including
salaries or compensation of all necessary employces, seventeen thousand dollars.”

The receipts and disbursements by thoe accounting officer of the Smithsonian Insti-
tution on acconnt of international exchanges for the year immediately preceding
July 1, 1896, werc as follows:

RECEIPTS.

T
| Congres- I
r sional Other Total.
appropria- | sources.
' tion.
Direct appropriation by Congress. ....oovveoeaaeciiriiaaannsn $17, 600. 00 ‘ ............ $17, 000. 00
Repayments from United States Government Departments. ... ,i.. LO$2,737.43 2,737.43
Repayments from State institutions........ocoooeeiiiiieaaa- 271. 00 271.00
Repayments {T0M Other SOUTCES ... nnvvvanurenennreer oot sfoanonnees 461.29 461. 29
98.42 08. 42

Balance advanced by Smithsonian Institution
1 R LR R LT T TR PP PR [ 17, 000. 00 3,568.14 20, 568. 14
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The exchange on account of Government Bureaus is shown in detail in the follow-

ing table:
Statement of Government exchanges during the year 1895-96.
[ Packages. Packages.
Name of Bureau. Received| Sent Name of Dureau. teceived| Sont
for. | by. i for. | Dby.
Smithsonian Institution........ 7,960 | 1,068 . 3. Indian Aftairs Oftice 8 ...
Asfrophysical Observatory . -2 P, l 1. 8. Interior Department.._._.; 17 1,437
Bureau of Ethnology ...... 211 741 || U. S. Interstate Commerce ;
Bureau of International ‘ ‘ Commission ................. i 23 247
Exchanges . .....ccoou.o.. 1 ! ........ || U.S. Life-Saving Service...... \ R P
National Zoological Park .. F: I i1 U.s. Light-Iouse Board ...... 2 1
U. 8. Agricultural Department. 201 | 17 || U.S. Mavine-Hospital Service - 6. ...
U. S. Botanic Garden........... b IO I U.S. Mint—Director .......... N TR
U. S. Bureau of American Re- U. S. National Academy....... 114 ' 1,115
publies. coeeiia F S P U. S. National Board of IIealth b2
U. 8. Bareau of Education .. ... 86 |........I| U.8. National Museum ....... 276 1, 456
U.S.Bureau of Medicine and U. 8. Nautical Almanac Office. 18 33
Surgery - - [ P U. 8. Naval Intelligence Office. | 1.,
U. 8. Bureau of Navigation .... 6 [ U. . NavalMuseum of Hygienc )
U. S. Burcauot Ordnance, Navy i U. S. Naval Observatory 125 16
Department................ 1 . . Navy Department . - |78 DR
U. S. Bureau of Ordnance, War U.S.Patent Oftice............. 70 4, 250
Department ......occooiean.. 3 U. 8. President .c.oooveenean.. ) I
U.S. Bureau of Statistics ...... | 23 UL 8. Public Printer. ... ...l 15, 458
U.S. Census Office.............. 7 | U. 8. Bignal Service ........... 7
U.S. Coast and Geodetic Survey 97 U. S. State Department........ 17 |,
U. 8. Comptroller of the Cur- ’ U. 8. Superintendentof Public
T@NCY woeomeamnanaaacaaananas 2 J | Documents.................. 1 3
U, S. Congressional Library . ... 8,038 | L ULS. Surgeon-General’'s Oflice
U. S. Department of Labor ..... 19 ‘ (- 5 1T A 151 | 540
U. S. Department of Steam In- U. 8. Surgeon-General’s Office !
gineering, Navy Department . 2 (Navy) ... . 4
U. S. Engineer Oflice. .. ......... 44 U. 8. Treasury Department. ... 10 0.,
U. S. Entomological Commis- U.S. Vice-President........... :
FE5 13 R 52 U. 8. War Department . .
. 8. Fish Commission ......... 61 U. 8. War Records Oftico
U. S. General Land Office....... 2 e U. S. Weather Bureau.........
U. 8. Geological Survey ........ 590 O O m _E,OT)
U. S. Hydrographic Office -..... -] O

EFFICENCY OF TIIE SERVICE.

The exchange relations with Greece are still, as in the past two ycars, in an unsat-
isfactory condition, and at present no packages are forwarded to that conniry except
those emanating from Government Burcaus and scientific contributions which as to
size and weight are sufliciently within the requirements of the postal scrvice to admit
of their being forwarded direct by post.

The exchanges with Mexico also continue to be unsatisfactory, and the tranemis-
sion of parliamentary documents is suspended pending the result of an effort now
being made through diplomatic correspondence to establish a systematic exchange of
publications by a responsible representative to be duly authorized by the Mexican
Government. Publications of scientific bureaus aud socictics are forwarded direct
by mail, however, as before stated.

The official exchange of public documents is also temporarily suspended with
Japan, owing to the absence of a systematic provision for the proper conduct of the

sM 96 4
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Toriello, Enrique, consul-general for Guatemala, New York.
White Cross Line of Antwerp (Funch, Edye & Co.), New York.

The following is a list of the Smithsonian correspondents abroad acting as dis-
tributing centers, or receiving publications for transmission to the United States:
Algeria: Bureau Frangais des Fchanges Internationaux, Paris, France.
Argentina: Museo Nacional, Buenos Ayres.

Austria-Hungary: Dr. Felix Fliigel, No. 9 Schenkendorf Strasse, Leipzig, Germany.
Brazil: Bibliotheca Nacional, Rio Janeiro.
Belgium: Commission des Echanges Internationaux, Rue du Musée, No. 5, brussels,
Bolivia: University, Chuquisaca.

British America: McGill College, Montreal, and Geological Survey Office, Ottawa.
British Colonies: Crown Agents for the Colonies, London, England.

British Guiana: The Observatory, Georgetown.

Cape Colony: Colonial Secretary, Cape Town.

Chile: Universidad de Chile, Santiago.

China: Dr. 1. W. Doberck, Government Astronomer, Hongkong; for Shanghai:

Zi-ka-wei Observatory, Shanghai.

Colombia (U. 8. of): National Library, Bogota.

Costa Rica: Instituto Fisico-Geograifico Nacional, San José,

Cuba: Dr. Federico Poey, Calle del Rayo, 19, Habana, Cuba.

Denmark : Kongelige Danske Videnskabernes Selskab, Copenhagen.

Dutch Guiana: Surinaamsche Koloniale Bibliotheek, Paramaribo.

East India: Director-General of Stores, India Office, London.

Ecuador: Observatorio del Colegio Nacional, Quito.

Egypt: Société Khédiviale de Géographie, Cairo.

France: Bureau Frangais des Kchanges Internationaux, Paris.

Germany: Dr. Felix Fliigel, No.9 Schenkendor{ Strasse, Leipzig.

Great Britain and Ireland: William Wesley & Son, 28 Lissex street, Strand, London.

Guadeloupe. (See France.)

Guatemala: Instituto Nacional de Guatemala, Guatemala.

Haiti: Secrétaire d’Etat des Relations Extérieures, Port-au-Prince.
Honduras: Biblioteca Nacional, Tegucigalpa.

Iceland: Islands Stiptisbékasafn, Reykjavik.

Italy: Biblioteca Nazionale Vittorio Emanuele, Rome,

Japan: Minister of Foreign Affairs, Tokyo.

Java. (See Netherlands.)

Liberia: Liberia College, Monrovia.

Maderia: Director-General, Army Medical Department, London, England.
Malta. (See Madeira.)

Mauritius: Royal Society of Arts and Sciences, Port Louis.
Mexico: Packages sent by mail.
Mozambique: Sociedade de Geographa, Mozambique.
Netherlands: Bureau Scientifique Central Néerlandais, Den 1lelder.
New Caledonia: Gordon & Gotch, London, England.
Newfoundland: Postmaster-General, St. Johns.
New South Wales: Government Board for International Ixchanges, I'ree Public

Library, Sydney.

New Zealand: Colonial Museum, Wellington.
Norway: Kongelige Norske Frederiks Universitet, Christiania.
Paraguay: Government, Asungion.

Peru: Biblioteca Nacional, Lima.
Philippine Islands: Royal Economical Society, Manila.

Polynesia: Department of Foreign Affairs, Honolulu.
Portugal: Bibliotheca Nacional, Lisbon.

Queensland: Registrar-General of Queensland, Brisbane.
Roumania. (Se¢ Germany.)
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Transmission of exchanges to foreign countries—Continued.

Country. Date of transmission, etc.
Ttaly ..... dbmeeeeeeeiaeans July 10, 12, August 8, November 1, December 3, 18, 1895; March 2, 28,
April 20, May 5, June 9, 23, 1896.
Japan .......ooiioaiaialn September 23, 1895.
Liberia ... ..ocecaeaoaa May 20, 1896.
Mexico -oooe e (By registered mail.) .
New South Wales ........... July 1, November 11,1895; January 13, March 31, June 17, 1896.
Netherlands and colonies. . ..| July 12, August 7, November 4, December 12 1895; January 30, March

18, April 18, May 23, June 10, 24, 1896.

.| July 1, November 11, 1895; Jannary 13, March 31, June 17, 1896,

December 19, 1895.

July 12, August 21, November 7,1895; January 29, March 21, May 19,
June 10, 24, 1896.

Peru. ... el September 14, November 22, 1895; February 3, March 26, May 23, June
22,1806. '

Polynesia. . .................. July 1, November 11, 1895; January 13, March 31, June 17, 1896.

Portugal..................... July 12, August 20, November 7, 1895; January 31, March 21, May 9,
June 24, 1896. .

Queensland ... .._........... July 1, November 11, December 9, 1895; January 13, March 31, May 7,

June 17, 29, 1896.

Roumania (Included in Germany.)

Russia. ..ol July 11, August 6, October 31, December 4, 1895; January 9, March 4, 24,
April 14, May 4, June 8, 23, 1896.

Salvador.. ... .| September 17, December 19, 1895; May 25, 1896.
Servia (Included in Germany.)
South Australia ............. July 1, November 11, 1895; January 13, March 31, June 17, 1896.
Spain ..o July 12, August 19, November 7, December 17, 1895; January 31, March
20, May 16, 1896.
Sweden..............o...... July 11, August 6, 15, October 31, December 4, 1895; January 9, March
4,24, April 14, May 4, June 8, 23, 1896.
Switzerland ................. July 11, August 13, November 6, December 10,1895; January 3, March
19, April 21, May 18, June 17, 29, 1896.
Tasmania....o............. ..| January 25, 1896.
Turkey - ceeeviimmaaaaan.. December 10, 1895, June 24, 1896.
Urugnay ---..cooeoeninaaian. September 14, November 22, 1895; February 3, May 23, June 10, 24, 1896.
Venevuela ................... September 14, November 22, 1895; March 26, May 23, 1896.
Vietoria ...oo.oooll.. July 1, November 11,1895; January 13, March 31, June 17, 1896.

‘Western Australia Jannary 25, 1896.
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HISTORY OF THE EXCHANGE SERVICE.
- By W. 1. Apams.

The following history of the exchange service and its methods has been prepared
by Mr. W. I. Adams from the archives of the Institution:

It seems altogether appropriate, while the Smithsonian Institution is commemo-
rating the fiftieth year of its usefulness, to succinctly review the progress and
accomplishments of its system for the exchange of the duplicate copics of literavy
and scientific publications from the beginning. Though bnt a subordinate branch
of the Institution, the division of exchanges has done a large part in the increase
and diffusion of knowledge, and materially assisted in the promotion of the object
for which the Institution was established by its founder.

The forwarding by the Smithsonian Institution of its publications and annnal
reports to other scientific institutions and to individuals interested in science through-
out the world was inaugunrated almost at the very commencement ot these publica-
tions, under a plan of procedure adopted by the Board of Regents December 8, 1847,
upon the recommendation of Professor Henry, and in exchange the Institution
solicited the scientific works published by its correspondents.

The details attendant upon this important function of the Institution were in the
beginning supervised by Professor Henry, and so {ully did they command his atten-
tion that not a little of the work was done by him personally, until July, 1850, when
Professor Baird was appointed Assistant Secretary of the Institution, and almost
immediately assumed direct charge of the exchanges.

Mr. George II. Boehmer, in his History of the Smithsonian Exchanges compiled to
1881, recites the fact that other attempts had heen made for the exchange of literary
and scientific publications, notably by the Royal Library of France in 1694, and in
the United States early in the present century by the American Philosophical
Society, foundeld in Philadelphia in 1743, and by the American Academy of Arts and
Sciences, founded in Boston in 1780. The prime object in each case cited was the ulti-
mate enrichment of its own library by reciprocal exchange, while the results desired
by the Smithsonian Institution were not solely for the purpose of increasing its
collection, but for the diffusion of knowledge among men,

So favorably did Professor Heury’s plan impress scientists that a committee was
appointed by the American Academy of Arts and Sciences to consider its methods in
detail, and on December 7, 1847, the committee reported as follows:

“It can scarcely be doubted that an important impulse would be given by the
Smithsonian Institution in this way to the cultivation of scientific pursuits, while
the extensive and widely ramified system of distribution throughout the United
States and the world would insure them a circulation which works of science counld
gcarcely attain in any other way.”

At the commencement of its exchange system the Institution was much annoyed
by the excessive expense and troublesome delays caused by the requirements of the
United States custom-house service, and no relief was felt until, after earnest and
concerted effort, Congress was led to adopt the enlightened policy of admitting
through the custom-houses free of duty scientific publications from foreign countries
addressed to the Smithsonian Institution, either for its own use or as contributions
to learned societies and institutions throughout the United States.

This appropriate act of the American Congress stimulated foreign scientific soci-
eties to interest their Governments to the same end. Among the first to take active
steps in this direction was England.

On March 19, 1852, Mr. Edward Sabine, vice-president and treasurer of the Royal
Society, wrote Professor Henry, in reply to his letter urging action by the Royal
Society in the same direction, saying:

“The subject has since been brought by the Earl of Rossc undcr the consideration
of Her Majesty’s Government, who have shown, as might be expected, much readi-

ness to meet in the same spirit the liberal example which has heen set by the United
States, in exempting free of duty scientific books sent as presents from this country
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of either House of Congress, and fifty copies additional of all documents printed in
excess of the usual number, together with fifty copies of each publication issued
by any Department or Bureau of the Government, he placed at the disposal of the
Joint Committee on the Library, who shall exchange the same, through the agency
of the Smithsonian Institution, for snch works published in foreign countries, and
especially by foreign Governments, as may be deemed by said committee an equiva-
lent; said works to be deposited in the Library of Congress.
‘“ Approved March 2, 1867.”

It will be observed from the toxt of the law that the primary ohject of the act
was to secure for the Library of Congress promptly, and with regnlarity, the official
publications of foreign countries concerning legislation, jurisprudence, commerce,
manufactures, agricnlture, statistics, ete. '

No appropriation was made, or even intimated, for this service, hnt as several
months and perhaps a year would elapse before a sufficient nnumber of documents
would aceumnlate to admit of a systematic trausmission, a circular letter was mailed
through the official channel of the Department of State for the purpose of ascertain-
ing what Governments would cooperate in the proposed arrangement. In due course
somany foreign Governments accepted the proposition as to insnre its success, though
some countries were derelict in specifying to whom or in what manner the cases
should be forwarded, it being understood that they would be delivered free of freight
charges to any place in Washington or New York that might be designated.

These delays in consummating the desived plan were primarily due to the ahsence
of concerted actiou in designating proper ofticers or establishing bnreaus in differ-
ent conntries and providing sufficient means for defraying the attendant expenses.
Though supported by the leading men in literature and science throughount the
world, it was a slow process to obtain Government aid in the several countries most
interested in the movement. :

Several attempts were made by the Institution to induce Congress to assist in
defraying the expense incurred in the distribution of Government publications, and
also to obtain aid in the distribution of works npon scientific and literary subjects,
the entire cxpense of which having in the year 1876 exceeded $10,000, or one-fourth
of the income of the Institution, and was threatening a enrtailment of expenses and
serious impediment to research in its several scientific hranches.

The persistent efforts of scientists and the growing interest manifested by the
various (Giovernments resulted in the holding of an International Congress in Paris
during the months of August and September, 1875, at which were present several
hundred scientists from all parts of the glohe, and representing the following National
Governments: Anstria-Hungary, Belginm, Chile, Dominican Republie, France, Ger-
many, Italy, Hungary, Norway, Portngal, Ronmania, Russia, Spain, Sweden, Swiss
Confederation, Turkey, and the United States. As a result of this conference the
following plan for the international exchange of scientific puhlications was proposed
and unanimously adopted:

“The undersigned delegates propose to request their respective GGovernments to
organize in each couutry a central hnreau, whose duty it shall be to collect such

cartographic, geographie, and other publications as may be ixsued at the exponse of
the State, and to distribute the same among the various nations which adopt the

present programine. ] ]
“These bhureaus, which shall correspond directly with each other, shall serve to

transmit the international scientific communications of learned societies.

«They shall serve as the intermediate agents for the procurenicnt, on the best pos-
sible terms, of books, maps, instruments, ete., published or manufactured in eaclh
country, and desired by any of" the contracting countries. o

«Rach country shall transmit at least one copy of its national publications to the

other contracting countries.”

In order to formulate the general plan adopted hy the International Congress into
tangible form to admit of more definitely arriving at the desired conclusions by the
different countries interested, Baron de Vatteville was charged by his collcagues
with the duty of forming at Paris a commission of exchanges, which, on January 29,
1876, adopted a code of rules, a copy of which was dnly transmitted to Professor
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city, subject to all sorts of ground and electric tremors, when the elimination of
these tremors is so vitally necessary to success. While the effects, due to vibration,
have been greatly reduced by means already alluded to, yet they still exist. It may
be incidentally observed that experiment has shown that these small ground tremors
are only about one-third as great at night as in the day, a condition owing to the
difference in the amount of traffic in the neighboring streets. Experiments were
also to be made to compare the magnetic disturbances due to electrical causes with
those at the magnetic station at the United States Naval Observatory without the
city, but only a small difference in favor of the latter site was found. Induction
effects in the bolometer circuit might have heen expected to be caused by electric
currents in neighboring street lines; but owing to the special winding of the coils
and careful arrangement of all connections this disturbance has been much smaller
than has been anticipated. When all is said, however, it unfortunately remains
true that the best results can never be reached in the present situation.

C. ACCESSIONS OF APPARATUS.

The principal accessions of apparatus during the past year are as follows:

1. A G-inch telescope with photographic and visual objectives, 4 eyepieces, 2 ampli-
fying lenses, and spectroscopic attachment.

2. Special camera for exposing the moving plate in making bolographs.

3. A slit with 12-centimeter jaws for use in place of cylindric lens in producing
linear translations of bolographs.

4. Special rheostat with slide wire all inclosed by water jacket for use in the
bolometer circuit.

5. Great battery of 60 storage cells for the bolometer circuit, with appropriate
switch for charging and discharging.

6. Temperature controlling apparatus.

7. A new governor for the siderostat.

8. Stereoscopic camera. ,

9. Telephoto camera.

10. Projection lantern with accessories.

PERSONNEL.

Mr. C. G. Abbot succeeded Mr. R. C. Child as aid acting in charge, January 1,
1896. Mr. R. C. Child left the observatory June 30, 1896. Mr. I.. E. Emerson was
appointed as assistant on June 26, 1896.

I may sum up the results of the last year’s work in saym g that an entirely new stage
of accuracy has becn reached by the elimination of sources of error of long stand-
ing, and that as a result of this accuracy between 200 and 300 well-determined lines
may be expected to appear in a commnnication which it is expected in the next year
to publish.

Respectfully submitted.
’ C. G. ABBor,

Aid Acting in Charge, Astrophysical Observatory.

Mr. S. P. LANGLEY,
Secretary of the Smithsonian Institution.





















































































































































































































































































































































































































204 COLOR PHOTOGRAPHY.

XVI.—SUMMARY AND CONCLUSION.

I had set before myself the task of determining the causes of 'the
color reproduction in the older processes of color photography which,
in their main features, were introduced by Seebeck, Becquerel, and
Poitevin. .

The explanation of Schults-Sellach, by disintegration colors, was, 11t
the first place, shown to be erroneous.

A method was required for the discrimination of interference fI‘OI.ll
body colors which appear in substances of high refractive indices. This
was found in the employment of a right-angled glass prism, a.mlso of
high refractive index, through which the colors to be investigated
were observed.

By means of the alteration in color thus produced it was shown that
the Becquerel picture upon an underlying silver mirror was chiefly pro-
duced by interference. Here, therefore, Zenker had correctly aseribed
the cause of the color reproduction to the formation of stationary light
waves.

In the pictures of Seebeck and Poitevin there was, on the contrary,
no color change. They consist, therefore, of body colors, and Zenker’s
explanation finds here no application. )

The fact that these pictures show the same colors by transmitted as
by reflected light leads to the same conclusion. )

It was shown that in Becquerel’s pictures body colors cooperate in a
slight degree.

The understanding of the formation of body colors was promoted
for the Seebeck and Poitevin processes by the proof for these processes,
respectively by Carey Lea and by Krone, that the substances present in

the plates are capable of yielding compounds which embrace almost
all the spectral colors, if not all their tones.

The explanation was, however, lacking why the color substan.ces
produced agreed in hue with the illumination-producing decomposition.

This explanation is found, that of all colored substances capable of
being produced only those will be stable which agree in color most
nearly with the incident light, since these will best reflect and least
absorbit, and can therefore be least changed. Decomposition pl‘OdllCFS
of other colors, on the other hand, absorb this light and will be again

decomposed.

A test of this explanation was made by throwing a spectrum at right
angles on a color photograph of the spectrum. [t was found, in fact,
that a correctly-reproducible illuminating color was capable of dec.om-
posing all colors differing from it, but similar colors remained
unchanged. .

It is therefore fundamentally possible that colored illumination ghall, in
suitable substances, produce similar body colors.

I have designated such substances as color receptive.
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It is my purpose to take up the different methods of transmission
and distribution and to consider the limits that are actually fixed by
the present status of electrical development. The question is a com-
mercial one, each problem presenting different conditions which must
be considered, but certain general principles govern each case, and our

knowledge and experience makes it possible to judge the practicability
of each particular transmission,

GENERATING PLANTS.

At the present time practically all of the electrical energy distrib-
uted is generated in plants operated either by steam or water power,
and it is important to consider the conditions of maximum economy In
large generating plants, as this bears directly on the subject of trans-
mission and distribution.

A large proportion of the electrical plants in this country are stfaam
plants. In the last ten years we have advanced from small stations
using high-speed dynamos for light and power distribution to large
stations, using, as a rule, low-speed direct-connected machines. The
simple engines that were used some years ago have in many cases been
changed to compound and even triple expansion engines, and where
it is possible condensers have been employed. Some of the latest
plants have machinery of the highest possible efficiency, and yet if we
consider the price per horsepower of the power generated we will find
that it is greater than we expect. This is partly due to the fact that
for both lighting and power purposes the load on the station is, as
rule,not uniform and the apparatus is not working under the best con-
ditions for economy. In this country electrical energy is prinCiPE‘:Hy
generated for electric lighting, for electric traction, and for supplyl'ﬂg
stationary motors, these stationary motors, as a rule, being supplied
with current from lighting stations. If we take the load diagram Qf

such stations in large towns, we will find that the average output is
not greater than 30 to 40 per cent of the maximum output. We have,
therefore, to supply a large amount of machinery corresponding to the
maximum demand on the station, while for distribution a large amou'nt
of copper is required, that is only being used at its maximum capac}ty
for a comparatively short period of the time. In stations supplylr.lg
power for traction purposes we find a variation of load, but the varia-
tion is a different kind from that found in a lighting station. In tpe
latter the load varies at different hours in the day, but for any partic-
ulayr instant it is practically constant. In the former the average loafl
for different hours during which the station is operated will be practi-
cally constant, but there will be momentary variations, depending upon
the size of the station and the type of traffic. Taking, for instance, 2
2,000-horsepower station in Baltimore, I find that the average load is

48 per cent of the momentary maximum load. This difference in the

kind of variation for the two types of stations necessitates employment
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whether we have reached a point where it will be more economi(;al. to
consolidate the stations in the best possible location for economl_cal
production of energy, and make use of the means of distribution which
have been developed in the last few years to increase the radius at
which energy can be supplied.

As far as traction stations are concerned, their efficiency and 01}t1)11t
would be increased by the use of batteries, both because the machinery
would be steadily loaded, and because the most efficient type of appa-
ratus could be used, as is the case in lighting stations. By the consoll-
dation of railroad properties that has taken placein the last few years
single corporations operate electric lines over extended areas. It lb the
custom to build a number of stations, each running a certain section of
the line, the idea being that the decreased cost of copper and the
decreased possibility of a shut down would more than compensate for
the increased cost of operation and fixed charges. It is, again, impor-
tant to consider the question whether we have not reached the point
where a single station can be built in such a way that there is little or
no possibility of any accident causing a suspension of the entire traffic
of the system, and where improved methods of distribution will decrease
the amount of copper, so that it will not exceed that required by the
present method of using a number of generating stations. '

If storage batteries are used, the two types of variableload belonging
to lighting and power stations demand different types of battery. For
lighting stations a considerable capacity is required, while the momen-
tary variations of power stations do not require any great capacity, but
demand as great a maximum output as battery manufacturers can
obtain.

In water-power plants the conditions of economy are different. The
location of the plant is of course definitely fixed, and the advisability
of obtaining a uniform load by means of batteries depends upon the
local conditions. If the water power is limited and is less than the
demand, then it might be well to use batteries in order to increase bl{e
amount of salable power. Again, if the development is expensive, it
might be cheaper to develop a smaller amount of power, pay for a
smaller amount of machinery, and increase the output by the addition
of batteries. These are questions that ecan ouly be decided by a knowl-

edge of the local conditions.

‘We may conclude that while the practice in large lighting and trac-
tion systems is to multiply stations near centers of consumption, yeb
the economy of a single large station makes it important to consider
whether it is not possible to concentrate our power at some point where
the expenses will be a minimum, and distribute by some of the me’clfods
which have in the Jast few years proved successful and economical.
It is important to make the station load steady, aid this may be done

for continuous-current lighting and traction plants by means of storage
batteries.
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As for line inductance in the two-phase and three-phase systems, there
is no question that the latter has an advantage in this respect. By
suitable arrangement of circunits the line inductance can be brought to a
minimum, and this is of the utmost importance in long-distance trans-
mission. T will not take into account the supposed increased efficiency
of three-phase motors and dynamos as against two-phase apparatus, a8
there is a question as to whether a superiority exists, but simply con-
sidering the decreased amount of copper required and the decreased
inductance of the line, there is no question in my mind that, for trans-
mission, the three-phase system is superior to the two phase, It is well
known, of course, that the inductance of the circuit can be in some
measure compensated for by the use of condensers or over-excited
synchronous motors. The first of these remedies is, however, a Very
uncertain quantity eommercially, while the second should be used as
much as possible, that is, as many synchronous motors should be con-
nected as is practicable. The best remedy, as things stand at present,
lies in the careful construction of the line and the apparatus, S0 that
the effects, although they exist, can be reduced to a minimum.

It has been shown by Mr. Scott and others that it is possible to
transform a two-phase into a three-phase current, to transmit it and t'o
transform it back again to a two-phase current. This will allow us, if
we wish, to use two-phase dynamos for generating the current, to trans-
mit with the advantage incidental to the use of three-phases, and at
our reducing end to use two-phase circuits for transmission. This has
some advantages as far as balancing the voltage on the circuits go, au.d
it has been proposed in the case of several plants whose installation 18
being considered.

Looking broadly at the value of alternating transmission as against
continuous current transmission, we have a gain in the simplicity ':m'd
safety in the transmission, and at the distributing end the use of multi-
phase currents enables us to supply both lamps and power with an
economy and success comparable to that of the continuous current sys-
tem. If it is necessary to use continuous currents for certain types of
distribution at the receiving end, they can be obtained by the use of
rotary transformers, by which the alternating current is transformed
into a continuous current. These machines have approximately the

efficiency of corresponding continuous current dynamos, while the out-
put for a given size is 50 per cent greater.

POSSIBLE VOLTAGES AND DISTANCES OF TRANSMISSION.

A number of calculations have been made as to the possibility of
transmitting electrical energy to very long distances. If the question
of cost of transmission alone is considered, then where water powers
or culm heaps are within distances of 100 miles of some large center of
consumption, it has been shown that it woald be profitable to generate
and transmit electrical energy. In these calculations, however, vol-
tages are assumed that have never been employed for commerci:}l
plants, and whose availability is problematic, while sufficient stress 18
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used-up water from the water wheels of the Niagara Falls Paper Com-
pany. Theturbines(fig.3,P1.1X)haveto generate 5,000 horsepower each,
at a distance of 140 feet underground, and to send it up to the surface.
For this purpose the water is brought down to each by the supply pen-
stock, made of steel tube, and 73 feet in diameter. This water impinges
upon what is essentially a twin wheel, each receiving part of the stream
as it rushes in at the center, the arrangement being such that each
wheel is three stories high, part of the water in the upper tier serving
as a cushion to sustain the weight of the entire revolving mechanism.
These wheels, which have 32 buckets and 36 guides, discharge 430
cubic feet per second, and they make 250 revolutions per minute. At
75 per cent efficiency they give 5,000 horsepower. The shaft that runs
up from each one to the dynamo is of peculiar and interesting construc-
tion. It is composed of steel three-fourths inch thick, rolled into tubes
which are 33 inches in diameter. At intervals this tube passes through
journalbearings or guides that steady it, at which the shaft is narrowed
to 11 inches in diameter and solid, flaring out again each side of the
journal bearings. The speed gates of the turbine wheels are plain cir-
cular rims, which throttle the discharge on the outside of the wheels,
and which, with the cooperation of the governors, keep the speed coll-
stant within 2 per cent under ordinary counditions of ranning. These
wheels are of the Swiss design of Faesch and Picard, and have been
built by I. P. Morris & Co., of Philadelphia, for this work.

The dynamos thus directly connected to the turbines are of the Tesla
two-phase type (fig. 4, P1. X). Bach of these dynamos produces two
alternating ecurrents, differing 90 degrees in phase from each other, each
current being of-775 amperes and 2,250 volts, the two added together
making, in round figures, very nearly 5,000 horsepower. This amount
of energy in electrical current is delivered to the circuits for use when
the dynamo is run by the turbine at the moderate speed of 250 revolu-
tions per minute, or, say, 4 revolutions per second. Here, then, we have,
broadly, a Tesla two-phase system embodying the novel suggestions
and useful ideas of many able men, among whom should be specially
mentioned Mr. L. B. Stillwell, the engineer of the Westinghouse TLlec-
tric Company, upon whoin the responsibility was thrown for its success.

Each generator, from the bottom of the bedplate to the floor of the
bridge above it, is 11 feet 6 inches high. Lacb generator weighs
170,000 pounds, and the revolving part alone weighs 79,000 pounds.
In most dynamos the armature is the revolving part, but in this case
it is the field that revolves, while the armature stands still. It is note-
worthy that it the armature inside the ficld were to revolve in the
usual manner, instead of the field, its magnetic pull would be added to
the centrifugal force in acting to disrupt the revolving mass; but as it
is the magnetic attraction toward the armature now acts against the
centrifugal force exerted on the field, and thus reduces the strains in
the huge ring of spinning metal. The stationary armature inside the
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EARTH-CRUST MOVEMENTS AND THEIR CAUSES, 237

present condition. It is true the inequalities are more accentuated in
some places, especially on the margins of the continental areas; but
this is due to another caunse, mountain making, to be taken up later.

Another objection will doubtless occur to the thoughtful geologist.
It would seem at first sight on this view that ocean areas cooling most
rapidly ought to be the first to form a solid crust, and the crust (if
there be any interior liquid still remaining) ought to be thickest, and
therefore least subject to volcanic activity, there; but, on the contrary,
we find that it is just in these areas that volcanoes are most abundant
and active. It is for this reason that Dana believed that land areas
were the first and ocean areas the last to crust over. This is probably
true; but a little reflection will show that these two facts—namely, the
earlier crusting of the land areas and the more rapid cooling and con-
traction of the ocean areas—are not inconsistent with one another; for
the more conductive and rapidly-cooling areas would really be the last
to crust, because surface solidification would be delayed by the easy
transference of heat from below, while the less conduective land areas
would certainly be the first to crust, because the nonconductivity of
these areas would prevent the access of heat from below. Observa-
tion of lavas proves this. The most vesicular and nonconductive
lavas are the soonest to crust, but for that very reason the slowest to
cool to great depths.

No doubt many other objections may be raised, especially if we
attempt to carry out the idea into detail; for the physical principles
involved, and especially the conditions under which they acted, are far
too complex and imperfectly understood to admit of such detail. Itis
safest, therefore, to contine ourselves to the most general stateinent.

It may be well to stop a moment to compare with the above view that
of Dana, as interpreted and clearly presented by Gilbert in 1893.1 (1)
According to this view the earth is supposed to have at first solidi-
fied at the center. This, on the whole, seemns most probable. (2) The
investing liquid, say from 50 to 100 miles thick, might well be supposed
to arrange itself in layers of increasing density from the surface to the
solid nucleus. Now suppose for any cause, less conductivity or other,
certain areas crusted on the surface. These crusts would, of course,
consist of the lighter superficial portions; but since rocks contract
in the act of solidification,® these solidified crusts would sink to the
nucleus and be replaced by similar lighter material flowing in from the
surrounding surface, which in turn would solidify and sink. Thus
would be built up from the nucleus below a solid mass consisting only
of the superficial, lighter material, to form the land, while the denser
and less rapidly crusting material would form the ocean areas. Asin
my view, therefore, the oceanic areas are the denser and the lard areas
the lighter material.

! Bull. GGeol. Soc. Am., vol. 4, 1893, page 179.
2King and Barus. Am. Jour. 8ci., vol. 45, 1893, page 1.
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to place the level of no strain much deeper than previous calculations
would make it.

* These neglected elements are the following: (1) The earth increases
in temperature as we go down. Now, the coefficient of contraction
increases with temperature. This would increase the depth of the level
of no strain, and also, of course, the amount of interior contraction,
and, therefore, the lateral thrust. (2) The conductivity increases with
the temperature. This also would increase the rate of cooling and,
therefore, of interior contraction. (3) The interior of the earth is more
conductive not only on account of its greater temperature, but also on
account of its greater density; and this would be true whether the
greater density be due to increased pressure or to difference of material,
as, for example, to greater abundance of unoxidized metals.  (4) The
materials of the interior, aside from greater temperature and density,
have a higher coefficient of contraction. (5) The usual calculations go
on the assumption that the initial temperature was uniform for all
depths. It probably increased with the depth then as now. This would
again inercase in an important degree both the depth of the level of no
strain and the amount of lateral thrust.

The final result reached by Davison is, that while according to the
usual calculations the level of no strain may be only a little over two
miles (2.17) below the surface, yet, taking into account ouly the first
clement mentioned above, the depth of that level would be increased
to nearly eight miles (7.79), and taking into account all the elements it
would come out many times greater still. The general conclusion
arrived at is that the objections to the contractional theory, based on
the depth of the level of no strain, must be regarded as invalid.

3. OFCILLATORY MOVEMENTS,

The movements thus far considered are continuously progressive in
one direction as long as they last. The resulting features are therefore
permanent, except in so far as they may be modified by other move-
ments or by degrading influences: but nothing is more certain than
that besides these more steady movements there have been others of a
more oscillatory character—that is, upward and downward—in the
same place, affecting now smaller, now larger areas, and often many
times repeated. These are the most common of &1l crust movements,
and are shown everywhere and in all periods of the earth’s history by
unconformities of the stratified series. Every line of unconformity
marks an old eroded land swrface, and every conformable series of
strata a sea Dottom receiving sediments. We give but two striking
examples of such oscillations.

The Colorado plateau was a sea bottom, continuously, or nearly so,
from the beginning of the Carboniferous to the end ot the Cretaceous,
and during that time received about 12,000 or 15,000 feet in thickness
of sediments. During the whole of this time the area of the earth’s
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wider and more extensive movements spoken of above. We must look
for some more general cause. What is it?

It must be confessed that the cause of these oscillatory movements is
the most inexplicable problem in geology. Not the slightest glimmer
of light has yet been shed on it. I bring forward the problem here, not
to solve it, for I confess my inability, but to differentiate it from other
problems, and especially to draw attention to these movements as mod-
ifying the effects of movements of the first kind, and often so greatly
modifying them as to obscure the principle of the permanency of oceanic
basins and continental areas, and even to cause many to deny its truth.
Nearly all the changes in physical geography in geological times, with
their consequent changes in climate and in the character and distribu-
tion of organic forms—in fact, nearly all the details of the history of the
earth-—have been determined by these oscillatory movements; but
amid all these oscillatory changes, sometimes ot enormous amount and
extent, it is believed that the places of the deep oceanic basins and of
the continental masses, being determined by other and more primary
causes, have remained substantially the same. '

1. MOVEMENTS BY GRAVITATIVE READJUSTMENTS—ISOSTASY.

This very important principle which, though partially recognized by
Herschell, was first clearly enunciated by Major Dutton under the name
isostasy.! The principle may be briefly stated thus: In so large a mass
as the carth, whether liquid within or solid throughout it matters not,
excess or deficit of weight over large areas can not exist permanently.
TLe earth must gradually yield fluidally or plastically until static equi-
librium is established or nearly so. Thus continuous transter of mate-
rial from one place to another by erosion and sedimentation must be
attended with sinking of the crust in the loaded and rising of the crust
in the unloaded area. In this way we may account for the sinking of
the crust at the mouths of great rivers and the correlative rising of
interior plateaus and nearly all great mountain regions observable at
the present time. The same seems to have heen true in all geological
times, for it is obviously impossible that 40,000 feet of sediments could
have accumulated in the Appalachian region in preparation for the
Appalachian’s birth unless there were continnous pari passu subsidence
ever renewing the conditions of sedimentation.

Now, there can be no doubt as to the value of this prineciple, but
there is much doubt as to the extent ot its application. The operation
of exterior causes, such as transfer of load by erosion and sedimenta-
tion, are «o0 comparatively simple and their effects so easily understood
that we are tempted to push them beyond their legitimate domain,
which in this case is to supplement and modify the more fundamental
movements derived from interior causes. e are thus tempted to gen-
eralize too hastily and to conclude that all subsidence is due to weight-

! Phil. Society of Washington, 1892,
8SM 96——16
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coveries have been brought to our knowledge through the enlightened
and patriotic enterprise of two South Australian gentlemen, Sir Thomas
Elder and Mr. Horne, of Adelaide, who with praiseworthy liberality
defrayed the cost of two separate and well-appointed scientific expedi-
tions to Central Australia. The absence or scarcity of reliable infor-
mation concerning the more remote parts of the continent may no doubt
account to some extent for the little attention hitherto bestowed upon
its physical geography as a whole. As$ an example of how insignifi-
cantly Australia has, until very recent years, been regarded by intel-
ligent and well-informed Iiuropeans, I will just quote the concluding
sentence of the introductory paragraph of an article in a standard
work on geography, published in 1885, by Longmans & Co., of London:
“But recent events have conferred upon Australia an importance
which justifies our making it the subject of a distinct chapter.”

A backward glance at what we assume to be the earliest stages of
evolution of our continent, through successive geological ages, will
enable us to realize more {ully the distinct peculiarities of its physical
aspect as well as of its past and present climatie conditions, as influ-
enced by the various progressive steps of development. Let us com-
mence with the Paleozoic period, during which we find a few raised
disintegrated fragments of a submerged plateau projecting above the
surface of the ocean. In Western Australia the dry land at this stage is
represented by an elongated area extending from the twentieth parallel
to the neighborhood of Swan River. The western or extreme outer
fringe of this fragment now lies submerged outside of the present coasb
line, and consequently it forms a section of tlie ocean bed within the
limits of the 1,200 to 6,000 foot contour line. A somewhat similar
upheaved tongue-shaped area extended from Melville and Bathurst
islands southward into Central Australia, and, Iike the former frag-
ment, its northwest edge or shoulder is now submerged in the neighbor-
hood of Anson’s Bay within the 1,200-foot contour line. The remaining
continental patches above water were represented by a few superficially
small and isolated narrow clevations along the eastern seaboard of the
continent, distributed over an extensive northerly and southerly range
from Cape York Peninsula to the Australian Alps. These insualated
fragments were, according to Prof. James Geikie, the Ilon. A. C. Greg-
ory, and other well-known authorities, the earliest representatives of
this continent. The climate of this and other continental divisions of
the globe must have possessed a remarkable uniformity of character
throughout the whole arca to which reference has been made. The
areas of dry land being comparatively small, oftered little impediment
to the free circulation of ocean currents, and thus by the commingling
of polar and equatorial waters an exceedingly mild and equable tem-
perature was maintained. The succeeding stage of evolution was
marked by the somewhat rapid and wide extension and unity of land
areas. Insulated fragments increased in magnitude, assuming more
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of note that the predominating topographical features of the continent
do not appear to have undergone any remarkable change during the
successive stages of evolution under review. The dominant areas of
elevation in all eases correspond throughout with the mountain ranges
along the eastern seaboard, the Northern Territory, and Western Aus-
tralia, while tlie central region is still charaterized by low and extensive
desert-like salt-bush plains, dotted with shallow lakes and salt pans,
and traversed Dby inland rivers. Configuration and position of land
areas are two of the fundamental agents that operate in establishing
and controlling the climatic zones of our globe, while their influence
upon the distribution of rainfall is simply enormous. To enable us to
study and understand the people of a country it becomes necessary
and indeed indispensable to investigate the physical features and
climate, for no other known agents exercise so powerful an influence
on the grouping and migrations of the race as these, as well asin
moulding and modifying classes and racial types. As compared with
other countries, there is a decidedly marked defect in the physical
geography ot Australia. Tt possesses no remarkable mountains of high
elevation, although theculminating peak of the Australian Alpsis capped
with snow for nearly all the year round. The highest ranges border
the east coast line, extendmg in a more or less continuous chain from
Wilson’s Promontory in the south to Cape York in the north. Ixecept
the McPherson’s Range, this great coastal chain of ranges is practically
of no value in limiting or influencing the political divisions of the
country, nor yet does it afford any very great impediment to or security
against invasion. In most places it is easily accessible trom the sca-
board, and it possesses no narrow wild passes such as those that limit
the great commercial inland trade routes in Ilurope, Asia, and America.
One remarkable feature associated with the physical condition of the
southeastern part of the continent is that the highest elevations corre-
spond very closely with and ocenpy a position adjacent to the greatest
depth of the ocean, which approaches closer to the southeast coast line
of Vietoria than any other part of the continent.

The general plan or system of this eastern area of elevation may be
briefly put in the following manner: TFrom the main coastal range
there radiate toward the interior numerous offshoots, or lateral spurs, as
it were, and these form the watersheds of the inland rivers, as they
are called, or streams that tlow toward the interior. These ontliers
bear local designations, more or less appropriate, such as the Liverpool
Range, New Iingland Range, and Blue Mountains in New South Wales.
The eastern face of the range approaches close to the coast line, and
its waters are drained by several comparatively short but rapid rivers
that frequently overflow their banks and inundate large areas of low-
lying country during abnormal rainfalls, In Queensland there is
probably awider and more uniform distribution of elevated areas than
in any other part of the coutinent. Here the elevations of the Coast
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but its potentialities are undoubtedly great, and as settiement advances
and railway communication extends and increases the whole of the west-
ern districts will doubtless be occupied by flourishing agriculturists,
to whom the soil will yield all the necessary produets upon whieh the
prosperity of a country so much depends, with profit to producers and
immense advantage to the country. This, in my opinion, is a very
moderate and indeed limited forecast of the future of this part of our
continent.

In the northern territory of South Australia there are no lofty ranges
or mountains of high elevation, although the physiography of that
part of the country possesses many features of great interest to geog-
raphers as well as to geologists. About Leichhardt’s deseription of the
country there seems to be some doubt, owing, it is said, to an error
which unfortunately crept into the transeript of his notes. This, how-
ever, does not apply to the extensive observations made there by the
Hon. A. C. Gregory, who was in a position to obtain a true and very
comprehensive knowledge of the subject. Mr. Gregory’s investigations
show that the physical structure of this northern region consists of a
moderately high and continuous table-land, very broken and extremely
rugged, rising abruptly from the low-lying northern coast lands and
extending southerly to Central Australia. This deseription is sustained
by Captain Carrington, who, some few years ago, examinced the rivers
of the northern territory. On the other hand, exception is taken to
this view by the late Rev. J. K. Tenison-Woods, who examined part of
the country on behalf of the Government in 1886.

In his official report to the Government resident of the Northern
Territory, Mr. Tenison-Woods endeavors to ‘“correct the erroneous idea
which has prevailed as to the physical” character of the region, point-
ing out that where he had been “there is no sueh thing as a continu-
ous table-land.” ¢“Patches of broken table-lands occur frequently at the
sources of rivers and creeks,” but they are nothing more than frag-
ments, scldom exceeding 4 or 5 miles in width and from 120 to 300 feet
in height. Only once did he see a plateau of 370 feet in height. The
broken edge of thesc table-lands always faces northerly. “The coast
country is” generally “very low and flat,” rising gently at the rate of
about 5 feet per mile. In places there are low ridges composed of
quartzite, slate, and sandstone that rise almost from the sea level to a
height of 50 feet or more, gradually increasing to 100, They run
northerly and southerly, trending to the ecastward as they are traced to
the south. Small creeks and tributaries emanate from these ridges,
descending toward the permanently watered main valleys. The sources
of all the waters drained to the north are in the elevated lands of the
metalliferous ranges and the springs at the foot of the table-land. The
features of the country change south of I’ine Creek, about 150 miles
from Palmerston, where there is « watershed about 800 feet above low
water sea level, beyond which the water courses flow southerly and
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highest natural feature in the settled distiicts of the colony. It rises
abruptly from a low-lying coastal country, and owing to its isolated
position may be seen a long way off. Ellens Peak and Mount Tool-
brunup, some 2,320 and 3,341 feet respectively above sea level, mark
the culminating points of this range. To the southwest of it the I’oron-
gorup Range is situated. The Leopold and Mueller ranges constitute
the principal heights in the Kimberly District. Mount Amherst, the
loftiest peak in the latter, is elevated some 2,533 feet above sea level.
Between the Panton and Elvire rivers there is sitnated a hill known by
the name of Mount Barratt, whose height is 2,297 feet, and Mount
Coglan, on the watershed of the Margaret and Ord rivers, has an ele-
vation of 2,084 feet.

In the settled districts the country is generally level; in places undu-
lating, but seldom mountainous. The land on the western seaboard is
also flat and the soil sandy. Iast of the Darling Range there is a
remarkable change in the character of the country, which continues to
improve as it extends inland. Vast forests of Jarrah and white and
red gums occupy the whole of the uncultivated portion of the south-
west districts, except a few sand plains that are here and there scat-
tered over the face of the country.

From Israelite Bay, in the neighborhood of which is sitnated the
Russell Range, to Spencers Gulf no high ranges or even mountains of
moderate elevation exist, the only distinctive physical feature in the
topography of that enormous stretch of territory along the periphery
of the Great Australian Bight being a succession of sandstone cliffs
from 300 to 6GOO feet vertical. Most of the country within this exten-
sive region, especially north of the thirtieth parallel and west of the
one hundred and thirty-third meridian, consists of immense stony and
sandy desert, whose repulsive and inhospitable aspect is a signifi-
cant warning to the traveler who dares to step on the border and scan
thie enormous expanse of eternal wilduess beyond. Thick mallee scrub,
spinifex sandhills, claypans, dry salt lakes (as they are strangely
called), and bare, sandy plains invest the whole face of the country
with a dull and painful monotony. The soil is dry and the scanty veg-
etation usually parched and withered, for there is little water; indeed,
there is one stretch of country between Queen Victorias Spring and
the Boundary Dam, a distance of 325 miles, entirely destitute of water.

The belt of country south of this region to the coast line iimproves
vastly in character, both as regards soil and vegetation. This is espe-
cially applicable to the extensive Nullabor Plains, at the head of the
bight, which are believed to be “eminently adapted in every way for
pastoral purposes and probably for the growth of cereals,” The large
clayey deposits that exist in many places here will probably enable.
settlers to conserve the water, and this feature in the physical structure
of thelocality will, doubtless, greatly increase the value of the country as
settlement advances. The Nullabor Plaius extend for about 250 miles
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The Gawler Range is an irregular group of hills, commencing about
50 miles west of Port Augusta and extending westerly for about 150
miles more. The highest points in it are Mounts Miccolo, Nonning,
Sturt, Double, Yardea, and Yarlbrinda, none of which exceed 2,000
feet above sea level. ‘ i

Under the name of Musgrave Range are usually included the Everard,
Mann, and Tomkinson ranges and the Deering Hills, all situated in
Central Australia between the one hundred and twenty-ninth and one
hundred and thirty-third meridians, and forming a belt 250 miles by
25 miles, lying east and west along the twenty-sixth parallel. The high-
est points are Mounts Woodroff and Morris (each about 4,100 feet
high), Ferdinand (4,000 feet), and Everard (3,350 feet). To the north
of these iy another central belt lying northeast of Lake Amadeus and
known as the McDonnell ranges, extending east and west along the
twenty-third parallel. Besides these principal highlands there are
several isolated voleanic peaks at the head of Discovery Bay and many
other hills of less prominence in the central portion of the country.

From the preceding remarks it will be readily understood that most
of the South Australian territory consists of vast grassy plains, some
of which are flanked by the mountain ranges for fully 300 miles north
and south, and extensive belts of undulating timbered country, the
latter comprising some of the richest agricultural land in the colony,
especially that situated between St. Vincent’s Gulf and the Murray
Scrub and in the fertile district of Mount Gambier. A very large
portion of the country stretching along both sides of the Murray River
is an immense waterless scrub, occasionally interspersed with open
grassy plains, while enormously large areas of sandy desert and salt-
bush country occupy the far interior in the neighborhood of Lakes
Amadeus and Iiyre.

In the foregoing an attempt has been made to describe briefly the
dominant arcas of elevation as indicated by the mountain systems of
our continent. These are certainly unique in their way, and the some-
what remarkable features that they possess invest the topography of
the country with a striking peculiarity which does not occur elsewhere.
As I have already remarked, the mountain ranges are, with one single
exception, practically of no value whatever as natural national bounda-
ries, nor even for the purpose of forming provincial lines of demarca-
tion. Ou the other hand, their influence upon the commercial develop-
ment of the country is great, for they limit settlement in a large
measure to the coastal districts, oftering few facilities for the extension
of agricultural and industrial enterprises to the central regions. This
is especially the case along the eastern part of Australia, where the
massive vapor clouds, impinging upon the seaward face of the ranges,
deposit most of their moisture before the western and central districts
are reached, and consequently the latter do not enjoy an adequate
rainfall. True, the fufure holds out more encouraging prospects to
intending settlers than the past, for we are assured on the authority of
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surface waters and consequently they overflow their banks, inundating
the low-lying country and causing great destruction of property—some-
times even loss of life. The larger rivers flow inland from the coast
range and disembogue on the eastern shores of the Great Australian
Bight; while some actually discharge their waters in the interior of the
country into large shallow lakes or wide marshes. ‘

The Murray, with its giant tributary, the Darling, is preeminently
king of Australian rivers, and in point of “navigable length” it is,
according to the estimate of Mr. H. C. Russell, entitled to rank ¢third
amongst the navigable rivers of the world.” It is, however, only right
and proper to point out that this is not a fair comparison. TFrom a
geographical standpoint it errs greatly on the side of exaggeration, for
while it may be true that the Darling River is navigable from Walgett
to its junction with the Murray River and thence by that stream to the
sea, a total length of some ‘2,345 miles,” the assertion itself furnishes
no adequate estimate of the actual capacity of the channel for the pur-
pose of navigation. As an inland stream for navigation the Murray
River! is of considerable importance, and the immense value of its water
supply for irrigation canals can scarcely be overestimated, but at present
it can not be utilized as a great commercial highway from the sea to the
interior, and for this reason alone no ecomparison can be drawn between
it and many other shorter and minor streams of the world. 'The shallow
entrance to the river and the comparatively insignificant volume of
water that passes through the channel in dry seasous are enormous
obstacles which may possibly be removed at some future time when the
country is more closely settled and its commercial and industrial re-
sources more generally developed. Free and uninterrupted navigation
from the sea to Walgett and from the sea to Albury would exercise a
greater and nmore permanent influence upon the future prosperity of the
country and its potentialities than it is within the power of anyone to
conceive, and if that were once accomplished the Murray would rightly
be entitled to rank among the first navigable streams of the globe.
The total drainage area of the Murray River as recently determined by
Mr. H. G. Mc¢Kinney, M. Inst. C. B., is 414,253 square miles, equal to
about a seventh of the area of the entire continent, and as large as the
combined areas of I'rance and Germany. This is the twelfth largest
river basin of the world. Of this enormous area 234,362 square miles
are situated in New South Wales, 104,575 in Queensland, 50,979 in

The Murray River is here referred to as the primary water course with which are
united the Darling, Murrumbidgee, Lachlan, and other tributary streams, with their
numerous affluents, the whole constituting the Murray River system. In speaking
generally of the first, the others are, therefore, included unless otherwise stated. In
a published diagram showing the cowparative lengths of the great rivers of the
world the Darling is indicated as the primary stream and the Murray as one of its
principal tributaries. This is certainly erroneous, for so long as the channel from
the sea to Wentworth is known as the Murray River the Darling, which unites with
it at the latter place, can not be otherwise described than as a tributary of it.
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almost safe to state that no two authorities agree upon the point at
issue. The head of the upper valley of the river is characterized by
the presence of a network of tributary streams or feeders, spreading
out like the branches of a great tree, through whose sharply sloping
and precipitous channels the thawed waters of the snow-capped ranges
sweep in mighty torrents to the lower regions of the valley. Chief
among these are the Mitta Mitta, Ovens, and Goulburn water courses.
The physical aspect of this part of the country is wild and rugged,
heavy snowstorms, violent gales, and blinding sleet being the ruling
climatic features of this great Alpine chain, whose western and north-
ern waters cut deep into the grauitic and metamorphic rocks of the
range, forming steep and precipitous gorges, yawning chasms, and tor-
tuous channels, ever deepening by the erosive action of the troubled
waters of many streams. The Murrumbidgee, although one of the
tributaries of the Murray, is little inferior to that stream itself. Ema-
nating from its source in the elevated table land at the base of Pepper-
corn Hill, some 5,000 feet above sea level, it traverses a tract of country
possessing some remarkable features of natural beauty, especially in
its upper valley, where the mountains are steep and rugged and the
lateral valleys deep and precipitous.! Below this region the river flows
through the celebrated Riverina district, where its flood waters often
spread out over large level areas in the neighborhood of numerous shal-
low water courses which act as local distributors. In seasons of severe
drought it is nearly dry in some parts of the channel, even as far down
as Hay, where the bottom is sandy and consequently highly absorbent.
The total length of the Murrumbidgee is 1,350 miles. Its principal
affluent is the Lachlan, a stream of about 700 miles in length, rising in
the rugged western spurs of the Great Dividing Range, north of Lake
George. The highest part of its watershed is about 3,000 feet above
sea level, where snow seldom falls in sufficient quantity to materially
influence the flow of the river. The lower valley embraces long
stretches of level plains, interspersed with belts of stunted gum,
mallee, and saltbush, and in dry seasons the channel of the stream is
indicated by a mere chain of water holes.

‘With outspread arms of unequal length that extend far and away to
sources remote from the parent stream, the river Darling drains the
western and southern waters of the Great Dividing Range from the
head waters of the Lachlan to a place slightly north of the twenty-fifth
parallel, where it is met by Buckland’s table-land. Here the water-
shed inclines in a somewhat irregular curve westerly and southwesterly,
following the Warrego Range to a point northeast of Mount Edin-
burg, which marks its northwestern limit. Within the periphery
of this circumsecribed region are included the waters of the Bogan,

! About a year’s sojourn in this part of the country and on the head waters of the
Snowy River gave the writer an exccllent opportunity of observing the physical
structure of the locality and its climate.—J. P. T,
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drains an exceedingly fertile basin of 7,900 square miles of the finest
pastoral and agricultural land in the whole colony, and large steamers
and other vessels navigate its waters for a distance of some 35 miles,
besides one or two of its tributaries, which are also navigable. The
Clarence is certainly one of the finest streams of eastern Australia,
although the entrance is obstructed by a bar. From its source in the
Obelisk Mountains to the sea in Shoal Bay it flows through a channel
of 240 miles in length, draining a fertile valley of 8,000 square miles.
It is navigable from the sea up to Copmanhurst for 67 miles. The dis-
triet is famous for its mineral areas and for its rich agricultural and
pastoral lands. The Brisbaue, Fitzroy, and Burdekin rivers are such
as to merit something more than mere passing notice. Trom a com-
mercial standpoint the first, taken in order of position, is undoubtedly
the most important stream with which we have to deal on the eastern
coast of the continent. It rises in the most northerly extension of
Cooyar Range, north of Mount Stanley, and flows in a general south-
erly and easterly direction through a very crooked channel for 210
miles to Moreton Bay. It combines with its own the united waters of
the Stanley, Bremer, Cooyar, and other tributary streams, by which it
is so greatly augmented during periods of heavy rain that many of the
low-lying areas within its basin are seriously flooded. It drains an
area of 5,300 square miles, including that part of the Tast Moreton dis-
trict bounded on the northwest by the Main and Cooyar ranges; on the
southeast by the watershed of the Logan River; and on the northeast
by the D’Aguilar Range. The flourishing and rapidly rising capital of
the great northern colony of Queensland is situated on the banks of
this river, about 15 miles from its mouth. It is navigable to Brisbane
for the largest steamers, and for small vessels as far up as Ipswich.
The Fitzroy is a large and important stream 180 miles long, with about
twelve tributaries. It is navigable for large vessels for 40 miles, to the
town of Rockhampton, and drains an area of some 55,600 square miles
of country. The Burdekin River is a large stream of 425 miles in
length, draining an area of 55,529 square iniles, whose tropical waters
are discharged in the Pacific Ocean at Upstart Bay. 1t is not, how-
ever, navigable, except for small vessels, a few miles only, and during
heavy floods the channel is liable to undergo much alteration. The
delta lands are exceedingly fertile, but the river itself is of little value
for commercial purposes. The subsoil is porous and the surface soil
very rich. The whole of the lower basin is eminently adapted for
tropical agriculture, and the areas of the delta are highly productive
sugar lands, most of which are under cultivation and yielding remark-
ably heavy crops of cane of a high density. In times of heavy floods
the low-lying lands are inundated by the overflow of the river waters,
but the deposit of sediment left on the surface considerably increases
the fertility of the soil. In the northern part of the continent there
are several remarkably fine rivers, some of which are of considerable
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peculiar physical structure of the country, there are no rivers of impor-
tance in the western part of the continent. True there are some of the
streams of from 300 to even 500 miles in length, such as the Fitzroy,
Ashburton, Gascoyne, and Blackwood rivers—the first three flowing
into the Indian Ocean and the last into Flinders Bay. But these are
ouly developed into true continental streams during periods of very-
heavy rains, when enormous volumes of water rush through their chan-
nels to the sea, sometimes overflowing the banks and flooding extensive
areas of low-lying country. In dry seasons they are greatly diminished
in size, the main channels being quite shallow and of little value as
commercial highways. The Fitzroy drains an extensive tract of coun-
try, comprising considerable large areas of very fertile land. The Ord
River is a large stream; its source is in the ravines of the Albert
Edward Range, near the western edge of the Great Antrim Plateau
and Denison Plains, in the neighborhood of Kimberley; thence it flows
almost due north to the shores of Cambridge Gulf, a short distance west
of the mouth of the Victoria River. The country in the neighborhood
of the head waters of the Ord is very rugged and exceedingly difficult
to travel. None of the rivers are navigable except the Swan for about
20 miles.

The whole coast line along the entire periphery of the Australian
Bight is the most remarkable region with which we have to dealin this
description of the river systems of the continent. There are no promi-
nent or conspicuous physical features along this part of the coast line,
and the geographer may look in vain for anything approaching a well-
defined stream of water. Nor is this at all singular when we glance at
a general map of the country and see the enormous extent of level
plains and desert areas by which it is chiefly characterized. Iixcept a

. long narrow belt of sandstone cliffs with which the coast line is dis-
tinguished there are no prominent features to relieve the eternal
monotony of this dry and uninhabited region. The rainfall here is very
light, uncertain, and capricious, and falling on an intensely hot and
loose sandy surface it evaporates with remarkable rapidity before soak-
ing any great depth into the soil. Ifor this reason there is an almost
entire absence of surface water, and consequently nothing to form or
maintain running streams.

Most of the so-called rivers of South Australia are torrents in winter,
but mere creeks or successions of water holes in summer. In the set-
tled portions of the province many of them take a westerly course to
St. Vincent and Spencer gulfs, and a few by a southerly course empty
themselves into Encounter Bay, and have their sources in ranges trend-
ing in a northerly direction. In the northern portion, Lake Eyre, an
enormous basin below sea level, receives the surplus water brought
down from the east by the Cooper or Barcoo; from the northeast by the
Warburton and Diamentina; from the northwest and west by the
Macumba and Neales, respectively, and from the south by the Frome.
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tion in their carrying capacity. Viewed in this light, it seems to me
improbable that any system of subterranean channels could always
remain effective along comparatively low levels. Against this opinion
it may be stated that the flood waters filter through the upper strata
and are thus freed from sediment before the lower levels are reached.
But this is not by any means conclusive, for the efficiency of filter beds
is liable to become impaired or altogether ineffective by heavy deposi-
tion of sediment and superincumbent or internal pressure. As previ-
ously remarked, the central basin of our continent is characterized by
an almost uniformly low depression, in places actually below sea level,
over which the flood waters of our inland rivers spread out in immense
shallow sheets, but through which it is scarcely possible they can
gravitate to the sea in opposition to the local hydrographical conditions.
Throughout these central catchment areas an absolute deposition of
sediment occurs, and most of the waters rapidly disappear by the simple
process of evaporation. On higher levels, where the waters pass over
or are collected on highly absorbent cretaceous beds, some are retained,
from which our artesian supplies are probably derived; but even here
a very large percentage is lost by evaporation, which, in my opinion, is
of itself sufficient to compensate for the speedy drying up of shallow
water holes and river beds. )
Along the eastern seaboard there are several natural reservoirs of
fresh water, such as ILakes George and Bathurst and other smaller
basins, inappropriately called lakes, but which in reality are merely
lagoons. These are, however, comparatively shallow; even the largest
has been known to be quite dry in times of severe and protracted
droughts. The most remarkable and at the same time unique of all
the Australian lakes is that which occurs in the alpine regions of
Gippsland. Situated in one of the recesses of a lofty range culmi-
nating in Mount Wellington, 5,000 feet above sea level, is a beautiful
lakelet known by the native name of Tali-karng, whose height above
sea level is about 3,000 feet. Mr. A. W. Howitt, who examined it in
1890, concluded that the basin of the lakelet has been formed by an
accumulation of rock fragments that fills the valley of Nigothoruk
Creek, and thus dams up the water, which does not overflow the
embankment even in times of flood. 1t is about 100 feet in depth in
the deepest part; the surface is pear-shaped, and it covers an area
estimated at about twenty-six acres. .
COlimate.—The potent influence of climate upon the inhabitants of a
country as well as upon its natural and artificial resources renders its
consideration essential in dealing with the subject of physical geogra-
phy. Notwithstanding the rapid development of Australian meteor-
ology during recent years, resulting chiefly fromn the widely scattered
ramifications of the Queensland weather office, under the enthusiastic
direction of Mr.Clement Wragge, the climate of our country as a whole
has not yet been satisfactorily elucidated, although the older estab-
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paratively narrow the belt is that separates us from the actual northern
limit of the antarctic ice drift we will probably admit that there is some
affinity between our own climate and that of far southern lands. There
is also o probability that the recently discovered traces of so-called
glaciation in our own country is not an indication of a true glacial period
at all, but simply isolated fragments of southern ice masses which, hav-
ing drifted far away into northern regions when there were much smaller
and fewer land areas to immpede the circulation of Antarctic Ocean cur-
rents, stranded on the southern shores of a partially submerged conti-
nent during a period of rapid evolution, when the predominant physical
conditions would favor the preservation of traces for ages. Be this as
it may, the significant fact remains that the only traces discovered have
been found in the extreme southern portion of our continent and on the
neighboring island of Tasmania—a circumstance which, in my opinion,
strongly favors the theory of ice drift. The great extent of our conti-
nent and compactness of its land mass invest it with a very wide range
of climate. There are three distinct and primary zones—tropical, sub-
tropical, and temperate, and these may be subdivided into local divi-
sions, representing the climates of our seaboard, the mountains, table-
lands, and the great central descrt area. On the whole the tropical
climate of Australia is not by any means unhealthy to Europeans. On
some of the low-lying coastal areas in the immediate neighborhood of
swampy and marshy lands malarial fever is readily contracted by people
who are not acclimatized and by those who rashly expose themselves.
The subject is a difficult one with which to deal; so many contributing
causes have to be considered—physical condition, food, clothing, mode
of life, and other predisposing factors require special elucidation before
the extent of absolute climatic influence can be properly estimated.
Individual opinion, and indeed individual experience, is not by any
means a satisfactory guide in investigating this subject, for men’s
opinions, like their physical conditions, rarely harmonize. Mr. E. A.
Leonard, who spent some time in the Cardwell district land surveying,
says: “The climate is very trying to white men, who must rapidly
deteriorate in physique should they live there continuously.,” There
are many people who concur in this opinion. On the other hand, Mr.
A. Meston, who has had a long experience in widely different parts
of the country and who gives an interesting chapter upon the subject
in his recently published valuable work, regards the tropical climate of
northeastern Australia in the most favorable light, maintaining that
it is exceptionally healthy to Kuropeans. Unjustifiable prejudice has
much to do in a case of this kind, but taking all things into considera-
tion I am inclined to believe that continuous domicile in any tropical
climate is not favorable to perfect health, viewed from an Anglo-Saxon
standpoint; and this is especially so in the case of females. There are
certainly periods of uncomfortable inertia that seem to insinuate them-
selves even upon those who are physically healthy, and these have a
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part of the colony. The three or four summer months are naturally
hot, but tliere are no sudden changes at any time; there is a remark-
able uniformity of temperature; the nights are comparatively cool and
hot winds entirely unknown. In winter the weather is most delight-
ful, the climate then being even superior to that of Naples; beautifully
clear sky and dry atmosphere are the ruling climatic features of this
season of the year in southeastern Queensland. The only slight dis-
comfort, felt is during the westerly winds, which are seldom of longer
duration than three days. From the early days of settlement on the
shores of Moreton Bay the climate of the district has always been con-
sidered exceptionally healthy. In The Geographic History of Queens-
land the author quotes an interesting extract bearing upon this subject
from areport written in 1845 by Dr. Keith Ballow to the Rev. Dr. Lang.
Dr. Ballow, who had spent some eight years in Moreton Bay as Gov-
ernment medical officer, says: ¢The district of Moreton Bay is alto-
gether an extremely healthy one, there being only a few deaths from
disease of any kind. The climate in the winter season is one of the
finest in the world. This distriet is not a profitable field for doctors.”
This seems to be the general verdict of those who are qualified to
express an opinion upon the subject. The most important factor of our
Australian climate is that of rainfall. Land without an adequate rain-
fall is useless for cither pastoral or agricultural purposes unless arti-
ficially watered by irrigation. Although the total area of the continent
is about 2,944,628 square miles, a vast portion of that area has an
annual rainfall of less than 10 inches, and consequently it is of little or
no value whatever in its present state. This is notably the case with
the great central depression where immense areas of waterless desert
country obtain. Considering its compactness and wide climatic range,
the rainfall of Australia is very unequally distributed over the whole of
the territory, even in places where there is a regular wet and dry season.
A glance at the rainfall map will readily show that this is indeed very
marked aloug the eastern Pacific slope, where the greatest pluvial
measures have been recorded. The Cardwell and Mackay districts top
the score, the former with an average annual rainfall of somne 150 inches;
Arnhems Land follows with about 63 inches; the Australian Alps, the
Tweed and Mary rivers come next, each with 50 inches. These isolated
and somewhat limited areas are, however, distributed over a wide geo-
graphic range, extending from the most northern to the southern limits
of the continent, and they are separated by extensive tracts of country
or climatic zones, over which the average annual rainfall is not greater
than 30 inches. In the Cardwell and Mackay districts, which lie
wholly within the tropical rain belt, the former between the parallels of
15 and 20 degrees, the isopluvoise lines of 40 to 70 inches are very
closely packed together, so that the heavy rains in these zones seldom
extend beyond the Coast Range, but are mostly precipitated over the
deltaic lands of the river and valleys and on the Pacific slope of the
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from moisture and the heat less oppressive than in other parts where
the humidity is great and the thermometer lower. On the table-lands
of the interior of this part of the country the climate during the greater
portion of the year is delightful, but of the far eastern or central
districts little is known beyond mere report, which in most cases is .
unreliable.

South Australia is not by any means an abundantly watered colony,
the rainfall being probably less than in any other part of the continent.
In the neighborhood of Adelaide there is some 20 to 30 inches annually,
the average record being about 22 inches only, in the wettest districts;
while the country occupied by the Flinders Range, Eyre’s Peninsula,
and that along the shores of Spencer’s Gulf enjoys but a scanty rain-
fall of little more than from 10 to 20 inches annually. In this country,
too, the excessive heat and persistent droughts are keenly felt during
the summer months of the year. Augmented by the heat from the
sandy desert plains of the interior the atmosphere is sometimes oppress-
ive and hot winds very trying both to animal life and vegetation.
From these, which usually occur in the months of December, January,
and February, there is absolutely no escape, the temperature being
abnormally high and not infrequently the thermometer rises 110° to
115° F. in the shade. Luckily these only occur during three months
of the year, the winter season being mild and agreeable.

Some interesting and useful information might be given concerning
the pastoral and agricultural resources of our continent did time and
space permit. In both respects I have, I fear, already exceeded reason-
able limit; I will therefore merely offer a few remarks which, if they do
nothing more, may call attention to these vitally important subjects.
A good pastoral country requires an adequate water supply, either
derived from rainfall or from artesian sources. The former is natural,
inexpensive, and permanent; the latter costly and limited. The wants
of the pastoralist and agriculturist are unequal, although both are
equally dependent upon the products of the soil. Grass or any other
form of vegetation can only grow in soil where there is sufficient moist-
ure to sustain it, and this necessary want can only be supplied, naturally,
by rainfall, The more uniformly it is distributed throughout the year
the better will the country be for pastoral occupation. On the other
hand the agriculturist requires suofficient rainfall during six months of
the year, but his crops of grain and his vines would be little affected
if the other six months were rainless. But too much rain is injurious
to grain crops, for while it requires more than 20 inches of rainfall in
the summer for maize, such a climate would be unsuitable for the suc-
cessful cultivation of wheat. To the agriculturist nothing is more
important than climate, and reliable information upon this vital subject
is essential to the successful cultivation of the soil, both here and else-
where. Although Australia is preeminently a grazing country, there
are nevertheless extensive agricultural areas where grain crops may be
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Wellington Channel; the exploration of either of these is likely to lead
to important and valuable results. Thirdly, there is the way by Spitz-
bergen. Fourthly, by Franz Josef Land, where at the present moment
the English Harmsworth expedition, under the command of Mr. Jack-
son, i8 prosecuting its researches. Then there is the route selected
and adopted by Nansen in the neighborhood of the New Siberia Islands.
And, lastly, there is the way by Bering Strait.

I now propose discussing the merits of some of these approaches
with reference to their applicability to future polar research.

‘We will commence with Spitzbergen, a group of islands easily
reached during the course of an ordinary summer cruise, and even in
vessels that are not specially constructed for ice navigation. This ease
of accessibility and comparative immunity from danger from the ice is
due to the warm water of the Gulf Stream, which, flowing northwards
as far as the eighty-first parallel of latitude, becomes eventually
absorbed in the north polar current; but before this absorption takes
place its influence has been felt along the entire west coast of Spitz-
bergen, thus rendering the navigation of those waters comparatively
easy and safe.

Although, I think, it is an undoubted fact that Spitzbergen was
sighted by the Dutch navigator, William Barents (who, however, sup-
posed it to be a part of Greenland), the credit of its discovery has inva-
riably been awarded to that grand old sailor, Henry Hudson, whose
high latitude, reached nearly three hundred years ago, was unsurpassed
for more than two hundred years, until, in fact, that prince of Arctic
navigators, Sir Edward Parry, reached, with the aid of boats and
sledges, 82° 45’ north, in 1827,

There is a very marked difference between the nature and conditions
of the ice, as experienced by Sir Edward Parry and others, to the north
of Spitzbergen and the ice in other parts of the Arctic regions in simi-
lar or even in much lower latitudes. North of Spitzbergen the ice
fields are of great extent. The floes are comparatively level and smooth,
and consist apparently of ice of only one season’s formation, whereas
the ice that has invariably been met north of Smith Sound and Bering
Strait and in the vicinity of East Greenland and Franz Josef Land has
been of the same heavy, massive character as that to which Sir George
Nares very appropriately applied the term palaocrystic, i. e., ice of
ancient date, probably the formation of centuries. This leads one to
the supposition that a very large extent of ice-covered sea exists to the
north of Spitzbergen; a sea, however, that receives the warm but grad-
ually cooling water of the Gulf Stream, and is, therefore, antagonistic
to the formation of heavy or perpetual ice. But these large ice fields
are in a measure dominated by the north polar current after the dis-
ruption of the pack in the summer, and under the influence df this
stream they are drifted bodily to the southward. It was this constant
southerly drift that was the cause of Parry’s failure to reach a higher
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commonplace, prosaic record of ordinary geographical discovery. It
will be in the memory of all here how their ship, the Tegetthoff, was
beset in the ice on August 20, 1872, off the west coast of Novaya
Zemlya on the very day and only & few short hours after they had said
farewell to Count Wilezek, Baron Sterneck, and other friends on board
the little sailing cutter Isbjorn; and how, notwithstanding the powerful
aid of steam with which their vessel was provided, and the free use of
gunpowder, they failed to release the imprisoned Tegetthoff, and how
she remained immovably fixed in the fetters of her icy bondage, drift-
ing about in the floe at the mercy of winds and currents for two long
years. Then suddenly, on August 31, 1873—a year after their first
besetment—a mysterious dark land loomed up to the northwestward,
and they thus became unwittingly and without any exertions on their
part the discoverers of a new territory, the existence of which had
hitherto been unknown, to which they gave the name of Kaiser Franz
Josef Land. :

The drift of the Tegetthoff during the period she was beset in the ice
was no less remarkable than it was instructive. Iler position when
first caught by the ice in August, 1872, was in latitude 76° 22’ and
longitude 62° 3/ east. Six months afterwards she was in latitude 78°
45 and longitude 73° 7/, showing that the whole body of the pack in
which she was beset had been carried steadily during that period in a
northeasterly direction. For the next nine months her drift was in a
north and northwesterly direction, until the ship became permanently
stationary by the adherance of the ice to Wilezek Island. Altogether
the drift of the ship, and consequently the pack, was somewhat over
200 miles to the northeast between August, 1872, and February, 1873,and
about the same distance in a northwesterly direction from the last-named
date until the ice remained fixed by attachment to the shore on Novem-
ber 1, 1873. Some of this drift may be attributable to the wind, but
the real movement was assuredly due to the influence of current alone.
During the sixteen months that the ice was in motion—i. e., from
August, 1872, until November, 1873, inclusive—I find that for a period
of six months the prevailing wind was from the southeast, for five
months it was from the northeast, for iwo months from the north-
west, and for three months from the southwest. During the six
months she was being drifted in a northeasterly direction the prevail-
ing winds were from the southwest and southeast, and during the last
nine months of her drift the winds may be described as all round the
compass. Therefore we can not, I think, do otherwise than arrive at
the conclusion that the wind had but little effect on the drift of the
ice, either with regard to rapidity of motion or direction. What, then,
was the cause of this marvelous drift to the northward? We know
very well that the general drift of the north polar current isin a south-
erly direction. 'We have had convincing proofs of it in a remarkable
manner down the east coast of Greenland, down Smith Sound and
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least 110 miles of new coast line, besides obtaining a very interesting
and valuable collection of natural-history specimens from a portion of
the globe that, in a scientific sense, was almost unknown; for it must
be remembered that the collections obtained and preserved by the
members of the Austro-Hungarian expedition were unfortunately lost
when their ship was abandoned. Several peculiarities were observed
in the physical conditions of the country, differing in some respects
from other Arctic lands. For instance, the islands seen were in almost
all instances crowned with ice caps, while the icebergs that were
observed were invariably flat-topped. The drift of these bergs appeared
to be to the north; but I do not think that too much reliance can be

~placed on the observations that led to this conclusion, as they were
necessarily of a somewhat perfunctory character. Mr. Leigh Smith,
after leaving Franz Josef Land, made a gallant attempt to reach
‘Wiches Land from the eastward, but he found the ice so densely packed
as to defy all efforts to penetrate it, so he returned to England.

It is, I think, very probable that Iranz Josef Land will be found to
extend to a considerable distance to the northward; Mr. Leigh Smith
found it to extend, at any rate as far as he could see, to the northwest.
It is not at all impossible that it also extends in an easterly direction,
and T think that we may very reasonably conclude that Franz Josef
Land, as a whole, will be found to consist of a large continent inter-
sected by numerous fiords and large glaciers, or else an archipelago
consisting of many large islands. The exploration of this little-known
land, and the determination of its extent and character, are well worthy
of serious counsideration, and would be productive of the most useful
and valuable scientific results. In the following year Mr. Leigh Smith
matle another voyage to I'ranz Josef Land, with the object of continuing
his exploration of the previous year, but unfortunately his little vessel
was crushed by the ice off Cape IFlora in latitude 79° 56/, and heand his
men were compelled to pass the winter in those inhospitable regions.
They found it a comparatively barren and sterile shore, but fortunately
bears and walruses were obtained, which very materially supplemented
the provisions they succeeded in saving from the wreck. When the
ice broke up the following year, with the aid of their sledges and boats,
they happily succeeded in reaching the coast of Novaya Zemlya, where
they were succored and brought home by the steamer Hope, which had
been specially dispatched in quest of them under the command of Sir
Allen Young.

Taking all things into consideration, Franz Josef Land appears to me
to be the region to which our efforts should be directed with a view to
further exploration, offering, as it does, the most likely prospect of
achieving the greatest amount of geographical success. TFor here we
have all those elements that are essential to successful exploration in
high latitudes—namely, a coast line affording facilities for sledge travel-
ing, a continuity of land trending in a northerly, northwesterly, and,
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in the cases of the Imvestigator and the Tegetthoff, be irrevocably
frozen in the ice, she is, at any rate, replete with everything that will
add to comfort, and that will conduce to a successful retreat when the
time comes to abandon her. The very knowledge of having a ship as
the base of operations imparts a moral courage and feeling of confi-
dence and contentment to the men that it is desirable to foster.

From what I have said, I do not wish it to be inferred that sledge
traveling along the shores of Franz Josef Land will be found to be a
very easy task. On the contrary, I think it will abound with difficul-
ties, and although I consider that the traveling daring the early spring
will not prove more arduous or more difficult than has been experienced
along other Arctie shores, I can not but help thinking that extra cau-
tion will have to be observed in order to insure the safe return of the
traveling parties in the summer. Payer tells us that the land in
the direction in which he traveled was intersected by deep fiords, and
that he passed numerous glaciers with terminal faces of 100 feet in
precipitous height from the sea. It is the passing of these glaciers,
and the entrances of these fiords, that I fear will be extremely hazard-
ous, even if it is not found absolutely impossible in the summer, unless
a long detour into the interior is made, so as to cross at the head of the
glacier or fiord. Tor if the land ice—i. e., the young ice of the previ-
ous winter’s formation adhering to the coast—has broken up (and it
would probably be so by the breaking away of large fragments of ice
from the terminal face of the glaciers, or the flowing out of the ice from
the fiords) a sledging party, unless provided with a boat, would find
its retreat cut off by water, and in order to return to their base of
operations they would be under the necessity of extending their jour-
ney a considerable distance, and this, perhaps, with their provisions
nearly expended, and their own strength materially diminished by the
arduous work they had already gone through. I merely mention
this as what may possibly be the experience of any party engaged in
the exploration of Franz Josef Land.

The next important question to be decided is the exact route that
should be adopted by the explorers. Should they turn all their energies
to the west coast, or, following in the footsteps of Payer, should they
attempt to push up Austria Sound? I unhesitatingly record mny opinion
in favor of the first-named course, and for the following reasons: The
western shores of all Arctic lands of which we have any knowledge are
always more accessible in a ship, and to a very much higher latitude,
than the eastern coasts. Vessels have penetrated to the eighty-second
parallel of latitude along the west coast of Greenland, but navigation
along the east coast of Greenland has invariably been impeded by the
accumulation of heavy ice 500 miles to the south of the position reached
on the west side. The same may be said of Spitzbergen and of Novaya
Zemlya, and I see no reason why it should not hold good for I'ranz
Josef Land. Indeed, Mr, Leigh Smith has already demonstrated the
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bergen, and by tentative voyages of reconnoissance through the Kara
Sea and as far as the mouth of the Yenesei River, qualified himself to
achieve what has so long baffled the navigators of earlier ages, the
accomplishment of the northeast passage. This he. performed in
1878-79, by rounding the most northern point of the old world, sailing
along the northern coasts of Europe and Asia, and thus passing by
sea from the Atlantic to the Pacific. This splendid achievement must
be regarded as one of the greatest geographical feats of the present
century; not only was it of exceptional interest from a geographical
standpoint, but it proved to be of the utmost value and importance to
every other branch of science. A knowledge of the geological for-
mation of the various countries situated in high latitudes is indispen-
sable, in order to enlighten us with reference to the early history of the
earth. Nordenskiold’s researches in this particular branch of science,
together with his observations on physical geography, ethnology, nat-
ural history, meteorology, and terrestrial magnetism, are replete with
interest; nor must I omit to mention the very valuable dredgings that
were made at the bottom, which were found to be exceedingly interest-
ing and important.

Nordenskiold sailed, it will be remembered, in the summer of 1878,
in the steamship Vege, under the command of Lieutenant Palander of
the Swedish navy, who had been his companion in some of his former
expeditions. On August 19 they reached Cape Chelyuskin, the extreme
northern point of the old world where, contrary I think to expecta-
tion, he found the depth of the water to increase somewhat rapidly to
124 meters at a distance of about 8 miles from the cape. On the 27th,
in spite of fogs and mist, he passed the mouth of the Lena, and three
days later sailed to the southward of the New Siberian islands. Iast-
ward of this the sea was so free of ice that for three days they were
able to push on at the rate of 150 miles a day. On September 3 they
passed Bear Island, and on the 6th Cape Chelagskoi was reached;
thence their progress was much impeded by loose ice. On the 12th
they were abreast of North Cape, but from this time onward great dif-
ficulties were experienced in forcing their way through the ice, besides
being seriously handicapped by the gradually shortening days and cor-
respondingly lengthening nights. On the 28th they had to acknowl-
edge, to their great mortification, that further progress for that year
was impossible and the ship was accordingly secured in winter quar-
ters, although they were aware that only a few miles of sea—but, alas!
it was an ice-blocked sea—lay between them and the open water in
Bering Strait. They had been running a race against time, and had
only been beaten by a few days—indeed, it may be said by a few hours
only. Two days after the Vega was released the following year she
passed Fast Cape, and steamed into the Pacific Ocean.

In reviewing what has been accomplished in this particular part of
the Arctic regions, we must not forget the valuable services that have
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of the east coast of Greenland. My friend Nansen is a man who has
the courage of his own convictions, and he has boldly set out in his
little Fram in order to test the accuracy of his theory. It is, however,
a theory that does not find favor with men of science in this country or
with Arctic authorities generally, who, from practical experience, have
laid down certain axioms connected with ice navigation which, in their
opinion, should not, it possible, be departed from. Nansen has set these
at defiance, for one of the most important of these rules, connected with
the exploration of high latitudes, is to adhere to the coast and to keep
away from the pack. Nansen has done exactly the contrary, for he has
started with the express intention of keeping away from the land, and
forcing his $hip into the ice.

Not only was Nansen guided, in forming lhis ideas, by the well-known
drift of ships, and of parties of men who had drifted for many hundreds
of miles on ice floes after the destruction or loss of their vessels, but
he enforced his arguments by accepting as a fact the reputed discovery
of various articles on the southwest coast of Greenlaud, which were
supposed to have been lost from the Jeannette, and which, if this sup-
position is correct, could only have reached the position where they
were found by drifting across that point situated on this terrestrial
sphere where the northern axis of our globe has its termination. But
even, for the sake of arguinent, admitting that Dr. Nansen’s conjecture
regarding the oceanic drift of the northern region is correct, the pres-
ence of land, and it need only be a small island, directly in his path,
would suffice to upset his plans, and put anend to the drift of his vessel
in the same way that Wilezek Island put a stop to the further drift of
the Tegetthoff. My own view regarding the direction of the currents in
the Arctic seas is that they have an unmistakable southern tendency,
and that this southern drift is caused by the outflow from the polar
basin due to the periodical thawing during the summer months of the
enormous quantities of snow and ice that accumnulates during the long
winters in the neighborhood of the North Pole, and which must neces-
sarily seek an outlet to the south.

The last news we have of the expedition is contained in a letter from
Dr. Nansen written on board the Fruam on August 2,1893. They were
then in Yugor Strait,and were all well, happy, and confident of success.
Nansen’s intention was then to proceed along the Siberian coast until
the mouth of the Olenek River to the east of the Lena delta was
reached. Thence he proposed steering a northerly course to the west
of the New Siberia Islands as far as the open water would let him,
and then to push his vessel into the ice to be carried by it in that
northerly current in the existence of which he so firmly relies. He
concludes his letter by saying, “ When years have passed, I hope you
will some day get the news that we are all safely returned, and that
the knowledge of man has advanced another step northward.” Fortune
always favors the brave, and let us fervently pray that the little I'ram
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due probably to strong tidal action, that she was almost in the same
position on the last-named date that she occupied in April, notwith-
standing the fact that during those six months she was never stationary,
always drifting with a greater or less rapidity in one direction: or
another, sometimes even at the rate of 4 knots an hour. During the
entire drift of over 400 miles the Jeannette was in a comparatively shal-
low sea, of a uniform depth of between 30 and 40 fathoms, but occa-
sionally a depth of 70 and even 85 fathoms was recorded, the bottom
consisting generally of soft mud. Although Captain De Long ascribed
the drift of the ice in which his ship was beset to the prevailing wind,
which was from the southeast, I am inclined to think that it was also
materially influenced by the water of the Lena River emptying itself
in that neighborhood into the Arctic Ocean. The greatest pressure of
the ice was invariably experienced at the change of moon, and it was
considered that this pressure was in a great measure due to the action
of tides. Although the ice was apparently of the same massive char-
acter as the so-called paleocrystic sea to the north of Smith Sound, yet
one of the greatest inconveniences from which the expedition suffered
was caused by the impurity of the ice, which was so salt as to be quite
undrinkable, and they were consequently compelled to obtain their
fresh water by distillation. One of the results of drinking the water
made from this ice was that it produced excessive diarrhea in those
who drank it. Dredgings were occasionally obtained during their
drift, but the results were comparatively valueless.

~ The most important geographical work accomplished by this expedi-
tion was the discovery of Henrietta, Jeannette, and Bennett islands,
which, I think, may be regarded as part and parcel of the New Siberian
group. Round the shore of the last-named island a strong tide, esti-
mated at 3 knots an hour, was observed, and the rise and fall of the
tide was found to be 24 feet. Traces of reindeer were seen on the island
to the eastward by Captain De Long and his party, and bituminous
coal, which burnt readily, was found and actually used by them, on
BennettIsland. Glaciers, presumably discharging ones, were also seen
on the island.

One of the ships dispatched by the United States Government (the
Rodgers, under the command of Lieutenant Berry) to search for the
missing Jeannette made a very complete exploration of Wrangel Island,
which must be regarded as a great geographical achievement. This
island had long been wrapped in obsgurity, if not mystery. Wrangel
himself endeavored, but without success, to reach it with dog sledges
in 1822 and 1823. Captain Kellett,in the Herald, sighted it in 1849, but
Do one (with the exception of the captain of the Corwin, who succeeded
in landing on it a fortnight earlier) had ever reached it or fixed its
position, except approximately. Thanks to the efforts of Lieutenant
Berry, it is now well known, and its position accurately determined.
From Wrangel Island Berry pushed to the north, but was eventually
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and De Long—all testify to the heavy and formidable character of the
ice, and unite in their views regarding the difficulties that must be
overcome before success in this direction can be attained.

Casual exploration by single ships, without proper support and with-
out taking the necessary precautions which I think all Arctic authori-
ties are nnanimous in advocating, should be deprecated as much as
possible. With proper care, and the establishment of depots of pro-
visions and boats in previously arranged positions, no danger need be
apprehended to those who form part of an efficiently equipped expedi-
tion, dispatched for the exploration of this portion of the Arctic
regions.

The next portion of the unknown with which I will deal is that large
tract of land called Greenland, and seas adjacent. Itis in this direc-
tion that the highest latitude has so far been reached, and this hLas
been accomplished solely in consequence of the extension of land in a
northerly direction. Although much has been done in this region, -
much yet remains to be accomplished.

The connection of Cape Bismarck on the east coast with Cape Kane
(Liockwood’s I'arthest) on the north coast is of the greatest importance,
as setting at rest the question of the boundaries of Gireenland and the
determination of its insularity. The amount of coast line to be explored
and the distance to be traveled in order to solve this geographical prob-
lem is not very great, probably not more than 450 or 500 miles, but of
course niuch time and trouble must be expended in reaching either of the
above-mentioned positions before starting on new ground. Civil En-
gineer R. E. Peary of the United States Navy has shown us what can
be done in the way of traveling in the interior of Greenland by an
energetic and persevering explorer. He, it will be remembered, estab-
lished himself during the summer of 1891 in Mc¢cCormick Bay, in 78°
north latitude, at the entrance to Smith Sound. During the following
year he traveled across the entire breadth of (ireenland, from his
headquarters in Murchison Sound to a large bay which he reached on
the northeast coast of Greenland, which he named Independence Bay,
on about the thirty-fourth meridian of west longitude. During this
somewhat remarkable journey the explorers reached an altitude of over
8,000 feet above the sea level. Departing from the usual method of
carrying out exploration in the arctic regions, namely, adhering to a
coast line, they pushed boldly into the interior, utilizing the inland ice
as the roadway on which their sledges were drawn by dogs. It is sig-
nificant, as illustrating the severe nature of the traveling experienced,
that although they started with 25 dogs, only 14 were alive when they
reached their most northern position, and ouly 5 survived the whole
journey, the remainder having succumbed to the hardships of the work
in dragging the sledge or had been killed in order to supply the party
with food. During the outward journey Peary estimated the distance
he traveled at about 650 miles, at an average rate of 164 miles for cach
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more valuable, in a geographical sense, than the connection of McClin-
tock’s discoveries in Prince Patrick Island with Aldrich’s farthest along
the north coast of Grinnell Land.

There are different routes by which exploration in this direction can
be carried out. In the first place, it can be undertaken from Discovery
Bay (where H. M. S. Discovery wintered in 1875, and which was also the
headquarters of the Greely expedition six years later), by proceeding
up Archer Fiord until the boundary of the undiscovered region is
reached. Secoundly, there is the route northward, using Prince Patrick
Island or Melville Island as the base of operations; and, lastly, there
is the way by Jones Sound. The latter, I am inclined to think, is the
route that will yield the greatest amount of success. No one has as
yet succeeded in penetrating to any great distance in this direction,
but then no serious effort has ever been made to do so. Whalers have
occasionally looked in, but, finding it blocked with ice, and therefore
inaccessible to whales, have not persevered in pushing on, but have
continued their journey to Barrow Strait and Prince Regent Inlet,
where whales are known to abound. Sherard Osborn, in the Pioneer,
ascended the sound for some distance, until stopped by ice. Hereports
the scenery on either side as magnificent; long winding glaciers pour-
ing down the valleys and projecting into the deep blue waters of the
strait. Traces of Eskimo were discovered, but of supposed ancient
date, and vegetation, quite as luxuriant as was seen farther to the
southward, was found.

It was only last year that Mr. Bryaut, in command of the Peary Aux-
iliary Expedition, endeavored to penetrate into Jones Sound while
searching for the missing Swedish naturalists, Messrs. Bjorling and
Kalstenius; but he had other important duties to carry out, and, unfor-
tunately, had not the time at his disposal to persevere in his efforts to
push northward.

A few words relative to those two gallant Swedish gentlemen, who
sacrificed their lives in the cause and in the interest of geographical
science, will not, I think, be inappropriate at the present juncture. It
will be remembered that they set out in 1892 with the intention of
exploring that practically unknown country situated on the northwest
side of Baffin Bay, called by Admiral Ingletield Ellesere T.and.
Purchasing a small, and I fear somewhat unseaworthy schooner, named
the Ripple, at a comparatively insignificant cost—-for their means were
limited—and with a crew ot only three men, they sailed from St. Johw’s,
Newfoundland, ou their adventurous voyage. Godhavn was reached
in safety, and they left that port on August 3, since which time nothing
has been seen of them, but the wreck of their little craft was found by
a whaler the following year on the southeast island of the Cary group.
Not far from the wreck was the body of a dead man, buried under a
heap of stones. Some letters from Bjorling were also discovered con-

Ccealed in a eairn adjacent. From the contents of these we gather that,
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much the same condition as was this country during the Glacial period.
" Scores of people have expounded their views on the Great Ice age, but
how many of them have had any personal acquaintance with those
stupendous masses of ice to be found only near the poles? The major-
ity of these writers argue mainly from their experience of the puny
glaciers of the temperate zones. It has been gravely asserted, and in
a journal of a scientific society, that ice does not wear down rocks, and
that the idea of fiords being excavated by glaciers was a theory that is
now abandoned by all geologists. The writer holding these astonish-
ing views must allude to those geologists who have never visited the
Arctic regions; for all those who have scen for themselves the wonder-
ful results of the movements of huge bodies of ice and the marks of
glaciation so frequently seen on the rocks of the nmorth must think
differently. These are questions that can only be satisfactorily decided
by a continuance of polar explorations.

The science of ethnology would be largely benefited by further inves-
tigations in the far north. It may very truly be affirmed that we are
only just beginning to know something about the Eskimo from a scien-
tific point of view. It is now recognized as an almost accepted fact
that they did not come from Asia, and that the few found on the Asi-
atic side of Bering Strait migrated from the American side. Rink and
other authorities contend that they are essentially of American origin,
but the route they took from America is still an open question. A study
of the folklore of the Eskimo would doubtless throw new light on the
subject. Boasand Rink have shown, and the Danish expedition which,
under command of Lieutenant Ryder, recently wintered on the east
coast of Greenland, confirmed, that new legends have a most important
bearing on the question of the origin and migration of these nomadic
tribes. An ethnologist who took the trouble to learn their language,
or who had a trustworthy interpreter, could, with the greatest advan-
tage to science, spend a year or two among the Mackenzie River, the
Ponds Bay, the Smith Sound, or indeed any other Eskimo race, for,
with the exception of a slight and imperfect knowledge of the Labra-
dor, Greenland, and Cumberland Sound people, absolutely nothing has
been done in a field of research which promises such a rich and abun-
dant harvest to the cultivator. As Dr. Robert Brown, one of the
greatest authorities on this subject, says:

There are no people on the face of the earth whose characteristics
separate them more completely from other races of mankind than the
Eskimo. They are extremely homogeneous in physical features, in
langunage, in social habits, in religion, and in modes of life.
Though divided into tribes and grouped into broader sections, the

Eskimo are everywhere the same people from the eastern point of
Siberia to the eastern shores of Greenland.

Their habitat is the habitat of the seal, the walrus, and the polar
bear. DBut the first-named animal is everything to the Eskimoj; it is
his food, it gives him light, warmth, clothing, implements for the chase,
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among our most eminent botanists as to whether the Arvctic Hora was
originally European or American. There is also an idea that at the
beginning of the last Glacial period the Arctic flora was driven south,
and, after the return of warmer times, followed the retreating ice, with
the exception of those species that were stranded and had taken refuge
on the mountain tops, the so-called Alpine flora. Further investiga-
tions in order to elucidate and solve these interesting botanical problems
would be of the greatest value.

We have yet much to learn respecting the currents of air, the tem-
peratures, and other matters connected with meteorology which, in all
probability, will be found, in a great measure, to affect the climate con-
ditions of lower latitudes. Further investigations in this particular
branch would doubtless result in the attainment of knowledge that
would be of great practical use and importance.

What has been designated as the Greenland fohn is un atmospheric
condition prevailing at the same moment over different portions of the
Arctic regions situated at wide distances apart, and of which at pres-
ent little is known. At the Alert's winter quarters off the northeast
coast of Grinnell Land in 1875, we experienced great fluctuations of
temperature, varying no less than 55°; that is to say, that the ther-
mometer would make a sudden and rapid rise from —=20° to +35°, and
sometimes this unusually high temperature, invariably accompanied by
a south wind, would last for a great many days, thus occasioning us
serious inconveunience from the unexpected warmth, for which we were
entirely unprepared. These warm southerly winds were felt on the
west, coast of Greenland, between Lvigtut and Upernivik, precisely at
the same time that they were experienced by us, thus pointing to the
fact that the warm wave must have traveled at a prodigious rate, and
from a considerable distance, in order that it should have been felt,
practically, at the same time in places so widely separated. De Long
also remarks an unusual rise of temperature in the month of October,
when hie was beset in the ice and drifting to the north of Herald Island,
and this increase of temperature was always acecompanied by a south-
easterly wind. Immediately the wind veered round to the west, or
even to the southwest, the temperature promptly fell.

This brings us to the equally important question of oceanology, which
should comprise a complete knowledge not only of the surface currents
in the Arctic seas, but also surface and deep-sea temperatures, forma-
tion, depth and nature of bottom, influence of tides, density of sea
water, varying conditions of ice, and other matters connected with the
hydrography of those regions. The strongest known carrents that have
an outlet from the north polar basin are undoubtedly those that How
to the southward down DBaffins Bay and Davis Strait aud along the
east eoast of Greenland. These are apparently unintluenced by wind,
and their drift is both regular and rapid throughout the year. The
study of the system of these inflowing and outflowing eurrents is one
of great complexity but of vast importance.
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with oxygen to torm carbonic acid, water, and salts capable ot solution
in water. It is possible, but perhaps not probable, that other sub-
stances and energies forming constituents of these compounds may
exist, having eluded the investigating chemist and physicist; but this
is thought unlikely. We probably know precisely what enters the
animal prime motor, and what are the sources of all its energies. Ifood
and air are the two known elements of all its powers. It is also pos-
sible, but probably not the fact, that this machine may drink in from the
surrounding ether some portion ofitsenergyin forms still undetected and
unsuspected. We are compelled, for the present, certainly, to assume
that all the energies developed and applied in the vital machine are
initially latent in vegetable matter, air, and water. This organic sub-
stance is derived by the carnivorous animals indirectly through the
other creatures, all of which live upon vegetation directly. The organic
forces of plant life derive all energy from the inorganic world of min-
erals and from the gases of the atmosphere by utilizing the primary
energy of solar rays in the chlorophyll with which every leaf is provided,
as the active agent in that transformation. The vital machine thus
ultimately derives all its energies from the sun.

Food is the material in which are stored the substances supplied to
the vital machine as the reservoir of the potential energy from which
the required energies, in various active forms, may be derived, as
demanded, to perform the work of the body and the mind. It consists
of a mixture of edible and other matter, the former being that part
from which energy is derivable; the latter being indigestible and unas-
similable and only useful in promoting, by mechanical irritation, the
action of the digestive systen.

All foods contain:

‘Water—required for solution of nutrients.

Nutrients—protein, fats, carbohydrates.

Innutrient matter.

Protein consists of the albuminoids, and, in vegetable matter, the
amides, a less valuable portion of the food. The white of egg, the
fibrine of meat, and the gluten of wheat are illustrations of albuminoid
compositious.

Fats, such as those of meat, and the greases of vegetation, the oils
of the animal and vegetable compounds extractable by ether consti-
tute the basis of construction of the fats of the body and of a part of
the nerve and brain substance.

Carbohydrates are the starches and sugars of the vegetable.

Salts are found in both animal and vegetable foods, and are in scmne
cases essential elements of the compositions making up the body, though
not, in the ordinary sense, digestible aud nutrient.

Mineral matters constitute, in the case of the vegetable foods, the
principal portion of the innutrient matter of food, and form the ash
when the plant is burned. In some cases these mineral matters serve
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largely, and of other essential matter in less proportion. On the other
hand, the muscle and nerve and bone-making constituents alone serve
to build up the machine, but not to operate it. Ultimately, however, it
is supposed that the stored energy of the latter class of compositions
become available, and thus both, the original proportions being correct,
may have a kind of measure of value in that of their fuel constituents.
For highest efficiency, the proportions of the constituents must be suit-
able for the individual case, and availability by digestion and assimila-
tion, and in the provocation of all essential vital processes, is quite as
essential as either of the other required qualities of the food.

The protein compounds are all nitrogenous, whether in the form of
albumen, fibrin, casein, or gluten. These compounds are fairly uni-
form in value. The carbohydrates differ greatly among themselves in
this respect. The fats are substantially of equal value as measured by
thermal contents, but differ in palatableness and digestibility, and thus
in food value. Neither the carbohydrates nor the fats contain nitrogen,
and they are simply useful in furnishing a supply of heat or other
energy. One unit weight of carbon and one of protein yield substan-
tially equal quantities of energy—about 14,500 British thermal units, or
1,860 calories per unit weight. Its energy is sufficient to raise 2,850
tons one foot high. The same weight of carbohydrate has usually very
nearly the same force value. A similar weight of fat should have 50
per cent more stored energy—about 4,700 foot-tons. A pound of corn
meal should supply a quantity of energy equal to two-thirds that of an
equal weight of carbon—about 2,080 foot-tons, 1,360 calories.

The food consumed daily by a powerful workingman contains, on the
average, about 34 ounces of protein, 6 ounces of fat, and 14 ounces of
carbohydrates, according to Professor Woods. Its energy measures
sensibly the same as that of 24 pounds of corn meal. Its protein and
fats come largely from the flesh food contained in the daily ration.
The carbohydrates come entirely from the vegetable constituents.
Another illustrative example of a ration given by the same authority
measures 3.8 ounces of protein, 5 ounces of fat, 15 ounces of carbo-
hydrates. The energy stored in the food thus taken measured 5,400
foot-tons, or 3,530 calories. A standard ration for swine contains about
7,500 foot-tons, 4,900 calories, per 100 pounds weight. That for cows
measures 4,600 foot-tons, 3,000 calories, approximately, per 100 pounds
weight. The ration for sheep measures 5,900 foot-tons and 3,550
calories per 100 pounds.

Food-energy transformation is the office of the vital machine. The
fish can traverse the water all day; the bird can fly through the air all
day; man and the animals on land can walk all day; and it is evident
that, as suggested by Pettigrew, their tasks must be not very far differ-
ent in magnitude. All exert powers approximately proportional to the
volume of the seasoned working muscles employed in these tasks, which,
according to various authors, is not far from about the equivalent in
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the breakdown of tissue, to be produced. Beclard found the quantity
of heat developed by voluntary muscular contraction greater when
simply an effort is produced, as when grasping an object firmly, than
when doing work, as by lifting the object. Matteucei found that
muscles absorb oxygen and throw off carbon-dioxide when doing work,
and in larger amount as more work is performed.

Dr. Flint, after a very beautiful investigation of the conditions of the
muscular system and the changes of tissue in the case of the pedes-
trian Weston after a five-days’ walk, as well as throughout equal
periods during and before the tremendous effort which carried him over
117.5 miles at the mean rate of over 4 miles per hour of actual travel,
concluded that ¢“work is always attended with destruction of muscular
substance;” ¢“the direct source of muscular power is to be looked for
in the muscle itself.” He thinks that the muscular tissue ¢can not be
absolutely stationary, and disassimilation must go on to a certain
extent even if no work is done. This loss must be repaired by food to
maintain life.” That this is ordinarily, or at least may be, a very small
proportion of the energy effect is evident from the well-known condi-
tions of hibernation and by the fact that Dr. Tanner and others have
fasted for 40 days and more with no great apparent loss of vital and
essential strength, and seemingly at only the cost of accumulated fat
disposed of as a superfluity, previously, in the spaces between the
muscles. In the case of severe labor, as where a pedestrian continually
exerted all his powers for days together, Flint has proveun clearly that
large quantities of muscular tissue are broken down.’

The proportion of nitrogenized or muscle-making food to nonuitro-
genized, in the walk here referred to, was, as measured in units of
energy, about as 5,700,000 foot-pounds to 39,000,000, or about 15 per
cent; which figure will be recognized later as corroborated by other
and independent methods of examination of this subject. The total
absorbed energy would thus be about 11,000,000 foot-pounds per day,
plus that derived by the breaking down of tissue to the extent of the
total value of about 3,500,000 foot-pounds, 700,000 per day; that is to
say, 11,700,000 foot-pounds of energy were supplied the system per day,
when doing an extraordinarily large amount of work, both externally
and internally.? But Weston is a small man, and probably 10 per eent
should be added to make these figures comparable with those elsewhere
given as the average for a workingman, 10,000,000 foot-pounds. This
gives a total of over 12,000,000 foot-pounds, or 20 per cent above the esti-
mated figure to be later computed for the average regular day’s work.
The food taken averaged about 20 ounces, a pound and a quarter, but
was somewhat concentrated, and stimulating in more than ordinary
degree.

''The source of muscular power. New York: D. Appleton & Co. 1878.

2The vital machine consists of about 40 per cent muscle, of which a half is water,
12,5 per cent blood, 2 per cent brain, and the remainder is skeleton and internal
organs,
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an effect upon our moods, our powers, and our ability to perform mental
even more than manual work is a daily observation with every one;
and the suggestion has even been made that the selection of nutriments
may be made to produce effects of economic importance in both direc-
tions—in making the human as well as the lower order of machine
better as a motor, better as an intelligent worker, and even better as
a thinker and as a moral creature, which lines of improvement are all
essential to further progress in either direction. So far as both experi-
ment and general observation have gone, at present, it may safely be
stated there can be no question that the value, the power, the efficiency
and durability of the mechanical and of the mental side of the vital
apparatus are both influenced essentially by the nature of the material
selected as the reservoir of potential energy, to be 1endered kinetic
and to be applied to useful purposes by it.

As indicated by Dr. Carpenter, in the middle of the nineteenth cen-
tury, it would seem now certain that ‘motor force may be developed,
like heat, by the metamorphosis of constituents of food which are not
converted into living tissue;” while there is also no doubt that, in many
cases at least, the disintegration of tissue which has completed its
period of service in the organism may, precisely as does the digestion
of animal food, perform its part in the supply of potential energy to
the system for utilization in vital and other operations. As the same
great physicist and physiologist has stated it:

The life of man or of any of the higher animals consists essentially
in the manifestation of forces of various kinds, of which the organism
is the instrument, and these forces are developed by the retrograde
metamorphosis of the organic compounds generated by the instrumen-
tality of plants.

Thus, during the whole life of the animal, the organism is restoring
to the world around both the materials and the forces which it draws
from it; and after its death this restoration is completed, as in plants,
by the final decomposition of its substance.

As was, perhaps, first stated explicitly, by Liebig, we find that the
sources of all forces, powers, energies, in man and animals, are to be
found in the food constructed by the plants out of mineral substances
under the active energy of the sun’s rays, which energy, becoming thus
latent, is reawakened by the vital apparatus and directed into useful
channels, constructing the whole animal machine, and doing all its
work—muscular, thermal, electrical, vital, mental.

The quantity of energy imported into the vital machine, is, in any indi-
vidual case, readily measurable. It differs greatly with the species,
size, temperament and work, external and internal, of the animal, and
very greatly with the efficiency of its apparatus of digestion and assim-
ilation. While, for ¢xample, one man will live and enjoy life and do
his full share of work on 1 pound of good food per day, another will
often require 2 pounds or more; and, in some instances, in which dis-
ease had reduced the assimilative powers, as much as 7 pounds have
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PART TL.—ENERGY SUPPLIED; POWER AND EFFICIENCY; INTERNAL
WORK OF THE VITAL MACHINE.

The energy expended by the vital machine consists of:

(1) The external work performed, as the task of the workingman.

(2) The external work performed incidentally outside of that usetul
work, as in the movements of the limbs, walking, handling the food,
and various voluntary and other motions, which constitute a consider-
able fraction of the more or less necessary expenditure of energy in
ways not included in the daily specified task.

(3) The internal work of digestion, assimilation, nutrition, and rejec-
tion of excreta.

(4) The internal work of respiration.

(5) The internal work of circulation of the blood and the other fluids
of the system.

(6) The internal work of growth, maintenance, reconstruction, and
repair.

(7) The internal work of the automatic system regulating the func-
tions and movements of the various organs, both external and internal.

(8) The internal work of conscious direction of the movements of
body and limbs, and, in some cases, of internal organs, and, to some
extent, of the work of respiration and of circulation.

(9) The internal work of the brain, and possibly of other organs, in
the performance of conscious thought and of brain work, a large part
of which is essential to the proper performance of the useful work of
the vital prime motor, and in the case of the man whose duties are
those, distinetively, of the thinker, a large part of which must be rated
as useful and prescribed work, determining the efficiency of the machine.

(10) Peculiar and characteristic forms of energy which are the special
produce of some organism or class of organisms, and not essential ele-
ments of its operation as a vital machine, but which are employed
occasionally as the special provocation to which they respond comes
into action.

Such is the internal work last mentioned—that of the brain—where
it is not the useful product of the machine; such is the energy expended
in the production of the poison of the serpent, the secretion of offen-
sively odorous fluids in many animals and, perhaps, the Lioney produc-
ing glands of the bee may be thus classed. The most remarkable, and,
in this econneetion most important, illustrations of this class, are found
in the generation and use of the electric fluid by the torpedo and gym-
notus and the production of light by the glowworm and firefly.

Hibernating animals exhibit a peculiar modification of the action of
the vital functions; their whole purpose, during hibernation, being to
insure of the continuance of the physical operations of circulation and
respiration by the employment of the previously stored energy of the
accumulated fat of the body. Very little tissue is wasted or repaired,
and the whole system is siinply preserved in action through a period of
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probably 500 foot-pounds per pound, or at the rate ot 0.015 horsepower
per pound, 66 pounds of bird per horsepower. This flying machine is
proportioned to give the higher power at starting; the lower in steady
working. Their emergency performance is thus probably three or four
times the average for the day’s work. This is also a fact illustrated in
common experience with men, who, developing one-eighth of a horse-
power for an average day’s work, can exert a half horsepower for two
or three minutes, a full horsepower for a few seconds. The aggregate
power of the machine varies from an indefinitely small quantity with
the smaller creatures to 140 horsepower, as estimated for the whale
swimming 10 knots per hour.

The beart is, perhaps, the most powerful and enduring of all the
muscular structures of the system. Helmholtz has computed that this
organ can, on the average, raise its weight at the rate of 6,670 meters
per hour. He found that the locomotive, climbing heavy gradients, in
the cases investigated by him, at that time, could rise 800 meters in the
hour, unloaded. He therefore concluded that the heart, considered
as a machine, was eight times as effective as the locomotive. Presum-
ing that his locomotive had an efficiency of 10 per cent, this would
make the heart, were it self-contained aud a prime motor, exhibit an
efficiency of energy-conversion of about 80 per cent. This supposition
is, however, by no means correct.

IMick estimates the efficiency of energy transformation in the useful
work of the muscle at one-third to one-quarter, the remainder ot the
total energy supplied being consumed in internal work and wasted
directly or indirectly as heat.!

Chauveau points out the fact that the efficiency of the muscle varies
enormously with time and method of contraction and extension and
magnitude of load. In the case of the muscles of the automatic—the
vital—system as those of the heart and lungs and digestive organs, it
is probable that the conditions are those of constant maximum
efficiency, and the figure attained would seem, from other considera-
tions, to be likely to be found comparatively large, and, for the machine
as an energy transformer, immensely greater than is ever attained in
nonvital motors of the thermodynamic class. The energy transforma-
tion is preswmably never thermodynamic, but is, directly or indirectly,
dynamo-thermic, and the heat of the muscular system is a product, not
a source, of usetul work, and an excretion, not a food.?

It hhas been seen that the food required by the average workingman
contains about 12,000 British thermal units of energy when resting or
doing little work, and about 16,000 when at hard work. It would thus
appear that the work of the laborer, for which he is paid, represents
about 25 per cent of all the energy expended by the vital machine in
external and internal work, heat-producing and wastes. This means

! Experimenteller Beitrag, 1869; Ueber die Wiirmeentwicklung, 1878.
2Chauveau. Travail Musculaire, page 233.
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Joule thus, at the middle of the century, had found the animal, taken
as a prime mover, to be two and a half times as efficient as the best
engines of his day, one and a quarter times as efficient as the best
engines of our day, the close of the nineteenth century.

This figure is corroborated by many independent experiments and
computations. Joule, as above, put the work of horse and man at about
one-fourth, sometimes as low as one-sixth, the dynamic equivalent of
the food supply. Hirn found substantially the same figure as is above
deduced by measuring the work and the exhalations of carbon-dioxide
and of moisture by his inclosed treadmill operators. Helmholtz
deduced 20 per cent, also, from the same experiments. Joufret
takes the work of the man at 280,000 kilogrammeters and obtains 21
per cent, by the day, rising to 37 per cent, short intervals and actual
expenditures of energy and proportional supply being taken.

We may thus, without much doubt, conclude:

The efficiency of the animal machine, assuming that only external,
so-called useful work is reckoned as the product, and the full dynamic
equivalent of the energy latent in the food supply being taken as unity,
is about 20 per cent.! Hirn’s experiments with his inclosed treadmill
gave efficiencies from 17 to 25 per cent, the lowest being given by “a
lymphatic youth of eighteen,” the highest by a strong laborer of the
age of forty-seven. The average is precisely that computed by the
method pursued above.?

Our computation, however, should be checked by the introduction
of the quantity of rejected, unassimilated food, if we are to learn the
real maximum possible efficiency of the animal machine motor.

The factor of digestibility is probably with the animal machine,
human or other, when in good health and normal, between 75 and 90
per cent, averaging not far from 80 or 85 with the customary healthful
foods. With domestic animals Professor Woods finds this factor to
range all the way from about 50 to approximately 90 per cent.” This
is confirmed by many other investigators, and the assumption of 85
per cent as o fair maximum is probably perfectly justifiable, with all the
familiar forms of the vital machine in good order.

In the case of Weston, the pedestrian—studied by Dr. Flint—the
proportion of food utilized heing taken as measured by the ratio of
nitrogen absorbed in food to that excreted in chemically difterent com-
binations, the efficiency of nutrition, the ‘“factor of digestibility,” in
one sense, was, when quietly training without excessive exertion and
with very moderate exercise, and as au average for five days, 86.6 per
cent,’ It is probable that a good digestion and assimilation should be
expected to attain an efficiency of 90 per cent, and that 10 per cent of

"The Animal ag o Prime Motor,

<Ihid., p. 43.

“Reports of Connecticut Agricultural Experiment Station.
1 Muscular Power, page 84,
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comparatively small amount, and, if necessary, made minute, by properly
clothing it in noncondueting materials, precisely as nature clothes the
birds and the other wild creatures. If the suppression of this loss
results in corresponding increase in energy-conversion, in useful direc-
tions, the efficiency of the machine is to that extent exalted. It is
certain that some loss of heat externally is necessary to preserve the
activities of organs of the body, by giving a needed difference of tem-
perature between the surface and the interior, and to carry away
energy in its final, thermal form; and mankind has, from the begin-
ning, sought to reduce this waste by covering the body with skins,
woven tissues, and other forms of material fitted to check the outflow.

The source of antmal warmth and heat energy has been for genera-
tions the subject of study and experimental research by the Dbest
physicists and biologists. According to Jamin, Messrs. Halles and
Cigna and Black and Priestley showed that the products of respiration
were chemically identical with those of combustion. Lavoisier con-
firmed this conclusion, and proved that the oxygen inhaled was not all
accounted for by the exhalation of carbon-dioxide, but a balance must
be sought in the production of water by union with hydrogen. He
attributed the vital functions to the oxidation occurring in the lungs,
and circulation to digestion and to the regulating action of transpira-
tion. Regnault and Reiset, measuring the volumes of carbonic acid
produced, found that the larger the proportion of vegetable food the
greater the amount of this oxidation; while the combination of oxygen
directly with the carbon of the nutriment sometimes gave an item in
the balance of the account, its rejection occurring with the fluids of the
system, as in uric acid, this proportion being the greater as the food
was, in larger part, flesh. They found a small amount of nitrogen
passing off, presumably rejected from the disintegrating tissues. Bous-
singault reached the same conclusion by determining the quantities of
solid and liquid taken into the body and rejected from it. ILagrange,
Spallanzani, Edwards, and Magnus ascertained that the oxidation
oceurs in the circulation and the eapillaries. Despretz and Dulong
found the heat produced by the vital apparatus to be abont nine-tenths
the quantity which would result from complete oxidation, in equal
amount, in the air.'

The source of vital and muscular energy is easily identitied, and it is
well known that the function of digestion is to render available the
potential energy of the foods by reducing them to solution in fluids
capable of easily and rapidly and completely entering the constitution
of the biood, to be distributed to points in the system at which their
stores of potential energy may be made available in kinetic form. Pre-
cisely how this latter operation of transformation occurs is still un-
known; but Clande Bernard, about the middle of the century, called
attention to the action of the hepatic system in the production of glyco-

An interesting corroboration of recent measures of the eoefficient of digestion.
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(4) The internal energies, though useful, objective forms, each being
utilized in the performance of its special work, are subject to a final
transformation, and are at last converted into heat and passed outward,
to be excreted by the skin and the Iungs.

The latest researches indicate very positively that the production of
heat in the vital prime mover is partly due to nutrition and tissue
repair, or rather its breaking down, and not all necessarily derived
from the simple and direct oxidation of the combustible matter ot food.
It is even uncertain whether the potential energy of food considered as
a fuel and of its combustion in air is to be taken as precisely measuring
its energy available for the work of the vital machine. Chauveau con-
siders the glycogenic product of the liver distributed to the tissues the
source of all mechanical and thermal energy. The sound animal
machine can work vigorously about eight houss a day; the remaining
sixteen hours are devoted to repair, reconstruction, and energy storage.
Eight hours each day, one-third of life, is given especially to the repara-
tion of the brain and mental powers.

Dr. Edward Smith has shown, by experiment upon himself, that the
inspiration of air and the production of carbon dioxide may vary in the
proportion of 1 to 10, accordingly as the individual lies sleeping or
actively exerts himself in the treadmill or in running at top speed, the
exhalations of CO, ranging from 5.5 grains to 45 grains per minute.!
The quantity becowmes, for the given case, 6 grains when standing,
20 when walking, and 25 or 30 when walking rapidly. The variation
seems to be approximately, in Smith’s tables, as the square root of
the speed of the pedestrian. Since the total work of the machine
must vary as the velocity of overcoming a fixed resistance, as the
 cube of velocity where the resistance increases with the speed square,
as is here presumably the fact, it would seem from these facts that
the interior resistance must be a rapidly increasing proportion of
the total work performed, internally and externally, a deduction which
is confirmed by constant and familiar experience. The experiments of
the same investigator, however, seein to prove the variation of the
exhalations when at rest, directly with the difference between the exter-
nal and the internal temperatures; which, if’ corroborated fully, would
indicate the heat of oxidation in the body to be ordinarily employed
principally in the maintenance of its warmth at the standard point.
This makes it advisable to ascertain more exactly what energy is meas-
ured by the chemical actions resulting in the production of other
rejected compounds, solid and liquid, and to learn, if possible, whether
chemical action in one case produces the demanded thermal energy
aud in others the required chemical or other motive energy.

These various deductions indicate that one-tenth or thereabouts of
the energy of oxidation in the tissues of the body and in its capillaries
finally produces work of various kinds; that nine-tenths passes as

'Foods. International Serics, New York: D, Appleton & Co,
sM 96—21
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transformations of the vital machine may in some way possibly be
illustrated.

As has elsewhere been suggested, it seems certain that all the inter-
nal operations of the body, all the various methods of energy transfor-
mation, must result in final reduction of their resultant total to the
form of heat energy, and in that form they pass away from the system.
This conclusion is confirmed by the experiments of Rubner, who finds
that the radiated heat of the animal body precisely measures the cal-
orific power of the food utilized by assimulation.!

The internal work of the vital machine, as now computed, amounts to
43 per cent of the energy supplied less the amount of rejected potential
energy of unassimilated food. Neither quantity has as yet been pre-
cisely determined. Estimates have been made, however, and possibly
sufficiently approximate for present purposes.

Letheby, for example, proposes the following for an average day of
the average workingman at his usual vocations involving some manual
labor:

Foot-pounds, external work, actual labor. ...... ... . ... ... 1, 011, 670
Work of the cirenlation. ... . ... . ... ... .. ... 500, 040
Work of Tespiration. . ... oo iiiii it i et 98, 496

Total foot-pounds . ... ... . e 1,610, 206

Adding to this probably very rough estimate the 3,734,400 — 598,536 =
3,135,864 for heat not due to these causes, we have a total of 4,746,070
foot-pounds, or about one-half of all the energy supplied. Reckoning
the work, as before, at 2,000,000 foot-pounds, the total becomes five-
eighths the energy supply. ‘

This leaves at least three-eighths to be aceounted for, and if we may
take the proportion of blood taken to the brain as a measare of its
demand for euergy, and, as estimated by Flint, at about 10 per cent,
we still have about 25 per cent as unaccounted for; but it is certain
that a part, perhaps a large part, of the heat rejected from the system
comes of internal fluid friction and energy transformations, and it is
also certain that some of the food escapes digestion and assimilation.
In fact, the loss in the latter form of supplied energy has been com-
puted in some cases as fully 25 per cent.

It would thus appear possible, if not extremely probable, that the
full amount of the potential energy of the food actually assimilated
may be accounted for in one or another form of the resultant energies
visible or sensible as external, and as essential internal, work in the
vital machine. Just what internal work the external heat flow may
represent it is impossible to say positively; but assuming that all the
energy expeunded in the circulation of the fluids of the body, all the
'work of friction so appears, and that all energy of internal mechanical
work of other sorts and of all chemical processes occurring within the

! Zeitschrift fir Biologie, XXX, 1893, page 73.






THE ANIMAILL AS A PRIME MOVER. 325

ordinary healthy condition, indicate, probably, a.slow building of tissue
and construction of the gray matter constituting the brain material
proper, and is, perhaps, also to be taken as evidence that the organ is
not, like the muscles, in the opinion of many physiologists operative by
the destruction of its own substance. The proportion of nutriment
suitable for eaclh organ, presented by the blood, varies considerably,
and it may be the fact that, for this reason at least, the volume of blocd
sent to the brain is not a gauge of the energy supplied it in that form;
but the probably slow construetion of the tissue of that organ, and the
comparatively small proportion of nerve and brain-making elements in
the blood, are in accord with the hypothesis that some approximation
to the ratio sought inay be thus obtained.

The proportion of blood flowing to the brain would make it appear
that about 15 per cent of the potential energy supplied the body is
expended in brain work. The fact that a loss of one-third the average
weight results in loss of power of cerebration possibly indicates that
one-third the brain power is devoted, in civilized races, to intellectual
work. The fact that life and bodily health may persist with one-third
the average allowance of brain would seem to show that one-third the
normal brain action may be required for the conduct of the purely ani-
mal operations of the system. The corollary of these two deductions
would seem to be that the normal thinker expends one-third his brain
power upon the vital machine, one-third upon the incidental and aceci-
dental cerebrations of life, and one-third upon real, purely intellectual
work. But the size of brain and its quality are both known to be fac-
tors in the determination of the magnitude and nature of its product
intellectually, and it is very possible, probable indeed, that the intel-
lectual mind, with a brain well adapted to its use, not only has an
instrument capable of doing more and better work than the average,
but makes more use of that instrument than does his neighbor of equal
brain weight. 1t is for this reason, in part, that the figures here
assigned for brain work have been fixed upon. As a matter of simple
proportion, the human machine, acting &s & prime mover simply, devel-
ops trom 1,000,000 to 2,000,000 foot-pounds of work per day. The best
worker is, usually, also most intelligent, and, following the above sug-
gestion, it may, perhaps, be assumed, in default of direct measurement,
that the ¢“brainless” worker—using that term in its vulgar accepta-
tion—may perform the lesser amount, 1,000,000 foot-pounds, and that
the intelligent worker may, under similar external conditions, produce
2,000,000 foot-pounds, and that the latter may use his brain and con-
sume energy supplied by the average brain in moderate amount as
well.  If the professional brain worker does less physical labor and
more brain work, he may substitute the one for the other, to a consider-
able extent, and we have assumed 1,000,000 foot-pounds as the measure
of a brain worker’s day’s work, in addition to the labor of carrying on
the bodily functions and that of regular, moderate exercise. As yet,
however, such fignres are little better than guesses.
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duced, and three times its actual efficiency under the most favorable
conditions yet reported. To attain this efficiency of the vital machine,
any heat engine acting under the laws of thermodynamics, as applied
to motors with fluid working substances, the only forms as yet devised,
must, if we take the temperature of the human body as its minimum,
have a range of about 375° F., and a maximum temperature of about
475° F. These should be the limiting temperatures of the machine, if
it were a thermodynamic engine operating under any such conditions
as are now known to limit the action of the heat engines.

The maximum possible range of temperature in a mass of organic
substance of which 50 per cent or more is water, and the circulating
fluid mainly a solution of organic substance, can not possibly be much
greater than the range between the freezing and boiling points of
pure water, but the efficiency of the best heat engine known, even
acting as a perfect thermodynamic engine, would not exceed the ratio
180/672=0.27 (27 per cent) and its actual efficiency wonld probably
fall below 20 per cent. The animal—the vital engine—certainly has no
sensible range of working temperature, and no elastic working sub-
stance like the gases and vapors, but its efficiency, even as a work
producer alone, exceeds the above figure, and as an energy-producer
its efficiency exceeds that of ordinary heat engines several times.

The correct method of estimating the efficiency of the vital machine
is unquestionably that which sums up all its expenditures of energy,
thermal, mechanical, mental, and determines the ratio of that sum of
all energies, so far as directly contributing to the purposes for which
the dweller within the apparatus lives, with the total energy supplied
during a period including at least one perfect cycle. Taken in this
manner and in this sense, the rejected heat would seem to constitute
the only real waste, and the efficiency of the machine, as a peripatetic
residence for the soul, would seem to be fairly reckoned at not less than
45 per cent nor more than 63, accordingly as one or the other of the
units above taken are accepted—two to three times the¢ maximum
efficiency of the best-known heat engines.

The rejected heat encrgy is precisely like that of the final heat waste
of the electric-lighting system—the final form of energy subjected to
transformations of greater or less complexity during the process of
application, in some definitely demanded phrase, to a preseribed pur-
pose. Rejected heat is certainly not, in the case of the vital machine,
“let down” from a higher temperature in the process of thermodynamic
conversion, an essential characteristic of that form of prime mover.
The machine is evidently not a thermodynamic engine.

PART III.—SPECIAL ENERGY PRODUCTS: ELECTRICITY, LIGHT, ETC.;
SUMMARY AND CONCLUSIONS.

Singular and unfamiliar energies are produced by the vital machine,
either as incidental to the ultimate purposes of the apparatus, or as
special final output for peculiar purposes. For example, it is known
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voltaic electricity, and thus unquestionably subject to all the laws of
energetics, of electro-dynamics, of electrical physies, and of electro-
chemical action.

The velocity of transmission of the nerve impulse is from 90 feet per
second in cold-blooded to 100 or 150 feet in warm-blooded creatures—
an exceedingly minute fraction of the speed of the electric current
over good conductors. It thus requires about the tenth part of a sec-
ond to telegraph from the brain to the extremities and obtain a
response through the sensory nerves or to produce reflex motions of
muscles. Du Bois Reymond found the electro-motive force impelling
the electric currents flowing in the nerves and muscles of the frog to
have the value of 0.22 to 0.25 volt in the nerve and 0.35 to 0.75 volt in
the muscle.! Should it prove the fact that the active energy is electric
and magnetic, the low voltage, if confirmed by measurement of the actu-
ally operating currents doing their regular and normal work, would
indicate great strengths of currents at low tensions. The time required
for action at the nerve center itself is something like 0.05 second.

Matteucci found that the passage of the electric current from the
brain toward the extremities produced contractions of the muscles
traversed, while the opposite direction of current caused annoyance,
if not actual pain, and seemed only to affect the sensory nerves. He
thought that this “ polar condition ” indicated that such excitation by
something analogous to, if not identical with, the electric form of
energy constitutes the ¢ nervous agency” of the system.

What is known to-day simply shows that electricity of low tension
and comparatively large quantity, or some related form of energy, is
or may be a product of transformations occurring in the body, having
their source in the potential energy of the food supplied, and is the
probable intermediary between the directing power of brain and spine
and the elements of the voluntary and involuntary systems of muscles;
that this energy is probably in constant circulation in continuously
acting organs, and intermittently, at least, in those actuated only by
the will; and that the evidence of its presence may always be found in
its leakage currents. It is certain that the preduction of electricity
may be increased by the special development of its producing organs
to such extent as to become a source of power and of safety to its user
and of danger to enemies, exhibiting all the characteristic properties
of the familiar forms of moderately high-tension currents;

Anatomists familiar with comparative biology know that the electric
cells of the torpedo and its congeners are evolved from the under side
of the skin, and by a process which seems simply that of muscle-cell
production, with modification to its special purpose. This fact may be
accepted as evidence, worthy of consideration at least, that the muscles
contain within themselves the principle of animal power, and possibly,
even, that this power is a modification of, if not identical with, the

! Encyclopedia Britaunica. Article ‘Physiology,” page 26.
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periodicities. Tesla attempts it by electrostatic action; nature does it
perfectly by what seem to be chemical processes. How shall we ulti-
mately accomplish this seductive task and emulate nature while com-
plying with those economic laws which always control, and often
seriously impede, the progress of the engineer?

“ital force and energy, the force and energy which constitute Vltahty,
which are the characteristics of animal life, may easily be shown to be
apart from that higher life of the soul and the intellect which consti-
tutes the ego, which ¢s the individual. They reside notin the brain, orin
its directing power, the mind, but pervade the animal frame, and are
found active throughout the vital machine. Life, in this sense, is seen
in the motions of the decapitated trunk of any animal, and the reptiles
often live a long time with brain removed. All the functions of purely
animal life continue, and the taking of food, its digestion, the act of res-
piration, that of blood circulation, and the whole “automatic” operation
of the system essential to continued vitality goes on. This independ-
ence of the vitality of all mind is seen in the spermatozoa, which live
independent lives for hours, and even in some animals, as in the bats, for
months at a time. It is seen, very probably, in the white blood corpus-
cles, which, as they float in the stream of vital fluid, change form, seize
upon each other or upon the surfaces of their channels, and otherwise
exhibitindependentlife. In factit may be fairly presumed that they are
themselves the principle of life, its method of importation into the ani-
mal system. But this is not all. The vital prineiple attaches to every
part, and the heart, removed from the body, continues for a time pul-
sating with its own independent life, the vital principle surviving long
enough to produce many repetitions of the natural rhythmic automatic
movements of the organ. In man—as intellection is entirely unessen-
tial to vitality, and, when unconscious, as when sleeping, when under
the influence of anazsthetlcs, when suffering from concussion or other
injury to the brain, the whole animal system continues in action with
more or less accuracy under the impulse and direction of the vital
power—unconscious life continues, in some cases, weeks and months,

The probability that the vital functions are independent of the intel-
lectual and moral life and of brain action is also evidenced by the facts
that the muscle, even when excised, quivers with vitality for a time;
that it exudes carbonic acid when working; that it reduces lactic acid,
decreases the amount of compounds present soluble in water, and
increases the quantity of those soluble in alcohol; decreases glycogen,
increases sugar; and all this when the flow of blood, with its burden
of nutrients and of oxygen, is cut off from it. Blood entering the liv-
ing and working tissues is always changed in life and issues with a
new composition. The tissues are thus ‘“laboratories in which mate-
rials abstracted from the blood are transformed.”

An excised intestine continues its_peristaltic movements for an
appreciable time. The heart of the rabbit beats sometimes a half hour
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directs it, which is constructed to differentiate it from other energies,
to give it form and purpose, to afford it a vehicle, is the spinal nerve of
the vertebrate and the equivalent organ in other creatures.

The psychical energies, including consciousness, intellection, emotion,
which are essential characteristics of the vital machine, and whicl, in
the case of those with which we are principally concerned, at least
influence to an important degree its power, endurance, and efficiency,
all depend for their effective display and fruitful exertion upon the
preservation in good health and perfect form of the upper brain. A
touch upon the surface of that organ impairs the action of the mind;
the destruction of a ganglion takes away the power of expression if not
of thought; the lesion or degeneration of its tissue measures a propor-
tional loss of psychic energy. With the organ sound and strong, its
action depends, as every day’s experience shows us, upon its nutrition
and repair. Like the body, it is seen to be a machine which guides
and applies energies derived from external sources. All its energies
come otr an initial supply brought through the blood channels from the
digested food, and both body and brain exhibit characteristic modes of
guidance and application of the transferred and transformed energies
originally stored in air and food. Body and brain are apparatus for
absorption, transformation, and employment of characteristic forms of
energy. Their methods of absorption, modes of transformation, and
processes of application constitute important and attractive as well as
legitimate problems in- physical research. Tracing back the path by
which all matter came in from space to construct the material world
and retracing the path over which the energies came out of the ether
and its accompanying stock of all the energies, are companion problems,

The origin of energies displayed in the vital machine is found in the
food consumed, and the apparatus of the body is simply, as is now well
proven, employed in the freeing of these cnergies from their potential
form in the chemical affinities of oxygen for carbon, hydrogen, nitrogen,
and the elements of various other compounds, and the diversion and
direction of the resultant energies of various kinds and always equiva-
lent quantity in the performance of internal and external work. Brain,
nerve, muscle, gland, all give proper direction to appropriate cnergies;
none originates energy or has power, intrinsically, of doing work. They
are all characteristically and kinematically similar to the organs of the
machines construeted by man. But the ultimate plhysical source of all
energies, so far as identified, is the heat and light of the sun; while in
turn the source of the energy of the sunw’s rays is presumed to be the
mechanical energy of colliding atoms, molecules, star dust, all celestial
bodies, the comets, planets, suns, worlds. The distinctive energies are
simply, as we suppose, different modes of motion of atoms and mole-
cules and masses, if physical; but we find no light yet thrown upon the
nature of the more subtle energies of vitality, of intellection, of mind,
or upon their relation to matter.

Conclusions of serious import, of singular interest, of engrossing












- RECENT ADVANCES IN SCIENCE, AND THEIR BEARING
ON MEDICINE AND SURGERY.!

'

By Prof. MICHAEL FOSTER,
Secretary of the Royal Society.

L

. When fifty-four years ago the school of Charing Cross Hospital
gathered itself together for its winter work, among the newcomers
was a pale-faced, dark-haired, bright-eyed lad, whose ways and works
soon told his fellows that he was of no common mold. To-day I am
about to attempt the fulfillment of the duty, which the authorities of
the school have done me the honor to lay upon e, of delivering the
first of the series of lectures which the school has wisely instituted to
keep alive, in the minds ot those to come, the great services which that
lad’s strenuous and brilliant life rendered to the healing art. The
trust of the Huxley Lectureship provides that the lecturer shall dwell
on “recent advances in science, and their bearing on medicine and sur-
gery.” Iventure to hope that I shall be considered as not really depart-
ing fromthe purpose of the trustif I attempt to make this first lecture
a sort of preface to the volume, or rather the volumes, of lectures to
come; and since a preface bears a different paging, and is written in
a different fashion, from that which it prefaces, I shall be so bold as,
with your permission, to make the character of my lecture to-day dif-
ferent from what I suppose will be that ot the lectures of my successors,
It will, I imagine, be their duty to single out on each occasion some
new important advance in science, and show in detail its bearings on
the art of medicine. Iach succeeding lecturer will, in turn, be limited
in the choice of his subject, and so assisted in his task by the choice
of his predecessors. I to-day have no such aid. It seews fitting that,
for the purposes of this initial lecture, the word ‘recent” should be so
used as to go back as far as the days of Iuxley’s studentship. If it
be so used, I am brought to face advances in science affecting medicine
and surgery so numerous and so momentous that any adequate treat-

'The Huxley Lecture. Delivered at Charing Cross Medical School, London, on
October 5, 1896, by Prof. Michael IFoster, Sec. I. 8, Printed in Nature, Nos. 1407 and
1408, vol. 51, 1896,
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sweep in electric science since then; how great the advanee in all
branches of physics! To realize the great gap which separates the
physics of to-day from the physics of then one has only to eall to mind
that the world had yet to wait some years before Mayer, and Joule,
and Helmholtz, and Grove had said their say. In the books which
taught young Huxley the laws of physics he found not a word of that
great law of the conservation of energy which, like a lamp, now guides
the feet of every physical inquirer, whatever be the special path along
which he treads.

In chemistry much, too, was being done. That science was in the
first flush of success in its attack on the mysteries of organic com-
pounds. Liebig, Dumas, and others were rapidly making discoveries
of new organic bodies, and dealing with types and substitution, were
beginning to make their way into the secrets of chemical constitution;
but then, as indeed for a long time afterwards, progress was taking
the form of the accumulation of new facts interesting and eminently
useful, but still mere facts, rather than of the gaining of insight into
thoselaws of chemical change of which the facts are but the expression.
And the brilliant success of purely organic chemistry was somewhat
prejudicing those inquiries in regions where physics and chemistry
touch hands, which in these latter days are producing such striking
results.

In the days of Huxley’s studentship neither of these sciences pre-
sented such a body of truths as could be readily used as an engine of
mental training, nor had the educational mechanism for thus employ-
ing them been developed; a chemical laboratory for the student was
as yet hardly known, a physical one wholly unknown. The profession
turned to these sciences chiefly for the utility of the facts contained in
them. The facts of physics, with the exception of those of mechanism,
were but rarely appealed to, and if those of chemistry were in more
common use, it was because they threw light on the mysteries of the
pharmacopcia, rather than because they helped to solve the problems
of the living body. Hence the authority, not without cause, demanded
of the student no physics at all, and asked for chemistry only in the
midst of his course, when its facts might help him to understand the
nature of the drugs which his clinical studies were already bidding him
use.

As regards the biological sciences, the time was also one of change,
or rather of impending change; the causes of the change were at work,
but for the most part were at work below the surface; their effects had
not yet become obvious.

In natural history, in what we sometimes now call biology, in botany,
zoology, and comparative anatomy, the activity in systematie and
descriptive work was great. The sun of the great Cuvier was setting,
but that of our own Richard Owen was at its zenith; new animal
forms, recent and extinct, were daily being described, the decep was
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there learned to observe, to describe, to be accurate and exaet, and the
time spent there was wisely judged to be the most precious of his
apprenticeship. The shaping of his mind by help of orderly arranged
facts was perhaps even of greater value than the mere acquisition of
the facts, important as this might be.

The authorities of the time were, I venture to repeat, in my opinion
wiser in their generation in making this well-developed, accurately
taught science of anatomy the backbone of the medical student’s edu-
cation; they were wise in making relatively little demand on the student
in respect to the other sciences cognate and preparatory to medicine,
the value to him of which consisted then chiefly in the facts which they
embodied; they were also wise in giving him leave to defer his study
of them until his knowledge of something of the needs of his future
profession should have opened his eyes to the value of those sciences
as mere records of facts.

Ialso, however, venture to think that the advance of these sciences
since then has greatly changed their bearing towards the medical stu-
dent, no less than towards medicine. What was wisdom in the fore-
fathers is not necessarily wisdom in us the children. I have no wish
to take advantage of the occasion of this lecture to make an excursion
into the troubled land of medical education. But I feel sure—indeed
I know—that I am only saying what the man whose name these lectures
bear always felt, and indeed often said, when I suggest for consideration
the thought that while some choice out of that advancing tlood of
science which is surging up around us, and all of which has some bear-
ing on the medical profession, some choice as to what must be known
by him who aspires to be the instrument of the cure and prevention of
disease is rendered necessary by the struggle for existence—a decided
and even narrow choice, lest the ordinary mind be drowned in the waters
whbich it is bid to drink. In making that choice, we should remember
that an attitude of mind once gained is a possession for ever, far more
precions than the facts which are gathered in with toil, and flee away
with ease. Thisshould be our guiding priunciple in demanding of the
medical student knowledge other than that of disease itself.

The usefulness, and so the success, of a doctor-is largely dependent
on mauny things which belong to the profession viewed as an art, on
quickness of sight, promptness of decision, sleight of hand, eharm of
maunner, and the like—things which can not be taught in any school.
But these are in vain unless they rest on a sound and wide knowledge
of the nature of disease,on a sound and wide grasp of the science of
pathology; and this can be taught. By a sound and wide grasp, I mean
such a one as will enable him who has it to distinguish, as it were by
insight, among the new things which almost every day brings to him
that which is a solid gain from that which is a specious fallacy. Such
a grasp is only got by such a study as leads the mind beyond the facts
into the very spirit of the science,.
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recognized that the due regulation of many of, if not all, the so-called
nervous centers was secured not merely by the intrinsic forces of pas- -
sive rest making themselves felt in the absence of stimulation, but also,
and even more so, by the alternating play of antagonistic influences.
Throughout all the sciences the resolving a stability seemingly due to
intrinsic causes into an equilibrium arising out of the balance of oppos-
ing forces has again and again marked a step forward; and it is per-
haps not too much to say that a like analysis, prompted by the story
of the vagus and the heart, has profoundly modified all our conceptions
of the way in which nervous impulses, sweeping along the intricate yet
ordered network of paths in the brain and spinal cord, determine the
conduct of life. The idea has of course been abused as well as used, as
what idea has not? Such a word as inhibition could not but fail to
have a blessed sound in the ears of the ignorant; the idea has been
ignorantly and wrongly applied; but this is of little moment in view of
the help which it has given to wise and well-directed inquiry.

And the idea has spread with fruitful results beyond the limits of
nervous impulses; it has been carried deep down into the very inner-
most molecular processes of life. The closer we penetrate into the phys-
ical-chemical events through which living matter grows, lives, and dies,
the clearer does it seem that life itself is a shifting outcome of two
opposing sets of changes—one synthetic, constructive, the other destruec-
tive, analytic—and that the key to this and that riddle of vital action
lies within the grasp of him who can clearly lay hold of the mutual
relations of these conflicting changes. The story of the vagus and the
heart is a tale, not of the heart alone, not of the nervous system alone,
but of all living matter. The light which first shone in the experiment
of the brothers Weber may, in a sense, be said to have gone out into
all the lands of physiology.

Let me now turn your attention to an experiment made a few years
later. This is also an experiment made on a living animal, and what-
ever good may have come out of that to which it has given rise must
be reckoned as the fruit of an experiment.

In 1851 Claude Bernard made known that division of the cervical
sympathetic led to a widening of the blood vessels and a warming of
the ear and other parts of the head and neck. This was the beginning
of what may rightly be called the great vaso-motor knowledge. It may
be true that more than a hundred years before, in 1727, Du Petit had
observed much the same thing, but nothing came out of it; the germinal
time had not yet arrived. It may be true that other observers since
Du Petit had divided the cervical sympathetic and noted the effects;
but these had their attention directed chiefly to changes in the pupil.
It may be true that Brown-Séquard and Waller a few months before
Bernard himself was able to do so supplied the complement to the origi-
nal experiment by showing that stimulation of the peripheral part of
the divided sympathetic constricted the blood vessels and reduced the
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chemical fight which the blood is carrying on in all the tissues of the
body. It may be perhaps to-morrow that we shall learn of some work
of a kind wholly unexpected which is carried out by that great Mal-
pighian layer of the skin which wraps round our whole frame. In any
case, the line of inquiry is one of the most fruitful of those of the
present day. I may add, too, I think, that it is one which has been of
the greatest direct use to mankind, and promises still more. It is true
that Bernard’s discovery of glycogen, and perhaps especially the
diabetic puncture, raised hopes which have not been fulfilled. Not
to-day, any more than forty years ago, is it in our power wholly to
remove the disease which we call diabetes. But short of complete
mastery, how great is our power now compared with then. And when
we remember that the pancreatic relations of sugar are far from being
worked out, and that such knowledge as physiologists already possess
has not yet made much way in clinical study, we may look forward to
marked progress possibly in no very distant time.

Further, if there be any truth in what I have iusisted upon—that the
value of a discovery is to be measured not only by its immediate appli-
cation, theoretical and practical, but also by the worth of the idea
which it embodies and to which it gives life; and if it be true, as I
have suggested, that by the genesis of ideas the discovery of glycogen
is mother of all our knowledge of internal secretion, in its widest
sense, of the work of the thyroid and other like bodies, then the good
to suffering mankind which may be laid to the door of Bernard’s initial
experiment is great indeed.

The next result to which I will call your attention is again an experi-
ment, and once more an experiment on a living animal. In 1850
Augustus Waller described in the Philosophical Transaections the his-
tological changes which division of the hypoglossal and glosso-
pharyngeal nerves in the frog produced in the fibers of the distal
portions of the nerves, and shortly afterwards developed this initial
result into the more general view of the dependence of the nutrition of
a nerve fiber on its continuity with a cell in the central nervous system,
or in the case of afferent fibers, in the ganglion of the posterior root.

This discovery was at the time and has since continued to be of
value as a contribution to physiological ideas. It had its share in pro-
moting the progress—which, though slight, is still a progress—of our
understanding the obseure influences which the part of a cell inclosing
the mysterious nuclens exercises over all the rest of the cell, and per- ,
haps even to-day the theoretical value of that degeneration of nerve
fibers the knowledge of which we owe to Waller is not adequately
appreciated and the lead which it gives not followed out as it might
be. In spite of all we know, we are much too apt to fall back on
the conception that when no nervous impulse is traveling along a
nerve fiber the nerve fiber is in a state of motionless quiescence, and
that a nervous impulse, when it does cowe, sweeps over the fiber as a
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I say ‘“demonstrating the existence of definite paths,” for this, and not
the topographical recognition of so many centers of hypothetical nature,
is the solid outcome of experiments on local stimulation of the cerebral
cortex. Views come and go as to what is happening when the current
is flitting to and fro between two electrodes placed on a particular spot
of the Rolandic area. The solid ground on which each view strives to
establish itself is that the particular spot is joined by definite nervous
paths to particular peripheral parts. I say ¢demonstrating the exist-
ence of particular paths,” but what would have been the demonstrative
value of the experiments of stimulation or of removal by themselves
without the anatomical support furnished by the Wallerian method?
And I may justly include within the Wallerian method not the mere
tracking out the degenerated fiber by the simple means at Waller’s
own disposal, but such finer, surer search as is afforded by the later
help given by the newer development of the staining technique.

They who have the widest experience of experiments on living ani-
mals are the first to own that in a region of delicate complexity like
that of the central nervous system the interpretation of the results of
any experimental interference may be, and generally is, in the absence
of aid from other sources, a matter of extremest difficulty, one in which
the observer, trusting to the experiment alone, may easily be led astray.
I need not labor the question what would have been the value of the
mere effects of stimmulating or even of removal of parts of the cerebral
cortex, and whither would they have led us, had the experimental
results not been supported and their interpretation gunided by the
teachings of the Wallerian method. It is not too much to say that the
experiments of FFerrier and his peers, brilliant as they were, might have
remained barren, useful only as isolated bits of knowledge, or might
even have led us astray, had they not been complemented by anatomical
facts. They have not remained barren and they have not led us astray.
The Wallerian method picked out from the tangle of nerve fibers mak-
ing up the white matter of the brain and spinal cord the pyramidal
tract running from the Rolandic area to the origins of all the motor
roots, even of the lowest, and so, joining hands with the experiment,
made it clear that, whatever might be the exact aature of the events
taking place in a particular spot of the cortex of that area, that spot
was, by the definite paths of particular nerve fibers, put in connection
with definite skeletal muscles. The pyramidal tract was further shown
to be merely one—an important oue, it is true, but still merely one—
of a large class. So it is that the experimental results and the Wal-
lerian results, not merely in that Rolandic area where the results of
experiment take on the grosser form of readily appreciated interfer-
ence with movements, but in other regions where other finer, more
occult manifestations of nervous and psychical actions have to be dealt
with, are, it may be slowly, but yet surely, resolving that which seemed
to be a hopeless tangle of interweaving and interlacing nerve fibers
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life and organization was supposed to be governed exclusively by its
own laws. The work of the past fifty years has been done on the
opposite principle, and has brought light and clearness where there
was before obscurity and confusion. All this progress we should have
to repudiate. But this would not be all. We should have to forego
the prospect of future advance. Whereas by holding on our present
course, gradually proceeding from the more simple to the more com-
plex, from the physical to the vital, we may confidently look forward
to extending our knowledge considerably beyond its present limits.

A no less brilliant writer than the one already referred to, who is
also no longer with us, asserted that mind was a secretion of the brain
in the same sense that bile is a secretion of the liver or urine that of
the kidney; and many people have imagined this to be the necessary
outcome of & too mechanical way of looking at vital phenomena, and
that physiologists, by a habit of adhering strictly to their own method,
have failed to see that the organism presents problems to which this
method is not applicable, such, e. g., as the origin of the organism
itself or the origin and development in it of the mental faculty. The
answer to this suggestion is that these questions are approached by
physiologists only in so far as they are approachable. We are well
aware that our business is with® the unknown knowable, not with the
transcendental. During the last twenty years there has been a con-
siderable forward movement in physiology in the psychological direc-
tion, partly dependent on discoveries as to the localization of the
higher functions of the nervous system, partly on the application of
methods of measurement to the concomitant phenomena of psychical
processes; and these researches have brought us to the very edge of
a region which ean not be explored by our methods, where measure-
ments of time or of space are no longer possible.

In approaching this limit the physiologist is liable to fall into two
mistakes; on the one hand, that of passing into the transcendental
without knowing it; on the other, that of assuming that what he does
not know is not knowledge. The first of these risks seems to me of
little moment; first, because the limits of natural knowledge in the psy-
chological direction have been well defined by the best writers, as, e. g.,
by Du Bois-Reymond in his well- known essay ¢On the limits of natural
knowledge,” but chietly because the investigator who knows what he is
about is arrested in limine by the impossibility of applying the experi-
mental method to questions beyond its scope. The other mistake is
chiefly fallen into by careless thinkers, who, while they object to the
employment of intuition even in regions where intuition is the only
method by which anything can be learned, aitempt to desecribe and
define mental processes in mechanical terms, assigning to these terms
meanings which science does not recognize, and thus slide into a kind of
speculation which is as futile as it is unphilosophical.
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Tigerstedt' (Upsala), of Professor Stirling? in En gland. With the
exception of Fick, whose relations with Ludwig were of an earlier date,
and of his colleague in the chair of anatomy, all of these distinguished
teachers were at one time workers in the Leipzig Institute. All testify
their love and veneration for the master, and each contributes some
striking touches to the picture of his character.

All Ludwig’s investigations were carried out with his scholars. He
possessed a wonderful faculty of setting each man to work at a problem
suited to his talent and previous training, and this he carried into effect
by associating him with himself in some research which he had either in
progress or in view. During the early years of the Leipzig period all
the work done under his direction was published in the well known

“ volumes of the Arbeiten, and subsequently in the Archiv fiic Anatomie
und Physiologie of Du Bois-Reymond. Each ‘“Arbeit” of the labora-
tory appeared in print undcr the name of the scholar who operated
with his master in its production, but the scholar’s part in the work
doune varied according to its nature and his ability. Sometimes, as Von
Kries says, he sat on the window sill, while Ludwig, with the efficient
help of his laboratory assistant, Salvenmoser, did the whole of the work.
In all cases Ludwig not only formulated the problem.but indicated the
course to be followed in each step of the investigation, calling the
worker of course into counsel. In the final working up of the results

" he always took a principal part, and often wrote the whole paper. But
whether he did little or much, he handed over the whole credit of the

performance to his coadjutor. This method of publication has no doubt
the disadvantage that it leaves it uncertain what part each had taken;
but it is to be remembered that this drawback is unavoidable whenever
master and scholar work together, and is outweighed by the many
advantages which arise from this mode of cooperation. The instances
in which any uncertainty can exist in relation to the real authorship
of the Leipzig work are exceptional, The well-informed reader does
not need to be told that Mosso or Schmidt, Brunton or Gaskell, Stirling
or Wooldridge were the authors of their papers in a sense very different
trom that in which the term could be applied to some others of Lud-
wig’s pupils. On the whole, the plan must be judged of by the results.

It was by working with his scholars that Ludwig trained them to work

afterwards by themselves, and thereby accomplish so much more than
other great teachers have done,

I do not think that any of Ludwig’s contemporaries could be com-
pared to him in respect of the wide range of his researches. In a
science distinguished from others by the variety of its aims, he was
equally at home in all branches, and was equally master of all methods,
for he recognized that the most profound biological question can only
be solved by combining anatomical, physical, and chemical inquiries.
It was this consideration which led him in planning the Leipzig Insti-

1Tigerstedt. Karl Ludwig. Denkrede. Biographische Blitter, Berlin,Vol. L, pt. 3.
28tirling. Science Progress, Vol. IV, No, 21,
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entered on his career, he derived little from his immediate predeces-
sors in his own science. He is sometimes placed among the pupils of
the great comparative anatomist and physiologist, J. Miiller. This,
however, is a manifest mistake, for Ludwig did not visit Berlin until
1847, when Miiller was nearly at the end of his career. At that time
he had already published researches of the highest value (those on the
mechanism of the circulation and on the physiology of the kidney),
and had set forth the line in which he intended to direct his investi-
gations. The only earlier physiologist with whose work that of Lud-
wig can be said to be in real continuity was E. H. Weber, whom he
succeeded at Leipzig, and strikingly resembled in his way of working.
For Weber Ludwig expressed his veneration more unreservedly than
for any other man excepting, perhaps, Helmholtz, regarding his re-
searches as the foundation on which he himself desired to build. Of
his colleagues at Marburg he was indebted in the first place to the
anatomist, Prof. Ludwig I'ick, in whose department he began his career
as prosector, and to whom he owed facilities without which he counld
not have carried out his earlier researches; and in an even higher
degree to the great chemist, R. W. Bunsen, fromm whom he derived that
training in the exact sciences which was to be of such inestimable value
to him afterwards.

There is reason, however, to believe that, as so often happens, Lud-
wig’s scientific progress was much more influenced by his contempo-
raries than by his seniors. In 1847, as we learn on the one hand from
Du Bois-Reymond, on the other from Ludwig himself, Iie visited Berlin
for the first time. This visit was an important one both for himself
and for the future of science, for he there met three men of his own
age, Helmholtz, Du Bois-Reymond and Briicke, who were destined to
become his life friends, all of whom lived nearly as long as Ludwig
himself, and attained to the highest distinction. They all were full of
the same enthusiasm. As Ludwig said when speaking of this visit:
“We four imagined that we should constitute physiology on a chemico-
physical foundation, and give it equal scientific rank with physies, but
the task turned out to be much more difficult than we anticipated.”
These three young men, who were devoted disciples of the great anato-
mist, had the advantage over their master in the better insight which
their training had given them into the fundamental principles of scien-
tific research. They had already gathered around themselves a so-called
“physical” school of physiology, and welcomed Indwig on his arrival
from Marburg, as one who had of his own initiative undertaken in his
own university das Befreiungswerk aus dem Nitalismus.

The determination to refer all vital phenomena to their physical or
chemical counterparts or analogues, which, as I have said, was the
dominant motive in Ludwig’s character, was combined with another
quality of mind, which, if not equally influential, was even more obvi-
ously displayed in his mode of thinking and working. His first aim,
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we day liy day or hour by hour disengage, whether in the form of heat
or external work.

In the opening paragraph of this section it was observed that-until
recently there had been no tendency to revive the vitalistic notion of
two generations ago. In introducing the words in italics I referred to
the existence at the present time in Germany of a sort of reaction,
which under the term ¢ Neovitalismus ” has attracted some attention—
so much indeed that at the Versammlung Deutscher Naturforscher at
Liibeck last September it was the subject of one of the general addresses.
The author of this address, Professor Rindfleisch, was, I believe, the
inventor of the word; but the origin of the movement is usually traced
to a work on physiological chemistry which an excellent translation by
the late Dr. Wooldridge has made familiar to English students. The
author of this work owes it to the language he employs in the intro-
duction on ¢ Mechanism and vitalism” if his position has been misun-
derstood, for in that introduction he distinetly ranges himself on the
vitalistic side. As, however, his vitalism is of such a kind as not to
influence his method of dealing with actual problems, it is only in so
far of consequence as it may affect the reader. Ifor my own part I feel
grateful to Professor Bange for having produced an interesting and
readable book on a dry subject, even though that interest may be partly
due to the introduction into the discussion of a question which, as he
presents it, is more speculative than scientific.

As regards other physiological writers to whom vitalistic tendencies
have been attributed, it is to be observed that none of them has even
suggested that the doctrine of a ¢“vital force” in its old sense should
be revived. Their contention amounts to little more than this, that in
certain recent instances improved methods of research appear to have
shown that processes at first regarded as entirely physical or chemical
do not conform so precisely as they were expected to do to chemical and
physical laws. As these instances are all essentially analogous, refer-
ence to one will serve to explain the bearing of the rest.

Those who have any acquaintance with the structure of the animal
body will know that there exists in the higher animals, in additiou to
the system of veins by which the blood is brought back from all parts
to the heart, another less considerable system of branched tubes, the
lymphaties, by which, if one may so express it, the leakage of the
blood vessels is collected. Now, without inquiring into the why of this
system, Ludwig and his pupils made and continued for many years
elaborate investigations which were for long the chief sources of our
knowledge, their general result being that the efficient cause of the
movement of the lymph, like that of the blood, was mechanical. At
the Berlin Congress in 1890 new observations by Professor Heidenhain,
of Breslau, made it appear that under certain conditions the process of
lymph formation does not go on in strict accordance with the physical
laws by which leakage through membranes is regulated, the experi-






LUDWIG AND MODERN PHYSIOLOGY. 379

although by the observation of the successive stages in the ontogenetic
process one may arrive at a perfect knowledge of the relation of these
stages to each other, this leaves the efficient causes of the development
unexplained (fithrt nicht zu einem Erkenntniss ihrer bewirkenden
Ursachen). It does not teach us why one form springs out of another.
This brings him at once face to face with a momentous question. He
has to encounter three possibilities. He may either join the camp of the
biological agnostics and say with Du Bois-Reymond ‘“ignoramus et
ignorabimus,” or be content to work on in the hope that the physical
laws that underlie and explain organic evolution may sooner or later
be discovered, or he may seek for some hitherto hidden law of organism
of which the known facts of ontogenesis are the expression, and which,
if accepted as a law of nature, would explain everything. Of the three
alternatives Driesch prefers the last, which is equivalent to declaring
himself an out-and-out vitalist. He trusts by means of his experi-
mental investigations of the mechanies of evolution to arrive at ¢ ele-
mentary conceptions” on which by ¢“mathematical deduction”! a
complete theory of evolution may be founded. )

It this anticipation could be realized, if we could construct with the
aid of those new prineipia the ontogeny of a single living being, the ques-
tion whether such a result was or was nat inconsistent with the uni-
formity of nature would sink into insignificance as compared with the
splendor of such a discovery.

But will such a discovery ever be made? It seems to me even more
improbable than that of a physical theory of organic evolution. It is
satisfactory to reflect that the opinion we may be led to entertain on
this theoretical question need not affect our estimate of the value of
Dr. Driescli’s fruitful experimental researches.

1« Flementarvorstellungen . . . die zwar wathematische Deduktion aller
Erscheinungen aus sich gestatten mdichten.” Driesch. Beitriige zur theoretischen
Morphologie. Biol. Centralblatt, Vol. XII, p. 539, 1892.






THE PROCESSES OF LIFE REVEALED BY THE MICRO-
SCOPE; A PLEA FOR PHYSIOLOGICAL HISTOLOGY.

By Simon HENRY GAGE, B. 8.,
Of Ithaca, N. Y.

1t iy characteristic of the races of men that almost at the dawn of
reflection the first question that presses for solution is this one of life—
life as manifested in men and in the animals and plants around them.
What and whence is it, and whither does it tend? Then the sky with
its stars, the earth with its sunshine and storm, light and darkness,
stand out like great mountain peaks demanding explanation. So in
the life of every human being, repeating the history of his race, as the
evolutionists are so fond of saying, the fundamental questions are first
to obtrude themselves upon the growing intelligence. There is no
waiting, no delay for trifling with the simpler problems; the most
fundamental and most comprehensive come immediately to the fore
and alone seem worthy of consideration. But as age advances most
men learn to ignore the fundamental questions and to satisfy them-
selves with simpler and more secondary matters, as if the great reali-
ties were all understood or nonexistent. No doubt to many a parent
engaged in the affairs of society, politics, finance, science, or art, the
questions that their children put, like drawing aside a thick curtain,
bring into view the fundamental questions, the great realities; and we
kuow again that what is absorbing the power and attention of our
mature intellect, what perhaps in pride we feel a mastery over, are
only secondary matters after all, and to the great questions ot our own
youth, repeated with such earnestness by our children, we must con-
fess.with humility that we still have no certain answers. It behooves
us, then, if the main questions of philosophy and science can not be
answered at once, to attempt a more modest task, and by studying the
individual factors of the problem to hope ultimately to put these
together and thus gain some just comprehension of the entire problem,

This address is, therefore, to deal, not with life itself, but with some
of the processes or phenomena which accompany its manifestations,
But it is practically impossible to do fruitful work according to the
Jaconian guide of piling observation on observation. This is very

! Address of the president of the American Microscopical Society. Printed in
Transactions of the American Microscopical Society, Vol, XVII, 1896, pages 3-29,
381
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unfavorable. It was the last of the forms of energy to appear upon
this planet and it will be the first to disappear.

In brief, it seems to me that the present state of physical and physi-
ological knowledge warrants the assumption, the working hypothesis,
that life is a form of energy different from those considered in the
domain of physics and chemistry. This form of energy is the last to
appear, last because more conditions were necessary for its manifesta-
tions, It, like the other forms of energy, requires a material vehicle
through which to act, but the results prodnced by 1t are vastly more
complex. Like the other energies of nature, it does not act alone. It
acts with the energies of the physicist, but as the master; and under
its influence the manifestations pass infinitely beyond the point where
for the ordinary energies of nature it is written “thus far and no
tarther.”

It can be stated without fear of refutation that every physiological
investigation shows with accumulating emphasis that the manifesta-
tions of living matter are not explicable with only the forces of dead
matter, and the more profound the knowledge of the investigator the
more certain is the testimony that the life energy is not a mere name.
And, strange to say, the physicist and the chemist are most emphatic
in declaring that life is an energy outside their domain.

The statements of a chemist, a physicist, and a biologist are added.
From the character and attainments of these men, their testimony, given
after years of the most earnest investigation and reflection, is worthy
of consideration:

‘When a celebrated chemist was asked if he believed that a leaf or a
flower could be formed or could grow by chemical forces, he answered:

I would more readily believe that a book on chemistry or on botany
could grow out of dead matter by chemical processes.—Liebig.

The influence of animal or vegetable life on matter is infinitely beyond
the range of any scientific inquiry hitherto entered on. Its power of
directing the motions of moving particles, in the demonstrated daily
miracle of our human free will, and in the growth of gencration after
generation of plants from a single seed, are infinitely different from any
possible result of the fortuitous concourse of atoms; and the fortuitous
concourse of atoms is the sole foundation in philosophy on which can
be founded the doctrine that it isimpossible to derive mechanical effect
from heat othierwise than by taking heat from a body at a higher tem-
perature, converting at most a definite proportion of it into mechanical
effect, and giving out the whole residue to matter at a lower tempera-
ture,—Sir William Thomson (Lord Kelvin).

The anagenetic [vital] energy transforms the face of nature by its
power of assimilating and recompounding inorganic matter, and by its
capacity for multiplying its individuals. In spite of the mechanical
destructibility of its physical basis (protoplasm) and the ease with
which its mechanisms are destroyed, it successfully resists, controls,
and remodels the catagenetic [physical and chemical] energies for its
purpose.—Cope.
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Fic. 1. The amceba in its various phases of activity—locomotion, choice (irritability), nutri-
tion, and reproduction. The figures should be read from left to right, as with words in a
bhook. p, Pseudopod; ¢, crystal of substance distasteful to the ameeba, hence the amceba
withdraws from it; f, food ingested and digested by the amceba for its nourishment. The
indigestible matter () is extruded from the body and left behind. =, Nucleus. This is seen
to divide first in reproduction, then the division of the cell body is completed, thus giving rige

to two individuals.
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All organisms, great or small, are but developments of minute germs
budded oft' by the parent or parents, and the way in which these minute
beginnings develop into perfect forms like their parents can only be
followed by the aid of a microscope. Indeed, in no field of biology
has the microscope done such signal service in revealing the processes
of life.

The method of the production of a new being with the ameba, as we
have just seen, is for the parent to give itself entire to its offspring—
the parent ceasing to be in producing its offspring. With some other
lowly forms a part ot the body of the parent buds out, grows, and
finally falls off' as an independent organism or remains connected with
the parent to form a colony. In the vegetable world a familiar exam-
ple of a colony is represented by the plant that the children call “old
hen and chickens.”

In the higher animals, however, where specialization is carried to its
extreme limit, some myriads of cells forming the body are set apart to
produce motion, others digest food, still others think and feel, while
comparatively few, the germ cells, are destined for the continuation of
the race. In the higher and highest forms especially, all observation
goes to show that the life energy, not satistied with the mere vitaliza-
tion of matter and a dead level of excellence, is aiming at perpetual
ascent, greater mastery over matter and its physical forces. For the
more certain attainment of this end, the production of offspring is no
longer possible for one individual; two wholly separate individuals
must join, each contributing its share of the living matter which is to
develop into a new being. In this way the accumulated acquirements
of two are united with the consequent increase in the tendencies and
impulses for modification and nearly double the protection for the off-
spring. Thus, in striking contrast to the ammba, where the single
parent gives all of itself’ to forin oftspring and in so doing disappears
and loses its identity, in the higher forms, while two must uuite to form
the offspring, the parents remain and retain their individuality and the
ability to produce still other offspring. The process by which this is
accomplished may be traced step by step with the microscope. A germ
cell of the father and one of the mother fuse together, and from this
new procreative cell formed by the fusion of two, with all their possi-
bilities combined, the new individual arises. This certain knowledge
is the result of the profound investigation of the last few years, and
shiows the literalness of the scriptural statement, ¢they shall be one
flesh.” (See Plate XIL)

After this fusion of the father and mother germ cells the single cell
thus formed, like the amaba, divides into two, and these into four and
so on, but unlike the amaba all the cells remain together. Within this
cellular mass, as if by an unseen builder, the cells are deftly arranged
in their place, some to form brain, some heart, some the digestive tract,
others for movement; so that finully from the simple mass of cells,
originally so alike, arises the complex organism, fish or bird, beast or

sSM 96 25
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Fic. 2. Various phases in the reproduction of one of the higher animals. In the upper
series is shown the fusion of the father and inother germ cells; in the middle series appear
some of the earlier phases of segmentation of the fertilized ovum. The lower figure (modi-
fied from Marshall) represents a medisection of an amphibian embryo sufficiently far advanced
to show that the original cells into which the ovum divided have differentiated and arranged
themselves in such a manner as to form the beginnings or protons of the great systems of
organs—brain, enteron, and heart.

0, Ovum; n, nuclevs of the ovum. ¢ This sign indicates that the ovan is a mother or
female gerin cell. Z, Zoosperm. J Sign indicating that the zoospermn is a father or male
germ cell.  f pn, Female pronucleus; m 2.0, male pronucleus. These two pronuclei fuse and
form the nucleus of the true reproductive cell, the fertilized ovam. In the two figures at the
right both signs (¢ ) are used to indicate that both gerimn cells are represented in each figure.

F 0O, Fertilized ovum. That is the true reproductive cell, composed of a father or male and
a mother or fermale germ cell fused.  The steps of the fusion are shown in the upper series.
s, Segmentation nucleus. 2 e¢s, Two-cell stage; that is, the fertilized ovam has divided
once, forming two. (Compare the reproduction of the amaba.) 4 ¢ s, Four-cell itage. Ul
Blastula stage, in which the fertilized ovum has divided into very many cells. all remaining
together,

Embryo.—The division of “he organs has proceeded very far, and the cells have begun to
differentiate and form organs: Bradn; ch, body axis, or notochord: Iinteron, or alimentary
canal, and Heart.
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F1:. 3. Sections of a gland in various phases of activity. The upper series represents the
gland as in longisection ar lengthwise and the lower series as in transection or cut across. In
the longisections /, in the right-hand figure, represents the cavity or lumen of the gland into
which the secretion of the gland is poured. The arrows at the top represent the direction
taken by the secretion when it is poured out.

In the lower right-hand figure [ represents the lumen, n the nucleus of one of the cells, and
cl b the cell body of the same cell, The words Charged, Discharging, and Discharged desig-
nate the various phases of the gland activity. The process of becoming recharged is not
shown.
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Frc. 4. Figures from Hodge (Jour. Morphology, Vol. VII), showing changes in the nerve
cells of the spinal ganglia in the cat and of the brain in the honey bee. The words Rest and
Fatigue indicate the appearance of the cells in these two conditions. 2, Nucleus; ¢l b, cell
body, and ¢ s clear space around the shrunken nucleus in the fatigued cells.
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to sensation; but what of living matter in the humbler forms where no
nervous system can be found? That these have vital motion, that they
breathe,nourish themselves, grow, and produce offspring, none can deny.
Do they have anything comparable with sensation? As most of the
lowest forms are minute, the microscope comes to our aid again, and in
watching these lowliest living beings it is found that they discriminate
and choose, going freely into some portions of their liquid world and
withdrawing from other portions. 1f some drug which is unusual or we
must believe disagreeable is added to a part of the water, they withdraw
from that part. It seems to have the same effect as disagreeable odors
on men and animals. On the other hand, there are substances which
attract, and into the water containing these they enter with eagerness.
Strange is it, too, that, as proved by experiment, if an unattractive sub-
stance is used and also one on the other side that has been found still
more unattractive, the less disagreeable is selected; the less of the two
evils is chosen.

As man, the horse, dog, and many other animals adapt themselves
gradually to temperatures either very cold or very warm, and that, too,
by a change in their heat-regulating power rather than by a change of
hairy or other clothing, so these lowly organisins are found in nature
in water at temperatures from near freezing up to 60° or 80° C., a point
approaching that of boiling water. It may be answered that each was
created for its place, but by means of a microscope and a delicate
thermostat, to be certain of every step and to see all the results, Dr.
Dallinger, through a period of seven years, accustomed the same uni-
cellular organism and its progeny to variations of temperature from
150 to 20° C., i. e., about the temperature of a comfortable sitting room,
up to 70¢ C. For those at the cooler temperature it was death to
increase rapidly the heat 10°, and for those at the higher temperature
it was equally fatal to lower it to the original temperature of 15° to 20°.
These examples seem to show that it is one of the fundamental charae-
teristics of living substance, whether in complex or simple forms, to
adapt itself to its environment.

There is another fact in nature that the microscope has revealed and
that fills the contemplative mind with wonder and an aspiration to see
a little farther into the living substance, and so perchance discover the
hidden springs of action. This fact may be called cellular altruism. In
human society the philanthropist and soldier are ready at any time to
sacrifice themselves for the race or the nation. With the animals the
guards of the flock or herd are equally ready to die in its defense.

So within each of the higher organisms the microscope has shown a
guarding host, the leucocytes or white-blood corpuscles. The brilliant
discoveries in the processes of life with higher forms have shown that
not only is there a struggle for existence with dead nature and against
forms as large or larger than themselves, but each organism is liable to
be undermined by living forms, animal and vegetable, infinitely smaller
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F1a. 5. These figures represent various steps in the removal of foreign matter from the
blood of Nectwrus.

Gill filament of Nectwrws.-—Part of a single gill filament greatly magnified to show the blood
vessels containing the red-blood corpusceles (r be) and the leucocytes (1) or white-bleod cor
puscles.  The black dots (e) within the Dlood vessels represent carbon 1 articles which had
been injected into the veins. In many of the leucocytes are several carbon particles:; there
are also several shown free in the blood plasma. ¢ f, The tissue of the gill filament hetween
the blood vessels.

Leucocytes emigrating.—This, the lower figure, represents a section of the skin with its cov-
ering, epithelium (ep). and the corium (cor) or true skin. The leucocytes containing carbon
particles (¢) are seen in the corium and penetrating the epithelium and finally free outside the
epithelium. The arrows indicate that the leucoeytes emigrate from the body through the
corium and the erithelium. and finally into the space outside the epithelinm.
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is manifested by the little cilia. These sweep with almost incredible
rapidity in one direction and more slowly on their return, thus produc-
ing a current in the direction of most rapid motion. This motion with
the resulting current ceases only with life. TFach individual cilium is
weakness itself, but with their combined action the untold millions
covering the cells, in the air passages for example, make a strong cur-
rent in the liquid covering them. This current is from the interior of
the langs toward the throat and carries along with it particles of dust
inhaled into the Iungs. In this way the delicate breathing organs are
swept clean and left unincumbered for their work of receiving oxygen
and getting rid of carbon dioxide.

If now one puts under the microscope some cells from the small
intestine of almost any animal from the lamprey eel to man, the cells
appear almost identical with those just described. The end projecting
to the free surface of the intestine seems to have a similar brush of
fine hairs, with a clear line along their base. If a striated and a dead
ciliated cell are under the same microscope side by side, it is almost
impossible to distinguish them. Indeed so difficult is it that those from
the intestine have been described as ciliated more than once. If both
cells are living, no one could confuse them. The striated end of one is
motionless, the lines or cilia of the other are in constant motion. One
serves for producing currents, always in the same direction, the other
is for the purpose of absorbing and passing into the tissues the products
of digestion. One isa moving the other an absorbing cell. (See Plate
XVL)

Most of the tissue elements of the higher forms can not be thus
studied alive, however, and the best that can be done is to fix the dif-
ferent phases of action, as by & series of instantaneous photographs,
then with a kind of mental kinetoscope put these together and try to
comprehend the whole cycle. '

Fortunately for the histologist the incessant experimentation of the
last twenty-five ycars has brought to knowledge chemical substances
which do for the tissues the wonder that was aseribed to the mythical
Gorgon’s head—to kill instantly and to harden into changeless perma-
nence all that gazed upon it. So the tissues may be fixed in any phase
and then studied at length. 1f then the investigator observes and
keeps record of every point that may have an influence on the strue-
tural appearances, whether shown by experience or suggested by
insight, and this record always accompanies the specimen, thus and
thus only, it seems to me, can he feel confident that lie is liable to gain
real knowledge from the study, knowledge that represents actunality,
and which will serve as the basis for a newer and more complete unrav-
eling of the intricacies of structure, an approximate insight into the
mechanism through which the life energy manifests itself.

‘And so, with all the life that physics and chemistry can give, com-
mencing with the simplest problemns and being careful that every factor
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Fie. 6. Figures showing the similarity in appearance of the absorbing epithelium of the
intestine and of a ciliated epithelium. The free ends of the cells point upward toward the top
of the page, and the attached ends toward the bottom of the page. cilia, The minute, hair-
like processes projecting from the free end of the cells and constantly swinging rapidly in one
direction and returning less rapidly to the starting point. 1In this way a current is made in the
direction of the most rapid motion (indicated by the arrow). At the base of the ciliais a clear
plate or segment (¢ s).

In the absorbing epithelium the segment appearing like the ciliais called the striated border
or segment (st b) and rests on a clear segment (¢ s) comparable with that on which the cilia
rest. In the absorbing epithelium food particles (f) are represented as passing through the
cell from the free end toward the base, as indicated by the arrow.
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in the alkalinity of very deep waters, there seems to be no doubt that
the quantity of lime increases with the depth. Ithaslong been known
that sea water is distinctly alkaline to test paper; this is due to an
excess of base over sulphuric and hydrochloric acids, the surplus base
being more or less saturated by carbonic acid, too weak an acid to
bring about a neutral reaction.

The gases in sea water are not only much more variable than the
saline matters in their absolute amount, but also vary in the propor-
tions among themselves. The gases of general occurrence are oxygen,
pitrogen, and carbonic acid, the two former being wholly derived by
absorption from the atmosphere, while the last named is partly absorbed
from the atmosphere and partly due to excrefion from animals and to
oxidation of organic matter in situ.

The gas is absorbed from the atmosphere by the merest surface layers
only of the water, and is distributed to the rest of the ocean by descend-
ing currents. The quantity absorbed is determined by the temperature
of the water and the pressure of the atmosphere, but chiefly by the
former. If the water remaining on the surface pass to a warmer region
gas is given off, if to a colder region more is absorbed. Once the water
is cut off from the surface by overlying layers of water all further
absorption of gas ceases. Of the three gases nitrogen alone remains
constant in quantity. The oxygen of the water is taken up by animals
for the furtherance of their metabolic processes, and in i‘s place they
excrete carbonic acid, Thus, if free surface ventilation be denied there
is a continual decrease in the proportion of oxygen and a correspond-
ing increase in the quantity of carbonic acid; and in small inclosed seas
this process may go so far as to render the water quite unfit for the
support of animal life of any order much higher than that of bacteria.

On account of the coefficient of absorption of oxygen being double
that of nitrogen, the proportion of oxygen to the total gas in sea water
under full aeration is double that in air, being as a matter of fact 343
to 334 per cent. The absolute quantity of gas in solution in surface
waters is found to decrease as we go from the poles to the equator, as
also does the proportion of oxygen. In high latitudes, indeed, the pro-
portion of oxygen is so high as to amount to supersaturation, as much
as 36.7 per cent having been found in polar waters. The quantity of
oxygen is always less in bottom than in intermediate waters from great
depths, but no oceanic water at least is found to be absolutely devoid
of oxygen, although in waters from the bottom in great depths the
amount is sometimes very small.

Both the horizontal and vertical circulation of ocean waters is
mainly governed by the prevailing winds which blow over the surface,
and these are again determined by the position of the areas of high
and low barometric pressure. Where the winds are dry and constant
there we find the saltest water at the surface, as for instance in the
trade-wind regions of the North and South Atlantic and South Pacific,



400 EXISTENCE AND DISTRIBUTION OF MARINE ORGANISMS.

where the salinity is over 1.027; but in the inclosed basins of the Medi-
terranean and Red seas the salinity may reach 1.030. The average
salinity at the sarface in the open ocean is higher than on the bottom,
and, like the temperature, is higher at the bottom in the Atlantic and
Indian Oceans than in the Pacific.

The density of ocean water is dependent upon temperature as well
as pressure, and in consequence the less saline water of the polav
regions has a higher density than the salter waters of the tropics, and
in general the lowest annual and diurnal temperatures tend to be
propagated downward to the greater depths. Vertical circulation
downward is likewise to some extent determined by the presence of
detrital matter from rivers, and by the action of very constant winds
like those which prevail over the great Southern Ocean.

When we examine the deposits now being laid down on the floor of
the ocean, we find that in all inclosed basins surrounded by continental
land, and for an average distance of 200 miles off countinental shores
facing the great oceans, the deposits are for the most part made up of
detrital matters more or less directly derived from the subaerial denu-
dation of the dry land, or as a result of the destructive action of waves
and currents in the shallow regions of the ocean. (ven when such
deposits are composed for the most part of carbonate of lime organisms,
such as shells, corallines, and corals, these bear the impress of the
mechanical action of the forces at work in the shallow waters, and are
therefore included under the general term of terrigenous deposits. The
predominant mineral in these terrigenous deposits is quartz, being in
many positions associated with glancounite; and both these minerals
appear to be almost wholly absent in the central parts of the great
ocean basins, except where the surface waters may be affected by
floating ice.

The alkalies, alkaline earths, iron, manganese, and other bases, at one
time associated with the quartz of the sand dunes, sandstones and other
rocks of the continents, have been separated by chemical decomposi-
tion, and carried in solution or in suspension out into the abysmal
regions of the ocean, where they have accumulated through physical
or organic agencies. The lighter, less solable, and more refractory
quartz las, on the other hand, accumulated on the continents and in

the depositsin their immediate vicinity. If this process has been going
on continoously since precipitation of water first took place on our
planet, the rocks on the continental areas would become more and more
acid in constitution and lighter, while the deposits formed at the bot-
tom of the ocean would become more and more basic and heavier. The
reason why the continents on the whole stand at a higher elevation
than the floor of the ocean basins may well be that, by this continu-
ous process, they are the lighter portions of the superficial crust, as is

indeed indicated by the general results of pendulum and plumb-line
observations.
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In the terrigenous deposits now being laid down in the shallow and
deep waters of the continental areas, we have in the organic remains
quartz, glauconite, phosphatic nodules, an assemblage of materials
resembling in all important respects the stratified layers making up
the larger part of the continental masses.

‘When we turn to the deposits in the abysmal regions far removed
from continental land we find that deposits are being formed which do
not resemble so closely the continental rocks. In depths of less than 2
miles the deposits are principally made up of the dead shells of carbon-
ate of lime secreting organisms, which had lived at the surface of the
sea, such as calcareous alg:e, foraminifera, pteropods, and other pelagic
mollusks, forming globigerina and pteropod oozes. In the colder parts
of the extratropical regions the siliceous frustules ot diatoms whicl
had lived on the surface predominate in the deposit, and thus produce
a diatom ooze. In the still greater depths of the ocean, i. e., over 2
miles, the carbonate of lime organisms are partially or wholly removed,
either while falling to the bottom or shortly after reaching the bottom,
through the solvent action of the sea water. Where they are wholly
removed the deposit may, as, for instance, in the western parts-of the
Pacific, contain a considerable percentage of radiolarian skeletons,
which had lived in the surface and intermediate waters, and the deposit
is then called a radiolarian ooze, but usually the deposit is what has
been called a red (or chocolate-colored) clay, and this covers a larger
proportion of the sea bed than any other kind of deposit.

The red clay has evidently accumulated at an extremely slow rate,
It consists principally of hydrated silicate of alumina and the perox-
ides of iron and manganese, mixed with thousands of sharks’ teeth,
represented by the dentine of Carcharodon, Lamna, and Oxyriina, of
dense ear bones of various species of cetacea, and- the dense mesoros-
tral bones of ziphioid whales. These red-clay deposits likewise con-
tain many magnetic spherules with crystalline or metallic nuclei,
which are believed to be the dust burnt off froin the outer surfaces of
meteoric stones heated as they pass through our atmosphere. These
cosmic spherules probably fall all over the surface of the earth, but
their presence is here evident because the deposit may not accumulate
to the extent of wore than an inch in several centuries. The manga-
nese and the iron are often deposited in concentric layers around the
sharks’ teeth, ear bones, and volcanic lapilli, and in some places the
deposit contains many zeolitic minerals which have evidently been
formed in situ.

When we turn to the observations on the pelagic fauna and flora it
will be found that there is a considerable difference between the organ-
isms observed near shore and those present in the open regions of the
ocean—a difference recognized in the terms neritic and oceanic plank-
ton. The coccospheres, rhabdospheres, pelagic foraminifera, hetero-
poda, pteropoda, and radiolaria, so abundant in tow-net gatherings in

SM 96——26



402 EXISTENCE AND DISTRIBUTION OF MARINE ORGANISMS.

the open ocean, are absent or but sparingly represented in tow-net
gatherings near the land.

All the carbonate of lime secreting organisms are much more abun-
dant in the warmer than in the colder waters, and we have seen that
their dead shells are much more abundant at the bottom within the
tropics than toward the polar areas; indeed, through these organic
processes the lime present in solution in the ocean, probably in large
part originally derived from the disintegration of the continental rocks,
is at the present time being accumulated toward the tropical regions
of the earth. In the Tropics there are in the surface waters over
twenty species of pelagic foraminifera which secrete thick carbonate of
lime shells. These mostly disappear as the ecolder waters of the polar
regions are approached, and are there represented by two dwarfed
species of globigerina. In the same way many species of shelled ptero-
pods, heteropods, and pelagic gasteropods live in the warmer waters of
the tropics, but disappear or are represented only by small thin-shelled
limacinz or naked species in polar waters. The calcareous coccospheres
and rhabdospheres of the tropical and warm waters give place in polar
waters to species of algz which secrete no lime. _

This abundant secretion of carbonate of lime in the warm waters of
the Tropics is apparently due to chemical rather than physiological con-
ditions. When neutral ammonium carbonate is added to sea water at
a high temperature—S80° to 85° I.—thelime salts other than carbonate
present in sea water are quickly decomposed and an immediate precipi-
tate of carbonate of lime having the properties of aragonite is formed,
while if the same experiment be carried out at a low temperature—40°
to 45° T.—the carbonate of lime separates out very slowly and in doing
so takes the form of calcite. The abundant secretion of carbonate of
lime in the warm waters of the Tropics at the present day, as well as
the feeble development of carbonate of lime organisms in cold polar
regions, are interesting facts when we remember that coral reefs flour-
ished within the Aretic Circle during Palacozoic and even later times,
and from the manner in which the lime is secreted we may safely con-
clude that the polar waters in these ancient times must have had a
temperature of about 70° F. (21°1 C.).

Not only is the number of species of lime-secreting organisms in the
surface waters of the Tropies greater than in the cold water of the
polar regions, but the same holds good for the radiolaria and nearly all
other classes of pelagic organisms, the characteristic of the pelagic

organisms of the polar areas being a relatively small number of species
and a great abundance of individuals. Amnother peculiarity of the tow-
net gatherings in the Arctic and Antarctic areas is the almost complete
absence of pelagic larve of benthos animals, which are so abundant in
the surface waters of the Tropics. A comparison of two tow-net gath-
erings conducted under precisely similar conditions, one in the cold
waters of the Antarctic and the other in the warm waters of the Tropics,
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shows that there is a much greater number of species in the Tropics
than in the Antarctic, but at the same time a less total amount of
organic matter, due to the smaller absolute number of individuals in
the warmer waters. In making this comparison, however, it must be
recalled that the metabolism of cold-blooded animals rises with the
temperature of the water, and is therefore very much more rapid within
the Tropics than at the Antarctic Circle, so that within a given period
of time many more organisms may pass through their life history in
warm than in cold water, but on account of the high temperature ot the
water the eftete products are more rapidly disposed of than in the cold
polar waters, where chemical action is more sluggish. A measure of
this rate of change is to be found in the large amount of saline
ammonia present in the sea water of the Tropies, while albuminoid
ammonia predominates in polar waters. .

When we compare the shallow-water animals living on or attached to
the bottom within the tropics and toward the polar regions, we find
that the distribution follows the same laws as in the case of the pelagic
organisms. There are many more species, especially of lime-secreting
organisis, in the warm waters of the tropies than in the colder waters
toward the poles. Ior instance, the Challenger’s dredgings in the
vicinity of Cape York, Australia, in depths less than 12 fathoms,
yielded 554 species of metazoa, while many more dredgings at Kerguelen,
in depths less than 25 fathoms, yielded only 130 species; indeed the
total number of species known from Kerguelen in depths less than 25
fathoms amounts only to 242 species. While the number of species of
shell-bearing mollusks procured by the Challenger in depths less than
12 fathoms at Cape York was 292, only 92 species were taken at Ker-
guelen down to 120 fathoms, and the total number known from
Kerguelen is only 125 species. The higher crustacea (macrura, anomura,
brachyura) are also more abundant in the tropics, while the reef-build-
ing corals are, of course, entirely absent at Kerguelen. On the other
hand, the hydroida, holothurioidea, annelida, amphipoda, isopoda,
pycnogonida, and tunicata, which secrete little or no carbonate of
lime, are more numerous in the cold waters around Kerguelen.

The recent deep-sea researches have shown that not only is life
universally present in great abundance at the surface of the sea, and
probably also, though much more sparsely, in all the intermediate
depths of the ocean, but also that fishes and all the invertebrate groups
are spread all over the floor of the ocean in great numbers. The total
number of species taken by the Challenger in depths less than 100
fathoms is 4,400; in depths between 100 and 500 fathoms, 2,050; in
depths between 500 and 1,000 fathoms, 710; in depths between 1,000
and 1,500 fathoms, 600; in depths between 1,500 and 2,000 fathoms,
500; in depths between 2,000 and 2,500 fathoms, 340, and in depths
over 2,500 fathoms, 235. 1t is thus seen that the actual number of
species procured decreases with iucrease of depth, and if we take into
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for instance in about 500 fathoms, hundreds of specimens of holothu-
rians, pycnogonids, and crustaceans have been procured in a single haul,
and just beneath the mud line at a depth of about 100 fathoms around
continental shores enormous numbers of individuals belonging to one
species have been procured. This is the great feeding ground in the
ocean. To this depth the herring, salmon, whales, narwhals, descend
to feed upon the immense numbers of individuals belonging to species
of Calanus, Euchwita, Passiphea, Crangon, Hippolyte, as well as species
of schizopods, amphipods, isopods, fishes, and cephalopods.

Probably the majority of deep-sea species live by eating the surface
layers of the mud, clay, or ooze at the bottom, and by catching or pick-
ing up the small organisms, or minute particles of organic matter which
fall from the surface or are washed away from the shallower reaches of
the ocean, and ultimately settle on the bottom beyond the mud line.
These mud-eating species are in turn the prey of numerous rapacious
animals armed with peculiar tactile, prehensile, and alluring organs, for
phosphorescent light plays an important role in the economy of deep-
sea life, and is correlated with the red and brown tints of the majority
of deep-sea organisms. Some species are blind, and others, in addition
to large eyes, are provided with a sort of bull’s-eye lantern, from which
streams of light are thrown out at the will of the animal. Phospho-
rescent organs act sometimes as a lure, sometimes they indicate the
presence of prey or the passage of an enemy.

Some species of deep-sea organisms are of gigantic size when com-
pared with their shallow-water allies. Some of the hexactinellids are
3 or 4 feet in diameter; the hydroid Monocaulus is 3 feet in height; the
legs of some pyenogonids extend for over a foot on either side of the
body, -and the largest echini and isopods are found in deep water.
~ Before the systematic investigation of the deep sea it was believed
by some naturalists that the remnants of faunas which flourished in
remote geological periods would be found in the great depths of the
ocean. This expectation has not been realized. Discina and some
other brachiopods undoubtedly represent a very ancient group; still the
king-crabs, lingulas, trigonias, Port Jackson sharks, Heliopora, Amphi-
oxus, Ceratodus, Lepidosiren, and other shore and shallow-water forms
undoubtedly represent older formns than anything to be found in the
deep sea at the present time.

Sir Wyville Thomson was of opinion that from the Silurian period to
the present day there had been, as now, a continuous deep ocean, with
a bottom temperature oscillating about the freezing point, and that
there had always been an abyssal fauna. It is much more probable
that in pal®ozoic times the ocean basins were not so deep as at the
present time; that the ocean had then a nearly uniform high tempera-
ture throughout its whole mass, and that life was either absent through-
out all the greater depths or represented ounly by bacteria, as in the
Black Sea at the present day.
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occurring in the extra-tropical regions of the northern and southern
hemispheres, and wholly unknown from the intervening tropical zone.
Again, a list has recently been published giving 54 species of marine
Algae common to the northern and southern oceans, and not occurring
within the intervening tropical belt.! In fact, the arctic and antarctic
marine faunas and floras, geographically as wide asunder as the poles,
are generally more closely related to each other than to any interven-
ing fauna or flora. This is all the more remarkable wlien we remember
that, with the exception of a few pelagic, brackish water and deep sea
species, there is hardly a species of marine Metazoa common to the
east and west coasts of Africa within the tropics.

In order to give a rational explanation of these remarkable facts in
the distribution of marine organisms at the present time, as well as of the
presence of tropical fossils in Paleozoic and even later geological strata
within the polar areas, it seems necessary to assume that at one time
there was a very different distribution of heat and light over the sur-
face of the globe than what obtains at the present time. A uniform
high temperature all over the surface of the globe in the early stages
of the earth’s history is required to explain these phenomena. In later
Mesozoic times a gradual cooling at the poles appears to have set in,
and slowly brought about the destruction of a large number of the
shore and shallow-water animals, especially those which secreted large
quantities of carbonate of lime or were provided with pelagic or free-
swimming larvie. This weeding out of numerous species in the polar
areas, from a fauna which must have much resembled the coral-reef
fauna of the present time, accounts for the relatively small number of
species which we now find in polar waters, and, through lessened com-
petition, for the relatively large number of individuals belonging to
some of these species. In still later times, when polar lands became
covered with ice and snow and when glaciers descended at dlmost all
points into the ocean, shallow-water organisms appear to have taken
refuge in the deep sea, and a migration of polar animals toward the
equator was initiated over the floor of the ocean. This may account
for the relatively more abundant fauna in the great depths of the
Southern Ocean, as indicated by the Challenger’s investigations, The
large numbers of pelagic animals which are continually being killed
through the mixture of surface currents of different origins between
latitudes 40° and H0° south, falling to the bottom, provide an abundant
supply of food for deep-sea animals, and the large quantity of oxygen
taken down by descending currents from the cold surface waters pro-
duces further favorable conditions of life in these great depths.

In discussing the causes of the distribution of organisms over the sur-
face ofethe earth at the present time, or the geographical distribution of
fossils in Paleozoic rocks, it is too often assumed that the relations

! Murray and Barton. Phycological Memoirs from the British Museum, Londou,
1895,
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present, tending to a complete uniformity of climate over the earth’s
surface.) When we take into consideration the effect of the earth’s
atmosphere, a sun with a diameter even half that here indicated would
account for the paleothermic phenomena made known by the records
of the past life on the globe. When seeking a rational explanation of
the gradual evolution of the surface features of the globe, it is neces-
sary to take into account the contemporaneous evolution of the other
members of the solar system, and especially that of the central luminary.

1 Blandet. Bull. Soc. Géol. de France, Ton. 25, p. 777, 1868.
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indirect services. Its essential parts are a double, paired glaud and a
single unpaired gland, there being secreted by one of these, as is prob-
ably the case with all the hymenoptera, an acid liquid, while the secre-
tion of the other is alkaline. TFrom the admixture of theseis formed a
true acid venom whose irritating property is partly due to the pres-
ence of formic acid. This venom is discharged into an inoculating
apparatus developed in a greater or less degree in different species.
The pain produced by the bite of indigenous species of ants is but slight,
but exotic species may cause suffering of considerable intensity and
duration.

This rapid review of the external organization of ants will enable us
to account for various relations that exist between them and the vege-
table world.

The first relations between ants and vegetables have undoubtedly
been those of the eaters and the eaten. There are in fact quite a num-
ber of species of ants that obtain their food from living vegetables. Of
these the most celebrated, and justly so, are the harvester ants. Their
habits were known in the most ancient times. ¢“The ant,” says Solo-
mon (Prov. vi, 8), “provideth her meat in the summer and gathereth
her food in the harvest.” Aelian, an author of the third century of our
era, not only notes their gathering of seeds, but describes the means °
employed by them to keep their grains from dampness and their way
of preventing germination by boring through the germ outside of the
seed. An Arabic book of the seventh century says, in speaking of ants:
“They store up wheat for food and dry it in the sun. Ifthey fear that
the grain may germinate they take away its ball, cutting it in two
fragments, It we reflect we will be convinced that the ant is an intel-
ligent insect.” Montaigne, wko lived in the south of France and had
traveled in Italy, was acquainted with the habits of the harvester ants,
which he describes with great precision. “They spread,” says he, “in
the open air their grains and seeds to aerate, freshen and dry them, when
they see that they are getting moist and smelling moldy, for fear that
they may become corrupt and rotten. But the caution and foresight
that they use in dealing with barley grains surpasses all that human
prudence could imagine. For fear lest the grain sprout and lose its
qualities and properties as a store of food, they gnaw the end of it
where the germn is wont to appear.”

These data, collected by the old authors, have, however, been contro-
verted by recent authorities—Swammerdam, Buffon, Latreille, and,
above all, P. Huber, the great observer of ants—and it was not until
recently that Lespes and Moggridge clearly proved the industrious
habits of the harvester ants.

The two principal species of harvester ants, Aphanogaster (Atta)
structor and A, barbara, are rare in the north, quite common in central
Europe, and abundant on the shores of the Mediterranean. The work-
ers are remarkable for their differences in height and appearance, They
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pass by insensible gradations to a form with an enormous head—a sol-
dier. The description of their method of harvesting and preserving
the grain we must borrow from Moggridge, that acute observer, who, at
32 years of age, being forced by phthisis to seek a climate less inclem-
ent than that of England, employed his latest strength in studying the
ants of the neighborhood of Mentone.

Often upon uncultivated lands, there called the garrigues, are seen
long trains of ants forming two continuous lines hurrying in opposite
directions, one going away from the nest, the other toward it. The lat-
ter is laden with seed or capsules that the ants are carrying to their
hill.

These files of foraging ants sometimesrange to a considerable dl stance
from the nest, seeking the seeds of grasses, peas, and other plants of
the garrigues. They collect not only ripe seeds, but also understand
how to detach from the plants green fruits. Thus we may see an ant
climbing along the stem of a shepherds-purse (Capsella bursa-pastoris)
and, choosing a green pod, disdaining the riper ones which let fall their
seeds at the least touch, seize the peduncle of the capsule between its
mandibles and, fixing its hind legs firmly as a pivot, twist the peduncle
round and round until it is broken off. Then, laden with this burden,

" it: descends, backing and turning as its load demands, down around the
stem to reach its nest. In the same manner are gathered the capsules
of chickweed (Alsine media) and the nutlets of little labiates such as
Calamintha.

We may frequently see two ants combine for the purpose of breaking
the peduncle of a capsule. While one is gnawing the peduncle the
other will twist it off; but it seems that their mandibles are never
strong enough to sever the peduncle by cutting alone. If grains of
hempseed, millet, and oats are scattered in the neighborhood of the
nest of the harvester ants, the insects hasten to carry them off, although
those seeds arve heavy burdens for them. But it often happens that
they are deceived as to the quality of the articles they drag to their nest.
Thus they may carry off objects not suitable for food; shells, bits of
wood, fragments of leaves. If little procelain beads are scattered along
the path of a harvesting train the ants will earry them toward their
nest. They soon perceive their error, however, for after an hour of this
fruitless labor they pass by their false treasures indifferent to them.

The seeds of a species of fumitory (Fumaria capreolata) are gathered
by these harvesters. Now, beside this plant, there fall to the ground
little gally inhabited by a small eynipid insect. Deceived by the resem-
blance between these galls and the seeds of the plant, the ants add

them to their store, quite convinced that they are really seeds. What
is the fate of the inhabitants of these galls? Is there not here to be
solved an interesting problem involving mimicry of parasitic origin?
The situation of the nests of the Atta barbara is often indicated by
the presence of a number of plants that grow around out of the refuse
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accumulated by the ants. These are, in fact, to be considered as weeds
of cultivation and strangers to the lavender and cistus covered banks
of the garrigue, being plants sprung from seeds that the ants have
brought and abandoned for some unknown cause. The plants thus
transported belong to the following classes: Veronicas, fumitories, oats,
a nettle (Urtica membranacea), bird chickweed, wild marigold (Calendula
arvensis), snapdragon (Antirrkinum majus), a flax (Linaria simpler),
watercress (Cardamine hirsuta), and goose foot.

Quite frequently these plants are found along the sides of minature
gullies or crevices hollowed in the rock where their seeds have been
washed by the rain and there germinate. Thus these interlopers have
been drawn into competition with the primitive occupiers of the ground;
they accompany the ants as the plants of our harvests accompany man.
The ants serve indirectly in their dissemination, using, indeed, part of
them for food, but yet assisting in the propagation of the species. As
soon as the harvested seeds are brought near to the nest, some hundreds
of workers are employed in separating them from the husks while others
store them away in the depths of the ant hill. The refuse is dragged
out of the nest, in the immediate vicinity of which are found heaps of
débris formed of bits of straw, pods, and empty capsules.

The nest is simply hollowed out in the soil, but it seems that some-
times the ants know how to appropriate the work of certain bectles.
Moggridge has, in fact, seen in one of the nests a cavity covered over
by a spherical dome having walls of hardened earth closed at the bot-
tom, there being a large circular opening at the top and a smaller one
below. This appears to be a dome constructed by a beetle and used
by the ants for storage purposes.

The floor of these grain cellars is well cemented. The rooms differ
in size, being on an average as large as a good-sized watch. Iach
of these rooms contains about 5 grams of seed. A nest made up of
from 80 to 100 rooms may contain a pound or more of seeds belonging
to different plants. The majority of these are, however, from culti-
vated grasses, especially Tragus racemosus. These are evidently pre-
ferred because of their richness in alimentary principles.

Especially interesting are the means employed by the ants to pre-
vent the germination of seeds. In examining 21 nests Moggridge
found, among some thousands of seeds, but very few that had germi-
nated; these were, nevertheless, attacked by the ants, who attempted
to mutilate them in order to stop their germination. This arrest of
germination caused by the intervention of the ants is unquestionable,
but we have not yet discovered the exact means by which it is effected.
In isolated or abandoned portions of the nest the seeds sprout and
develop in the granaries, and if the ants are prevented from penetrat-
ing into one of these the seeds germinate there normally. It hasbeen
surmised that the ants could prevent germination by closing, with a
gelatinous substance, the micropyle of the seed, through which it was
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more, and makes the entrance near the summit—a wise precaution that
is also shown in the location of their nests, which are placed beyond
danger from inundations.

The ants then destroy the herbage entirely around the mound, level-
ing the surface for 3 or 4 feet all about the nest., Within this sort of
paved area no growth is tolerated except that of a species of grass
(Aristida stricta). This plant is sown all about the nest, while other
plants that start up in the vicinity are pitilessly gnawed. The grass,
thus aided in its struggle for existence, gives an abundant harvest of
small, white, flinty seeds quite similar to rice (ant rice). The plant is
harvested a little before maturity, bundled up and carried into the nest.
There the grain is separated from the husk, which is thrown out beyond
thepaved area. If the ants are surprised by an early setting in of the
rainy season, their stores may be dampened. They then dry them in
the sun, preserve the sound grains and store them anew.

Lincecum and Darwin thought there was no deubt but that this
species of grass was planted designedly. MeCook affirms, however,
that it is not sown by the ants themselves, these insects merely pre-
venting any other species of plant from growing around their nest. In
autumn, after the harvest, the paved area is abandoned until the ensu-
ing autumn, when the grass again springs up, appearing about the ant-
hill in the same ring-like form, and is cared for by the ants in the samne
manner.

Mrs. Treat and McCook have also stndied with the greatest care other
species of IPogonomyrmer in Texas (1. crudelis and I, occidentalis)
having similar habits. One of these collects the fruits of Compositwe.

We see already by these examples that the vegetarian ants may,
notwithstanding the ravages they commit upon certain plants, yet aid
to a certain extent in their dissemination. The loss of a considerable
quantity of seeds is compensated for by the dissemination of those
which, among the number collected, are necessarily overlooked by the
ants. The inseets, especially the agricultural ants, manifestly aid the
plants of their choice in their struggle with the neighboring species
whose physicochemical requirements are the same. Certain tropical
plants make use of agricultural ants for the dissemination of their seeds;
but, far from furnishing an aliment in return, they deceive their assist-
ants by the resemblance of their seeds to those of plants they are in the
habit of gathering.

Sometimes, also, the insect is led into error by the resemblance of
seeds to the nymphal cocoons (vulgo, egg) of the ants. It is true that
the ants find under the leaves of these plants a saccharine liquid of
which they are very fond. Aninstance of this is our common Melam-
pyrum pratense, that often grows in the middle of ant-hills. Its dehis-
cent capsule contains a single seed, sinooth and white, bearing a most
deceptive resemblance to the cocoons inclosing the nymph:w., The
ants are deceived by this appearance, aud bury these seeds with the
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same care with which they conceal their cocoons. These facts have
resulted from the researclies of a Swedish botanist and a myrmecolo-
gist, Lundstrom and Adler. By reason of the long tigellus that carries
the cotyledons, the Melampyrum is well adapted for germinating uuder
stones. The assistance of the ants gives it easy command of this habi-
tat which other plants are unable to dispute. The resemblance of the
seed of the Melampyrum to the cocoon extends not only to form and
color, but also to odor, the seed emitting an ant-like smell.

Throughout central South America there exists a leaf-cutting or
visiting ant, also called the parasol ant, and known by the native as
the saiiba. Itisthe codoma cephalotes. These ants construetin woods
and plantations quite extensive dome shaped. habitations. The domes
form the roof of a nest that has passages extending far away into the
ground and provided with numerous entrances, usually closed. These
ants excavate long galleries, in which they accumulate masses, rela-
tively enormous, of fragments of leaves that they have cut from trees.
If an ant-hill has been inhabited by a single colony for some years, it
may acquire very considerable dimensions. The activity of these ants
is so great that they have been seen to pass and repass under ariver a
quarter of a ile wide. The earth from their digging is spread outside
and forms a talus more than 40 feet in circumference and from 1 to 3
feet high.

The workers of this species are of three orders. The main body is
formed by a small sized order of workers with small heads. The large
workers are of two kinds, one having a smooth, polished head, with
ocelli upon the vertex; the other subterranean, having no ocelli, and,
according to Bates, fulfilling, in the depths of the colony, some
unknown function; whether they are soldiers is doubtful.

The small workers and the large workers with smooth, polished heads
are a real scourge to cultivators, especially ravaging coffee and orange
plantations. The small workers climb upon the trees, stand on the
edge of aleaf and, by means of their toothed mandibles, cut from it a
semicular piece, leaving only the large nervares. A quarter of an hour
suffices for the operation, during which they use their hind fect as a
center and point of support. When the section 15 nearly finished the
ant seizes the piece between his mandibles and, by a sharp jerk,
detaches it. e then descends, carrying his load upright. Sometimes
he simplifies his task by dropping his booty to the foot of the tree,
where other workers pick it up.

“When standing upon an eminence,” says Ellendorf, ¢one can se¢
columns of these tiny creatures in compact masses, with their green
bannerets above their heads, looking like an enorimous green serpent
slowly gliding over the ground; and this picture, outlined upon a back-
ground of yellowish gray, is made still more striking by the fact that
all their banunerets are agitated by slight undulatory motions.”

These ants, Ly biting the grass close to the ground, make regular
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roads which extend to their nests. These are trodden night and day
by thousands of workers, and sooun become smooth and bare, resembling
the tracks of a cart wheel passing through the herbage. The severed
grass is thrown out on the sides of the road.

The voracity of the (Hcodomas is such that, in the countries they
infest, it is almost impossible to naturalize certain trees, such as citron
and orange trees. Lund states that, when on a voyage of exploration
in Brazil, he was very much astonished to lear, during calm weather,
a noise like rain, caused by leaves falling to the ground. He was
standing under a laurel tree 12 feet high, having coriaceous leaves
which were detached, although having their natural green color, thus
having no resemblance to diseased leaves. He saw then that each
petiole had upon it an ant that was trying to cut it off. Each leaf
severed and thrown to the ground was seized by the icodomas, who
immediately cut it up and carried the fragments to their nest. In less
than an hour the tree was stripped and resembled a gigantic broom.

Did Lund meet with some other species of (Fcodoma than the (Ico-
doma cephalotes? 1f not,the ants know how to modify their method of
harvesting, sometimes cutting round pieces out of leaves still attached
by their petioles, sometimes catting the petiole directly through. The
leaves are taken into the ant-hill in a condition neither too dry nor too
moist. If they are too moist they are dried near the entrance, and, if
rain continues, finally abandoned. 1f the weather is too dry the leaves
are gathered only at night. By the opeuning or closing of certain gal-
leries a suitable ventilation is also kept up. In order to facilitate this
their hills are never located in the interior of forests, where the air does
not circulate well, but on the edge of clearings.

Of what use can these harvested leaves be to the ants? Various
hypotheses have been proposed on this subject. The most probable
is that of Belt, who supposes that they are used to make a real compost
on which small mushrooms grow, that serve the ants for food. If]
indeed, we open an ant-hill we do not see there any leaves, but find
in many communicating chambers a brown flocculent matter, in the
midst of which are found ants much smaller than the leaf-cutting
workers, together with larvae and pupea.

These little ants sometimes go out of the nest and follow the paths
traversed by the workers; but they never carry anything, and are even
themselves carried back again by the workers, seated upon the round
piecesof leaves transported Dy the latter. There is apparently assigned
to them the task of reducing to small fragments the leaves brought
into the nest, and they work only in the depths of the colony.

It is not only leaves that are used by the ants to make their compost,
but certain flowers helonging to plants the leaves of which they do not
attack, and the inner whiterind of oranges. Like the harvester ants of
our own country, they sometimes carry in by mistake useless materials,
but they soon discover this and drag them outside.
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A study of the development of the leaf suffices to show that, mor-
phologically, these represent aborted teeth of the limbus that have
become adapted as nectaries. Between the serrate teeth that form the
edge of the limbus of a number of leaves there are found in various
plants small nectariferous glands (serration glands). In the wood-
vetch the stipules, situate at the base of the compound pinnate leaves,
serve as foliary nectaries.

It is quite natural to ask what can have been the cause of this
localization of the production of honey dew at this particular point
to the exclusion of others. The following explanation is reasonably
satisfactory:

Nectarivorous insects, having acquired the habit of frequenting
leaves covered throughout their entire surface with honey dew, con-
tinued to do so, even when the excretion had ceased; during periods,
for example, when transpiration was not retarded. These leaves they
subjected to suction, and if their buccal apparatus permitted it, as in
the case of ants, to a continually repeated nibbling. In this respect
these insects behaved like a young mammal who sucks the breast of
his mother more eunergetically in proportion as she furnishes less lac-
teal secretion. Any irritation of a living tissue causes it to hyper-
trophy and proliferate. The localization of the irritation at certain
special points causes the formation, at these points, of glands having
a sugary secretion. Henceforward the nectarivorous insects localize
their action upon these nectaries, and the remainder of the leaf may
then adapt itself entirely to other functions, of which the most impor-
tant is chlorophyllian absorption.

The formation of foliary nectaries may, in principle, be due to the
intervention of phytophagous as well as of nectarivorous insects. The
tendency which ants have to tear the leaves of young peach-tree buds
is well known. It may be supposed that the bites of these insects
upon the inferior portions of the leaf caused a progressive atrophy of
that organ. These portions would be progressively adapted to a new
function—that of nectaries. The plant, thus forced to adapt itself to
the needs of the ants, would in this manner establish a modus vivendi
between itself and those insects. In place of giving up portions of its
foliary parenchyma, it would give them a sugary liquid. The ants
would find every advantage in this substitution, the liquid being more
easily assimilable and its collection by sucking being much more eco-
nomical in time and labor than the mastication of the foliary paren-
chyma. In return the ants would protect the plant against the attacks
of phytophagous creatures.

Along the edges of the leaves of the Rosa Banksie are found perifo-
liary nectaries that attract great numbers of a large black ant (Campo-
notus pubescens). The presence of these ants preserves the rose from the
attacks of a hymenopterous insect (Hylotoma rose). We owe an inter-
esting experiment upon this subject to Beccari. On a branch of Rosa
Banksie attacked by ants be placed a branch of another rose bush
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attacked by the larvee of Hylotoma. Incommoded by the ants, these
larve took refuge upon the. youngest buds, unprovided as yet with
nectaries, and consequently not visited by ants. It is to be remarked
that the Banks rosebushes, which are rarely or never attacked by
Hylotomas, are destitute of prickles. We may probably admit that
there is a correlation between the presence on plants of thorns or prickles
and that of leaf-eating insects. Is it not due to the protection given
by ants and other sting-bearing hymenoptera that the Banks rosebushes
attain the great age that some of them are known to do? We may cite
as an instance one of these bushes planted in 1803 by Bopland in the
garden of the marine hospital at Toulon, which has a stem a meter in
diameter at the base and bears each year from fifty to sixty thousand
flowers. '

The leaves of peacl, apricot, and cherry trees may, as there is reason
to suppose, be derived from compound leaves. The nectaries which
they carry on the petioles should then have the significance of aborted
leaflets filled with sweet stores.

The extranuptial nectaries belong not only to phanerogams, they
are also found in the vascular cryptogams. We find extranuptial
nectaries at the base of sterile pinnules in Pteris aquiling and Acrosti-
chum scandens. In Acrostichum Horsfieldii we find at the base of the
sterile leaflets, and also frequently at the base of the fertile leaflets,
swmall auricles that seem to be nectariferous.

Francis Darwin, who discovered the nectaries in the fronds of Pteris
aquilina, does not believe in the defense afforded by the ants against
phytophagous insects. In favor of this theory, however, is the fact
that the secretion of nectar takes place only in young fronds whose
tissue, yet tender, is an easy prey for the leaf eaters. It should also be
noted that Pteris aquiling is a cosmopolitan plant. It may not attract
insects in England, and yet do so in other regions. Besides, in France,
an Halictus has been seen to visit the fronds of this fern. Iferns are
not exempt from attacks by plant-eating insects. DBeccari saw a

Cyrtomium: plicatum, cultivated in a court, with all its fronds covered.
by a green caterpillar. Not far from this fern were found stems of
Pteris aquiline which had been reduced to small fragments by an
insect. Beceari supposes that the same larva attacked simultaneonsly
the fronds of the two ferns.

It is not only the normal organs of plants which may offer a sugary
secretion prized by the ants. Certain galls may be considered as true
foliary nectaries of parasitic grigin. “The galls of Andricus testaceipes
(Aphilotrixz Sieboldi),” says Adler, “are greatly exposed to the attacks
of various parasites of the genera Torymus and Syrergus. It is inter-
esting to observe how the gall has indirectly evolved a means of pro-

tection. Its red, sappy envelope secretes a sticky fluid cagerly sought
after by ants, and that they may enjoy this nectar nndisturbed, they
build with sand and earth a perfect dome over the galls, and in this
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way provide the inhabitants with the best protection against their
enemies.

There are other honey-dew galls that furnish ants with an excellent
food. Such are the reddish-brown galls formed on the leaves of the
Quercus undulata in the region of the Garden of the Gods, Colorado.
These galls are frequented by the honey ant, Myrmecocystus melliger,
whose habits, studied by McCook, have been recounted in most classi-
cal treatises. We need here only recall that these ants have two
classes of workers—those charged with gathering nectar from the sur-
faces of the galls and sedentary honey-bearing workers whose abdomen
is distended by the expansion of a bag filled with honey. The honey
bearers do not form a class predestined to special functions by a pecu-
liar physical organization. All neuter individuals may be transformed
into honey bearers under the influence of special alimentation. There
is no doubt but that the presence of ants upon the leaves of the gall-
bearing oak may have for its indirect result the protection, first of the
gallsand then of theirleaves, from the attacks of their various encmies.
In this case the hymenoptera causing the galls render a service to the
plant they attack by attracting to its vegetative organs a more or less
permanent army of defenders.

The Camponotus inflatus and Melophorus Bagoti described by Lub-
bock are also honey ants. The Crematogaster inflatus of Malasia has
its metathorax transformed into a bag filled with a sugary liquid and
provided at the back with two orifices ot discharge.

The production of nectar is not limited, as is well known, to the vege-
tative organs of plants. It is especially abundant in the tloral organs
where the nectaries attract pollenizing insects. The presence of the
nectar attracts not only winged insects especially adapted to pollination
but also aptera, ants in particular. In a number of cases the latter
insects may rob a plant ot its nectar without pollination being, in its
turn, well assured. Hence we find a series of defensive or myrmecopho-
bic arrangements having for their result the exclusion of ants from the

- floral organs.

It seems that, to low-growing flowers like certain Crucifer:e and Com-
positae capable of pollination by ants, there is a certain advantage in
the process being cffected in a more assured manner by winged insects
(Kerner). The. chevaux de frise, to which we have called attention as
surrounding the inflorescence in the carline thistle and the centaury,
may be a defensive organ of the firstrank. The wood scabish (Knautic
dipsacifolia) has on its stem downward-pointing hairs through which
the ants can not mount to the inflorescence. The teasels are protected
by a sort of cup formed by the base of opposite leaves, a cup to which
has been ascribed a very doubtful carnivorous function, from which the
name “digestive trap,” given it by Francis Darwin.

Vaucher showed some time ago that the Malvacea that have nectar-
iferous flowers are provided with hairs, while those that do not produce
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nectar have none. TIn other plants the leaves form about the stem a
sloping surface in the form of a collar, or the vegetative organs may be
covered with a waxy secretion that renders the leaves and stems,
or perhaps both of these organs, shining, smooth, and slippery. The
myrmecophobie function of these slippery surfaces has been shown by
Delpino, although, as it seems to us, he has in a number of cases
exaggerated the defensive role attributed by him to the glaucescence
of the vegetative organs. In certain cases the glaucescence may be
combined with another method of protection. Such is the case with
the Ricinus or castor-oil plaut, whose leaves are nectariferous and whose
stem is glaucous (Delpino and Schimper).

If flowers with large corollas were visited by ants they could not

usually be visited by winged insects, who are alone suited to effect
pollination. A bee, for example, who might light upon a flower thus
visited by ants might run the risk of having its proboscis, one of the
most sensitive of organs, seized by the ants; hence the utility, for many
insect-loving flowers, of protecting themselves against the visit of ants.
In a considerable number of cases the protection is effected by foliary
organs, as we have just indicated, but more frequently the plant pro-
tects itself. Pendent flowers having the peduncle inclined toward the
ground offer by the very curvature of that organ an arrangement very
likely to cause the fall of ants who may venture upon it. Besides, these
plants are usually slippery. Good examples of this arrangement are
observed in the snowdrop (Galanthus wivalis), the Cyclamen, the crowu
imperial (Fritillaria imperialis). These plants protect themselves as
does the weaver bird, which places its nest upon the end of a flexible
limb, where it will be out of the reach of serpents. If a flower is
arranged horizontally or vertically it may protect itself by means of
viscous hairs upon which the ants will be likely to stick. We may
cite as an example of surfaces thus covered with granular, viscous
hairs the peduncle of Silene nutans, of Epimedium alpinum, the flowers
of the gooseberry, of the Linnaea borealis, of the Plumbago Kuroped, a
plant considered by some authors as insectivorous (%).

Aquatic plants are protected by their very situation. Aquatic species
of genera generally pubescent are smooth. Examples: Viola palustris,
Veronica anagallis, Veronica beccabunga, Ranunculus aquatilis. In the
Polygonum amphibium, studied by Kerner, the stigma is much larger
than the corolla. If the ants should penetrate the interior of this
corolla they would steal the neetar without pollenizing the plant; but
if a winged insect should visit the flower there would be many chances
of its brushing the stigma in its passage. The stamens are short and
ripen before the pistil, so that any winged insect, however small, can
effect pollination. But this Polygonum, as its specific name indicates,
may also grow upon theland. Aslong as it remains in water it remains

glabrous; as soon as it grows upon the land it becomes covered with
glandular hairs.
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If the flower has no stiff or viscous protecting hairs, if its peduncle
is neither glaucous nor steep, it adopts various devices for the purpose
of protecting its floral nectaries against ants—devices that affect various
organs. Imn certain narcissuses the tube is so narrow that an ant can
not enter. Only the proboscis of a winged insect can penetrate it. In
the Campanule the flowers are widely open, but the stamens are so
united as to form a sort of box,in which the nectar is found. Bees are
very early risers, while ants do not go out until the dewis off. A flower
which possesses no means of protection against ants has, therefore, an
advantage if it opens early in the morning and closes its corolla before
the ants arrive (Lubbock). Thusitis that the flowers of the Tragopogon
pratense close early in the morning. Those of Lampsana communis and
of Orepis pulehre open before 6 o’clock and close about 10 o’clock a. m.

The nectar-producing plants of England are generally pubescent,
Lubbock has drawn up a list of 110 species that are nectariferous and
smooth. In GO of these the passage leading to the nectar is so narrow
that the ant can not pass. Thirty are aquatic, 3 or 4 open only at night,
6 grow in the open ground but are very small, so that to them hairs
would be of very doubtful utility.

In a number of cases the ants borrow the nectar from vegetables
through the intermediation of animals. A true animal houey dew is
secreted Ly plant lice (Aphides) or cochineal insects (Coccide). It is
well known that these insects excrete from the posterior extremity of
their digestive tube a saccharine liquid of which the ants are fond.
Upon the leaves covered with aphides ants constantly circulate, and,
tickling these creatures upon the abdomen with their antenn: gather
the sugary drops that are then exuded. The adaptation of these
aphides to the ants is so perfect that, according to Darwin, when one
is tickled by a hair it will not give up its liquid, that result only follow.
ing the excitation produced by the ant (?). However this may be,
aphides and sometimes cochineal insects are truly purveyors to the
ants. Linneus called them Vacew formicarum, or ant-cows.

The habits of these pastoral ants are too well known for us to dwell
upon them, but it is well to remember that there are, so to speak, two
degrees of complexity in the relations of these insects. Many ants are
content with collecting the nectar from the aphides in the open air,
others construct covered ways and regular aerial stables to protect
their ¢ cows ” from the attacks of their enemics and to “milk” them at
their ease.

Sometimes, also, when the aphides frequent the subterranean parts
of vegetables, they construct underground stables. In our countrythe
aerial stables are temporary, mmade of loose earth and fragile, but Osten-
Sacken has scen, near Washington, a branch of juniper carrying an
aerial stable formed of agglomerated filaments having a resinous odor-.
Hehas even seen in Virginia an aerial stable, spherical but fragile, con-
structed upon an Asclepias. Trelease has also seen in North America
aerial stables established by Crematogasters upon Andromedas.
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geniste). In the United States the caterpillar of a species of Lyewana
has upon its last abdominal segments two or three pairs of small pro-
jecting buttons provided with a central opening from which exudes,
under the influence of the caresses of Formica fusca, a small drop of a
special liquid.

As we have seen it is incontestable that the ants thus protect a num-
ber of insects injurious to vegetation against the attacks of their
natural enemies, but in certain cases it seems probable that ants, by
transporting these sucking insects from developing to older parts of
the plant may considerably aid the vegetable to sustain the attacks of
these parasites. ITor example, an aphis, by living on the young leaves
of a bud, will frequently cause them to develop abnormally, while if it
lived on the adult stem it would be much less prejudicial to the plant.
Cases will hereafter be cited in which ants transport aphides and
cochineals from one organ of the plant to another.

All these nectar-producing insects may be considered, generally, as
walking nectaries. They attract ants muach more powerfully than do
the extrafloral nectaries. Traversing almost the entire surface of the
plant, they determine the goings and comings of the ants, which thus
indirectly protect the entire plant by their very presence instead of
remaining massed at special points where mnectaries are found. But it
seems to us going too far to consider with Lundstrom that these walk-
ing animal nectaries are profitable to the plant. The quantity of nutri-
tive materials they take from it, and the delormations they cause in a
number of organs,are not compensated for by the protection, doubtful
indeed in many cases, offered by the ants they attract.

The true plant-protecting ants are those which do not borrow (even
indirectly by means of aphides) their aliment from the vegetable king-
dom—those which are frankly carnivorous. Such ants are quite numer-
ous in our climate, and their usefulness to agriculture and silviculture
is incontestable. We find that Formica pratensis is very destructive to
insects such as caterpillars and grasshoppers. A nest of this species
will destroy as many as 28 insects per minute, or about 1,600 per hour.
Aund such a colony works day and night throughout the entire seasou.

In the midst of the arid savannas of America the beneficent action of
ants is shown by islets of verdure covering the hillocks raised by these
ingects. The protection which they give to plants prevents the attacks
of leaf eaters. ‘

We have not touched upon many well-known points in the above-
mentioned biologic relations of ants. We prefer to concentrate our
attention upon their direct relations with a number of plants that may
be called myrmecophilous, since they afford shelter and often food to °
ants. The history of theselodging plants is generally little known, and
they present a number of peculiarities which deserve to be studied in
detail. The instinct of ants leads them to attempt to establish them-
selves in cavities where they may be sheltered. These cavities will be
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the holes in it do not exist there naturally, and seem to be made by those
insects. This, too, it would seem, is a rough draft of a myrmecophilous
feature. (See P1. XVIL.)

Usunally lodging plants ofter to ants a well-closed cavity formed at
the expense of one of their organs. Such is the case with Acacia
cornigera, a small tree of Central America, about six or seven ineters
high, having at the base of each leaf two strong spines, representing
modified stipules. 1t is generally allowed that it was Belt who first, in
Nicaragua, studied the relations of this tree to ants. It had, however,
already been mentioned and figured by earlier observers: Hernande
(1651), Hermann (1689), Commelin (1698), Plukinet (1691). The spines
are strong and have been compared with some exactitude to bull’s
horns. They are hollow within, the cavities of the two contiguous
spines intercommunicating. The leaves are bipinnate, and at the base
of each pair on the median nervure there is found a crateriform gland
which in young leaves secretes a honey-like liquid. These foliary nec-
taries attract a great number of ants, which are constantly running
about from one gland to another.

But this is not the only aliment offered to these insects. There are
nectaries of another kind., At the extremity of each of the small
divisions of a compound leaflet there is formed a little yellow fruit-
like body, attached to the leaf at a single point. When the leaf first
unfolds these little pears are not quite ripe, and the ants are continnally
employed going from one to the other examining them. When an ant
finds one sufficiently advanced it bites the small point of attachment.
Then, bending down the fruit-like body, it breaks it off and bears it
away in triminph to the nest. The ants are therefore found continually
upon the plant occupied in harvesting these glandules, which ripen
successively. Since these organs are attractive to ants as dainties,
Francis Darwin gave them the name of ¢ food bodies.” We may per-
haps attribute the production of the ¢food bodies of the Acacia corni-
gera to the ants themselves. The ancestors of the plant must have pos-
sessed leaves that secreted at their borders a mucilaginous liquid in
greater or less abundance. The ants, attracted by this liquid, began
to nibble the secreting edge of these leaves, and thus produced an irri-
tation resulting in a more abundant secretion of the liquid and an
hypertrophy of the secreting parts. We have already spoken of the
theory that accounts for the primary differentiation of the perifoliary
nectaries by the irritation caused by the suction and bites of insects
seeking mucilaginous or sugary liquids.

Belt has observed that two species of ants visit the spines of the
Acacia. The most frequent visitor is the Pseudomyrma bicclor. The
other is a species of Crematogaster. The two never inhabit at the
same time the same tree, nor do they perforate the same spines at the
same place, the former penetrating them near the apex, the latter
about midway of their length.,
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stem have a peduncle that turns upon itself with a spiral coil opposite
the most swollen portion of the pitcher. Its cavity does not extend
beyond the enlarged portion of the peduncle. The leaves sitnated at
other levels of the stem lhave a straight peduncle joining the pitcher
at right angles and c¢nlarged at the junction. The enlargement is hol-
low and also has an opening where it touches the pitcher. In neither
of these forms is there any communication between the cavity of the
pitcher and that of the peduncle. The axis of the male inflorescence
is traversed by a median canal communicating with the exterior by
several openings, which, like those made in the peduncle, have every
appearance of being the work of ants that inhabit the cavities of those
organs., We are unfortunately not informed whether the peduncles of
hothouse plants have the enlargements so characteristic of the wild
form, or whether the perforatious are wanting if ants are absent. Itis
to be supposed, reasoning from analogy, that the enlargements are con-
stant, but the perforations are the work of ants whicl have removed from
the cavities of the peduncle and the inflorescence a spongy tissue like
that belonging to the Acacia cornigera. As to the first cause of the
formation of these peduncular enlargements we may perhaps find it in
the bites of the ants. This differentiation, traumatic in its origin,
might become hereditary in the course of time.

If it be true that the Nepenthes are really carnivorous plants (which
in the present state of our knowledge seems doubtful), the species may
utilize in two ways the hospitality it proffers to ants. Those insects may
defend it against plant eaters, and if while running about the surface
of their host they chance to fall into the traps formed by the pitchers,
the plant may use their carcasses for food. The ants would thus serve
the plant both for defense and for prey. (Pl. XIX,)

The species of Kibara (K. formicarum and I{, hospitans), a genus of
the family Monimiacez, have perforated internodes, eitber solid or hol-
low, that are visited by ants (Hypoclinea scrutator). Within the hollow
internodes are found numerous individuals of a species of cochineal
(Myzolecanium IKibarce) that has a very well developed rostram.
Although it is not possible to determine in the dried specimen the
presence of an excietory apparatus, there is reason to suppose that
these insects give out a sugary liquid sought for by the ants. Bio-
logical relations ought then to exist between these inhabitants of the
Kibaras, and it is not probable that the cochineals enter by theinselves
the cavities of the internodes. They have doubtless been conveyed
there when young by the ants and there finish their development, the
pregnant females attaining such dimensions that it is impossible for
them to leave the cavity by the orifice of entrance. The ants have,
then, undertaken the raising of cochineals within the internodal cav-
ities of the Kibara. The oritices of entrance to these stables seem
certainly to be their work. In fact,at the base of the internode there
are found small, superficial perforations, apparently the result of
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disks. The same features are found in most of the species of that
genus, which are, without doubt, myrmecophilous.

The utility of the ants for the Cecropia they inhabit may consist
entirely in the protection they afford. This protection would be not
only against plant-eating animals, but also against cochineals. We
may suppose that the latter are transported from the surface of young
buds, where they would be injurious to the normal development of the
leaves, to the cavities of the stem, where their injurious action would
be less. The ants here act like our gardeners who free hothouse plants
from infesting scale insects. But the honey dew of cochineals being
endowed with nutritive properties, the ants do not destroy them, but
merely transport them to a part of the plant where their life is more
compatible with the normal evolution of the vegetable. There would
thus be established a consortium of three members—between the plant
on one hand and the cochineals and the ants on the other.

Upon the Cordia Gerascanthos we find enlargements of the branches
that are terminated by axes of inflorescence. Into these enlargements
the ants make openings, using, perhaps, the place where some little
bud is implanted. The cavity of the enlargment at first contains a
flocculent tissue that the ants remove so that they may arrange within
the cavity disks like a sort of pasteboard. In this domicile the ants
pursue the raising of cochineals. It should be mnoted that these
enlargements do not appear to be constant in the species.

In'another species of the same genus, Cordia nodosa, the internodes,
especially those bearing the inflorescence, are enlarged and hollowed
near the insertion of the opposite leaves. The cavity communicates
with the outside by an orifice situated, not laterally, as in the preced-
ing species, but at its top. Both cavity and opening seem to be natural
and not affected by the agency of ants. 1In cavitics not yet visited by
ants the internal surface is invested with stift scattered ridges, some of
which hang over the openings In this species the lodging organ is
formed hereditarily all ready for occupancy by the ants without any
preliminary labor on their part. The myrmecophilous features merely
outlined in the first species of Cordia would thus attain their perfec-
tion in the second and their origin be purely hereditary. This is an
excellent example of the fixation of a character primitively accidental,
and, so to speak, teratological. If the ants vary the place of penetrat-
ing the lodging cavity, the opening they make will not tend to become
hereditary—that is to say, to reproduce itself independently of their
action. This is the case, for example, in Acucin cornigera and the
Endospermums. But if the ants always make their opening at the
same point, the lesion tends to become a part of the morphologic plan
of the vegetable. The point of lesion in the ancestor becomes a point
of less resistance in the descendant—that is to say, a point where the
ants can make an opening with the greatest facility, as the wall of the
Jodging organ would there be thin and easily perforable. In those
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the plant dies; in the contrary case the wound made by the insect causes
a considerable development of cellular tissue, the tubercle enlarges, the
stemn develops. (Ifig. 2, Nos. 6, 7, P1. XX.) Soon the ants find a suffi-
cient space in which to found a colony, and they excavate within the
tubercles galleries in all directions. 1If this view is correet, these plants
could not live nor develop without ants. Theseinsects must contribute
to the formation of the organ that is to be the water reservoir of the
plant. But on the other hand the ants could not live and reproduce
their kind if they had not at their disposal plants in which they could
construct such a living home.

According to Bececari the tubercles of the Myrmecodias and Hydno-
phytums are products primitively foreign to the plant. They are devel-
oped in the same way that galls or cecidia are—that is to say, they are
produced upon vegetable organs in consequence of irritation caused by
various insects. There is a striking analogy of form, and, indeed, of
internal structure, between these tubercles and a certain 'gall formed by
a curculio of the genus Centorynchus on the root of the garden cabbage.
The larva of this insect feeds exclusively ou the cortical portion of the
root. As fast as this food is consumed a new generating layer prolif-
erates and replaces the destroyed tissue. The life of the insect is per-
fectly compatible with that of the plant. It injures no essential organ,
aud the losses to which the plant is subjected are compensated for by
the hypertrophy of the tissues under the irritation cansed by the insect.

This analogy between the tubercles of the Myrmecodia and the gall
formed on the cabbage by the Centorynchus may suggest the hypothesis
that these tubercles are organs whose development must have been
caused by a parasitic lesion made, perhaps, by ants, which are known
to attack for food vegetable tubercles—potatoes, for example—as we
have ourselves seen. This lesion might be at first merely compatible
with the life of the plant, then useful to it, by the adaptation of the

. injured and hypertrophied organ to an organ for the storage of water.
TIrixed by selection, this character, at tirst accidental, would finally
become hereditary. In order to know what credit to give this hypoth-
csis it is necessary to study in detail the existing relations between the
ants and the Myrmecodias. There is no doubt that ants, even in our
own countries, sometimes establish themselves within certain galls that
have been abandoned by the inseet that produced them. Snch is the
case with a gall formed upon the Cynare cardunculus by a curculionid
larva (Larinus ?).

Is there between the Myrmecodias and the Hydnophytums on the one
side, and the ants on the other, a reciprocal exchange of services,
mutualism, symbioxis in the strict sense of the word, or, indeed, can not
those plants do without the ants; are not the insects merely commen-
sal? The interesting researches of Treub upon a Javanese species of
Myrmecodia allow us to partially answer these questions,

We must first study the structure of the young plant, then the
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1. Myrmecodia echinata, Jack.—Longitudinal section of tubercle. (Treub.)
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2. Myrmecodia echinata, Jack.—Successive stages of germination. (Treub.)
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R. Dischidia rafflesiana, Wall,—Portion of the stem spread out so as to show the arrangement
of the urns. The adventitious roots near the urns have been purposely omitted. (Treub.)
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the plant indirectly in its struggle against drought. The irritation
produced by the insects causes an hypertrophy of the tubercle and
consequent increase in the size of the reservoir. If the galleries were
primarily the work of ants,they inust have been, on general principles,
unfavorable to the plant, which has, however, by progressive adap-
tation, finally utilized them.

On reflection we are led to believe that the labyrinth within the
tubercle must be a feature very useful to the plant. It permits an
active circulation of atmospheric air within the tubercle, and the pres-
ence of oxygen may be necessary for the elaboration of certain nutritive
principles within its tissue. But the utility of this feature seems to be
of another kind. The suggestion we are about to offer has not been
proposed by any of those who have occnpied themselves with the study
of these plants, yet we think it merits attention. The corky layer that
invests the entire surface of the tubercle is an obstacle to gaseous inter-
change between that body and the exterior. Such interchange can
only take place by means of the air that circulates in the galleries.
There, too, it can only be effected by the lenticels, since the internal
surface is also lined with a corky layer, except where these lenticels
are found. Now, sudden changes in the hygrometric state of the sur-
rounding air will be but slowly transmitted to the air of the galleries,
and it is this hygrometric state that regulates the interchange of water
vapor between the tubercle and its environment. The presence of the
Jabyrinth of galleries would then permit the plant to adapt itself more
readily to the hygrometric changes in the circumambient air, which
changes must be sudden, owing to the epiphytic situation of the plant.
In case of drought the plant finds in its tubercle a reserve of water, its
fleshy leaves transpire but little, and finally the air of the galleries is
nearer the point of saturation than is the surrounding air. Hence the
transpiration of water by the lenticels is less than it would be if they
were exposed to the dryness of the surrounding’air.

Some of the walls of the galleries of the Myrmecodia are smooth, others
(PL XX) studded with little prominences that might « priori be sup-
posed to be glands for absorbing nutritive principles derived from the
decomposition either of the carcasses of ants (a rare case, since the
dead are usually dragged out of the nest), or of detritus occasioned by
the work of those insects. Treub has made a careful study of these
prominences and has shown that they are internal lenticels, differing
but little from the ordinary external lenticels. 1tis well known that
the funetion of the cellular masses forming the lenticels is to supply
atmospheric air to the tissue of the plant. The lenticels of Myrmecodia
differ from those of other plants by absence of the central aeriferous
passages; but all about them the files of peripheral cells are filled with
air, and this may compensate for the lack of passages between the
central files. It is also possible that certain protoplasmic-bodied
cells that surround the lenticels like a collar serve to elaborate and
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appear to be mormally self-fertilizing. Since their flowers have no
nectaries for attracting insects suitable for effecting fertilization, we
can not say that the presence of ants on the surface of the plant tends
todrive away apterous insects that might appropriate the nectar without
profit to the plant.

Perhaps the ants might in certain cases assist in transporting the
seeds of the plant, which are covered, like those of the mistletoe, with
a viscous matter; but such dissemination seems to be effected more
commonly by carpophagous birds, who carry them from one tree to
another, or by the rain, that washes them from the upper to the lower
branches of the same tree. There scems to be no doubt but that the
Myrmecodias and the Hydnophtums are derived from Rubiacew that
were primitively terrestrial or but feebly epiphytic. Their affinities
with Uragoga are very strong. Usually epiphytic plants need for their
development a small quantity of vegetable detritus in which their seed
can be sheltered while germinating. Normal epiphytes are not pro-
vided, as are these Rubiacewx, with fruits having viscous pulp that
causes their seed to adhere to the surface of the bark upon which they
fall, and would be unable to gain a lodgment on such a surface.

These Rubiace® seem, in fact, to be intermediate forms hetween the
normal epiphytes and the parasites, such as the Loranthacewe, which
are likewise provided with viscous fruits (mistletoe) whose dissemina-
tion is effected by fruit-eating birds. The seeds of these Rubiacew are,
at the time of their germination, peculiarly situated. Subject to desic-
cation, which is very likely to occur upon the surface of the bark, they
can not borrow from the tree on which they rest the moisture necessary
for their life, as do the plantlets of parasites. They must, therefore,
create for themselves a store of water, This is done by the thickening
of their hypocotylous axis, which enlarges into a tubercle that acts as a
reservoir.

Beccari supposes that the formation of the flocculent tissue of the
tubercle is a consequence of this mode ot development combined with
alternations of dryness and moistare. But this tissue develops from an
internal generating layer, and, since it is composed of dead and dried
cells, it seems more logical to suppose that it results from the starvation
of such cells because of the formation about them of a corky layer that
deprives them of all nutritive material and vascular connection. This
would be an example of true parasitism of one tissue in relation to
another, the generating layer acting like a parasite as regards the
central parenchymatous layer.

Since Treub has not followed the complete evolution of a Myrmecodia
from its germination up to its adult state, we may admit the opinion of
Beceari until a formal demonstration of its error shall be furnished.
According to this author, though the ants may not at the present time
be necessary for the formation of the bulbiform enlargement of the
hypocotylous axis, they are required for its future growth. " To state
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eral such enlargements are contiguous on the same root, a chaplet is
thus formed with more or less regular beads.

It is admitted that these tubercular roots may offer an asylum for
ants. But the study of these tropical plants is as yet very incomplete.
We can not even affirm that the tubercles are hollow. Many appear,
when dry, to be full of spongy tissue, loosely arranged toward the
center. We might be inclined to believe, with Beccari, that later this
tissue is destroycd by ants, who thus hollow out a regular cavity
within these tuberculous roots. DBut it should be noted that certain
species of this genus have tubercular moniliform roots that are entirely
solid, and only in certain specimens, even in species with hollow tuber-
cles, do we find perforations allowing a communication between the
inside and the exterior, which might, indeed, have easily been the work
of ants.

The Pachycentrias do not seem to be provided with extra floral nec-
taries capable of attracting ants. The insects are, then, attracted to
the plants only by the chance that they may be able to install them-
selves in the tubercle. But it should be noted that a type closely
related to the Pachycentrias, Pogonanthera robusta, has a limbus pro-
. longed at its base into two auricles, decurrent upon the petiole, that
.appear to be nectariferous. These nectaries attract ants, but the roots
of these epiphytic plants are not, like those of the Puchycentrias, tuber-
culiform, but normal and incapable of atfording lodgment to the ants
attracted by the nectaries. This fact may, perhaps, give us a clew to
the way in which biological relations were first established between
the ants and the Pachycentrias. The ancestors of these latter plants
were, without doubt, like the Pogonuntheras, provided with extra-nup-
tial nectaries frequented by ants. These ancestors gave rise on the one
hand to types that preserved the primitive features, as in Pogonanthera,
and on the other to types better adapted to myrmecophilism, as in
Pachycentria. The ants, impelled by their hereditary habits to visit
those plants provided with foliary nectaries, continued to visit them
even when those nectaries were undergoing atrophy. Profiting by the
tendency of these plants to form tuberculous roots, they have progress.
ively transformed these tubercles into ant nests, causing, by the irrita-
tion of their presence, a more marked hypertrophy of those orgaus. In
a word, the Pogonantheras, utilizing the protection the ants afford
against plant-eating animals, may have found it a real advantage to
cive those insects a mere asylum instead of offering them nutritive
matters in the form of nectar. It is evidently an economy to the plant
to offer simply a lodging to its defenders instead of both food and lodg:
ing, as does the Acacia cornigera, for example, and other plants that
both feed aud shelter the ants. If we accept this interpretation, which
has only the value of an hypothesis, we would be led to regard the
Pogonantheras as having economical myrmecophilous features. TIn the
Pogonantheras, as in the myrmecophilous Rubiace:e, the ants take up
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1. Dischidia sp.—Longitudinal section of an 2. Conchophyllum sp.—Portion of a branch viewed
ascidium. (Delpino.) from its inferior aspect. (Delpino.)

3. Tococa bulliferc.—Transverse section of the lodging bursa.
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tible droplets in the interior of the pitcher may be reabsorbed by the
slender radicles applied to its internal wall. The rain water gathered
in the pendent pitchers evaporates slowly through the narrow mouth,
and thus constitutes a reserve that may be absorbed by the rootlet.

The ants may, it is true, be indirectly useful to the plant by protecting
it against the attacks of phytophagous creatures. The pitcher presents,
indeed, various features favorable to the life of the ant. In particular,
the rain water, which does not enter in sufficient quantities to become
dangerous to the inhabitants, may probably be to their advantage, for
the ants that inhabit these pitchers are fond of water. But the only
protection the ant can offer in exchange for the shelter afforded by the
plant is that which we have before mentioned. Iiven in this connec-
tion “nothing authorizes us to suppose that the colonies of ants exer-
cise a salutary influence upon the plant” (Treub). Indeed, the ants
when they multiply too greatly in a pitcher gnaw the rootlets, or,
indeed, cause their malformation. Still, Beccari has seen the Dischidias
form inextricable masses of pendent Dhranches on the surface of trees,
which masses were so well defended by the ants and termites that
inhabit them that it was impossible to put the hand upon them.

If at the present time the ants play no part in the normal evolution
of the leaves that become pitchers, they yet may have had something
to do with their original formation. In a related genus, Dischidia-
Conchophyllum, and in many species of Dischidia, all the leaves are
indistinetly suborbicular or reniform, convex on one face, concave on
the other, like a watch crystal, and applied against the bark of the
tree that serves them for support. Their inferior concave face is purple
(tig.9, PL. XXTI). Atthelevel of the leaves the branches give off adven-
titious roots, very much ramified and sheltered under the concavity of the
leaves. These roots, arising near the insertion of the petioles, divide
dichotomously and serve, some to cause the plant to adhere to the bark
of the tree it inhabits and to absorb the nutritive matter they may find
there, others, covered by the leaves, to absorb water, for which they
are more especially designed.

The ascidiferous Dischidias are certainly derived from types with
reniform leaves like those we have just described. Now, the inferior
face of these concave leaves is often inhabited by acarids, and we may
suppose, with Beccari, that the irritation produced by these parasites
has caused a more marked concavity in the organ that shelters them.
There would be primitively formed there true galls, and the deforma-
tion of the leaf might become hereditary in the course of time. Ants,
finding shelter under these concave leaves applied to the surface of the
trees, have chosen a domicile there, profiting thus by an organ of lodg-
ment whose abnormal evolution may have had for its primordial cause
the adaption of the plant to the struggle against drought or parasitism,
or perhaps both causes combined. As soon as they were installed
under these lodging organs, the ants became useful to the plants by

SM 96——29 :
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early age, independently of the action of the*ants. But it will always
be pertinent to ask why the ants did not cause the hypertrophy of
both the opposite leaves which ought a priori to be subject to the same
conditions as to the formation of vesicles. May it not be that primi-
tively without any intervention on the part of ants, there was a tend-
ency to an inequality of development between the two opposite leaves
of the same pair, as is seen in a number of vegetables that have oppo-
site leaves? The favored leaf would tend to form a vesicle which the
unfavored leaf conld not do. This difference of size between the two
leaves of .the same pair is still more marked in the Myrmedone macros-
permum of Brazil and the Calophysca heterophylla of Peru.

In Tococa truncata the foliary bursa is not much developed, but usu-
ally larger on one of the leaves than on its opposite. The inequality of
the same pair is very well marked in T. platypetala and 7. bullifera. In
this last species the development of the limbus scems to be propor-
tional to that of the bursa. In the section FEpiphysea of the genus
Tococa the bursa is evidently formed at the base of the limbus, In
the section Hypnophysca it seems to be produced from the petiole, but
in reality it is the limbus that is decurrent along the petiole and forms
there an elongated bursa. The fact is clearly shown in Tococa bullifera
(fig. 10). The burswe of Tococa formicaria, T. guianensis and 1. platy-
petala are very fine. The stem of T. guianensis and formicuria seem to
be hollow.

The relation between the size of the limbus and that of the bursa
leads us to suspect that the internal surface of the bursa may be
endowed with absorbent properties. If the bursa played the part of a
true absorbing organ it would yield to the limbus nutritive material,
which would explain why a leaf possessing a larger bursa also posesses
a larger limbus. In dried specimens we find in the bursa a large
quantity of detritus. The internal surface of 7. formicaria and 7.
gutanensis bristles with papillee and hairs. In the first species we find
there scale-insects as well as ants.

Beceari found entire colonies of ants with pupie on single specimens
of T. bullifera and Myrmedone macrosperma of Brazil and Venezuela.
These plants have buars:e at the base of the limbus, which appear more
complete than those of other species. The transverse nervures that
run over them project on the inner surface as lamelle that indirectly
divide the bursa into galleries, as in the tubercle of the Hydnophytums.

In Majeta guianensis the internal wall of the bursa is lined with elon-
gated papillae formed of cells normally filled with a colored protoplasm
that seams analogous to the foliary glands of Drosera. This fact,
together with the presence ot fragments of ants and other insects, has
led Beceari to suppose that the bursa may in this case have digestive
and assimilative functions.

Some species of Tococa have leaves destitute of burse. In others
(I. subnuda) the bursw are rudimentary. The examination of this
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second, by diverting from the reproductive organs ants that otherwise,
in certain flowers, might steal the nectar, thus depriving winged insects
of it without aiding in pollination.

But the protection of the floral nectaries may be assured by other
arrangements still more efficacious and more economical for the plant.
By becoming myrmecophobic and keeping its floral nectaries away from
the ants the plant economizes its nutritive materials. Chevaux de frise,
slippery surfaces steep peduncles, and viscous hairs are the principal
myrmecophobic features.

We may consider as a true animal honeydew the sugary excretion of
plant lice, cochineals, and some other insects. From this arise the
pastoral habits of ants, the establishment of subterranean and aerial
stables, and the effective protection of the plant lice against their
enemies; hence occurs a real injury to a number of plants indirectly
caused by ants.

The instinet of ants leads them to lodge themselves in some cavities
capable of offering them shelter. These cavities will be more advan-
tageous to them in proportion as they are within reach of the food they
require. So, if a nectariferous plant visited by ants has a suitable
cavity, it will soon.become a lodging plant for those insects. Such is
also the case with a nonnectariferous plant inhabited by insects capable
of furnishing nectar to ants. The ants will then occupy themselves
with the rearing of such animals within the lodging cavity. In certain
cases, also, when a plant finds a real advantage in the constant presence
of ants on its surface, it will differentiate *“food bodies” suitable for
furnishing them with a more abundant aliment.

The services rendered to plants by ants are of various kinds. Ina
number of cases the latter effectually protect the host plant against
the attacks of parasitic insects or the teeth of herbivora. In the case of
lodging plants with cavities arranged for stables the ants may min-
imize the injuries inflicted by plant lice and cochineals by transporting
them from young organs, where their presence would be injurious, to
localities upon the vegetable where their presence would be more com-
patible with the life of the plant. There is thus established a sort of
triple symbiosis, the ants protecting their flocks that furnish them food
and diminishing the injuries occasioned by those flocks upon the plant
on which they feed. Sometimes, but rarely, the detritus accumulated
by the ants in the lodging organ seems to serve as a nutritive material
for the plants. This, however, remains to he demonstrated in most
cases. Finally, the irritation caused by the ants upon the lodging organ
may, by determining a greater increase in its growth, assist the plant
in its struggle with rival species or with physical agencies.

The primitive origin of the lodging organ varies, in fact, in different
types. Sometimes the ants make use of closed or nearly closed cavities
forming a part of the morphologic plan of the plant, and having a merely
mechanical function (hollow internodes, being lighter, economizing
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that assures the free expansion of the species; a progressive expansion
that must soon find its limits in the new struggle that species, trinmph-
ing by their union, must make against neighboring species.

What horizons does the study of ants opeu to the naturalist! The
investigation of their relations to plants is capable of giving to those
who undertake it the most lively pleasure that the naturalist can enjoy.
Those who have succeeded in raising this little corner of nature’s veil
will acknowledge that they owe the auts a debt of gratitude. And if
I have succeeded, by this somewhat dry exposition, in securing your
kind attention, is it not to these little creatures that 1 owe it?
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creatures be so exceeding great, how great, nay, immense, must needs
be the power and wisdom of Him who formed them all!”

About 375,000 species of animals are now known, and of insects we
still know the smaller portion.?

As knowledge of species of animals and plants increased, the neces-
sity of system in registering them became apparent. Linnazus and
Artedi especially appreciated this necessity, and early applied them-
selves to the correction of existing evils and the reformation of the
classification and nomenclature of all the kingdoms of Nature. The
Latin language had been long the mmeans of intercourse among the
learned, and was naturally selected as the basis of nomenclature.
Instead of Latin words used as equivalents or translations of vernacu-
lar, by Linneus and Artedi they were taken especially and primarily
for scientific use. The various kinds of animals became the more
exact genera of maturalists. A new language, or rather vocabulary of
proper names, was developed with the Latin as the basis. As no ade-
quate idea was at first had of the magnitude of the subject, rigorous
codes of laws were formulated on the assumption that philological
questions were involved rather than the means for the expression of
facts. But soon the bonds that had been framed for the restriction of
the new vocabulary were broken. The idea dawned upon men that
they had -to do with natural objects rather than philological niceties,
and that which was most conducive to facile expressions or exhibitions
of facts was more to the purpose than Priscianic refinements. Linneus
himself eventually refused to be bound by the laws which he had orig-
inally framed. The early companion of Linnaus—Artedi—who had
cooperated with him, and also framed a similar code for ichthyology
especially, was prematurely lost to science. The fact that Artedi devised
the first code of laws affecting zoology has been generally overlooked,
and a few of his ‘““canons” may be noticed here. The extent to which
each one of the two—Linnwus and Artedi—influenced the other can not
now be learned, nor will it be necessary to consider here who of the
two was the abler naturalist. It must suffice that there was almost
perfect agreement between Artedi and Linn:weus in the spirit of the
laws they respectively framed.

COMMENCEMENT OF BINOMIAL NOMENCLATURE.

The question that has been most agitated of late is, what timne shall
we recognize as the starting point for the binomial nomenclature?
Even now not all will be bound by any such limit for generic nomen-
clature; but those who will are divided into two main camps. those who

'A census of animals recently taken under the superintendence of Dr. Sclater
gave 386,000 species. P. Z. 8., 1896, 307.

“The late Dr. C. V. Riley even went so far as to say “that there are 10,000,000
species of insects in the werld would be, in [his] judgment, a modcerate estimate.”
The largest previous estimate, by Sharp and Walsinghauw, 2,000,000, was termed by
Riley ““extremely low.”
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able to confirm either statement, and therefore have to side with the
great majority who accord to Linnaus the credit of that achievement.
Almost all the naturalists of the United States accept 1758 as the
starting time for nomenclature, and now most of the naturalists of
Europe take the same view. But the English generally accept 1766
for the commencement of their orismology. It was ‘after much delibera
tion” that the committee of the British Association for the Advance-
ment of Science determined on the edition of 1766. 1t was only because
that edition was “the last and most complete edition of Linné’s works,
and containing many species that the tenth did not,” that it was so
‘selected—surely an insufficient reason. A principle was subordinated
to an individual.
Logically, the actual period for the commencement of the binomial
“nomenclature should be when the rules for that nomenclature were dis-
tinctly formulated ; and that was 1751, when the ¢ I’hilosophia Botanica”
was first published. Practically, however, it makes little difference for
most classes,! whether we take that date or 1758, when the next sue-
ceeding edition of the ¢ Systema” was published. But it does mmake
much difference whether we take the tenth or twelfth edition. There
is really no good reason for keeping Linuwus on that lofty pedestal on
which he was enthroned by his disciples of a past eentury. His work
does not justify such an elevation. In every department of zoology
contemporaries excelled him in knowledge and in judgment. May we
not hope that, ultimately, this truth will be recognized, and the tenth
edition universally accepted for the first work of the new era?

TRIVIAL NAMES,

The binomial system has come into prominence through a sort of
developmental process. Although now generally regarded as the chief
benefaction conferred by Linnzeus? on biology, it was evidently consid-
ered by him to be of quite secondary importance.

The first extensive use of it oceurs in the Pan Suecicus, published
in 1749, where the author mentions that to facilitate the recording of
his ObSeI‘V&tIOUS he had used an “epithet” in place of the differential
character.® Tt was thus a mere economical device for the time being.

'Arachnology would he most affected, for Clerck’s work was pubhshed in 1757.

:Linnweus himself did not claim this as an improvement in his account of the
advancement he had effected in science.

3Possumus nune ultra duo millia experimenta certissima exhibere, qua s®pe
decies, immo s@pe bis decies sunt iterata. Si auten sumamus Floram Suecicam
Holmie, 1745, & ad quamlibet herbam, ut charte parcatur, nomen adponimus gene-
ricuam, numerum Florx Succice & dpitheton quoddam loco differenti:c, negotium in
compendmm facile mittitur.—Pan Suecicus, pp. 228, 229.

This thesis is attributed to Nicolaus L. Hesselgren in some blbhographles, and
naturally so, as it bears his name in the title; but Linnwus probably did not claim
more than his own in claiming the a.uthorship, although Hesselgren apparently
wrote part of it himself. It is sometimes difficult exactly to fix the authorship in
the case of some of the old theses.
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Under this rule such names as Acus, Belone, Citharus, Hippoglossus,
Lingula, Novacula, Orbis, Orca, Remora, Solea, and Umbra—all now or
sometime in common nse—were specified.

This rnle was soon relaxed, and any name not previously used in
zoology, or, at most, biology, was considered admissible.

Another rule sends to Coventry all names composed of two names of
different animals, because it might be uncertain to which genus an
animal really belongs.! The ancient name ¢“Rhino-Batus” is even men-
tioned as one of the delicts.

This rule is also without any justification, and the reason given for it
baseless. Compound words of the kind exiled are in entire harmony
with the genius of the classic languages. As an illustration of their
nse among the Greeks, we necd refer to one group only—that is, com-
pounds with hippos, as Hippalectryon, Ilippanthropos, Ilippardion, Hip-
pelaphos, Hippocampos, Hippotigris, and Hippotragelaphos. (Hippolkan-
tharos, Hippomurmer, Hippopareos and Ilipposelinon are other classic
Greek words, but do not belong to the same category as the others,
inasmuch as they were used in a sense analogous to horse-chestnut,
horse-mackerel, and horse-radish with us, the word ‘“horse” in this
connection conveying the idea of strength, coarseness, and bigness.)

In another rule, all words are proscribed as generic names which are
not of Latin or Greek origin;®> and among the proscribed are such
names as Albula, Blicca, Carassius, and many others, which were later
used by Linn:eus himself as specific names, and which are now used as
generic denominations.

Words with diminutive terminations were bharely tolerated,if admitted
at all,” and the reason alleged for such treatment was that the cardi-
nal name might belong to another class. Among the examples named
were Anguilla, Asellus, Leuciscus, Lingula, Oniscus, and Ophidion, now
familiar in connection with some of our best-known genera. One of
these—Ophidion—was subsequently used by Linnwus himself as a
generic name.

All are now tolerated without demur even, and probably by most
naturalists were never supposed to have been tainted with offense of
any kind. Tor all such words we have also classical examples; and four
have already been named—the Oniscus and Ophidion of the Greeks,
adopted by the Romans, and the Anguilla and Asellus of the Latins,

Generic names, derived from Latin adjectives, were also declared to
be unworthy of adoption.' Aculeatus, Centrine, and Coracinus were cited
as examples of words that should be rejected under this rule. Later

'Nomina generica, ex uno nomine generico fracto, et altero integro composita,
exulent. Linn. Fund. 224.—Art. h. Ich., § 196.

2¢“Nomina generica, quie non sunt originis Latin:e vel Grivew, proscribantur,  Linn.
Fund. 229.” Art. Ph. Ich., § 198,

3¢“Nomina generica diminutiva vix toleranda sunt. Lind. Fund. 227.” Art. Ph.
Ich., § 202,

+¢¢Nonlina generica imprimis Latina pure adjectiva, sed substantive usurpata,
criticorum more improbanda sunt. Linu. I'und. 235.” Art. ’h. lch., § 204,
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old ones. If there were in these cases any resemblance between your
plants and those of the antients you might be excused, but there is not.
‘Why do you (p. 68) derive the word Medica from the virtues of the plant,
when Pliny (Book XVIII, chap. 16) declares it to have been brought
from Media? Why do you call the Molucca Molucella? It does not,
nor ought it, to owe that name, as is commonly thought, to the Molucca
Islands, for, as Lobel informs us, the name and the plant are of Asiatic
origin. Why, then, do you adopt a barbarous name and make it more
barbarous? Biscutella is not, as you declare (p.118), a new name, hav-
ing already been used by Lobel. I am surprised that you do not give
the etymology of the new names which you or others have introduced.
1 wish you would help me to the derivation of some that I can not
trace, as Ipomwa, for instance. Why are you so offended with some
words, which you denominate barbarous, though many of them are
more harmonious than others of Greek or Latin origin?

A year later (August 28, 1738) he again wrote:

It would surely have been worth your while to visit (sreece, or Asia,
that you might become acquainted with, and point out to us, the plants
of the antients, whose appellations you have so materially, and worse
than any other person, misapplied. You ouglht to be very cautious in
changing names and appropriating them to particular genera.

How entirely the previsions of the wise old botanist have been realized
I need not explain. We now know what almost all of the names mis-
applied by Linnwus and his school were meant for of old; and when
some more good naturalists collect names and specimens together in
various parts of Greece, probably very few of the ancient names will
remain unidentifiable.

The only reply that Linn:cus could make to the censures of Dillenius
appears in the following minutes:

With regard to unoccupied names in antient writers, which I have
adopted for other well-defined genera, I learned this of you. You,
moreover, long ago, pointed out to me that your own Draba, Nova Dl
Genera 122, is different from the plant so called by Dioscorides.

The retort of one sinuner that his antagonist is another is no real
answer.

The comments of the British committee of 1865 on this subject are
very judicious and pertinent,

The use of mythological names for animals and plants is far less cul-
pable. The use of such is no worse than that of any meaningless name.
Sometimes, even, there may be conveyed an association of ideas which
appeals to the imagination in a not disagreeable manner. Ifor example,
Linnacus gave the name Andromeda, after the Ethiopian maid whose
mother’s overgreat boasts of the daughter’s beauty made her the vic-
tim of Poseidon’s wrath. Linmcus justified his procedure by a remark-
able play of fancy:

This most choice and beautiful virgin gracefully erects her long and
shining neck (the peduncle), her face with its rosy lips (the corolla) far

excelling the best pigment. She kneels on the ground with her feet
bound (the lower part of the stemn incumbent), surrounded with water,
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our own, to double the name for a given subject; and this analogy may
be regarded by some of you as a perfect one. But in the last cases
some regard is had for euphony, and it is a short word that is repeated,
as in the case of the Kiwi-Kiwi and Roa-Roa of the Maoris of New
Zealand, the Pega-Pega of the indigenes of Cuba, the Willie-Willie
(waterspout) of the Australians, and our own familiar Pa-pa and Ma-ma.
Many scientific names repeated are long—some very long—but even for
such I would now yield the point. Stability of nomenclature is a
greater desideratum than euphony or elegance. But here let me add
that there is a history behind the Scomber Scomber, which has been fre-
quently cited as an example of the duplication of a name by Linnus.
1t was Scomber Scombrus that was used at first by the early nomenclator,
and that occurs in the tenth edition of the “Systema Naturwe?” (p. 297),
as well as in the ‘“Fauna Suecica” (2d ed., p. 119). Linneus thus
combined the old Latin and Greek names of the mackerel, which
were formally different, although of course traceable to one and
the same root. The name is therefore not repulsive, but interesting
as an historical reminiscence of past usage by two great peoples. It
was only in the twelfth edition of the “Systema” (p. 492) that Lin-
nzus exactly duplicated the name as Scomber Scomber, and thus viti-
ated the last edition in this as he did in other cases. But it is at least
possible that the exact duplication of names in the twelfth edition is
the offspring of typographical inaccuracy or clerical inadvertence.! At
any rate, those who recognize the tenth edition of the ¢“Systema” as
the initium of nomenclature will adopt the more elegant form.

VARIANTS AND SIMILARITY OF NAMES.

The case of Scomber and Scombrus naturally suggest consideration of
another rule adopted by various societies. By the (German Zoological
Society it is provided that “names of the same origin, and only differ-
ing from each other in the way they are written, are to be considered
identical.”* Words considered identical are Fischeria and Fisheria, as

'In the last part of the Proceedings of the Zoological Society of London (1896, 1T),
"received September 5, the suggestion that Scomber Scomber was a lapsus is confirmed.,
According to Dr. Sclater, ¢‘on referring to the two copies of the twelfth edition,
formerly bLelonging to Linn:cus himself, and now in the library of the Linn:wan
Society, it will be found that the second Scomber is altered, apparently in Linnwus’
own handwriting, into Scombrus. (See note on this sulject, ‘Ibis,” 1895, p. 168.)”
P. Z.S.,1896, 310, 311. ’

¢“Etymologisch gleich abgeleitete und nnur in der Schreibweise von einander
abweichende Namen gelten als gleich.

Beispiele: silvestris-=sylrestris; ceruleus—ceruleus; linnwi— linnei; Fischeria=
Fisheria; Astracanthus= Asicracanthus.

a. Dagegen kinnen neben einander verwendet werden Picus und Pica; Polyodon,
Polyodonta, und Polyodonles; fluvialis, fluviatilis, fluviaticus, fluviorum; moluccensis
und moluccanus. .

b. Bei Neubildung von Namen mige man solche vermeiden, welche leicht mit
schon vorhandenen verwechselt werden konnen.” Regeln * * * von der Deutsch.
200l. Ges., § 4.
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Ari- (Apr-) occurs often in classical words, as apiSaypus (very tear-
ful), apidnlos (very plain), and apzrpenns (very showy).

Da- (4é-) is illustrated by such names as Saonios (daskios, shaded)
and Sagorvés (daphoinos, deep red); convert them, if you will, into
Dascius and Daphenus. Numerous names may be made on the model,
although in classical Greek there are few.

ri- (Epe-) is used in the same way as Ari-,and is familiar in ancient
Greek as a particle of such words as foiavyrs (very brilliant) and
&oiatynv (with a high arched neck). The common large seal of north-
ern Kurope (Erignathus barbatus) has received its generic name, based
on the same model, on account of the depth of the jaws. Very few
naturalists, however, have availed themselves of this particle for name-
making, most of the words in the zoological nomenclature commencing
with Iri- having other origins.

Za- (Za-) is met with in such words as Cars (strong blowing), Labepns
(very hot), Canallns (very beautiful), Cazrdovros (very rich), Camorns
(a hard drinker). The particle has been utilized in the composition of
the generic name (Zalophus) of the common sea lion, distinguished by
its high sagittal crest (Za- and Aogos, crest), familiar to menagerie vis-
itors and the residents and travelers in San Francisco. Professor
Cope has also made use of it for several of his names.

‘We have been told by ancient writers that Cicero was a name derived
from cicer, a vetch. According to Pliny, the name (like Fabius and
Lentulus) was obtained on account of ancestral skill in cultivation of
the plant; but, according to Plutarch, the original of the narme was so
called because he had a vetch-like wen on his nose.! Which one (if
either) was the fact is of no material consequence. The etymological
propriety of both is sanctioned by the suppositions of classical writers.
There can, then, be no valid objection to other names formed on the
model.

There is one rule which has been put in such a form (and without
proper exceptions) that a number of names, improper according to
classical standards, have been introduced. The rule is that the aspi-
rate of Greek should berendered by h. While this is true for the com-
mencement of a name, it is not for the body, where it generally is
suppressed, being sonant only after p,¢, or k. The Greeks, accordingly,
wrote Philippos ($idizmos) and Ephippus ("E@irros). In accordance
with such models Mesohippus and Orohippus should have been called
Mesippus and Orippus. Protohippus should have been Prothippus.
Epihippus might by some be considered to be preoccupied by Ephippus,
a genus of fishes. But, in my opinion, all the names should be retained
as they are (if there is no other objection), on the assumption that

1Those familiar with the ‘Spectator’ may recall Addison’s allusion to this (No. 59).
See also Middleton’s Life of Cicero.
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application of names by statements that the first species of the old
genera justified their procedure. The contention of one involves the
names which shall be given to the crayfishes and lobsters.

It is evident that the fathers of zoological nomenclature never con-
templated such a treatment of their names, and the application of the
rule to their genera would result in some curious and unexpected con-
ditions. Let us see how some genera of Linnwus would fare. The
first species of Phoce was the fur seal; the first species of Mustela,
the sea otter; the first of M us, the guinea pig, and the first of Cervus
was the giraffe. These are sufficient to show what incongruities would
flow tfrom the adoption of the rule.

CHOICE OF NAMES SIMULTANEOUSLY PUBLISHED.

There is another issue of nomenclature involving many genera. In
the same work different names have been given to representatives or
stages of what are now considered the same genus. IFor example,
Lacépede, in the third volume of his ¢« Histoire Naturelle des Poissons,”
published two names, Cephalacanthus and Dactylopterus, the former
given to the young and the latter to the adult stage of the flying gur-
nard. Cephalacanthus appeared on page 323, and Dactylopterus on page
325, Dactylopterus is the name that has been generally adopted for
the genus, but some excellent naturalists now insist on the resurrec-
tion and retention of Cephalacanthus, for the reason that the latter was
the first given name. In connection with an analogous case, it was
urged that “the law of primogeniture applies to twins.” There is a fal-
lacy involved in snch a comparison, which becomes obvious enough on
consideration. In the case of twins, the birth of one precedes that of
the other by a very appreciable interval of time. DBut in the case of
names appearing in the same volume (issued as a whole) the publica-
tion is necessarily simultaneons. 1t is therefore, it appears to me,
perfectly logical to take the most appropriate name, or to follow the
zoologist who first selected one of the names. 1In the case of Dactylop-
terus there would be the further advantage that the current nomencla-
ture would not be disturbed.

It is interesting to note that those who have acted on the principle
just condemned do not feel called upon to accept the first species of a
genus as its type.

MAJOR GROUPS AND THEIR NOMENCLATURE.

Another subject to which I would invite your attention is the amount
of subdivision of the animal kingdom which is expedient, and the
nowmenclature of such subdivisions.

Linneeus only admitted four categories—class, order, genus, and
species. These sufficed for most naturalists during the entire past
century. Only one naturalist—Gottlieb Conrad Christian Storr—went
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But gradually suborders, subfamilies, and subgencra were taken up.
Further, the word “tribe” was often used, but with different applica-
tions. Still other divisions were occasionally introduced, but the most
elaborate of all the schemes for gradation of the groups of the animal
kingdom were those proposed by Bleeker! and Haeckel.? They are
reproduced in the following parallel columns, in which their applica-
tions to fishes and mammals are likewise shown:”

Vertebrata Phylum
Pachycardia Subphylum
Allantoidia Cladus
Subcladus
Mammalia CLASSIS CLASSIN Disces
Monodelphia Subclassis Subclassis Monopnoi
Divisio Dirhinichthyes
Deciduata Legio Legio FBleutherognathi
Discoplacentalia Sublegio Sublegio Ctenobranchii
Series Isopleur:
Subseries Kanonilodermi
Phalanx Alethinichthyes
Subphalanx Neopoiesichthyes
Caterva Katapieseocephali
Rodentia OrDO ORrDO Perce
Subordo Subordo Percichthying
[sic!]
Myomorpha Sectio Sectio Paristemipteri
Subsectio
Tribus Percichthyind
[sic!]
Murina FAMILIA FAMILIA Percoidei
Subfamilia Subfamilia Percwformes
Arvicolida Tribus Cohors
Hypudeei Subtribus Stirps
Arvicola GENUS GENUS Perca
Subgenus
Paludicola Cohors
Subcohors .
Arvicola amphib- SPECIES SPECIES Perca fluviatilis
us Subspecies
Arvicola (amphib- Varietas

1us) terrestris

Arvicola (amphib- Subvarietas

tus terrestris)

argentoratensis

Here we have a total of 31 categories intermediate between the king-

dom and the individual of an animal form.

The tools have become too

Thus

numerous, and some were rarely used by the authors themselves.
the cohors and stirps were not called into requisition by Bleeker for
the Percoidei (though they were for the subdivision of the Cyprinoidei),
and in the recent classification of the Radiolarians Professor Haeckel

! Enumeratio speciernmn Piscium hucusque in Archipelago Indico observatoruun,
p. xi et seq., 1859.
2 Generelle Morphologie der Organiswen, 11, 400, 1866.
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characters (‘““caractéres graducs”), named only the genus, order, class,
and the kingdom. In the body of the work sometimes he used the word
family instead of order (as for the Birds), but for two orders of the
Insects he formally adopted a division into families which were regu-
larly named. The first (unnamed) order (‘‘ordre”), with jaws and
without wings (‘“ Des insectes pourvus de michoires, et sans ailes”), was
divided into several families (“‘plusieurs familles naturelles”)—¢“les
Crustaceds,” “les Millepieds,” ““les Aracnéides,” and “les Phtyréides.”
The order Ndévroptires was disintegrated into three families (¢ trois
familles naturelles”)—:¢les Libelles,” ¢les Perles,” and ¢“les Agnathes.”
The representatives of the other (six) orders were distributed directly
into genera.

This, so far as I have been able to discover, was the first time in
which an order of the animal kingdom was regularly divided into
named families, designated as such.

In 1806 Latreille,in his “(Genera Crustaceorum et Insectorum,” gave
names to families, but on no uniform plan, providing descriptive names
for some, as ¢ Oxyrhinci” for the Maioidean crabs, names Dbased on
typical genera, with a patronymiec termination, as I’alinurini and Asta-
cind, and in other cases names also based on a typical genus, but with
a quasi-plural form, as Pagurii. (In the same work, it may be well to
add, Latreille also admitted more categories than usual, using ten for
the animal kingdom—Sectio, Classis, Legio, Centuria, Cohors, Ordo,
IFamilia, Tribus, Genus, and Species.)

In 1806 A. M. Constant Dumdéril, who lLad previously contributed
tables of classification to Cuvier’s “Le¢ons d’Anatomie Comparce,”
and published his own ‘“Elemens d’Histoire Naturelle,” brought out
his “Zoologie Analytique.” In this volume he gave analytical tables
for the entire animal kingdom and admitted families for all the classes.
The families were generally subordinated to orders, but when the
structural diversity within a class did not appear sufficient to require
more than one ‘“mute” category the order was sacrificed in favor of
the family. His families were generally very comprehensive, often
very unnatural, and mostly endowed with descriptive names. (He
admitted no more than five namned categories in the animal kingdom—
class, order, family, genus, and species.)

As we have seen, Cuvier, Latreille, Rafinesque, and others to some
extent, used names ending in -ides and -ini, but the first to fully recog-
nize the advisability of using patronymic family names universally was
William Kirby, who has not often received the credit for so doing, and
is probably unknown to most in such connection. Nevertheless, in a
note to his memoir on “Strepsiptera, a new order of insects pro-
posed,”! he explicitly introduced this important feature in systematic

'The suggestion of Kirby is to be found in a footnote (p. 88) to the seventh
memoir published in “The Transactions of the Linnwan Society of London” (XI,,
86-122, pl. 8, 9). The memoir was ‘“read March 19, 1811.” The date of the whole
volume is 1815,
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But, as has been already urged, the language of nomenclature should
not be bound by rules of strict philology. Oune of the most useful devices
of scientific terminology is the establishment of terminations which
indicate the nature or value of a group,or relation to the group to
which some entity belongs.

The chemist has his terminations in -ates, -ides, and -gens, and does
not deem it incumbent to detend his usage or to abandon his system
because some one might object to the want of classical models. Nay,
classical scholars themselves have recognized the legitimacy and
usefuluess of such a method.

The ending -ide has been shown to have classical sanction for both
Greek and Latin; -ine has only classical sanction for Latin words, and
there is one, -oidea, for which no models are to be found in either lan-
guage. DBut the convenience of all those endings, as indicative at ouce
of the taxonomic value of each group, far outweighs any objection to
them trom the philological side. We are now confronted with the
groups having the -otdea ending.

SUPERFAMILY.

Experience has shown that for the exhibition of difference in value
of various groups and characters, more than the generally accepted
groups—families and subfamilies—are desirable. Groups above the
family,in the generality of their characters, had beenfrequently adopted.
A quarter century ago I searched for an available name and notation for
such a group, and found that the groups which I wished to recognize
were most like those that Dana had recognized in the Ciustaceans,
under the name of subtribe, and given the ending -oitdea. But the
term ¢ tribe” had first been given and most generally used for a sub-
division of the family, and consequently was ineligible for a group
including a family. Other names had been given to such groups, but
there were objections against them. In a communication to the Aer-
ican Association for the Advancement of Science (Volume XX) I used
a new name—superfamily—and the termination -oidea. The great
advantage of the name was that it relieved the memory, and suggested
at once what was meant by relation to a familiar standard—family.
The term has been quite generally adopted, but there has been diversity
of usage in the form of the names, -oidew being frequently suffixed to
the stem, and sometimes a descriptive name has been given. The only
reason for the ending -oidea is that it was first used in such connection;
-oidecc has the advantage (or disadvantage?) that it is in consonance
with -idw and -inee, No provision has been made by the German Zoolog-
ical Society for this category, their attention having been confined to
family and subfamily nomenclature.’

1¢Die Namen von Familien und Unterfamilien werden fortan von dem giiltigen
Namen einer zn diesen Giruppen gehirigen Gattung gebildet, und zwar die der Fam-
ilien durch Anhiingen der Endung ide (Plural von ides [gr. e20%s] masc. gen.), die
der Unterfamilien durch Anhiingen der Endung ine (fem. gen.) an den Stamm des
betreffenden Gattungsnamens.” Regeln . . .. von der Deutsch. Zool. Ges., § 28.

sM 96, 31
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Linnaus for the animal kingdom was very different from that for the veg-
etable kingdom. If the successors of Linnzus had been content to take
genera of like high rank (equivalent to families, for example), and give
other names to the subdivisions (or subgenera) of such genera, which,
to use the language of Linnwxus, should be mute, less change would have
subsequently resulted. But (Linneus himself leading) his successors
successively divided a genus, gradually accepting a lower and lower
standard of value, till now a genus is little more than a multiform or
very distinct isolated species. Yet the change has been very gradual.
It began by taking a comprehensive group, recognizing that the ditfer-
ences between its representatives were greater than those existing
between certain genera already established, and therefore the old genus
was split up; or it was perceived that the characters used to define a
genus were of less systematic importance than others found within the
limits of the old genus, and, to bring into prominence such a truth,
the genus was disintegrated. The process often repeated, and trom
successively contracted bases, has led to the present condition.

The existing system of restricted genera, however, is too firmly fixed
to revert back to a method that might have been, and which indeed
Cuvier attempted to introduce by his revised Linnaan genera and their
subgenera. The best thing to do now is to accept the current system,
purified as much as possible by judicious and inexorably applied laws.
Doubtless in the distant future a less cumbrous and changeable system
of notation will be devised, but in the meantime we had best put up
with the present, inconvenient though it be.
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others confirmed these ideas and came to similar conclusions in regard
to poisonous cheese. In 1856 Panum asserted, as a result of his stud-
ies upon the poisons found in putrid animal matter, that these poisons
might be formed by some active plant cell, but their injurious effect
was independent of these cells. He demonstrated that fixed nonvola-
tile poisons could be extracted from putrid matter, which were solable
in water and alcohol, not destroyed by heat, and produced the same
effects after they had been submitted to a high temperature as before,
These poisons he found to be intense in their action, 0.012 gram suflic-
ing to cause the death of a small animal. In 1866 Bence-Jones obtained
from the liver a substance which, with dilute sulphuric acid, gave a
bright blue fluorescence like that noted in similar solutions of quinine.
Probably this was the product of what we now call fluorescing bacteria,

The work of Pasteur threw light upon the origins ot these poisons.
As the ferment causes the alteration in the grape juice, so do micro-
scopic forms of life bring about the changes which take place in dead
animal and vegetable matter, and also those conditions in the living
body which we call disease.

Many of these microscopic forms of single-celled plants, the bacteria,
have their nataral habitat upon dead organic matter, but they may
flourish in theliving body, and are almost unlimited in variety, appear-
ance, and behavior. It is possiblealso to cultivate them upon specially
prepared solutions, after their individual peculiarities have been studied.
Some thrive best in light, others in darkness; some like a goodly sup-
ply of oxygen, others prefer nitrogen ; some are very sensitive to changes
of temperature, while others readily accustom themselves to vicissitudes.

These different bacteria further are somewhat eccentric within as
well as without the animal body. Some, as the diphtheria germs, lind
their most comfortable habitat upon certain mucous membranes, others
in the lungs, some in the digestive tract, still others in the blood, while
others again confine themselves to certain external cells and membranes.
In their artificial cultivation this eccentricity is equally apparent.
‘While nearly all thrive upon beef broth, some prefer the beef hroth
with an excess of acid, others with an excess of alkali. Some demand
the addition of sugar or glycerine, others the addition of sugar together
with acid, while some are satisfied with a diet of phosphates, salt, and
water. These peculiarities have to be studied for each germ, and while
many can accommodate themselves to their surroundings, and while
the same germ grown upoun different media produces the same sub-
stances, the amount of each substance is a varying one, and in cultiva-
ting them artificially we must find which diet gives rise to the largest
amount of the most active products.

Shortly after the work of Panum just referred to, the Italian chemist
Selmi outlined methods of extracting poisonous principles from dead
animal matter, and gave to these substances the name ptomaines, on
account of their origin. Later, in 1876, the first analysis of a ptomaine
was made by Nencki and its formula determined. Iurther experiments
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A relationship was thus established between the poisons from higher
plants and from the lowest plants, and certain animals. Was this
poisonous property of these bacterial substances due to a true proteid,
or was there an admixture of an active, ferment-like substance with
the proteid, and are these poisons mechanically carried down in the
process of precipitation of the albuminoid matter in the culture liquids?
Experiments show that while the poisons may be proteids, it is
more than probable that they are simply carried down with proteid
matter as indicated. Brieger in 1893, in view of the results so far
obtained, endeavored to isolate the pure poison from cultures of the
tetanus bacillus. The cultures were first filtered through porous porce-
lain, a Chamberland filter tube, for instance, and the liquid which
passed through was treated with a concentrated solution of ammo-
njum sulphate. This precipitated the poisons and a number of other
substances which gave proteid reactions. After purification and dial-
ysis the poison was obtained as yellow, soluble flakes which no longer
gave proteid reactions, It was a substance in which there was no
noticeable phosphorus nor sulphur., It was thus proved that the
tetanns poison belonged neither to the ptomaines before referred to nor
to the proteids. The poison, while not perfectly pure, was purer than
any ever hefore obtained, and was so poisonous that a mouse weighing
one-half ounce was killed by y1:4i65 Part of a grain, while .4, of a
grain should kill a man weighing 150 pounds.

It is not difficult to understand how if the tetanus bacillus outside
of the body can produce such powerful poisons, it can give rise in the
animal organism to serious troubles. The diphtheria bacillus is another
germ which forms very powerful poisons in the solutions upon which
itteeds. Asalready mentioned, some authors, Roux and Yersin, believe
that this poison also belongs to the ferments like trypsin and pepsin,
while Brieger and Fraenkel thought it was a toxalbumin. We find,
after the germ has been removed from the culture liquid by filtration,
that the poison can be separated by calcium phosphate or ammoniam
sulphate, just like the tetanus poison. In the purest condition in which
it has been so far obtained it fails to give the proteid reaction, and
of a grain will kill a guinea pig. It dialyses readily. Bodies of a sim-
ilar kind have becn obtained from cholera, glanders, swine plague,
tuberculosis, and anthrax cultures, while many other bacteria produce
soluble intensely poisonous substances in artificial cultures as well as
inside the animal body.

These products are all characteristic of the individual organism.
The conditions under which the most poisonous ones are formed scem
to be dependent partly, we may say, upon the hunor of the germ and
also upon the food offered for its use. It appears, for example, in con-
nection with the diphtheria germ that if there happens to be presentin
the beef broth upon whiclh it is being cultivated an undue amount of
glucose and an insufficient supply of alkali that, instead of producing
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during the life of the latter. As the germs die, however, in artificial
cultures, the cell walls gradually disintegrate and the poison passes
out into the surrounding liquid. In the case of tuberculosis and glan-
ders a strong solution of these cell poisons in the surrounding liquid
apon which the germ has been feeding gives tuberculin and mallein,
the two diagnostic agents which have been of inestimable value in
detecting latent disease in men and animals and thus preventing the
spread of untold evils. :

Thus the warfare, first begun by the chemist with the microbes in
identifying their character and relation to disease, has been prosecnted
for little more than a decade in endeavoring to detect the true charac-
ter of the insidious poisons with which their arrows are tipped. To a
certain extent, as we have seen, this warfare has been a successful one,
in so far that the poisons have been hunted and driven to their last
stronghold, which ere long, with the many workers in attack, must
yield, as heretofore, to superior forces. But while this search for the
pure poisons has been in progress the chemist has not been idle in
endeavoring to counteract these poisons, the nature of which he did not
thoroughly understand, but the evil effects of which were only too appar-
ent. While Jenner, in vaccination for smallpox, and Pasteur, with his
method of vaccination for anthrax, had shown that it was possible to
protect animals and men from a virulent attack of disease by giving
them first a mild attack (though, by the way, there are a few who con-
tend eveu to day that vaceination is useless), it remained for Salmon,
his assistant, and Smith, in this city, to demonstrate, in 1852, that the
poisons of germs could be used by men and animals to fortify them-
selves against the attacks of these same Dbacteria. This could be
accomplished by introducing into the circulation of the animal a small
quantity of the poison of the germ, so that when the germ itsell was
injected the poison which it produced was without effect. What had
been found true for one disease of animals proved also to be true for
many others, and chemical vaccination was tried for diphtheria, tetanus,
antlirax, cholera, typhoid fever, tuberculosis, glanders, and a nwumnber
of other diseases. But this discovery led to another, important and
far-reaching. Todor showed that the blood serwm of animals made
immune to a particular disease by injecting the animal with the poison
which this germ formed had the effect of destroying the germ of the
disease. This excited renewed interest in the study of the blood, and
within a few years it was demonstrated by the work of many, some in
this city in the laboratory before mnentioned, that this serum from pre-
viously immunized animals not only had the property of conferring
immunity upon other animals, but also of checking the discase after it
bad once begun. IIow thoroughly this fact was demonstrated, first
by Behring and subsequently by Roux and others, in connection
with diphtheria and tetanus has been dwelt upon often, and we know
of the many thousands of lives that have been saved by the use of
antitoxic serums,
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daily yielding new and brilliant results, to find means for controlling a
disease which annually causes one-seventh of the deaths of the popu-
lation of the globe?

However, it is not only for protection against the two diseases, teta-
nus and diphtheria, just mentioned, that antitoxic serums can be pre-
pared. Recent investigations have proved that typhoid fever, cholera,
anthrax, the plague, etc., are amenable to similar treatment and in
the same department in this city that chemical vaccination received its
first impetus, but by workers in the biochemic laboratory it has been
demonstrated that two diseases that cause such losscs to the farmers
of the country may be controlled by antitoxic serums. Investigators
in this same laboratory have shown also that a substance antitoxic to
tuberculosis can be produced in the serum of animals when they are
properly treated, which has undoubted and pronounced effect in check-
ing experimental tuberculosis in small animals.

‘When we inquire the character of these antitoxins we are almost as
yet more in the dark than in our efforts to discover the exact nature of
the poisons of germs. However, it has been possible to separate in a
fairly pure form the antitoxic principle from diphtheria serum, a minute
amount of which will confer immunity and the antitoxic principle of
swine plague, 0.002 gram of which has been found to cure animals
weighing 1 pound, and even a solid antitoxic-like substance for tuber-
culosis has been obtained in an impure form. All these solid antitoxic
principles resemble each other very closely in their chemical tests and
methods of separation, showing albuminoid reactions, but in their cura-
tive properties they are totally independent the one of the other. The
diphtheria antitoxic serum does not cure tetanus; the swine plague
serum does not cure the cholera.

In the case of the venom of serpents it has been found that repeated
injections will make the serum of an animal antitoxic and curative
against other venoms. The antitoxic serum produced by the cobra
venom will protect animals and men against the bite of the rattlesnake
as well as its own bite. It would seem from this that there is a very
close relationship between the poisons of venomous snakes, and that
immuuity to one also gives protection from the other. It appears very
probable, also, that the poisons of germs belonging to the same genus
will be closely allied and that an antitoxin for one will also be an anti-
toxin for the other. In fact, it has been demonstrated that the
products of the bacillus coli communis will protect animals from the
typhoid germ, to which it is closely allied. The same effect will proba-
bly be obtained with many other diseases where the germs are related.

The difficulty of separating these antitoxins completely from the
other constituents of the blood has made it impossible as yet to obtain
positive information as to their true chemical character.

As to their action in producing immunity, one theory is that they
directly neutralize the poisons which the germs produce, but this does
not seem to be substantiated by experiment.
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rise to the formation of disagreeable thio-ethers, and esters or some
amines the butter is poor and bad.

Now, by isolating different germs found in the milk and cultivating
them separately, 8o as to discover their own peculiar product, it is pos-
sible to always make butter of the same sort and flavor by first destroy-
ing the other germs present by Pasteurization and then inoculating the
cream with the particular germs desired. A number of germs have
been isolated from milk which will produce good butter, and any one
of them is, perhaps, as satisfactory as the other, the ethereal product
being slightly different and more palatable to different individuals, Of
course a great many germs have been found in milk which produce dis-
agreeable compounds, and it is not possible to tell from their appear-
ance simply which will be desirable plants, but it is easy to cultivate
them in a small quantity of milk, note the results, and select the desir-
able plant cells.

Fortunately or unfortunately, the use of these germs has been pat-
ented, so that in the near future we may see branded upon particularly
fine butter and cheese ¢ Patented in 1893,” ¢“Amended 1896,” ¢ Reissued
1908,” ete. -May we expect soon a patented process for sterilized breath-
ing, eating, and sleeping?

Recently it has been found that malt if inoculated with a particular
ferment from the skin of the grape will be converted into wine, the
ferment used giving rise to the formation of characteristic ethers, so it
is certainly not beyond the limits of possibilities that in the near future
American beer after a voyage to I'rance may return as excellent cham-
pagne. When we discover too a germ (as had been done recently) that
converts starch into cellulose, we are almost led to wonder if it might
not be possible to produce cotton in a culture flask if the particular
germs were supplied with nutritious food and a sufticient amount of
carbon. dioxide, oxygen, and water.

The flavor of many luscious fruits and foods is due to the products
either directly or indirectly of one or more of these useful bacteria, and
on the other hand similar germs play an important and as yet unknown
r6le in the formation of poisonous alkaloids.

Many bacteria form beautifully colored substances, reds, yellows,
blues, greens, and delicate shades which the art of man has not been
able to imitate and the nature of which he has not yet learned. These,
too, are only hiding their secrets with a thin veil, which investigation
will soon withdraw.

But it is not only in simple industrial processes that the products of
germs are important. Man’s very existence, while menaced on the one
hand by a few germs, is on the other dependent upon their activity.
The germs which in the soil produce nitrous and nitric acid and ammo-
nia, and aid their assimilation by the plants, those which facilitate the
decomposition of phosphates and bring the phosphorous, a so necessary
constituent for the life of plants and animals, into an available form,






THE RARER METALS AND THEIR ALLOYS.!
By Prof. W. CHANDLER ROBERTS-AUSTEN, C.B,, . R. S,, M. R. L,

For reason is not the only attribute of man, nor is it the only faculty which he
habitually employs for the ascertainment of truth.—G.J. RoOMANES.

Appreciation . . . . by @sthetic and intellectual faculties which are not senses, and
which are not unfrequently sadly wanting where the senses are in full vigor.—T. H.
Huxvrry. .

The study of metals possesses an irresistible charm for us, quite
apart from its vast national importance. How many of us made our
first scientific experiment by watching the melting of lead, little think-
ing that we should hardly have done a bad life’s work if the experiment
had been our last, provided we had only understood its full significance.
Ilow few of us forget that we wistfully observed at an early age the
melting in an ordinary fire of some metallic toy of our childhood; and
such an experiment has, like the “Flatiron for a farthing,” in Mrs.
Ewing’s charming story, taken a prominent place in literature which
claims to be written for the young. Hans Andersen’s fairy tale, for
instance, the ¢ History of a tin soldier,” has been read by children of
all ages and of most nations. The romantic incidents of the soldier’s
eventful career need not be dwelt upon; but I may remind you that at
its end he perished in the flames of an ordinary fire, and all that
could subsequently be found of him was a small heart-shaped mass.
There is no reason to doubt the perfect accuracy of the story recorded
by Andersen, who at least knew the facts, though his statement is made
in popular language. No analysis is given of the tin soldier; in a fairy
tale it would have been out of place, but the latest stage of his evolu-
tion is described, and the record is sufficient to enable us to form the
opinion that he was composed of both tin and lead, certain alloys of
which metals will burn to ashes like tinder. His uniform was doubt-
less richly ornamented with gold lace. Some small amount of one of
the rarer metals had probably—for on this point the history is silent—
found its way into his constitution, and by uniting with the gold
formed the heart-shaped mass which the fire would not melt, as its

'Read at weekly evening meeting of Royal Institution of Great Britain, March 15,
1895. DPrinted in Proceedings of the Institution, Vol X1V, pp. 497-520.
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“the greater the number of attributes that attach to anything, the
more real that thing is””! Many of the less-known metals are very
real to me, and I want them to be so to you; listen to me, then, as
speaking for my silent metallic friends, while I try to secure for them
your sympathy, esteem, and intuitive perception of their beauty.

Ifirst, as regards their origin and early history. I fully share Mr.
Lockyer’s belief as to their origin, and think that a future generation
will speak of the evolution of metals as we now do of that of animals,
and that observers will naturally turn to the sun as the field in which
this evolution can best be studied.

To the alchemists metals were almost sentient; they treated them
as it they were living beings, and had an elaborate pharmacopwia of
“medicines” which they freely administered to metals in the hope of
perfecting their constitution. If the alchemists constantly drew par-
allels between living things and metals, it is not because they were
ignorant, but because they recognized in metals the possession of attri-
butes which closely resemble those organisms. ¢The first alchemists
were gnostics, and the old beliefs of Egypt blended with those of
Chaldea in the second and third centuries. The old metals of the
Egyptians represented men, and this is probably the origin of the
homunculus of the middle ages, the notion of the creative power of
metals and that of life being confounded in the same symbol.”?

Thus Albertus Magnus traces the influence of congenital defects in
ths generation of metals and of animals, and Basil Valentine symbol-
izes the loss of metalline character, which we now know is due to
oxidation, to the escape from the metal of an indestructable spirit which
flies away and becomes a soul. On the other hand, the ‘“reduction” of
metals from their oxides was supposed to give the metals a new exist-
ence.” A poem of the thirteeuth century well embodies this belief in
the analogies between men and metals, in the quaint lines:

Homs ont 'estre comme metaulx,
Vie et angment des vegetaulx.

Instinet et sens comme les bruts,
Esprit comme ange en attributs.

“Men have being”—constitution—like metals; you see how closely
metals and life were connected in the minds of the alchemists, and we
inherit their traditions.

“Who said these old renowns, dead long ago, could make me forget
the living world?” are words which Browning places in the lips of
Paracelsus, and we metallurgists are not likely to forget the living

! Lotze, ‘“Metaphysic,” section 49, quoted by Illingworth. ¢‘Personality, Human
and Divine.,” Bampton Lectures, 1894, page 43.

“Berthelot, Les Origines de I’Alchimie, 1885 page 60.

* Les Remonstrances ou Ia Complainte de Nature a ’Alchymiste Errant. Attributed
to Jehan de Menng, who with Guillaume de Lorris wrote tho Roman de la Rose. M.
Meon, the editor of the edition of 1814 of this celehrated work, donbts, however,
whether the attribution of the complainte de nature, to Meung is correct.
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without, but from within, I have, however, ventured to ofter the intro-
duction of this lecture in its present form, because any facts which lead
us to reflect on the unity of plan in nature, will aid the recognition of
the complexity of atomic motion in metals upon which it is needful to
insist.

The foregoing remarks have special significance in relation to the
influence exerted by the rarer metals on the ordinary ones. With the
exception of the action of carbon upon iron, probably nothing is more
remarkable than the action of the rare metals on those which are
more common; but their peculiar influence often involves, as we shall
see, the presence of carbon in the alloy.

‘Which, then, are the rarer metals, and how may they be isolated?
The chemist differs somewhat from the metallurgist as to the applica-
tion of the word ‘“rare.” The chemist thinks of the “rarity” of a
compound of a metal; the metallurgist, rather of the difficulty of
isolating the metal from the state of combination in which it occurs in
nature,

The chemist in speaking of the reactions of salts of the rarer metals,
in view of the wide distribution of limestone and pyrolusite, would
hardly think of either calcium or manganese as being among the rarer
metals. The metallurgist would consider pure calcium or pure man-
ganese to be very rare. I have only recently seen comparatively pure
specimens of the latter.

The metals which, for the purposes of this lecture, may be included
among the rarer metals are: (1) Those of the platinum group, which
occur in nature in the metallic state; and (2) certain metals which in
nature are usually found as oxides or in an oxidized form of some kind,
and these are chromium, manganese, vanadiwm, tungsten, titanium,
zirconium, uranium, and molybdenum (which occurs, however, as sul-
phide). Incidental reference will be made to nickel and cobalt.

Of the rare metals of the platinum group I propose to say but little.
We are indebted for a magnificent display of them in the library of my
friends, Messrs., George and ¥dward Matthey, and to Mr. Sellon, all
members of a great firm of metallurgists. You should specially look at
the splendid mass of palladium, extracted from native gold of the value
of £2,500,000, at the melted and rolled iridiumn, and at the masses of
osmium and rhodium. No'other nation in the world could show such
specimens as these, and we are justly proud of them.

These metals are so interesting and precious in themselves, that I
hope you will not think I am taking a sordid view of them by saying
that the contents of the case exhibited in the library are certainly not
worth less than £10,000.

Asregards the rarer metals which are associated with oxygen, the
problem is to remove the oxygen, and this is usually effected either by
affording the oxygen an opportunity for uniting with another metal, or

by reducing the oxide of the rare metal by carbon, aided by the tearing
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has acquired with great fidelity, and will only part with it again by
electrolytic action, or at very high temperatures under the influence of
the electric arc in the presence of carbon.

[A suitable mixture of red lead and aluminum was placed in a small
crucible heated in a wind furnace, and in two minutes an explosion
announced the termination of the experiment. The crucible was shat-
tered to fragments. |

The aluminum loudly protests, as it were, against being intrusted
with such an easy task, as the heat engendered by its oxidation had
not to be used in melting a difficultly fusible metal like chromium, the
melting point of which is higher than that of platinum.

It is admitted that a metal will abstract oxygen from another metal
if the reaction is more exothermic than that by which the oxide to be
decomposed was originally formed. The heat of formation of alumina
is 391 calories, that of oxide of lead is 51 calories; so that it might be
expected that metallic aluminum, at an elevated temperature, would
readily reduce oxide of lead to the metallic state.

The last experiment, however, proved that the reduction of oxide of
lead by aluminum is effected with explosive violence, the temperature
engendered by the reduction being sufficiently high to volatilize the
lead. Experiments of my own show that the explosion takes place
with much disruptive power when aluminum reacts on oxide of lead
in vacuo, and that if coarsely ground, fused litharge be substituted for
red lead, the action is only accompanied by a rushing sound. The
result is, therefore, much influenced by the rapidity with which the
reaction can be transmitted throughout the mass. It is this kind of
experiment which makes us turn with such vivid interest to the teach-
ing of the school of St. Claire Deville, the members of which have ren-
dered such splendid services to physics and metallurgy. They do not
advocate the employment of the mechanism of molecules and atoms in
dealing with chemical problems, but would simply aceumulate evidence
as to the physical circamstances under which chemical combination and
dissociation take place, viewing these as belonging to the same class of
phenomena as solidification, fusion, condensation, and evaporation.
They do not even insist upon the view that matter is minutely granu-
lar, but in all cases of change of state make calculations on the basis
of work done, viewing changed ¢ internal energy” as a quantity which
should reappear when the system returns to the initial state.

A verse of some historical interest may appeal to them. It occurs
in an old poem to which I have already referred as being connected
with the “Roman de la Rose,” and it expresses nature’s protest against
those who attempt to imitate her works by the use of mechanical meth-
ods. The ¢ argument” runs thus:

Comme Nature se complaint,
Et dit sa douleur et son plaint

A ung sot souffleur sophistique
Qui n’use que d’art méchanique.
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If the ‘““use of mechanical art” includes the study of chemistry on
the basis of the mechanics of the atoms, I may be permitted to offer
the modern school the following rendering of nature’s plaint:

How nature sighs without restraint,
And grieving makes her sad complaint
Against the subtle sophistry

‘Which trusts atomic theory.

An explosion such as is produced when aluminum and oxide of lead
are heated in presence of each other, which suggested the reference to
the old French verse, does not often occur, as in most cases the reduc-
tion of the rarer metals by aluminum is effected quietly.

Zirconium is a metal which may be so reduced. I have in this way
prepared small quantities of zirconium from its oxide, and have formed
a greenish alloy of extraordinary strength by the addition of 0.2 per
cent of it to gold, and there are many circumstances which lead to the
belief that the future of zirconium will be brilliant and useful. I have
reduced vanadium and uranium from its oxide by means of aluminum
as well as manganese, which is easy, and titanium, which is more diffi-
cult. Tungsten, in fine specimens, is also before you, and allusion will
be made subsequently to the uses of these metals At present I would
draw your attention to some properties of titanium which are of special
interest. It burns with brilliant sparks in air; and, as few of us have
seen titanium burn, it may be well to burn a little in this flame. [Ex-
periment performed.] Titanium appears to be, from the recent experi-
ments of M. Moissan, the most difficultly fusible metal known; bat it
has the singular property of burning in nitrogen—it presents, in fact,
the only known instance of vivid combustion in nitrogen.!

Titanium may be readily reduced from its oxide by the aid of alu-
minum. Here are considerable masses, sufficiently pure for many pur-
poses, which I have recently prepared in view of this lecture.

The other method by which the rarer metals may be isolated is that
which involves the use of the electrical furnace. In this connection the
name of Sir W. Siemens should not be forgotten. He described the
use of the electric arc furnace in which the carbons were arranged
vertically, the lower carbon being replaced by a carbon crucible; and
in 1882 he melted in such a furnace no less than 10 pounds of platinuam
during an esxperiment at which I had the good fortune to assist. It
may fairly be claimed that the large furnaces with a vertical carbon in
which the bath is maintained fluid by means of the clectric current, the
aluminum and other metals being reduced by electrolytic action, are
the direct outcome of the work of Siemens. :

In the development of the use of the electric arc for the isolation of
the rare, difficult]y fusible metals Moissan stands in the front rank.

1Lord Rayleigh has since stated that titanium does not combne with argon, and
M. Guntz points ont that lithinm in combining with nitrogen produces incandesence.
M. Moissan has also shown that uraninm does not absorb argon.
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He points out ! that Despretz? used in 1849 the heat produced by the
arc of a powerful pile; but Moissan was the first to employ the ave in
such a way as to separate its heating effect from the electrolytic action
it exerts. This he does by placing the poles in a horizontal position
and by reflecting their heat into a receptacle below them. He has
shown, in a series of classical researches, that employing 800 amperes
and 110 volts a temperature of at least 3,500° may be attained and that
many metallic oxides which until recently were supposed to be irre-
ducible may be readily made to yield the metal they contain.”®

A support or base for the metal to be reduced is needed, and this is
afforded by magnesia, which appears to be absolutely stable at the
utmost temperatures of the are. An atmosphere of hydrogen may be
employed to avoid oxidation of the reduced metal, which, if it is not a
volatile one, remains at the bottom of the crucible almost always asso-
ciated with carbon—forming, in fact, a carbide of the metal. I want to
show you the way in which the electric furnace is used, but, unfor-
tunately, the reductions are usually very tedious, and it would be
impossible to actually show you much if T were to attempt to reduce
before you any of the rarer metals; but as the main object is to show
you how the furnace is used, it may be well to boil some silver at a tem-
perature of some 2,500°, and subsequently to inelt chromium in the
furnace (fig. 2, P1. XXIII). This furnace consists of a clay receptacle A
lined with magnesia B. A current of 60 amperes and 100 volts is intro-
duced by the carbon poles C, C C'; an electro-magnet M is provided to
deflect the arc on to the metal to be melted. [By means of a lens and
mirror D E the image of the arc and of the molten metal was projected
onto a sereen. Ifor this purpose it was found convenient to make the
furnace much deeper than wonld ordinarily be the case.]

The result is very béautiful, but can only be rendered in dull tones
by the accompanying 11][1%1’&'[,10118 (P1. XXIV). It may be well, there-
fore, to state briefly what is seen when the furnace is arranged for the
melting of metallic ciromium. Directly the carrent is passed the pic-
ture reflected by the mirror E (fig. 2, P1. XXIII) shows the interior of
the furnace (fig. 1, P1. XXIV) ag a dark crater, the dull red poles reveal-
ing the metallic luster and gray shadows of the inetal beneath them. A
little later these poles become tipped with dazzling white, and in the
conrse of a few minutes the temperature rises to about 2,500° C, Such
a temperature will keep chrominm well melted, though a thousand

IAnn de Chim. et de Phys., Vol 1v, 1895, page 36)

2Comptes Rendus, Vol. XXVIII, page 755, and Vol. XXIX, 1849, pages 48, 545, 712,

3The principal memoirs of M. Moissan will be found in the Comptes Rendus, Vol.
CXV, 1892, page 1031; ibid., Vol. CXVI, 1893, pages 317, 319, 549, 1222, 1225, 1129;
ibid., Vol. CXIX, 1894, pages, 15, 20, 935; ibid., Vol. CXX, 1895, page 290. The more
important of the metals he has isolated are uranium, chrominmn, manganese, zirco-
nium, molybdenum, tungsten, vanadium, and titanium. There is an important paper
by him on the various formsof the electric furnace in the Ann, de Chini. et de Phys.,
Vol. 1V., 1895, page 365.
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indebted to M. Moissan for sending us beautiful specimens of chromium,
vanadium, uranium, zirconium, tungsten, molybdenum, and titanium.
[These were exhibited.]

The question naturally arises, Why is the future of their usefulness
so promising? Why are they likely to render better service than the
common metals with which we have long been familiar? It must be
confessed that as yet we know but little what services these metals will
render when they stand alone; we have yet to obtain them in a state
of purity, and have yet to study their properties, but when small
quantities of any of them are associated or alloyed with other metals
there is good reason to believe that they will exert a very powerful
influence. In order to explain this, I must appeal to the physical
method of inquiry to which I have already referred.

It is easy to fest the strength of a metal or of an alloy; it is also easy
to determine its electrical resistance. If the mass stands these tests
well, its suitability for certain purposes is assured; but a subtle method
of investigation has been afforded by the results of a research intrusted
to me by a committee of the Institution of Mechanical Engineers, over
which Dr. Anderson,ot Woolwich, presides. We can now gather much
informatioun as to the way in which a mass of metal has arranged itself
during the cooling from a molten condition, which is the necessary step
in fashioning it into auseful form; it is possible to gain insight into the
way in which a molten mass of a metal or an alloy molecularly settles
itselt down to its work, so to speak, and we can form conclusions as to
its probable sphere of usefulness.

The method is a graphic one, such as this audience is familiar with,
for Prof. Victor Horsley has shown in a masterly way that traces on
smoked paper may form the record of the heart’s action under the dis-
turbing influence caused by the intrusion of a bullet into the human
body. I hope to show you by similar records the effect, which, though
disturbing, is often far from prejudicial, of the introduction of a small
quantity of a foreign element into the ¢ system” of a metal, and to
justify a statement which I made earlier as to the applicability of
physiological methods of investigation to the study of metals. In order
that the nature of this method may be clear, it must be remembered
that if a thermometer or a pyrometer, as the case may be, is plunged
into a mass of water or of molten metal, the temperature will fall con-
tinuously until the water or the metal begins to become solid; the tem-
perature will then remain constant until the whole mass is solid, when
the downward course of the temperature is resumed. This little
thermo-junction is plunged into a mass of gold, an electric eurrent is,
in popular language, generated, and the strength of the current is pro-
portional to the temperature to which the thermo-junction is raised; so
that the spot of light from a galvanometer to which the thermo-junction
is attached enables us to measure the temperature, or, by the aid of
photography, to record any thermal changes that may occurin a heated
mass of metal or alloy.
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offered more effective resistance to steel shot (see lower part of Plate
G, fig. 1, P1. XXVI).

It appears that Berthier recognized, in 1820, the great value of
chromium when alloyed with iron; but its use for projectiles, although
now general, is of comparatively recent date, and these projectiles now
commonly contain from 1.2 to 1.5 per cent of chromium, and will hold
together even when they strike steel plates at a velocity of 2,000 feet
per second ’ (see lower part of Plate D); and unless the armor plate is
of considerable thickness, such projectiles will even carry bursting
charges of explosives through it. [The behavior of u chromium-steel
shell, made by Mr. Hadfield, was dwelt upon, and the shell was
exhibited.] , ’

It now remained to be seen what could be doue in the way of tough-
ening and hardening the plates so as to resist the chrome-steel shot.
About the year 1888 very great improvements were made in the pro-
duction of steel plates. Devices for hardening and tempering plates
were ultimately obtained, so that the latter was hard enough through-
out their substance to give them the necessary resisting power without
such serious cracking as had occurred in previous ones. But in 1889
Mr. Riley exhibited, at the meeting of the Iron and Steel Institute, a

"thin plate that owed its remarkable toughness to the presence of nickel
in the steel. The immediate result of this was that plates could be
made to contain more carbon, and hence be harder, without at the
same time having increased brittleness; such plates, indeed, could be
water-hardened and yet not crack.

The Plate E represents the behavior of nickel-steel armor. It will
be seen that it is penetrated to a much less extent than in the former
case. At the same time there is entire absence of cracking.

Now, as to the hardening processes. ILivrard had developed the use
of the lead bath in France, while Captain Tressider? had perfected the
use of the water-jet in England for the purpose of rapidly cooling the
heated plates. The principle adopted in the design of the compound
plates has been again utilized by Harvey, who places the soft-steel or
nickel-steel plate in a furnace of suitable construction, and covers it
with carbonaceous material, such as charcoal, and strongly heats it for a
period, which may be as long as one hundred and twenty hours. Thisis
the old Sheffield process of' cementation, and the result is to increase the
carbon from 0.35 per cent in the body of the plate to 0.6 per cent or cven
more at the front surface, the increase in the amount of carbon c¢xtend-
ing to a depth of only 2 or 3 inches in the thickest armor.

The carburized face is then ¢chill-hardened,” the result being that
the best chrome-steel shot are shattered at the moment of impact,
unless they are of very large size as compared with the thickness of
the plate. The interesting result was observed lately of shot domg

) lournal United States Artlllery, 1893, Vol. II, page 497.
*Weaver. Notes on Armour, Journal Umted States Artillery, Vol. I11, 1894, page 417,
‘Brassey’s Naval Annual, 1894, page 367.
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1. The upper series of projectiles are Palliser chilled-iron shells, and the lower are chrome st(jel._ In
each case the velocity of the projectile is approximately 1.640 foot-seconds and the energy 1,070 foot
tons.

2. Section of harbette of the Mujestic.

3. Half section midship of aluminum torpedo boat. . ied
. 4. Preparations for the microscope of diamonds and other torms of carbon obtained from carburize
iron,



THE RARER METALS AND THEIR ALLOYS. 513

remarkable properties; in fact, as he told me, if naturc had properly
understood Mendeléef this alloy would really have been an clement.
As regards the electrical properties of alloys, it is impossible to say
what services the rarer metals may not render; and I would remind
you that ¢“platinoid,” mainly a nickel-copper alloy, owes to the presence
of a little tungsten its peculiar property of having a high electrical
resistance which does not change with temperature.

One other instance of the kind of influence the rarer metals may be
expected to exert is all that time will permit me to give you. It relates
to their influence on aluminum itself. You have heard much of the
adoj tion of aluminum in such branches of naval construction as
demand lightness and portability. During Jast antumn Messrs, Yar-
row completed a torpedo boat which was Dbuilt of aluminum alloyed
with 6 ner cen\ of copper. Her hull is 50 per cent lighter and she is
34 knots faster than a similar boat of steel would lhave been, and, not-
withstanding her increased speed, is singularly free from vibration.

Her plates are one-tenth of an inch thick and onc-sixth of an inch
where greater strength isneeded. Itremains to be seen whether copper
is the best metal to alloy with aluminum. Several of the rarer metals
have already been tried, and among them titanium. Two per cent of
this rare metal seems to confer remarkable properties on aluminun,
and it should do so according to the views I have expressed, for the
cooling curve of the titanium-aluminum alloy would certainly show a
high subordinate freezing point. (Fig. 3, P1. XXVL)

Hitherto I have appealed to industrial work rather than to abstract
science for illustrations of the services which the rarer metals may
render. One reason for this is that at present we have but little knowl-
edge of some of the rarer metals apart from their association with ear-
bon. The metals yielded by treatment of oxides in the electric arc are
always carburized. There are,in fact, some of the rarer metals whicl
we as yet can hardly be said to know except as carbides. As the fol-
lowing experiment is the last of the series, I would express my thanks
to my assistant, Mr. Stansficld, for the great care lic has bestowed in
order to insure their success. llere is the carbide of calcium which is
produced by heating lime and carben in the clectric are. It possesses
great chemical activity, for if it is placed in water the calcium scizes
the oxygen of the water, while the carbon also combines with the
hydrogen, and acetylene is the result, which burns brilliantly. [Experi-
ment shown.] If the carbide of calcium be placed in chlorine water
evil-smelling chloride of carbon is formed.

In studying the relations of’ the rarer metals to iron it is impossible
to dissociate them from the inflnence exerted Ly the simultaneous
presence of carbon; but carbon is a protean element—it may be dis-
solved in iron, or it may exist in iron in any of the varied forms in
which we know it when it is free. Matthiessen, the great anthority on
alloys, actually writes of the ‘“carbon-iron alloys.” I do not hesitate,

sM 96—-33
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into brilliant diamond are received with appreciative interest; but, on
the other hand, the vast importance of effecting similar molecular
changes in metals is ignored.

We may acknowledge that ‘“no nation of modern times has done so
much practical work in the world as ourselves, none has applied itself
50 conspicuously or with such conspicuous success to the indefatigable
pursuit of all those branches of human knowledge which give to man
his mastery over matter.”! But it is typical of our peculiar British
method of advance to dismiss all metallurgical questions as ¢“industrial,”
and leave their consideration to private enterprise.

We are fortunately to spend, I believe, eighteen millions this year
on our navy, and yet the nation only endows experimental research in
all branches of science with £4,000. We rightly and gladly spend a
million on the Magnificent, and then stand by while manufacturers com-
pete for the privilege of providing her with the armor plate which is to
save ler from disablement or destruction. We as a nation are fully
holding our own in metallurgical progress, but we might be doing so
much wore. Why are so few workers studying the rarer metals and
their alloys? Why is the crucible so often abandoned for the test tube?
Is not the investigation of the properties of alloys precious for its own
sake, or is our faith in the fruitfulness of the results of metallurgical
investigation so weak that, in its case, the substance of things hoped
for remains unsought for and unseen in the depths of obscurity in
which the metals are left?

We must go back to the traditions of Ifaraday, who was the first to
investigate the influence of the rarer metals upon iron, and to prepare
the nickel-iron series of which so much has since been heard.? He did
not despise research which might possibly tend to useful results, but
joyously records his satisfaction at the fact that a generous gift from
Wollaston of-certain of the ¢“scarce and more valuable metals” enabled
him to transfer his experiments from the laboratory in Albemarle street
to the works of a manufacturer at Sheffield.

IFaraday not only began the research I am pleading for to-nighb, but
he gave us the germ of the dynamo, by the aid of which, as we have
seen, the rarer metals may be isolated. If it is a source of national
pride that research should be endowed apart from the national expendi-
ture, let us, while remembering our respousibilities, rest in the hope
that metallurgy will be well represented in the Iaboratory which pri-
vate munificence is to place side by side with our historic Royal Insti-
tution.

'The Times, February 22, 1895.
2In the development of the usc of these alloys the Société Ferro-Nickel and Les
Usines du Creuzot deserve special mention.







PRELIMINARY ACCOUNT OF AN EXPEDITION TO THE
PUEBLOQ RUINS NEAR WINSLOW, ARIZONA, IN 1896."

By J. WALTER FEWKES.

ITINERARY, PERSONNEL, AND COLLECTIONS OF THE EXPEDITION.

The archwmeological expedition under my charge, sent out by the
Bureau of American Ethnology of the Smithsonian Institution, in the
summer of 1896, began work at Winslow, Arizona, on June 2nd. An
exploration was first made of a ruin called by the Hopi Indians Homo-
lobi, situated 3 miles from that town, near Sunset Crossing of the
Colorado Chiquito River. I discovered a second ruin 3 miles north of
Homolobi, on the same side of the river, and on the left bank a small
cluster of houses about 4 miles from Winslow, near the site of a Mor-
mon town (now abandoned) called Brigham City. I likewise visited a
fourth ruined pueblo 6 miles from the railroad, on the left bank of the
Colorado, north of Winslow.

At the close of June the seat of explorations was moved to a ruin
near llardy, Arizona, about 15 miles east of Winslow, on the left bank
of Chevlon Creek near where it empties into the Colorado Chiquito.
Having made extensive excavations at that ruin, we went to Chaves
Pass, between 30 and 40 miles about southwest of Winslow, closing the
month of July at that place. Shipping the collection which had been
obtained from these three ruins to Washington at the close of July, we
went to the Middle Mesa of Tusayan, where we arrived on the 3d of
Aungust, and immediately began work at the ruin of Old Cunopavi.
At the earnest entreaty of Nacihiptewa, chiet of the pueblo Cuiiopavi,
my work on the cemetery of Old Cuiiopavi was given up at the end of
two days.  We then moved to Walpi, prospected the ancient site of that
pueblo, called Kisakobi, with a view to renewed exploration. I also
made a reconnaissance in a reported prehistoric home of the Kateina
people, called Kateinaba, situated about 3 miles from Sikyatki, but for
various reasons we were led to abandon arclhivological work for the
summer with the experiences at Cufiopavi. We therefore set ourselves
to the solution of certain ethnological problems, and the collection of

' Preliminary account, prepared and transmitted in December, 1896,
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from the formation underlying the Middle Mesa of Tusayan, which will,
it is hoped, shed light on obscure points in Tusayan geology.

.The archwological material consists of a large collection of prehis-
toric pottery of many different forms, colors, and degrees of excellence,
stone implements, basket ware, cloth, jewelry, pigments, and sacred
paraphernalia, the majority of which are of a mortuary character.

The series of skulls which were collected numbers eighty, which is
the largest assemblage of somatological material ever made from the
ruined pueblos of the Colorado Chiquito. The close resemblance
between the skulls of the ancient Cibolans and those of the accolents of
the Gila-Salado has been commented on by others.! The modern Hopi,
however, approach more closely to the former inhabitants of the Gila
Valley in their craniometric features than do the modern Zuiiis. The
large collection of skulls from Chaves Pass affords abundant material
for the solution of an important question, and when properly ¢ worked
up” will shed light on the relationship of the Pueblos to the Gila and
Salt River tribes.

We recognized that it would be instructive, in view of the agricul-
tural life of prehistoric Pueblos, to know something of the animals,
domestic and otherwise, by which the ancients were surrounded, or
those which they hunted and used for food. Ior the purpose of answer-
ing this question we carefully gathered all bones of animals found in
excavating the rooms of Homolobi, especially those associated with
undoubted prehistoric material. This unique collection grew to con-
siderable size, and will furnish material for a special article,

In addition to objects I eollected abundant notes, photographs, and
drawings, gathering data for elaboration into special articles. 1 have
been able to fill several gaps in my knowledge of the intricate Tusayan

ritual, especially the secret rites of the Snake dances at Cipaulovi,
Oraibi, and Cunopavi.

SCOPE AND AIM OF THE EXPLORATION.

The primary object of my expedition was a collection of prehistoric
material from our Southwest, and in pursuit of this end I was able to
continue the lines ot investigation inaugurated in the sumimer of 1895,
1 am attempting to follow an arclieological base line from the inhab-
ited pueblos of Tusayan to the ruins of the Gila and Salado watershed.
3roadly considered, the goal before me is to determine the origm of
the southern compounent of the Moki Indians, and the special aspect
of that problem, which I considered in the summer of 1896, was to
investigate' by archwological methods the claim of the Patki family
that their ancestors lived near Winslow and at Chaves Pass.

1 Journ. Amer. Eth. and Ar(h Vol. II1., No. 2
2This material was publlshed in the Sx\beeut.h Annual Report of the Bureau of
American Ethnology.
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area were of stone and clay; stone was used in the upper part of the
river and its tributaries, and pressed clay in the great plains of the
lower Gila-Salado. The ruins of the Verde Valley, the natural pathway
between these two regions, are of stone. I have elsewhere claimed that
the character of aboriginal pueblo buildings in our Southwest is deter-
mined by the geological environment. 1t would give strength to the
argument could we find instances where the same people who in rocky
places built homes of stone constructed clay houses in plains where
stone failed. Between Homolobi and modern Tusayan, following the
Little Colorado, the river winds through level plains where stones for
building material fail, the nearest rocks being several miles from the
river banks. TFollowing the right bank of the stream for some distance
on my way from Homolobi to Tusayan, we narrowly scanned every
evidence of former aboriginal occupation for evidences of ruined build-
ings of adobe. At several points there were mounds of ancient pueblos
in which no stone was used in the construction of the walls, although
they were thickly strewn with fragments of pottery. It will probably
be found that there were several small adobe pueblos along the banks
of the Colorado between Homolobi and the Crossing, wherever the
valley broadens into a plain.

‘With this general sketch of the scope of my work, let us pass to a
special consideration of the four ruins, Ilomolobi, Cakwabaiyaki, Teiib-
kwitcalobi,! and Old Cufiopavi, which were studied by my party. The
first three are far south of the Moki Reservation, although ancestrally
sitnated in Tusayan. Roughly speaking, the pueblo at Chaves Pass
was about halfway between the Moki town, Walpi, and the great
buildings near Tempe and Phanix.  The distance of the Chevlon ruin
from Zuiii is about the same as from Walpi.

HOMOLOBI.

There are no less than four extensive ruins within 6 miles of Winslow,
Arizona, near to or remote from the banks of the Little Colorado. All
of these are claimed by the ITopi as dwelling places of their ancestors.
The ncarest, and that especially studied, is 3 miles away and was a
pueblo of considerable size, situated on the plain of the right bank of
the river, which has in freshets overflowed its banks and washed away
a portion of the walls. It is separated from the present right banlk of
the stream by a level river bottom, in which now grow stunted cotton-
woods and other trees.

The mounds of this ruin exhibited no evidences, when we began work,
of rooms above ground, although I was told that in comparatively recent
times it had walls rising to a considerable height, and that the Mormons,

1The names ¢hosen 1o designate the ruins at the Chevlon and (haves Pass are of
Hopi etymology, but not necessarily the only ones applied by them to these ancient
pueblos,  Cakwabaiya is a name applied to Chevlon Creek, and Teiibkwitcala, Ante-
Tope Noteh, to Chaves Pass.
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in the mounds. These excavations showed that the majority of the
rooms werc large, that their walls were nicely plastered, and that they
were two stories high in some places. In more than one part of the
ruin we came upon well preserved cedar beams of flooring several feet
below the surface. Fireplaces (?) and windows were found, but only
rarely, although passages from one chamber to another were common.
In one of the rooms we found a human skeleton, apparently of an old
man, but with no evidences of careful burial. The skull of an infant
lay on the floor of another room. It was interesting likewise to note
that in the large flat slabs on the floor of one of the larger chambers
we found small round holes, carefully made, which suggested the
sipapfi, or symbolic opening, the orifice through which, it is held, races
originally emerged from the underworld., As this is one of the features
in the kiva floors at Tusayan, we might readily consider the chanberin
question to have been a sacred room or kiva; but later in our excava-
tions we found many similar slabs of perforated stone near graves
in the necropolis, which suggests that possibly these stones were used
in the floors of rooms to cover the dead in intramural interments.

The great collections of prehistoric objects which were taken at
Homolobi came from the necropolis, or burial place, which is always. the
most wondertul in its revelation of the character of ancient life. The
cemeteries of Homolobi were situated, just outside the town, in the slope
of the mound, only a few feet from the outer wall. The dead were thus
practically interred in the very shade ot the pueblo, and were not car-
ried to any distance. There was nothing superficially visible to indicate
these interments, save now and then the edge of a Hlagstone placed
upright in the soil. The customn of intramural hurial and interment just
outside the house walls seems to have been of very ancient date; the
transportation of the deceased to a distance, more modern. Tueblos,:
like Awatobi and Old Cufiopavi, whichh were under Spanish influence,
practiced both methods, but the inhabitants of the present inhabited or
modern Tusayan pueblos long ago abandouned burials in their villages,
and now carry their dead down the mesa, or some distance from the town.
At Sikyatki the cemeteries were a few hundred feet distant from the
pueblo, while at Homolobi, Chevlon, and Chaves Pass the dead were
buried iu the town, or close outside the walls. | found no evidence of
cremation of the dead.! Almost every grave was indicated by a flat
stone slab, whicl stood upright or lay above a skeleton. Some of these
stones were perforated with roand, oval, or square holes. There was
no uniformity in the orientation or positions of the dead, for some of
the bodies were extended, others had knees drawn to the breast, and
still others were lying on one side. Double and multiple burials were

' Although it is distinetly stated by early Spanish writers that the Ciholans burned
their dead, the finding of skeletons in ancient Zuifii rning shows that the ancient
Zuiiians did not always cremate.  The great numbers ot skeletons found in and about
the ruins of the Little Colorado indicates that burial in the ground was a general
custom,
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is, I believe, a highly significant fact. The figures of birds predominate,
but these differ essentially from those represented in the palrography
of Cufiopavi and Sikyatki. As a rule,they are crude in form and less
artistically made, a generalization which is likewise true of the ceramic
ware as a whole, looking at it either from the point of view of finish or
ornamentation. The ancient pottery from Sikyatki and old Cuiopavi
is superior to any which I have examined from the Southwest. That
from the Homolobi region is cruder, more like ancient Zuiii ware, indi-
cating a less developed artistic taste and pointing to but not proving
a high development of culture in prehistoric Tusayan. As we compare
articles from the Chevlon ruin with those from Zuni we find close like-
nesses,! but if anything the ancient Cibolan ware is inferior to that of
ITomolobi, both of which is greatly inferior to the ancient Tusayan
pottery.

The only instance in which I have found & figure of the spider in
pottery from prehistoric ruins of the Southwest was ou a food basin, the
interior of which was adorned with a representation of thisanimal. It
had the four pairs of legs characteristic of Arachnida, the globular
body, and prominent mandibles of this group. Iu modern mythology
the spider woimnan is associated with the sun, and it is probable that she
is an earth goddess, bride of the sun, called the mother or grandmother
of the twin war gods. 1t is interesting to find on the outer rim of this
bowl with spider decoration a figure of the sun similar to that now
made yearly by the chief of the Katcinas on the floors of the sacred
recoms or kivas in the celebration of the series of ceremonials called the
Powami.?

The maize found in the mortuary bowls at ITomolobi, and the same is
likewisec true ot the other ruinsstudied by me, was a small-cared variety,
in some instances not more than one or two inches in length. There
were many squash seeds, a few cotton seeds, and others not identitied.?

Among objects of doubtful use found at Homolobi mmay be mentioned
the plastron of a turtle which was cut into a circular form or disk,
While we were at work on our excavations at Hlomolobi a small party of
Hopi made a visit to the Chevlon and Clear crecks to collect turtles
for use in the sacred dance. They also made prayer offerings, which

1 Both the ancient Zuiii pottery and that from lower down the (‘olorado Chiqguito
are similar in color, doubtless because of identity in the constituents of the clay and
the action of fire upon it.

2The modern symbol of the sun which is depicted on the pottery now made in
Tasayan is likewise found on the altar screen of the Paliiliikonti, or serpent-sun cer-
emony, and in various other altar paraphernalia.  The sun symbol of the Kateinas,
however, is slightly different, aud that on old pottery resembles the Kateina variant.
Isuggest that the dual symbol thus recognized can be explained on the theory of
diverse origins.

3 Among the present people in Tusayan, who claim that their ancestors came from
the far South, the Squash people were regarded most important. Tt is held that these
people, together with the Sun, Water, and others, once lived on the banks of the
Little Colorado. On their advent in Tusayan they scttled Teukubi, a pueblo of
the Middle Mesa, now in ruius. The gens is now extinct at Walpi.
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cross, and four parallel marks were cut on one edge. The stone was
soft, probably limestone, and must have been originally brought to
Chevlon from some distance, as similar rock, in place or in fragments,
was not found in the vicinity. I have not seen an ax of the same mate-
rial from any pueblo ruin, but the majority of stone implements are of
harder rock. The stone axes from Homolobi are of chipped stone,
without groove for hafting. )

Several forms of arrow straighteners were found, one of these in the
form of a frog. These also served as arrow polishers, and are at the
present day used in polishing prayer sticks.

Several stoune slabs found in the Chevlon ruin had one surface covered
with two rows of blackened circles. They were too heavy for trans-
portation, and my photographs of them were failures. Their use or
significance is not known to me.

The occurrence of metates, or grinding stones—flat, worn slabs of
rock, on which seeds, probably corn, were ground—in the graves of
women indicates a burial custom not without a parallel in modern times.
These metates were commonly inverted over the skeleton of the woman
at burial. The Indian workmen said that in all instances they indicate
the sex o the dead, and, as far as my osteological knowledge goes, it
seemed to me that they were right in that statement.

Several objects for personal decoration were taken from the Chevlon
ruin, one of the most interesting of which was a large button of
polished lignite. A square fragment of the same material, found on a
skull near the mastoid process, was inlaid with five small turquoises,
one at each angle and one in the middle. This was the only specimen
of lignite inlaid with stone which was found, but several specimens of
incrusted shell, wood, and bone were taken from the Chevlon ruin. The
number of marine shells found in the Colorado Chiquito ruins was very
great.!

The following have been identified:?

Pectunculus giganteus, Reeve, Oliva angulata, Lam.
Melongena patula, Rod. & Sow. Oliva hiatula, Grelin.
Strombus galeatus, Wood. Olira biplicata, Sow.
Conus Fergusoni, Sow. Turritella tegring, Keiner.

Cardium elatum, Sow.

The most beautiful ornament or fetich of shell inerusted with tarquoise
was found at the smaller of the two ruins at Chaves Pass. It was a
specimen of Pectunculus giganteus covered witl guin, in which were inlaid
rows of turquoises nicely fitted together in the form of a frog or toad.
This beautiful object was evidently an ornament, and was taken from
the breast of a skeleton buried several feet below the surtace in the
smaller of the Chaves I’ass ruins.  As an example of mosaic work thiy

I Qee PPacific Coast Shells from Prehistoriec Tusayan Ruins. Amer. Anth,, Novem-
ber, 1896. ) .
—'i"or ohjeets made from them, sec my article, Amer. Anth., November, 1896.

sM 96 34
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wings are represented by parallel lines or feathers, a conventionalism
still used on the bodies of Moki dolls. .

Omne of the most suggestive of these jars of animal form is a bird-
shaped vessel with folded appendages on each side which suggest legs.
It is barely possible that these may be reptilian appendages, in which
case the mind naturally recalls the intimate association of the bird
and snake, which has been worked out in so clever a way in carvings
from Yucatan ruins.

The decoration of rudely coiled or indented pueblo pottery was rarely
practiced, but several good specimens were obtained from the ruins of
the Little Colorado. This ware is instructive as furnishing a passage
from rude ware to highly decorated polished pottery. The accompany-
ing figures show the general character of this kind of ware; it has
a peculiarly formed handle, which is nowhere else duplicated. The
interior is perfectly polished and blaclk, closely resembling the modern -
ware of Santa Clara. While this kind of pottery was never cxten-
sively manufactured along the Little Colorado, it was not unknown to
the people who once dwelt there.

A remarkably fine series of ladles was taken from the graves at the
Chevlon ruin, which, while they present no marked peculiarities, are
of special interest in the study of the modification in form of their
handles. In one specimen the handle is double; in another, decorated
with a human figure, and many specimens are ornamented with alter-
nating parallel and cross bars. While the interior of the bowl is gener-
ally decorated with geometric patterns, we find the rare abnormality of
a figure of a face resembling a Katcina depicted on its surface.

A peculiar kind of ware, so far as I know new to collections of pre-
historic pottery from our Southwest, was limited to bowls from the
three ruins studied by us last summer. The dominating colors are
red, black, and white, the relative amount of the latter predominating.
The figures are geometric or stellate, terraced and zigzag formns mak-
ing up the greater part. Spirals and curved figures are absent.
‘While ware of this kind has been taken only from the area covered by
our excavations, its limitation has not been determined. The fact that
it is not found at Sikyatki may be explained on the ground that this
pueblo was settled by the Kokop or Firewood people, who caime not
from the soutlh, but from the east, but it is strange that no specimen of
it has yet been found in the modern limits of Tusayan.

CHAVES PASS RUINS.

The aboriginal dwellings in Chaves Pass were two in number, one of
which was larger than that at Homolobi, which T have already described.
These ancient pueblos were situated in the pass on two hills a short
distance apart. The country in which they lie is very different from
that inhabited by the accolents of the valleys of the Colorado Chiquito.












PUEBLO RUINS NEAR WINSLOW, ARIZONA. 533

there. The surroundings of Chaves Pass afforded other materials to
cover the graves. This region furnished logs, which were generally
used in covering the graves. In digging into the cemetery, we invari-
ably found, at varying depths, a number of these logs laid side by
side, resting on stones at each end. These logs were always found to
cover a body, sometimes, two or more, laid at full length. Oftentimes
these log coverings were but a few feet below the surface, and again
8 or 10 feet. When the dead were buried the food vessels were placed
beside the body and head, the logs laid above the corpse, and additional
stones placed at both ends of the covering. The weight of soil above
these logs, accumulating for a long time, combined with decay of the
wood in many instances, had pressed down on the bowls so heavily
that many were broken. The aceidents of this kind to the mortuary
pottery of the Chaves Pass ruins far outnumbered those at Homolobi
or the Chevlon ruin.

The pigment used by the people of Chaves Pass in painting their
mortuary prayer sticks was not a green copper carbonate, but the blue
azurite, a considerable quantity of which was found in small paint pots
in the graves. The other pigments which were found were yellow ocher
and sesquioxide of iron. Implements in the Chaves Pass ruins, made of
bone, were particularly fine, the best of which were made from the leg
and other bones of the antelope. The bones of the wild turkey afforded
suitable material for bodkins, awls, needles, and the like. There were
several bones of a bird made into implements with a hole punctured
midway in their length, resembling the whistles, fatiikpi, still used by
the Moki priests in their secret religious rites. There were likewise
short sections of bone about a half inch long, flat on one side and round
on the other, upon which the marking of a string was plainly seen.
Apparently these were once tied together in pairs, but although I found
many at Awatobi and a few at Sikyatki, and others at the ruins on the
Little Colorado, T am as yet ignorant of their probable use. The skull
of a dog was found in onc of the graves.

There was taken from the ruins of the Colorado Chiquito, near Wins-
low, and from Chaves Pass, a type of ancient pottery, which has never
been found in the ruins scattered over the Moki Reservation. Tt is
unrepresented in the large collections from Awatobi and Sikyatki.

This kind of pottery is decorated with black, brown, or red lines wwith
wlite marging, and is very common in the cemeteries of the ruins along
the Little Colorado.  This limitation, which subsequent researches may
modify. indicates a well-marked difference between old 1lopi pottery
and that of the ancient Patki peoples.

The pottery from the Chaves Pass ruins, as would naturally be
expected, differs from that of the ancient ruins near Walpi even more
than that of ITomolobi and the Chevlonruin. The peculiar cream-yellow
ware. a division which includes more than 90 per cent of the ancient
Sikyatki and Old Cufiopavi ceramices, is hardly represented at Chaves












PUEBLO RUINS NEAR WINSLOW, ARIZONA. 535

wristlets, and finger rings made of the marine shell, Pectunculus gigan-
teus, sometimes inlaid with stone. They made basketry like that still
manufactured at the Moki pueblos, Oraibi, and the Middle Mesa, and
wrapped their dead in coarse matting of rushes or other fibers.

The priests made elaborate palios or prayer sticks, some of which
were several feet long, and painted them with yellow, green, blue, red,
white, and black pigments, the same as those used by their descend-
ants. They prized for ceremonial purposes quartz crystals, stone con-
cretions, and fragments of obsidian. They were acquainted with bells
made of copper. They had rattles of sea shells and wore fringes of
shells on the margins of their garments. In ceremonials they made
use of stone slabs painted with figures of animals which frequent
water.

The warriors were armed with bows and arrows tipped with stone
and obsidian points. They had mauls and clubs, stone hammers, celts,
and axes. They made needles, bodkins, and awls of bird bones, ante-
lope tibie and ribs, which they sometimes carved in imitation of animals.

The women were adepts in the manufacture of earthenware vessels,
which they decorated with elaborate figures in several colors. They
were familiar with the art of glazing pottery, and practiced etching of
the same to a very limited extent.

They buried their dead just beyond the outer home walls, and
deposited with them various votive offerings, pottery, basketry, cere-
monial and other paraphernalia, having first painted the face and
wrapped the body in matting. Over the grave, as environment dic-
tated, they placed square or rectangular perforated stone slabs, or
covered the corpse with cedar logs resting on stones at either end and
weighted with the same at the extremities.

In their mythology, the symbols on their pottery indicate that they
recognized the sun and spider as powerful deities. They worshipped
the rain clouds, lightning, snake, tadpole, frog, and various mythic
birds. The designs on their pottery was similar to that of the ancient
Tusayan people; broken encircling bands, terraces, spirals, and zigzags
were common. The leaf or flower was not used in artistic decorations,
and human figures ouly sparingly copied. They entertained an idea
of a future life, and associated the dead with rain gods. With the
deceased they deposited votive offerings in food vessels, and buried
costly (to them) property with the defunct.

CUNOPAVI.

The discoverers of Tusayan in 1540 sought “seven cities,” but there
is no evidence that they found more than five, for the narratives of
visitors in the sixteenth century discredits the vague report of seven
Tusayan pueblos. At the time Tobar visited this province, and for
a century later, there were probably only five pueblos on what is now
called the «Moki Reservation.” These villages were Awatobi, Walpi,
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The savage theory of primitive culture is forced also in such records
as exist of early times to lay great stress on incidents and accidents,
the petrifactions of the narrative, and to attribute the main majestic
current of historical record to the myth-making faculty. This is con-
venient. It is not conclusive. If, however,a different view is adopted,
if we think of the empty earth as early bearing separate centers of
civilization too far apart to vex each his neighbor, and living at peace
with the namneless region between, the conception altogether harmonizes
with the broad outlines of sucl early records as we have, and explains
on a simpler hypothesis the ¢ savage” exceptions they contain. The
early and later (enesis documents may represent the compilation of
records, colored by these successive stages of peace and of war. The
entire ethnic theory of the book is of an earth emnpty and slowly filling
until the elastic zone is taken up and inevitable war begins. Move-
ment and immigration are easy on this hypothesis. They become
impossible if savagery was spread over the earth and slowly curdled lLiere
and there in some happy and defensible coign of vantage into barbarisin
and civilization. 'What is true of Genesis is true of all national records
aud all archweological research. Everywhere is a surprising primitive
development. Iverywhere this descends into war. Iiverywlere the
war god is the younger god, never the elder, as perpetual war would
have made him. If the origins of society stood rooted in perpctual
strife, if the endless war of the savage were its early normal condition,
and the war chief its first Iicad, mythology would make the god of
war the earliest of the pantheon; but, while le is often the favorite
national deity, his temple the greatest, his priesthood the most impor-
tant, and his caste the rulers of the tribe, in the national cult and
culture the war god is, as with Ares and with Mars and a dozen more
which will suggest themselves, of the second or third genecration of
deities. I can not, myself, recollect a single instance in which the
tutelary divinity of war is figured as a primitive deity, although the
rites of hospitality are often committed to an early god, and the pro-
tection of the stranger is generally in the hands of such a deity as
is natural if geueral war succeeded general intercommunication over
vacant and often peaceful spaces. In general, the succession of dei-
ties is from local primitive and comparatively peaceful early gods to
gods whose warlike demands require a bloodier sacrifice. Not infre-
quently, also, though by no means as uniformly as with the war god, the
goddess whose worship prescribes, permits, or palliates sexual license,
is figured as a goddess later and younger than the goddess who pre-
sides over lawful inarriage. How frequently, also, in this development
of a national and popular pantheon, based on local and tribal cults and
shrines, is there elusive esoteric reminiscence of a period when polythe-
ism was preceded by a juster conception of the divine as it is in time
generally succeeded by one. Everywhere men look back upon peace
and hope for its return. Kverywhere nations have their wanderjahre
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This was unfortunately impossible in the case of the weapons. I must,
therefore, confine myself to the repetition of the reports of collectors or
quotations from literature.

Since I have expressed these many difficulties which are in the way
of a thorough investigation, the reader will perhaps lightly criticise any

. errors or shortcomings that may appear in my work, especially when [
here suggest this is to be merely an effort to throw a little light upon
the tangled cthnographic conditions in South America—only a first
effort in a larger inqniry, and laying no claim to enduring validity.

The motive in ethnographic investigation is twofold. Iirst, to far-
nish a coutribution to the ethnography of a single group, by which the
group as snch may be set forth in its individuality. Second, it shounld
be sought to establish upon the foundation of the descriptive part a
scheme for fixing the relationship of this group to its neighbors, and,
above all, to mankind in general. I say advisedly a scheme, for every-
one must be conscious that such investigation can be only one-sided ;
and as yet one is not entitled to draw larger conclusions and family
connections of the people in question. Ouly when the purely objective
ethmographic results compared with linguistic, anthropologic, and eth-
nologic investigations agree, can the perfect accuracy of the outcome
be accepted. Into what dreadful blunders one is led by precipitate
conclusions of all sorts drawn from one-sided data is sufficiently known,

That ethnographic and linguistic studies in nowise always lead to the
same result may be realized in the examination of every ethnographic
collection. Ou the one side it may be seen that two hordes related in
speech have entirely different ethnographic characters, while, on the
contrary, the industries of two may agrec while genetically they belong
to different stocks. This remark is very pregnant as regards South
American peoples, and I shall seek on the basis of my studies of mate-
rials and literature to establish a correct theory concerning the ethmuo-
graphic relationships of South America.

We must here examine the imitative instinct of men as a motive.
Assume that different impulses and migrations of divers tribes having
unlike ethnographic characters have brought them to settle near one
another, one can recognize among most of these tribes a variation,
through a series of years, of their ethnographic characteristics. They
have become more or less assimilated in their mode ot living and their
ethnographic peculiarities. This assimilation, that is external likeness
in type forms, may arise in different ways. If the tribes are inimical,
then captured objects have influenced the technique, but if the tribes
have entered into friendly commerce, then the possibility of acquiring
by trade, tools, weapons, etc., i3 easily afforded. If they are brought
into still nearer contact through the force of culture, through common
acculturation, then the preservation of old ethnographic peculiaritiesin
the tribe is rendered more difficult. inally, among trilies that prac-
tice slavery there is still greater likelihood that these, owing to the
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more given up the bow, since as riders they can not conveniently use
it. In fighting on foot at the time of Dobrizhotffer the bow was always
the favorite weapon. Also the tribes that are now completely seden-
tary, which practice hunting along with agriculture only for amuse-
ment, exercise still the greatest care upon the preparation of this weapon
and know how to use it with skill. In their sagas the bow and the
arrow still play an important role. They are regarded almost as sacred
and are frequently used as cult objects. If a people through constant
association with culture exchanged their bows and arrows for other
weapons, then the children kept up the old reminiscences and held on
to the bow and arrow as playthings. We can thus appreciate the
interest which a South American Indian feels when foreign bows and
arrows are brought to his notice. He is accustomed to recognize the
tribe by its arrow. 1 therefore indorse the position of Von den Steinen!
when he says, “just as in comparative philology, a comparative arvow
study may be condueted,” as a rule for the resulting ethnographie
grouping. This position has full force only when the difference of time
between the arrival of different collections is taken into consideration,
since, as has been already said, the ethnographic characteristics have
been subject to great variations.

It ean not then be wondered at that in the general distribution of
bows and arrows so great a diversity of form exists, which makes
possible a grouping for a fundamental study. This grouping demands
again the separation of forms according to specific marks of structure.
Of great importance in the distribution of the arrow appeuars to be the
feathering, which seems to be capable of unlimited variation. There
may be also bestowed a great deal of care on the fastening ol the
feather, on the wrappings of the shaft with thread, or upon the manner
of fitting the feather. Moreover, the wrapping of the feathered end
or shaftment offers excellent opportunity to preserve certain textile
patterns, perhaps the one remaining survival of the old tribal peeuli-
arity. DBesides the feathering, the fastening of the point to the shaft,
or of the point to the foreshaft, affords a safe datum for discriminating.
The shape of the point also furnishes a guide for differentiations, how-
ever generally the varietal marks of the point and shaft adjust them-
selves with those of the feathering, so that the last may be taken as a
basis for classification. The dimensions of the arrow are not directly
useful as a means of separation, although individual tribes are char-
acterized Ly the measurements of their weapons. Yet there are not
seldom within a single tribe differences of half a meter in the lengths
of the same sort of arrow. The choice of material depends chiefly on
natural surroundings which a tribe encounters from place to place. Tt
could, therefore, through identification of material and the botanical
proof of the source of a plant, be shown that an arrow belonged to a
certain group; unfortunately this is not possible where accurate data

! Unter den Naturvilkern, Central-Brasiliens, page 229,
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bone, from spines of the ray fish and in later times of iron. Stone
points were, indeed, originally in vogue over the whole area, and have
held their own only among the mnost southern and the most northern
tribes, Central Americans and Fuegians, Poisoned arrows are spread
over nearly the whole forest region. :

The different groups may now be characterized :

Bows in Central South America are of five different classes or
groups:

Group 1.—DPeruvian bow.—Rectangular or long elliptical c¢ross section
and almost always made of the heavy, black chonta palin wood. (PL
LVII, fig. 1; PL. LX, fig. 1.)

Growp 2—North Brazilian bow.—Semicircular cross section, charac-
terized by the material, a reddish brown, smooth, leguminous wood.
(P’L LVIII, fig. 10.)

Group 3.——Guiana bow.—Small with parabolic cross section for the
most part and a channel along the outer side. Made from a dark-
brown wood. Between the north Brazilian type and the Guiana type
there is an intermediate form.

Group 1.—Chaco bow.—Round and beautifully smooth exterior, made
from the red Curepay acacia.

Group 5.—EBast Brazilian bow.—Distinguished by the choice of differ-
ent woods. The type is separated into two subgroups, which at the
north have their connecting link in the Shingu bow and at the south in
the Kameh bow. The western class has been developed out of the
smooth, strong wooden bow of the Borord, having cross section, and
wrapped with *‘cipo,” a liana bast. The eastern subgroup is marked by
the black Airi palm wood, in the southeast less carefully made by the
Puri and Botocudos. On the contrary, in the Caraja bow (Pl LIX,
fig. 1) of dark-brown palm wood it has reached a high development,
which still survives in the Shinga bow (PL. LVTII, figs. 1, 4, 7), the inter-
mediate form between the eastern and the western subgroup. To the
eastern subgroup belong the majority of the (ces tribes, while the west-
ern subgroup finds its greatest extension among the Tupi tribes of
Paraguay. ,

Outside of this group stand the Mataco bow, the Fuegian bow, and
the Central American bow, which are not considered here.

The types of feathering are as numerous as the bow types, and may
be briefly characterized as follows:

Feathering of South Americau bows,

1. Hast Brazilian or Gez-Tupi feathering.—A widely separated group,
which, like the cast Brazilian bow group, extends over the entire castern
Brazil as far west as the Paraguay and the Shingu. Two feathers
unchanged, seldom halved, are fastened at their upper and lower ends
to the shaftment opposite each other with thread, fiber or cipo bast.
Frequently these wrappings are laid on in patterns or have an orna-
mentation of little feathers added. (Pl LIX, figs. 8 and 9.)






BOWS AND ARROWS IN CENTRAL BRAZIL. 557

But, yet, a certain analogy is discoverable in the two methods of
grouping.

So the boundary lines of the enclave of east Brazilian feathering
correspoud in gross features to the boundary lines of the distribution
region of the east Brazilian bow. Furthermore, omitting the region
of the Chaco feathering, the region of the Peruvian bow is overlaid by
that of the Peru cemented feathering.

The Guiana bow has about the same extent as the Guiana arrow;
however, the southern boundary of the bow region lies more to the
north than that of the feathering, which in several places overpasses
the Amazon.

To these almost analogous groups belong a bow type which alto-
gether detached from a feathering region on the north engrafts itself
on the region of the Peru bow and the east Brazilian bow. Also,
where the three chief feathering groups—the Peru cemented feather,
the east Brazilian, and the Guiana—come together, three entirely
separate feather types (Mauhe, Arara, and Shingu) have spread over
regions whose borders intrude into one another,

This mixed area into which the characteristics of individual ethno-
graphic developments have obtruded themselves is the Mato Grosso.
‘We can from this realize what great importance the thorough explora-
tion of this region possesses for the entire ethnology of South America,
and I hold it, therefore, not fruitless if I seek before I describe clearly
in a greater worlk the result of my investigations upon the collective
material concerning the South American bows and arrows, to give, so
far as it is possible. in this publication an ethnographic picture of the
Mato Grosso.

The Mato Grosso is the highland in which several principal rivers of
South America have their origin. While the P’araguay flows south-
ward and furnishes, through its extremely fortunate advantages for
navigation, the veins of commerce, the fountains of the most important
affluents ot the Amazon on the south spring from the neighborhood of
the P’araguay sources, so that a lively commerce from the Amazon to
the La Plata would go on aeross interior Brazil by water, if an impass-
able barrier to navigation between the northern incline of the Mato
Grosso and deep water of the Amazon were not established by the
waterfalis and rapids. Since, through the earlier expeditions on these
rivers—Tapajoz, Shingu, Araguay, Tocantins—{for the purpose of infor-
mation concerning the feasibility of a good connection with the Ama-
zons, no practical result was obtained, it is natural that gencral geo-
graphical knowledge about this region should have remained very
meager up to this century. It was through the cxpeditions of Nat-
terer, Castelman, Wedell, Martius, Pohls, Vou den Steinen, and hren-
reich that a glance was obtained at the natural relations of this area,
and especially was it Natterer, Martins, Von den Steinen, and Ehren-
reich who made theinselves serviceable for the cthunography of the
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side of the Tocantin received this technique, a tribe from the Shingu,
which at the beginning of the century supplanted the Carib tribe of the
Apiaka. This phenomenon is more interesting because through it the
center of radiation of the sewed feathering is fixed on the head waters
of the Shingu or the Paranatinga, and perhaps this feathering can be
fixed as specially Carib. Therefore the circumnstances bear witness
that on the Madeira, among the Arara, who are to be assigned to the
Caribs, the sewed feathering might first occur; still, even as easily if
could have come to this tribe through the medinm of the Apiaka of the
Tapajoz, for the typical Arara feathering is also found again among the
Apiaka.

Older eollections from the Shingu perhaps will furnish information
on this topic.  Still, the possibility of finding such is far from certain,
since the Shingu tribe, up to a short time ago, were wholly unknown,

A good transition from the central group to the westward or mixed
group is furnished by the secttled Baceairi belonging to the Shingu
branclh of the Baceairi, who lead a peaceable existence as agricultur-
ists in the arca between the Paranatinga, the Cuyaba, and the Arinos,
in slight contact with their enlture. As we know from the accounts of
the Baccairi collected by Von den Steinen, both divisions were orig-
inally united near the falls of the Paranatinga, from whiceh, aceidentally,
in the middle ot the last century, one part drew away upon the Ronuro
and Batovy to the Kulischu, the other settled in the above-named
region in a southwestern direction. We possess some arrows of these
settled Baccairi in the Vienna museuam, collected by Natterer in 1827
from the Arvinos. (Pl LVIII, fig. 15.) I was surprised to sce among
them Baccairi arrows, since this type deviated so much from them in the
Von den Steinen collection, so well known to me, and at once, by nearer
comparison, I ¢ould prove that they belonged there.  With exception
of the point, they pertain to the group of cemented feathering, and
indeed to those in use on the Tapajoz and on the Madeira with pointed
notches or barbs cut out and for the most part overlaid with reddish
brown pitch. The well-known Uba reed of the Shingu is here replaced
by the lighter and thinner Cambayuva reed. Von den Steinen says
(op. cit., p. 229), “the settled Baccairi have, since they became
acquainted with muskets, given np the Uba reed in general use on the
Upper Shingu and possess now, if not purely boys’ arrows, at least
small arrows in comparison with those on the Shingu.” 1 refer this
change in the choice of material and the turning to another technique
not to contact with culture but rather to association with the tribes of the
Arinoz and Tapajoz. Any affiliation with the kindred ttibe on the
Shingu later has demonstrably not taken place. This tribe was kuown
to the settled Baceairi only through the tribal history. Assimilation
with the Tapajoz tribes could for that reason go on more easily. That
the western Baceairi originally and indeed also down to the separation
have used the Uba reed is proved by the Baccairi tribal history con-
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western Baccairi mark the farthest projection of this ethnographic
development from the west. The cement feathering, which has
wandered from the west to the east, whose starting point is to be
sought in Pern, has undergone many variations in its long journey to
the Tapajoz. In the Mato-Grosso, coming westward, is found the
type of feathering with the notches cut out, on which generally a
little bunch of red feathersis fastened. (PLILVIIL, fig.15.) The Madeira

jiver is approximately the boundary between this and a western
group, where the cement feathering comes in without notches, but
with bands of network woven on the shafts. In the great Parentintim
tribe these groups tonch one another. A common pecualiarity with the
cement feathering, and also with the Arara feathering, is a decoration
of the shaft by means of small encireling bands made of white quill,
which explains the wrapping in stepped winding of cotton, previously
mentioned as on the Shingu. (PL LVIIL fig.14.) These quill rings are to
be found among all groups of the cement feathering, and have perhaps
served as suggestive methods for the bast rings on the Shingu sewed
feathering. The Arara feathering appears to have derived the quill
ring likewise fromn the piteh feathering, as will be seen. It isin this
manner further perfected through an ornamental weaving in black and
white strips of quill. (Pl LVIII, fig.17.) The noteh has been here copied
from the arrows with cement feathering influenced by the Arara type,
and is cut out narrow and with a pointed angle.

Generally in this Madeira-Tapajoz region a large, broad, bamhoo
point, 30 to 40 cm. long, is distributed, which on one side is cut into an
angle lying in the long axis, and is hollowed out on the under side so
that the cross section shows a concavo-convex outline. (PL. LVIIT, fig.
16.) The foreshaft, upon which the point is fastened by means of a
wrapping of thread, extends somewhat above this wrapping and is set
at its other end, which is pointed, into the hamboo shaft. This point,
which differs from the bamboo points of the western region as well as
from those of the Shinguy, is found outside of our region also among
the Arawak tribe and the Juberi, on the Purns, It is well to mention
that this point, like the cement feathering of the Madeira, has gotten
a8 far as the Tapajoz,

Likewise a peculiar, barbed point, which is formed by a spindle-
shaped Done, 10 to 15 em. long, pointed at both ends and scized at its
middle upon the upper end of the foreshaft, appears to have come
among the Apiaka and Mauhe from the Madeira in abundance. (PL
LVIIL fig.19.) Thence it spread among the Parentintim, and from them
is to be found among the Manaos on the lower reaches of the Madeira.
In a remarkable way it makes its appearance also on the Tocantins,
where exists also a kind of Mauhe feathering. Tf I had not found
examples of this in different museums labeled Tocantins, [ should have
attributed them to the Tapajoz area. .

Of the distribution of the Arara and the Mauhe feathering mention
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Upper Tapajoz is very surprising, and it must be assumed that this
arrow came either from the Mundrucu or from a tribe settled westward
on the Madeira, since outside of the extinet Tapajoz, who, according to
Acuna’s account, possessed poisoned arrows,  (Martius, op. cit., p. 382,
388.) On the Tapajoz River only the Mundrucu knew of this practice.
The Parentintim have a similar toothed projection on the foreshaft of
an arrow with bone point.

Along with the cement feathering is found among the Pareci and the
Cabischi related to them the Arara feathering. Still, it is here notice-
ably smaller, and there is wanting the stepped weaving customary
among the Arara. Connected with it 1s associated also the bamboo
point in use among the Arara.  Sinee there is found in the Natterer
collection among the northern Tapajoz tribes no Arara feathering, there
must be assumed a direct contact of the Paveci or Cabisehi with the
Arara in the south who must inhabit the still unknown region between
the Juruena and the Madeira. The variation which the Arara feather-
ing has undergone at the hands of' the Pareci is thus accounted for, if
the differentiation had already suflicient time to take place before the
exploration of Natterer.

The feathering of the Cabischi arrow is like that of the Arara in
length, but shows at the butt end a very carefully cemented wrapping
with fine bast (Von den Steinen , OD. cit., p. 426), which, as will be seen,
exhibits a similar wm]\ma,nslnp to that of the Bororo on the Cabacal.
As generally happens, the bamboo point has another form here. It runs
to a sharp tip with Hlateconcave section and has at the inner end edges cut
oblique.  Aceording to the account of Captain De Motta (ef. Pl LX,
fig. 17), in the year 1836, the Pareci have the same weapons as the
Cabischi.

In the arrows of the Mundrueu, living to the north of the Apiaka,
meet and cross the types of the cement feathering of the Apiaka and
the Mauhe feathering. It is merely a poisoned arrow with a fish-spine
point projecting forward, which calls to mind similar picces on the
Upper Negro, but shows the usual cement feathering., The Mundruen
must first have learned in modern times the use of arrow poison, and
this they did not invent themselves, but borrowed it from the northern
neighbors. (Martius, op. ¢it., p. 380.)

To discuss the arrows of thc Mauhe, living entirely outside of the
Mato Grosso, is beyond the scope of this paper. They also have been
strongly influenced by Madeira forms. So rest the accounts of 1827.

There are outside of the Natterer collection two smaller ones of whose
date of acquisition nothing is known, but from a comparison with that
of Natterer it appears to have been secured later. One of these collec-
tions in the British Museum has the mark ¢ Apiaka, Rio Tapajoz below
the mouth of the Juruena.” The other, in the museam at Stockholm,
acquired on the coast from the Brazilian General Silva da Castro, has
no data of locality, but is to be ascribed also to the Apiaka.
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name, we possess no collections. Of the Cayabi, near neighbors of the
Baccairi on the Rio Verde, Von den Steinen says ¢“that they use arrow
shafts of Cambayuva reed.” (Op. cit., p. 392.)

The distribution of the bow types is very simple in the Tapajoz
region and shall be touched on only briefly.

The Museums possess bows of the Mauhe, Mundruku, Apiaka and
Pareci, and some with the general label Tapajoz.

Martius describes (op. cit., p. 203, 401) two different bow types among
the central Tupi, to which stock belong for the most part the tribes on
the Tapajoz. ¢ They shoot long arrows from immense bows, often longer
than a man, made {rom the black wood of a palm tree or the red wood
of a mimosa, whose strings. are twisted out of Tucum fiber or cotton.”
The bows from black palin wood belong to the Peru group, and are
represented on the Tapajoz by Apiaka and Pareci examples. (Ct.
Pl LVI11I, fig. 1.) The bows made of red leguminous wood, pao d’Arco
of the Portuguese, with semicircular cross section are of the northern
Brazilian type and here occur among the Mandrucu and the Mauhe.
They are, for the most part, manufactured by the Mauhe and brought
to the friendly Mundracu through trade. (Pl LVIII, fig. 10.)

Martius met on the Tapajoz a chief ot the Mauhe who brought out a
bow of red wood to the Mundrueun and exchanged it for feather orna-
ments.  (Martius, op. ¢it., p. 88.)

A bow 180 em. long (Pl LVIIL, figs. 6-9) of dark-brown wood in the
Go;vienhw"en Museum with ornamented ends which exhibits an artisti-
cally carved human head having cyes inlaid with mother-of-pearl over
which a line runs on both sides in a meandering pattern is most inter-
esting. In cross section it belongs to the North Brazilian bow region.
The peculiar ornament is found, moreover, on a war trumpet in the
Copenhagen Musenm which was found among the effects of the Prince
of Nassau in the middle of the 17th ¢entury and of which Khrenreich
has given a short account in Globus. TFurthermore, this same orna-
ment is to be secn on two remarkable little boards in the Christiania
Museum as well as on a ¢lub in the Martius collection in Munich, illus-
trated in Ratzel’s ¢ Volkerkunde” (11, p. 575). But in Vienna the label
¢“Mundrucu” is upon a war trumpet which had been overlooked having
the same ornament. The decorated end is bored through for the fasten-
ing of the cord, a fashion entirely out of vogue now in South Ameriea.
The cord is a thick twisted gut string.  In the middle or grip.the bow
is whittled on the inner side for better handling.

From the Pareci two bows are in hand, one from the Natterer (0]]0('
tion, the customary Peru bow made from black palm wood, the other, a
Loy’s bow, also made of black palm wood, brought by Von den Steinen
having the North Brazilian form, Here occurs a rare instance in which
a tribe adopts a foreign form without using for it the customarymaterial.
The form of the North Brazilian bow has either gone to the Tapajoz
outwards through the Mauhe to the Pareci or been received from the
Tora, from whom, as was scen, the painted ornament arrived on the
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Whether all the different varieties of points also exist among them is
not known. There have been examined arrows with knife-blade points
of bamboo (L. LIX| fig. 14), those with double-pointed bone tip (Pl
LIN, fig. 6), laid on diagonally at the fore end, arrows with smooth
wooden points, and finally those eut from a single piece of Cambayura
reed. Still the Chavantes may possess for war also an arrow with
toothed points of wood. (Pohl, Reise in Brasilien, vol. ii, p. 30.)

TlLe bows of the Crahaos are somewhat different, since the belly has
a tlat, guttered excavation, and only one end is cut to a point, while the
other end is blunt.

The Aruma arrow, already mentioned, is Iikewise of Caraja type, but
the characteristic toothed point of the Ges stock is here found. (P
LVII, fig. 12.)

It remains now only to mention the bows and arrows of the Cayapo,
in the Natterer collection, from the region about the sources of the
Araguay, in the eastern Matto Grosso. They oceupy ethnographically
a middle position between the Shingu and Bast group and the tribes
settled on the south of the Mato Grosso. The peculiar bow of the
Cayapo (PL LIX, fig. 16) is, in spite of its apparent isolated position,
to be relegated to the 19ast Brazilian type. Ilere also the cross section
is fixed by the nature of the material. While the remaining part of the
bow is mearly straight, its pointed ends, about 10 em. long, are bent
inward at an angle of 120 degrees. In order to give a suflicient excur-
sion to the bowstring of twisted vegetable fiber, a ball of cotton is
wound about the bow at the inner part of the nock. The bowstring is
knotted on one end and ends with a sling at the other end of the bow.
In a wide spiral winding the rest of the string is then carried back, as
in the Caraja bow, and caught under compact bands of wrapping about
10 em. in width. The arrows give evidence in the sewed feathering, as
already remarked by Von den Steinen (op. cit., pp. 151, 153) of a long-
enduring friendly relation with the tribes of the Shingu, especially the
Nahuqua and the Cayapo, which has proceeded as far as the Parana-
tinga—indeed, perhaps, as far as the Ronuro. Associated with the
sewed feathering and the rounder nock, the predominant (res eharacter
of the arrow is also striking. There are found here the Cambayuva
shaft made fast to the point by means of a wide wrapping of Cipo ; also
the long, unilaterally toothed wooden point (P1. LVII, fig. 12) aud the
so-called Caraja bamboo point. The winding of the point to the shalt
with wrapping of thread is here rude aud meager, so that the fore shaft
is seen through. (PL LIX|, fig. 17). A strengthening of the shaft by
partial wrapping of the Cipo is seen on the Cayapo arrows and those
of the Bororo.

The tribes of the southern Mato Grosso are to be studied in common,
although they exhibit great ethnographic differences and, as the chart
teaches, are to be ranged partly with the West Peruvian group and
partly with the East Brazilian group. They belong to the Paraguay
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ments, the plan to interest them in the cultivation of the soil did not
succeed. They remained hunters as before, and only acknowledged
with sufferance a guardianship on the part of the Government while
advantages accrued to them in this way. Their support was abun-
dantly cared for, so that they themselves were not brought to waut for
food or any other necessaries of life. But the hunting and fishing
went on in spite of their common occupation. Wheun these no longer
served them as ameans of livelihood they were pursued as sport. The
reduction of the two groups happened at quite different times. While
the Bororo of the west were already settled in the first half of the
century, the other half” extended for o Jong time hunting and pillaging
through the camps before it was possible to bring them to remain for
some ycars on the Lorenzo.

The three collections from the Bororo—that of Natterer in Vienna,
that of Rbodes and of Von den Steinen in Berlin—are from the two
sections of the Bororo after their separation and, excepting the Bororo
of Cabacal, after their subjugation. There is wanting the type of
weapon of the Bororo from the olden time when they were united.
Still it is possible to reconstruct the common type, partly, since tfrom
both groups pieces of the samne type are in hand. Through this it must
be accepted that in the Von den Steinen collection of the year 1888,
shortly after the settlement of the eastern branch, this type partly
returned, and in the Natterer collection of the western Bororo (collected
in 1827) it is to be seen that only the eastern Bororo continued the
original commou type after the separation, and have only through com-
merce with their neighbors on the Araguay adopted varietal forms.
The much longer absence of association of the castern Bororo in com-
parison with the western substantiates this view, while much feebler
associations with culture and with other tribes would render possible
and easy a constancy in the making of weapons which are perfectly
sacred to them as their erowning peculiarity. Let us examine, there-
fore, first, most carcfully, the bows and arrows that Von den Steinen
collected in the year 1888 in the colony of Thereza Christiana (Pl LX,
figs. 1 to 9), newly established in 1887, from the point of view that we
have here to do with a purely hunter folk whose peculiarities culture
could not have wiped out.

The bow was their most precious possession as the only means of
liveliliood. This belief finds its expression in the estimation in whichit
was held. Von den Steinen says (op. cit., p. 502) that after the bow
and arrow of a head of a family are burnt up in the funeral fire along
with the houschold stuff, the survivors receive from friends bows and
arrows as pledges for the foundation of a new houschold. Arrows,
moreover, furnish the present of the lover to the girls and women of the
ranchao, by whom they are given over to their brothers. With arrows
and especially shaped bows the fortunate slayer of a jaguar wouald be
distinguished, and arrows furnish the medium of exchange for cotton
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The fastening of leaf filaments on a bow as a premium for having slain
a jaguar as well also as the beautiful decorations on the chief’s bow
with wrappings and tufts of feathers are entirely like the Caraja custom.

While the Bororo, just described, appear to have preserved the type
of their hunting weapons relatively pure up to the time named, the
weapons of the Bororo of Cabagal and those of Campanha, the west-
ern groups on the Cabacal and the Jaura seem to have yielded more to
foreign influence through contact with other tribes. These Bororo
also, already having become sedentary, in the first half of the century
held fast to the old custom, were prejudiced against agriculture and
continued hunters. Ilowever, through continnous touch with culture
and with their influence destroyed they are to-day entirely subdued.
The dispersion of weapons went hand in hand with the wanderings of
this tribe. The two collections from these Borovo were brought together
at different dates. That of Natterer, assembled in 1827, containing
arrows of the Bororo of Cabac¢al and Campanha, comnes from a time in
which the Bororo of Cabacal were still ranging frec in the wilderness,
but the Bororo of Campanha had then been brought under control for
some years. [t is now seen that the arrows of the Bororo of Cabagal
have from the first held to the original type to which the Bororo on the
Lorenzo return, The broad bamboo point of the characteristic jaguar
arrow (Pl LX, fig. 8), which is so cut that the knot on the reed shalt
runs across the point, the loose shafting of the point as well as the
working of the intractable Seriba palm wood to a very long foreshaft,
associated with a very short Cambayuva reed shaft is a reminiscence of
the old union with the eastern Bororo. The feathering, however, with
the feathers toothed on the margin has decidedly the charaeteristic of
the Guato arrow (Pl LX, fig. 1), though in this tribe there is want-
ing the peculiar arrangement of the nock. Whether this influence can
have been exerted upon their westward wandering when they may have
come in contact slightly with the Guato, or happened for the first time
later atter they alrcady had settled on the Rio Cabacal, isin doubt. An
association with the Giuato, the water nomads of the upper Paraguay,is
very probable. The bow manifests no variations whatever, It is about
the same simple unadorned weapon ot the original Bororo on the Lorenzo.
That these Bororo did not know the decoration of the weapon with little
feather tufts, shows that the Bororo of the East had not been brought
in contact with this technique originally but, as already mentioned,
Lave taken it from their Iater neighbors.

The Bororo arrows of the Campanha in the Natterer collection,
which were received from them after they had already become settled
by conquest, show an advance in the migrations hinted at. Defore
all else, the Cambayuva reed used for shafts of arrows was entirely
replaced by the Uba reed. The abundance of the Uba reed (Synerium
saccharoides), on the one hand, and the influence of the Guato using it
and perhaps of the Baceairi, on the other hand, have occasioned this
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to have come among the Bororo from the Baccairi. However, as
already made clear, it is not easy to say whence the Baccairi received
the point. DBut therewith also has the contact with the Baccairi
belonged, since after the settlement of the Bororo the conilict north-
ward must have ceased. It has at the present time a stronger assimi-
lation with the (iuato, the water nomads, which went on until the
Bororo came hereabout. So, as at this place the Bororo received the
bow from the Guato in this region, these last, in reciprocity, took the
bone point. The Uba reed has entirely superseded the Cambayuva
reed. To the stout, long shaft, which often, as among the Guato, is
made up of several pieces bound together with wrapping of Cipo, is
made fast a harder knotty wooden foreshaft by means of Cipo wrap-
ping. These are all the arrows with which the Guato are familiar.
Out of the originally much-diversified arrow forms remain now only
two, the one with the bamboo point and the one with the bone point.
With the bamboo point (Pl LX, fig. 16) is associated the sewed
feathering; with the bone point (c¢f. PL LVII, fig. 8) belong a feathering
similar to that of the Guato type. However, the peculiar form of the
barb is always wanting.

Of the tribes that live south of the Bororo no one is appropriately
to be assigned to the Mato Grosso. They dwell together in the deep
swampy lowlands of the Paraguay, which furnish the transition to the
great Plains of the Gran Chaco. However, there are some tribes yet
to be brought into this discussion, since the ethnographic connection
with the Bororo are so striking that omitting them would leave the
ethnographic picture of the Mato Grosso incomplete.

The Guato, alrcady frequently mentioned, a people in their tribal
aftiliations quite as unknown as the Bororo, lived, so far back as
information of them goes, upon the upper Paraguay and its tributaries,
which, at the time of the inundations during half of the year, when
their homes are partly submerged, they navigate as genuine water
nomads in their canoes. Driven to the water, they live chiefly upon
fish, which, in the absence of hooks, they hunt skillfully with bow and
arrow (Castelnau, Voyage, etc., 111, p. 9), an art which is commonly
spread over South America.

The bow (Pl LX, fig. 10-13), as mentioned, almost the same as that
of the western Bororo, has as a variation a thick tuft 5 em. long, which
is shredded from the end of the Cipo filaments and wound fast about
the bow, serving for a better security of the bowstring. The Cipo
winding is cleaner and less carefully laid on than among the Bororo.
The bowstring is made from the shredded fiber of the Tucum palm, or,
according to Castlenau, also out of the gut of the monkey (Castlenau,
Voyage, I1I, p. 14), and is, as among the Bororo, in its prolongation
wrapped less close and fast about the bow. The arrows of the Guato
are distinguished by the feathering, the same as those of the Bororo.
Along with the bone point, which was, indeed, transferred from the
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Guana proper, the Laianos and Terenos are described as riding people
(Castelnau, op. cit., IT, p. 469), who carry the customary weapon of the
Chaco Indians, lances with iron points, clubs, bows with small arrows,
and wearing the bodoque or labret received from the Guarani of Para-
guay. To this assertion correspond some bows and arrows of the
Terenos in the Berlin Museum, which completely correspond to the
Chaco type. Although the three mentioned tribes are not to be
regarded linguistically as Nu-Aruak the different modes of living and
ditferent character of weapons show an already very early separation.

The Terenos and the Laianos quite early, perhaps shortly after the
Chaco people had begun to ride the horses introduced by the Spaniards,
were driven from the common possession on the upper Arinos toward
the northern Chaco. which had been seized, where they, as well as the
Guana, were called a horseless nation by Dobrizhofter. The Guaycuru,
Mbaya, their neighbors, gained through the ownership of horses a great
advantage over them and brought them under their sway. (Dobriz-
hoffer, Geschichte der Abipones, I, p. 161.) As will be frequently seen
in a subdued people, the Guana accepted entirely the mode of life of
their conquerors, and also their weapons, which they later continuned
using after they had again gained their freedom. Ierhaps, at first, long
after the wandering about had been taking place with these Guana,
the remaining Guana also drew off to the southward. A village of the
Guana near Cuyaba, 1848, was still called in that language Akten.
(Von den Steinen, op. cit., p. 550.) They settled in the vicinity of the
Guato on the Daraguay, whereby an ethnographic commerce was
effected.

Southward of the GGuana the tribes living on the banks of the IPara-
guay are genuine Gran Chaco stock, whose history so far as known has
been closely knit with that of this region. It might be here remarked
that the form of arrow known from the descriptions of the Bororo,
Guato, and Guana, finds many transitions to the type common in Para-
guay, while the transition to the Chaco form takes place first indirectly
through the Paraguay type. Furthermore,in the same way, these tribes
are related to one another through their bow types.

The bow wrapped throughont with Cipo (Pl LX, fig. 10) is to be
seen in several differentiated forms as far as southeastern Brazil. The
distribution of the nock pegs (’L LX, fig. 14) is evidenced by single
unlabeled old arrows of pure Chaco type which are in the museum at

Sdinburgh. Whether these received the peg.f' in f:ont‘,a,(:t with ﬂ‘l(}
Guato type, or whether the origin of this t(e(:!nm!ue is to be sought in
some portions of the Chaco region, from which it \\{:ls.(3()lllnll.lIll('{l,f(‘ll
to the Guato, is not disclosed. The practical value of this n.pplu-‘d nock
is easily seen. A technique of this kind ean, tl:erufm'e,. since it does
not differ outwardly from the character of the type, casily have been
borrowed from a tribe extremely conservative in the giving out of their

weapons, as we are able to demonstrate among the Chaco people, whose
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G. Dotti, conservator of the museum; the steles of the middle empire,
by Willoughby I'raser; those of the Ptolemaic epoch, by Ahmed-bey
Kiamal, and the monuments of the Ramessides, by (i, Daressy.

It should be noticed that foreign scholars unite in this work with the
members of the Service of Antiquities.  Each author is responsible for
his publications, the Service of Antiquities contenting itself with puat-
ting all the memoirs in the same style of type, and with the execution
of the volumes.

The third series will embrace only the deseription of the priuncipal
discoveries. 1 thought it necessary to preserve for science the details
of the researches and discoveries, which unfortunately thus far have
been too often neglected. This colleetion begins this year in a volume
on my excavations at Dahchour, for which Messes. Legrain, Jéquier,
Loret, fouquet, aud Berthelot have been willing to give me their scien-
tific assistance.

The first idea of these publications came to me on my arrival in
Egypt, but I have had recourse to my collaborators, Messrs. U. Bouri-
ant, G. Jéquier, and G. Legrain, to arrange the details for the execu-
tion of my projects. I can not sufficiently express my gratitude for
their efforts and their judicious observations, of which the first result
has been the printing of this volume from Assouan to Ombos, which I
have the honor to offer to the congress.

These are the results of the efforts of the Service of Antiquities dur-
ing these last two years. We wish, above all, to put at the disposition
of scholars all the documents that will aid them in their studies. Our
excavations, our clearings ol monuments, our classification of the muse-
ums, and our publications have ouly this purpose.

WORK OF THI INSTITUTE.

Charged by the Egyptian Institute to represent it before you, I will
retrace in @ swmmary manner the work of this company since 1 have
had the honor to take part in it.

Our institute has not, it is true, the pretension to vival the great sci-
entific iustitutions of thie world. 1t treats, only very rarely, questions
of general interest; but it is attached to the soil of Egypt, examining
it from every point of view, and in making the land of the Pharaohs
known, to its slightest details, it responds to the expectations and
hopes of its founders, Monge, Bonaparte, and that constellation of emi-
nent men who for nearly a hundred years have opened to civilization
and science these lands, formerly closed.

During the last two years technical specialists have furnished mem-
oirs to the bulletin of the institute and all have related to Egypt. Dr.
Schweinfurth has given us attractive studies on the geology and stra-
tigraphy of the Kgyptian soil; M. Piot, a curious thesis on the fossil
bones of a kind of antelope which formerly lived in the desert.:

Prehistoric Egyptian, or better, the practice of stone cutting in the
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Here also was shown a collection to illustrate the development of the
ceramic art in Japan. This had been arranged by Mr. Heromich
Shugio, and, although it did not contain any considerable numbgl‘ of
very costly picces, it was historically quite complete, and was described
by Mr. Shugio as follows:

Japanese history mentions that some pottery was made in a village
of Ldsumi to u considerable extent from the very early days, and that
another factory was in existence in the province of Ouri d}1r1'11g the
period of 581-660, B. C. Twenty-nine years before the Christian era
Penno Suijin ordered that human figures made pf burnt clay be buried
with his wife, Empress Hihasubrine, in place of her atten.dants_, as had
been eustomary until that time whenever any member of the imperial
family died. This humaue decree abolished an abominable custom,
and the pottery in its infancy played one of the most important and
noblest acts in history. )

The carly productions were of more unglazed burnt clay, not like
those of the early American pottery.

The introduction of the potter’s wheel by Giyoki, a priest of Idsumi,
in 724 A. ., must be taken as the real beginning of our ceramic art.

The first glazed stoneware is said to have been made by Kato Shi-
roye, now at Seto, in the province of Owari, in 1223 A. D., after his
return from China, where he spent several years in studying ceramic
art. Irom lis time, Seto became the center of ceramic art, and all the
ceramic productions came to be called ‘“Sefto mono” in Japan, as all
the porcelains are called ¢ China” in Great Britain and America.

The first porcelain was made by Gordayu Shonsui, a native of the
province of 1se, who studied ceramic art in China in about 1513. His
productions were mostly made with Chinese materials, which were
brought back by him from +hat country, and they were decorated in
blue under the glaze.

The greatest progress in Japanese ceramic art has been made since
the triumphant return of the Korean expedition in 1859, when many
skillful Korean potters were brought over and the famous ceramic fac-
tories of Hizen, Higo, Chikuzen, Satsuma, Tosa, Nagato, Yamashiro,
Owari, etc., were either established or improved by those potters.

The first potter who succeeded in decorating porcelain witl enamel
paintings over the glaze was the celebrated potter Kakiyemon, of the
Sakaida family of Nangawara, a village near Arita, who mastered this
secret of enamel painting from Tokuzayemon, of Imri, who learned his
method from a captain of a Chinese ship at Nagasaki in 1640,

Kakiyemon was assisted in his essays in enamel painting by Gosu
Gombei, another well-known potter. In 1646 Kakiyemon is said to
have sold his decorated porcelains to a Chinese trader in Nagasaki,
and thus he has the honor of being the first Japanese potter who dec.
orated porcelains with enamels and who sold Japanese porcelains to a
foreigner. Since then his productions were bought by Chinese and
Duteb traders at Nagasaki to export. He was honored by Prince
Naheshinia. Samio, of Hizen, by being appointed a special maker to
his highness. Specimens numbers 150 and 151 are his works. Although

they are not his best works, they will inati
to be the works of a nmster,han()lr.Wl be found, on close examipasion,

Nisei, the great Kiot6 potter,
of Wankiu, a wealthy Osaka m
decorating pottery with enam
method by Kakiyemon,

through the generosity and liberality
erchant, succeeded during 1655-1657 in
el painting after the newly introduced
BOW so much admired as the Ninsei ware,
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tribe forms the leading branch of the Piman stock; while the Seri
Indians are the sole representatives of their family. It has been
thought better to make moderately full exhibits of a limited number of
tribes than to illustrate a large number of tribes incompletely. The
Cherokee tribe was selected for representation because of its local
interest; the others because they were little known and the collections
are (uite knew. o . .

The Cherokee Indians were the aboriginal owners of the pine-clad
hills and fertile valleys of what is now northern Georgia, the western
Carolinas, eastern Tennessee, and a part of Virginia. They were the
first occupants of the site of Atlanta. They lingered long in their old
hunting grounds, and while most of the tribes have disappeared from
the woodlands and mountains, a few remain in the Eastern Cherokee
reservation in Swain County, N. C., within 150 miles of Atlanta. The
collections illustrating the Cherokee Indians comprises pottery and
basketry, largely of primitive types—the aboriginal bow and arrow,
with the singular blowgun, which attracted much interest among the
earliest white explorers; the eagle-feathered masks and tortoise-shell
rattles, and other paraphernalia of the primitive ceremonials; stone
implements and pipes, pottery-making tools and domestic utensils,
articles of costmme and personal adornment, fishing spears, etc. The
collection was made within a few years by an expert familiar with
Indians’ customs, who was cnabled to obtain the most ancient and
sacred, as well as the modern, possessions of the Indians. While many
of the articles are accultural (or affected by the influence of the higher
race), many illustrate fairly the aboriginal ideas of the Indians of south-
eastern United States. The collection fills one wall case, with the
larger articles arranged above it.

The 1’alza,g0 Indians are a tribe of the desert. They occupy the hot
and dry Papagueria (the most arid region of equal extent in North
America), lying south of the Gila River and west of the Sierra Madre
Mountains in Arizona and Sonora (Mexico). Their mode of life is the
blending of the nomadic and agricultural. They establish settlements
by springs and water holes, and, while the ground is moist from one of
the rare storms, they plant maize, melons, and beans, which quickly
mature; and when the spring fails, or the water hole dries up t\h‘e
I:a,nchenaf is ‘gbfm(}oned, and the people scatter in search of (;ther
sources of water. In autumn they colle_ct the fruits of different species
of cactus, mesquite beans, etc., and in winter they migrate to the
mountains of Mexico, where they live by hunting. Althgus'h discov-
ered and highly esteemed by the early Spani C ot R

od | Stee vt arly Spanish explorers and mission-
aries, the Papago Indians are little known outside of their own terri
The collection exhibited is the first one of note boti N e“\lt-m‘y'
and photographs, ever brought to eastern United Stat : “I O ticles
pott&;r;;lall(l wgter»]ti ght basketry, in the makin g of w%iecsl; thgqglillll)éllfﬁ:
excel; the crude plow, akin to that of ancient Ieypt s T e
primitive spade or dieeing sl . gypt, and the still more
D asical ins{’mme“ b3 %—6 ng ;glgk érlgg:;lses v;)ﬁ‘ (%1v113:mt1911 and_diversion;
with some of the stone fmplementa u,s H 1{3) 1 are still in 1_11111tod use,
same region; rope-making material and ; he Yy 1f)mcestral tribes in the
costumes, and the like. The collection i PParatus; domestic utensils,
one of which is 1 1S arranged in three wall cases,

allotted to i i i
agave. These incgred o a'the peculiar articles made chuﬁly of (glc
e cradle,

etc. In addition there i b used for bedding, basketry, t
e showing life-size models of

Papago women en s_a large floor cag
ibe; and the peculiar Cg, Wwith examples of the pot-

ko Homan @ éaged in pottery makin
arrying basket and costumes
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also a Crow warrior painting his blanket, and a Chippeway writing an
inseription on a tablet of birch bark. Another very striking group of
seven figures represented a religious ceremony practiced by the Indians
of Prince Rupert’s Sound. The principal figure is an Indian who is
personating a cannibal, and who is about to leap into the house through
a circular door. Two men are holding him back, while four musicians
in front are playing upon their rude instruments. The remainder of
this space is occupied by an exhibit prepared at the express desire of
the ladies in charge of the Woman’s Building, showing the arts which
are practiced by women among primitive peoples; especially in North
America. This collection includes implements for basket making, pot-
tery, weaving, beadwork, sewing, agricultural implements, and appli-
ances for burden bearing. These are all fully named and explained
upon the labels. The theory which has guided Prof. O.T. Mason in
the selection of this series is explained by him as follows:

The object of this exhibit is to show the share that women have had
in the industrial progress ot the world.

Inthat continual struggle called Progress or Culture men have played
the militant part, women the industrial part. A study of modern sav-
agery is a guide to the activities of our own race in primitive times,
and this teaches us that women were always the first house builders
and furnishers, and that they devised the utensils of the humble apart-
ments. They were the first elothiers, whether in skins at the north or
in vegetable fiber nearer the equator. It was the women who went
first to the field with baskets that they themselves had fabricated. They
gathered the seeds of plants, bore themn home on their backs, ground
them in rnde mortars, and from the flour made their mush or dough.
They invented all sorts of fireplaces and ovens, pottery, and cooking
utensils, and the many things employed in the serving and consuming
of food.

In early society women were literally the first beasts of burden, and
it was they that devised all sorts of frames for the carrying of children,
and bands and baskets for carrying loads.

Both men and women in savagery are touched with the sense of
beauty, the former in the adornment of the person, the weapon, and
the canoe, the latter in the technique of basketry, weaving, embroidery,
and pottery.

In a small space it was designed to bring together a few exanples
of primitive woman’s work in order to show the paths along which the
sex has traveled in time past.  The bead work, the embroidery, the per-
sonal ornament, the blankets, mats, belts, and looms, the utensils con-
nected with food the conveniences of housewifery, the bark cloth, the
delicate handwork in palm leaf, the pottery, the exquisite skin dressing,
and implements of Americans, Africans, and Polynesians were silent
witnesses of the genius, patienee, and skill of women 1n savagery.

It is hoped that many thousand of those who for the first time viewed
a portion of the collections of the National Musenm aft the Atlanta
Exposition will hercafter have the opportunity of sceing the Musewm
in its entirety in Washington.
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set to work to gather up the obscure and forgotten facts, the disjecta
membra of his subject. With this aim he, for several years, had all
the exchanges of the newspaper offices scarched for obituary notices
appearing from day to day, cut up the countents of biographical dic-
tionaries and directories of Congress, and ransacked all periodicals for
biographical sketches. The immuense mass of material thus gathered he
had mounted upon uniform sheets of paper and arranged in strict alpha-
betical order, thus embodying for the readiest reference a great mass of
fugitive biographical data quite inaccessible to the ordinary inquirer.
This valuable index, mrranged in two extensive cases of drawers, forms
a part of the Toner collection in the Congressional Library.

In like manner the Doctor made another collection of obituaries and
biographical sketches of all American physicians commemorated in
periodicals.

Jut the specially cherished design, very nearly fulfilled, of the lat-
ter years of his life was the collection of an absolutely complete
assemblage of all the letters and other writings, printed and manu-
seript, of George Washington.  Dr. Toner had an idea that everything
which Washington wrote was valuable, or would become so, to his
countrymen, Ile found that the printed collections of Washington’s
writings by Sparks and others, who permitted themselves to amend
the grammar, the style, and the orthography of their illustrious sub-
jeet, are quite untrustworthy as transcripts of what he really wrote.
So he had strictly verbatim copies made of every paper in the vast
collection of the Department of State, and followed it up by securing
exact copies of every original Washington letter found in historical
societies and library collections, public and private, throughout this
country and in Iurope. Where no access to an original could be had,
he procured and mounted printed copies, ransacking all American
books, periodicals and newspapers he could find, and watching every
print of a Washington letter, to scize it for his collection, if not already
there. This great thesaurus of Washingtoniana, mueh the fullest yet
gathered in any one colleetion, he arranged in strict chronological order
of the papers, and deposited it in his liletime in the Congressional
Library. Thus was performed o most useful and inestimable service
to the historical student.

We may next view our associate as w patron of letters and a public
benefactor.  Ile founded and endowed in 1872 o course of public lee-
tures, designed to encourage the discovery of new truths for the
advancement of medical science. e conveyed about $3,000 in real
and personal property to five trustees, consisting of the Secretary of
the Smithsonian Institution, the Surgeon-General of the United States
Army, the Surgeon-General of the Navy, the president of the Medical
Society of the District of Columbia, instituting thereby “The Toner
Jeeture fund.” Ninety per cent of the interest of the fund was to l;‘c
applied for at least two annual memoirs or essays by different indi
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viduals relative to some branch of medical science, to be read in the
city of Washington, under the name of “The Toner lectures,” each
of these memoirs or lectures to contain some new truth fully estab-
lished by experiment or observation.”

As these lectures were intended to increase and diffuse knowledge,
several of them were accepted for publication in the Smithsonian
Miscellaneous Collections. The first of the course was by Dr. J. ).
Woodward, «On the structure of cancerous tumors,” and was printed
in 1873. Nine other lectures, by Dr. C. Ii. Brown-Sequard, Dr. J. M.
Da Costa, Dr. W. Adams, Dr. E. O. Shakespeare, Dr. G. 1. Waring, jr.,
Dr. C. K. Mills, and Dr. Harrison Allen, have since been published by
the Institution, the last having appeared in 1890. The original fund, of
which one-tenth of the annunal interest was to be added to the priqcipal
and the residue devoted to an honorarium for the lecturers, has grown
to over $5,000 by careful investment. It affords a practical example
of a wise method of endowment by which even a small sun may be
made to yield instruction to large audiences for a series of years.

Dr. Toner gave a gold medal for three years to proficient students in
Jefferson College, and a similar medal for many years past, known as
the Toner medal, has been awarded at Georgetown University, for the
best essay upon some topic in natural science.

His most notable public benefaction, however, was his gift in 1882
of his entire private library to the Government, the first, and thus far
the sole instance of any considerable collection bemg thus bestowed
by any private ecitizen. The gift, comprising about 27,000 voliumes—
medical, historical, and miscellaneous—Dbesides & multitude of pam-
phlets and periodicals, was accepted by a special act of Congress, and
a bust of Dr. Toner, executed in marble by J. Q. A. Ward, was ordered
by the Library Committee, and is placed, with the iwlmirable full length
oil portrait of him by E. I'. Andrews, in the Library.

Dr. Toner, in addition to this gift in his lifetime, bequeathed by will
all his remaining books, maunuscripts, pictures, and curios to the
Library of Congress, while to the Cambria County Medical Associa
tion, at Johnstown, Pa., he has given all duplicates of his books and
periodicals.

The Toner collection, while of course it largely duplicates what is
already in the Congressional Library, also supplements that cotlection
in many important directions, especially in medical journals, while the
special and unique collections in biography and Washingtoniana,
already referred to, give to it a great and permanent value. [t has

been catalogued, exeepting a portion of its pamphlets and serials, and
while hitherto it has never been adequately or even respectably stored,
because of the utter want of room in the Capitol, a place of honor in a
corner pavilion of the new Library huilding, selected by Dr. Toner,
will be devoted to the arrangement and preservation of his collection.

It may be hoped that other collectors of valuable libraries and of
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By special invitation of his cousin, Mr. William Ellis, who was in
- charge of the navy-yard in Washington, he accepted the position of
draftsman in the yard February 17, 1853, and o few months later
became foreman of the engineer and machinist departinent. He filled
this position acceptably until his resignation, December 31, 1833,
receiving a letter from Chief Engineer 1llenry Hunt, U. S. N., express-
ing “great regret in his leaving the situation wherein his services and
knowledge had been valuable and his deportment most gentlemanly.”

In May, 1854, he was appointed by Hou. Charles Mason, Commis-
sioner of Patents, to a temporary clerkship, and on the 1st of April,
1855, was made an assistant examiner in the division under Prof.
George C. Schaefter, the eminent chemist, engineer, and general scien-
tist. Dr. Schaeffer used to relate of this appointment that, finding
himself in need of an assistant, he was told hy the Commissioner that
a young man was in consideration for the place who seemed intelligent
and capable but spoke doubtfully as to his own qualifications for the
work. “Then please appoint him at once,” said Dr. Schaefter; ¢“he
will be just the man I want.” The augury was abundantly fulfilled,
and was the beginning of a cordial lifelong friendship between the two
men, amid various strong differences of opinion. Their debates on
matters of high interest were remembered as contests of giants by
their hiearers.

Mr. Taylor was appointed principal examiner on November 10, 1857,
in the class of firearms, electricity, and philosophical instruments.
His early legal education and practice fitted him admirably for the
position of cxaminer and cenabled him for more than twenty yecars
fully to meet the requirements of an oftice which Commissioner Mason
declared should command the highest order of talent, ¢“where all
learning connected with the arts and sciences finds an ample field for
exercise and questions of law that tax to their uttermost the abilities
of the most tearned jurists;” and another Commissioner, Jidge 1lolt,
said: “The ability and requirements necessary to a proper discharge
of the duties of an examiner must be of 4 high order, scarcely less
than those we expeet in a judge of the higher comrts of Taw.”

In 1873, the temporary position of librarian being vacant, Mr. Taylor
was detailed to this serviee, on account of his extensive information,
and was of great assistance to the examiners through his ability to give
them references to aid in making up reports of application for patents,

The Patent Oftice library was indeed a grand school of instruction
and a mine of inexhaustible wealth for a scientific inquirer.  Designed
as a collection for reference in the examination of applications for pat-
ents, in order to determine the question ot novelty of invention, it I'ms
grown mainly in the dircetion of techuological publications, including
full sets of the periodicals devoted to speeial industrial art and all the
more important treatises on machines, arts, processes, and products, in
the English, French, and German languages. Josides this, there are
the records of toreign patents of inestimable value.
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constitution, by-laws, or even officers, met weekly at the residence of
its members in turn. Hon. Hugh McCulloch, Comptroller of the Cur-
rency, afterwards Secretary of the Treasury, was one of this ¢charmed
circle,” all of whose members became famous for their service to their
country and the world, and in his notable work, Men and Measures of
Half a Century, he speaks thus of Mr. Taylor:

Mr. William B, Taylor held and still holds high rank among the
seientific men of Washington. He was then an examiner in the Patent
Office, the daties of which he performed with great ability. He is now
employed and is doing good work in the Smithsonian. = Valuable arcti-
cles from his pen are sometimes seen, but he avoids notoriety, is rarely
seen in society, and seems to be perfectly content with suchenjoyments
as he finds in doing his duty at the head of one in the divisions of the
Smithsonian, and in familiar intercourse with a few personal friends.
By those who know Lim well he is considered the most learned man
in Washington.

This opinion was also held and frequently expressed by the late Dr.
Welling, president of Columbian University.

Mr. Taylor was one of the founders of the Washington Philosophical
Society, which grew out of the Saturday Club just alluded to. Ile
signed the call for the first meeting, requesting Professor Henry to
preside, March 12, 1871, and on the organization of the society, March
13, 1871, was clected a vice-president. This office he held until Decem-
ber 17, 1881, when he was elected its fourth president. Between 1871
and 1881 he had presided at forty-five meetings of the society. His first
paper was presented June 10,1871, < On the nature and origin of force,”
and was published in the Smithsonian Report for 1870, which was
issued late in 1871, At almmost every meeting of the society he either
presented an original communication on astronomical, mathematical,
or physical subjects, or discussed with freedom, clearness, and marked
ability the papers of others. Among his most important addresses
before the hilosophical Society was one in 1878 on the ¢ Life and scien-
tific work of Joseph Ienry.” This work was peculiarly agreeable to
him as an ardent admirer and strong advocate of Henry’s policy, his
wari personal friend and intimate associate, and of whomn he speaks
thus: “IFew lives within the century are more worthy of admiration,
more elevating in contemplation, or more entitled to commemoration
than that of Joseph Henry.”

On the 5th of May, 1882, he made a report as chairman of a joint
committee on the Phitosophical, Biological, and Anthropological soci-
eties, favoring a scheme of consolidation or union of the scientific
socicties of Washington, an event which, after a lapse of thirteen
years, has only recently been in some degree accomplished.

In February, 1883, a mathematical section of the Philosophical
Society was organized, of which he became one of the leading spiri.ts,
taking part in every meeting, and on March 24, 1886, he was elected its
chairman.  On the 23d of October, 1886, he was elected to the gencral
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‘While Mr. Taylor’s learning and skill in book making were invaluable
to the Smithsonian Institution, his labors were not confined to those of
an editor. As early as 1866 he became one of the collaborators of the
institution, to whom was referred much of its scientific correspondence,
and this relation he held until 1878, when to him was assigned the
entire charge of the consideration and discussion of matters pertain-
ing to physies.

This part of the operations of the institution, while attracting no
public attention, produces important results in the diffusion of knowl-
edge. Scarcely a day passes in which communications are not received
from various parts of the country, giving accounts of discoveries, or
seeking information relative to some branch of knowledge. The rule
was early adopted to give respectful attention to every letter received.
Many of these communications are of snch a character that, at first
sight, it might seem best to treat them with silent neglect; but the
practice was observed of stating candidly and respectfully the objections
to such propositions, and to endeavor to convince their authors that
their ground was untenable.

Mr. Taylor had a keen sympathy with mere theorists, as well as with
inventors; with those who supposed they had discovered new systems
of the universe, as well as those who endeavored to contrive machines
to realize perpetual motion. To all these lie had the rare faculty of
being able to detect and expose their fallacies withont hnrting their
pride or wounding their sensibilities, and, although they might not
accept lis conclusions, they always seemed grateful for his criticism
and honored his candor.

Trom what has been said as to the engrossing occupations of Mr.
Taylor, it can readily be inferred that his own published writings were
few. Most of his work was fragmentary and discursive, and while
voluminous in the aggregate, was very much condensed and epitomized
in each separate case.

His principal works were:

Seriptural Authority of the Sabbath, 1851

The Nature and Origin of Foree, 1870.

Refraction of Sound, 1875.

Kinetic Theories of Gravitation, 1876.

Henry and the Telegraph, 1878.

Memoir and Scientifie Work of Joseph Ienry, 1878,

Physies and Oceult Qualities, 1882,

In his history of Henry and the Telegraph, Taylor treats fully of the
growth of the electric telegraph, and shows ¢“that prior to Henry's
experiments in 1829 no one on cither hemisphere had ever thought of
winding the limbs of an electro-magnet on the prineiple of the bobbin,
and not until after the publieation of Henry's method in January, 1831,
was it ever employed by a European physicist.”  Taylor, however, does
not claim for Heury exclusive honor for the invention of the telegraph;


















658 JOSEPH PRESTWICH.

The brief introduction to geological science which Dr. Turner had
given was destined to bear the most excellent fruit. Prestwich was
thus led to examine the collections of fossils in the British Museum;
and the works of Conybeare and Phillips, of De la Beche and Lyell,
became his text-books.

Entering the field of geology, as he tells us, for relaxation from the
cares of commercial life, he had in his early years only such time as
could be snatched from business at intervals, and chiefly on Saturdays
and Sundays. Fortunately his duties led him into various parts of the
country, and every opportunity was taken of making acquaintance
with the physical features and structure of the districts he visited. It
is, however, wonderful to find how much he achieved, how early he had
mastered the principles of geology, and how sound were his interpre-
tations of facts.

His holidays during the years 1831 to 1833 were for the most part
spent in the region of Coalbrook Dale, and the resuits of his researches
were communicated to the Geological Society of London in 1834 and
1836. This work was published in full in the Transactions of the
soeiety, and looking at it now it may be regarded as a model of what a
memoir should be on such a subject as the coal field and its associated
strata. The Silurian and Carboniferous rocks, the new red sandstone,.
the igneous rocks, and the drifts were all duly described, and what is
more remarkable, considering the youth of the author, the superficial
extent of the various rocks was shown on a map of the scale of one
inch to a mile in a manner differing in no very important particulars
from the subsequently published map of the Geological Survey. The
structure of the area and its faults were carefully depicted, while the
organic remains which Prestwich had obtained were described with
the aid of his friend, John Morris. So highly, indeed, would we speak
of this work that had the author done nothing subsequently we believe
it would have entitled him to a permanent place on the roll of those
geologists who have rendered distinguished service.

In 1835 another paper was read by Prestwich before the Greological
Society on the ichthyolites of Gamrie in Banffshire, and this was his
first published work. In 1837 he supplemented it with observations on
the drift deposits, including those of Blackpots, and he noted the
existence of a raised beach.

These carly studies give a good idea of the bent of his mind, his
attention being given to stratigraphical geology and to the physical
conditions under which strata were accumulated. In later years he
turned again to the coal measures in other regions, especially in
Somerset, aud to their possible underground range in the southeastern
counties, while the subjects of drifts and raised beaches gained even-
tually more and more of his attention.

Prestwich was elected a fellow of the Geological Society in 1833,
when Greenough was president; and he first became a member of coun-
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In 1868 he communicated to the Geological Society the first part of
his elaborate work On the Structure of the Crag Beds of Suffolk and
Norfolk, The three parts were published in 1871. They contained
the results of his long labors, and, as be remarks, “The greater part of
my observations date, in fact, so far back as from 1845 to 1855.”

In some respects this was unfortunate, since the author had been
too much occupied to work out the results of his observations while
they were quite fresh in his mind; moreover, he did not fully realize
how much had been done by previous observers. In omitting to
notice in detail work that had been previously published, he observed,
“I may be further justified in this course by the circumstance that
my own researches are in great part anterior to most of the papers in
question”—a plea that fails to satisfy the worker who is keen on
priority of publication. One noteworthy result of this was the intro-
duction into Norfolk of the term ¢ Westleton Beds,” for strata pre-
viously described at certain localities by Wood and Harmer under the
name of Bure Valley Beds. It has now been clearly shown that the
Bure Valley Beds (of the Bure Valley) are of earlier age than the
Westleton Beds (of Westleton), the former being linked with the
Norwich Crag (Pliocene), and the latter being rightly regarded by
Prestwich as Pleistocene. What may be the particular horizon in
the Pleistocene group of the Westleton Beds is still a matter of dis-
pute. No fossils have yet been found in the Westleton Beds at Wes-
tleton, and it is therefore a matter of great uncertainty as to how far
correlation is justified with the other unfossiliferous pebbly gravels of
the eastern and southern counties of England. Prestwich has, how-
ever, published a series of papers on these scattered deposits, and the
facts which he has made known must always prove of value, while his
theoretical conclusions, which have added largely to the interest taken
in the subject of gravels, can not fail to have beneficial results.

The importance of an attentive study of the Glacial Drift and other
superficial deposits was pointed out by Joshua Trimmer, and he was
followed by S. V. Wood, jr., who, pursuing the subject in great detail,
personally surveyed on the 1-inch ordnance maps large areas of the
eastern counties, and stimulated others, like Mr. F. W, Harmer, in
Norfolk, and the Rev.J. L. Rome, in Lincolnshire, to cooperate with
him. Prestwich, meanwhile, had made particular observations here
and there, and chiefly between the years 1835 and 1861, in Holderness,
at Mundesley, Reculvers, Hackney, Salisbury, and Brighton. He
devoted his attention more especially to fossiliferous deposits of valley
drift and to raised beaches. Ile described a few sections of Glacial
Drift, but did not yet enter into any general discussions with regard to
the classification of our Pleistocene deposits,

His mostimportant researches among the latter deposits were unques-
tionably those relating to the valley or river gravels, and to the occur-

rence in them of flint implements and certain fossil mammalia.
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versity of Sydney) and F. A. Bather (of the Geological Department.
British Museum), who, trained in geology under Prestwich, have since
gained distinction. His field excursions, however, were always higily
appreciated by many who feund no time to pursue the science in after
life. A '

Various papers proceeded wou.w ‘rom his pen; he dealt with the mueh
discussed origin of the parallel roads of GGlen Roy, and he wrote on the
agency of water in voleanic eruptions, believing that the water was but
a secondary cause, and that the phenomena were dependent on the
effect of secular refrigeration.. ITe dealt also with the problem of the
thickness of the earth’s crust, and published an elaborate paper on
underground temperatures.

He also made a special study of the Chesil Beach, coming to the con-
clusion that it was a wreck of an +t1 and extensive raised beacl, of
which a remnant still exists on Portland. Ilis view concerning the
comparatively recent date of the Weymouth anticline has not, however,
proved to be sound.

During his term of professorship, Prestwich wrote his well-known
work entitled ¢ Geology—Chemical, Physical, and Stratigraphical,” in
two volumes, published in 1886 and 1888, a work admirably illustrated.
In the first volume he remarkted that among geoiogists two schools
have arisen, “one of which adopts uniformity of action in all time,
while the other cousiders that the physical forces were more active and
energetic in past geological periods than at present.” Advocating this
latter teaching he felt he should be “supplying a want by placing
before the student the views of a school which, until of late, has hardly
had its exponent in English text-Looks.” ITe indeed protested on
many occasions against the doctrine ot uniformity of action, both in kind
and in degree. Such, indeed, was the teaching of Ramsay in his pres-
idential address to the British Association at Swansea in 1830, That
geologist referred to the great changes, of which we'have evidence in
comparatively late geological times, in the upheaval of mountain chains
and in the vicissitudes of the Glacial period; and, in regard to vol-
canoes, he believed that “at no period of geological history is there any
sign of their having played a more important part than they do in the
epoch in which we live,” Ramsay based his argument on the record of
the roeks, and, leaving out of consideration cosmical hypotheses, he
concluded that, from the epoch of our oldest known rocks down to the
present day, ¢ all the physical events in the history of the carth have
varied neither in kind nor in intensity from those of which we now have
experience.” This conclusion may be taken to mean that any kinds of
physical change that have appened in the past, since the carliest rocks
were laid down, may happen again, and we belicve that this is the real
view of the Uniformitarian. Mr, Teall again, in 1893, forcibly urged
the claims of the Uniformitarian school, pointing out “that denudation
and deposition were taking place in pre-Cambrian times, under chemi-
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met with the unanimous approval of geologists, nor was such a bappy
result to be expected on a complex subject where there is great room
for diversity of opinion. His views on the primitive character of the
flint implements of the chalk plateau of Kent have, however, opened
up a new and interesting inquiry, and one more likely perhaps to gain
supporl than his evidences of a submergence of Western Europe at the
close of the Glacial period, and their bearing on questions relating to
the tradition of a flood.

It is, however, yet early to judge of these controverted questions.
They require further detailed study and impartial consideration, and
whatever conclusions be eventually accepted, there can be no doubt
that the patient and enthusiastic labors of Prestwieh on these most
difficult problems will have largely contributed to their solution.

Throughout his long life Prestwich felt deeply indebted to geology,
and, as he once put it, not merely because it was a source of healthful
recreation, but * for its kindly and valued associations, and above all,
for the high communing into which it constantly brings us in the con-
templation of some of the most beautiful and wonderful works of the
creation.”

In the early part of the present year IHer Majesty conferred the honor
of knighthood upon him, but Sir Joseph Prestwich was too feeble in
health to aceept it in person. He died on June 23, and was buried in
the churchyard of Shoreham, near Sevenoaks, not far from his pleasant
home of Darent Hulme.
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new memoir evinced new progress, whether it treated of the signs
employed in popular seript,’ or showed the identity, by means of the
demotic,” of the hieroglyphic inscription of Phile with the decree of
. Rosetta.® The same is true of his Doctor’s thesis, in which he gave a
résumé of the grammatical system which prevailed in Egypt in the ear-
liest period;* of an article in which he showed the identity of a Greek
fragment of our library with the demotic papyrus Minutoli 18 of the
Berlin Museum,’ and of the chrestomathy of demotic texts, accurately
translated and analyzed, which he attempted to construct.” All these
publications, so little known to the present generation, belong to the
best published in their time. The errors were numerous, it is true, and
the works have been severely criticised, but we feel everywhere the pro-
found love of the scholar for his subject, and we must admire the
infinite resources of sagacity and patience which he expended to com-
pensate for the real imperfections of lis philological education. Had
he died at that time, and left nothing else behind him, he would have
been reckoned among the masters of Bgyptology, in the first class
with those who, not content to walk further in the trodden path, have
opened new roads.

At first e had neglected the hieroglyphs. Now he ardently began
their study; but he had not yet made himself master of them when he
undertook, in 1853-54, with the help of the King of Prussia, his first
voyage in igypt. There he met Mariette, and spent several monthsin
the Serapeum studying the recently discovered demotic inseriptions.
Next he went to the Said and remained a long time in Thebes. e
gave an account of his travels in a notice on the Natron lakes,” but
especially in his Récits d’Egypte,” where he describes, after Cham-
polliou, and analyzes the monuments and inscriptions he had scen.
The first result of this long excursion in the land of the Pharoahs was
that it furnished him with the material necessary for his (frammaire
Démotique.” This book appeared in 1855, and it has endured for forty

I Numerornm apud veteres Hgyptios Demoticornm doctrina.  Berlin., 1849, 4.

2Die Inschrift von Rosette nach ihirem aegyptisch-uemotischen Texte sprachlich
und sachlich erkliirt, first part of the Sammlung demotischer Urkunden,  Berlin,
Folio. 1850,

3 Uebereinstimmung einer hieroglyphischen Inschrift von Philae mit dem griech-
ischen uud demotischen Anfangstexto des Dekretes von Rosette. Berlin, 1816, 4 .

1De Natnri et Indola linguwe popularis .Egyptiornin. I, De nomine, de dinlectis,
de litterarnm sonis.  Berlin. 8-, 1%50.

*Lettre i M. de Rougé an sujet de Iy déconverte d'un mannserit bilingue sur papy-
rug en éeriture démotico-égyptienne et en gree eursif de I'an 114 avant notre cre.
Berlin, 4 . 1850.

SSammlung demotischer Urknnden.  Berlin, v, 1%50.

?Wandrung nach den Natronklistern in Aegypten. Berlin. 167, 1855,

*Reiseberichte ans Aegypten, iiber eine in den Jahren 1853-51 unternommene
wissenschaftliche Reise nach dem Nilthale.  Leipzig. 1855, 8. Compare Recneil
do Monnments.  Vols. I-11,  Leipzig. 1 . 1863,

“Grammaire Dénotique, contenant les principes généranx de Ia langue et de
Péeriture populaire des anciens Egyptiensl. Berlin,  Folio. 1855,
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raohs as well as under the Ptolemies. The catalogues of vanquished
peoples and of captured cities, which the kings of the conquering
dynasties had inscribed on the walls of the temples of Thebes, showed
him the state of Syria and Ethiopia at epochs of which there was no
previous knowledge. = The three volumes Inseriptions Géographiques
opened a new world to historians and geographers.! The geographers
have not, it is true, thought it worth while to explore it, but the Egyp-
tologists have done so. More than twenty years after, Brugsch again
took up a part of the subject which he had once treated. His Dic-
tionnaire Géographique, making use of the works of Diimichen, and of
the two Rougés, corrected most of the mistakes found in his previous
work, but it contains only the names of cities and districts of the valley
of the Nile;? the Asiatic countries were excluded, as well as the coun-
tries on both sides of the Red Sea, and he gave only very short articles,
one of which, entitled “La Table ethnographique des Anciens Egyp-
tiens,” contains views of remarkable ingenuity.® His Histoire d’Egypte,
published in French about 1860, embraced the discoveries of Rougé and
Mariette;* a second French edition in 1875 was only a half success,” but
the German edition of 1879 crowned the author’s reputation.” The
history begins with the inception of the monarchy and ends with the
Macedonian conquest, presenting reign by reign and dynasty by dynasty
a brilliant picture of what is known of the destinies of Egypt. The
book has been translated into English and it is to-day the classical
work on the subject.

But lexicography and grammar, as well as history and geography,
engaged the attention of Brugsch. He early recognized the fact, too
little understood, that it is no more difficult to prepare three or four
books at the same time than it is to write a single memoir. The text
studied for a series of mythological facts often contains passages which
clear up the sense of an obscure word or render possible the correction
of a grammatical rule. If the author does not neglect to note any of
the interesting points it nearly always happens that in searching for
materials for a historical dissertation he will collect facts for a dic-
tionary article or a grammatical monograph. It is in this way only

1Geographische Inschriften altiigyptischer Denkmiiler, gesammelt wiihrend der
auf Befehl Kinig Frichrich Willielm IV von Preussen unternommen wissenschaft-
lichen Reise in Aegypten, erliutert und herausgegeben, 3 vols. 4°. Leipzig. 1857~
1860.

“Dictionnaire Géographique de ’Ancienne Egypte, contenant par ordre alpha-
bétique Ja nomenclature comparée des moms propres géographiques (ui se rencon-
trent sur les Papyrus. Leipzig. Folio. 1879-1880.

sDiealtiigyptische vilkertafel. Berlin. 8~. 1821.

“Histoire d'Fgypte di-s les premiers temps de son cxistence jusqu’ i nos jours. 107
partie: I’Egypte sous les premiers rois indigincs. Leipzig. 4°. 1859

*Histoire I’Egypte. Io partie: Introduction, Ifistoire dcs Dynasties I-XVII, 2¢
édit. Leipzig. 8 . 1875.

“Genchichte Aegyptens unter den Phiaraonen nach den Denkmilern bearbeitet.
Leipzig. & . 1878,
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It will be thus seen that Dr. Ryder was twice removed from ancestors
who combined English, Scotch, German, and Swiss traits.
Dr. Ryder’s father was by training a farmer. He beeame interested
in horticulture, and at one time conducted a large nursery. 1lis talents
for invention are of an exceptional order. He has improved mechan-
ical devices for preserving and curing fruits, vegetable and animal
products, and has become widely known in connection with their
manufacture and introduction.
Dr. Ryder’s inventive ability can be traced in great measure to his
father and remotely to the Longenecker branch of the family. His
mother, however, possesses inventive skill in no mean degree. Ryder
had no taste for music. In this respect he resembled his mother, since
the taste was.well developed in the father. Ile had a natural facility
for drawing, although le never cultivated it beyond what was neces-
sary for the illustration of his papers and for the class room. This
talent also is traceable to his father. TIis taste for natural history is a
direct inheritance from his mother. While Dr. Ryder never became
much interested in medicine, many phases of his rcsearches arc so
closely allied to this science that he may be said to have inherited the
taste from his father, who, although never having studied medicine
systematically, had that turn of mind which is constantly tending to
contemplate the nature of disease. A paternal aunt of Dr. Ryder
studied medicine. She was never graduated. Ier medical opinion
was frequently sought for and valued in the community where she
lived. She was also of an inventive turn of mind.
Dr. Ryder early exhibited a taste for natural history. When 3 years
old he was constantly bringing into the house brightly colored stones,
insects, and other natural objects. At 8 years he knew the botanical
names of all the plants in his father’s nursery. While very young he
was noted for a habit which distinguished im throughout life, namely,
of always having his mind occupied with something apart from the
duties in hand. Thus, while helping liis father at pruning or grafting,
he would recite aloud passages from a favorite author, a eopy of which
would be found in his pocket. On one occasion, his father hearing
hearty laughter, asked him the cause of his mirth. The boy replied
that he wondered how Diogenes felt living in such a small place as a
tub, and what fun he must have had searching for the honest man.
Every farmer in those days kept a few swarms of bees,  While Mr.
Ryder was not a professional apiculturist, he knew in common with
his neighbors a good deal about the raising of bees. Ryder developed
an interest and without being specially instructed became proficient in
the care of bees, and throughout life often reverted to their habits for
many points in the economy of inseccts.

At 3 years of age he began to receive instruction from his maternal
grandmother, from whom he early mastered the rudiments of German.
He attributed his subsequent fluency in German (for he could speak it
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Meehan, an old {riend of his father, for advice. Mr. Meehan states that
Ryder visited him at his residence in Germantown. His funds were
low, and to save money he had walked the entire distance, 12 miles,
from Philadelphia. Mr. Meehan was interested in Ryder, who was,
however, urged not to attempt to live on the small amount of $5 a week
permitted by the fund. But Ryder was not to be deterred. Ie felt
confident that he could in some way manage, and accordingly, armed
with a letter of introduction, he visited the academy and made formal
application. This was, at first, unsuccessful, but in the latter part of
the year he was duly appointed. He remained in the academy as a
beneficiary of the fund for six years.

Little is known of his privatelife during the greater part of this time.
In 1879, Mr. J. S. Kingsley, now Professor of Biology in Tuft’s College,
Massachusetts, was his associate, and through him it is ascertained that
Ryder lived on the top floor of No. 1113 Chestnut street. Iis chamber
and laboratory were one. Upper rooms in business blocks were then
cheap, and food at moderate prices, offered for the use of employees of
newspaper offices in the neighborhood, could be obtained day and night.
The markets and restaurants of Philadelphia furnish plain, wholesome
food at rates which compare favorably with those in any American city.
Meals at 15 cents each are important factors in solving a problem of
living on 70 cents a day. It was the custom of the proprietor of the
restaurant frequented by Ryder to put aside for him the oyster shells,
whicly, after each meal, were inspected for organisms. In this way he
discovered the sponge Camaraphysema. Doubtless the work on the
habits and food of the oyster, on which Ryder’s fame in a measure rests,
began in these desultory studies.

It was a time of formative plans. Among these may be recalled—
an educational scheme by which the teachers in the public schools were
to be prepared for imparting the elements of biology to their pupils; a
course of popular lectures at the Wagner Institute; and a series of
papers on natural history for a Philadelphia paper. Noue of these
came to anything.

Such a life in a region of stores and warehouses is well ¢nough dur-
ing the week. The days and nights are separated by the changes in
light—but not by changes in habit. But on Sunday the business part
of a city is but little better than a desert. Ryder was in the habit of
spending this day, when the season tavored his so doing, in the sub-
urban districts, or in Fairmount Park. It was on such excursions he
discovered Scolopendrella and Furypauropus.

The previous education of Ryder was one inadequately qualifying
him for the career of a naturalist. This, indeed, is not less than that
required to equip a student for any intellectual career whatsocver.

How immense the labor when one is compelled to equip himself! The
naturalist must be a linguist (for there is scarecly a modern Kuropean
language which may not possess a treasure for bis needs); he is all the

1
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quitted for it a congenial field of labor under the United States Fish
Commission, in which he had rendered great service to the Government
and acquired for himself a world-wide reputation. Thenceforth he
devoted himself equally, and with a fidelity and effectiveness that ended
only with his life, to the work of a teacher and that of an investigator.
His characteristic traits were modesty, unselfishness, and sincerity in
the search for truth. To these were added a rare talent for investiga-
tion, strong intellectual capacity, and unremitting industry; and these
inured not only to the benefit of the school in which he taught, but to
the distinet advancement, both in theory and in apphcatlon to the science
of biology, to which his hfe was consecrated.

The funeral services were conducted by Prof. George I. Fullerton,
vice-provost, and the Rev. Dr. TL. C. McCook. Iis body was cremated.

A memorial meeting, held in the hall of the Academy ot Natural
Sciences of Philadelphia, April 10, was participated in by members of
the faculty of the University of Dennsylvania, representatives of the
American Philosophical Society, the United States Fish Commission,
and the Academy.!

Dr. Ryder was elected a member of the Academy of Natural Sciences
of Philadelphia January 29, 1878, and of the biological section of that
body November 15, 1886. He was director of the section from 1886 to
1888. He was elected a member of the American Philosophical Society
December 17, 1886. The University of Pennsylvania conferred npon
him the degree of doctor of philosophy, 1836, Ile was also a member of
the following societies: The Zoological Society of Philadelphia (life
member), the American Morphological Society, the American Society of
Naturalists, the American Association for the Advancement of Science,
the Association of American Anatomists, and the Iistorical Society of
Pennsylvania.

II1.

Dr. Ryder was a man of restless mental activity. Plan after plan
was discussed in his early letters. No defense was offered for this
cagerness of spirit.  On the contrary, he says in one of his outbursts:
«“1 see more worlds ahead of me to conquer, so that I have little time
to attend to number one, that often restive and troublesome person
who is always reaching for toys he ought not to have, greatly to the
disadvantage of more serious matters.” Circumstances annulled most
of his mumerons enterprises, but the ideas were, withont exception,
admirable, and some of them were afterwards realized by others. In
In 1879 he proposed to establish in Philadelphia, in conjunction with
Mr. W. C. Seal, a depot of material for biological laboratories and
class-room  demonstrations. It was intended that Mr. Seal would
collect and preserve the specimens which Dr, Ryder would undertake
to identify and to furnish all other information. It was designed to
embrace marine and fresh water as well as terrestrial forms.  In asso-
ciation with his friend, Mr. J. 8. Kingsley, e at one time thought of

! See note on page 673,
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of evolution. That these attempts should have been largely in the

direction of dynamics was to be expected, since he was enabled to apply

to the problems his talent for mechanics and invention. IIe also had

at hand the conclusions of many contemporaries who were with him

eagerly seeking for a hiypothesis of evolution not embraced in that of

natural selection. ‘
As carly as 1874 he wrote :

T think T have discovered a law which offers a way to the solution of
the variations of forms in animallife. Thislaw I propose to call thelaw ot
thedynamics of phylogeny. Inreading over Herbert Speneer’s brilliant
essay on {he circulation of sap in plants and the formation of wood, I
saw the solution of the problem. Here is field enough for a Darwin.
I almost shrink from the task when I consider its magnitude. Cleavage
of musecular fiber; the processes of bone; the arrangement of the
bouy layers ; the change of form and length and of position of bony
processes ; their relations as a whole ; their relations to the muscles ;
their form, arrangements, ete., all proclaim a common law, while every
abnormality, injury, reparative expedient, still farther strengthens it in
my mind, and is the only thing that will ‘demonstrate to the world the
truths of the doctrines of unity of law and universal evolution. It
completes Darwin’s work on a grander scale than Darwin ever dreamed
of. 1t still further declares that there is one eternal ever-active cause,
operating in lines of constant and mathematieal precision, If Dr.
Hauglhton, of Cambridge, can demonstrate the mathematics of the

bones and muscles, surely someone clse can study the dynamics that
creates them.

Ilis first work in speculative biology was an attempt to explain by
such reasoning a law of reduction of digits in the mammalia.! In the
same year he endeavored to establish a dynamical theory to account
for the modifications in the forms of tooth structure and to correlate
this structure with the shapes of the lower jaw and other parts of the *
skull. In the following year he discussed the mechanical genesis,
degeneration, and coalescence of vertebral eentra in a gigantic extinet
armadillo.

ITe developed a theory on the origin of. the amnion in 1886, and his
explanation of the different types of placentie in 1887. In 1889 he
defended the thesis “that the segmentation of the soft rays of the fins
of fishes are simply fractures due to flexures, and that on the candal
fin they possess probably the same direction as the intermyomerie fis-
sures.'?  Ryder’s bibliography contains fourteen titles of papers which
illustrate similar lines of reasoning.

In the same year we have evidence of additions to his methods, for,
while keeping to the lines already indicated, he added others of w differ-
ent character, and sustained by broadly contrasted methods of expres-
sion.  Allusion is made especially to his studies of the contractility of
protoplasm, which is first mentioned in hLis paper on ¢“The fore and

'Law of Digital Reduction, Proe. A. N, 8., 1877.
- E. D. Cope, Memorial pamphlet.
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aft poles, the axial differentiation, and a possible anterior sensory
apparatus of Volvox minor,” and in his paper on “The origin and
meaning of sex.” These papers began a series which (included in the
bibliography under numbers 174, 186, 190, and 191) dealt not so much
with problems in dynamics as with the old vital doctrines, or, as would
be expressed in modern phrase, metabolism. “The origin and mean-
ing of sex” appeared in the Biological Bulletin, University of I’ennsyl-
vania, 1889. Extensions of opinion were printed in the Proceedings of
the Academy, 1889, and in the American Naturalist, 1889, 501. lle
held that overnutrition led to all forms of sexunal reproduction; that
the male and female clements are contrasted in their tendency to
undergo segmentation—the female element having lost the power to
undergo such segmentation spontaneously (excepting in parthenogen-
esis)—while the male element is accompanied by an increase of seg-
mental power. * ¥ * «Sex probably arose simultancously and inde-
pendently in both female and male as soon as certain cells of eoherent
groups became overnourished and incapable of further segmentation
unless brought into contact and fused with the minute male element,
or one which is the product of an increase of segmentational power
which is transferred to the female clement in the act of fertilization.”
Important applications were made of the hypothesis to the study of
variation, the evolution of sexunal characters, and, as the author believed,
a consistent and simple theory of inheritance which is in armony with
all the facts of reproduction. At this time he was in a state bordering
on exaltation. ¢ sat up late last night after the whole thing flashed
across my mind in an instant,” he writes, “and did not sleep for two
hours after I went to bed because by brain was going like a dynamo,
thinking out detail after detail of my hypothesis. * * * Wolfe and
Schwann mark two cras in the history of hypothesis., I shall mark a
third if I live to complete the sketceh of the vast hypothesis, * * *
My disappointments vanish into the uttermost inane when I think of
what it has been possible for me to achieve.”

After such strong evidence of his belief in the value of this theory, it
is hard to understand how lie practically dropped the subject. Subse-
quent to the dates above given, I have come across no reference to it,
nor is any mention made of the matter in the estimates of his work that
have appeared since his death.

It is impossible to understand Ryder’s attitude toward evolution
without regarding his disbelief in the “cult” usunally known as Weis-
mannism, which embraces the opinions that acqnired eharacters can
not be transmitted, and that a portion of each organism is carried
unchanged from parent to offspring. Ile said, in his paper on sex,
“The hypothesis which assnumes that the germ plasina is precociously
set aside in order to render it unmiscible with the somatic plasma, and
therefore immortal, is based upon a fundamental error of interpreta-
tion of the facts of morphology.” In another place, an address entitled
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“Dynamics in evolution,” 1893, he said: ¢“Experimental investigations
inembryology will make no solid progress until the mischievous influence
of such speculations have been eradicated from the minds of the present
generation.” These opinions remained unmodified to the day of his
death. TPerhaps the best expression of his views can be found in a
lecture delivered at Woods Hole, 1894, and a second lecture, entitled
¢« A dynamical hypothesis of inheritance.”

The last phase of his scientific life is the most instructive, namely,
that relating to the application of geometery and the differential cal-
culus to the study of organic forms. The idea that anatomy and mathe-
matics can be of mutual assistance generally comes to savants too late
for practical use. Against the example of Helmholtz we cite many
failures. Mathematics came to John Goodsir too late for anatomy, and
anatomy to Fechner too late for mathematics. When Ryder saw the
necessity of preparing himself in these sciences (for his early training
had excluded them), he set to work to supply the defect with character-
istic energy. Ie studied geometery and the calculus in spare hours.
He became enthusiastic for them. He declared geometry to be the
noblest of the sciences. He read the writings of Lord Kelvin carefully;
his admiration for them was unbounded. At the time of Ryder’s death
two works lay on the bed; one was a text-book on the differential cal-
culus, the other a volume of Lord Kelvin’s works.

It is difficult to fix a time when the mathematical explanation of the
mechanics of evolution occurred to him. We have seen that he was
influenced by Haughton as early as 1874. If we can draw an inference
from the reading of the paper entitled “The fore and aft poles of
Volvox minor,” previously quoted, and, again, the essay ‘“The polar
differentiation of Volvox minor” and ¢ Specialization of possible anterior
sense organs” (No. 174, Bibliography), the idea apparently suggested
itself by studies in the early Academy days on the infusoria, and later
on the development of simple organisms. The same conception oceurs
in liis papers on “Lnergy in biological evolution;” ¢Of the represen-
tation ot the relative intensity of the conflict between organisms;”
“Energy as a factor in organic evolution;” ¢Mechanical genesis of the
form of the fowl’s egg;” “The adaptive forms and vortex motions of the
substance of the red blood corpuscles of vertebrates;” ¢«The correla-
tion of the volumes and surfaces of organisms.”! Oneof thelast demon-
strations he made was at a meeting of the Bibliographical Club of the
University of Pennsylvania, when he exhibited contractile films of gela-
tin in illustration of the mechanical conditions underlying the problem
of the arrangement of the convolutions of the brain.

In Janunary, 1890, he writes:

Tt is my hope to reduce the doctrine of evolution into a simple realiza-
tion of Newtonian principles. The three great Newtonian laws of motion

'See Bibliography, Nos. 182, 181, 186, 187, 189, and especially Nos. 190, 191, 192, 195,
199, 200, 204, 205, 206, and 207. Proc. Acad. Nat. Sci., Phil., April, 1896.
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are at the bottom of the whole matter., Some day I shall be able to
tell a great deal that I have kept to myself in order to test its truth.
* * * Jamengaged—and will be hereafter almost entirely—in deter-
mining the factors and processes which have effected the evolution and
divergence of species. * * * ] have atlast worked out a new theory
of inheritance which must unltimately replace those of Weismann and
Darwin, or at least furnish the foundation by which the data and phe-
nomena of variation and inheritance can be coordinated with the great
universal prineiple of the doctrine of the conservation of energy. The
speculations of Darwin, Haeclkel, Weismann, Brooks, De Bries, Strass-
burger, and Nageli looking to a theory of inheritance are irreconcilable
with the fundamental postulates of physical science, and must be aban-
doned. This also renders the contlict between the hypothesisof Darwin
and those of Lamarck one of primary importance, and sharply defines
the line of battle hetween the thinkers who range themselves under the
banner of one or the other of these prophets of transformism.

‘Whileit is impossible to say what Dr. Ryder would have accomplished
in his attempt, to use mathematics as a medium of expression of biolog-
ical problems, this much can be said, not only for him, but for all others
similarly placed, that a course of training in geometry and the higher
mathematics should be a part of the equipment of the student in biology.
It does, indeed, seein pitiable that, ascending the heights of knowledge,
he finds, as he nears the top, that the key which he believes can alone
open the temple erccted there has been left behind.

I11.

Dr. Ryder was 5 feet 11 inches high, of o slender, slightly stooping
figure. While spare, he had a robust physique. Ie was of nervous
temperament. His complexion was light—the hair flaxen.  Ie was
plain—almost careless—in his dress. Ile had a habit of sitting cross-
legged and swinging one foot when deeply engaged in thonght or study.
He was of a genial disposition and enjoyed gatherings with his students
after class hours, or discussions with his colleagues and friends at the
academy and other places. [lis learning was great, especially in con-
temporary literature, and nothing appeared to give him so much pleasure
as talking of the work of his colaborers; but he disliked what are called
“social functions,” and toward the latter part of his life was rarely
present at them. Irom the beginning of his scientific carcer to his
later years he did not require much sleep, taking about six hours daily,
though his habits in this respect were never regular, Ile had great
energy of mind, and power of accomplishing a large amount of brain
work. His memory was remarkably retentive—henever forgot anything
he once heard or read. In addition to his early attaimmment of German,
he read, for scientific purposes, French, Italian, Spanish, Dutch, Danish,
Swedish, and Russian.

His sense of duty was highly developed. 1le believed that the power
of the will over action was practically without limit. Yet the motive
for the exercise of the will must be from within, ence can be explained
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his apparent obstinacy of disposition as a child, his aversion to class
work at school, and his independence of convention, both as to thought
and action, in mature life.

Some time prior to his appointment on the Fish Commission, Mr,
W. V. McKean invited him to write articles on natural history for the
Public Ledger. But Ryder could not overcome a distrust that his
essays would be too technical for popular favor. That e should have
declined an offer apparently so advantageous to himself at a time when
he needed money is an evidence of the rigid scrutiny to which he sub-
jected all his actions. None but his most intimate friends knew of
the costs he often paid to maintain his freedom of mental action. They
were met without a murmur. DBut in their payment he doubtless drew
largely on that vital emergy without which long life is impossible.
His dearest friend said of him: ¢ His self-sacrificing devotion cost him
his life.”

But, under the stern repression lay a childlike, affectionate nature.
He was not happy unless he had one or more of his family with him;
he was continually writing to the abscnt ones. His domestic letters
contain full accounts of how he lived, whom he met, and of his enthu-
siam for hLis discoveries. Those who knew him only as a scientist had
but little conception of the spirit that actuated him. His work was
not a series of merely intellectual achievements, but back of it all lay
the feeling that he was bringing something bright and interesting from
the outside world to adorn the home. '

Uis affection for kin extended to his friends. His relations with Pro-
fessor Baird were alinost those of son. Ilis anxiety and distress at
Professor Baird’s last illness found expression in all the letters he
wrote at that time. As is common with such natures, his sense of jus-
tice was keen, though no instance can be shown in which his indigna-
nation was not excited by the general sense of wrong implied in the
situation rather than by any personal feeling.

Dr. Ryder’s religious training was that of the strict orthodox Christian
faith as expressed in the teachings of the Mennonites. Ilis paternal
grandmother, who directed his education, was a woman of deep piety.
For the faith of his parents he always entertained the profoundest
respect, and at least toward the latter part of his life was inclined to
return to it. At the age of 18 he studied the Bible closely; and,
ever afterwards, no matter how limited his traveling ceffects, a copy of
the New Testament was always among them. Though, as shown by
Lis letters, he departed from the tenets of his carly education, one can
not doubt that he retained all the force of a severe mental and moral
discipline that such teaching implies, Ile was faithful in friendship,
singularly frank and sincere in disposition, and disliked violent lan-

guage, dispute, or criticism. IHe was always scvere to limself, but
sacrificing in spirit to those whom he loved.

While a Jessup Fund student he became a devoted listener to the

tev. Mr. Mangasarian, an Armenian preacher, who, at that time, held



BIOGRAPHICAL SKETCH OF JOIN ADAM RYDER. 687

a pulpit in a Presbyterian church in Philadelphia, but who afterwards
became a leader in an independent organization allied to the Society of”
Ethical Culture. In speaking of Mangasarian in one of his letters, Dr.
Ryder uses the following language: “He has all the charm of the
finished orator, combined with rationalism and advanced evolution.”
Ryder greatly admired Emerson. Ilespoke of him as “the sanest man
of the nineteenth century.” In writing to a friend who was in mental
distress, he advised him to read Emerson. Ile carried his admiration
even to matters of scientific import. In his last paper he quotes {from
this writer the saying: ¢“To a sound judgment the most abstract truth
is the most practical.” Te was much influcneed by the teachings of the
Stoics.  “I would strongly advise you,” said he to a friend, “to get
hold of the thoughts of Marcus Aurelius, when you are most provoked
or vexed in spirit, and take their lessons to heart. Epictetus will do
equally well, only I think Marcus is calculated to humble and content
a mwan.” Ilis letters contain many expressions of trust in an Infinite
Beneficence, and he would have agreed with Iipictetus as to ¢ Whither
dost thou tend after death, that is to nothing dreadful, but to-a place
from whence thou camest, to things friendly and akin to thee.”

We adinire Ryder not so much for what he accomplished as for the
indomitable spirit that actuated himn. With imperfect equipment, with
engrossing occupation, and—for much of his intellectual life, at least—
with impaired health, he attempted the solution of the most difficult
problems. Itis not for us to consider in what degree he succeeded.
Had Bacon, Franklin, or Darwin died at 43, or had their days been
absorbed, as his had been, in cares and the routine of task work,
bow much less would have been their achievements! It is enough for
us to know that we are studying in Ryder’s life phenomena of & mind
of the first order, and that we hiave jost by his death one of the Lrightest
of the group of workers to which he belonged.
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